
AIR FORCE HEALTH STUDY 

FINAL REPORT 

An Epidemiologie Investigation of 
Health Effects in Air Force Personnel 

Following Exposure to Herbicides 

VOLUME I 

1997 Follow-up Examination Results 
May 1997 to February 2000 

Air Force Team 
Joel E. Michalek, Ph.D. 
Bruce R. Burnham, Lt Col, USAF, BSC 
Harry E. Marden, Jr., Col, USAF, MC 
JulieNell N. Robinson, Lt Col, USAF, BSC 
Vincent V.Elequin, B.S. 
Judson C. Miner, D.V.M., OpTech 

Project Managers:   Richard W. Ogershok 
Wm. Kyle Sneddon, Maj, USAF 
Judson C. Miner, D.V.M., OpTech 

SAIC Team 
William D. Grubbs, Ph.D. 
Brenda C. Cooper, M.S. 
Rebecca G. Land, M.S. 
Vanessa K. Rocconi, B.S. 
Margaret E, (Meghan) Yeager, B.A. 
David E. Williams, M.D., Corporate Medical Consultants 

Project Manager: Maurice E.B. Owens, Ph.D. 
Statistical Task Manager: William D. Grubbs 
SAIC Editors:   Susan E. Watts, B.A. 

JeanM.Ault,B.A. 

Prepared for the 

United States Air Force 

Science Applications International Corporation 
in conjunction with 

Scripps Clinic and National Opinion Research Center 

22 February 2000 

Contract Number: F41624-96-C-1012 
SAIC Project Number: 01-0813-02-8280 

— Approved for public release; distribution is unlimited. — 



REPORT DOCUMENTATION PAGE Form Approved 
OMB No. 0704-0188 

Public reporting burden tor this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data 
sources, gathering and maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other 
aspect of this collection of information, including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for Information Operations and Reports, 
1215 Jefferson Davis Highway, Suite 1204, Arlington, Virginia 22202-4302, and to the Office of Management and Budget, Paperwork Reduction Project (0704-0188), 
Washinaton, DC 20503. 

1. AGENCY USE ONLY (leave btantQ 2. REPORT DATE 

22 February 2000 

3. REPORT TYPE AND DATES COVERED 

Interim Report May 1997 to November 1999 

4. TITLE AND SUBTITLE 

Air Force Health Study: An Epidemiologie Investigation of Health Effects in Air Force Personnel 
Following Exposure to Herbicides, 1997 Follow-up Examination Results. 

5. FUNDING NUMBERS 

F41624-96-C-1012 

5.AUTHOR(S) 

J.E. Michalek, USAF; H.E. Marden, Jr., USAF; J.N. Robinson, USAF; V. V. Elequin, USAF; J.C. 
Miner, Optech; W.D. Grubbs, SAIC; B.C. Cooper, SAIC; R.G. Land, SAIC; V.K. Rocconi, SAIC; 
M.E. Yeager, SAIC; D.E. Williams, Corporate Medical Consultants 
7. PERFORMING ORGANIZATION NAME'S) AND ADDRESSES) 

Science Applications International Corporation (SAIC) 
11251 Roger Bacon Drive 
Reston, Virginia 20190-5201 

8. PERFORMING ORGANIZATION 

REPORT NUMBER 

01-0813-02-8280 

9. SPONSORINOJMONITORING AGENCY NAME'S) AND ADDRESSES) 

311th Human Systems Wing 
Human Systems Program Office 
7909 Lindbergh Drive 
Brooks Air Force Base, Texas 78235-5352 

10. SPONSORING/MONITORING 

AGENCY REPORT NUMBER 

AFRL-HE-BR-TR-2000-02 

11. SUPPLEMENTARY NOTES 

None. 

12a. DISTRIBUTION/AVAILABILITY STATEMENT 

Approved for public release; distribution is unlimited. 
12b. DISTRIBUTION CODE 

A 
13. ABSTRACT (Maximum 200 word») 

This report summarizes results from the Air Force Health Study (AFHS). The AFHS is an epidemiological study to determine 
whether adverse health effects attributable to exposure to herbicides exist in veterans of Operation Ranch Hand. Operation 
Ranch Hand was the unit responsible for the aerial spraying of herbicides, including Herbicide Orange, in Vietnam from 1961 to 
1971. A Comparison cohort comprised Air Force veterans who served in Southeast Asia during the same time period that the 
Ranch Hand unit was active and who were not involved with spraying herbicides. The summarized data were collected during a 
physical examination administered between May 1997 and April 1998. Of 1,149 eligible Ranch Hands, 870 (75.7%) participated 
and of 1,761 eligible Comparisons, 1,251 (71.0%) participated. Statistical analyses assessed differences between Ranch Hands 

and Comparisons and associations between health-related endpoints and extrapolated initial dioxin, dioxin exposure category 
(Comparisons, background Ranch Hands, low Ranch Hands, high Ranch Hands), and dioxin measured in 1987. The study has 
insufficient statistical power to assess increases in the risk of rare diseases, such as soft tissue sarcoma. Diabetes and 
cardiovascular abnormalities represent the most important dioxin-related health problems seen. From a public health 
perspective, these two areas demand the greatest attention. 

14. SUBJECT TERMS 

Agent Orange                                                                             Epidemiological 
Air Force Health Study                                                                Investigation 
Diabetes                                                                                          Herbicide Orange 
Dioxin                                                                                      Phenoxy Herbicides 

Ranch Hand 

15. NUMBER OF PAGES 

1,800 

16. PRICE CODE 

17. SECURITY CLASSIFICATION 

Of REPORT 

Unclassified 

18. SECURJTY CLASSIFtCATION 

OF THIS PAGE 

Unclassified 

19. SECURITY CLASSIFICATION 

OF ABSTRACT 

Unclassified 

20. LIMITATION OF 

ABSTRACT 

Unlimited 

NSN 7540-01-280-5500 Standard Form 298 (Rev. 2-89) 



NOTICE 

This report presents the results of the 1997 follow-up of the Air Force Health Study, the fifth examination 
in a series of epidemiological studies to investigate the health effects in Air Force personnel following 
exposure to herbicides. The results of the 1982 baseline study, the 1985 follow-up study, the 1987 follow- 
up study, and the 1992 follow-up study were presented in five reports: the Baseline Morbidity Study 
Results (24 February 1987), the Air Force Health Study First Followup Examination Results (15 July 
1987), the Air Force Health Study 1987 Followup Examination Results (16 January 1990), the Air Force 
Health Study Serum Dioxin Analysis of 1987 Examination Results (7 February 1991), and the Air Force 
Health Study 1992 Followup Examination Results (2 May 1995). 

Given the relationship of the 1997 follow-up to the previous studies, portions of these documents have been 
reproduced or paraphrased in this report. In addition, portions of the Air Force Health Study Statistical 
Plan for the 1997 follow-up (20 May 1998) have been used in the development of this report. The purpose 
of this notice is to acknowledge the authors of these previous study reports and documents. 



AIR FORCE HEALTH STUDY 

An Epidemiologie Investigation of 
Health Effects in Air Force Personnel 

Following Exposure to Herbicides 

22 February 2000 

Volume I 

1997 Follow-up Examination Results 

Human Effectiveness Directorate 
Air Force Research Laboratory 

Directed Energy Bioeffects Division 
Population Research 

311th Human Systems Wing (AFMC) 
Brooks Air Force Base, Texas 78235 



TABLE OF CONTENTS 

VOLUME 

EXECUTIVE SUMMARY XVIII 

ACKNOWLEDGEMENTS xxvi 

CHAPTER 1     INTRODUCTION 1-1 

1.1 PURPOSE OF THE REPORT 1-1 

1.2 BACKGROUND 1-1 

1.3 STUDYDESIGN 1-2 

1.4 MORBIDITY COMPONENT \ 1-3 

1.5 ORGANIZATION OF THE REPORT 1-5 

1.6 INTERPRETIVE CONSIDERATIONS 1-6 

1.6.1 Study Design and Modeling Considerations 1-6 
1.6.2 The Air Force Exposure Index 1-8 
1.6.3 Information Bias 1-9 
1.6.4 Consistency of Results 1-10 
1.6.5 Strength of Association 1-10 
1.6.6 Biological Plausibility 1-10 
1.6.7 Interpretation of Nonsignificant Results 1-11 
1.6.8 Extrapolation to Armed Forces Ground Troops 1-11 
1.6.9 Considerations for Summarizing Results 1-11 

REFERENCES 1-12 

CHAPTER 2    THE DIOXIN ASSAY 2-1 

2.1 PARTICIPANTS SELECTED FOR DIOXIN MEASUREMENT 2-1 

2.2 SAMPLE ACQUISITION 2-2 

2.3 ANALYTICAL METHOD 2-2 

2.4 QUALITY CONTROL 2-2 

2.5 DATA DESCRIPTION 2-3 

2.6 LIPID-ADJUSTED AND WHOLE-WEIGHT CURRENT DIOXIN MEASUREMENTS 2-6 

2.7 SUMMARY 2-9 

REFERENCES 2-10 

CHAPTER 3    QUESTIONNAIRE METHODOLOGY 3-1 

3.1    QUESTIONNAIRE DEVELOPMENT 3-1 

3.1.1 Baseline Questionnaire 3-1 
3.1.2 Interval Questionnaire 3-2 



3.2 INTERVIEWER TRAINING 3-3 

3.3 DATA COLLECTION 3-3 

REFERENCES 3-5 

CHAPTER 4   PHYSICAL EXAMINATION METHODOLOGY 4-1 

4.1 EXAMINATION CONTENT 4-1 

4.2 ADIPOSE TISSUE EXTRACTION 4-4 

4.3 QUALITY CONTROL 4-4 

4.4 CONDUCT OF EXAMINATIONS 4-5 

4.4.1   Blood Collection 4-5 
CHAPTER 5   STUDY SELECTION AND PARTICIPATION 5-1 

5.1 INTRODUCTION 5-1 

5.2 FACTORS KNOWN OR SUSPECTED TO INFLUENCE STUDY PARTICIPATION 5-1 

5.3 REPLACEMENT PROTOCOL 5-2 

5.4 1997 FOLLOW-UP SCHEDULING AND REPLACEMENT OPERATION 5-3 

5.4.1 Scheduling Strategy 5-3 
5.4.2 Replacement Strategy 5-4 

5.5 COMPLIANCE 5-6 

5.5.1 Corrections to Previously Reported Study Compliance Totals 5-8 
5.5.2 Analysis of Refusals 5-10 

5.5.2.1 Passive Refusals 5-12 
5.5.2.2 Hostile Refusals 5-12 
5.5.2.3 Reasons for Refusal Across AFHS Examinations 5-12 

5.5.3 Replacement Comparisons 5-14 

5.6 MATCHING OF SELF-REPORTED HEALTH STATUS ; 5-15 

5.6.1 Self-reported Health Status of Refusals 5-15 
5.6.2 Self-reported Health Status of Fully Compliant Participants 5-17 

5.7 CONCLUSION 5-19 

REFERENCE 5-20 

CHAPTER 6   QUALITY CONTROL 6-1 

6.1 QUESTIONNAIRE QC 6-1 
6.1.1 Design ; 6-1 
6.1.2 Data Collection 6-2 
6.1.3 Processing and QA of Questionnaire Data 6-2 

6.2 PHYSICAL EXAMINATION QC 6-4 

6.3 LABORATORY QC 6-5 

6.3.1   QC Procedures for the Clinical Laboratory 6-6 

6.4 MEDICAL DATA QC 6-7 

6.4.1 Overview of QC Procedures 6-7 
6.4.2 Data Processing System Design 6-8 

li 



6.4.3 Design and Administration of Physical and Psychological Examination Forms 6-9 
6.4.4 Data Completeness Checks 6-10 
6.4.5 Data Validation 6-11 

6.5 MEDICAL RECORDS CODING QC 6-12 

6.6 STATISTICAL ANALYSIS QC 6-12 

6.7 AD3VDMSTRATTVE QA 6-13 

REFERENCES 6-14 

CHAPTER 7    STATISTICAL METHODS 7-1 

11    INTRODUCTION 7-1 

7.2 MODELS AND ASSUMPTIONS ; 7-1 

7.2.1 Model 1: Group and Occupation as Estimates of Exposure 7-2 
7.2.2 Models 2 through 4: Serum Dioxin as an Estimate of Exposure 7-3 

7.2.2.1 Prior Knowledge Regarding Dioxin 7-3 
7.2.2.2 Fundamental Limitations of the Serum Dioxin Data 7-4 
7.2.2.3 Model 2: Health versus Initial Dioxin in Ranch Hands 7-4 
7.2.2.4 Model 3: Health versus Dioxin in Ranch Hands and Comparisons 7-6 
7.2.2.5 Model 4: Health versus 1987 Dioxin in Ranch Hands 7-7 

7.3 FACTORS DETERMINING THE STATISTICAL ANALYSIS METHOD 7-9 

7.4 ANALYSIS METHODOLOGIES 7-11 

7.4.1 Methods for Analyzing Continuous and Discrete Variables 7-11 
7.4.2 Modeling Strategy 7-16 
7.4.3 Longitudinal Analysis 7-16 

7.5 INTERPRETIVE CONSIDERATIONS 7-17 

7.5.1 Adjustments for Covariates 7-17 
7.5.2 Multiple Testing 7-18 
7.5.3 Trends 7-18 
7.5.4 Interpretation of the Coefficient of Determination 7-18 
7.5.5 Clinical Interpretation of Discrete versus Continuous Data 7-18 
7.5.6 Power 7-19 

7.6 EXPLANATION OF TABLES 7-21 

7.6.1 Exposure Analysis,,.. 7-21 
7.6.1.1 Continuous Variables 7-21 
7.6.1.2 Discrete Variables 7-24 

7.6.1.2.1 Discrete Variable with Two Categories 7-24 
7.6.1.2.2 Discrete Variable with More Than Two Categories 7-26 

7.6.2 Longitudinal Analysis 7-28 
7.6.2.1 Continuous Variables 7-28 
7.6.2.2 Discrete Variables with Two Categories 7-30 

7.6.2.2.1       Discrete Variable with More Than Two Categories 7-32 
REFERENCES 7-33 

CHAPTER 8    COVARIATE ASSOCIATIONS WITH ESTIMATES OF DIOXIN EXPOSURE 8-1 

8,1   INTRODUCTION     8-1 

111 



8.2 MATCHING DEMOGRAPHIC VARIABLES (AGE, RACE, AND MILITARY 
OCCUPATION) 8-2 

8.3 ALCOHOL USE 8-6 

8.4 CIGARETTE SMOKING 8-6 

8.5 EXPOSURE TO CARCINOGENS 8-16 

8.6 HEALTH VARIABLES 8-22 

8.7 SUN EXPOSURE VARIABLES 8-33 

8.8 OTHER MISCELLANEOUS COVARIATES 8-41 

8.9 SUMMARY 8-48 

8.10 CONCLUSION 8-49 

CHAPTER 9   GENERAL HEALTH ASSESSMENT 9-1 

9.1 INTRODUCTION ■. 9-1 

9.1.1 Background 9-1 
9.1.2 Summary of Previous Analyses of the Air Force Health Study 9-3 

9.1.2.1 1982 Baseline Study Summary Results 9-3 
9.1.2.2 1985 Follow-up Study Summary Results 9-3 
9.1.2.3 1987 Follow-up Study Summary Results 9-4 
9.1.2.4 Serum Dioxin Analysis of 1987 Follow-up Study Summary Results 9-4 
9.1.2.5 1992 Follow-up Study Summary Results 9-5 

9.1.3 Parameters for the 1997 General Health Assessment 9-5 
9.1.3.1 Dependent Variables 9-5 

9.1.3.1.1 Questionnaire Data 9-5 
9.1.3.1.2 Physical Examination Data 9-5 
9.1.3.1.3 laboratory Examination Data 9-6 

9.1.3.2 Covariates 9-6 
9.1.4 Statistical Methods 9-7 

9.1.4.1    Longitudinal Analysis 9-9 

9.2 RESULTS 9-10 

9.2.1 Dependent Variable-Covariate Associations " 9-10 
9.2.2 Exposure Analysis 9-11 

9.2.2.1 Questionnaire Variable 9-12 
9.2.2.1.1       Self-perception of Heaith 9-12 

9.2.2.2 Physical Examination Variables 9-15 
9.2.2.2.1 Appearance of Illness or Distress as Assessed by Physician 9-15 
9.2.2.2.2 Relative Age Appearance as Assessed by Physician 'w 9-17 
9.2.2.2.3 Body Fat (Continuous) 9-20 
9.2.2.2.4 Body Fat (Discrete) : 9-24 

9.2.2.3 Laboratory Variable 9-26 
9.2.2.3.1 Erythrocyte Sedimentation Rate (Continuous) 9-26 
9.2.2.3.2 Erythrocyte Sedimentation Rate (Discrete) 9-30 

9.2.3 Longitudinal Analysis 9-32 
9.2.3.1    Questionnaire Variable 9-33 

IV 



9.2.3.1.1       Self-perception of Health 9-33 
9.2.3.2 Physical Examination Variables 9-36 

9.2.3.2.1 Appearance of Illness or Distress 9-36 
9.2.3.2.2 Relative Age Appearance 9-39 
9.2.3.2.3 Body Fat (Continuous) 9-42 
9.2.3.2.4 Body Fat (Discrete) 9-45 

9.2.3.3 Laboratory Variable 9-48 
9.2.3.3.1 Erythrocyte Sedimentation Rate (Continuous) 9-48 
9.2.3.3.2 Erythrocyte Sedimentation Rate (Discrete) 9-51 

9.3 DISCUSSION 9-55 

9.4 SUMMARY 9-57 

9.4.1 Model 1: Group Analysis 9-57 
9.4.2 Model 2: Initial Dioxin Analysis 9-59 
9.4.3 Model 3: Categorized Dioxin Analysis 9-60 
9.4.4 Model 4: 1987 Dioxin Level Analysis 9-62 

9.5 CONCLUSION 9-63 

REFERENCES 9-65 

CHAPTER 10   NEOPLASIA ASSESSMENT 10-1 

10.1 INTRODUCTION 10-1 

10.1.1 Background 10-1 
10.1.2 Summary of Previous Analyses of the Air Force Health Study 10-3 

10.1.2.1 1982 Baseline Study Summary Results 10-3 
10.1.2.2 1985 Follow-up Study Summary Results 10-3 
10.1.2.3 1987 Follow-up Study Summary Results. 10-4 
10.1.2.4 Serum Dioxin Analysis of 1987 Follow-up Study Summary Results 10-4 
10.1.2.5 1992 Follow-up Study Summary Results 10-5 

10.1.3 Parameters for the 1997 Neoplasia Assessment 10-5 
10.1.3.1 Dependent Variables 10-5 

10.1.3.1.1 Medical Records Data 10-5 
10.1.3.1.2 Laboratory Examination Data 10-7 

10.1.3.2 Covariates... 10-7 
10.1.4 Statistical Methods 10-8 

10.1.4.1  Longitudinal Analysis 10-13 

10.2 RESULTS 10-13 

10.2.1 Dependent Variable-Covariate Associations 10-13 
10.2.2 Exposure Analysis 10-18 

10.2.2.1  Medical Records Review \ 10-19 
10.2.2.1.1 SkinNeoplasms (All Sites Combined) 10-19 
10.2.2.1.2 Malignant Skin Neoplasms 10-21 
10.2.2.1.3 Benign Skin Neoplasms 10-24 
10.2.2.1.4 Skin Neoplasms of Uncertain Behavior or Unspecified Nature 10-27 
10.2.2.1.5 Basal Cell Carcinoma (All Sites Combined) 10-30 
10.2.2.1.6 Basal Cell Carcinoma (Ear, Face, Head, and Neck) 10-32 
10.2.2.1.7 Basal Cell Carcinoma (Trunk) 10-35 
10.2.2.1.8 Basal CeU Carcinoma (Upper Extremities) ; 10-37 
10.2.2.1.9 Basal Cell Carcinoma (Lower Extremities) 10-40 



10.2.2.1.10 Squamous Cell Carcinoma 10-42 
10.2.2.1.11 Nonmelanoma 10-45 
10.2.2.1.12 Melanoma ; 10-47 
10.2.2.1.13 Systemic Neoplasms (All Sites Combined) 10-50 
10.2.2.1.14 Malignant Systemic Neoplasms 10-52 
10.2.2.1.15 Benign Systemic Neoplasms 10-55 
10.2.2.1.16 Systemic Neoplasms of Uncertain Behavior or Unspecified Nature 10-57 
10.2.2.1.17 Malignant Systemic Neoplasms (Eye, Ear, Face, Head, and Neck) 10-60 
10.2.2.1.18 Malignant Systemic Neoplasms (Oral Cavity, Pharynx, and Larynx) 10-62 
10.2.2.1.19 Malignant Systemic Neoplasms (Esophagus) 10-65 
10.2.2.1.20 Malignant Systemic Neoplasms (Brain) 10-65 
10.2.2.1.21 Malignant Systemic Neoplasms (Thymus, Heart, and Mediastinum) 10-65 
10.2.2.1.22 Malignant Systemic Neoplasms (Thyroid Gland) 10-68 
10.2.2.1.23 Malignant Systemic Neoplasms (Bronchus and Lung) ; 10-71 
10.2.2.1.24 Malignant Systemic Neoplasms (Liver) 10-75 
10.2.2.1.25 Malignant Systemic Neoplasms (Colon and Rectum) 10-78 
10.2.2.1.26 Malignant Systemic Neoplasms (Kidney and Bladder) 10-81 
10.2.2.1.27 Malignant Systemic Neoplasms (Prostate) 10-84 
10.2.2.1.28 Malignant Systemic Neoplasms (Testicles) 10-86 
10.2.2.1.29 Malignant Systemic Neoplasms (Extrahepatic Bile Duct) 10-89 
10.2.2.1.30 Malignant Systemic Neoplasms (Ill-Defined Sites) 10-89 
10.2.2.1.31 Malignant Systemic Neoplasms (Connective and Other Soft Tissues) 10-89 
10.2.2.1.32 Carcinoma In Situ (Penis) 10-93 
10.2.2.1.33 Hodgkin's Disease 10-93 
10.2.2.1.34 Non-Hodgkin's Lympnoma 10-96 
10.2.2.1.35 Other Malignant Systemic Neoplasms of Lymphoid and Histiocytic Tissue.... 10-98 
10.2.2.1.36 All Malignant Skin and Systemic Neoplasms 10-101 
10.2.2.1.37 All Skin and Systemic Neoplasms 10-104 

10.2.2.2 Laboratory Examination Variables 10-106 
10.2.2.2.1 Prostate-Specific Antigen (PSA) (Continuous) 10-106 
10.2.2.2.2 PSA (Discrete) 10-110 

10.2.3    Longitudinal Analysis 10-113 
10.2.3.1  Medical Records Review 10-113 

10.2.3.1.1 Malignant Skin Neoplasms 10-113 
10.2.3.1.2 Malignant Systemic Neoplasms 10-116 
10.2.3.1.3 Benign Systemic Neoplasms 10-119 

10.3 DISCUSSION 10-122 

10.4 SUMMARY 10-124 

10.4.1 Model 1: Group Analysis 10-124 
10.4.2 Model 2: Initial Dioxin Analysis 10-128 
10.4.3 Model 3: Categorized Dioxin Analysis 10-129 
10.4.4 Model 4: 1987 Dioxin Analysis ZZ...... 10'133 

10.5 CONCLUSION 10-134 

REFERENCES 10-135 

CHAPTER 11    NEUROLOGICAL ASSESSMENT. 11-1 

11.1 INTRODUCTION 11-1 

VI 



11.1.1 Background 11-1 
11.1.2 Summary of Previous Analyses of the Air Force Health Study 11-3 

11.1.2.1 1982 Baseline Study Summary Results 11-3 
11.1.2.2 1985 Follow-up Study Summary Results 11-4 
11.1.2.3 1987 Follow-up Study Summary Results 11-5 
11.1.2.4 Serum Dioxin Analysis of 1987 Follow-up Study Summary Results 11-5 
11.1.2.5 1992 Follow-up Study Summary Results 11-5 

11.1.3 Parameters for the 1997 Neurological Assessment 11-5 
11.1.3.1 Dependent Variables 11-5 

11.1.3.1.1 Medical Records Variables 11-6 
11.1.3.1.2 Physical Examination Data ■ 11-6 

11.1.3.2 Covariates 11-9 
11.1.4 Statistical Methods 11-10 

11.1.4.1  Longitudinal Analysis 11-14 

11.2 RESULTS 11-14 

11.2.1 Dependent Variable-Covariate Associations 11-14 
11.2.2 Exposure Analysis 11-17 

11.2.2.1 Medical Records Variables 11-18 
11.2.2.1.1 Inflammatory Diseases 11-18 
11.2.2.1.2 Hereditary and Degenerative Diseases 11-21 
11.2.2.1.3 Peripheral Disorders 11-23 
11.2.2.1.4 Other Neurological Disorders 11-26 

11.2.2.2 Physical Examination Variables - Cranial Nerve Function 11-29 
11.2.2.2.1 Smell Z!ZZZZ!ZZ"!"!"ll-29 
11.2.2.2.2 Visual Fields 11-31 
11.2.2.2.3 Light Reaction 11-34 
11.2.2.2.4 Ocular Movement 11-37 
11.2.2.2.5 Facial Sensation 11-39 
11.2.2.2.6 Comeal Reflex 11-42 
11.2.2.2.7 Jaw Clench 11-43 
11.2.2.2.8 Smile 11-45 
11.2.2.2.9 Palpebral Fissure 11-48 
11.2.2.2.10 Balance 11-51 
11.2.2.2.11 Gag Reflex 11-53 
11.2.2.2.12 Speech 11-54 
11.2.2.2.13 Tongue Position Relative to Midline 11-56 
11.2.2.2.14 Palate and Uvula Movement 11-59 
11.2.2.2.15 Cranial Nerve Index 11-61 

11.2.2.3 Physical Examination Variables - Musculoskeletal and Vertebral Column 
Function 11-64 

11.2.2.3.1     Neck Range of Motion 11-64 
11.2.2.4 Physical Exaniination Variables - Peripheral Nerve Status 11-67 

11.2.2.4.1 Pinprick ZZ!"!"ZZZZ.!!!Z!ll-67 
11.2.2.4.2 Light Touch 11-69 
11.2.2.4.3 Muscle Status 11-71 
11.2.2.4.4 Patellar Reflex 11-74 
11.2.2.4.5 Achilles Reflex 11-77 
11.2.2.4.6 Biceps Reflex 11-79 

Vll 



11.2.2.4.7 Babinski Reflex 11-81 
11.2.2.4.8 Polyneuropathy Severity Index 11-84 
11.2.2.4.9 Polyneuropathy Prevalence Index 11-91 
11.2.2.4.10 Multiple Polyneuropathy Index 11-93 
11.2.2.4.11 Confirmed Polyneuropathy Indicator 11-96 

11.2.2.5  Physical Examination Variables - CNS Coordination Processes 11-99 
11.2.2.5.1 Tremor 11-99 
11.2.2.5.2 Coordination 11-102 
11.2.2.5.3 RombergSign 11-104 
11.2.2.5.4 Gait 11-106 
11.2.2.5.5 CNS Index ; 11-109 

11.2.3    Longitudinal Analysis 11-111 
11.2.3.1  Physical Examination Variables 11-112 

11.2.3.1.1 Cranial Nerve Index 11-112 
11.2.3.1.2 CNS Index 11-115 

11.3 DISCUSSION 11-117 

11.4 SUMMARY 11-119 

11.4.1 Modell: Group Analysis 11-119 
11.4.2 Model 2: Initial Dioxin Analysis 11-121 
11.4.3 Model 3: Categorized Dioxin Analysis 11-123 
11.4.4 Model 4: 1987 Dioxin Analysis 11-126 

11.5 CONCLUSION 11-127 

REFERENCES 11-128 

CHAPTER 12   PSYCHOLOGICAL ASSESSMENT 12-1 

12.1 INTRODUCTION 12-1 

12.1.1 Background 12-1 
12.1.2 Summary of Previous Analyses of the Air Force Health Study 12-2 

12.1.2.1 1982 Baseline Study Summary Results 12-2 
12.1.2.2 1985 Follow-up Study Summary Results 12-3 
12.1.2.3 1987 Follow-up Study Summary Results 12-4 
12.1.2.4 Serum Dioxin Analysis of 1987 Follow-up Study Summary Results 12-5 
12.1.2.5 1992 Follow-up Study Summary Results 12-5 

12.1.3 Parameters for the 1997 Psychological Assessment 12-5 
12.1.3.1 Dependent Variables 12-5 

12.1.3.1.1 Medical Records Data 12-5 
12.1.3.1.2 Physical Examination Data 12-6 

12.1.3.2 Covariates 12-6 
12.1.4 Statistical Methods 12-7 

12.2 RESULTS 12-10 

12.2.1 Dependent Variable-Covariate Associations 12-10 
12.2.2 Exposure Analysis 12-14 

12.2.2.1  Medical Records Variables 12-15 
12.2.2.1.1 Psychoses 12-15 
12.2.2.1.2 Alcohol Dependence 12-17 
12.2.2.1.3 Drug Dependence 12-19 
12.2.2.1.4 Anxiety 12-22 

vin 



12.2.2.1.5     Other Neuroses 12-25 
12.2.2.2 Psychological Examination Variables ,  12-27 

12.2.2.2.1     SCL-90-R Anxiety !."!!. 12-28 
12.2.2.2;2     SCL-90-R Depression 12-31 
12.2.2.2.3 SCL-90-R Hostility 12-34 
12.2.2.2.4 SCL-90-R Interpersonal Sensitivity 12-36 
12.2.2.2.5 SCL-90-R Obsessive-Compulsive Behavior 12-39 
12.2.2.2.6 SCL-90-R Paranoid Ideation 12-42 
12.2.2.2.7 SCL-90-R Phobic Anxiety 12-45 
12.2.2.2.8 SCL-90-RPsychoticism 12-48 
12.2.2.2.9 SCL-90-R Somatization 12-51 
12.2.2.2.10 SCL-90-R Global Severity Index (GSI) 12-54 
12.2.2.2.11 SCL-90-R Positive Symptom Total (PST) 12-57 
12.2.2.2.12 SCL-90-R Positive Symptom Distress Index (PSDI) 12-59 

12.3 DISCUSSION 12-62 

12.4 SUMMARY 12-63 

12.4.1 Model 1: Group Analysis 12-63 
12.4.2 Model 2: Initial Dioxin Analysis ; 12-65 
12.4.3 Model 3: Categorized Dioxin Analysis 12-65 
12.4.4 Model 4: 1987 Dioxin Level Analysis 12-67 

12.5 CONCLUSION 12-68 

REFERENCES   12-69 

IX 



 List of Tables  

Parameters of Exposure Assessment Models 1-7 

Participants with a 1997 Blood Measurement of Dioxin 2-1 

Participants Eligible for the 1997 Blood Measurement of Dioxin and Reasons for 
Participant Sample Exclusions 2-2 

Result Comments for the 1997 Blood Measurements of Dioxin 2-3 

Dioxin Results for 1997 Physical Examination Participants 2-3 

Results from Blood Measurements of Dioxin 2-5 

Results from Blood Measurements of Dioxin with Missing or Nonquantitative 
Results 2-5 

Summary of Number of Assays Used for 1997 Follow-up Participant Dioxin 
Measures ; 2-6 

Lipid-adjusted Dioxin Result Summary 2-9 

Elements of the 1997 Follow-up Physical Examination .4-2 

Laboratory Test Procedures Performed at Scripps Clinic 4-2 

Compliance by Group and Examination Year 5-7 

Participants Newly Compliant in 1997 and Their Previous Compliance Pattern 5-8 

Reasons for Refusal by Group 5-10 

Reasons for Refusal by Group, Age, Rank, and Race 5-11 

Reasons for Refusal by Group and Year 5-13 

Self-reported Health Status of Original Comparisons and Their Replacements 5-14 

Matched Set Compliance of Noncompliant Original Comparisons 5-15 

Reported Health Status of Refusals 5-15 

Reported Health Status of Passive Refusals 5-16 

Reported Health Status by Group, Age, Rank, Compliance, and Race 5-17 

Reported Health Status by Group 5-17 

Reported Health Status of Fully Compliant Participants 5-18 

Reported Medication Use of Fully Compliant Participants 5-18 

Reported Work Loss of Fully Compliant Participants 5-18 

Model 1: Assessing Health versus Group Status in Ranch Hands and Comparisons: 
Assumptions, Advantages, and Disadvantages 7-3 

Model 2: Assessing Health versus Initial Dioxin in Ranch Hands: Assumptions, 
Advantages, and Disadvantages 7-5 

Model 3: Assessing Health versus Categorized Dioxin in Ranch Hands and 
Comparisons 7-7 

Table 1-1. 

Table 2-1. 

Table 2-2. 

Table 2-3. 

Table 2-4. 

Table 2-5. 

Table 2-6. 

Table 2-7. 

Table 2-8. 

Table 4-1. 

Table 4-2. 

Table 5-1. 

Table 5-2. 

Table 5-3. 

Table 5-4. 

Table 5-5. 

Table 5-6. 

Table 5-7. 

Table 5-8. 

Table 5-9. 

Table 5-10. 

Table 5-11. 

Table 5-12. 

Table 5-13. 

Table 5-14. 

Table 7-1. 

Table 7-2. 

Table 7-3. 



Table 7-4. 

Table 7-5. 

Table 7-6. 

Table 7-7. 

Table 7-8. 

Table 7-9. 

Table 7-10 

Table 8-1. 

Table 8-2. 

Table 8-3. 

Table 8-4. 

Table 8-5. 

Table 8-6. 

Table 8-7. 

Table 9-1. 

Table 9-2. 

Table 9-3. 

Table 9-4. 

Table 9-5. 

Table 9-6. 

Table 9-7. 

Table 9-8. 

Table 9-9. 

Table 9-10. 

Table 9-11. 

Table 9-12. 

Table 9-13. 

Model 4: Assessing Health versus 1987 Dioxin in Ranch Hands: Assumptions, Advantages, 
and Disadvantages 7-8 

Summary of Statistical Analysis Situations by Dependent Variable Form, Exposure 
Estimate, Analysis Cohort, and Analysis Type 7-9 

Summary of Statistical Procedures 7-12 

Approximate Power To Detect a Group Effect at a 5-Percent Level of Significance (Discrete 
Dependent Variable) 7-19 

Approximate Power To Detect a Group Effect at a 5-Percent Level of Significance 
(Continuous Dependent Variable) 7-20 

Location of Table Results from Different Exposure Analysis Models 7-21 

Location of Table Results from Different Longitudinal Analysis Models 7-28 

Associations Between Matching Demographic Variables (Age, Race, and Military 
Occupation) and Estimates of Herbicide or Dioxin Exposure 8-3 

Associations Between Alcohol Use and Estimates of Herbicide or Dioxin Exposure 8-7 

Associations Between Cigarette Smoking and Estimates of Herbicide or Dioxin 
Exposure 8-13 

Associations Between Exposure to Carcinogens and Estimates of Herbicide or 
Dioxin Exposure 8-17 

Associations Between Health Variables and Estimates of Herbicide or Dioxin 
Exposure 8-23 

Associations Between Sun Exposure Variables and Estimates of Herbicide or 
Dioxin Exposure (Non-Blacks Only) 8-34 

Associations Between Other Miscellaneous Covariates and Estimates of Herbicide 
or Dioxin Exposure 8-42 

Statistical Analysis for the General Health Assessment 9-7 

Number of Participants with Missing Data for the General Health Assessment 9-9 

Analysis of Self-perception of Health . 9-13 

Analysis of Appearance of Illness or Distress 9-15 

Analysis of Relative Age Appearance... 9-18 

Analysis of Body Fat (Percent) (Continuous) 9-21 

Analysis of Body Fat (Discrete) 9-24 

Analysis ofErythrocyte Sedimentation Rate (mm/hr) (Continuous) 9-27 

Analysis ofErythrocyte Sedimentation Rate (Discrete). 9-30 

Longitudinal Analysis of Self-perception of Health 9-34 

Longitudinal Analysis of Appearance of Illness or Distress... 9-37 

Longitudinal Analysis of Relative Age Appearance 9-40 

Longitudinal Analysis of Body Fat (Percent) (Continuous) 9-43 

XI 



Table 9-14.   Longitudinal Analysis of Body Fat (Discrete) 9-46 

Table 9-15.   Longitudinal Analysis of Erythrocyte Sedimentation Rate (mnVhr) (Continuous) 9-49 

Table 9-16.   Longitudinal Analysis of Eiythrocyte Sedimentation Rate (Discrete) 9-52 

Table 9-17.   Summary of Group Analysis (Model 1) for General Health Variables (Ranch 
Hands vs. Comparisons) 9-58 

Table 9-18,   Summary of Initial Dioxin Analysis (Model 2) for General Health Variables 
(Ranch Hands Only) 9-59 

Table 9-19.   Summary of Categorized Dioxin Analysis (Model 3) for General Health Variables 
(Ranch Hands vs. Comparisons) 9-61 

Table 9-20.   Summary of 1987 Dioxin Analysis (Model 4) for General Health Variables 
(Ranch Hands Only) 9-63 

Table 10-1.   Statistical Analysis for the Neoplasia Assessment 10-9 

Table 10-2.   Number of Participants Excluded or with Missing Data for the Neoplasia 
Assessment 10-13 

Table 10-3.   Analysis of Skin Neoplasms 10-19 

Table 10-4.   Analysis of Malignant Skin Neoplasms 10-22 

Table 10-5.   Analysis of Benign Skin Neoplasms 10-24 

Table 10-6.   Analysis of Skin Neoplasms of Uncertain Behavior or unspecified Nature 10-27 

Table 10-7.   Analysis of Basal Cell Carcinoma (All Sites Combined) 10-30 

Table 10-8.   Analysis of Basal Cell Carcinoma (Ear, Face, Head, and Neck) 10-33 

Table 10-9.   Analysis of Basal Cell Carcinoma (Trunk) 10-35 

Table 10-10. Analysis of Basal Cell Carcinoma (Upper Extremities) 10-38 

Table 10-11. Analysis of Basal Cell Carcinoma (Lower Extremities) 10-40 

Table 10-12. Analysis of Squamous Cell Carcinoma 10-43 

Table 10-13. Analysis of Nonmelanoma 10-45 

Table 10-14. Analysis of Melanoma 10-48 

Table 10-15. Analysis of Systemic Neoplasms (All Sites Combined) .10-50 

Table 10-16. Analysis of Malignant Systemic Neoplasms 10-53 

Table 10-17. Analysis of Benign Systemic Neoplasms 10-55 

Table 10-18. Analysis of Systemic Neoplasms of Uncertain Behavior or Unspecified Nature 10-58 

Table 10-19. Analysis of Malignant Systemic Neoplasms (Eye, Ear, Face, Head, and Neck) 10-60 

Table 10-20. Analysis of Malignant Systemic Neoplasms (Oral Cavity, Pharynx, and Larynx) 10-63 

Table 10-21. Analysis of Malignant Systemic Neoplasms (Thymus, Heart, and Mediastinum) 10-66 

Table 10-22. Analysis of Malignant Systemic Neoplasms (Thyroid Gland) 10-68 

Table 10-23. Analysis of Malignant Systemic Neoplasms (Bronchus and Lung) 10-72 

Xll 



Table 10-24. Analysis of Malignant Systemic Neoplasms (Liver) 10-75 

Table 10-25. Analysis of Malignant Systemic Neoplasms (Colon and Rectum) 10-78 

Table 10-26. Analysis of Malignant Systemic Neoplasms (Kidney and Bladder) 10-81 

Table 10-27. Analysis of Malignant Systemic Neoplasms (Prostate) 10-84 

Table 10-28. Analysis of Malignant Systemic Neoplasms (Testicles) 10-87 

Table 10-29. Analysis of Malignant Systemic Neoplasms (Connective and Other Soft Tissues) 10-90 

Table 10-30. Analysis of Hodgkin's Disease 10-93 

Table 10-31. Analysis of Non-Hodgkin's Lymphoma 10-96 

Table 10-32. Analysis of Other Malignant Systemic Neoplasms of Lymphoid and Histiocytic 
Tissue 10-98 

Table 10-33. Analysis of All Malignant Skin and Systemic Neoplasms 10-101 

Table 10-34. Analysis of All Skin and Systemic Neoplasms 10-104 

Table 10-35. Analysis of PSA (ng/ml) (Continuous) 10-107 

Table 10-36. Analysis of PSA (Discrete) 10-110 

Table 10-37. Longitudinal Analysis of Malignant Skin Neoplasms 10-114 

Table 10-38. Longitudinal Analysis of Malignant Systemic Neoplasms 10-117 

Table 10-39. Longitudinal Analysis of Benign Systemic Neoplasms 10-120 

Table 10-40. Summary of Group Analysis (Model 1) for Neoplasia Variables 
(Ranch Hands vs. Comparisons) 10-125 

Table 10-41. Summary of Initial Dioxin Analysis (Model 2) for Neoplasia Variables 
(Ranch Hands Only) 10-128 

Table 10-42. Summary of Categorized Dioxin Analysis (Model 3) for Neoplasia Variables 
(Ranch Hands vs. Comparisons) 10-130 

Table 10-43. Summary of 1987 Dioxin Analysis (Model 4) for Neoplasia Variables 
(Ranch Hands Only) 10-133 

Table 11-1.   Statistical Analysis for the Neurological Assessment 11-10 

Table 11-2.   Number of Participants Excluded or with Missing Data for the Neurological 
Assessment 11-13 

Table 11-3. Analysis of Inflammatory Diseases 11-18 

Table 11-4. Analysis of Hereditary and Degenerative Diseases 11-21 

Table 11-5. Analysis of Peripheral Disorders 11-24 

Table 11-6. Analysis of Other Neurological Disorders 11-26 

Table 11-7. Analysis of Smell 11-29 

Table 11-8. Analysis of Visual Fields 11-32 

Table 11-9. Analysis of Light Reaction 11-35 

Xlll 



Table 11-10. Analysis of Ocular Movement ; 11-37 

Table 11-11. Analysis of Facial Sensation 11-40 

Table 11-12. Analysis of Jaw Clench , 11-43 

Table 11-13. Analysis of Smile 11-46 

Table 11-14. Analysis of Palpebral Fissure 11-48 

Table 11-15. Analysis of Balance 11-51 

Table 11-16. Analysis of Speech _. , 11-54 

Table 11-17. Analysis of Tongue Position Relative to Midline 11-56 

Table 11-18. Analysis of Palate and Uvula Movement 11-59 

Table 11-19. Analysis of Cranial Nerve Index . 11-62 

Table 11-20. Analysis of Neck Range of Motion 11-64 

Table 11-21. Analysis of Pinprick ; 11-67 

Table 11-22. Analysis of Light Touch [ 11-69 

Table 11-23. Analysis of Muscle Status 11-72 

Table 11-24. Analysis of Patellar Reflex 11-74 

Table 11-25. Analysis of Achilles Reflex 11-77 

Table 11-26. Analysis of Biceps Reflex 11-79 

Table 11-27. Analysis of Babinski Reflex 11-82 

Table 11-28. Analysis of Polyneuropathy Severity Index 11-85 

Table 11-29. Analysis of Polyneuropathy Prevalence Index 11-91 

Table 11-30. Analysis of Multiple Polyneuropathy Index 11-94 

Table 11-31. Analysis of Confirmed Polyneuropathy Indicator 11-97 

Table 11-32. Analysis of Tremor..... ; 11-100 

Table 11-33. Analysis of Coordination ..11-102 

Table 11-34. Analysis of Romberg Sign 11-104 

Table 11-35. Analysis of Gait 11-107 

Table 11-36. Analysis of CNS Index 11-109 

Table 11-37. Longitudinal Analysis of Cranial Nerve Index 11-112 

Table 11-38. Longitudinal Analysis of CNS Index 11-115 

Table 11-39. Summary of Group Analysis (Model 1) for Neurology Variables 
(Ranch Hands vs. Comparisons) 11-119 

Table 11-40. Summary of Initial Dioxin Analysis (Model 2) for Neurology Variables 
(Ranch Hands Only) 11-122 

xiv 



Table 11-41. Summary of Categorized Dioxin Analysis (Model 3) for Neurology Variables 
(Ranch Hands vs. Comparisons) 11-123 

Table 11-42. Summary of 1987 Dioxin Analysis (Model 4) for Neurology Variables 
(Ranch Hands Only) 11-126 

Table 12-1.   Statistical Analysis for the Psychological Assessment 12-7 

Table 12-2.   Number of Participants Excluded or with Missing Data for the Psychological 
Assessment 12-9 

Table 12-3.   Analysis of Psychoses 12-15 

Table 12-4.   Analysis of Alcohol Dependence 12-17 

Table 12-5.   Analysis of Drug Dependence 12-19 

Table 12-6.   Analysis of Anxiety 12-22 

Table 12-7.   Analysis of Other Neuroses 12-25 

Table 12-8.   Analysis of SCL-90-R Anxiety 12-28 

Table 12-9.   Analysis of SCL-90-R Depression 12-31 

Table 12-10. Analysis of SCL-90-R Hostility 12-34 

Table 12-11. Analysis of SCL-90-R Interpersonal Sensitivity 12-37 

Table 12-12. Analysis of SCL-90-R Obsessive-Compulsive Behavior 12-40 

Table 12-13. Analysis of SCL-90-R Paranoid Ideation ......12-42 

Table 12-14. Analysis of SCL-90-R Phobic Anxiety .12-45 

Table 12-15. Analysis of SCL-90-R Psychoticism 12-48 

Table 12-16, Analysis of SCL-90-R Somatization 12-51 

Table 12-17. Analysis of SCL-90-R Global Severity Index (GSI) 12-54 

Table 12-18. Analysis of SCL-90-R Positive Symptom Total (PST) 12-57 

Table 12-19. Analysis of SCL-90-R Positive Symptom Distress Index (PSDI) 12-60 

Table 12-20. Summary of Group Analysis (Model 1) for Psychological Variables 
(Ranch Hands vs. Comparisons) 12-63 

Table 12-21. Summary of Initial Dioxin Analysis (Model 2) for Psychological Variables 
(Ranch Hands Only) 12-65 

Table 12-22. Summary of Categorized Dioxin Analysis (Model 3) for Psychological Variables 
(Ranch Hands vs. Comparisons) 12-66 

Table 12-23. Summary of 1987 Dioxin Analysis (Model 4) for Psychological Variables 
(Ranch Hands Only) 12-67 

xv 



List of Figures 

Figure 2-1.    Decision Process for Determination of Dioxin Results for Analysis 2-4 

Figure 2-2.    Relative Frequency Distribution of Lipid-adjusted Dioxin Concentrations for 863 Ranch 
Hands 2-7 

Figure 2-3.    Relative Frequency Distribution of Lipid-adjusted Dioxin 
Concentrations for 1,232 Comparisons 2-7 

Figure 2-4.    Relative Frequency Distribution of Lipid-adjusted Dioxin Concentrations 2-8 

Figure 2-5.    Relative Frequency Distribution of the Logarithm (Base 2) of Lipid- 
adjusted Dioxin Concentrations , 2-8 

Figure 4-1.    Typical 2-Day Clinic Schedule 4-6 

Figure 5-1.    Cumulative Percent Completed Physical Examination by Calendar Date 5-5 

Figure 6-1.    Participant Evaluations of the 1997 AFHS Clinic Experience 6-5 

Figure 6-2.    Physical Examination Form QC Process 6-8 

Figure 6-3.    Conversion and Cleaning Process for Medical Data 6-10 

xvi 



TABLE OF CONTENTS-REPORT 

VOLUME I    EXECUTIVE SUMMARY 
ACKNOWLEDGEMENTS 
CHAPTER 1 - Introduction 
CHAPTER 2 - The Dioxin Assay 
CHAPTER 3 - Questionnaire Methodlogy 
CHAPTER 4 - Physical Examination Methodology 
CHAPTER 5 - Study Selection and Participation 
CHAPTER 6-QualityControl 
CHAPTER 7-Statistical Methods 
CHAPTER 8 - Covariate Associations with Estimates of Dioxin Exposure 
CHAPTER 9 - General Health Assessment 
CHAPTER 10 - Neopiasia Asssessment 
CHAPTER 11 - Neurological Assessment 
CHAPTER 12 - Psychological Assessment 

VOLUME II CHAPTER 13- 
CHAPTER 14 
CHAPTER 15 
CHAPTER 16 
CHAPTER 17 
CHAPTER 18 
CHAPTER 19 
CHAPTER 20 

Gastrointestinal Assessment 
Cardiovascular Assessment 
Hematological Assessment 
Endocrine Assessment 
Immunologie Assessment 
Pulmonary Assessment 
Conclusions 
Future Directions 

VOLUME III    Appendix A - Policies and Procedures for Dioxin Collection Processing 
Appendix B - Physical Examination Methodology 
Appendix C - Study Selection and Participation 
Appendix D - Coefficients of Variation for Quality Control 
Appendix E - Statistical Methods 
Appendix F - Dependent Variable-Covariate Associations 
Appendix G - Summary of Analysis Results 
Appendix H - Abbreviations and Acronyms 

xvu 



EXECUTIVE SUMMARY 

1997 FOLLOW-UP EXAMINATION REPORT 

The Air Force Health Study (AFHS) is an epidemiological investigation to determine whether adverse 
health effects exist in Air Force personnel who served in Operation Ranch Hand units in Vietnam from 
1962 to 1971, and whether these adverse health effects can be attributed to occupational exposure to 
Herbicide Orange (or its dioxin contaminant). A comparison group was formed from Air Force veterans 
who flew or maintained C-130 aircraft in Southeast Asia (SEA) during the same time period as those who 
served in the Ranch Hand units and who were not involved with spraying herbicides. The baseline study 
was conducted in 1982; follow-up studies were performed in 1985, 1987, 1992, and 1997. Participation 
was voluntary, and consent forms were signed by the participant at the examination site. An additional 
evaluation is planned for 2002. This report presents the results from the statistical analyses of the data 
from the 1997 follow-up examination. 

In the baseline study, each living Ranch Hand was matched with a randomly selected Comparison based on 
age, race, and military occupation. At each follow-up study, noncompliant Comparisons were replaced 
from the set of living Comparisons, matched by age, race, military occupation, and self-perception of 
health. A total of 2,121 veterans participated in the 1997 follow-up examination. Of the 1,101 eligible 
Ranch Hands, 870 (79.0%) participated in the 1997 follow-up examination. A total of 839 of the 1,151 
eligible Original Comparisons (72.9%) participated. Of the 768 eligible Replacement Comparisons, 412 
(53.6%) chose to attend the examination. A total of 1,251 Comparisons attended the 1997 follow-up 
examination. Eighty-six percent (819 of 949) of living Ranch Hands and 87 percent of living Comparisons 
(976 of 1,116) who were fully compliant at the baseline examination returned for the 1997 follow-up 
examination. 

This report presents conclusions drawn from the statistical analyses of 266 health-related endpoints in 10 
clinical areas: general health, neoplasia, neurology, psychology, gastrointestinal, cardiovascular, 
hematology, endocrine, immunology, and pulmonary. Analysis was not performed on nine of these 
endpoints because of a sparse number of abnormalities. Data were collected from a medical records 
review, previous examinations, and the physical and laboratory examinations and questionnaire 
administered at the 1997 follow-up examination. The analyses focused on group differences between the 
exposed (Ranch Hand) and unexposed (Comparison) cohorts, as well as on the association between serum 
dioxin levels and each health-related endpoint among the Ranch Hands. 

Four statistical models were used to evaluate the relation between the health status of study participants 
and their herbicide or dioxin exposure. The first model (Model 1) examines contrasts between Ranch 
Hands and Comparisons using group as a proxy for herbicide exposure and does not incorporate serum 
dioxin measurements. However, it is assumed in this model that all Ranch Hands were exposed and all 
Comparisons were not exposed to herbicides. Each of the following three models incorporates estimates of 
serum dioxin in either initial or current form. Current serum dioxin was based on measurements from the 
1987 examination. When a 1987 dioxin measurement was not available, measurements from the 1992 or 
1997 examinations were used to supplement the 1987 measurement Initial serum dioxin was extrapolated 
from the current serum dioxin measurement to time of duty in SEA. The second model (Model 2) examines 
estimated initial serum dioxin levels, extrapolated from current serum dioxin measurements and assuming 
first-order kinetics and a constant dioxin elimination rate. The third model (Model 3) categorizes the 
Ranch Hand cohort according to serum dioxin levels and contrasts each Ranch Hand category with the 
Comparisons having background serum dioxin levels. The fourth model (Model 4) uses a 1987 lipid- 
adjusted measure of serum dioxin. This model requires no assumptions about serum dioxin elimination. 
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The extrapolated initial dose and lipid-adjusted dioxin measurements in Models 2, 3, and 4 may not be 
good measures of exposure if elimination rates differ among individuals. 

In the general health assessment, the self-perception of health analysis revealed significant differences 
between Ranch Hands and Comparisons, with more Ranch Hands than Comparisons indicating their health 
as fair or poor. As in previous examinations, the difference was most apparent in enlisted groundcrew, 
who had the highest average dioxin levels. This observation also was confirmed in the categorized dioxin 
analysis, where Ranch Hands with the highest dioxin levels perceived their health as fair or poor more often 
than Comparisons. Also, among Ranch Hands, those with the higher 1987 dioxin levels reported fair or 
poor health more often than Ranch Hands with lower levels. These results were consistent with the 1985, 
1987, and 1992 examinations. No group differences were noted in the appearance of illness or relative age, 
as recorded by examining physicians, nor were these variables correlated with serum dioxin levels in the 
Ranch Hand cohort. The analysis of body fat indicated positive associations with dioxin levels. The 
results of the 1997 examination confirmed those of the 1992 examination and appear consistent with a 
difference in dioxin pharmacokinetics in obese versus lean individuals. No differences in either the risk of 
an abnormal erythrocyte sedimentation rate between Ranch Hands and Comparisons or the relations 
between abnormal erythrocyte sedimentation rates and dioxin levels were observed during the 1997 
examination. Erythrocyte sedimentation rates increased as 1987 dioxin levels increased. Longitudinal 
analyses showed that Ranch Hands, particularly the enlisted personnel, had a greater percentage of 
abnormal erythrocyte sedimentation rates than did Comparisons during the 15 years of the study since 
1982. These analyses also showed that the percentages of abnormalities increased from 1982 to 1997 as 
dioxin levels increased. This result was seen at the 1987 study, but not in 1992. This positive association 
raises the possibility of a subtle inflammatory, infectious, or occult malignant disease process related to the 
body burden of dioxin. In conclusion, fair or poor self-perception of health displayed an adverse 
association with dioxin. Increased body fat was associated with increased levels of dioxin, a finding most 
likely related to the pharmacokinetics of dioxin. Longitudinal analyses indicated an increased risk of 
abnormal erythrocyte sedimentation rates in Ranch Hands over Comparisons in the 15 years of the AFHS, 
and a relation between abnormal erythrocyte sedimentation rates and levels of dioxin during these 15 years. 
Other measures of general health revealed no association with levels of dioxin. 

In the assessment of malignant neoplastic disease, at the end of 15 years of surveillance, Ranch Hands as a 
group exhibited a nonsignificant increase in the risk of malignant neoplastic disease relative to 
Comparisons (relative risk=1.06, 95% confidence interval: [0.80,1.41]). Military occupation contrasts 
were inconsistent and, therefore, not supportive of an adverse effect of herbicide or dioxin exposure on the 
occurrence of malignancies. Ranch Hand enlisted groundcrew, the occupation with the highest dioxin 
levels and, presumably, the highest herbicide exposure, exhibited a decreased prevalence (relative 
risk=0.78, 95% confidence interval: [0.51,1.19]). Enlisted flyers (relative risk=1.63, 95% confidence 
interval: [0.91,2.92]) and officers (relative risk=1.14, 95% confidence interval: [0.79,1.65]), occupations 
with lower dioxin levels, exhibited nonsignificant increases in the prevalence of malignant disease. The risk 
of malignant disease was nonsignificantly increased among Ranch Hands having the highest dioxin levels 
(relative risk=L01, 95% confidence interval: [0.66,1.57]). Longitudinal analyses found no significant 
group differences with regard to the risk of malignancy and no pattern suggestive of an adverse relation 
between herbicide or dioxin exposure and the occurrence of malignant neoplastic disease. 

In the neurological assessment, four neurological disorders and extensive physical examination data on 
cranial nerve function, peripheral nerve status, and central nervous system coordination processes were 
analyzed. Inflammatory diseases, as verified by a medical records review, were increased in Ranch Hands 
relative to Comparisons in terms of both a group designation and categorized dioxin levels. Peripheral 
disorders, as verified by a medical records review, increased in Ranch Hands as levels of 1987 dioxin 
increased. Neck range of motion abnormalities were increased in Ranch Hands relative to Comparisons in 
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terms of both a group designation and categorized dioxin levels. The increase in abnormalities for Ranch 
Hands relative to Comparisons was noted in enlisted flyers. An increase in the risk of an abnormal muscle 
status was observed in Ranch Hand enlisted groundcrew. A significant association between initial dioxin 
and abnormalities of both visual fields and the patellar reflex was observed. Indices of polyneuropathy 
showed an increase in the prevalence of abnormality in Ranch Hands relative to Comparisons and a 
positive association with initial dioxin, categorized dioxin, and 1987 dioxin levels. In summary, although a 
common etiology in these findings is not apparent, a statistically significant increase in neurological disease 
appears in Ranch Hands historically, on physical examination, and as reflected in several of the composite 
polyneuropathy indices. Further, the associations of abnormal neck range of motion with categorized 
dioxin and a history of peripheral disorders with 1987 dioxin provide evidence of an association of 
neurological disease with elevated dioxin levels. The results of the analysis of the polyneuropathy indices 
also provide support of a statistical association between elevated dioxin levels and neurological disease; 
however, the clinical importance of this finding is uncertain. 

Five psychological disorders, which were verified by a medical records review, and 12 measures from the 
Symptom Checklist-90-Revised (SCL-90-R) inventory were examined in the psychology assessment. The 
SCL-90-R consisted of nine primary symptom dimensions and three broad indices of psychological 
distress. In enlisted groundcrew a significantly greater percentage of Ranch Hands than Comparisons had 
a history of other neuroses. All other significant results from analyses of Ranch Hands versus 
Comparisons showed a greater percentage of Comparisons than Ranch Hands with high SCL-90-R scores. 
Associations between initial dioxin and the psychological endpoints were either nonsignificant or revealed a 
significant decrease in high SCL-90-R scores as initial dioxin increased. Differences in the history of 
psychological disorders and the prevalence of high SCL-90-R scores were examined between Comparisons 
and Ranch Hands categorized by dioxin levels. Ranch Hands in the low dioxin category and the low plus 
high dioxin category displayed a significantly higher occurrence of other neuroses than did Comparisons. 
The relation between the 1987 dioxin levels and the psychological endpoints was examined and all results 
were nonsignificant. In summary, Ranch Hand veterans exhibited a significantly increased prevalence of 
other neuroses among enlisted groundcrew, the military occupation with the highest dioxin levels and, 
presumably, the greatest herbicide exposure. Consistent increases in the prevalence of other neuroses with 
dioxin levels were found. No consistent relation was found between any SCL-90-R score and any measure 
of herbicide or dioxin exposure. The relation between other neuroses and herbicide exposure and dioxin 
levels will be described in greater detail in a separate report. 

The gastrointestinal assessment was based on eight disorders as determined from a review and verification 
of each participant's medical records, a physical examination determination of hepatomegaly, and 29 
laboratory measurements or indices. The laboratory parameters included measurements of hepatic enzyme 
activity, hepatobiliary function, lipid and carbohydrate indices, and a protein profile. In addition, the 
presence of hepatitis and fecal occuh blood was investigated. Analyses of Ranch Hands versus 
Comparisons showed higher mean levels of alkaline phosphatase, a-1-antitrypsin, and haptoglobin in 
Ranch Hands than in Comparisons. In addition, significantly more Ranch Hands than Comparisons had 
high haptoglobin levels. A review of medical records showed a positive association between initial dioxin 
and other liver disorders. The other liver disorders condition consisted primarily of nonspecific laboratory 
test elevations. A significant association between initial dioxin and high levels of aspartate 
aminotransferase (AST) also was revealed. Analyses of categorized dioxin revealed a significantly higher 
percentage of other liver disorders among Ranch Hands in the high dioxin category than among 
Comparisons. Higher mean levels of gamma glutamyl transferase (GOT), triglycerides, and a-1- 
antitrypsin were observed in Ranch Hands in the high dioxin category than in Comparisons. Ranch Hands 
in the high dioxin category had a greater prevalence of abnormal AST, triglyceride, and prealbumin levels 
than did Comparisons. Many significant associations between the laboratory examination variables and 
1987 dioxin levels were observed. In both the continuous and discrete forms, the hepatic enzymes alanine 
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aminotransferase (ALT), AST, and GGT revealed significant, positive associations with 1987 dioxin. In 
addition, significant positive associations between 1987 dioxin and the ratio of cholesterol to high-density 
lipoprotein (HDL), triglycerides, and creatine phosphokinase were present. In summary, the analysis of the 
1997 follow-up data reflected patterns that have been observed and documented in prior examinations. 
Isolated group differences exist, but 1987 dioxin levels are strongly related to hepatic enzymes such as 
AST, ALT, and GGT, and to lipid-related health indices such as cholesterol, HDL, and triglycerides. 
These results are consistent with a dose-response effect and may be related to unknown subclinical effects 
of dioxin. Although hepatic enzymes and lipid-related indices showed an association with dioxin, there was 
no evidence of an increase in overt liver disease. 

In the cardiovascular assessment, analyses revealed that Ranch Hands had a significantly higher percentage 
of participants with a history of heart disease (excluding essential hypertension) than Comparisons and in 
particular, among enlisted flyers. However, the risk of disease was not significantly increased in Ranch 
Hand enlisted groundcrew, the military occupation with the highest dioxin levels. The association between 
heart disease and initial dioxin showed a negative dose-response trend, with heart disease decreasing as 
initial dioxin increased. Furthermore, Ranch Hands in the background and low dioxin categories had more 
heart disease than did Comparisons, but this increase was not seen in Ranch Hands in the high dioxin 
category. Increases in tachycardia and other electrocardiograph (ECG) findings, such as pre-excitation, 
were seen for Ranch Hands in the high dioxin category, although the analyses were based on a small 
number of abnormalities. A significant positive association between initial dioxin and evidence of prior 
myocardial infarction from the ECG was observed in Ranch Hands, and a marginally significant positive 
association was observed between 1987 dioxin and evidence of prior myocardial infarction from the ECG. 
A positive association between 1987 dioxin and a history of essential hypertension also was observed in 
Ranch Hands. In contrast to previous AFHS examinations, no relation was found between peripheral pulse 
abnormalities and any measure of exposure. In summary the current study has documented that Ranch 
Hands are more likely than Comparisons to have historical evidence for heart disease (excluding essential 
hypertension) but are no longer at greater risk for the occurrence of pulse deficits. By all other indices, the 
prevalence of cardiovascular disease appears similar in both cohorts. For the first time, there is evidence 
that levels of dioxin may be a risk factor for the development of essential hypertension and prior 
myocardial infarction as indicated by interpretation of the ECG. As of 1997, the verified history of 
essential hypertension was associated with 1987 dioxin, and the evidence of prior myocardial infarction 
from the ECG was associated with initial dioxin. These findings, in conjunction with the increase in the 
number of deaths caused by diseases of the circulatory system for Ranch Hand nonliving enlisted personnel 
based on the 1994 AFHS mortality update, showed associations that require further study. A biological 
mechanism for the relation among dioxin levels and heart disease is unknown. 

In the hematologic assessment, five cell count measures, six measures of absolute blood counts, a 
coagulation measure, and red blood cell morphology were analyzed. In the analyses of these variables, only 
platelet count exhibited significant dose-response associations with the levels of dioxin. Among enlisted 
personnel, Ranch Hands exhibited significantly higher mean platelet counts than did Comparisons. Ranch 
Hands in the high dioxin category also exhibited a significantly higher mean platelet count than did 
Comparisons. The mean differences were small and, therefore, the clinical importance of these findings is 
unknown. The results in the 1997 follow-up study parallel the findings of the 1987 and 1992 follow-up 
studies. In conclusion, apart from platelet count, there appears to be little evidence to support a relation 
between prior dioxin exposure and hematopoietic toxicity. 

The assessment of the endocrine system yielded an extensive evaluation of thyroid, pancreatic, and gonadal 
function and their relation to dioxin exposure. A significantly increased risk of abnormally high thyroid 
stimulating hormone values was found in Ranch Hand enlisted groundcrew. A positive association between 
diabetes and initial and 1987 dioxin was observed. Consistent with previous reports, the prevalence of 
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diabetes among Ranch Hands with high dioxin levels was significantly increased. A greater percentage of 
Ranch Hands than Comparisons used insulin to control their type 2 diabetes, primarily among officers and 
enlisted groundcrew. The percentage of Ranch Hands requiring insulin to control their type 2 diabetes 
increased with initial dioxin. A greater percentage of Ranch Hands in the high dioxin category required 
insulin to control their type 2 diabetes than did Comparisons. The percentage of Ranch Hands who treated 
their diabetes through diet only and the percentage who used oral hypoglycemics increased with 1987 
dioxin level. The time to diabetes onset was significantly shorter for Ranch Hands with higher initial 
dioxin and 1987 levels. Both fasting glucose and a-l-C hemoglobin increased as initial dioxin and 1987 
dioxin increased. Increased mean a-l-C hemoglobin levels also were observed for Ranch Hands with high 
dioxin levels. The presence of fasting urinary glucose also increased with 1987 dioxin. Although cause 
and effect have not been established, the results cited above provide further evidence for an association 
between glucose intolerance and levels of dioxin. 

The immunologic assessment was based on laboratory data on six lymphocyte cell surface markers, 
absolute lymphocyte counts, three quantitative immunoglobulins, and six measurements from an 
autoantibody panel. The six cell marker measurements were carried out on a random sample of 
approximately 40 percent of the participants because of the complexity of the assay and the expense of the 
tests. Group analyses revealed significant findings for the analyses of CD 16+56+ cell (natural killer cell) 
counts and for the mouse stomach kidney (MSK) smooth muscle antibody test in enlisted flyers. Among 
enlisted flyers, the mean CD 16+56+ cell count was greater for Comparisons than for Ranch Hands, and a 
greater percentage of Comparisons than Ranch Hands had a smooth muscle antibody present. Negative 
smooth muscle and mitochondrial antibody tests are considered to be normal. For these analyses, the 
magnitude of the mean differences was small and, therefore, the clinical importance of these findings is 
unknown. Consistent with the previous two physical examinations, IgA increased significantly with initial 
dioxin, but was not significantly increased in enlisted groundcrew or the high dioxin category, and IgA did 
not increase significantly with 1987 dioxin. The IgA results, although significant, were small in magnitude 
and their clinical importance is unknown. When comparing categorized dioxin levels between Ranch 
Hands and Comparisons, a significantly higher CD 16+5 6+ cell count mean was observed among 
Comparisons than among Ranch Hands in the high dioxin category. Analyses revealed significant 
associations between 1987 dioxin levels and CD3+ cell (T cell) count, CD4+ cell (helper T cell) count, and 
CD3+CD4+ cell (helper T cell) count. The cell counts increased as 1987 dioxin increased. In summary, 
these findings and the findings from past examinations do not provide evidence of a biologically meaningful 
dose-response effect for body burden of dioxin on parameters of immunologic assessment. The statistically 
significant relations suggest the need for continued evaluation. 

To assess pulmonary status, verified histories of asthma, bronchitis, and pneumonia were studied. A 
composite measure of thorax and lung abnormalities, as determined from the presence of asymmetrical 
expansion, hyperresonance, dullness, wheezes, rales, chronic obstructive pulmonary diseases, or the 
physician's assessment of abnormality, also was analyzed. A routine chest x ray and five measures of 
pulmonary function using standard spirometric techniques were analyzed. Few significant increases in 
adverse pulmonary conditions were observed for Ranch Hands, and isolated and inconsistent associations 
between the pulmonary endpoints and dioxin were seen. No consistent pattern or dose-response relation 
was evident. Ranch Hands in the background dioxin category exhibited a significantly higher percentage of 
abnormalities on the chest x ray than did Comparisons. Ranch Hand officers had a significantly higher 
prevalence of mild obstructive abnormality than did Comparison officers; the corresponding contrast was 
not significant in 1992, and officers were not analyzed as a separate stratum in 1982,1985 or 1987. The 
relation between mild obstructive abnormality in Ranch Hand officers and other indicators of herbicide 
exposure, such as job (pilot, navigator, nonflyer), the number of missions flown, the percentage of missions 
that were herbicide missions, and reported drinking of herbicide (yes, no) will be summarized in a separate 
report. In summary, analysis of historical, physical examination, and laboratory data revealed no 
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consistent relation between herbicide exposure or dioxin levels and pulmonary disease. The prevalence of 
mild obstructive abnormalities was significantly increased in Ranch Pfand officers. The meaning of this 
finding is unclear because the risk was not significantly increased in Ranch Hand enlisted groundcrew—the 
military occupation with the highest dioxin levels. 

Certain facts should be considered when drawing conclusions from the statistical analysis of the 1997 
follow-up examination results. First, the Ranch Hand and Comparison veterans were not blinded to group 
membership. In addition, there are often difficulties associated with multiple testing. With repeated 
statistical testing, the likelihood of a test indicating some artifactual association is high. But longitudinal 
comparisons of previous examinations may show a consistent association, supporting a non-artifactual 
relation. Longitudinal tests, however, of the same population clearly are not independent tests. If a chance 
association was present at the first physical examination, it would tend to persist in subsequent 
examinations. Conversely, depending on site and mode of action, the association would be expected to 
increase with time (if latency or other chronic effects predominate) or decrease with time (if the current 
dioxin level predominates in the mechanism). It is also important to note that some conditions do not 
appear with reasonable frequency until middle age or later. Therefore, in the early years of the study an 
increased relative risk might have been masked by abnormalities too sparse for meaningful analysis. 

The report recognizes two major limitations to the study. First, the results cannot be generalized to other 
groups (such as all Vietnam veterans or Vietnamese civilians) who have been exposed in different ways and 
to different levels of herbicide. We do not know what effect herbicides or dioxin have at levels other than 
those found in our study group, or from other sources such as contaminated food. Groups with higher 
exposures may well have effects not seen in our study. Second, the size of the study makes it difficult to 
detect increases in rare diseases, so small increases of these diseases may be missed by the study. For 
example, since liver cancer is very rare, even a tenfold increase may not be detected. 

The site and mode of action of dioxin in the body could itself either cause or obscure a relation. Receptors 
might be activated only after a certain dioxin threshold value had been exceeded—that is, a value exceeding 
the body's capability to safely store dioxin. If, on the other hand, dioxin caused a competitive inhibition of 
receptor actions normally stimulated by other substances, there might be a "no-threshold" effect. 
Depending on the nature (lipid or non-lipid) and type of function of the hypothetical receptor site, an 
increase in body fat over time might either cause an increase in dioxin effect because of a greater volume of 
distribution or a decrease in dioxin effect because of a lesser concentration at the receptor site. 

Strength of association is also an issue in a study of a population this size. A study with a population of 
2,121 lacks power to determine increases in relative risks for rare events (such as soft tissue sarcoma) 
because such events are unlikely to occur in large numbers in a group this small. While certain 
occupational toxins have a clear diagnostic pathology (e.g., mesothelioma for asbestos, hepatic 
angiosarcoma for vinyl chloride) virtually nonexistent in the absence of the toxin, other toxins merely 
increase the risk of nondiagnostic pathology. For example, this study would likely not discern an increase 
in the relative risk for a rare tumor that does not have a clear diagnostic pathology. By assessing the 
pathology observed in association with other known environmental risk factors (e.g., tobacco use, alcohol 
use) it is sometimes possible to provide a limit in the magnitude of effect missed; however, this study has 
inherent bounds in detecting modest increases in relative risk for infrequent pathology. 

A final difficulty is the presence of a true association that is noncausal. An example might be a condition 
not caused by dioxin, but resulting in or from an altered dioxin half-life. In this case, a correlation might 
be high in the total absence of causality. 
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Clearly, there are many issues to be considered in interpreting these results. With these issues in mind, 
certain assessments were made by looking at a number of factors. Among these factors are longitudinal 
trends, biological plausibility, consistency with animal toxicology, the presence of a dose-response relation, 
and strength of association. But, meeting all of these criteria would not guarantee causality, nor would 
failing these criteria guarantee the lack of an effect. It can be argued, however, that the good faith 
application of these particular methods should be the starting point for generating hypotheses for 
experimental examination through in vitro and in vivo testing, as well as through further^ epidemiological 
analysis of these and other exposed groups. 

Based on the findings of the 1997 examination, and subject to the qualifications considered above, the 
study investigators have drawn the following conclusions. 

1« Diabetes: Consistent with previously reported results, current data indicate a significant and 
potentially meaningful adverse relation between serum dioxin levels and diabetes. A significant 
dose-response was found, with Ranch Hands in the high dioxin category exhibiting an increase in 
disease prevalence (relative risk=1.47, 95% confidence interval: [1.00,2.17]). The finding is 
supported by a dioxin-related increase in disease severity, a decrease in the time from exposure to 
first diagnosis, and an increase in fasting glucose and a-l-C hemoglobin. Similar patterns were 
observed in 1987 and 1992. 

2, Cardiovascular Abnormalities: Cardiovascular findings are mixed, but, in context with the 
increased cardiovascular mortality in nonliving enlisted Ranch Hands, are suggestive of an adverse 
effect of herbicide and dioxin exposure. As a group, Ranch Hands have experienced a statistically 
significant increase in the prevalence of heart disease (excluding essential hypertension) (relative 
risk=l .26, 95% confidence interval: [1.05,1.51]). The increase was more than doubled among 
enlisted flyers (relative risk=2.10, 95% confidence interval: [1.27,3.28]), but not significantly 
increased among enlisted groundcrew (relative risk=1.10, 95% confidence interval: [0.84,1.42])— 
the military occupation with the highest dioxin levels. The prevalence of diagnosed essential 
hypertension and the percentage of Ranch Hands with ECG findings of prior myocardial infarction 
increased significantly with initial dioxin. Peripheral pulse abnormalities increased with dioxin 
levels in 1987 and 1992, but did not increase with dioxin levels in 1997. These findings, together 
with increased cardiovascular mortality in Ranch Hand nonflying enlisted personnel, suggest that 
herbicide or dioxin exposure may be related to cardiovascular abnormalities. 

3. Peripheral Poly neuropathy: Although a common etiology is not apparent, a statistically 
significant increase in neurological disease appears in Ranch Hands historically, on physical 
examination, and as reflected in several of the composite polyneuropathy indices. Peripheral 
disorders, as verified by a medical records review, increased in Ranch Hands as levels of 1987 
dioxin increased. Indices of bilateral peripheral polyneuropathy, confirmed by vibrotactile 
measurements in the feet, significantly increased with initial dioxin level, were significantly 
increased in the high dioxin category, and significantly increased with 1987 dioxin. These findings 
are new and appear consistent with polyneuropathies observed in studies of industrial exposure; 
however, the numbers of affected veterans are small and the clinical importance of the findings are 
uncertain» 

4« Serum Lipid Abnormalities: There were consistent and significant increases in cholesterol, 
triglycerides, and the cholesterol-HDL ratio with initial and 1987 dioxin. HDL decreased 
significantly as dioxin increased. These findings also were observed in 1987 and 1992. 
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5. Liver Enzymes: Analysis of liver function reflected patterns that have been observed in prior 
examinations. Isolated group differences existed, but 1987 dioxin levels were strongly related to 
increases in hepatic enzymes such as AST, ALT, and-GGT and, as previously noted, cholesterol, 
triglycerides, and HDL. These results were consistent with an adverse dose-response and may be 
related to subclinical effects of unknown importance. Although hepatic enzymes increased with 
dioxin, there is no evidence of a corresponding increase in overt liver disease. 

6. Malignant Neoplastic Disease: At the end of 15 years of surveillance, Ranch Hands as a group 
exhibited a nonsignificant increase in the risk of malignant neoplastic disease relative to 
Comparisons (relative risk=1.06, 95% confidence interval: [0.80,1.41]). Military occupation 
contrasts were inconsistent and, therefore, not supportive of an adverse effect of herbicide or dioxin 
exposure on the occurrence of malignancies. Ranch Hand enlisted groundcrew, the occupation 
with the highest dioxin levels and, presumably, the highest herbicide exposure, exhibited a 
decreased prevalence (relative risk=0.78, 95% confidence interval: [0.51,1.19]). Enlisted flyers 
(relative risk=1.63, 95% confidence interval: [0.91,2.92]) and officers (relative risk=L14, 95% 
confidence interval: [0.79,1.65]), occupations with lower dioxin levels, exhibited nonsignificant 
increases in the prevalence of malignant disease. The risk of malignant disease was 
nonsignificantly increased among Ranch Hands having the highest dioxin levels (relative risk=1.01, 
95% confidence interval: [0.66,1.57]). Longitudinal analyses found no significant group 
differences with regard to the risk of malignancy and no pattern suggestive of an adverse relation 
between herbicide or dioxin exposure and the occurrence of malignant neoplastic disease. 

In conclusion, diabetes and cardiovascular abnormalities represent the most important dioxin-related health 
problems seen in the AFHS. These two areas appear to have the greatest magnitude of effect in terms of 
quality of life and healthcare costs. Clearly, there are biological interrelations among both of these 
outcomes that make interpretations difficult. From a public health perspective, these two areas demand the 
greatest attention. 
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1     INTRODUCTION 

This chapter describes the purpose and background of the Air Force Health Study (AFHS), and provides 
an overview of the study design, morbidity component, and format of this report. In addition, it provides 
considerations that should be made when interpreting the results provided in this report. 

1.1      PURPOSE OF THE REPORT 

The subject of this report is the 1997 morbidity follow-up study of the AFHS. The objective of the 
morbidity follow-up is to continue the investigation of the possible long-term health effects following 
exposure to herbicides with specific emphasis on Herbicide Orange containing 2,4-D, 2,4,5-T, and 
2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) or dioxin. The principal investigators and the AFHS reports 
have focused on TCDD. This focus has been the direction for most of the study as derived from the early 
peer review groups, review of the literature, and the Advisory Committee. However, Model 1, the Ranch 
Hand versus Comparison contrast, does address in a general way the exposure to picloram and cacodylic 
acid. In addition, dioxin is a biomarker that the study has used as a surrogate to estimate exposure to 
phenoxy herbicides, described in greater detail in Section 1.6.2 of this chapter. This report describes the 
procedures and results of this follow-up study. It was written primarily for epidemiologists, clinicians, 
and biostatisticians. Familiarity with the Study Protocol and prior mortality and morbidity reports is 
essential to a full understanding of this 20-year study. This report format has been established to be 
similar to previous reports so that readers can compare results across study cycles. All statistical 
analyses in this report were prescribed by the Air Force prior to data collection. This report, prepared by 
Science Applications International Corporation (SAIC), is submitted as partial fulfillment of Air Force 
Contract No. F41624-96-C-1012. 

1.2  BACKGROUND 

In January 1962, President John F. Kennedy approved a program of aerial herbicide dissemination for the 
purpose of defoliation and crop destruction, in support of tactical military operations in the Republic of 
Vietnam (RVN). This program, code-named Operation Ranch Hand, dispersed approximately 19 million 
gallons of herbicides on an estimated 10 to 20 percent of South Vietnam from 1962 to 1971. The 
herbicides sprayed were code named Herbicide Green, Herbicide Pink, Herbicide Purple, Herbicide 
Orange, Herbicide White, and Herbicide Blue. 2,4,5-T was an active ingredient in Green, Pink, Purple, 
and Orange, and TCDD was produced as an inadvertent contaminant of 2,4,5-T during the manufacturing 
process. 2,4-D was an active ingredient in Purple, Orange, and White. Picloram was an active ingredient 
in White; cacodylic acid was the active ingredient in Blue. Of the 19 million gallons of herbicide 
dispersed, approximately 11 million gallons were Herbicide Orange, also called Agent Orange, the 
primary defoliant of the six herbicides used in the program (1,2). 

From the start, Operation Ranch Hand was heavily scrutinized because of the controversial nature of the 
program and the political sensitivity to charges of chemical warfare contained in enemy propaganda. The 
concerns were initially based on military, political, and ecological issues, but shifted to issues of health in 
1970. The primary concern in the controversy over the human health effects of these herbicides was 
related to the dioxin impurity created as a byproduct in the manufacturing process of 2,4,5-T, a 
component in four of the six herbicides released. The Air Force estimates that 368 pounds of dioxin 
were released over 6 million acres in South Vietnam (1). Claims of exposure to herbicides, particularly 
to Herbicide Orange, and perceived adverse health effects among U.S. military service personnel resulted 
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in substantial controversy and, eventually, a class action litigation. Social concern for the Herbicide 
Orange issue continues to be reflected in scientific research, media presentations, congressional hearings, 
and legal action. 

Since 1970, governmental agencies, universities, and industrial firms have funded numerous human and 
animal studies of dioxin effects. A key scientific issue in these studies was the extent of exposure (e.g., 
who was exposed and to what extent each individual was exposed). Unfortunately, in many of the human 
studies, population identification and exposure estimation have been scientifically elusive. 

In October 1978, the Air Force Deputy Surgeon General made a commitment to Congress and the White 
House to conduct a health study on the Operation Ranch Hand population. This population comprised 
the aviators and ground support crews who disseminated the majority of the defoliants in the RVN. The 
Surgeon General tasked the U.S. Air Force School of Aerospace Medicine at Brooks Air Force Base, 
Texas, to develop a study protocol. In 1982, after extensive peer review, the epidemiological study 
began and the Study Protocol was published (3). The Brooks Air Force Base organizations responsible 
for executing the protocol have been reorganized and renamed several times from 1982 to the present. 
Currently, the Air Force Research Laboratory, Human Effectiveness Directorate, is responsible for the 
technical aspects of the study, and the Aeronautical Systems Center, Human Systems Program Office, is 
responsible for program management. 

Studies of serum dioxin levels have suggested that of all the military personnel who served in the RVN, 
the Ranch Hand cohort was one of the most highly exposed to herbicides. In 1987, when the serum assay 
became available, the Air Force initiated a collaborative study with the Centers for Disease Control and 
Prevention (CDC) to measure the serum dioxin levels in the AFHS population. The results of that study 
demonstrated that substantial elevated levels of dioxin could still be found in the serum of some Ranch 
Hands (4, 5). If dioxin caused an adverse health effect, then, based on the principle of dose-response, the 
Ranch Hands should have manifested more or earlier evidence of adverse health. 

1.3     STUDY DESIGN 

The purpose of the AFHS is to determine whether adverse health effects relative to a similar but 
unexposed group of Air Force veterans exist and can be attributed to occupational exposure to Herbicide 
Orange. The study, consisting of mortality, morbidity, and reproductive outcome components, is based 
on a matched cohort design in a nonconcurrent prospective setting with follow-up studies. A baseline 
morbidity study and five follow-up morbidity studies over 20 years provide a comprehensive approach to 
the detection of adverse health effects. Complete details on the design are provided in the Study 
Protocol. 

For the baseline study, the population ascertainment process identified 1,264 Ranch Hand personnel who 
served in the RVN between 1962 and 1971. At the beginning of the study, a Comparison group was 
identified consisting of veterans assigned to Air Force units operating C-130 cargo aircraft in Southeast 
Asia. A computerized selection procedure was used to identify Comparisons with similar characteristics 
to each Ranch Hand veteran. A maximum of 10 Comparisons for each Ranch Hand was selected, 
matching on age, race, and military occupation (officer-pilot; officer-navigator; officer-other; enlisted 
flyer; enlisted groundcrew). After personnel records review, an average of eight Comparison subjects 
were matched to each Ranch Hand. 

A replacement strategy was devised to maintain participation of the Comparisons. Noncompliant 
Comparisons were to be replaced by Comparisons with the same values of the matching variables (age, 
race, and military occupation at the baseline examination) and the same health perception. In this way, 
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the Replacement Comparisons would serve as surrogates for Comparisons who refused to participate. 
Complete information on the selection and participation of study subjects can be found in Chapter 5, 
Study Selection and Participation. 

The mortality component addresses mortality from the time of the RVN assignment. A baseline 
mortality study was conducted in 1982, and the mortality follow-up study consists of annual mortality 
updates for 20 years. For the baseline mortality study and the first four updates, five individuals were 
randomly selected from the matched Comparison set for each Ranch Hand for a 1:5 design. After 1987, 
the design was expanded to include all 19,080 veterans in the Comparison population. 

1.4      MORBIDITY COMPONENT 

The baseline morbidity component, begun in 1982, reconstructed the medical history of each participant 
by reviewing and coding past medical records. A cross-sectional element, designed to assess the 
participant's current state of physical and mental health, was based on comprehensive physical 
examinations and questionnaires. For the morbidity component of the study, each living Ranch Hand and 
a random living member of his Comparison set were selected to participate in the examination. The 
morbidity study follow-up comprises sequential questionnaires, medical records review, and physical 
examinations in 1985, 1987, 1992, 1997, and 2002. Participation was voluntary and each participant 
signed an informed consent form at the examination site. Previous study results are summarized in each 
clinical chapter. 

The baseline morbidity assessment, conducted in 1982, disclosed few differences between the Ranch 
Hands and Comparisons (6). The sustained commitment to pursue the Herbicide Orange question to its 
scientific conclusion was demonstrated by the conduct of the first two morbidity follow-up studies in 
1985 and 1987. These examinations provided the opportunity to confirm or refute some of the baseline 
findings and to explore subtle longitudinal changes. In the follow-up examinations, the physical and 
mental health status of the participants during the time interval since the baseline study was assessed. 
The results of the follow-up studies showed a subtle but consistent narrowing of medical differences 
between the Ranch Hands and Comparisons since the baseline study in 1982. There was not sufficient 
evidence to implicate a relation between herbicide exposure and adverse health in the Ranch Hand group. 

For the baseline study and the 1985 and 1987 follow-up studies, the major focus of the analyses was to 
compare the health status of the Ranch Hands (i.e., the exposed cohort) with that of the Comparisons 
(i.e., the unexposed cohort). Methodology to measure dioxin body burden in blood was not made 
available until February 1987. During the 1987 physical examination, the Air Force initiated a 
collaborative study with CDC to measure dioxin levels in the serum of Ranch Hands and Comparisons 
(4, 7, 8). The measurement of serum dioxin levels led to a statistical evaluation to assess dose-response 
relations between dioxin and the approximately 300 health-related endpoints in 12 clinical areas. This 
was the first large-scale study of dose-response effects based on a direct measurement of current dioxin. 
The statistical analyses associated with the serum data evaluated the association between a specified 
health endpoint and dioxin among the Ranch Hands. The analyses also contrasted the health of various 
categories of Ranch Hands having differing serum dioxin levels with the health of Comparisons having 
background levels (10 parts per trillion (ppt) or less) of serum dioxin (9). The analysis of dose-response 
relations based on serum assays provided an important enhancement from the previous AFHS 
investigations. 

In 1992, the fourth examination was initiated. During a 2V/2~year period, data for 12 clinical areas were 
collected and analyzed. As in previous reports, the analysis focused on group differences between the 
Ranch Hand and Comparison cohorts, as well as on the association of each health-related endpoint with 
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extrapolated initial and current serum dioxin levels. Findings revealed a consistent relation between 
dioxin and body fat that was initially noted in the analysis of the 1987 examination results. Cholesterol 
and the cholesterol-to-HDL ratio were found to be associated with current serum dioxin levels (10). 
Evidence for a possible association between glucose intolerance, impaired insulin production, and dioxin 
levels was revealed. Also revealed was a significant association between selected peripheral pulse 
abnormalities and dioxin levels, and a significant decrement in self-perceived health status of Ranch 
Hands. Other health endpoints revealed no consistent patterns within or across clinical areas that were 
suggestive of an adverse relation between health and herbicide or dioxin exposure. 

The fifth examination began in 1997. As in 1985, 1987, and 1992, this study was conducted by SAIC in 
conjunction with Scripps Clinic and National Opinion Research Center (NORC). Analysis of data 
collected at the 1997 study was the basis for this report. In a departure from previous AFHS reports, 
dermatologic and renal diseases, other than cancer, were not summarized in this report. Summaries of 
malignant skin conditions, as well as cancers of the genitourinary system and kidneys, were included in 
the neoplasia chapter. In past reports, the dermatologic assessment placed primary emphasis on six 
dermatologic disorders: comedones, acneiform lesions, acneiform scars, inclusion cysts, depigmentation, 
and hyperpigmentation. Secondary emphasis was given to a composite variable consisting of 16 other 
minor conditions (generally not associated with chloracne). No significant difference was found for any 
of these variables in the unadjusted analyses. The adjusted analyses closely mirrored the unadjusted 
analyses, with no significant difference noted between groups for any variable. Exposure index analyses 
supported dose-response relations for some of the variables in certain occupational strata, but did not 
reveal a strong pattern of results suggesting a relation between skin disease and herbicide exposure. In 
addition, a recently published analysis found no evidence of chloracne in Ranch Hand veterans and no 
detectable relation between dioxin and acne (11). While a dermatology examination was completed on 
each participant, because of these results in previous follow-up examinations, a statistical assessment of 
the data was not performed for the 1997 study. 

Medical histories of renal disease and measures of renal function were collected at the 1997 AFHS 
physical examination; however, assessment of the renal data results was not included in this report for 
the following four reasons: 

1. To our knowledge, there has been no evidence that the kidneys are target organs for dioxin 
toxicity. 

2. The Institute of Medicine report on veterans and Agent Orange did not mention nonmalignant 
renal disease or renal function as a possible outcome of dioxin exposure (12). 

3. No other epidemiological study has documented nonmalignant kidney disease or renal function 
as a target of dioxin toxicity. 

4. All previous statistical analyses of renal disease and renal function have found no association 
with exposure group or with dioxin level. 

Although the dermatology and renal data collected in the 1997 study were not analyzed for this report, 
they will be combined with the results from the 2002 physical examination and summarized in the final 
AFHS report. 
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1.5     ORGANIZATION OF THE REPORT 

This report is organized as follows: 

• Chapter 1 (Introduction) provides summary background information on the AFHS and discusses 
specific technical items and issues that may affect the different clinical area assessments. 

• Chapter 2 (Dioxin Assay) describes the procedure used to draw blood for the serum dioxin 
measurements, the analytical method used to determine the dioxin level from the serum, and the 
quality control (QC) procedures associated with the serum dioxin data. 

• Chapter 3 (Questionnaire Methodology) gives an overview of the development and 
implementation of the participant questionnaires. 

• Chapter 4 (Physical Examination Methodology) describes the conduct and content of the 
physical examinations. 

• Chapter 5 (Study Selection and Participation) presents the methods by which participants were 
selected and scheduled. This chapter also presents a discussion of the participant replacement 
strategy, the factors known or suspected to influence study participation, and sources of potential 
bias. 

• Chapter 6 (Quality Control) provides an overview of the specific quality assurance and QC 
measures developed and used throughout the 1997 follow-up study. 

• Chapter 7 (Statistical Methods) documents the statistical methods used in the individual clinical 
area assessments and the statistical procedures and results of the half-life analyses performed by 
the Air Force. 

• Chapter 8 (Covariate Associations with Estimates of Dioxin Exposure) examines the associations 
between exposure (Ranch Hand, Comparison, and measures of dioxin exposure) and the 
individual covariates used in the different clinical assessments. 

• Chapters 9 through 18 present the results and medical discussions of the statistical analyses of 
the dependent variables for each clinical area. Each chapter also contains a brief overview of 
pertinent scientific literature. The 10 clinical chapters are as follows: 

Chapter 9:  General Health Assessment 
Chapter 10: Neoplasia Assessment 
Chapter 11: Neurological Assessment 
Chapter 12: Psychological Assessment 
Chapter 13: Gastrointestinal Assessment 
Chapter 14: Cardiovascular Assessment 
Chapter 15: Hematologic Assessment 
Chapter 16: Endocrine Assessment 
Chapter 17: Immunologie Assessment 
Chapter 18: Pulmonary Assessment 

• Chapter 19 (Conclusions) summarizes the findings and medical discussions of the 10 clinical 
areas. 

• Chapter 20 (Future Directions) summarizes the anticipated future activities and discusses possible 
modifications to the existing instruments and methodologies used to investigate the association 
between health status and dioxin exposure. 
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1.6     INTERPRETIVE CONSIDERATIONS 

In interpreting results from any epidemiological study, no single result should be evaluated in isolation or 
at face value. Rather, interpretations should be addressed in the context of the overall study design, the 
data collection procedures, the data analysis methods, dose-response effects, strength of association, 
temporal relation, biological plausibility, and internal and external consistency. This especially applies 
to the AFHS, This effort is a large-scale, prospective observational study in which thousands of 
measurements are generated on each participant. Those measurements and diagnoses are subjected to 
extensive statistical analyses, testing thousands of individual hypotheses. Each positive result should be 
scrutinized relative to other findings in this and other studies, and relative to the statistical methods used 
and the medical and biological plausibility of the results. Conversely, the lack of a positive result only 
denotes that the hypothesis of no association was not rejected. This has a very different conclusion than 
the possibly incorrect assertion that there is no effect. In addition, no epidemiological study can establish 
that there is no effect; i.e., that dioxin is safe (13). Critical considerations in the evaluation of results 
from this study are reviewed below. Other interpretive considerations, such as adjustments to analyses 
for known confounders, multiple testing, trends in results within a clinical area, and power limitations, 
are discussed in greater detail in Chapter 7, Statistical Methods. 

1.6.1     Study Design and Modeling Considerations 

Biased results will be produced if the assumptions underlying any of the statistical models are violated. 
Four models were used in this report to analyze the health effects of herbicide exposure in Vietnam. The 
first model contrasts the exposed population (Ranch Hands) with an unexposed group (Comparisons). 
The second model evaluates the relation between estimated serum dioxin levels from the time of 
exposure (i.e., initial dioxin) with each health endpoint. The group contrast model is extended in the 
third model so that the Ranch Hand group is divided into three categories depending on 1987 levels and 
estimated initial levels of serum dioxin, and each category is contrasted with the Comparison group. The 
fourth model evaluates the association between the dependent variables and lipid-adjusted 1987 dioxin 
levels. The parameters of these four models are summarized in Table 1-1. 

As in any epidemiological study, the group contrast (Ranch Hands versus Comparisons) is susceptible to 
bias toward the null hypothesis of no exposure effect, because of possible exposure misclassification. It 
may not be true that all Ranch Hands and no Comparisons were occupationally exposed. Recent dioxin 
data indicate that 44 percent of the Ranch Hands have only background serum dioxin levels. These 
Ranch Hands either were never exposed or their initially elevated serum dioxin levels may have 
decreased to background levels during the time period between exposure and serum dioxin measurement. 
The AFHS has no additional data with which to determine whether Ranch Hands currently having 
background dioxin levels had elevated levels in the past because there was no method of measuring 
dioxin in blood prior to 1987, and because no blood was collected and saved prior to 1982. 

The model analyzing the association between health endpoints and extrapolated initial dioxin levels 
(Model 2) also is vulnerable to bias because it directly depends on two unvalidated assumptions: (a) that 
dioxin elimination is by first-order pharmacokinetics, and (b) that all Ranch Hands have the same dioxin 
half-life (8.7 years) (14). If dioxin elimination is first-order, but some Ranch Hands have a shorter half- 
life than others do, then there would have been misclassification of initial dioxin levels. 
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Table 1-1. Parameters of Exposure Assessment Models 

Model Cohort(s) Subset of Cohort Exposure Characterized by: 

Covariates in Analysis 
(not including endpoint- 

: specific covariates) 

Ranch Hands and    All participants 
Comparisons 

Ranch Hands 

Ranch Hands and 
Comparisons 

Ranch Hands 

Lipid-adjusted 1987 
dioxin measurement 
>10 ppt 
RH: 1987 dioxin 
measurement 
C: Lipid-adjusted dioxin 
measurement <10 ppt 

1987 dioxin 
measurement 

Group (Ranch Hands versus 
Comparisons and military 
occupation) 
Extrapolated initial dioxin 

Group (Ranch Hands versus 
Comparisons); Ranch Hands 
categorized according to 1987 
dioxin and estimated initial 
dioxin levels 
Lipid-adjusted 1987 dioxin: 
(102.6*whole-weight 1987 
dioxin/total lipids) 

Body fat at time of 
blood measurement of 
dioxin 
Body fat at time of 
blood measurement of 
dioxin 

Note:    RH = Ranch Hands. 
C = Comparisons. 

The half-life of dioxin has been found to change significantly with percent body fat in 213 Ranch Hand 
veterans with three dioxin measurements, derived from serum drawn in 1982, 1987, and 1992 (14). The 
half-life increased significantly with higher levels of obesity. The constant 8.7-year half-life used in this 
report was an estimate derived without adjustment for body fat (14). As a partial solution to the observed 
relation between half-life and obesity, analyses using dioxin or initial dioxin (Models 2 and 3) were 
adjusted for percent body fat at the time of the blood measurement of dioxin (see Chapter 7, Statistical 
Methods). A recent study of dioxin elimination in 20 men exposed during the Seveso accident has 
validated the first-order model (15), which was the basis for the half-life estimate used in this report; 
however, validated models of dioxin elimination adjusted for body fat or changes in body fat have not yet 
been derived. 

To account for the possible misclassification of exposure between groups, the third statistical model 
categorizes Ranch Hands into three levels of exposure: background levels of lipid-adjusted dioxin, and 
low and high levels of estimated initial dioxin. Each Ranch Hand dioxin category is contrasted with 
Comparisons having background levels of lipid-adjusted dioxin. Although this model is less dependent 
upon the accuracy of the initial dioxin estimation procedure than the model using continuous initial 
dioxin estimates, the classification of the Ranch Hands is subject to bias if the half-life and first-order 
dioxin elimination assumptions are not true. Also, the Ranch Hands with background levels of lipid- 
adjusted serum dioxin may contain both unexposed Ranch Hands and exposed Ranch Hands whose 
serum dioxin levels have decreased to background levels. This will result in a bias toward the null 
hypothesis of no dioxin effect on the health endpoint. 

The model that analyzes the association between a 1987 dioxin measurement and health endpoints 
(Model 4) may be less subject to bias than Models 1,2, and 3; however, recent dioxin levels may not be a 
good measure of exposure if serum dioxin elimination rates differ among individuals. Serum dioxin 
levels were extrapolated from 1992 measurements to 1987 for Ranch Hand veterans without serum 
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dioxin levels measured in 1987. Serum dioxin levels also were extrapolated from 1997 measurements to 
1987 for Ranch Hand veterans without levels measured in 1987 or 1992. These extrapolations were 
performed only if the most recent measurement was greater than 10 ppt. Therefore, these 1987 dioxin 
measurements are subject to bias from a possible violation of the half-life and first-order elimination 
assumptions that affect the initial dioxin estimates. 

1.6.2    The Air Force Exposure Index 

In the first three AFHS reports, summarizing results of physical examinations conducted in 1982, 1985, 
and 1987, the potential relation between health-related endpoints and herbicide exposure in Ranch Hand 
veterans was assessed using a calculated estimate of herbicide and dioxin exposure. This was called the 
Air Force exposure index. 

The Air Force exposure index was calculated from military records to measure the potential exposure of 
a Ranch Hand to any of four dioxin-containing herbicides: Herbicides Orange, Purple, Pink, and Green. 
The index was only an estimate of dioxin exposure because the actual concentration of dioxin in the 
herbicides varied with type and lot and because exposure varied with individual work habits and duties. 
The calculation of the index was necessary because direct measures of dioxin exposure were not 
available at that time. Subsequent to 1987, all outcomes in this study have been assessed versus group 
contrasts and the dioxin body burden measured in serum. The 1987 results were analyzed twice, first 
using the Air Force exposure index (10), and then using the dioxin body burden as the measure of 
exposure (9). 

The Air Force exposure index for a Ranch Hand was defined as the product of a dioxin weighting factor 
and the gallons of dioxin-containing herbicides sprayed during his tour divided by the number of men 
sharing his duties during his tour. This formula was based on the untested assumption that the exposure 
of an individual decreased as the number of men available increased. The calculation was performed for 
each month of his tour, and the monthly results were summed to produce a single exposure index for each 
Ranch Hand veteran. Each veteran was then assigned to a low, medium, or high exposure category 
depending on his calculated index and the tertiles of the index for his job category (officer-pilot, officer- 
navigator, officer-nonflying, enlisted flyer, or enlisted groundcrew). Additional details of the calculation 
are given in Thomas, et al. (10). 

Both measures, the Air Force exposure index and the serum dioxin measurement, have limitations. The 
exposure index was approximate in that the number of gallons sprayed was based on the totals across all 
bases rather than at a specific base. In addition, the assumption that exposure decreased as the number of 
men available increased may not have been reasonable. Interviews with Ranch Hand groundcrew in 
1989 revealed that as the workload increased, more men were added to the job, resulting in more men 
becoming exposed rather than each man becoming less exposed. Finally, the spectrum of behaviors, 
skills, duties, weather-related work stoppages, work surges due to war conditions, and other factors 
(some known, some unknown) were not included in the calculation. For example, some Ranch Hand 
groundcrew had direct contact with bulk quantities of herbicide by filling the tanks and servicing the 
equipment, while others drove trucks or forklifts away from the flight line. The index did not distinguish 
between these two kinds of exposure patterns. In addition, some Ranch Hands were assigned to 
administrative duties, which were indicated in their military records. The Air Force exposure index was 
defined as zero for those assigned to administrative duties. 

The serum dioxin measurement is also limited as a measure of exposure. Although the half-life of dioxin 
is long (8.7 years), pharmacokinetic studies of Ranch Hand veterans suggest that the half-life varies with 
body fat (14). Thus, some veterans may eliminate dioxin quickly and others more slowly. Variation of 



the dioxin half-life with body fat contributes to variation in the extrapolated initial dose at the time of 
exposure. In addition, more than 40 percent of Ranch Hand veterans have background levels, precluding 
extrapolation. Some of those with background levels may have had elevated levels while in Vietnam, 
while others may not have been occupationally exposed at all. The exposure status of Ranch Hands with 
background levels cannot be resolved with available data. Furthermore, no validated model exists with 
which to assess the adequacy of the estimated initial dose as an estimate of actual exposure among those 
with dioxin levels above background in 1987, 1992, or 1997. Use of serum dioxin measurements as a 
measure of exposure in Vietnam is further confounded by the other possible sources of dioxin exposure 
after service in Vietnam. These sources include industrial exposure and environmental factors such as 
fish consumption and burning of plastics. 

The correlation between the Air Force exposure index and serum dioxin levels was described in the 
dioxin analysis of the 1987 physical examination results (9). These correlations reflected the high 
percentage of veterans who would be misclassified with regard to dioxin level if the Air Force exposure 
index was assumed as the standard. For example, 77 of 287 (26.8%) Ranch Hand veterans in the high 
Air Force exposure index category had dioxin levels less than 9 ppt (see Table 3.5 of reference 9). 

Despite these limitations, the serum dioxin level appears to be the most appropriate measure of exposure 
in this study because of the following: 

• It is a direct measurement of the contaminant. 

• It has been accurately measured (16). 

• It correlates with reported skin exposure to herbicides among enlisted Ranch Hand veterans (17). 

• Its elimination in Ranch Hand veterans has followed a plausible pharmacokinetic pattern (14). 

• It has been found plausibly associated with health conditions in this study and in other studies 
(12). 

Throughout this report, dioxin levels are used as measures of both exposure to dioxin itself and exposure 
to dioxin-contaminated herbicides, including Herbicide Orange. Direct contrasts of Ranch Hand and 
Comparison veterans (Model 1) address the hypothesis of health effects attributable to any herbicide 
exposure experienced by Ranch Hand veterans during Operation Ranch Hand. Models involving dioxin 
measurements address the hypothesis that health effects change with the amount of exposure. Dioxin 
measurements are used as a measure of exposure to dioxin-contaminated herbicides because it is 
expected that as exposure to such herbicides increased, dioxin levels should increase. Therefore, the 
dioxin measurement serves as a direct biomarker of exposure to dioxin-contaminated herbicides. No 
other direct measure or estimate of herbicide exposure is available with which to address hypothetical 
dose-response relations with health. Some indirect measures, such as self-report of skin contact among 
enlisted groundcrew, or simply being a Ranch Hand enlisted groundcrew member, are valuable 
alternatives because dioxin measures suggest that enlisted groundcrew experienced the heaviest 
exposures. Reported skin exposure is not addressed in this report, but enlisted groundcrew status is 
addressed in Model 1. The use of dioxin as a measure of exposure to dioxin-contaminated herbicides is 
consistent with the goal of the study, which is to determine whether health effects exist and can be 
attributed to occupational exposure to Herbicide Orange (3). 

1.6.3     Information Bias 

Information bias, represented by the over- or under-reporting of disease symptoms, was minimized by 
verifying all diseases and conditions with medical records. It is possible that conditions in Ranch Hands 
may be more verifiable because they may have been seen by physicians more often than Comparisons. 
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This would be revealed by group differences in the quantity and content of medical records. Because 
there is no way to quantify these aspects, this potential source of bias remains unexplored. This bias, if it 
exists, would affect only the models contrasting Ranch Hands and Comparisons (Models 1 and 3) 
because Comparison data were not used in Models 2 and 4. Information bias due to errors in the data 
introduced through data entry or machine error is negligible. All laboratory results were subject to strict 
QC procedures, historical data were verified completely by medical records review, and medical data 
were subjected to strict QC standards (Chapter 6, Quality Control). 

1.6.4 Consistency of ResuIts 

All statistically significant findings in this report were subjected to clinical review, ensuring internal 
consistency throughout the report. In addition, these findings were compared to published results from 
other studies to ensure external consistency. 

1.6.5 Strength of Association 

A strong adverse association between exposure and a disease condition, if it exists, would be revealed by 
an increased relative risk.   Some authors have suggested that a statistically significant relative risk 
greater than 2.0 is cause for concern (18). Statistically significant relative risks less than 2.0 are 
generally considered to be less important than larger risks because relative risks less than 2.0 can arise 
more easily because of unrecognized bias or confounding. Relative risks greater than 5.0 are less subject 
to this concern. The numbers 2.0 and 5.0 are epidemiological guidelines regarding analyses of 
association between a dichotomous endpoint (disease, no disease) and exposure (yes, no). No such 
general guidelines have been formulated regarding the analysis of continuously distributed endpoints 
(such as cholesterol) versus continuously distributed exposure (such as initial or recent serum dioxin 
measurements). 

Statistical power is also an issue in a study of a population this size. A study with a population of 2,121 
lacks power to determine increases in relative risks for rare events (such as soft tissue sarcoma) because 
such events are unlikely to occur in large numbers in a group this small. While certain occupational 
toxins have a clear diagnostic pathology (e.g., mesothelioma for asbestos, hepatic angiosarcoma for vinyl 
chloride) virtually nonexistent in the absence of the toxin, other toxins merely increase the risk of 
nondiagnostic pathology. For example, this study would likely not discern an increase in the relative risk 
for a rare tumor that does not have a clear diagnostic pathology. By assessing the pathology observed in 
association with other known environmental risk factors (e.g., tobacco use, alcohol use), it is sometimes 
possible to provide a limit in the magnitude of effect missed; however, this study has inherent bounds in 
detecting modest increases in relative risk for infrequent pathology. 

1.6.6 Biological Plausibility 

The assessment of biological plausibility requires consideration of a biological mechanism relating the 
exposure and effect of interest. While a lack of biological credibility or even a contradiction of 
biological knowledge can lead to the dismissal of a significant result, the failure to perceive a mechanism 
may reflect only ignorance of the state of nature. On the other hand, it is easy to hypothesize biological 
mechanisms that relate almost any exposure to almost any disease. Thus, while important, the biological 
explanation of results must be interpreted with caution. In the AFHS, statistically significant results are 
subjected to medical review and comparison with previously published results in order to identify 
consistent and biologically plausible results. 
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1.6.7 Interpretation of Nonsi gnificant Results 

In this study, a lack of significant results relating dioxin to a particular disease only means that the study 
is unable to detect a relation between dioxin and health. This does not imply that a relation may not 
exist, but that if it does exist, it was not detected. A lack of significant results does not mean that dioxin 
is safe or that there is no relation between dioxin and health. The AFHS was not designed to establish 
safety; rather, this study was designed to determine whether a hazard existed for the exposed personnel. 
Determination of safety would require a study at least 10 times as large, as determined in a 1985 study 
presenting minimal sample size criteria for proof of safety and hazard in studies of environmental and 
occupational exposures (13). 

1.6.8 Extrapolation to Armed Forces Ground Troops 

Extrapolation of the serum dioxin results to the general population of ground troops who served in 
Vietnam was difficult because Ranch Hand and ground troop exposure situations were very different. 
Based on serum dioxin testing results obtained by CDC (8) and others (19), nearly all ground troops 
tested had current levels of dioxin similar to background levels. Even combat troops who served in 
herbicide-sprayed areas of Vietnam had current levels similar to those in men who never left the United 
States (with mean dioxin levels of 4.2 ppt and 4.1 ppt, respectively). The AFHS subgroup most like the 
ground troops in terms of lipid-adjusted dioxin levels were the Ranch Hands who currently have 
background levels of dioxin. Therefore, if the results of the AFHS are applied to the general population 
of other Vietnam veterans, the focus should be on the "Background" Ranch Hand versus Comparison 
contrast. Extrapolating the results of these analyses to other Vietnam veterans still should be made 
cautiously, however. There may be demographic distinctions between the "Background" group of Ranch 
Hands and other Vietnam veterans that may be related to health. Also, if Ranch Hands with background 
levels of lipid-adjusted serum dioxin showed a significant adverse health effect relative to Comparisons, 
but if there was no significant effect for Ranch Hands with high serum dioxin levels, the plausibility of 
such an effect would be questionable, because this would not indicate a dose-response effect. In general, 
the analyses in this report found that Ranch Hands with background levels of lipid-adjusted dioxin did 
not show a significant adverse health effect relative to Comparisons. 

1.6.9 Considerations for Summarizing Results 

A study of this scope with a multitude of endpoints demands, and at the same time defies, meaningful 
summary tabulation. Such summaries can be misleading because they ignore correlations between the 
endpoints, correlations between study-examination results, and the nonquantifiable medical importance 
of each endpoint. In fact, many endpoints are correlated (e.g., psychological scales and indices 
developed from combining multiple variables). In addition, such tabulations combine endpoints that are 
not medically or biologically comparable. For example, diminished sense of smell is of less medical 
importance than the presence of a malignant neoplasm. Nevertheless, the AFHS presents a summary of 
all statistical results in Appendix G of this report. These summaries, however, can be misleading and 
must be interpreted carefully—an elementary tally of significant, or nonsignificant, results is not 
appropriate. 
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2    THE DIOXIN ASSAY 

2.1      PARTICIPANTS SELECTED FOR DIOXIN MEASUREMENT 

The eligibility for participants at the 1997 physical examination to have a blood measurement of dioxin 
was determined by assignment to one of three categories: (a) previous participants with a quantitative 
dioxin result who were selected for an additional blood measurement of dioxin to advance 
pharmacokinetic studies (1), (b) previous participants returning to the 1997 physical examination with no 
prior dioxin blood measurement or no previously quantitative dioxin results, and (c) first-time 
participants. Of the 2,121 participants at the 1997 follow-up examination, a total of 594 participants were 
asked to provide a blood sample for use in analysis of serum dioxin levels. Table 2-1 shows the number 
of participants selected for the 1997 dioxin blood measurement belonging to each category by exposure 
group (Ranch Hand, Comparison). Table 2-1 also gives the number of actual dioxin assay results 
obtained that belonged to each category by exposure group. 

Table 2-1. Participants with a 1997 Blood Measurement of Dioxin 

^:- 'Category |;'^^|5'^^Hand   ; Comparison    Total :   Band :;   Comparison       Total! 
Returning participants with a previous 430 0 430 421 0 421 
quantitative dioxin result selected for 
another blood measurement of dioxin to 
advance pharmacokinetic studies 

Returning participants who either 18 42 60 17 40 57 
attended the 1987 or 1992 follow-ups 
but had no previous dioxin blood 
measurement or no previous quantitative 
dioxin result 

Participants who were selected for a 11 93 104 5 80 85 
dioxin blood measurement for the first 
time 

Total 459 135 594 443 120 563~ 

Table 2-2 displays the reasons why blood samples from 31 participants were not obtained. Nine 
participants were medically deferred because of pending surgery or a low hemoglobin level, and 22 
participants refused the blood measurement of dioxin. Samples for the remaining 563 participants were 
shipped to the Centers for Disease Control and Prevention (CDC) for analysis. 
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Table 2-2. Participants Eligible for the 1997 Blood Measurement of Dioxin and Reasons for 
Participant Sample Exclusions 

Distribution of: Sample Exclusion Ranch Hand Comparison Total 
Total Eligible for Blood Measurement of Dioxin                   459 135 594 
Less: 
Medically Deferred                                                                (7) (2) (9) 
Refused (9)  (13) (22) 
Total Specimens Sent to CDC 443 120 563 

2.2 SAMPLE ACQUISITION 

Following a CDC protocol, blood was drawn from consenting participants for the serum dioxin assay on 
the morning of the second day of the 1997 physical examination. The participants were instructed to fast 
after midnight (water was allowed), and samples were drawn with a 15-gauge needle into a blood pack 
unit without anticoagulant. CDC purchased blood bags in lots of 1,200, packaged in 50 boxes of 24 bags 
per box, and tested one bag per box to assess dioxin contamination. If the tested bag was found to be free 
of dioxin contamination, the box of 24 bags was shipped to the Air Force for use in the study. 

Participants had 280 ml of blood drawn. After the draw, the bags were clamped, labeled, placed upright, 
and the samples were allowed to clot at room temperature for 7 hours. 

The clotted samples were centrifuged for 15 minutes at 4,500 revolutions per minute between 4° and 
10 °C. The serum was then transferred from the spun unit bag by a plasma extractor to transfer packs that 
also were tested and found to be free of dioxin. The transfer packs were then spun for 15 minutes at 
4,500 revolutions per minute. The serum was placed into four Wheaton bottles: two 4-ounce bottles for 
the serum dioxin analysis, a 5 ml bottle for the lipid profile, and a 10 ml bottle for the reserve serum. 
Samples were catalogued and stored at -70 °C or colder until shipment. Appendix A contains the 
detailed procedures used by Scripps Clinic for the dioxin blood collection and processing. Frozen 
samples were packed in dry ice in Styrofoam boxes and shipped weekly from Scripps Clinic in La Jolla, 
California, to Brooks Air Force Base, Texas. At Brooks Air Force Base, inventory was taken and the 
specimens were stored at -70 °C until shipment to CDC. All samples were coded so that the CDC staff 
was blinded to the exposure group status (Ranch Hand, Comparison) of each specimen. 

2.3 ANALYTICAL METHOD 

The serum samples were analyzed for dioxin in groupings consisting of a method blank, three unknown 
samples, and a quality control (QC) pool sample (2, 3). Cholesterol esters, triglycerides, and high-density 
lipoprotein cholesterol were determined in duplicate by standard methods. Total phospholipids were 
determined in duplicate by modifying the Folch, et al., procedure (4, 5). Free cholesterol was determined 
in duplicate by an enzymatic method (6). For each analysis, the mean result of duplicate analyses was 
used to calculate the concentrations of total lipids using the summation method (7), low-density 
lipoprotein cholesterol, and very low-density lipoprotein cholesterol (8). 

2.4 QUALITY CONTROL 

Quality assurance was maintained with matrix-based materials well characterized for dioxin concentration 
and isotope ratios to ensure that the analytical system was in control. QC charts were maintained for each 
of these materials (five serum pools). The concentration in the QC sample from each analytical run was 
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required to be within established 99-percent confidence limits (9, 10). The unlabeled and carbon-13 
labeled internal standard isotope ratios were required to be within 95-percent confidence limits. All 
analytical runs for the dioxin and lipid measurements were in control. No dioxin was detected in the 
blanks (on-column injection of 100 femtograms from a standard solution produces detectable signals 
greater than three times the background noise). 

2.5      DATA DESCRIPTION 

CDC delivered whole-weight and lipid-adjusted dioxin concentrations to the Air Force, together with the 
total sample weight, weights of lipid fractions, total lipid weight, detection limit, quantitation limit, and 
all associated QC information, including results from blank samples. The lipid-adjusted dioxin 
concentration was calculated using the whole-weight dioxin concentration and the total lipid weight. 
Details of the calculation are discussed subsequently in this chapter. Table 2-3 provides the results of the 
1997 physical examination blood measurements of dioxin by exposure group and result comment. Result 
comments are based on whether the result was measurable, or good, (G); measurable, but below the limit 
of detection (GND) or below the limit of quantitation (GNQ); or no result was obtained (NR). 

Table 2-3. Result Comments for the 1997 Blood Measurements of Dioxin 

m&immmmüMMfMmmm R<?su 
■ ■-■'-.v.   -i 

Ranch Hand maassmemsm ! Total 

430 82 512 
11 35 46 
0 0 0 
2 3 5 

Good Result (G) 
Good Result, Below Limit of Detection (GND) 
Good Result, Below Limit of Quantitation (GNQ) 
No Result (NR)  
Total 443 120 563 

Note: The two Ranch Hands with no result at the 1997 follow-up examination had a good result at a previous 
follow-up examination. 

The Air Force Health Study (AFHS) dioxin database is a combination of the dioxin assay results from the 
1987, 1992, and 1997 examinations. Table 2-4 shows the number of blood measurements of dioxin by 
year and illustrates the high percentage of study participants who have had dioxin measurements. Of the 
2,121 fully compliant participants for the 1997 study, 2,101 (99.1%) had blood measurements of dioxin in 
1997 or in a previous study. 

Table 2-4. Dioxin Results for 1997 Physical Examination Participants 

p|fiii»|p:p|i|pi 

No Dioxin Blood Measurement 6                             14 20 
1987 Only 297                           865 1,162 
1992 Only 56                          118 174 
1997 Only 12                             93 105 
1987 and 1992 68                          134 202 
1987 and 1997 153                               6 159 
1992 and 1997 5                               7 12 
1987,1992, and 1997 273                             14 287 
Total 870 1^251 2,121 

Note: 1987 includes participants from both the 1987 pilot study and the 1987 follow-up physical examination. 
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Participants may have been assayed during any combination of four events: the pilot study conducted in 
April 1987 (9), the 1987 follow-up examination (May 1987 to March 1988), the 1992 follow-up 
examination (May 1992 to March 1993), or the 1997 follow-up examination (May 1997 to April 1998). 
The majority of participants had an assay in 1987, through either the pilot study or the 1987 follow-up 
examination. Consequently, 1987 was designated as the reference point for post-Southeast Asia (SEA) 
serum dioxin levels, termed "current dioxin" in previous AFHS reports and "1987 dioxin" subsequently 
in this report. 

Each participant with a good (G or GND) dioxin result was given a "reference" dioxin assay result 
derived from the good result. When a participant had multiple assay results, first priority was given to the 
1987 pilot-study dioxin results, second priority was given to results derived from serum collected at the 
1987 physical examination, third priority was given to the 1992 results, and fourth priority was given to 
the 1997 results. Figure 2-1 outlines this decision process and shows that the first quantitative result was 
used. 

Pilot Study 
(April 1987) 

ilot comme tit = G Pilot Comment = 
NR or Blank 

Use Pilot 
Results 

1987 Exam Results 
(May 1987 to March 1988) 

1987 ( 
GorC 

Sommer 
rND 

it = 1987 Comment = 
NR,GNQ, or Blank 

Use 1987 
Results . 

1992 Exam Results 
(May 1992 to March 1993) 

1992 C 
GorG 

kommen 
ND 

t = 1992 Comment = 
NR, GNQ, or Blank 

Use 1992 
Results 

1997 Exam Results 
(May 1997 to April 1998) 

1997 C 
GorG 

"ommer 
ND 

it = 1997 
Comment 
NR,GNQ 
or Blank 

Use 1997 
Results 

Exclude 
Results 

Figure 2-1. Decision Process for Determination of Dioxin Results for Analysis 
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Of the 2,121 fully compliant participants at the 1997 physical examination, 870 were Ranch Hands and 
1,251 were Comparisons. Of the 2,121 participants, 20 had never had blood measured for dioxin. Six 
participants had missing dioxin results (result comment = NR) or nonquantitative dioxin results (result 
comment = GNQ). A total of 2,095 participants, consisting of 863 Ranch Hands and 1,232 Comparisons, 
had quantitative dioxin measurements. Table 2-5 summarizes the sample sizes by exposure group. The 
six participants with missing or nonquantitative dioxin results are cross-classified in Table 2-6 by result 
comment and exposure group. 

Table 2-5. Results from Blood Measurements of Dioxin 

Summary of Sample Size Reduction ; Ranch Hand Comparison Total 
1997 Follow-up Participants 870 1,251 2,121 

Less: No Blood Measurement of Dioxin at any (6) (14) (20) 
Physical Examination 

1997 Follow-up Participants with a Dioxin Assay 864 1,237 2,101 
Less: Missing or Nonquantitative (Good Result, but (1)                       (5)                    (6) 
Below Limit of Quantitation or No Result) 

1997 Follow-up Participants with Quantitative Dioxin Results 863      1^232 2,095 

Table 2-6. Results from Blood Measurements of Dioxin with Missing or Nonquantitative Results 

.; Assay.- 
1992 

GNQ 

1997 
Ranch Hand Comparison ^^S^Bfi§lifli 

GNQ 
GNQ 
GNQ NR 

NR 

1 
0 
0 
0 

1 
1 
1 
2 

2 
1 
1 
2 

Total . 1 5 6 

Note: GNQ = Good result, below level of quantitation. 
NR = No Result. 

If the 1987 pilot study or follow-up measurement was not used, the 1987 dioxin level was derived for 
each participant in the following manner. If the 1992 measurement was used, the level was extrapolated 
to 1987 levels when the 1992 dioxin concentration surpassed 10 parts per trillion (ppt). These 
extrapolated lipid-adjusted dioxin values were calculated using a first-order elimination model with a 
half-life of 8.7 years and a background level of 4 ppt. Levels at or below 10 ppt were not extrapolated 
because the first-order elimination model was not considered to be valid at background levels (lipid- 
adjusted 1987 dioxin levels <10 ppt). If the 1997 measurement was used, the level was extrapolated to 
1987 levels when the 1997 dioxin concentration surpassed 10 ppt. Details on the extrapolation method 
are given in Chapter 7, Statistical Methods. A summary detailing the year the measurement was used and 
whether the dioxin level was extrapolated to 1987 dioxin levels is provided in Table 2-7 by exposure 
group. 
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127 44 171 
615 858 1,473 
99 213 312 

35 0 35 
64 213 277 

Table 2-7. Summary of Number of Assays Used for 1997 Follow-up Participant Dioxin Measures 

Pilot(1987)    " '*' """*"   *' '    "~""A ' " "    " " " *' '' ' """'""' "'^' """""' ' '" ^^ 
1987 Follow-up 
1992 Follow-up 

Extrapolated to 1987 
Not Extrapolated to 1987 

1997 Follow-up 22 117 139 
Extrapolated to 1987 4 0 4 
Not Extrapolated to 1987 18 1T7 135 

Total  863 1,232 2,095 

2.6     LIPID-ADJUSTED AND WHOLE-WEIGHT CURRENT DIOXIN MEASUREMENTS 

Serum dioxin is defined as the serum concentration of 2,3,7,8-tetrachlorodibenzo-p-dioxin (dioxin). It 
can be expressed as a lipid-adjusted or a whole-weight measurement. The lipid-adjusted dioxin 
measurement, also called "current dioxin body burden," is a derived quantity calculated from the formula 
PP* = ppq-102.6/W, where ppt is the lipid-adjusted concentration, ppq (parts per quadrillion) is the actual 
weight of dioxin in the sample (also known as whole-weight dioxin) in femtograms, 102.6 corrects for the 
average density of serum, and W is the total lipid weight of the sample (10). 

The correlation between the serum lipid-adjusted concentration and adipose tissue lipid-adjusted 
concentration of dioxin has been observed to be 0.98 in 50 persons from Missouri (11). Using the same 
data, Patterson, et al., calculated the partitioning ratio of dioxin between adipose tissue and serum on a 
lipid-adjusted basis as 1.09 (95% confidence interval: [0.97,1.21]). On the basis of these data, a one-to- 
one partitioning ratio of dioxin between lipids in adipose tissue and lipids in serum cannot be excluded. 
Measurements of dioxin in adipose tissue generally have been accepted as representing the body burden 
concentration of dioxin. The high correlation between serum dioxin levels and adipose tissue dioxin 
levels in the study by Patterson, et al., suggests that serum dioxin is also a valid measurement of dioxin 
body burden. 

Figures 2-2 and 2-3 show the distribution of serum lipid-adjusted dioxin for the 863 Ranch Hands and 
1,232 Comparisons whose results were used in analyses of 1987 dioxin versus health in this report. 
Figure 2-4 compares distributions of serum lipid-adjusted dioxin concentrations for Ranch Hands and 
Comparisons on the same scale (parts per trillion). Figure 2-5 compares distributions of the logarithm 
(base 2) of serum lipid-adjusted dioxin concentrations for Ranch Hands and Comparisons on the same 
scale. 
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Table 2-8 summarizes, by military occupation and exposure group, the serum lipid-adjusted dioxin results 
among the 863 Ranch Hands and 1,232 Comparisons whose results were used in the analyses of dioxin 
versus health in this report. For Ranch Hands, the median level was greatest for enlisted groundcrew and 
least for officers. 

Table 2-8. Lipid-adjusted Dioxin Result Summary 

Military Occupation n Median (opt)       Range (ppt) n •        Median (ppt)        Range (ppt WSM. ylm diari (ppt)    '"'"Range (ppt 

337 
151 

7.4                  0-36.0 
16.4                0-195.5 

Comparison \ 

umcer 331 i& U-JO.U 450 4.U U-l/.o 
Enlisted Flyer 151 16.4 0-195.5 186 3.8 0-12.8 
Enlisted Groundcrew 375 24.0 0-617.8 560 3.6 0-26.6 
Total 863 11.6 0-617.8 1,232 3.8 0-26.6 

Note: ppt = parts per trillion. 

2.7      SUMMARY 

In summary, serum was collected for dioxin analysis for 563 participants at the 1997 follow-up at Scripps 
Clinic. The serum was shipped from Scripps Clinic to Brooks Air Force Base to CDC according to rigid 
protocols. The data collected from the 1997 follow-up assays were combined with data from the 1987 
pilot study, 1987 follow-up examination, and 1992 follow-up examination for use in pharmacokinetic 
studies and for determining post-SEA dioxin levels. After combining data from this and previous follow- 
ups, a total of 863 of the 870 Ranch Hands (98.5%) and 1,232 of the 1,251 Comparisons (99.1%) 
attending the 1997 follow-up examination had quantitative dioxin assay results. 
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3     QUESTIONNAIRE METHODOLOGY 

This chapter describes the development and implementation of the two participant questionnaires used in 
the 1997 follow-up to the Air Force Health Study (AFHS): the 1997-98 Health Interval Questionnaire 
and the 1997-98 Study Subject Baseline Questionnaire. Both questionnaires were formatted and 
administered by the National Opinion Research Center (NORC), a social science research center at the 
University of Chicago. 

The two 1997 questionnaires were comparable to those used in the baseline study and the 1985, 1987, 
and 1992 follow-up efforts. In the 1982 baseline study, interviews were conducted in the participants' 
homes. In the 1985, 1987, and 1992 studies, the follow-up interviews were conducted in person at the 
physical examination site. The latter method proved to be more efficient and subject to better quality 
control (QC). In all the examinations before 1997, the questionnaires were administered in hard copy, 
which was later edited and key-entered into the final SAS®1 data set. For the 1997 follow-up, the 
interview responses were recorded electronically on laptop computers using a computer-assisted personal 
interviewing (CAPI) system. This method afforded an added measure of QC. 

The baseline questionnaire was administered to any participant who had not previously completed that 
questionnaire. With the exception of the translation into the CAPI format, the baseline questionnaire has 
not changed since 1982. The interval questionnaire was designed to capture the participant's health 
history in the interval since participation in previous follow-up examinations. In addition, the interval 
questionnaire elicited general health measures needed by the debriefing physicians. 

3.1      QUESTIONNAIRE DEVELOPMENT 

An objective of questionnaire development in each follow-up year has been to maintain, to the maximum 
extent possible, the question wording, context, and procedures used in the 1982 baseline study. In 
addition, the interval questionnaire was often augmented to obtain data on new areas of inquiry. The 
central task of questionnaire development has been to obtain interval histories on questionnaire items, 
thereby updating the information provided in previous follow-up studies. For instance, if a study subject 
participated in the 1992 follow-up, the 1997-98 Health Interval Questionnaire elicited an interval history 
for the period from 1992 to 1997; however, if the subject last participated in the baseline study or the 
1985 follow-up, the 1997-98 Health Interval Questionnaire elicited an interval history from those dates 
until 1997. 

3.1.1     Baseline Questionnaire 

The baseline questionnaire used during the 1997 examination was developed in 1982 and has never been 
changed. The 1982 Study Subject Baseline Questionnaire obtained information on demographics, 
education, occupation, medical history, study compliance, toxic exposures, and reproductive history. In 
general, responses to histories and other questions where the response does not change over time were 
obtained in the baseline questionnaire. Each participant completed the baseline questionnaire the first 
time he participated in the study. In the 1997 follow-up study, no changes were made to the content of 
the baseline questionnaire. 

SAS and all other SAS Institute, Inc., product and service names are registered trademarks or trademarks of SAS Institute, Inc. 
in the USA and other countries. 
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3.1.2    Interval Questionnaire 

All participants were asked questions to update their history from previous interviews. These data were 
obtained in the interval questionnaire. For the 1985 follow-up, new questions on risk factors for skin 
cancer and personality type were added. Enhancements were added to the data collection procedures to 
include birth defects and drinking habits, and questions were included to obtain a more detailed smoking 
history. The interval questionnaire was expanded in 1987 to include detailed drinking history and sleep 
disorder questions. Because some of the study subjects did not participate in the 1985 follow-up, the 
1987-88 Health Interval Questionnaire was structured to include one-time questions added in 1985, such 
as ethnic background and smoking history, for "rejoining" participants (i.e., those who completed a 
previous questionnaire but did not participate in all examinations). 

The 1992-93 Health Interval Questionnaire added questions concerning occupational exposure to heavy 
metals and vibrating power tools, family health history (with particular reference to diabetes, heart 
trouble, and heart disease), further participant health inquiries (in particular, questions about diabetes, 
hepatitis B, intermittent claudication, and vascular insufficiency), and the participant's normal level of 
physical activity. In addition, the 1992 participants completed a Diet Assessment Questionnaire 
developed by Walter Willett at Harvard University (1). 

With the exception of the diet assessment, which was discontinued for the 1997 follow-up, the 1997-98 
Health Interval Questionnaire contained all of the questions in the 1992-93 Health Interval 
Questionnaire, the Interval Supplement Recording Book, and AFHS Forms 1, IB, 2A, and 8 (the "self- 
administered" forms). The 1997-98 Health Interval Questionnaire also added the two following 
questions on herbicide exposure: 

• What percentage of the missions that you flew as part of the aircrew during the Ranch Hand 
operation were herbicide spraying missions? 

• It has been reported that some Vietnam veterans have intentionally drunk herbicides. Have you 
ever intentionally drunk herbicides? 

Copies of the 1992-93 Health Interval Questionnaire and the Interval Supplement Recording Book are 
provided in Appendix B of the 1992 Final Report (2). AFHS Forms 1, IB, 2A, and 8 are provided in 
Appendix C of the same report. 

The goals in developing the CAPI Interval Questionnaire for the 1997 follow-up survey included the 
following: 

1. To create one questionnaire encompassing the interval questionnaires and the "self- 
administered" forms. Questions from the additional forms were inserted throughout the 
questionnaire into sections covering similar subjects. 

2. To print health history responses, previously available from the self-administered forms, onsite 
after the interview for use in participant debriefing. 

3. To eliminate item nonresponse. 

4. To use "bounded recall" techniques to improve participants' abilities to recall information. A 
longitudinal questionnaire is dependent on the respondent's ability to remember events and to 
place those events in time. Even when given a precise starting date, respondents frequently 
repeat information given earlier, neglect to report new information because they thought they had 
previously reported it, and otherwise misplace events in time or forget them completely. One 
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method of preventing such errors is through the use of "bounded recall," in which the respondent 
is reminded of information that he has already reported and asked to provide new information. 
For the 1992 interview, interviewers worked from a hard-copy information sheet containing 
summaries of key responses from the previous examination. These responses included date of 
birth, highest educational degree, military status at the last interview, marital status at the last 
interview, name of spouse or partner at the last interview, and a cumulative list of all children 
reported during previous interviews. This practice was replicated online for the 1997 
questionnaire. 

5. To minimize redundancies of items asked of participants and to avoid reminders of previously 
reported sensitive family history items during their interview. These goals were accomplished by 
including the items from the self-administered forms in the CAPI questionnaire and by 
programming the CAPI questionnaire to skip any sensitive family history items, such as parents 
or children previously reported as deceased. 

6. To replicate, to the maximum extent possible, the 1992 variables, names, labels, and formats in 
the final SAS® data set. 

7. To lessen the time burden on the participant for the administration of the questionnaires. By 
combining the self-administered forms with the interval questionnaire and reducing the 
redundancy of questions, the participants were able to complete this portion of their 
examinations in a timelier manner. 

3.2 INTERVIEWER TRAINING 

In April 1997, NORC's Chicago office staff trained eight interviewers and one field manager to 
administer the 1997-98 Health Interval and Study Subject Baseline Questionnaires. One interviewer and 
the Field Manager had administered questionnaires previously in the 1992 follow-up examination. The 
interviewers reported to the Field Manager, who in turn reported to the Data Collection Task Leader in 
Chicago. The Field Manager observed interviews by each interviewer and presented summaries of these 
assessments each quarter. The NORC Project Director made quarterly visits to the interviewing site. As 
part of the training process, the NORC interviewing staff was not informed of the exposure status of any 
study participant either before or after questionnaire completion. 

3.3 DATA COLLECTION 

Upon arrival at Scripps Clinic, the participant received a schedule that included the time and place for the 
interval interview (and, if appropriate, the baseline interview) and was assigned an interviewer. In all of 
the personal interviews conducted for the AFHS, interviewers were required to ask questions exactly as 
written, were not allowed to interpret questions or interject personal commentary, and were instructed to 
probe "Don't Know" responses at least once. As an added QC measure, the CAPI system did not permit 
them to skip around among sections of the questionnaire. 

During the interview, participants signed both informed consent and medical records release forms. If a 
participant did not have all of the information with him to complete the medical release form during the 
interview, he was given blank medical records release forms and instructed to mail the completed forms 
to the Air Force. If the medical records required pertained to his now-adult children and required their 
signature, he was again given blank medical records release forms and instructed to mail the completed 
forms to the Air Force. During the course of the data collection, the interviewing procedures were 
amended so that medical release forms were not signed if the participant informed the interviewer that he 

3-3 



had brought the relevant records with him, that the records had already been submitted to the AFHS, or 
that the condition had been diagnosed at Scripps Clinic. 

After each interview, interviewers used an onsite printing program that was built into the CAPI system to 
produce a six-page form containing items from the questionnaire that were needed for the participant 
debriefings. These forms were transferred to the participants' folders each day. Each evening, the 
completed interviews were uploaded via modem to the NORC home office in Chicago. At that time, new 
participant data and refinements to the questionnaire software also could be downloaded to the 
interviewing site. 
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4     PHYSICAL EXAMINATION METHODOLOGY 

The 1997 follow-up examination was given to 2,121 invited and scheduled participants, who traveled to 
the examination site at Scripps Clinic in La Jolla, California. The examination consisted of the following 
major elements: 

Adipose tissue extraction 

Laboratory testing 

Medical outbriefings 

Physical examination 

Psychological testing 

Specialized testing (e.g., phlebotomy for measurement of serum dioxin). 

The Combat Experience Questionnaire and skin, hair, and eye color determinations (components of the 
1985 follow-up examination) were administered to all participants who did not attend the 1985, 1987, 
and 1992 follow-up examinations. 

The Air Force carefully prescribed the details of the above examination elements in the Examiners' 
Handbook, provided in Appendix B. All physical examination procedures were approved by the Air 
Force Research Laboratory Institutional Review Board (IRB) at Brooks Air Force Base and by the 
Scripps Clinic IRB. Clinical variations were neither desired nor authorized; all proposed examination 
procedural changes were reviewed in detail by Air Force technical and contractual personnel prior to the 
start of the examinations. An important objective of the entire physical examination process was to 
ensure that bias was not created by any procedural change. This objective was carried out successfully. 

The requirement to maintain blind examinations was particularly stringent. The clinical staff was 
prohibited from knowing or seeking information as to the group identity (i.e., Ranch Hand, Comparison) 
of any participant. At the end of his examination, each participant was asked to note on the critique form 
whether such information was sought by any member of the clinical or paramedical staff. In 1997, nine 
participants indicated that an examining physician had asked them about specific duties in Southeast Asia 
(SEA). Two of these participants later stated that they had answered erroneously. Three participants 
stated that they had not been questioned but rather had volunteered information in casual conversation. 
The balance of the nine participants could not be identified because they chose to remain anonymous. In 
all known cases, the physician or technician involved was reminded to be more careful in his or her 
conversations. 

4.1     EXAMINATION CONTENT 

The examination content, as designed by the Air Force, emphasized detection of medical endpoints 
suspected of being associated with exposure to phenoxy herbicides, chlorophenols, or dioxin. In each 
follow-up study, the Air Force has used findings from the previous examination to refine the current 
examination. 

The general content of the 1997 physical examination and psychological test battery is shown in Table 
4-1. The complete laboratory test series accomplished at Scripps Clinic is displayed in Table 4-2. 
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Table 4-1. Elements of the 1997 Follow-up Physical Examination 

Elements Remarks 
Adipose Tissue Extraction 
Chest X Ray 
Dermatologic Examination 
Doppler 
Electrocardiogram 
General Physical Examination 
Immunologie Studies 
Neurological Examination 
Patient Outbriefing 
Psychological Evaluation: 

Symptom Checklist 90-Revised (SCL-90-R) 
Jenkins Activity Survey 

Pulmonary Function 
Vibrotactile Threshold 

313 Participants 
Radiologist 
Dermatologist 
Technician; Caffeine and Nicotine Abstinence 
Caffeine and Nicotine Abstinence 
Internist 
40% Random Sample 
Neurologist 
Internist, Medical Diagnostician 

Internist with Subspecialty in Pulmonary Disease 
Technician 

Table 4-2. Laboratory Test Procedures Performed at Scripps Clinic 

Chemistry 
2-hour Postprandial Glucose (mg/dl) 
Alanine Aminotransferase (ALT) (U/l) 
Alkaline Phosphatase (U/l) 
Amylase (U/l) 
Aspartate Aminotransferase (AST) (U/l) 
Cholesterol (mg/dl) 
Creatine Kinase (U/l) 
Direct Bilirubin (mg/dl) 
Fasting Glucose (mg/dl)  

Gamma Glutamyl Transferase (GGT) (U/l) 
Glycated Hemoglobin (percent) 
High Density Lipoprotein (HDL) Cholesterol (mg/dl) 
Serum Creatinine (mg/dl) 
Serum Insulin (ulU/ml @ 2 hours after fasting glucose) 
Total Bilirubin (mg/dl) 
Total Lactic Dehydrogenase (LDH) (U/l) 
Triglycerides (mg/dl) 

Coagulation 
Patient Prothrombin Time (seconds) 

Hematology 
Absolute Bands (thousand/mm3) 
Absolute Basophils (thousand/mm3) 
Absolute Eosinophils (thousand/mm3) 
Absolute Lymphocytes (thousand/mm3) 
Absolute Monocytes (thousand/mm3) 
Absolute Reactive Lymphs (thousand/mm3) 
Absolute Segs (thousand/mm3) 
Differential Bands (percent) 
Differential Basophils (percent) 
Differential Cells Counted 
Differential Eosinophils (percent) 
Differential Lymphs (percent) 
Differential Monocytes (percent) 
Differential Reactive Lymphs (percent) 

Differential Segs (percent) 
Erythrocyte Sedimentation Rate (mm/hr) 
Hematocrit (percent) 
Hemoglobin (gm/dl) 
Mean Corpuscular Hemoglobin (MCH) (pg) 
MCH Concentration (MCHC) (gm/dl) 
Mean Corpuscular Volume (MCV) (cubic micra) 
Platelet Count (thousand/mm3) 
RBC Morphology 
Red Blood Cell (RBC) Count (million/mm3) 
White Blood Cell (WBC) Count (thousand/mm3) 
WBC Morphology 
Platelet Observation 
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Table 4-2.   Laboratory Test Procedures Performed at Scripps Clinic (Continued) 

Immunology 
Anti Delta Total Antibody 
Anti-Thyroid Antibody 
Hepatitis A Total Antibody 
Hepatitis B Core Antibody 

Hepatitis B Surface Antigen 
Hepatitis B Surface Antigen Confirmatory 
Hepatitis C Virus Antibody 

Lupus Panel 
Anti-Mitochondrial Antibody Anti-Smooth Muscle Antibody 
Anti-Nuclear Antibody Latex Rheumatoid Factor (IU/ml) 
Anti-Parietal Cell Antibody Thyroid Microsomal Antibody 

Fecal Studies 
Fecal Occult Blood 

Protein Profile 
a-1-Acid Glycoprotein (mg/dl) 
a-1-Antitrypsin (mg/dl) 
a-2-Macroglobulin (mg/dl) 
Albumin (mg/dl) 
Apolipoprotein B (mg/dl) 
C3 Complement (mg/dl) 
C4 Complement (mg/dl)  

Haptoglobin (mg/dl) 
IgA (mg/dl) 
IgG (mg/dl) 
IgM (mg/dl) 
Prealbumin (mg/dl) 
Transferrin (mg/dl) 

Radioimmunoassay 
Estradio! (pg/ml) 
Follicle Stimulating Hormone (FSH) (mIU/ml) 
Free Testosterone (pg/ml) 
Luteinizing Hormone (mIU/ml) 

Prostate-Specific Antigen (ng/ml) 
T4 (ug/dl) 
Thyroid Stimulating Hormone (TSH) (uIU/ml) 
Total Testosterone (ng/dl) 

T & B Lymphocytes and Subsets (special immunology testing performed on 818 participants) 
CD20+ Cells (B cells) (percent) 
CD3+ Cells (T cells) (percent) 
CD4+ Cells (Helper T Cells) (percent) 
CD3+CD4+ Cells (Helper T Cells) (percent) 
CD8+ Cells (Suppressor T Cells) (percent) 
CD3+CD8+ Cells (Suppressor T Cells) (percent) 
CD45 Total Lymphs (Common Leukocyte Antigen) 
(percent) 
Lymphs (percent) 

Absolute CD16+56+ Cells (Natural Killer Cells) (per mm3) 
Absolute CD20+ Cells (B Cells) (per mm3) 
Absolute CD3+ Cells (T Cells) (per mm3) 
Absolute CD4+ Cells (Helper T Cells) (per mm3) 
Absolute CD3+CD4+ Cells (Helper T Cells) (per mm3) 
Absolute CD8+ Cells (Suppressor T Cells) (per mm3) 
Absolute CD3+CD8+ Cells (Suppressor T Cells) 
(per mm3) 
Absolute Lymphocytes (per mm3) 
CD 16+56+ Cells (Natural Killer Cells) (percent)  

Urinalysis 
2-hour Postprandial Urine Glucose (g/dl) 
Leukocyte Esterase 
Urinary Bacteria (per high-powered field) 
Urinary Bilirubin 
Urinary Blood 
Urinary Casts (per low-powered field) 
Urinary Clarity 
Urinary Color 
Urinary Comment 
Urinary Crystals (per high-powered field) 
Urinary Epithelial Cells (per high-powered field) 

Urinary Glucose (g/dl) 
Urinary Ketones (mg/dl) 
Urinary Mucus (per high-powered field) 
Urinary Nitrites 
Urinary pH 
Urinary Protein (mg/dl) 
Urinary RBC (per high-powered field) 
Urinary WBC (per high-powered field) 
Urine Specific Gravity 
Urobilinogen (Ehrlich unit/dl) 
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4,2    ADIPOSE TISSUE EXTRACTION 

The follow-up results of the 1987 and 1992 Air Force Health Study (AFHS) showed a rise in the 
incidence of pre-diabetic indicators of type 2 diabetes, non-insulin-dependent diabetes mellitus 
(NIDDM), in the participants exposed to 2,3,7,8-tetrachlorodibenzo-p-dioxin (dioxin). To examine the 
relation between dioxin exposure and glucose transporting activity in human adipose tissue cells, 313 
participants volunteered to participate in a separate sub-study of the AFHS in which approximately 10 
grams of adipose tissue were removed by liposuction and preserved for laboratory analysis. The 
information derived from the adipose tissue sub-study may help explain the positive association between 
dioxin body burden and diabetes mellitus in veterans of Operation Ranch Hand. 

The Air Force designated 650 potential participants for adipose extraction by a random selection process 
within classifications of exposure, age, body fat, and diabetes. A consent form was provided to each 
adipose tissue-designated participant at the evening orientation. Over the course of the 1997 physical 
examination, a board-certified plastic surgeon extracted an adipose sample from 313 participants. The 
procedure lasted 30 minutes and required the use of a local anesthetic. The adipose tissue specimens 
were shipped to Brooks Air Force Base weekly for storage. The results of this study will be summarized 
in a separate report. 

4.3     QUALITY CONTROL 

As in the baseline and the 1985, 1987, and 1992 studies, quality control (QC) requirements for both 
laboratory testing and clinical procedures were extensive. Although details are provided in Chapter 6, 
the following categories summarize the extent of the emphasis on quality. For laboratory testing, 
Westgard rules (1^) were used throughout the study. Single reagent lots and control standards were used 
when practical, duplicate specimens were routinely and blindly retested, and testing overlaps were 
mandatory when test reagent lots were changed. 

The Scripps clinical team was instructed to ensure clinician consistency. In total, 18 board-certified 
physicians in internal medicine, neurology, and dermatology participated in the general, specialty, and 
diagnostic examinations. In addition, 12 radiologists, 5 pulmonologists, and 4 cardiologists performed 
tests and interpreted results. To reduce observer variability, turnover in the clinical and paramedical 
staffs was minimized during the 11 months of examinations. One Scripps Clinic physician served as the 
Project Medical Director, responsible for the scheduling, conduct, and QC of the examinations. All 
examining physicians reviewed the mark-sense examination forms prior to a pre-examination test. To 
minimize recording errors, the layout of the form was designed to parallel the flow of the clinical 
examination. Because data transcription was not permitted, each physician was responsible for filling in 
the bubbled form. To a large extent, the use of these mark-sense forms and subsequent QC measures 
were the primary reason for a clean clinical data set. A complete set of forms is provided in Appendix B. 
Additional QC included the following elements: 

A detailed onsite quality control process was employed by Scripps Clinic, Science Applications 
International Corporation (SAIC), and Air Force physicians and personnel. 

Clinical quality assurance meetings were conducted to detect and correct problems. 

♦ Examiners were unaware of the exposure status of the participants. 

• Automated blood pressure recording was performed. 
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4.4     CONDUCT OF EXAMINATIONS 

All examinations, from May 1997 to April 1998, were conducted in accordance with the Examiners' 
Handbook. Excluding weeks with national holidays, two groups of participants, averaging approximately 
25 per group, were examined weekly. 

A demanding logistics effort was required to contact, transport, and examine the 2,121 study participants. 
Pre-examination contact consisted of making telephone calls to recruit participants, determine special 
requirements (e.g., wheelchair assistance), and arrange transportation. Once scheduling was reasonably 
firm, the SAIC logistics coordinator sent each participant a detailed information package outlining 
dietary requirements, a stool occult blood testing kit (Hemoccult®), inbriefing schedules, important 
telephone numbers, a request for medical records, and local maps designating examination site dining 
and recreational facilities. 

To encourage participation in future follow-up studies, some activities were continued in 1997. These 
included participant critique forms, an informational meeting open to any accompanying family members 
and friends, and preventive medicine examinations such as human immunodeficiency virus and prostate- 
specific antigen testing. Proctosigmoidoscopy, as well as treadmill tests, were made available to 
participants for a nominal fee. Accompanying family members also were offered the opportunity to use 
the clinic facilities at a discounted rate. 

Each morning of the examinations, the current group of participants was transported to the Scripps 
Clinic, having fasted and abstained from nicotine and caffeine since midnight the previous evening. In 
addition, alcohol was strictly prohibited from 24 hours before the first day of the examination through the 
second day of the examination. On the first day, each participant was given an individualized 2-day 
schedule outlining his medical, interviewing, and laboratory appointments. The schedule carefully noted 
the specific required periods of caffeine and nicotine abstinence for generalized periods in relation to 
electrocardiograph testing. Although the clinic schedules generally were assigned at random, 
consideration was given to smokers and diabetics because of the fasting and abstinence restrictions. 
Figure 4-1 shows a typical 2-day schedule prepared for a participant. The participant depicted in this 
schedule was in good self-reported health, was a smoker, and was asked to participate in the blood 
measurement of dioxin on Day 2. 

As in the previous examinations, schedules were printed with specific directions to aid participants in 
locating clinic departments, although for many tests, participants were escorted from the waiting room. 
Throughout the examination day, time was provided for waiting-room activities (i.e., renewal of past 
friendships, discussions of experiences in SEA, consumption of refreshments when permitted, and 
completion of paperwork). On the second day of the examination, the participants completed testing and 
examinations and received outbriefings from a medical diagnostician. 

The psychological tests (the SCL-90-R and the Jenkins Activity Test) were self-administered and 
reviewed by a Scripps Clinic psychologist. If a problem was indicated, the participant was advised of the 
issue during his medical debrief. Upon completion of these debriefings, the participants were paid their 
stipend and reimbursed for travel expenses. 

4.4.1     Blood Collection 

On the first examination day, each participant had 160 ml of blood collected. Detailed immunology 
testing (see Table 4-2) was conducted on approximately 40 percent of the participants. These 
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AIR FORCE HEALTH STUDY 
Participant Schedule for: Monday, May 05, 1997 and Tuesday, May 06, 1997 

Participant's Full Name 
Case Number - group # 

Day: 1      Monday, May 05, 1997 

Start 
Time 

End 
Time 

0600 Meet in Hotel Lobby Shuttle Bus Transfer to Scripps 

0615 Bus to Scripps 

0630 Orientation and signing of 
consent forms 

Green 2 N Waiting Room 

0645 TBA* Blood Draw 1 and 2 Green 2 W RoomW263A 

0800 Physical Exam AOP3A Internal Medicine Dr. Sargeant 

0845 Dermatology AOP1B Dermatology Dr. Cornell 

1100 Chest X Ray Green 1 Radiology Please sign in 

1200 Spirometry/ECG Green 2 W Room 264 

1300 Psychology Exam Green 2 N Room 231 

1415 Vibrotactile AOP3A Vascular Lab Please sign in 

1430 Doppler Exam AOP3A Internal Medicine 

1545 Bus to Hotel Green 3 W Outside Fountain 

TBA* = BLOOD DRAW 2 SCHEDULED 2 HOURS AFTER DRINKING GLUCOLA 

NO FOOD, CAFFEINE, OR NICOTINE PRIOR TO BLOOD DRAWS 1 OR 2 ON DAY 1 

NO CAFFEINE OR NICOTINE WITHIN 4 HOURS PRIOR TO DOPPLER EXAM, ECG, OR SPIROMETRY 

MT01 smoker Good 

Figure 4-1. Typical 2-Day Clinic Schedule 
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AIR FORCE HEALTH STUDY 
Participant Schedule for: Monday, May 05, 1997 and Tuesday, May 06, 1997 

Participant fs Full Name 
Case Number - group # 

End 
Time 

Day: 2 Tuesday, May 06, 1997 

Start 
Time 

0615 Board Shuttle Bus Hotel 

0630 Bus to Scripps 

0700 Blood Draw 3 Green 2 W RoomW263A 

0800 Neurology Exam AOP3A Neurology-CHECK IN Dr. Otis 

0830 NORC Interview Green 2 N RoomCP228 

1015 NIDR Dental Exam Green 2 W Room 213 

1315 Debriefing AOP3A Internal Medicine Dr. Moore 

1330 Exit Interview Green 2 N Waiting Room Rita Taliaferro 

1400 Bus to Hotel Green 3 W Outside Fountain 

TBA* = BLOOD DRAW 2 SCHEDULED 2 HOURS AFTER DRINKING GLUCOLA 

NO FOOD, CAFFEINE, OR NICOTINE PRIOR TO BLOOD DRAWS 1 OR 2 ON DAY 1 

NO CAFFEINE OR NICOTINE WITHIN 4 HOURS PRIOR TO DOPPLER EXAM, ECG, OR SPIROMETRY 

MT01 smoker Good 

Figure 4-1. Typical 2-Day Clinic Schedule (Continued) 
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participants were identified by the last digit of their participant study identification number used for 
previous testing, thus establishing a longitudinal connection between examinations. The immunologic 
tests were subjected to highly structured QC procedures set forth by the Air Force. Participants chosen 
for immunology testing had an additional 30 ml of blood collected. An additional blood collection of 
10 ml was taken 2 hours after the first blood collection to assess 2~hour postprandial glucose and insulin. 
Blood bank chairs were used for maximum comfort and total body support in the event of a reaction. 
These chairs were selected because they could be shifted easily into the Trendelenburg position if a 
participant felt faint. Out of the 160 ml of blood collected from each participant, the Air Force was 
provided 40 cc of serum for archival purposes as well as human immunodeficiency virus and syphilis 
testing. 

On the second day of the group examination, 563 participants were invited and provided a second blood 
collection for dioxin analysis at the Centers for Disease Control and Prevention. A total of 280 ml of 
blood was collected for these participants, unless the participant had blood collected for immunology 
testing the previous day. In this case, only 250 ml of blood was collected. 
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5     STUDY SELECTION AND PARTICIPATION 

5.1 INTRODUCTION 

In this chapter, 1997 follow-up and cumulative study compliance are reviewed. Refusal rates are 
compared between Ranch Hands and Comparisons, as are the reasons for refusal. Reasons for refusal 
also are examined by age, race, and rank to detect any differences in refusal rates. All noncompliant 
Original Comparisons were to be replaced by Comparisons appropriately matched on age, race, rank, and 
self-reported health status. Adherence to the replacement strategy as defined in the study protocol (1) is 
assessed, and the health status of noncompliant Original Comparisons is compared to their Replacement 
Comparisons. Differences in the perception of health are evaluated by group, age, race, rank, and 1997 
compliance status. Among fully compliant study participants, self-reported health status is compared. 
Because perception of health may differ between Ranch Hands and Comparisons, medication use and 
work loss are compared as possible surrogate measures of actual health status. 

Throughout this chapter, several terms are used to describe veterans who did not participate in the 1997 
examination. These terms include "passive refusal," "hostile refusal," and "final refusal." An individual 
who communicated a desire not to have any contact with or from the Air Force Health Study (AFHS) 
under any circumstances was classified as "hostile." Veterans who were classified as hostile in the past 
were not invited to the 1997 examinations (see Section 5.5.2.2). A veteran was classified as a "passive 
refusal" if he was scheduled for a physical examination but broke the appointment twice. He also could 
be classified as a passive refusal for other reasons, such as inability to contact him directly because of the 
presence of a "gatekeeper" (see Sections 5.5.2.1 and 5.5). 

A veteran who was classified as hostile, or had refused to participate twice—passively or otherwise— 
was classified as a "final refusal." Prior to the second refusal, a "refusal conversion" attempt was made. 
The refusal conversion consisted of an attempt, made by a specially trained person, to convince the 
veteran to participate. If this conversion attempt failed, the veteran was classified as a final refusal. 

5.2 FACTORS KNOWN OR SUSPECTED TO INFLUENCE STUDY PARTICIPATION 

A multitude of factors may influence study participation. These may be broadly classified as health, 
logistics, demographic, operational, or publicity factors. For example, health factors are thought to 
include self-perception of health as well as demonstrable health indicators, such as medication use and 
work-days lost due to illness or injury. Logistics factors include distance to the examination site, 
reluctance to spend time away from family or job, income, and occupation. Demographic factors include 
flying status, age, race, or military duty status (active, retired, separated). Operational factors include 
any aspect of study operation that may cause differential compliance, such as differential treatment of 
participants during scheduling, physical examination, interview, or debriefing. Publicity factors are 
related to national attitudes and media presentations regarding the Agent Orange (Herbicide Orange) 
issue, the Vietnam War, veterans' health care, or health care in general. In addition, these considerations 
may influence Ranch Hands differently than Comparisons. 

The decision to volunteer for this study is complex, making statistical assessment of compliance bias 
difficult and necessarily crude in that many of the factors contributing to self-selection cannot be 
measured directly. Instead, compliance bias was investigated at the 1997 follow-up with respect to self- 
perception of health, medication use, and work loss. Medication use and days lost from work due to 
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illness or injury were obtained from questionnaire and physical examination data and, therefore, were 
available only for fully compliant participants. In 1997, as in 1992, no partial compliance (defined as 
compliant to the questionnaire and noncompliant to the physical examination) occurred because both the 
physical examination and the questionnaire were administered at the examination site. 

5.3      REPLACEMENT PROTOCOL 

During the design phase of the AFHS, the authors of the study protocol anticipated that a loss of 
participants between follow-up examinations would pose the greatest threat to study validity. In 
particular, they expected differential compliance, with relatively more Ranch Hands choosing to return to 
the study than Comparisons and with health differences of unknown character between noncompliant 
Ranch Hands and noncompliant Comparisons. To partially correct the situation, the study design 
specified that noncompliant Comparisons would be replaced by Comparisons with the same values of the 
matching variables (age, race, and military occupation at the baseline examination) and the same health 
perception. Military occupation was stratified into the following five categories: (1) flying officer— 
pilot, (2) flying officer—non-pilot, (3) non-flying officer, (4) flying enlisted, and (5) non-flying enlisted 
(also referred to as enlisted groundcrew). In this way, the Replacement Comparisons would serve as 
surrogates for Comparisons who refused to participate. This method of replacement would tend to 
reduce bias resulting from refusal in the Comparison group and would maintain group size. No 
corresponding strategy for the Ranch Hands was possible because all living Ranch Hands had been 
identified and invited to participate. 

The first Comparison in each randomized matched set who was asked to participate in the baseline 
questionnaire and physical examination was identified as the Original Comparison for his respective 
Ranch Hand (in accordance with the study protocol). If the Original Comparison was noncompliant, a 
"Replacement" Comparison was invited in his place. Noncompliance was determined if any of the 
following three conditions were met: 

1. The Comparison refused to participate. 

2. The Comparison was partially compliant (completed the baseline questionnaire but did not 
complete the baseline physical examination). 

3. The Comparison was unlocatable. 

Replacement Comparisons were identified as such in the database to satisfy the study protocol 
requirement that they be matched with the refusing Original Comparisons (also known as refusals) based 
on self-reported health (excellent, good, fair, or poor). Of course, in the case of an unlocatable Original 
Comparison, matching with regard to self-reported health was not possible. Original Comparisons who 
were partially compliant were replaced, but deceased Original Comparisons were not. 

During the 1985 examination, a telephone questionnaire was administered to refusals and their potential 
replacements. This questionnaire served as the basis for health-matching required by the study protocol, 
and assessed self-perception of health, days lost from work due to illness, and medication use. Although 
the study protocol is not explicit on this point, it implies that the decision to include or exclude the 
replacements from the study should be based only on this health contrast. At the 1987 follow-up 
examination, instead of using a telephone questionnaire, refusals were asked during the scheduling 
process for their self-perception of health. During the 1992 and 1997 follow-up examinations, schedulers 
requested a current perception of health (compared to others their age) from all participants contacted by 
telephone. Health-matching of replacements was not used during the baseline examination but was 
implemented during the 1985, 1987, 1992, and 1997 follow-up examinations. Replacement Comparisons 
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were matched to noncompliant Original Comparisons with respect to age, race, rank, and military 
occupation at all examinations. 

5.4     1997 FOLLOW-UP SCHEDULING AND REPLACEMENT OPERATION 

5,4,1     Scheduling Strategy 

The scheduling process included the following three objectives: 

1. To maximize participation rates (in both the present and future follow-up studies) 

2. To ensure that Ranch Hands and Comparisons were recruited using the same procedures and 
with the same effort 

3. To ensure that, whenever possible, each Ranch Hand had at least one compliant Comparison who 
was matched with that Ranch Hand on age, race, and military occupation. 

These objectives led to a set of conflicting priorities: maximizing participation rates meant giving each 
potential participant every opportunity and encouragement to participate, without being so persistent as 
to lose the cooperation of unwilling respondents in future follow-up examinations. This careful approach 
had to be balanced against the need to quickly identify noncompliant Comparisons. Until these 
noncompliant Comparisons were removed from the scheduling process, they could not be replaced. In 
general, prospective participants were contacted for scheduling in random order; however, priority was 
given to certain potential participants who needed to be contacted early in the scheduling period. These 
included the following: 

• Veterans who live overseas, because they would be more difficult to contact and require more 
advance time to make travel arrangements 

Passive refusals or "no-shows" for previous physical examinations. 

During the first 2 months of scheduling, an attempt was made to contact all veterans invited to previous 
examinations. In addition, all previously invited veterans were sent a refrigerator magnet that stated the 
date that scheduling would begin and the toll-free number of the scheduling operation. 

Although every reasonable attempt was made to contact eligible veterans, accommodate unusual 
schedules, and convert refusals, experience in past examinations had shown that certain types of potential 
participants ultimately would not schedule appointments. To continue with the replacement of 
Comparisons, these cases needed to be closed early. Therefore, the following rules were observed to 
limit the number of calls to certain types of individuals who were not likely to participate: 

• An individual classified as hostile to the study in previous follow-up examinations was not 
contacted in 1997. 

An individual who was extremely hostile in his refusal to initial scheduling contacts was coded 
as a final refusal with no refusal conversion attempts. 

• If the scheduler did not get an answer on the telephone after eight attempts, a registered letter 
was sent to that individual. If there was direct evidence that the letter was received at the proper 
address and the individual did not respond to the registered letter, he was considered a passive 
refusal. 

• An individual who broke two examination appointments ("passive refusal") was considered a 
final refusal. 
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An individual who equivocated about attending the physical examinations twice during the first 
two contacts was considered a first refusal. 

One refusal conversion attempt was made for all first refusals. 

Some potential participants were particularly difficult to reach because of the presence of a "gatekeeper" 
who did not allow the schedulers to speak directly to the potential participant. A potential participant 
was designated as a final passive refusal after a minimum of three contacts with a gatekeeper and failure 
to reach the participant by other means. These contact methods included varying calling times, leaving 
messages, or sending a certified letter. Up to eight gatekeeper contacts were allowed if the scheduling 
supervisor decided additional attempts were still warranted (e.g., if an individual had previously 
scheduled and canceled, if it seemed reasonable that he might reschedule). After these gatekeeper 
contacts had been exhausted, the individuals were designated as final passive refusals and, if eligible for * 
replacement, replaced. Potential participants who were designated as final refusals at any stage in the 
scheduling process were provided with the toll-free number for the study and allowed to volunteer to 
participate at any time. 

The percentage of persons completing the 1997 physical examination is plotted by calendar date in 
Figure 5-1 for Ranch Hands, Original Comparisons, Replacement Comparisons, and all Comparisons. 
These patterns are similar to those seen at previous follow-up examinations and reflect the study protocol 
specification that scheduling be random with respect to group. Completion rates are similar between 
Ranch Hands and Original Comparisons. Replacement Comparisons completed the physical 
examinations later in the scheduling process, as would be expected. 

5.4.2     Replacement Strategy 

All Comparisons who had been invited to participate in the baseline, 1985, 1987, or 1992 studies were 
invited to participate in the 1997 examination. If no previously invited Comparisons for a particular 
Ranch Hand agreed to participate in 1997, schedulers attempted to recruit a replacement. These 
replacements were selected from a set of up to 10 candidate Comparisons, matched by age, race, rank, 
and military occupation, whose self-reported health status in 1997 matched that of the noncompliant 
Original Comparison for a given Ranch Hand. Health status was recorded in four categories: excellent, 
good, fair, or poor. If a willing, health-matched participant was not found in the matched set, self- 
reported perceptions of health status were dichotomized into "excellent or good" and "fair or poor" 
categories, and these dichotomized health statuses were matched. If this second method for identifying a 
suitable replacement failed, no replacement was made. 
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There were two exceptions to the replacement strategy. First, the study protocol required that the 
noncompliant Original Comparisons report their health status during the scheduling effort so that they 
could be used to recruit Replacement Comparisons with the same health status. On occasion, Original 
Comparisons refused to speak with the scheduler or respond to questions. In these cases, a Replacement 
Comparison for the Original Comparison was recruited in the order in which he was listed in the 
randomized matched set. This strategy also was used for unbeatable and hostile Original Comparisons. 
Second, as specified in the study protocol, no replacement was made if all formerly invited Comparisons 
in a matched set were deceased. 

5.5     COMPLIANCE 

Of the 1,101 eligible Ranch Hands, 870 (79.0%) participated in the 1997 follow-up examination, while 
839 (72.8%) of the 1,151 eligible Original Comparisons participated. Of the 768 Replacement 
Comparisons eligible for the 1997 follow-up, 412 (53.6%) chose to attend the examination. Table 5-1 
provides compliance counts for Ranch Hands, all Comparisons as a group, and Original and Replacement 
Comparisons. Appendix C contains tables that describe these counts by compliance at the baseline 
examination. Table C-l provides counts for the Ranch Hands. Total Comparison counts are summarized 
in Table C-2. Original Comparison counts are presented in Table C-3, and Replacement Comparison 
counts are provided in Table C-4. 

In Table 5-1 and Appendix C, the "New to Study" rows include potential Replacement Comparisons who 
were found to be deceased when contact was attempted. The same deceased potential replacements are 
then accounted for in the rows marked "Died." Undefined categories are indicated by dashes. For 
example, in the Appendix C tables, dashes are shown when partially compliant participants at the 
baseline examination could not be partially compliant at a later examination. Partial compliance only 
occurred when a participant agreed to the baseline questionnaire but refused to attend the physical exam. 
As stated previously, no partial compliance occurred in 1992 or 1997 because both the baseline 
questionnaire and physical examination were given at the same site. As shown in Appendix C, Tables 
C-l and C-2, 86 percent (819 of 949) of living Ranch Hands and 87 percent (976 of 1,116) ofliving 
Comparisons who were fully compliant at the baseline examination returned for the 1997 follow-up 
examination. 

Table 5-2 describes the newly compliant participants in terms of their compliance at previous 
examinations. Two Ranch Hands, 9 Original Comparisons, and 69 Replacement Comparisons were fully 
compliant and examined for the first time at the 1997 follow-up examination. One Original Comparison 
and 52 Replacement Comparisons had not been invited previously to participate. The one Original 
Comparison who had not been invited previously to participate replaced an Original Comparison who 
was reclassified as a Ranch Hand (see Section 5.5.1). Two Ranch Hands, seven Original Comparisons, 
and five Replacement Comparisons had been previously invited and had refused to participate in one or 
more previous examinations. 
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Table 5-1. Compliance by Group and Examination Year 

Time Period'i Disposition 
Ranch 
Hands Comparisons! 

Group 
original 

Comparisons i 
Replacement 
Comparisons | 

Baseline 1,209 1,666 1,235 431 

1985 Examination Eligible 1,209 1,666 1,235 431 

Between Baseline & i   New to Study 9 73 17 56 
1985 Examination Died (19) (26) (21) 15} 

Remaining Eligible 1,199 1,713 1,231 482 
Subject Unbeatable (39) (65) (48) (17) 
Refused (134) (326) (220) (106) 
Partially Compliant m (30) m (21) 

Fully Compliant 1,017 1,292 954 335 

1987 Examination Eligible 1,199 1,713 1,231 482 

Between 1985 & New to Study 4 33 4 29 
1987 Examinations Died (15) (16) (13) (3) 

Remaining Eligible 1,188 1,730 1,222 50$ 
Subject Unlocatable (20) (47)     . (31) (16) 
Refused (171) (358) (242) (116) 
Partially Compliant £1) (27) OD (16) 

Fully Compliant 996 1,298 938 360 

1992 Examination Eligible 1,188 1,730 1,222 508 

Between 1987 & New to Study (0) 83 2 81 
1992 Examinations Died (39) (52) (33) (19) 

Remaining Eligible 1,149 1,761 1,191 570 
Subject Unlocatable (12) (56) (15) (41) 
No Health-Match - (11) - (ID 
Refused (184) (414) (264) (150) 

Fully Compliant 953 1,280 912 368 

1997 Examination Eligible 1,149 1,761 1,191 570 

Between 1992 & New to Study (0) 236 2 234 
1997 Examinations No Health-Match in 1992 ~ 01) — (11) 

Died (48) (67) (42) (25) 

Remaining Eligible 1,101 1,919 1,151 7tfS 
Subject Unlocatable (4) (29) (10) (19) 
No Health-Match - (91) - (91) 
Refused (227) (548) (302) (246) 

Fully Compliant 870 1,251 839 412 
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Table 5-2. Participants Newly Cor 

Previous Compliance Pa'j 

npliantin 1997 ant 1 Their Pre wious Complfc ance Pattern 

^^MMwS&MiMM&M 
Ranch   J Original i  Replacement Grand 

Baseline WmäMi^Sm 11ISÄKIS W0W$i^X¥S?Sk ■feäsfi Comparisons I Comparisons IÄÄ^> 
Partial Refused Refused Refused 2 2 0 4 
Partial Refused Unlocated Refused 0 1 0 1 
Partial Refused Unlocated Unlocated 0 0 1 1 
Partial Unlocated Unlocated Refused 0 1 0 1 
Partial Unlocated Unlocated Unlocated 0 1 0 1 
Refused Partial Refused Refused 0 0 1 1 
Refused Refused Refused Refused 0 2 0 2 
Refused Refused Refused Unlocated 0 1 0 1 

Refused 0 0 3 3 
Unlocated 0 0 11 11 
No Health-Match 0 0 1 1 
New 1997 0 1 52 53 

Total 69 80 

5.5.1     Corrections to Previously Reported Study Compliance Totals 

Some changes were made to the historical cell counts shown in Table 5-1 (and the tables in Appendix C) 
so that they now differ from compliance tables presented during previous examinations (in particular, 
Tables 5-1 through 5-4 of the 1992 follow-up report). The differences are due to the following 
independent events: 

1. One Original Comparison, who had been fully compliant since the baseline examination, was 
reclassified as a Ranch Hand. This participant was discovered to be part of stateside testing of 
Operation Ranch Hand and was assigned, on temporary duty, to the unit that transported 
Operation Ranch Hand equipment to SEA. This participant also was eligible as a Comparison 
because of a later assignment. The Ranch Hand assignment took precedence over the assignment 
as a Comparison. This change affects Tables 5-1, C-l, C-2, and C-3. 

2. In the 1992 follow-up report, 3 Original Comparisons and 27 Replacement Comparisons who 
were new to the study since the baseline examination were classified as refusals for the 1985 
follow-up examination. These numbers have been revised to indicate that 4 Original 
Comparisons and 26 Replacement Comparisons who were new to the study since the baseline 
examination were refusals at the 1985 follow-up examination. This change was due to the 
misclassification of one Original Comparison as a Replacement Comparison. This change 
affects Tables 5-1, C-3, and C-4. 

3. In the 1992 follow-up report, two Original Comparisons and four Replacement Comparisons who 
were new to the study since the baseline examination were classified as partially compliant for 
the 1985 follow-up examination. These numbers have been revised to indicate that one Original 
Comparison and five Replacement Comparisons who were new to the study since the baseline 
examination were partially compliant for the 1985 follow-up examination. This change was due 
to the misclassification of one Replacement Comparison as an Original Comparison. This 
change affects Tables 5-1, C-3, and C-4. 
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4. In the 1992 follow-up report, 5 Original Comparisons and 28 Replacement Comparisons who 
were new to the study since the baseline examination were classified as new to the study between 
the 1985 and 1987 follow-up examinations. These numbers have been revised to indicate that 4 
Original Comparisons and 29 Replacement Comparisons who were new to the study since the 
baseline examination were new to the study between the 1985 and 1987 follow-up examinations. 
This change was due to the misclassification of one Replacement Comparison as an Original 
Comparison. This change affects Tables 5-1, C-3, and C-4. 

5. In the 1992 follow-up report, two Original Comparisons and five Replacement Comparisons who 
were new to the study since the baseline examination were classified as unbeatable at the 1987 
follow-up examination. These numbers have been revised to indicate that one Original 
Comparison and six Replacement Comparisons who were new to the study since the baseline 
examination were unbeatable at the 1987 follow-up examination. This change was due to the 
misclassification of one Replacement Comparison as an Original Comparison. This change 
affects Tables 5-1, C-3, and C-4. 

6. In the 1992 follow-up report, 4 Original Comparisons and 78 Replacement Comparisons who 
were new to the study since the baseline examination were classified as new to the study between 
the 1987 and 1992 follow-up examinations. In addition, three Replacement Comparisons who 
were new to the study since the baseline examination were classified as deceased between the 
1987 and 1992 follow-up examinations. These numbers have been revised to indicate that 2 
Original Comparisons and 81 Replacement Comparisons who were new to the study since the 
baseline examination were new to the study between the 1985 and 1987 follow-up examinations. 
In addition, the number of Replacement Comparisons who were new to the study since the 
baseline examination and classified as deceased between the 1987 and 1992 follow-up 
examinations has been revised from three to four. This change was due to the misclassification 
of two Replacement Comparisons as Original Comparisons and the addition of one deceased 
Replacement Comparison to the "New to Study" classification. This change affects Tables 5-1, 
C-2, C-3, and C-4. 

7. In the 1992 follow-up report, 2 Original Comparisons and 27 Replacement Comparisons who 
were new to the study since the baseline examination were classified as unbeatable for the 1992 
follow-up examination. These numbers have been revised to indicate that no Original 
Comparisons and 29 Replacement Comparisons who were new to the study since the baseline 
examination were unbeatable at the 1992 follow-up examination. This change was due to the 
misclassification of two Replacement Comparisons as Original Comparisons. This change 
affects Tables 5-1, C-3, and C-4. 

8. In the 1992 follow-up report, 8 Original Comparisons and 44 Replacement Comparisons who 
were new to the study since the baseline examination were classified as refusals for the 1992 
follow-up examination. These numbers have been revised to indicate that 6 Original 
Comparisons and 46 Replacement Comparisons who were new to the study since the baseline 
examination were refusals at the 1992 follow-up examination. This change was due to the 
misclassification of two Replacement Comparisons as Original Comparisons. This change 
affects Tables 5-1, C-3, and C-4. 
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5.5.2     Analysis of Refusals 

Of the 1401 Ranch Hands and 1,919 Comparisons eligible for the 1997 follow-up examination, 227 
Ranch Hands and 548 Comparisons (302 Original and 246 Replacement) chose not to attend. Their 
reasons for refusal are summarized in Table 5-3. The 91 "no health-match" potential Replacement 
Comparisons included in Table 5-1 are not shown in Table 5-3. They also are not used in the analysis of 
refusals that follows because they were willing to participate but were excluded by the specifications of 
the study protocol. 

Table 5-3. Reasons for Refusal by Group 

>ni£nt HllllMIS |lp|ll;lli| Ori 
ronp            ; 

Replac« 
Hands Comp arisons Comparisons' \;;Toti HlilSi 

/:'•.:';.         :\'-Reasori'r•■■■■■: ■•^^v isllflllnfsllii*^ &i{$@&2i!}*i\ n IIIIÄII1 |!l;|:|n;v|ip C£ a n &^^&M 

Health Reasons 42 3.8 38 3.3 28 3.6 108 3.6 
Job Commitment 33 3.0 49 4.3 55 7.2 137 4.5 
No Time 26 2.4 35 3.0 39 5.1 100 3.3 
Travel Distance, Family 14 1.3 21 1.8 21 2.7 56 1.9 
Confidentiality 5 0.5 3 0.3 2 0.3 10 0.3 
Financial Hardship 1 0.1 1 0.1 0 0.0 2 0.1 
Passive Refusal 23 2.1 24 2.1 18 2.3 65 2.2 
Hostile 55 5.0 96 8.3 49 6.4 200 6.6 
Fear of Physical Exam 1 0.1 1 0.1 1 0.1 3 0.1 
Dissatisfaction with USAF 1 0.1 6 0.5 0 0.0 7 0.2 
Dissatisfaction with AFHS 3 0.3 4 0.3 4 0.5 11 0.4 
Dissatisfaction with Previous Exam 5 0.5 5 0.4 1 0.1 11 0.4 
Other 18 1.6 19 1.7 28 3.6 65 2.2 

Total 227 20.6 302 26.2 246 32.0 775 25.7 

Total Invited 1,101 1,151 768 3,020 

a Percent of persons invited. 

Table 5-3 shows that a greater percentage of Comparisons than Ranch Hands refused, and a greater 
percentage of Replacement Comparisons than Original Comparisons refused (32.0% vs. 26.2%). Of the 
total invited, nearly the same percentages of Ranch Hands, Original Comparisons, and Replacement 
Comparisons refused due to health reasons (3.8%, 3.3%, and 3.6%, respectively). The percentages were 
also nearly the same for passive refusals (2.1%, 2.1%, and 2.3%, respectively). More Replacement 
Comparisons than Ranch Hands or Original Comparisons declined due to "job commitments" or "no 
time." More Original Comparisons were hostile refusals (8.3%) than either Replacement Comparisons 
(6.4%) or Ranch Hands (5.0%). 
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Table 5-4 summarizes reasons for refusal by group, age, rank, and race. Reasons for refusal have been 
collapsed to the following five categories: 

1. Health (health reasons) 

2. Logistics (job commitment, no time or interest, travel distance or family constraints, 
confidentiality, or financial hardship) 

3. Passive (passive refusal) 

4. Hostile (hostile refusal) 

5. Other (fear of physical examination; dissatisfaction with the U.S. Air Force, U.S. Government, 
the AFHS, or previous examinations; or other reasons). 

Table 5-4. Reasons for Refusal by Group, Age, Rank, and Race 

§S$M ason fid >r Refusal iliil 
'■ Total    ; ;■ Hai d'th Logi istics Pas >sive Hostile-       i Of* ier ■■   • XJnadj listed 

Category  ^ Refusals IlliSi % Mfiifli N n 
:a:f':;-(£fe:P;;-i;;:; viilffl:! ' « JH Value 

Ranch Hand 227 42 18.5 79 34.8 23 10.1 55 24.2 28 12.3 0.092 
Comparison 548 66 12.0 226 41.2 42 7.7 145 26.5 69 12.6 

Birth Year <1942 389 85 21.9 128 32.9 20 5.1 103 26.5 53 13.6 <0.001 
Birth Year >1942 386 23 6.0 177 45.8 45 11.7 97 25.1 44 11.4 

Officer 248 29 11.7 81 32.7 18 7.3 94 37.9 26 10.5 <0.001 
Enlisted 527 79 15.0 224 42.5 47 8.9 106 20.1 71 13.5 

Black 46 7 15.2 17 37.0 7 15.2 9 19.6 6 13.0 0.463 
Non-Black 729 101 13.9 288 39.5 58 8.0 191 26.2 91 12.5 

Total 775 108 305 65 200 97 

Note: Percentages represent the percent of total refusals. 

Age, rank, and race have been dichotomized for analysis purposes (born before 1942 and bom in or after 
1942; officer and enlisted; Black and non-Black, respectively). Without adjustment for age, rank, or 
race, the association between reason for refusal and group was not significant (p=0.092). There was a 
significant association between reason for refusal and age (p<0.001) and between reason for refusal and 
rank (p<0.001). Younger participants were less likely to refuse for health reasons than older participants 
(6.0% vs. 21.9%). Younger participants were more likely to refuse passively (11.7% vs. 5.1%) or for 
logistics reasons (45.8% vs. 32.9%). Officers were more likely to be hostile refusals than enlisted men 
(37.9% vs. 20.1%) and were less likely to refuse because of logistics reasons than enlisted men (32.7% 
vs. 42.5%). No significant association was found between reason for refusal and race (p=0.463). 

A test of association between reason for refusal and group (adjusted for age, rank, and race) was 
performed and found to be not significant (p=0.132). The adjusted association between reason for 
refusal and age was significant (p<0.001), as was the association between reason for refusal and rank 
(p<0.001). No significant association was found for race (p=0.521). 
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5.5.2.1 Passive Refusals 

A potential participant was classified as a passive refusal if he was scheduled for a physical examination 
but broke the appointment twice. A potential participant also was classified as a passive refusal for other 
reasons, including the inability to contact the participant directly because of the presence of a 
"gatekeeper" (see Section 5.5). Although passive refusal was the most common type of refusal (second 
only to hostile attitude) during the 1992 study, this type of refusal was far less prevalent in the 1997 
follow-up. Passively refusing Ranch Hands, Original Comparisons, and Replacement Comparisons 
accounted for only 8.4 percent of the refusals (65 passive refusals, 775 total refusals) (see Table 5-3). 

5.5.2.2 Hostile Refusals 

Hostile refusals accounted for approximately 25 percent of both refusing Ranch Hands and refusing 
Comparisons. As shown in Table 5-5, 197 veterans were classified as hostile refusals during the 1992 
physical examination process. Five additional veterans were added to the list of hostile individuals after 
the 1992 report was completed to bring the total to 202 individuals. Of these five, two were previously 
designated as refusals for the 1992 examination because of no interest in the AFHS, and three were 
dissatisfied with previous examinations. Between the 1992 and 1997 examinations, this list of 202 
veterans was reviewed and some individuals were re-designated as refusals that should be contacted for 
the 1997 follow-up examination. Some hostile individuals on this list also contacted the Air Force and 
expressed a desire to participate in the 1997 follow-up examination. Consequently, 17 veterans were 
removed from the list of hostile individuals. Three of these previously hostile veterans participated in the 
1997 follow-up examination, and the remaining 14 veterans refused to participate in the 1997 
examination. Six additional veterans on the list of hostile individuals died between the 1992 and 1997 
follow-up examinations. The list of 202 hostile individuals was therefore reduced to 179 veterans that 
were not to be contacted by schedulers for the 1997 examination. During the course of the 1992 
examination, 21 additional veterans were designated as "newly" hostile individuals, resulting in a total of 
200 veterans designated as hostile for the 1997 follow-up examination, as shown in Table 5-5. 

5.5.2.3 Reasons for Refusal Across AFHS Examinations 

The reasons for refusal for the baseline, 1987, 1992, and 1997 examinations are shown in Table 5-5, and 
are presented separately for Ranch Hands and Comparisons. The reasons for refusal to participate in the 
1985 examination are not addressed in Table 5-5 because the data were not collected in a manner 
consistent with that in the other examinations. In 1985, the data were collected verbatim as part of the 
record of telephone contacts. Therefore, no meaningful comparisons can be made between the 1985 
study data on refusals and other years. Table 5-5 shows a slight but consistent increase in total refusals 
across time. Of particular note is the steady increase in refusals for health reasons. Passive refusals 
decreased in the 1997 examination. This may be attributable to the aggressive efforts to maintain 
communication with veterans who were expected to become passive refusals. 
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Table 5-5. Reasons for Refusal by Group and Year 

■   Baseline , 

ons. .. 

1987 

Ranch Hands     Compari 

1992 1997 

Ranch Hands Ztompari! sons Ranch Hands Comparisons Ranch Hands Comparisons 

Reason ""'      '"' ¥1           %a n S:K:: n %*"■ :MM'I1 
]ZX2 ^■■fl^yh m>Mß^ n SÄ3 n "; %a n :,,:m._ 

Fear of Physical Exam 6      0.5 6 0.4 1 0.0 4 0.2 0 0.0 3 0.2 1 0.1 2 0.1 

Job Commitment 29       2.4 80 4.8 32 2.7 61 3.5 31 2.7 53 3.0 33 3.0 104 5.4 

Dissatisfaction with USAF 5       0.4 0 0.0 10 0.8 11 0.6 6 0.5 10 0.6 1 0.1 6 0.3 

No Time 53       4.4 154 9.3 28 2.4 79 4.6 13 1.1 50 2.8 26 2.4 74 3.9 

Travel Distance, Family 4       0.3 21 1.3 5 0.4 17 1.0 8 0.7 17 1.0 14 1.3 42 2.2 

Oi 
Confidentiality 11       0.9 15 0.9 1 0.1 4 0.2 1 0.1 2 0.1 5 0.5 5 0.3 

1 

Health Reasons 10       0.8 7 0.4 11 0.9 16 0.9 19 1.7 21 1.2 42 3.8 66 3.4 

Passive Refusal 9       0.7 15 0.9 40 3.4 78 4.5 41 3.6 96 5.5 23 2.1 42 2.2 

Dissatisfaction with n/a       0.0 n/a 0.0 0 0.0 1 0.1 3 0.3 5 0.3 5 0.5 6 0.3 

Previous Exam 

Financial Hardship n/a       0.0 n/a 0.0 1 0.1 1 0.1 2 0.2. 2 0.1 1 0.1 1 0.1 

i 

I Hostile n/a       0.0 n/a 0.0 n/a 0.0 n/a 0.0 58 5.0 139 7.9 55 5.0 145 7.6 

Dissatisfaction with AFHS n/a       0.0 n/a 0.0 n/a 0.0 n/a 0.0 n/a 0.0 n/a 0.0 3 0.3 8 0.4 

Other 0       0.0 3 0.2 42 3.5 88 5.1 2 0.2 16 0.9 18 1.6 47 2.4 

Total 127 3010 171 360 184 414 227 548 

Total Invited 1,207 1,657 1,188 1,730 1,149 1,761 1,101 1,919 

Fcicciit Oi persons invitcu to participate. 



5,5.3     Replacement Comparisons 

As stated previously, matching replacements for refusing Original Comparisons based on health status, as 
well as age, race, rank, and occupation, was maintained at the 1997 follow-up. The reported health status 
of new replacements was obtained at the time of telephone scheduling. At the 1997 follow-up, 412 
Replacement Comparisons were fully compliant (see Table 5-1). The health-matching results for the 52 
Replacement Comparisons invited to the study for the first time in 1997 (see Table 5-2) and their 
replaced Original Comparisons are summarized in Table 5-6. 

Table 5-6. Self- ■reported Health Status of Original Comparisons and Their Replacements 

Replacement's ■   Origi nal Comparison's i Reported Health 

Reported Health ■   Excellent ■   Good ii^iöiirifrsi': ffi;i: Mjr \11 '   Unknown8 :     >■*. rotai : 

Excellent 7 2 0 0 3 12 

Good 2 22 0 0 6 30 

Fair 0 0 3 1 4 8 

Poor 0 0 0 0 0 0 

Unknown 0 

9 

0 0 0 2 2 

Total 24 3 1 15 52 

a Includes 11 hostile respondents and 4 respondents who reported "Don't Know" for health status; one Replacement 
Comparison replaced a Replacement Comparison instead of an Original Comparison. 

Thirty-two of the 52 Replacement Comparisons were matched perfectly on health status to the Original 
Comparisons. Five additional Replacement Comparisons were matched according to the dichotomized 
health status indicated in the study protocol. Fifteen Original Comparisons (labeled "Unknown") refused 
to give a self-perception of health or said they did not know how their health compared with that of 
others. The health status of these 15 Replacement Comparisons is shown in Table 5-6. 

At the 1997 follow-up, 421 Original Comparisons were either deceased or noncompliant (see Table 5-7). 
The entire matched set of replacement candidates for each noncompliant Original Comparison was 
reviewed to determine if the appropriate replacement strategy was followed. Results are presented in 
Table 5-7. Of the 421 noncompliant (refusing, unbeatable, or deceased) Original Comparisons at the 
1997 follow-up, 284 compliant replacements were found. Ninety-nine matched sets were closed because 
all previously invited Comparisons were deceased and, consistent with the protocol, no replacements 
were to be contacted, or because all replacements were contacted and no replacements were found that 
were willing to participate or were able to be health-matched. No Replacement Comparisons were 
contacted for 11 of the noncompliant Original Comparisons. A review of the record of telephone calls 
showed that all 11 had declined late in the scheduling process. For 27 of the noncompliant Original 
Comparisons, some replacements, but not all, were contacted and none complied. A review of the cohort 
of the 27 Original Comparisons, where replacement contact was not fully exhausted, showed that the 
Original Comparison or one or more of the Replacement Comparisons also had declined late in the 
process. 
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Table 5-7. Matched Set Compliance of Noncompliant Original Comparisons 

Matched Set Compliance! 

At Least One Compliant Replacement 

All Contacted Replacements Noncompliant and No 
Uncontacted Comparisons Remain in the Matched Set or 
All Previously Contacted Comparisons are Deceased 

All Contacted Replacements Noncompliant and Other 
Uncontacted Comparisons Remain in the Matched Set 

No Replacement Comparisons Contacted 

Refusal 

Original Comparison's Compliance 

Unlocatable     Deceased 

Total 

250 

16 

25 

11 

302 

10 

0 

10 

24 

83 

109 

fötal 

284 

99 

27 

11 

421 

5.6     MATCHING OF SELF-REPORTED HEALTH STATUS 

5.6.1     Self-reported Health Status of Refusals 

Of the 775 refusals, reported health status, as obtained by telephone at the time of scheduling, was 
available for a total of 423 Ranch Hands and Comparisons. Table 5-8 summarizes their responses. Data 
were obtained from 125 (55.1%) of ,227 refusing Ranch Hands and 298 (54.4%) of 548 refusing 
Comparisons. Among the 423 refusals responding to the health status question, there was no significant 
association between group and reported health (p=0.155). 

Table 5-8. Reported Health Status of Refusals 
:- ■■ Group  :- ;:;: " I 

WSi:Mi^M^/iM ==   Ram :h Hands WMS^ÄS'yi^M^^i ÄÄIHMM , !:!'1 - ; v Ti |tal;;; ;: 
Health Status l,,lsl'isf 1 WM'$^%'iMM-M^%-iA W'Wil&M % :■ ■' ;-; ;  :; p-Valiie;: ' 

Excellent 33 26.4 97 32.6 130 30.7 0.155 

Good 64 51.2 152 51.0 216 51.1 

Fair 27 21.6 42 14.1 69 16.3 

Poor 1 

125 

0.8 7 2.3 8 1.9 

Total 298 423 

Note: Does not include 47 Ranch Hands and 107 Comparisons who reported "Don't Know" or refused to answer 
health status, and does not include 55 Ranch Hands and 143 Comparisons who were hostile. 

Ideally, compliance bias between the groups should be assessed by comparing the health of refusing 
veterans to fully compliant participants with adjustment for the matching variables. The only current 
data available on the refusing veterans are self-reported responses to the health status question asked 
during the scheduling procedure. These data are missing for all hostile refusals. Almost three-quarters 
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(48 of 65, or 73.8%) of the passive refusals did not give their reported health status during scheduling. A 
summary of reported health status for 17 passive refusals that reported their health status during 
scheduling is shown in Table 5-9. 

Table 5-9. Reported Health Status of Passive Refusals 

Rancl i Hands 
Reported       s 

Health Status    1 '  n IIWfN 
Excellent o 0.0 

Good 6 75.0 

Fair 2 25.0 

Poor 0 0.0 

: .(j iroup 

Original! 
Corr iparisons 

■l'Äl IS-ffMI 
1 25.0 

2 50.0 

1 25.0 

0 0.0 

Replace meiit 

Compar isons 

l^jtif: Ml W' .'SyC'i-'si 

1 20.0 

3 60.0 

1 20.0 

0 0.0 

5tal 

2 
11 
4 
0 

11.8 
64.7 
23.5 

0.0 

Total 17 

Note: Does not include 15 Ranch Hands, 20 Original Comparisons, and 13 Replacement Comparisons who reported 
"Don't Know" for health status. 

A test of association between reported health status and group, age, rank, compliance, and race was 
performed, and the results are shown in Table 5-10. For analysis purposes, reported health status was 
classified into two categories: excellent or good, and fair or poor. The covariates age, rank, compliance, 
and race were dichotomized (born before 1942 and born in or after 1942; officer and enlisted; fully 
compliant and refusal; Black and non-Black, respectively). No significant association was found 
between race and reported health status (p=0.824). Without adjustment, age (p<0.001), rank (p<0.001), 
and compliance (p<0.001) were associated significantly with reported health. Ranch Hands were more 
likely to report fair or poor health than were Comparisons (14.1% vs. 11.1%). Enlisted men were more 
likely to report fair or poor health than were officers (15.1% vs. 7.6%). As expected, refusals (18.2%) 
and older participants (14.9%) were more likely to report fair or poor health than were fully compliant 
(11.0%) or younger participants (9.1%). 

The association between reported health status and group, adjusted for age, rank, compliance, and race 
was significant (p=0.011). The adjusted association between reported health status and compliance was 
statistically significant (p<0.001), as were the adjusted associations between health status and age 
(p<0.001) and rank (p<0.001). 

Table 5-11 shows the reported health status versus compliance separately by group. For both Ranch 
Hands and Comparisons, significantly more refusals reported fair or poor health (p=0.007 and p=0.001, 
respectively) than fully compliant participants. A higher percentage of compliant Ranch Hands reported 
fair or poor health (12.9%) than compliant Comparisons (9.7%). When adjusted for age, race, and 
occupation, the relation between health status and compliance did not change significantly with group 
(p=0.876). This result showed that the difference in health status between refusals and fully compliant 
participants was similar between Ranch Hands and Comparisons. 
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Table 5-10. Reported Health Status by Group, Age, Rank, Compliance, and Race 

Group I 
Ranch Hand 
Comparison 

Birth Year < 1942 

Birth Year >1942 

Officer 

Enlisted 

Fully Compliant 

Refusal 

Black 
Non-Black 

Total 

Total 
963 

1,509 

1,351 

1,121 

935 

1,537 

2,049 

423 

144 
2,328 

2,472 

Excellent/Good 
Reported Health Status  

:#: !■■      i ■■■......:.. JÄtl/lÄi^i 

2,169 

827 85.9 

1,342 88.9 

1,150 85.1 

1,019 90.9 

864 92.4 

1,305 84.9 

1,823 89.0 

346 81.8 

125 86.8 
2,044 87.8 

303 

136 14.1 

167 11.1 

201 14.9 

102 9.1 

71 7.6 

232 15.1 

226 11.0 
77 18.2 

19 13.2 
284 12.2 

Unadjusted 
p-Value 

~1).028 

<0.001 

<0.001 

<0.001 

0.824 

Table 5-11. Reported Health Status by Grot jp 

l::f-i"|- f'l;§:;1J|;:;'V Reporte; 

Excellent/Good 

Group Compliance Status        Total Ji                % 

Ranch Hand Fully Compliant 838 

Refusal 125 

Comparison Fully Compliant 1,211 

Refusal 298 

n % 
730 87.1 108 12.9 

97 77.6 28 22.4 

1,093 
249 

90.3 
83.6 

118 

49 

9.7 

16.4 

p- Value 
" 0.007 

<0.001 

5.6.2     Self-reported Health Status of Fully Compliant Participants 

Tables 5-12 through 5-14 summarize the reported health status, medication use, and work loss of the 
2,121 fully compliant participants at the 1997 follow-up examination. Table 5-12 summarizes the 
reported health status of participants fully compliant to the 1997 physical examination. Among fully 
compliant participants, a marginally significant association was found between reported health at the 
time of scheduling and group (Ranch Hand, Comparison) (p=0.076). More Ranch Hands reported their 
health as fair (12.9%) than did Comparisons (9.7%). 
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Table 5-12. Reported Health Status of Fully Compliant Participants 

lands 

Group 
Compai 

■ * :       ;: :: aaf . .: tlSlIfil 
;■ Reported 
Health Status 

Ranch 1 
;:   Total ■■ ff ■■i'li-l^iM^i^i'^ 

Excellent 

Good 

Fair 

Poor 

287 

443 

108 

0 

34.2 

52.9 

12.9 

0.0 

440 

653 

118 

0 

36.3 

53.9 

9.7 

0.0 

727 

1,096 

226 

0 

35.5 

53.5 

11.0 

0.0 

0.076 

Total 838 1,211 2,049 

Does not include 32 Ranch Hands and 40 Comparisons who answered "Don't Know. 

Table 5-13. Reported Medication Use of Fully Compliant Participants 

Medication Use 

Yes 

No 

Total 

Ranch Bands 

n" 
512 

357 

58.9 

41.1 

869 

Group 

Comparisons 

688     55.0 

563     45.0 

1,251 

One Ranch Hand did not report on medication use. 

Total % 

1,200      56.6 

920      43.4 

2,120 

p- Value 

~0.081 

Table 5-14. Reported Work Loss of Fully Compliant Participants 

|: ..   Group == 
»iotilHIltlfl 
1' :%;;•: ;i; ;■■■- Total h'rS/;.:%p■■-■;§■ ■".! ls;.'S:: ;.L:'::; Worte 'Lossi I \ 

[llJRsnd l Hands I '■ ■       '   Compai 

!v?-"l '.f-I'l'lvlhl |:'f-J p-Value ■ 

Yes 

No 

105 
524 

629 

16.7 

83.3 

148 
750 

16.5 

83.5 

253 

1,274 

16.6 

83.4 

0.968 

Total 898 1,527 

Note: Does not include the following: 22 unemployed (9 Ranch Hands, 13 Comparisons) 
564 retired (231 Ranch Hands, 333 Comparisons) 
8 who did not answer (1 Ranch Hand, 7 Comparisons). 
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A marginally significant association was found between reported use of medication and group (p=0.081). 
As shown in Table 5-13, a greater percentage of Ranch Hands (58.9%) reported medication use than did 
Comparisons (55.0%). Use of medication increased in both groups since 1992; however, that increase 
was parallel. In 1992, 44.1 percent of Ranch Hands and 40.4 percent of Comparisons reported 
medication use compared to 58.9 percent and 55.0 percent, respectively, in 1997. Table 5-14 shows 
reported work loss for fully compliant Ranch Hands and Comparisons. The difference between the two 
groups narrowed from 1992, and no significant association was found between work loss and group 
(p=0.968) in 1997. 

5.7     CONCLUSION 

Although more Comparisons than Ranch Hands refused to participate in the 1997 follow-up examination, 
there is no significant difference in the reasons for refusal among the two groups. The reasons for refusal 
differed with age and rank but did not differ significantly for race. Logistics and health reasons were the 
most common reasons for refusal, although there were a substantial number of veterans deemed hostile 
from whom a reason for refusal was not determined. In replacing noncompliant Original Comparisons, 
either compliant replacements were found or no replacement was necessary (e.g., the Original 
Comparison was deceased and no Replacement Comparison had been contacted previously) for 
approximately 91 percent of the cases. 

Self-reported health status differed with group, age, rank, and compliance status, but not with race, 
among those reporting health status. Ranch Hands, older participants, enlisted men, and refusals were 
more likely to report fair or poor health. Ranch Hands reported fair or poor health more often than did 
Comparisons. In both groups veterans who refused were more likely to report fair or poor health than 
those who were fully compliant. This pattern of Ranch Hands reporting poorer health has been observed 
since the baseline examination. Using work loss and medication use as more objective indicators of 
health than health perception, Ranch Hands reported a slightly higher use of medications, but no 
difference was seen in reported work loss between Ranch Hands and Comparisons. A further analysis of 
self-perception of health, as reported by fully compliant participants at the 1997 follow-up examination, 
is given in Chapter 9, General Health Assessment. 

In summary, the results of these analyses suggested that Ranch Hands may be reporting poorer health 
than Comparisons and that these group differences are present for both fully compliant participants and 
refusals. This holds true even after accounting for rank and age differences. In addition, the difference 
in the percentage of fully compliant participants and refusals reporting fair or poor health was similar for 
Ranch Hands and Comparisons. 
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6    QUALITY CONTROL 

Quality control (QC) and quality assurance (QA) procedures were planned for and implemented 
throughout the 1997 Air Force Health Study (AFHS), from project initiation to final product delivery and 
acceptance by the Air Force. QC is defined as the procedures put in place to ensure the quality of the 
data collected. QA refers to the management of those procedures. This chapter provides an overview of 
the specific QC and QA measures developed and used by the project team, specifically in the areas of 
questionnaire and physical examination QC, laboratory QC measures, data management QC, statistical 
QC, and administrative QA. The Air Force, Science Applications International Corporation (SAIC), the 
National Opinion Research Center (NORC), and Scripps Clinic all participated in the formulation and 
implementation of the QC and QA procedures described in this chapter. 

6.1      QUESTIONNAIRE QC 

6.1.1     Design 

For the baseline and subsequent follow-up examinations, the baseline and interval questionnaires were 
administered in person. In the examinations prior to 1997, the questionnaires were administered in hard 
copy, which was then key-entered into the final SAS®1 data set. For the 1997 follow-up, the interview 
responses were obtained electronically on laptop computers, using a computer-assisted personal 
interview (CAPI) system. 

Effective CAPI design was the first step in QC of the data collection. By combining the two steps of data 
collection and data entry, the CAPI technique eliminated one possible source of recording error—key- 
entry of the data. Further, the logic checks, range checks, and intervariable consistency checks 
programmed into the CAPI system placed constraints on what the interviewer could type or select for any 
particular question during the interview. These constraints limited keystroke errors and data problems 
arising from the interview itself. The structure of the CAPI system ensured that skip patterns were 
followed correctly and that no questions were left unanswered. In certain sections of the questionnaire, 
CAPI offered significant enhancements to the flow and accuracy of the questionnaire over a paper-and- 
pencil execution. These enhancements included automatic unit conversions and elimination of multiform 
cross-references. These benefits were most notable in the calculations of alcohol and tobacco use and in 
updating information for children born prior to the last interview. 

Using a process of reviewing, commenting, and concurring, Air Force researchers and NORC designers 
incorporated new questions and questions derived from the AFHS self-administered forms into the 1997 
questionnaire. The goal was to create a cohesive instrument with questions grouped logically by subject 
because a cohesive questionnaire would enhance the participant's focus on the subject being discussed 
and his understanding of the questions. In addition, the inclusion of the self-administered forms into the 
interval questionnaire decreased the participants' frustrations with the study process by eliminating 
question redundancy, providing a logical sequencing of questions, and decreasing the time spent by the 
participant. 

SAS and all other SAS Institute, Inc., product and service names are registered trademarks or trademarks of SAS Institute, Inc. 
in the USA and other countries. 
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An additional benefit of the CAPI questionnaire was the ability to print selected participant responses for 
the use of the debriefing physicians. These printouts were improved and refined during the physical 
examination period. 

6.1.2 Data Collection 

NORC recruited and trained eight interviewers and one field manager to administer the baseline and 
interval questionnaires. A minimum number of interviewers were selected to reduce variability between 
interviewing techniques. The interviewers were blind to the participants' exposure status, thus avoiding 
bias. 

The Field Manager, who supervised the interviewing at the examination site, observed the work of each 
interviewer and presented formal evaluations of their performance each quarter to the Air Force. 
Interviewers were evaluated on their ability to control the interview and to probe incomplete answers in a 
neutral manner. They also were graded on their vocal quality, reading quality, and on their use of 
associated forms and documents. The interviewers were graded on a scale of 1 to 4. A rating of 1 
indicated an unacceptable performance and 4 an above-average performance with no errors. All 
interviewers performed at an above-average level and none required retraining. 

Interviewers were required to regularly report questions or problems experienced while executing the 
questionnaires. "CAPI Problem Forms" and "Policy Decision Forms" were distributed for interviewers 
to complete, and these forms were faxed daily to the Data Collection Task Leader at NORC headquarters 
in Chicago, Illinois. Items reported on the forms included the following: (1) mistakes made and not 
corrected during the interview, (2) conditions reported by the participant after the interview was over, (3) 
technical problems with the CAPI instrument, and (4) problems with the printout for the debriefing 
physician. The Data Collection Task Leader corrected problems when necessary and provided assistance 
to interviewers in handling confusing or unusual situations. 

6.1.3 Processing and QA of Questionnaire Data 

Completed questionnaire data were transmitted daily via modem from the La Jolla, California, site to the 
receiving computer system in Chicago. As interviews were completed on the laptop computers at the site 
office, the CAPI system selected the newly completed cases, encrypted the interview data, and 
transmitted the interview data to the NORC modem pool in Chicago. Once in Chicago, the interview 
data were unencrypted, archived on a devoted volume of the NORC UNIX computer, and copied to the 
NORC wide area network. Each CAPI interview consisted of one multiple-record ASCII file 
representing the participant's answers to questions. Using a standard utility, the ASCII files were 
converted from their vertical format to the horizontal format readable by SAS®. Programmers then read 
the horizontal files into SAS® and printed frequencies of all variables. Case data received in Chicago 
were reconciled regularly with the completion log at the interviewing site. 

Some of the QC steps used in converting CAPI files to the SAS® data files include the following: 

1. The case IDs of all completed interviews in the SAS® file were compared to the log of completed 
interviews kept at the site office. This ensured that all completed cases were received and that 
there were no duplicates. 

2. The SAS   variables were compared to a hard-copy representation of the CAPI to ensure that all 
questions in the interview were present in the SAS® data file. 
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3. The response frequencies were compared to a hard-copy representation of the CAPI to ensure 
that no data were truncated. 

One of the goals in the conversion process was to replicate, to the maximum extent possible, the variable 
names, formats, and structures used in the 1992 SAS® data set. To accommodate this goal, additional 
"post-processing" programs were created. The post-processing included renaming variables, assigning 
the appropriate variable labels and value labels, creating variables based on values of answers to more 
than one question (such as calculations of cigarette use), and merging variables collected outside of the 
interview into the data set. 

Several steps were taken to ensure that the SAS® data file created from the post-processing programs 
contained the correct information: 

A list was created that mapped CAPI variables to SAS® variables. This allowed the NORC staff 
to ensure that variables were named properly and that all required variables were included in the 
SAS® data set. 

Format statements and frequencies were proofed against three representations of the 
questionnaire (the CAPI form, the 1997 hard copy representation, and the 1992 hard copy) to 
detect problems. 

• Cross-tabulations and printouts of data items at the case level were generated to investigate 
complicated questions, such as whether a calculation was working correctly or why there was a 
missing value in a certain variable. 

• Continuous reviews of the frequencies were performed until no more errors were detected. 

• A cumulative data set of all interviews completed to date, accompanied by a footnote file 
explaining any anomalies or errors still to be resolved, was delivered quarterly and then monthly 
to the Air Force for review. All errors identified by the Air Force were corrected by NORC, the 
data set was corrected and delivered a final time, and the corrections were accepted. 

Response frequencies for all data fields were reviewed regularly to ensure that data for all variables were 
captured, answers made logical sense, and the skips and checks programmed by CAPI were operating 
correctly. These QC checks revealed a small number of problems in the questionnaire, all of which were 
corrected without significant loss of data. These problems, along with the solutions applied, were 
documented in the footnotes included with the data file. 

One of these problems was discovered during processing of the first questionnaires. During a variable- 
by-variable review of the interval questionnaire, NORC discovered that a short series of questions 
concerning mental and emotional illness had been omitted from the CAPI program. Three steps were 
taken to correct this situation: 

1. A hard-copy version of the questions was immediately distributed to NORC's interviewers at 
Scripps Clinic so that the information would be obtained for the remaining participants in the 
current physical examination group. These data were manually entered into the questionnaire 
database. 

2. A revised version of the interval questionnaire, containing the omitted questions, was installed on 
the interviewers' computers within 6 calendar days of the problem discovery. 
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3. NORC schedulers telephoned the participants who were not asked the omitted questions during 
their in-person interview to retrieve the information. These data were manually entered into the 
questionnaire database. 

6.2      PHYSICAL EXAMINATION QC 

The Scripps Clinic selection process for all personnel who were to interact directly with the participants 
ensured a high-quality physical examination. Each staff member was hand-selected for the AFHS on the 
basis of expertise, experience, and a commitment to remain with the study throughout the examination 
process. Further, the Air Force reviewed the credentials of all key staff members and approved their 
participation in the study. 

A complete pre-examination test was held. Eleven volunteers completed the physical examinations, 
interviews, psychological tests, and laboratory analyses several weeks before the scheduled start of the 
study. All aspects of patient contact were reviewed: the initial inbriefing of the participants, the logistics 
of transportation and patient flow within the clinic, and the final outbriefing by the diagnostician. 

During the actual examinations, refinements were made whenever operational problems were detected. 
Whether detected by the Scripps staff, the Air Force onsite monitor, or the participants, study problems 
were addressed during periodic clinical QA meetings of key Scripps staff. For instance, participant 
temperatures were not recorded for the first few physical examination groups. This error in protocol was 
addressed in one of these meetings. The Air Force reviewed the affected records, found no comments 
concerning elevated temperatures, and coded these records as normal. 

During the physical examination, the identification of 27 chest x rays was found to be questionable 
because of incomplete or improper labeling. Although no data from the x rays were to be used in the 
analysis, the 27 participants whose x rays were in question were contacted and arrangements were made 
to reshoot their x rays. All but six x rays were retaken; two participants refused. 

Following examination of each participant group, the Scripps staff reviewed all physical examination 
forms for omissions, incomplete examinations, and inconsistencies. When issues were found, the 
examiners or technicians were contacted to correct the data. Special effort was made to complete this 
review while the participants were at the examination site. In all cases in which data were corrected, the 
form was initialed by the doctor or technician making the correction. (This subject is discussed in more 
detail in the Medical Data QC section of this chapter.) An optical scanner read all mark-sense physical 
examination forms as an ongoing QA of form completion. 

The Air Force onsite monitor and the Scripps Clinic administrative team monitored compliance with the 
physical examination process. The Scripps Clinic Chief of Medicine and the SAIC Project Manager 
conducted additional periodic inspections. All such clinical reviews were performed unobtrusively and 
with the full consent of the participant; suggestions or corrections to the examination procedure always 
were discussed privately with the attending physician. These inspections emphasized aspects of clinical 
techniques, sequence, and completeness of the clinical data with respect to the examination forms and the 
blindness of the examinations. Of particular note were the detailed daily log entries of the Air Force 
monitors. These entries ensured continuity of knowledge (the monitors rotated approximately every 2 
weeks) by documenting daily activities and, when needed, recording events requiring follow-up by either 
the Air Force or SAIC. 
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Establishing a rapport with each study participant was a primary goal of all the organizations involved in 
the study. Although this may not be a traditional QA parameter in most research studies, it is paramount 
in the AFHS. Maintaining participants' satisfaction encourages them to continue in the study, thus 
avoiding the need for significant participant replacement, which can reduce future statistical power or 
introduce bias, or both. Therefore, every staff member emphasized courtesy, empathy, assistance, and 
personalized treatment of each participant. 

Participants were asked to fill out an evaluation form after completion of their 1997 follow-up physical 
examinations. The participant evaluations provided insight into the participants' experiences, including 
strong points of the programs and areas in need of improvement. These forms were reviewed by all study 
management staff. 

Based on the participants' evaluation forms, 72.8 percent evaluated their overall clinic experience as 
excellent, and 25.0 percent classified it as good. One participant felt that the experience was 
unsatisfactory, and 2.1 percent of the participants rated it as satisfactory. Figure 6-1 charts those 
evaluations of the participants' clinic experiences. 
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Figure 6-1. Participant Evaluations of the 1997 AFHS Clinic Experience 

6.3      LABORATORY QC 

Before the study began, specific QC laboratory procedures were designed, developed, and implemented 
to detect problems related to test and assay performance, validity of reagents, analysis of data, and 
reporting of results. All laboratory assays for the study were performed with state-of-the-art laboratory 
equipment and techniques. Laboratory facilities all had the equivalent of National Institutes of Health 
Biosafety Level 2 approval ratings and were certified by the College of American Pathology. 
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6.3.1     QC Procedures for the Clinical Laboratory 

The following list outlines the tests performed and the methods and equipment used: 

Hematology assays were performed on Coulter STKS® equipment. 

Erythrocyte sedimentation rate determinations were performed using the large-tube Westergren 
method. 

Biochemical assays were performed using the Dade RxL® Automated Chemical Analyzer. 

Radioimmunoassays were performed with standard test kits. 

Electrophoresis and occult blood tests were performed manually. 

Hepatitis A, B, C, and D tests were performed using Abbott Commander® and Quantum® 
machines. 

Monospecific antibodies were used for immunoglobulin assays using the Beckman Array Protein 
System®. 

T & B lymphocytes were analyzed on BD FACSCAN equipment. 

Blood-cell counts were performed with standard microscopy. 

All urinalyses were performed using Bayer Atlas® equipment. 

All other assays were performed using industry-standard equipment and techniques. 

All laboratory operations were controlled with the use of an integrated medical laboratory management 
information system that incorporated direct device-to-database interfaces for automated testing 
equipment. Laboratory technologists performed data entry for manual tests. An automated audit trail 
and a set of comments for technologist remarks were kept for each test so that any QC results could be 
retraced. 

Procedural QC included using the same instrument and reagents from the same lot numbers whenever 
possible throughout the study. If single lots were unavailable, analyses were conducted to calibrate 
subsequent lots and establish target levels and associated standard deviations. Strict standards of 
calibration for all automated laboratory equipment were maintained at all times. 

Trilevel or bilevel controls were used as the primary means for monitoring the quality of all tests. On 
every group of participant samples, one control (low, medium, or high) was run at the start, after every 
ninth sample, and at the end of each test run. Each trilevel control was used before repeating it in the run 
when more than 18 experimental samples were analyzed. In addition, split aliquots were created from 
every 10th participant sample and were analyzed separately to measure test reproducibility. In 
radioimmunoassays, all three control levels were run initially to validate the standard curve generated. 

Scripps Clinic Medical Laboratory has defined quality requirements of accuracy above 99 percent and 
levels of precision above 97 percent. A variation of the Westgard Rules (1, 2) QC technique is routinely 
used in the Scripps Laboratory and was used for AFHS assays. In this variation, the hs single rule and 
4u multiple rule are used. The l^ rule indicates rejection of any run when the control value of any one 
of the three controls (low, mid, high) exceeds two standard deviations from the mean. The 4is rule 
indicates rejection of a run when four consecutive control measurements exceed one standard deviation 
on the same side. This approach ensures an effective system for reducing the probability of false 
rejection to the lowest acceptable level while maintaining error detection at more than 98 percent. 
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All QC data were analyzed and summarized in formal QC reports generated monthly. QC data were 
subjected to independent statistical analysis by the Air Force to produce and analyze time-dependent 
trends. For all equipment malfunctions or other exceptions, a formal QC exception report was prepared 
by the responsible individual and forwarded to the project management team. A summary of the 
coefficients of variation for each quantitative laboratory assay is presented in Appendix D. These 
coefficients of variation are given separately for each control level and lot. 

As the examination portion of this study ended, an independent clinician analyzed laboratory outliers for 
logical validity. All out-of-range test results were examined and scored as "clinically explainable," 
"clinically possible," or "clinically unexplained." No clinical laboratory data were excluded from the 
report analyses because all potential out-of-range results were found to be clinically explainable or 
clinically possible. 

6.4      MEDICAL DATA QC 

6.4.1     Overview of QC Procedures 

The QC procedures for the medical data consisted of multiple checks at all stages of the examination, 
data collection, and data processing cycle. A representation of the QC process is given in Figure 6-2. 
Although improvements were made throughout the physical examination period, QC procedures for data 
collection, conversion, and integration were developed before the clinical examinations began. All data 
collection instruments were tested at the pre-examination test conducted several weeks before the start of 
participant physical examinations. In addition, during the first 2 months of the clinical examinations, all 
data collection activities were routinely scrutinized to detect and correct procedural deficiencies. Other 
QC activities included the following: 

Automated QC techniques applied to laboratory data 

• Clinical evaluations of all laboratory outliers 

• Review of all physical examination findings by one of two diagnosticians 

Automated and manual data quality checking of hard copy against transcribed computer files. 

Four interwoven layers of QC were instituted to ensure data integrity. These efforts focused on (1) data 
processing system design, (2) design and administration of all exams, (3) data completeness checks, and 
(4) data validation. In addition, Air Force investigators reviewed all physical examination forms and 
entries. Forms that were found to be questionable, inaccurate, or incorrect were returned to Scripps 
Clinic for adjudication. 

6-7 



Forms from 
Individual Exams 

Nurse Q A of 
individual Forms 

Problems Found 

■No Problems 

i—Problems Found 

Participant: 
Debriefing 

Nurse QA Across 
all Forms     j —No Problems 

QC Scanning of 
Form 

Figure 6-2. Physical Examination Form QC Process 

6.4,2     Data Processing System Design 

Standards were established for data element formats (character or numeric), data element naming 
conventions, data element text labels, numeric codes for qualitative responses and results, QC range 
checks for continuous data elements, and QC validity checks for categorical data. A data dictionary 
provided detailed information on each data element. 

A systems integration approach was applied to the design and implementation of data collection 
procedures so that data emanating from study sources (physical examination, questionnaire, and 
laboratory) were consistent in file format and structure. This approach was necessary to ensure that all 
data could be integrated into a single database for analysis. 
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Data collection forms were carefully designed to ensure that all required data elements would be 
collected in accordance with the study protocol and in a standardized format. These instruments were 
designed to reflect the order in which the examination itself would be administered and to provide for the 
sequential coding of information. 

Completed clinical examination forms were converted from hard copy to machine-readable images using 
optical mark reading equipment. Verification procedures were performed to ensure, that a uniquely 
identified participant record existed within each data file and that the appropriate number of responses 
for each applicable field was provided. Data files were then translated into a SAS® data set, verified 
against original data sheets, and corrected as necessary. All corrections to the original data sets were 
saved in the processing program, which was delivered to the Air Force for verification. 

Next, the SAS   data sets were subjected to validity checks. All potentially conflicting results, as well as 
any data values falling at the extremes of expected ranges, were manually reviewed. Extreme values 
were verified against the original data forms and either corrected or documented as valid results. 
Potentially conflicting results, either within one form or among forms, were returned to the examiners for 
review. These results were then documented as having been correctly recorded, corrected, or flagged for 
exclusion from analysis because of unresolvable examiner errors or omissions. This process was 
continued until all results were properly documented. 

The validity checks were tested with the delivery of the first cumulative medical results data. At that 
time, it was discovered that some data were not properly cross-checked between collection forms. The 
discrepancies were adjudicated by the appropriate Scripps Clinic staff and corrected on the forms and in 
the database in accordance with the QC procedure. Additional QC steps were added to the procedures 
because of these discrepancies. 

Once the edits were completed and the data verified, the "cleaned" files were transferred to the data 
analysis center for final inspection and integration into the study database. In this QC measure, 
descriptive analyses were run. The validation, correction, transmission, and analysis QC procedures 
were repeated as necessary to ensure that all extreme or suspicious values had been validated. As an 
additional measure of QC, cumulative result data sets were delivered quarterly during the physical 
examination phase for Air Force review. The data sets were finalized following the close of the physical 
examinations and before the start of statistical analysis. The process for cleaning and converting the 
collected data into final data sets is found in Figure 6-3. 

6.4.3     Design and Administration of Physical and Psychological Examination Forms 

The examination forms were designed to elicit all required data while minimizing recording time, 
enhancing comprehension, and automating data input. Customized mark-sense forms were developed 
and optical mark recognition technology (OMR) was used to eliminate the risk of transcription errors. 
The use of mark-sense forms allowed the creation of computerized data files directly from the raw data 
recorded on these forms. 
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Figure 6-3. Conversion and Cleaning Process for Medical Data 

QC procedures for all data collection instruments began with both manual and electronic reviews of each 
form as it was completed. A mark-sense reader was used at Scripps Clinic to scan for completeness and 
to conduct some broad-based logic checks. Any forms containing missing, incomplete, or contradictory 
examination results were returned to the examining physician for completion before the participants left 
the site. Any questionable results or "hard-to-diagnose" conditions (such as heart sounds or peripheral 
pulses) were verified by the diagnostician at the outbriefing. In addition, any differences in interpretation 
among examiners were identified, and adjustments in recording protocols and programmed data 
extraction were made as necessary. All examination forms were signed by the examining physician, and 
the examiner identification number was coded in the database. 

6.4.4     Data Completeness Checks 

Customized programming of the OMR allowed for the identification of those forms (and their 
corresponding data records) with missing responses, as well as those with multiple responses to questions 
that required a single response. The OMR scanner was programmed to reject forms that failed 
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completeness and multiple response checks and to generate a control code for each rejected form. The 
control code identified the location of all verification checks failed for a given form. 

When a data collection form was rejected, the reason for the rejection was determined. The exact data 
element was then corrected by comparing the rejected form to the values recorded in the data record 
created by the scanner. Some of the rejected forms did not contain actual data errors, but rather 
anomalies created in using mark-sense forms for data collection. For example, the scanner incorrectly 
counted incompletely erased responses and missed responses marked with too little carbon or graphite. 
In addition, examiners tended to mark responses clearly for abnormal findings and to mark responses 
lightly or to bypass responses for expected or desired findings. Failure of the form to provide the correct 
number of expected responses always resulted in rejection. These errors were resolved, as were the 
anticipated, more traditional errors. 

Out-of-range results and data omissions were monitored to detect trends, possible bias situations, and 
other data-quality problems. This information was reviewed and relayed to examiners and internal 
auditors to assist in preventing or correcting chronic, but avoidable, problems. Refresher training was 
provided to examining physicians to avoid data omissions. Physicians were consulted to correct clinical 
data, and laboratory out-of-range results were reviewed for logical validity by an independent clinician. 

6.4.5     Data Validation 

Data files were examined in a series of verification and validation procedures developed to check the 
results within each participant's record for logical consistency and abnormal findings. Any records noted 
to have ambiguous findings, incongruent observations, extreme results, errors, or omissions were listed 
and submitted for review to a physician. Data items that could not be definitively validated or recovered 
through consultation with the original examiner were assigned codes noting missing or invalid data 
values. Some reasons for unavailable data included the following: 

• Participant refusal 

• Unscorable psychological tests 

• Test not ordered (e.g., immunology tests, which were only ordered for a subset of the 
participants) 

• Exemption from testing (e.g., exemption from postprandial glucose testing because of diabetes). 

These unrecoverable data were excluded from subsequent analysis. The number of values not available 
for analyses is presented in each clinical chapter by variable. 

In the validation process, transcription errors were found between the two dermatology data collection 
forms. Although these data were not to be analyzed for this report, all forms were manually checked and 
corrections were made by the dermatologist. 

In validating the genitourinary data, SAIC found 14 participant records with inconsistent information. In 
all cases either the right testis, or both the left and right testes, were not indicated as normal or abnormal. 
Scripps Clinic physicians reviewed the records and concluded that the intention had been to code the 
testes normal. These results were recoded to reflect that finding. All changes were noted on the data 
collection forms. 
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All laboratory outliers were reviewed and adjudicated by an auditing physician. Each outlier was 
adjudicated using the following four codes: 

1. Clinically explained or plausible (participant has single outlier) 

2. Clinically explained or plausible (participant has multiple outliers) 

3. Abnormal outlier not clinically explained but plausible 

4. Abnormal outlier not clinically explained and not plausible. 

These clinical judgments were included in the processing files. In the 1997 follow-up study, no 
laboratory outliers were coded as "4." 

6.5 MEDICAL RECORDS CODING QC 

SAIC forwarded completed physical examination records and questionnaire data to the Air Force at 
Brooks Air Force Base, Texas, for diagnostic coding and verification of all subjectively reported 
conditions. The Air Force used the International Classification of Diseases, 9th Revision, Clinical 
Modification (ICD-9-CM) for morbidity coding; the Systematized Nomenclature of Medicine for 
anatomic site coding; and the American Hospital Formulary Service for medication coding. Two medical 
records technicians independently processed each questionnaire and physical examination. Both codings 
were then subjected to a 100-percent QA review, during which every posted code was checked against 
medical records. A third medical records technician adjudicated any discrepancies. 

6.6 STATISTICAL ANALYSIS QC 

Specific QC measures were developed for the statistical analysis efforts. The tasks requiring QC 
included construction of databases for the analysis of each clinical chapter, the statistical analysis itself, 
and the preparation of the clinical chapters. 

Each specialized statistical database was constructed by defining and locating every variable within the 
many subparts of the composite follow-up database. Although the data had been subjected to QA 
procedures during collection, statistical checks for outliers and other improbable values were conducted. 
Anomalies identified by the statisticians were discussed with those responsible for the data collection 
(i.e., NORC, Scripps Clinic, or the Air Force). 

QA largely depended on regular communication and general agreement among statisticians. Several 
meetings and consultations between the Air Force team and SAIC statisticians were held in conjunction 
with the development of the data analysis plan. In addition, many telephone conversations took place 
during the course of the physical examination. During the analysis, there were frequent telephone 
conversations, and any problems identified in the statistical analysis were resolved by team discussion. 
Specialized SAS   programs were developed by the task manager for each type of analysis (exposure, 
longitudinal, dependent variable-covariate associations) and form of the dependent variable (continuous, 
dichotomous, polytomous). The software was checked by comparing results from analyses on the same 
variable by different programs. These programs were adapted for use in all clinical areas by changing the 
data source, dependent variable, covariates, and exclusions, so that a consistent statistical methodology 
could be applied to all clinical areas. Modifications to the programs were made only as necessary (e.g., a 
sparse number of abnormalities that necessitated the exclusion of a particular covariate). Each analysis 
and the summary statistics reported for the analysis were replicated independently by a separate 
statistician. The analyses were conducted in accordance with the data analysis plan, which was reviewed 
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extensively by SAIC and the Air Force. Throughout the study, the Air Force and SAIC maintained 
duplicate databases. Upon completion of the analyses, SAIC delivered all analysis software and SAS® 
data sets for each clinical area to the Air Force for final review and archiving. 

All tables and statistical results were checked against the computer output from which they were derived, 
and all statistical statements in the texts were checked for consistency with the results given in the tables. 
In addition, drafts of each chapter in this report were reviewed by the Air Force and SAIC investigators. 

6.7     ADMINISTRATIVE QA 

In recognition of the magnitude, complexity, and importance of the AFHS, SAIC created an internal 
Quality Review Committee (QRC). The QRC was established at the initiation of the 1985 follow-up and 
continued through the 1987, 1992, and 1997 follow-up studies. Its purpose was to provide general 
oversight to the AFHS program and advice on the appropriateness of program management and QC 
actions. The QRC comprised SAIC senior corporate personnel and consultants. These independent 
reviewers remained separate from the project management staff. The QRC met periodically to review 
study progress and any issues that either had an impact on study quality or were perceived as a potential 
problem. Members of the QRC also conducted first-hand evaluations of ongoing program operations. 
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7     STATISTICAL METHODS 

7.1      INTRODUCTION 

This chapter summarizes the statistical methods used in the analysis of Air Force Health Study (AFHS) 
1997 follow-up examination data to investigate relations between the health status of the 2,121 
participants attending this examination and their corresponding group (Ranch Hand or Comparison) or 
serum dioxin estimates and measurements. Group contrast models were similar to analyses performed 
for the 1982 baseline and 1985, 1987, and 1992 follow-up examinations (1, 2, 3,4). Models relating 
health to dioxin estimates and measurements were based on analyses performed for the Serum Dioxin 
Analysis Report for the 1987 Follow-up and 1992 follow-up examinations (4, 5). 

The statistical methods used in this report encompassed four different forms of hypotheses or models 
applied to 266 study endpoints. Each of these models specified the study cohort or subset of participants 
included in the respective analyses together with the dioxin exposure or proxy estimates used in the 
analysis. The first model (Model 1) specified contrasts between Ranch Hands and Comparisons using 
group as a proxy for exposure, and it did not incorporate serum dioxin measurements. The remaining 
three models (Models 2, 3, and 4) all incorporated serum dioxin measurements. A summary description 
of each of the four models is provided in section 7.2, "Models and Assumptions." 

Each model and exposure estimate combination was implemented for study variables and type of analysis 
(unadjusted, adjusted, or longitudinal). The specific statistical procedures (e.g., analysis of variance or 
logistic regression) that were used are presented in section 7.3, "Factors Determining Statistical Analysis 
Method." The relation between the factors and statistical procedures is presented in section 7.4, 
"Analysis Methodologies." That presentation is followed by a discussion of "Interpretive 
Considerations" (section 7.5), and a description of the contents of tables used to report statistical analysis 
results throughout the report is given in the "Explanation of Tables" (section 7.6). 

7.2      MODELS AND ASSUMPTIONS 

The statistical analysis was based primarily on four models, each using a different estimate of exposure. 
The first model used group and military occupation (officer, enlisted flyer, and enlisted groundcrew) to 
assess health effects and dose-response relations related to herbicide exposure. Serum dioxin 
measurements were not used in this model. The other three models accounted for dioxin effects either 
through estimated initial dioxin levels for Ranch Hands or using current or recent serum dioxin levels for 
Ranch Hands and Comparisons to assess health endpoints (e.g., cholesterol, diabetes) and dose-response 
relations related to exposure. These analyses were accomplished with and without adjustment for 
covariates. 

Throughout this report, dioxin levels are used as measures of both exposure to dioxin itself and exposure 
to dioxin-contaminated herbicides, including Herbicide Orange. Direct contrasts of Ranch Hand and 
Comparison veterans (Model 1) address the hypothesis of health effects attributable to any herbicide 
exposure experienced by Ranch Hand veterans during Operation Ranch Hand. Models involving dioxin 
measurements address the hypothesis that health effects change with the amount of exposure. Dioxin 
measurements are used as a measure of exposure to dioxin-contaminated herbicides because it is 
expected that as exposure to such herbicides increased, dioxin levels should increase. Therefore, the 
dioxin measurement serves as direct biomarker of exposure to dioxin-contaminated herbicides. No other 
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direct measure or estimate of herbicide exposure is available with which to address hypothetical dose- 
response relations with health. Some indirect measures, such as self-report of skin contact among 
enlisted groundcrew, or simply being a Ranch Hand enlisted groundcrew member, are valuable 
alternatives because dioxin measures suggest that enlisted groundcrew experienced the heaviest 
exposures. Reported skin exposure is not addressed in this report, but enlisted groundcrew status is 
addressed in Model 1. The use of dioxin as a measure of exposure to dioxin-contaminated herbicides is 
consistent with the goal of the study, which is to determine whether health effects exist and can be 
attributed to occupational exposure to Herbicide Orange (6). 

7.2.1     Model 1: Group and Occupation as Estimates of Exposure 

This section describes the model that used the exposure group (Ranch Hand, Comparison) to assess the 
relation between health status and dioxin exposure. Statistical analyses based on this model were termed 
"Model 1" in the assessment of the clinical areas. Analyses of this type are straightforward, easy to 
interpret, and well established in epidemiological studies. In this model, exposure was defined as "yes" 
for Ranch Hands and "no" for Comparisons without regard to the magnitude of the exposure. As an 
attempt to quantify exposure, three contrasts of Ranch Hands and Comparisons were performed along 
with the overall Ranch Hand versus Comparison contrast. These three contrasts compared Ranch Hands 
and Comparisons within each occupational category (officers, enlisted flyers, and enlisted groundcrew). 
As described in the analyses performed for the Serum Dioxin Analysis Report for the 1987 Followup (5), 
the average levels of exposure to dioxin were highest for enlisted groundcrew, followed by enlisted 
flyers, then officers. 

Table 7-1 provides a description of Model 1 and gives the assumptions, advantages, and disadvantages 
for a continuously distributed health endpoint, y. The model presented in Table 7-1 is unadjusted for any 
covariates—adjusted models are a straightforward extension. 
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Table 7-1.   Model 1: Assessing Health versus Group Status in Ranch Hands and Comparisons: 
Assumptions, Advantages, and Disadvantages 

Model 1: y = u. + Gi + e (AH Ranch Hands and Comparisons) 
y = u. + Gh + Oj + (GO)ij + e (Ranch Hands and Comparisons by occupation) 

where 

y 
Gi     = 
Oj      = 
(GO)ij = 

health variable in group i and occupation j 
effect due to group status (i = 1,2 - Comparisons, Ranch Hands) 
effect due to occupation (j = 1,2,3 - Officers, Enlisted Flyers, Enlisted Groundcrew) 
interaction between group status and occupation (i = 1,2; j = 1,2,3); used to examine Ranch Hand 
and Comparison differences for each occupation 
zero mean error. 

Assumptions:       Comparisons were unexposed and Ranch Hands were exposed. 

For the purposes of investigating dose-response effects, enlisted groundcrew were more heavily 
exposed than enlisted flyers, and enlisted flyers were more heavily exposed than officers. 

The error variance does not change with group status or occupation. 

Advantages:        Easily interpretable. 

Disadvantages:    Results are biased toward the null hypothesis of no dioxin effect if unexposed Ranch Hands are 
misclassified (i.e., remain in the analysis as exposed Ranch Hands). It is not possible to fully 
distinguish unexposed Ranch Hands from exposed Ranch Hands. 

7.2.2     Models 2 through 4: Serum Dioxin as an Estimate of Exposure 

Current dioxin levels in 1987 were determined by the Centers for Disease Control and Prevention from 
serum samples taken from approximately 2,000 Ranch Hands and Comparisons. Additional serum 
samples were taken from selected Ranch Hands and Comparisons at the 1992 and 1997 follow-up 
examinations to provide insight on dioxin levels and the elimination of dioxin from the body, and to 
provide measurements for new subjects and those who were not previously measured. A discussion of 
the details of dioxin measurement is found in Chapter 2, Dioxin Assay. 

Investigation of the mechanics of dioxin elimination is currently under study by the Air Force. Based on 
samples collected in 1982, 1987, 1992, and 1997, issues such as half-life estimation and first-order 
pharmacokinetic assumptions are being investigated. 

7.22.1    Prior Knowledge Regarding Dioxin 

This section presents analytic strategies based on assumptions and models conceived after the Ranch 
Hand half-life study published in 1996 (7). Available data have suggested that the dioxin elimination 
process is first-order, based on measurements subsequent to the ingestion of dioxin by an individual (8). 
Data on 213 Ranch Hand veterans with dioxin measured in blood collected in 1982, 1987, and 1992 
produced a half-life estimate of 8.7 years (7); this estimate was used in all calculations involving half- 
life. 
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The term "elimination" denotes the overall removal of dioxin from the body. Some of the analyses 
assumed that the amount of dioxin in the body (C) decreases exponentially with time according to the 
model C = I • exp(-rt), where I is the initial level, r = log(2)/h is the elimination rate, h is the half-life, and 
t is the number of years from the end of service in Southeast Asia (SEA) to the time of the blood 
measurement for dioxin. If a participant had measurements at more than one point in time, the 
measurement closest to the time of duty in SEA was used. This exponential elimination law is termed 
"first-order elimination." 

The first-order elimination assumption is equivalent to assuming a one-compartment model for dioxin 
distribution within the body. While a multicompartment model incorporating body composition and 
dioxin binding to tissue receptors would provide a detailed description of dioxin concentrations in 
different compartments, published multicompartment models for dioxin distribution within the body 
predict first-order elimination of dioxin, overwhelmingly because of fecal elimination (9). 

The lipid-weight concentration of dioxin, expressed in parts per trillion (ppt) (10, 11), is a derived 
quantity calculated from the formula ppt = ppq • 102.6/W, where ppt is the lipid-weight concentration, 
ppq (parts per quadrillion) is the actual whole weight of dioxin in the sample in femtograms, 102.6 
corrects for the average density of serum, and W is the total lipid weight of the sample (9). 

The relation between the serum lipid-weight concentration of dioxin and lipid-weight concentrations in 
adipose tissue is a subject of continuing research. The correlation between the serum lipid-weight 
concentration and adipose tissue lipid-weight concentration of dioxin has been observed by Patterson, 
et al, to be 0.98 in 50 persons from Missouri (12). Using the same data, Patterson, et al., calculated the 
partitioning ratio of dioxin between adipose tissue and serum on a lipid-weight basis as 1.09 (95% 
confidence interval: [0.97,1.21]). On the basis of these data, a one-to-one partitioning ratio of dioxin 
between lipids in adipose tissue and the lipids in serum could not be excluded. Measurements of dioxin 
in adipose tissue generally have been accepted as representing the body burden concentration of dioxin. 
The high correlation between serum dioxin levels and adipose tissue dioxin levels in the Patterson, et al., 
study suggests that serum dioxin is also a valid measurement of dioxin body burden. 

7.2.2.2 Fundamental Limitations of the Serum Dioxin Data 

There are two evident limitations to the available data: 

While Ranch Hand data did not appear to violate a first-order elimination assumption, no 
serially repeated dioxin assay results, taken over many years and with which to evaluate 
directly the adequacy of the first-order elimination model in humans, were available. 

♦ It was not known whether Ranch Hands with body burdens of dioxin at or below 10 ppt were 
exposed and their body burdens had decreased to these levels since their time of duty in SEA, 
or whether they were not exposed at all during their time of duty in SEA. 

7.2.2.3 Model 2: Health versus Initial Dioxin in Ranch Hands 

The relation between estimated initial dioxin levels and health was assessed in Ranch Hands using the 
model described in Table 7-2. Statistical analyses based on this model were termed "Model 2" in the 
assessment of the clinical areas. In this model, an initial dioxin level was estimated for a Ranch Hand 
from a current or recent lipid-adjusted dioxin measure, the length of time between the time of duty in 
SEA and the date of the blood measurement of dioxin, and an estimated half-life of 8.7 years. From 
studies conducted by the Air Force, body fat at the time of the blood measurement of dioxin appeared to 
be related to the dioxin half-life for a participant (7). Hence, this body fat measure was included in this 
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model as a covariate. Model 2 differs from Model 1 in that the estimate of exposure in Model 1 (group: 
Ranch Hand, Comparison) was not dependent upon extrapolation to an earlier date. 

Table 7-2 also includes assumptions, advantages, and disadvantages of the model for a continuously 
distributed health variable, y. The model presented in Table 7-2 is unadjusted for any additional risk 
factors, but extension to an adjusted model is straightforward. 

Table 7-2.   Model 2: Assessing Health versus Initial Dioxin in Ranch Hands: Assumptions, 
Advantages, and Disadvantages 

Model 2: y = b0 + b!log2(I) + b2BF + e 

where 

BF 

e 

health variable 
extrapolated initial dose, assuming first-order elimination, I = 4+(C-4) • exp(log(2) ♦ t/h), 
where 4 ppt is considered the median background level of Hpid-adjusted dioxin; 
t = length of time between the time of duty in SEA and the date of the blood measurement 
of dioxin in 1987,1992, or 1997; C = Hpid-adjusted dioxin, determined in 1987, 1992, or 
1997; and h = dioxin half-life in Ranch Hands assuming first-order elimination (8.7 years 
assumed for analysis) 
body fat at the time of the blood measurement of dioxin, calculated from the formula 
shown below 
zero mean error. 

Body fat was calculated from a metric body mass index (13); the formula is 

Body Fat (in percent) 
Weight (kg) 

[Height (m)]1 
1.264-13305. 

Assumptions: 

Advantages: 

Ranch Hands received a single dioxin dose in Vietnam and background exposure thereafter. 
Ranch Hands experienced first-order dioxin elimination. 
The error variance does not change with health status or initial dioxin dose. 

Easily interpretable. 
Most efficient if first-order elimination and half-life are valid and y is linearly related to log2(I). 
The logarithm (base 2) of initial dioxin presents the dioxin data as a more symmetric 
distribution than the distribution of initial dioxin in its original units. In addition, the relative 
risk based on the logarithm (base 2) of initial dioxin is more meaningful than on the original 
scale (i.e., a doubling of initial dioxin rather than a 1 ppt increase in dioxin). 

Disadvantages:    Results are biased if first-order elimination or constant half-life assumptions are not valid. 

In Table 7-2, the phrase "single dioxin dose" is a simplification of the process by which Ranch Hands 
accumulated dioxin during their time of duty in SEA. This process, which undoubtedly varied from 
individual to individual, is unknown; however, the time of duty in SEA for an individual Ranch Hand 
generally was short (1 to 3 years) relative to the time elapsed since his duty in SEA. Hence, additional 
knowledge regarding the accumulation of dioxin during an individual Ranch Hand's time of duty in SEA, 
were it to become available, would not likely change conclusions drawn from any of the statistical 
analyses. 
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Analyses were performed on Ranch Hands who had lipid-adjusted dioxin levels greater than 10 ppt at 
either the 1987, 1992, or 1997 physical examinations. The value 10 ppt corresponds to the approximate 
98th percentile of the Comparison lipid-adjusted dioxin distribution. Based on this Comparison dioxin 
distribution, it was believed that participants with greater than 10 ppt lipid-adjusted dioxin were 
definitely exposed. It was not known whether Ranch Hands with dioxin burdens at or below 10 ppt were 
exposed and their body burdens had decreased to these levels since their time of duty in SEA, or whether 
they were not exposed at all during their time of duty in SEA. Lipid-adjusted dioxin levels less than 10 
ppt are subsequently called "background" levels. 

7.2.2.4    Model 3: Health versus Dioxin in Ranch Hands and Comparisons 

An assessment of the health consequences of dioxin above background levels was carried out with a 
model that was applied to both Ranch Hand and Comparison data. This model assessed health versus 
dioxin body burden categorized into four levels, given below: 

Comparisons—Comparisons with up to 10 ppt lipid-adjusted dioxin 

Background—Ranch Hands with up to 10 ppt lipid-adjusted dioxin 

•     Low—Ranch Hands with more than 10 ppt lipid-adjusted dioxin but at most 94 ppt estimated 
initial dioxin 

High—Ranch Hands with more than 10 ppt lipid-adjusted dioxin and more than 94 ppt 
estimated initial dioxin. 

Statistical analyses based on this model were termed "Model 3" in the assessment of the clinical areas. 
The low and high Ranch Hand categories, of approximately equal size, were determined by the median 
estimated initial dioxin level (94 ppt) of the Ranch Hands with more than 10 ppt lipid-adjusted dioxin 
(i.e., the sample used in Model 2). In this model, an initial dioxin level was estimated for a Ranch Hand 
from a current or recent lipid-weight dioxin measure, the length of time between the time of duty in SEA 
and the date of the blood measurement of dioxin, and an estimated half-life of 8.7 years. From studies 
conducted by the Air Force, body fat at the time of the blood measurement of dioxin appeared to be 
related to the dioxin half-life for a participant. This body fat measure was included in this model as a 
covariate. Using this body fat measure in Model 3 for all Comparisons and Ranch Hands with dioxin 
measurements allowed body fat to act as a potential risk factor as well as an adjusting variable to explain 
half-life differences. 

For a continuously distributed health variable, y, for example, the mean values of y within the 
background, low, high, and low plus high categories were contrasted with the mean values of y within the 
Comparison category. The mean value of y for the low plus high category was calculated as a linear 
combination of the low dioxin category and the high dioxin category, with weights based on the sample 
size in each of these categories. Relative frequencies were contrasted for discrete health variables. Table 
7-3 shows this model and the assumptions, advantages, and disadvantages for the unadjusted analysis of a 
continuous variable; extension to an adjusted model is straightforward. 

7-6 



Table 7-3.   Model 3: Assessing Health versus Categorized Dioxin in Ranch Hands and 
Comparisons 

Model 3: y = b0 + bjj +D2I2 + b3I3 +b4l4 + b5BF + e 

where 

y 
ii 

i2 

13 

I« 

BF 

health variable 
indicator variable for categorized dioxin; Ii = 1 if participant is a Comparison with a 
background level of dioxin, Ii = 0 if participant is not a Comparison 
indicator variable for categorized dioxin; I2 = 1 if participant is in background dioxin 
category, I2 = 0 if participant is not in background dioxin category 
indicator variable for categorized dioxin; I3 = 1 if participant is in low dioxin category, 
13 = 0 if participant is not in low dioxin category 
indicator variable for categorized dioxin; I4 = 1 if participant is in high dioxin category, 
14 = 0 if participant is not in high dioxin category 
body fat at the time of blood measurement of dioxin, calculated from the formula shown 
below 
zero mean error. 

Body fat was calculated from a metric body mass index (13); the formula is 

Body Fat (in percent) =    Weight (kg\ • 1.264 - 13.305. 
[Height (m)]2 

Assumptions:        Dioxin body burden has been eliminated with time. 
The error variance does not change with categorized dioxin body burden. 

Advantages: Initial dioxin is probably a better measure for determining low and high exposure than current 
or recent lipid-adjusted dioxin measurements. 
Less dependent on the accuracy of the estimation algorithm for determining initial dioxin than 
Model 2. 

Disadvantages:     Makes no use of prior belief that some Ranch Hands received an unusually large dioxin dose in 
Vietnam; all Ranch Hands with high dioxin levels are treated similarly. 
"Background" Ranch Hand category is probably a mixture of exposed and unexposed Ranch 
Hands. Analysis may be biased toward the null hypothesis of no dioxin effect. 
"Low" and "high" Ranch Hand categories are based on initial dioxin model, which is based on 
valid half-life and first-order dioxin elimination. Bias is possible if model is incorrect. Also, a 
conditional null hypothesis is tested using these categories ("Is there a dioxin effect, given a 
specified level of exposure?"). 

7.2.2.5    Model 4: Health versus 1987 Dioxin in Ranch Hands 

The relation between 1987 dioxin and health was assessed using the model described in Table 7-4. This 
measure of dioxin is termed "1987 dioxin" because most Ranch Hands were assayed for dioxin initially 
at the 1987 follow-up examination. This table also describes the assumptions, advantages, and 
disadvantages for the unadjusted analysis of a continuously distributed health variable, y. 
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Ranch Hands with a dioxin measurement may have had their blood collected at the pilot study in April 
1987, at the 1987 physical examination, at the 1992 physical examination, or at the 1997 physical 
examination. If an individual had measurements at more than one of these points in time, the 
measurement closest to the time of duty in SEA was used. If only a 1992 serum dioxin measurement was 
available, the level was extrapolated to the date of the 1987 physical examination. The model 

Ci987 = 4+(C 1992-4) • exp(rt) 

was used for extrapolation of lipid-adjusted dioxin to 1987 levels (CIOT), where Ci992 is the lipid-adjusted 
dioxin level in 1992, 4 ppt is considered the median background level for lipid-adjusted dioxin, 
r = log(2)/h is the elimination rate, h is the half-life (8.7 years), and t is the length of time between the 
physical examination in 1987 and the physical examination in 1992. This model was used only if the 
lipid-adjusted dioxin level in 1992 was greater than 10 ppt; otherwise, the 1992 measurement was used. 
A similar strategy was used for participants who had only a 1997 serum dioxin measurement. The 
estimate of exposure in Model 4 (1987 dioxin) was based on extrapolation to 1987 for only 39 out of the 
863 Ranch Hands. Most measurements were based on 1987 dioxin measurements and extrapolation was 
not needed. Consequently, body fat at the time of the blood measurement of dioxin was not used in 
Model 4, which was different from the strategy used for Models 2 and 3. 

Table 7-4.   Model 4: Assessing Health versus 1987 Dioxin in Ranch Hands: Assumptions, 
Advantages, and Disadvantages 

Model 4: y = b0 + bilog2(ppt+l) + e 

where 

y = health variable 
PPt        = lipid-adjusted dioxin = ppq*l 02.6/W, where ppq = whole weight of dioxin in the 

sample in femtograms (102.6 corrects for the average density of serum) and W = total 
lipid weight of the sample 

e = zero mean error. 

Assumptions:       Ranch Hands received a single dioxin dose in Vietnam and background exposure thereafter. 
The error variance does not change with health status or 1987 dioxin. 

Advantages:        Using 1987 dioxin has less inherent variation than initial dioxin, which is extrapolated by a 
first-order elimination model across a 20- to 30-year time period. 
The logarithm (base 2) of (1987 dioxin + 1) presents the dioxin data as a more symmetric 
distribution than the distribution of 1987 dioxin in its original units. In addition, the relative risk 
based on the logarithm (base 2) of (1987 dioxin + 1) is more meaningful than on the original 
scale (i.e., a doubling of 1987 dioxin + 1, rather than a 1 ppt increase in dioxin). 

Disadvantages:    1987 dioxin may not be a good surrogate for exposure if elimination rate differs among 
individuals. 
Individuals with measurements in 1992 only or 1997 only are extrapolated to 1987, and 
variation is increased with estimation using a first-order elimination model. 



The relation between current health and dioxin was assessed using a model, termed "Model 4," with 
lipid-adjusted 1987 dioxin as the estimate of exposure. Model 4 used the logarithm (base 2) of lipid- 
adjusted 1987 dioxin and is described in Table 7-4. 

7.3      FACTORS DETERMINING THE STATISTICAL ANALYSIS METHOD 

For a specified questionnaire-based or clinical measurement determined from the physical or laboratory 
examination, the selection of an analytical method depended on each of the following: 

Dependent Variable Form: Continuous or discrete 

• Exposure Estimate and Analysis Cohort: 

- Model 1: Group—All Ranch Hands and Comparisons 

- Model 2: Initial dioxin—Ranch Hands having a dioxin body burden of greater than 10 
ppt of lipid-adjusted dioxin, based on 1987 dioxin levels as defined in Section 7.2.2.5 

- Model 3: Categorized dioxin—Comparisons with a dioxin body burden of 10 ppt lipid- 
weight dioxin or less, based on 1987 dioxin levels, and all Ranch Hands with a dioxin 
measurement 

- Model 4:  1987 dioxin—All Ranch Hands with a dioxin measurement 

• Analysis Type: Unadjusted, adjusted, or longitudinal. 

Table 7-5 specifies 22 separate analysis situations based on dependent variable form, exposure estimate, 
analysis cohort, and analysis type. For each of the 22 situations, the statistical method is specified. For 
example, linear regression models were used for adjusted analyses of initial dioxin for continuous 
dependent variables. 

Table 7-5.   Summary of Statistical Analysis Situations by Dependent Variable Form, Exposure 
Estimate, Analysis Cohort, and Analysis Type 

Exposure Estimate Analysis Cohort    ! Analysis Type SlIiSllÄ 

Continuous 
Model 1: Group 
(Ranch Hands vs. 

AI1RH&C Unadjusted Analysis of 
Variance 

Group 

Comparisons) Adjusted Analysis of 
Covariance 

Group; Covariates 

Longitudinal3 Analysis of 
Covariance 

Group; Age at the 1997 Follow-up 
Examination; 1982 Measurement 

Model 2: 
Log2(Initial) 

RH> 10 ppt lipid- 
adjusted 1987 dioxin 

Unadjusted Linear 
Regression 

Log2(Initial); Body Fat at the Time 
of the Blood Measurement of Dioxin 

Adjusted Linear 
Regression 

Log2(Initial); Body Fat at the Time 
of the Blood Measurement of 
Dioxin; Covariates 
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Table 7-5.   Summary of Statistical Analysis Situations by Dependent Variable Form, 
Exposure Estimate, Analysis Cohort, and Analys is Type (Continued) 

||§|Statistical ■..; 
Exposure Estimate tBfiSSiö^^ Analysis Type ̂ :-E>l);:| g^^tftöä^; :'^: > >i ̂:" 3: J:-;; y ^;; :g :^?^ :3(Ä«ii fe^feii^eii ^":^Vstri^ tiifes = ;^ ^;-: =, v: ^';, 

Longitudinal3 Linear 
Regression 

Log2(Initial); Body Fat at the Time 
of the Blood Measurement of 
Dioxin; Age at the 1997 Follow-up 
Examination; 1982 Measurement 

Model 3: All RH with a dioxin Unadjusted Analysis of DXCAT; Body Fat at the Time of 
Categorized Dioxin measurement, C <10 Covariance the Blood Measurement of Dioxin 

ppt lipid-adjusted Adjusted Analysis of DXCAT; Body Fat at the Time of 
1987 dioxin Covariance the Blood Measurement of Dioxin; 

Covariates 
Longitudinal3 Analysis of 

Covariance 
DXCAT; Body Fat at the Time of 
the Blood Measurement of Dioxin; 
Age at the 1997 Follow-up 
Examination; 1982 Measurement 

Model 4: Log2 All RH with a dioxin Unadjusted Linear Log2(1987 Dioxin+ 1) 
(1987 Dioxin +1) measurement Regression 

Adjusted Linear 
Regression 

Log2(1987 Dioxin +1); Covariates 

Discrete 

Model 1: Group All RH & C Unadjusted Chi-Square Group 
(Ranch Hands vs. Contingency 
Comparisons) Table, Logistic 

Regression 

Adjusted Logistic 
Regression 

Group; Covariates 

Longitudinal Logistic 
Regression 

Group; Age at the 1997 Follow-up 
Examination 

Model 2: RH>10 ppt lipid- Unadjusted Logistic Log2(Initial); Body Fat at the Time 
Log2(Initial) adjusted 1987 dioxin Regression of the Blood Measurement of Dioxin 

Adjusted Logistic 
Regression 

Log2(Initial); Body Fat at the Time 
of the Blood Measurement of 
Dioxin; Covariates 

Longitudinal Logistic 
Regression 

Log2(Initial); Body Fat at the Time 
of the Blood Measurement of 
Dioxin; Age at the 1997 Follow-up 
Examination 

Model 3: All RH with a dioxin Unadjusted Chi-Square DXCAT; Body Fat at the Time of 
Categorized Dioxin measurement, C <10 

ppt lipid-adjusted 
1987 dioxin 

Contingency 
Table; Logistic 
Regression 

the Blood Measurement of Dioxin 

Adjusted Logistic 
Regression 

DXCAT; Body Fat at the Time of 
the Blood Measurement of Dioxin; 
Covariates 
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Table 7-5.   Summary of Statistical Analysis Situations by Dependent Variable Form, 
Exposure Estimate, Analysis Cohort, and Analysis Type (Continued) 

:', -■'■■■' Statist! cal M 
Exposure Estimate S:i-^i^ Igi^i1|feföfe5| |l;|J§|g^^^^ 

Longitudinal Logistic DXCAT; Body Fat at the Time of 
Regression the Blood Measurement of Dioxin; 

Age at the 1997 Follow-up 
Examination 

Model 4: Log2 All RH with a dioxin Unadjusted Logistic Log2(1987 Dioxin+1) 
(1987 Dioxin+1) measurement Regression 

Adjusted Logistic 
Regression 

Log2(1987 Dioxin + 1); Covariates 

a Dependent variable usually paired difference score of (1997 to 1982) dependent variable values. For some clinical 
areas, paired difference scores were (1997 to 1985) differences. 

Analysis performed subject to the constraint that participant was normal at the 1982 baseline (or 1985) 
examination. 

Note:   Log2 (Initial) = Logarithm (base 2) of estimated initial dioxin level. 
Log2(1987 Dioxin + 1) = Logarithm (base 2) of (1987 dioxin level + 1). 
DXCAT = Categorized dioxin (incorporating group membership—three categories for Ranch Hands, one 
category for Comparisons). 
RH = Ranch Hand. 
C = Comparison. 

7.4     ANALYSIS METHODOLOGIES 

7.4.1     Methods for Analyzing Continuous and Discrete Variables 

For analyses of continuous dependent variables, the general linear models approach was used for 
applying such techniques as simple and multiple linear regression, analysis of variance, analysis of 
covariance, repeated measures analysis, and survival time analysis. This approach permitted model 
fitting of the dependent variable as a function of group or dioxin and specified covariates. Continuous 
dependent variables were examined to ensure that assumptions underlying appropriate statistical methods 
were met. Transformations (e.g., square root, logarithmic) were used to enhance normality for specific 
continuous health variables. A further discussion of general linear models, as well as other methods used 
for the statistical analyses in this report, is found in Table 7-6. 

For these continuous analyses, the SAS®1 general linear models analysis (PROC GLM) (14) was used. 
After a model was fitted, tests of significance for a group or dioxin effect were developed. Associations 
with a p-value less than or equal to 0.05 were described as significant, and associations with a p-value 
greater than 0.05 but less than or equal to 0.10 were described as marginally significant. 

The SAS® procedures LIFEREG and LIFETEST (14) were used for the time to diabetes onset variable in 
the endocrine clinical assessment. Statistical methods used to analyze measures of this type implemented 

SAS and all other SAS Institute, Inc., product and service names are registered trademarks or trademarks of SAS Institute, Inc. 
in the USA and other countries. 
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a technique known as "survival time" analysis. A further discussion of survival time analysis is found in 
Table 7-6. 

For dichotomous discrete dependent variables, logistic regression was performed using SAS® PROC 
GENMOD (15). For dependent variables with more than two categories, polytomous logistic regression 
was performed using SAS® PROC CATMOD (14). Parameter estimation and model selection for 
polytomous logistic regression and ordinary logistic regression are similar. Both forms of regression use 
the maximum likelihood principle to obtain parameter estimates. For a model with k parameters for two 
equations, 2k parameters are estimated, k for each logit function. If ordinary logistic regression is 
applied twice (for example, once for abnormal low versus normal and then for abnormal high versus 
normal), 2k parameters are estimated; however, ordinary logistic regression maximizes two likelihood 
equations, each with k parameters, while polytomous logistic regression estimates all 2k parameters 
simultaneously with one likelihood equation. Polytomous logistic regression also can be used for 
dependent variables that have more than three levels and require more than two contrasts with a normal 
category. A further discussion of logistic regression and polytomous logistic regression is found in Table 
7-6. 

A chi-square statistic, adjusted for the continuity of the chi-square distribution, was used when a test of 
the relative frequency of abnormal measurements between Ranch Hands and Comparisons was 
performed, and the relative frequency of either the Ranch Hand or the Comparison group was zero. This 
test statistic yields p-values approximately equal to Fisher's exact test (16) for a two-sided alternative 
hypothesis. 

Table 7-6, Summary of Statistical Procedures 

Chi-Square Contingency Table Test 

The chi-square test of independence (17) is calculated for a contingency table by the following formula: 

where the sum is taken over all cells of the contingency table and 
fo = observed frequency in a cell 
fE = expected frequency under the hypothesis of independence. 

Large values indicate deviations from the null hypothesis and are tested for significance by comparing the 
calculated % to the tables of the chi-square distribution. 

For 2x2 tables, the chi-square statistic above can be adjusted for the continuity of the % distribution. This test 
statistic yields p-values approximately equal to Fisher's exact test (16) for a two-sided alternative and is as 
follows: 

z2=S 
ma.(0,(\fo-fE\~)f 

TE 
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Table 7-6.   Summary of Statistical Procedures (Continued) 

Correlation Coefficient (Pearson's Product-Moment) 

The population correlation coefficient p (18) measures the strength of the linear relation between two random 
variables X and Y. A commonly used sample-based estimate of this correlation coefficient is 

where the sum is taken over all (x, y) pairs in the sample. A student's t-test based on this estimator is used to test 
for a significant correlation between the two random variables of interest. For the sample size of approximately 
2,121 in this study, a sample correlation coefficient of 0.04254 is sufficient to attain a statistically significant 
correlation at a 5-percent level for a two-sided hypothesis test, assuming normality of X and Y. 

Survival Time Analysis 
The survival time model (19) permits a dependent variable with censored observations to be modeled in a general 
linear models framework. For example, if the time to diabetes onset is defined as an event, the time for 
participants for which this event has not occurred is right-censored. The survival time model is 

y = Xß + Ge 
where 

y = vector of responses (e.g., time to diabetes onset), usually the logarithm of the survival times 
X = matrix of covariates, or risk factors (e.g., group status and age) 
ß = vector of unknown regression parameters 
a = unknown scale parameter 
e = vector of errors assumed to have a known distribution. 

For a model with a dependent variable containing right-censored data, the log likelihood function is a 
combination of a probability density function for noncensored values and a survival distribution function for 
right-censored values. The model parameters can be estimated by maximum likelihood in SAS® PROC 
LIFEREG, using a Newton-Raphson algorithm, where the distribution of the random error term can be specified. 
The distributional assumptions regarding the error term can be tested by examining plots of the Kaplan-Meier 
survival functions using SAS® PROC LIFETEST. 

PROC LIFEREG provides estimates, standard errors, and p-values associated with a chi-square test on each 
parameter (i.e., risk factor) in the model. These are used to test the significance of the group or dioxin term in the 
unadjusted and adjusted models. In this procedure, percentile estimates also can be produced for each group or 
each dioxin category in the unadjusted model. The percentile estimates are used to determine parameter estimates 
from the Weibull distribution. The Weibuli distribution parameter estimates are then used in an iterative 
nonlinear estimation procedure (SAS® PROC NLIN [14]) to produce estimated means from a censored Weibull 
distribution. The loss function that is minimized in the estimation procedure is 

Loss = Aog[x.(-£r.yß-}*e-{j>ß) + (I~x).(l-e-(e)ß)] 
0* 

where    x= 1 if diabetic 
x = 0 if not diabetic 

and        y = time to onset of diabetes. 
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Table 7-6.   Summary of Statistical Procedures (Continued) 

General Linear Models Analysis 
The form of the general linear model (18) for two independent variables is 

where 
Y = a+ßiXi + ß2X2 + e 

Y =      dependent variable (continuous) 
a =      level of Y at Xi = 0 and X2 = 0 (i.e., the intercept) 
Xi, X2       =      measured value of the first and second independent variables, respectively, which may be 

continuous or discrete (e.g., group status and age) 
ßi, ß2        =      coefficient indicating linear association between Y and Xi, Y and X2, respectively; each 

coefficient reflects the effect on the model of the corresponding independent variable 
adjusted for the effect of the other independent variable 

e =      error term. 

This model assumes that the error terms are independent and normally distributed with a mean of 0 and a constant 
variance. Extension to more than two independent variables is immediate. Simple linear regression, multiple 
linear regression, analysis of variance, analysis of covariance, and repeated measures analysis of variance are all 
examples of general linear models analysis. 

Logistic Regression Analysis 
The logistic regression model (20) enables a dichotomous dependent variable to be modeled in a regression 
framework with continuous and discrete independent variables. For two risk factors, such as dioxin and age, the 
logistic regression model is 

logitP = a + ßiXi + ß2X2 + e 
where 

P = probability of disease for an individual with risk factors Xi and X2 

logit P In (P/(l-P)) (i.e., the log odds for disease) 
Xi = first risk factor (e.g., dioxin) 
X2 = second risk factor (e.g., age). 

The parameters are interpreted as follows: 

a = log odds for the disease when Xi = 0 and X2 = 0 
ßi = coefficient indicating the dioxin effect adjusted for age 
ß2 = coefficient indicating the age effect adjusted for dioxin 
£ = error term. 

For a dichotomous measure, the term exp(ßi) equals the adjusted odds ratio of abnormal versus normal for Ranch 
Hands (Xi = 1) compared to Comparisons (Xi = 0). If the probability of being abnormal is small compared to 
being normal for both the Ranch Hand and Comparison groups, the odds ratio is approximately equal to the 
relative risk of being abnormal between the two groups. If Xi is a continuous covariate, exp(ßi) represents the 
adjusted odds ratio of outcome 1 versus outcome 0 for a unit increase in Xi. If the risk factor is expressed in 
logarithmic (base 2) form, exp(ßi) reflects the adjusted odds ratio for a twofold increase in the risk factor. 
Throughout this report and previous reports, the adjusted odds ratio was referred to as an adjusted relative risk. 
Correspondingly, in the absence of covariates (i.e., unadjusted analysis), the unadjusted odds ratio was referred to 
as an estimated relative risk. 

This technique also was used for longitudinal analyses of dichotomous dependent variables to examine changes in 
health status between 1982 (or 1985) and 1997 in relation to the dioxin measures. 
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Table 7-6.   Summary of Statistical Procedures (Continued) 

Polytomous Logistic Regression Analysis 

Polytomous logistic regression (20, 21) allows a categorical dependent variable with more than two outcomes to 
be modeled in a regression environment with continuous and discrete independent variables. For polytomous 
logistic regression, the model equation depends on the scale of the dependent variable. This discussion focuses 
on nominal scaled dependent variables. 

Suppose Y is a nominal scaled dependent variable with three outcomes labeled 0, 1, or 2 (normal, low, or high). 
Polytomous logistic regression models two logit functions, one for Y = 1 versus Y = 0 and the other for Y = 2 
versus Y = 0. The zero outcome for Y is called the reference category. To model Y with two covariates such as 
group status and age, the polytomous regression model would be 

lOgit Pi = OC3 + ßi(i)Xi + ßl(2)X2 + £l 

logit P2 = 0C2 + ß2{I)Xi + ß2(2Ä + £2 

where 
Pi = probability that Y = i (outcome i) with covariates Xi and X2, i = 0,1, 2 
logit Pj = In (Pi/Po) (i.e., the log odds of outcome i versus outcome 0, i = 1, 2) 
Xi = first effect (e.g., group status) 
X2 = second effect (e.g., age). 

The parameters are interpreted as follows: 

cti = log odds of outcome i versus outcome 0 when Xj = 0 and X2 = 0, i = 1, 2 
ßi(D - coefficient indicating the group status effect on the logit Pi, adjusted for age; i = 1, 2 
ßi(2) = coefficient indicating the age effect on the logit P,, adjusted for group status; i = 1, 2 
8i = error term for logit Pj, i = 1,2. 

This model assumes independent multinomial sampling. 

Because the interpretation of each logistic modeling function is similar, consider the logit Pi and suppose Xi is a 
binary covariate (Xi = 1 for Ranch Hands or Xi = 0 for Comparisons). The term exp(ßi<i)) equals the adjusted 
odds ratio of low versus normal for Ranch Hands (Xi = 1) compared to Comparisons (Xi = 0). If the probability 
of being low is small compared to being normal for both the Ranch Hand and Comparison groups, the odds ratio 
of low versus normal is approximately equal to the relative risk of being low between the two groups. If Xi is a 
continuous covariate, exp(ßi(i)) represents the adjusted odds ratio of outcome 1 versus outcome 0 for a unit 
increase in Xi. 

The abnormal and normal categorizations for many of the discrete analyses were defined by categorizing 
laboratory and physical examination measures according to laboratory and clinic reference values. 
Cutpoints for the dependent variables erythrocyte sedimentation rate, cholesterol, and total testosterone 
were age-dependent. Consequently, normal and abnormal levels were constructed according to a 
participant's laboratory value and age at the physical examination. 
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7.4.2 Modeling Strategy 

In general, based on one of the adjusted analysis models described in Table 7-5, a model for dependent 
variables was based on the exposure effect (group or dioxin) and medically relevant covariates, as 
identified in Chapters 9 through 18 for each clinical category. As described previously, body fat at the 
time of the blood measurement of dioxin was included in Models 2 and 3. 

The general modeling strategy did not remove any covariates from the model; however, the modeling 
strategy for the adjusted analysis of dependent variables in certain clinical areas was modified as 
necessary because of the large number of covariates or sparse number of participants with abnormal 
measurements. Stepwise elimination of covariates was conducted to allow for proper estimation of 
model parameters. When this strategy of removing covariates was necessary, the covariates removed 
from (or retained in) a model for a given health endpoint and model were specified in footnotes to the 
tables. 

7.4.3 Longitudinal Analysis 

Selected longitudinal analyses were performed to investigate changes in health status between 1982 and 
1997 for Models 1, 2, and 3 as a function of dioxin exposure. Model 4 was not examined in longitudinal 
analyses because lipid-adjusted dioxin, the estimate of exposure in this model, changes over time and 
was not available for all participants in 1982 or 1997. All three models were adjusted for age at the time 
of the 1997 follow-up physical examination. Age was a well-known risk factor for nearly all clinical 
areas, and although Ranch Hands and Comparisons were matched on age, the estimates of dioxin 
exposure in Models 2 and 3 were not. 

In the longitudinal analysis of discrete variables, only those participants whose health was classified as 
normal in 1982 were included in the analysis of the participants' health at the 1997 follow-up 
examination. Participants classified as "abnormal" in 1982 were excluded because the focus of the 
analysis was to investigate the temporal effects of dioxin exposure between 1982 and 1997. Participants 
classified as "abnormal" in 1982 were already abnormal before this period; consequently, only 
participants classified as "normal" at the 1982 examination were considered to be at risk when the effects 
of dioxin over time were explored. The rate of abnormalities under this restriction approximated the 
cumulative incidence rate between 1982 and 1997 (22). 

The dependent variable in this type of analysis was the health of participants at the 1997 examination 
whose health was normal in 1982. The independent variables were the appropriate exposure estimate 
and age at the time of the 1997 follow-up physical examination. The analyses of Models 2 and 3 also 
were adjusted for body fat at the time of the blood measurement of dioxin. Tabular displays of the 
longitudinal analysis results of discrete dependent variables include summary statistics for 1982 and 
1997, as well as 1985, 1987, and 1992 summaries, if available. The results of the statistical analysis 
restricted to those participants who were normal in 1982 also were provided. 
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In the longitudinal analysis of continuous variables, a general linear model approach, as explained in 
Table 7-6, was used. The dependent variable was the difference between the 1997 measurement and the 
1982 measurement. This difference, measuring the change in the endpoint over this period of time, was 
modeled as a function of the estimate of exposure (group or dioxin), the participant's age at the time of 
the 1997 follow-up physical examination, and the 1982 measurement of the continuous dependent 
variable. The analyses of Models 2 and 3 also were adjusted for body fat at the time of the blood 
measurement of dioxin. The reasons for using the health endpoint measurement in 1982 for longitudinal 
analysis of continuous variables were as follows: 

• A linear relation between measurements of the dependent variable in 1982 and 1997 because 
of a difference in measuring devices was accounted for by using the 1982 measurement as an 
independent variable. 

The difference between two measurements taken over a period of time was generally 
correlated with the first measurement (23). 

• The relation between the difference of the 1997 and 1982 measurements and the estimate of 
exposure may be confounded with the 1982 measurement, especially if the endpoint and the 
estimate of exposure were related. 

Tabular displays of the results of longitudinal analysis of continuous dependent variables include 
summary statistics for 1982 and 1997, as well as 1985, 1987, and 1992 summaries, if available. Results 
of the statistical analysis relating the difference in the 1997 and 1982 measurements to the estimate of 
exposure also were provided. For some variables, 1985 clinical measurements were substituted for 1982 
measurements because the variable was not analyzed at the 1982 examination or was inherently different 
from the 1997 variable due to differing clinical methods. 

7.5      INTERPRETIVE CONSIDERATIONS 

Several specific issues to consider when interpreting the results found in this report are discussed in this 
section. The issues discussed here include adjustments for covariates, multiple testing, trends in the 
results of endpoints within a clinical area, the proportion of variation explained by the model (R2), 
interpretation of discrete and continuous analyses of a health endpoint, and statistical power to detect the 
effects of dioxin. 

7.5.1     Adjustments for Covariates 

In contrasts between all Ranch Hands and all Comparisons (Model 1), the matching variables age, race, 
and occupation were effectively eliminated as confounders. The initial and 1987 dioxin analyses within 
Ranch Hands (Models 2 and 4) and the categorized dioxin analysis within Ranch Hands and 
Comparisons (Model 3) did not benefit from the matched design. For example, military occupation was 
a strong confounder because it is highly correlated with dioxin levels in Ranch Hands and is related to 
some health variables through socioeconomic differences between officers and enlisted personnel. 
Education was highly associated with military occupation and certain psychometric results. 
Consequently, with the exception of a few analyses where the prevalence or history of abnormal results 
was sparse, all health endpoints were analyzed with and without adjustment for clinically relevant 
covariates. 
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7.5.2 Multiple Testing 

Numerous dependent variables were considered because of the lack of a predefined medical endpoint. 
Each dependent variable was analyzed in many different ways to accommodate covariate information and 
different statistical models. Under the hypothesis of no relation between physical health and dioxin, 
approximately 5 percent of the many statistical tests (group or dioxin effects) in this report detected an 
association between group or dioxin and health (p-values <0.05). Observing significant results because 
of multiple testing, even when there is no relation between dioxin and health, is known as the multiple- 
comparisons problem (24) and is common in all large studies with multiple endpoints. It is generally 
difficult to distinguish between those statistically significant results that arise because of the multiple 
testing artifact and those that may be due to an actual dioxin effect. In order to weigh and interpret the 
findings, the strength of the association, consistency, dose-response patterns, and biologic plausibility 
were considered. 

7.5.3 Trends 

Assessing consistent and meaningful trends is essential when interpreting any comprehensive study with 
multiple endpoints, clinical areas, and covariates; however, caution must be used. Increased numbers of 
abnormalities or mean values with increased dioxin levels across medically related variables within a 
clinical area might indicate a group or dioxin effect. There may, however, be a moderate-to-strong 
correlation between these endpoints, where a change in one variable leads directly to a change in the 
other. Hence, the strength of the trends also was considered when assessing the suspected association. 

7.5.4 Interpretation of the Coefficient of Determination 

The coefficient of determination (R ) measures the proportionate reduction of the total variation in a 
continuously distributed health variable, y, associated with the set of independent variables in a linear 
regression. A large value of R2 does not necessarily imply that the fitted model is a useful one. Large 
values of R would occur, for example, if y is regressed on an independent variable with only a few 
observed values. On the other hand, small values of R2 are generally seen in observational studies 
because little or no control has been applied in the assignment of the values of the "treatment" (dioxin) or 
the conditions under which the "treatment" has been applied. In this study, the dioxin measurements 
were taken many years after exposure and are subject to some measurement error. Thus, in most 
analyses, the values of R2 were small. 

7.5.5 Clinical Interpretation of Discrete versus Continuous Data 

Small but significant mean differences in a continuously measured health variable (e.g., alkaline 
phosphatase) between exposed and unexposed groups when there are no corresponding differences in the 
percentage of abnormal tests are difficult to interpret in any study. In this study, significant differences 
in the means between exposed and unexposed groups sometimes are observed without a corresponding 
difference between the groups in the percentage of participants with an abnormal measurement. Such 
contrasting situations may be interpreted as spurious outcomes of no clinical consequence, or as a 
subclinical dioxin effect. Significant trends in the mean with increasing levels of dioxin were interpreted 
as a dioxin-related effect if a corresponding trend was seen in the proportion above or below the normal 
range or if the trend was consistent with other findings. 
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7.5.6     Power 

A type I error is making a false conclusion that an association (group or dioxin effect) exists when there 
is no association. The other possible inference error, a type II error, is the failure to detect an association 
when one actually exists. The power of a statistical test is 1 minus the probability of a type II error. The 
power of the test is the probability that the test will reject the hypothesis of no group or dioxin effect 
when an effect does in fact exist. 

The fixed size of the Ranch Hand cohort limits the ability of this study to detect some group or dioxin 
associations if they exist. This limitation is most obvious for specific types of cancer, such as soft tissue 
sarcoma (STS) and non-Hodgkin's lymphoma (NHL). These conditions are so uncommon that fewer 
than two cases are expected in this study, indicating that there is virtually no statistical power to detect 
low-to-moderate associations between dioxin and cancer. In an attempt to overcome the lack of power to 
detect group differences for specific types of systemic cancer, for example, all types of systemic cancer 
were combined into a single variable. It is still possible, however, that an increased risk could exist for a 
particularly rare type of cancer, allowing that increased risk to be missed in this study. 

Table 7-7 and Appendix Tables E-l through E-3 contain the approximate power at a significance level of 
0.05 to detect specified relative risks for a given prevalence rate of a discrete dependent variable. Table 
7-7 presents power calculations for Model 1 (group), and Appendix Tables E-l through E-3 present 
power calculations for Model 2 (initial dioxin), Model 3 (categorized dioxin—low plus high Ranch Hand 
versus Comparison contrast), and Model 4 (lipid-adjusted 1987 dioxin). Power calculations were 
performed using the logarithm (base 2) of dioxin in Models 2 and 4, and consequently, the relative risk is 
for a twofold increase in dioxin. The power of a test for a discrete variable depends on the significance 
level, actual relative risk, prevalence of the condition, and the Ranch Hand and Comparison sample sizes 
(for Models 1 and 3) or the distribution of the dioxin data (for Models 2 and 4). 

As an example, using age-adjusted incidence rates for all U.S. males (based on data from the 
Surveillance Epidemiology and End Results program of the National Cancer Institute), prevalence rates 
for all cancers, NHL, and STS were estimated as 0.07, 0.002, and 0.001, respectively. Thus, Table 7-7 
shows a power less than 0.21 to detect a relative risk of 2.0 for the estimated prevalences of NHL and 
STS. For a disease with a prevalence of 0.05, the power to detect a relative risk of 1.5 would be 0.54. 

Table 7-7. Approximate Power To Detect a 
(Discrete Dependent Variable) 

Group E Effect at a 5- 

Relative Risk 

■Percent Level of Significar ice 

;-;:;-:-(-^ty^J| IIIIISIIäÄ iiiliiiiji lilliiill llliliöli MSSß^iM WSSKi liiliitiiil ilittiis llä^lÖÖlf: 

0.005 0.05 0.06 0.07 0.09 0.10 0.15 0.21 0.92 0.97 
0.01 0.06 0.07 0.09 0.12 0.16 0.26 0.36 1.00 1.00 
0.02 0.06 0.09 0.14 0.19 0.26 0.45 0.62 1.00 1.00 
0.03 0.07 0.11 0.18 0.26 0.36 0.60 0.79 1.00 LOO 
0.04 0.07 0.13 0.22 0.33 0.45 0.72 0.89 1.00 1.00 
0.05 0.08 0.15 0.26 0.40 0.54 0.81 0.94 1.00 LOO 
0.10 0.10 0.24 0.44 0.64 0.80 0.97 1.00 1.00 LOO 
0.15 0.12 0.32 0.58 0.79 0.92 1.00 1.00 LOO LOO 
0.20 0.14 0.38 0.67 0.87 0.96 1.00 1.00 1.00 LOO 
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Table 7-8 and Appendix Tables E-4 through E-6 provide the same information on power as Table 7-7 and 
Appendix Tables E-l through E-3 for a continuous dependent variable at a significance level of 0.05. 
The power calculations are defined in terms of the coefficient of variation (100 times the standard 
deviation of the dependent variable divided by the mean of the dependent variable) and the proportion 
mean change. The coefficient of variation relates the spread of the data relative to the magnitude of the 
data. In general, the power of a test is greater when the coefficient of variation is smaller. Table 7-8 
presents power calculations for Model 1 (group), and Appendix Tables E-4 through E-6 present power 
calculations for Model 2 (initial dioxin), Model 3 (categorized dioxin—low plus high Ranch Hand versus 
Comparison contrast) and Model 4 (lipid-adjusted 1987 dioxin). Power calculations were performed 
using the logarithm (base 2) of dioxin in Models 2 and 4, and consequently, the relative risk is for a 
twofold increase in dioxin. The power of a test for a continuous variable depends on the significance 
level, actual difference in the true dependent variable means or slope of the dioxin coefficient, variation 
in the dependent variable data, sample size, and the distribution of the dioxin data if dioxin is the 
exposure estimate. 

The proportion mean change in Table 7-8 and Appendix Table E-5 is defined as the difference in the true 
Ranch Hand and Comparison means, relative to the combined average of the two groups, assuming no 
transformation of the dependent variable. The proportion mean change in Appendix Tables E~4 and E-6 
is defined as the change in the expected value (mean) of the dependent variable for a twofold increase in 
initial dioxin, relative to the dependent variable mean. The proportion mean change in Appendix Tables 
E-4 and E-6 corresponds mathematically to the slope of initial or 1987 dioxin divided by the dependent 
variable mean, assuming no transformation of the dependent variable. Analogous quantities can be 
derived based on transformed statistics. As an example, white blood cell count (on the natural logarithm 
scale) for all participants has a coefficient of variation of approximately 15 percent. With this coefficient 
of variation, for the 870 Ranch Hands and 1,251 Comparisons in Model 1, the power is approximately 
0.86 for detecting a 2-percent increase in the mean white blood cell count of Ranch Hands relative to the 
mean white blood cell count of Comparisons (mean change = 0.02). 

Table 7-8. Approximate Power To Detect a Group Effect at a 5-Percent Level of Significance 
(Continuous Dependent Variable) 

«ige; 

W0M^sSa ̂efficient of Variation (100o/u) 
IflMean Cha ■M^^iiS'iS^f^MS, SliüHlÄI WK&MUU wsg^ssggi Bl^i^SliililiiilSK 

0.005 0.62 0.21 0.12 0.07 0.06                 0.05 
0.01 0.99 0.62 0.33 0.15 0.08                 0.06 
0.02 1.00 0.99 0.86 0.44 0.15                  0.09 
0.03 1.00 1.00 0.99 0.78 0.27                   0.15 
0.04 1.00 1.00 1.00 0.95 0.44                  0.23 
0.05 1.00 1.00 1.00 0.99 0.62                  0.33 
0.10 1.00 LOO 1.00 1.00 0.99                  0.86 
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In summary, this study has good power to detect relative risks of 2.0 or more with respect to diseases, 
such as heart disease and basal cell carcinoma, occurring at a prevalence of at least 5 percent in 
unexposed populations. In addition, the study size is sufficient to detect small mean shifts in the 
continuously distributed variables. The detection of significant mean shifts without a corresponding 
indication of increased Ranch Hand abnormalities or disease may be an artifact of multiple testing, could 
represent a subclinical effect, or could be of little or no medical importance. 

7.6      EXPLANATION OF TABLES 

This section explains the contents of the tables used to report the results of the analyses for continuous 
and discrete dependent variables (two levels and more than two levels). Selected tables from the General 
Health Assessment (Chapter 9) and the Hematology Assessment (Chapter 15) will be referenced 
throughout this discussion. The contents of each table depend on the form of the health status endpoint 
(i.e., whether the dependent variable under analysis is a continuous or discrete variable). A discussion of 
the contents of exposure analysis tables is discussed first, followed by an explanation of the longitudinal 
analysis tables. 

7.6.1     Exposure Analysis 

The results of the exposure analysis are displayed in subpanels within each table as specified in Table 
7-9. The specification of the subpanels is applicable whether the dependent variable is continuous or 
discrete. 

Table 7-9. Location of Table Results from Different Exposure Analysis Models 

ifIPitiiÄ 
1 Groupa 

2 Initial Dioxinb 

3 Categorized Dioxin2 

4 1987 Dioxin5 

a Unadjusted 
b Adjusted 
c Unadjusted 
d Adjusted 
e Unadjusted 
f Adjusted 
g Unadjusted 
h Adjusted 

Ranch Hands and Comparisons. 
Ranch Hands only. 

7.6.1.1     Continuous Variables 

Table 9-8 in the General Health Assessment chapter presents an example of the results of the analysis 
when the dependent variable was continuous. Subpanels (a) and (b) show the results of unadjusted and 
adjusted Model 1 analyses that compared the Ranch Hand and Comparison means of a dependent 
variable. Contrasts between Ranch Hands and Comparisons also are presented within each occupational 
category (i.e., officer, enlisted flyer, and enlisted groundcrew). 
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For the unadjusted analysis in subpanel (a), a sample size (n) and a mean are presented for all 
occupational categories combined and separately for each occupational category. If the dependent 
variable was transformed for the analysis, the means of the transformed values were converted to the 
original scale and the column heading is footnoted. For each contrast of Ranch Hands versus 
Comparisons, the difference of means on the original scale and the associated 95-percent confidence 
interval are reported. The 95-percent confidence interval was constructed by adding and subtracting 1.96 
multiplied by the standard error (for the upper and lower bounds, respectively) to the estimated mean. If 
the analysis was performed on a transformed scale, the 95-percent confidence interval on the differences 
of means is not presented and the column is footnoted. When presenting results from analyses of means 
based on log-transformed (or square root-transformed) data, means were converted back to original units. 
Conversion of the standard deviation from log units to original units is not recommended (25); therefore, 
confidence intervals for mean differences in original units are not presented. A p-value also is reported 
to determine whether a difference in means on the scale used for analysis for a specified contrast was 
equal to zero. The confidence interval and p-value for each occupational category were determined using 
analysis of variance techniques from a group-by-occupation interaction in the model. The group-by- 
occupation interaction was used to determine the model coefficients and standard errors simultaneously 
for officers, enlisted flyers, and enlisted groundcrew. The respective coefficients and standard errors 
from the group and group-by-interaction terms in the model, along with the covariances between the 
estimates, were combined as appropriate to construct the confidence intervals and p-values for the three 
occupational strata. 

For an adjusted Model 1 analysis, subpanel (b) includes a sample size, an adjusted mean, a difference of 
Ranch Hand and Comparison adjusted means on the original scale, the associated 95-percent confidence 
interval (if the analysis was performed on the original scale), and a p-value for each contrast. Sample 
sizes for corresponding panels of unadjusted and adjusted analyses may differ because of missing 
covariate information. The confidence interval and p-value for each occupational category were 
determined using analysis of covariance techniques from a group-by-occupation interaction in the model. 

Subpanel (c) of Table 9-8 reports summary statistics from the analysis that assessed the association 
between the continuous dependent variable and initial dioxin (Model 2) without adjusting for covariate 
information. The sample size and mean of the dependent variable (transformed to the original units, if 
necessary) are presented for low, medium, and high categories of initial dioxin. The low, medium, and 
high categories were determined by dividing all Ranch Hands with initial dioxin estimates into three 
approximately equal-sized categories based on their initial dioxin estimate. The numerical values 
defining these categories are specified in a table subpanel footnote. Means of the dependent variable, 
adjusted for percent body fat at the time of the blood measurement of dioxin, also are presented for the 
low, medium, and high categories of initial dioxin. Based on a linear regression analysis, adjusted for 
percent body fat at the time of the blood measurement of dioxin, the coefficient of determination (R2), the 
estimated slope, and its associated standard error are reported. If the dependent variable was transformed 
for the regression analysis, the transformation is identified in the footnote. The p-value associated with 
testing whether the slope was equal to zero also is presented. The summary statistics that are reported 
were based on initial dioxin divided into three categories, whereas the R2, slope, standard error, and 
p-value were based on log2 (initial dioxin) in its continuous form. 

Based on analyses that incorporate covariate information, subpanel (d) reports summary statistics from 
the analysis that assessed the association between the continuous dependent variable and initial dioxin 
(Model 2). Similar to the unadjusted analysis, a sample size and adjusted mean of the dependent variable 
(transformed to the original units, if necessary) are presented for low, medium, and high categories of 
initial dioxin. The numerical values defining these categories are specified in a table subpanel footnote. 
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Sample sizes for corresponding panels of unadjusted and adjusted analyses may differ because of missing 
covariate information. Based on the multiple linear regression of the dependent variable on log2 (initial 
dioxin) and covariate effects, including percent body fat at the time of the blood measurement of dioxin, 
the coefficient of determination (R2), the adjusted slope for log2 (initial dioxin), and its associated 
standard error are reported. If the dependent variable was transformed for the regression analysis, the 
adjusted means, adjusted slope, and standard error are footnoted and the transformation is identified in 
the footnote. The p-value for testing whether the slope was equal to zero also is presented. 

Subpanels (e) and (f) of Table 9-8 show the results of unadjusted and adjusted Model 3 analyses that 
contrasted the means of a continuous dependent variable for Ranch Hands with background, low, high, 
and low plus high dioxin levels with Comparisons having lipid-adjusted dioxin levels less than or equal 
to 10 ppt. The low and high Ranch Hand categories were determined by dividing all Ranch Hands with 
lipid-adjusted dioxin estimates greater than 10 ppt into two approximately equal-sized categories based 
on their initial dioxin estimate. The low plus high Ranch Hand category is a combination of the low and 
high categories. The note at the bottom of the table subpanels defines the dioxin categories. The mean 
for the low plus high category is a weighted average (transformed to the original units, if necessary) of 
the low Ranch Hand and high Ranch Hand categories' means on the scale used for transformation, where 
the weights were based on the low and high Ranch Hand categories' sample sizes. Sample sizes for 
corresponding panels of unadjusted and adjusted analyses may differ because of missing covariate 
information. 

For the unadjusted analysis in subpanel (e), a sample size and dependent variable mean are presented for 
each category. If the dependent variable was transformed for the analysis, the means of the transformed 
values were converted to the original scale and the column heading is footnoted. The mean of the 
dependent variable adjusted for percent body fat at the time of the blood measurement of dioxin also is 
presented for each dioxin category. For each individual contrast of the Ranch Hand category versus the 
Comparison category, the difference of means on the original scale and the associated 95-percent 
confidence interval are reported. If the analysis was performed on a transformed scale, the 95-percent 
confidence interval on the differences of means is not presented and the column is footnoted. A p-value 
also is reported to determine whether a difference in means for a specified contrast was equal to zero. 
The p-value was based on the difference of means on the scale used for analysis. The adjusted mean, 
confidence interval, and p-value for each contrast was determined from an analysis of covariance model 
with adjustment for percent body fat at the time of the blood measurement of dioxin. 

For the adjusted analysis in subpanel (f), the table includes a sample size, an adjusted mean (adjusted for 
percent body fat at the time of the blood measurement of dioxin and covariates), a difference in adjusted 
means on the original scale, and a 95-percent confidence interval on the difference in adjusted means (if 
the analysis was performed on the original scale). The p-value for testing whether the difference in 
adjusted means for a specified contrast was equal to zero also is presented. 

Subpanel (g) of Table 9-8 reports summary statistics from Model 4 analyses, which assessed the 
association between the continuous dependent variable and 1987 dioxin without adjusting for covariate 
information. The sample size and mean of the dependent variable (transformed to the original units, if 
necessary) are presented for low, medium, and high categories of 1987 dioxin. The low, medium, and 
high categories were determined by dividing all Ranch Hands with 1987 dioxin levels into three 
approximately equal-sized categories based on their 1987 dioxin measurement. The numerical values 
defining the low, medium, and high categories of 1987 dioxin are specified in a table subpanel footnote. 
Based on a linear regression of the dependent variable on log2 (1987 dioxin + 1), the coefficient of 
determination (R ), the estimated slope, and its associated standard error are reported for each model. A 
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value of 1 was added to each measurement because of the presence of 1987 dioxin measurements of 0 
ppt If the dependent variable was transformed for the regression analysis, the means, slope, and standard 
error are footnoted and the transformation is identified in the footnote. The p-value associated with 
testing whether the slope was equal to zero also is presented. 

Based on analyses that incorporate covariate information, subpanel (h) reports summary statistics for 
Model 4 analyses that assessed the association between the continuous dependent variable and 1987 
dioxin. The sample size and adjusted mean of the dependent variable (transformed to the original units, 
if necessary) are presented for low, medium, and high categories of 1987 dioxin. The numerical values 
defining these categories are specified in a table subpanel footnote. Sample sizes for corresponding 
panels of unadjusted and adjusted analyses may differ because of missing covariate information. Based 
on the multiple linear regression of the dependent variable on log2 (1987 dioxin + 1) and covariates, the 
coefficient of determination (R2), the adjusted slope for log2 (1987 dioxin + 1), and its associated 
standard error are reported for each model. If the dependent variable was transformed for the regression 
analysis, the adjusted means, adjusted slope, and standard error are footnoted and the transformation is 
identified in the footnote. The p-value for testing whether the slope was equal to zero also is presented. 

7.6.1.2    Discrete Variables 

7.6.1.2.1    Discrete Variable with Two Categories 

Table 9-3 in the General Health Assessment chapter presents an example of the results of analysis when 
the dependent variable is discrete and dichotomous. Subpanels (a) and (b) display the results of 
unadjusted and adjusted Model 1 analyses that compared the percentage of Ranch Hands and 
Comparisons that were considered abnormal for the dependent variable of interest (the abnormal 
classification for self-perception of health in Table 9-3 is "fair or poor"). Contrasts between Ranch 
Hands and Comparisons also are presented within each occupational category (i.e., officer, enlisted flyer, 
and enlisted groundcrew). For the unadjusted analysis in subpanel (a), a sample size and the number and 
percentage of participants considered abnormal are presented for each group within each occupational 
category. For the contrasts of Ranch Hands versus Comparisons, an estimated relative risk, an associated 
95-percent confidence interval on the relative risk, and a p-value for testing whether the risk was equal to 
1.0 are presented. The normal distribution was used to calculate an approximate 95-percent confidence 
interval. Results for each occupational category were determined from a group-by-occupation interaction 
that was included in the model. 

For the adjusted analysis of Model 1, as presented in subpanel (b), the table presents an adjusted relative 
risk, a 95-percent confidence interval on the relative risk, and a p-value for testing whether the risk was 
equal to 1.0. The adjusted relative risk, confidence interval, and p-value were determined from a 
multiple logistic regression model that used the appropriate covariates for the clinical area and dependent 
variable of interest. Results for each occupational category were determined from a group-by-occupation 
interaction that was included in the model. 

Subpanel (c) of Table 9-3 reports summary statistics for analyses that assessed the association between 
the dependent variable and initial dioxin (Model 2) without adjusting for covariate information. Sample 
sizes are presented for low, medium, and high categories of initial dioxin. The numerical values defining 
these categories are specified in a table footnote. The number and percentage of Ranch Hands 
considered abnormal are presented for the low, medium, and high initial dioxin categories. Based on a 
logistic regression model, adjusted for percent body fat at the time of the blood measurement of dioxin, 
an estimated relative risk and its 95-percent confidence interval are reported. The p-value associated 
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with testing whether the relative risk was equal to 1.0 also is presented. The normal distribution was 
used to determine an approximate 95-percent confidence interval. The summary statistics that are 
reported were based on initial dioxin divided into three categories, whereas the relative risk, confidence 
interval, and p-value were based on log2 (initial dioxin) in its continuous form. 

Subpanel (d) of Table 9-3 reports summary statistics for analyses that assessed the association between 
the discrete dependent variable and initial dioxin (Model 2), adjusted for percent body fat at the time of 
the blood measurement of dioxin and covariate information. The sample size given is based on a 
multiple logistic regression of the discrete dependent variable on log2 (initial dioxin), percent body fat at 
the time of the blood measurement of dioxin, and covariates. Sample sizes for corresponding panels of 
unadjusted and adjusted analyses may differ because of missing covariate information. The adjusted 
relative risk for Iog2 (initial dioxin) and its associated 95-percent confidence interval are reported and are 
based on this multiple logistic regression model. The normal distribution was used to determine an 
approximate 95-percent confidence interval. The p-value for testing whether the relative risk was equal 
to 1.0 also is presented. 

Subpanels (e) and (f) of Table 9-3 show the results of unadjusted and adjusted Model 3 analyses that 
contrasted Ranch Hands having background, low, high, and low plus high dioxin levels with 
Comparisons having lipid-adjusted dioxin levels less than or equal to 10 ppt. The percentage of 
participants that were considered abnormal for the dependent variable of interest was contrasted between 
the four categories of Ranch Hands and Comparisons. The low and high Ranch Hand categories were 
determined by dividing all Ranch Hands with lipid-adjusted dioxin estimates greater than 10 ppt into two 
approximately equal-sized categories based on their initial dioxin estimate. The low plus high Ranch 
Hand category is a combination of the low and high Ranch Hand categories. The note at the bottom of 
the table subpanel defines the dioxin categories. The percentage of Ranch Hands in the low plus high 
category is a weighted average of the low Ranch Hand and high Ranch Hand categories, where the 
weights are based on the low category and high category sample sizes. Sample sizes for corresponding 
panels of unadjusted and adjusted analyses may differ because of missing covariate information. 

For the Model 3 unadjusted analysis in subpanel (e), the sample size and the number and percentage of 
participants considered abnormal is presented for each dioxin category. For the individual contrasts of 
the Ranch Hand categories versus Comparisons, an estimated relative risk, a 95-percent confidence 
interval for the relative risk, and a p-value associated with testing whether the risk was equal to 1.0 are 
presented. The relative risk, confidence interval, and p-value were determined from a logistic regression 
model, adjusted for percent body fat at the time of the blood measurement of dioxin. The normal 
distribution was used to determine an approximate 95-percent confidence interval. 

For the Model 3 adjusted analysis, subpanel (f) of the table presents an adjusted relative risk, a 95- 
percent confidence interval for the relative risk, and a p-value associated with testing whether the risk 
was equal to 1.0 for the individual contrasts of the Ranch Hand categories with Comparisons. The 
normal distribution was used to determine an approximate 95-percent confidence interval. 

Subpanels (g) and (h) of Table 9-3 present summary statistics from Model 4, which assessed the 
association between the dependent variable and 1987 dioxin. For the unadjusted analysis, the sample 
size and the number and percentage of participants considered abnormal is presented for each 1987 
dioxin category. The low, medium, and high categories were determined by dividing all Ranch Hands 
with 1987 dioxin levels into three approximately equal-sized categories. The numerical values defining 
these categories are specified in a table footnote. Based on a logistic regression model, an estimated 
relative risk and its 95-percent confidence interval are reported. The p-value associated with testing 
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whether the relative risk was equal to 1.0 also is presented. The normal distribution was used to 
determine an approximate 95-percent confidence interval. The summary statistics are reported for 1987 
dioxin divided into three categories, whereas the relative risk, confidence interval, and p-value were 
based on log2 (1987 dioxin + 1) in its continuous form. 

Incorporating covariate information, subpanel (h) reports summary statistics from analyses that assessed 
the association between the dichotomous dependent variable and 1987 dioxin. The sample size is 
presented for a multiple logistic regression of the discrete dependent variable on log2 (1987 dioxin + 1) 
including covariates in the final adjusted model. Sample sizes for corresponding panels of unadjusted 
and adjusted analyses may differ because of missing covariate information. Based on the multiple 
logistic regression model, the adjusted relative risk for log2 (1987 dioxin + 1) and its associated 95- 
percent confidence interval are reported. The normal distribution was used to determine an approximate 
95-percent confidence interval. The p-value for testing whether the relative risk was equal to 1.0 also is 
presented. 

7.6.1.2.2    Discrete Variable with More Than Two Categories 

Polytomous regression techniques were used to analyze discrete dependent variables having more than 
two levels (e.g., abnormal low, normal, abnormal high—see Table 15-4 in the Hematology Assessment 
chapter). Results were presented in a similar fashion to discrete variables with only two categories; 
however, the number and percentage of participants for each dependent variable category (including 
normal) are given. Therefore, the relative frequencies sum to 100 percent across the dependent variable 
categories and the number of participants in each of the dependent variable categories adds to the total 
number of participants in each exposure group or dioxin category. In addition, a relative risk, a 95- 
percent confidence interval, and a p-value were presented for each contrast with the normal level of the 
dependent variable (e.g., abnormal low versus normal and abnormal high versus normal). 

In Table 15-4, subpanels (a) and (b) display the results of unadjusted and adjusted Model 1 analyses that 
compared Ranch Hands and Comparisons on the relative frequencies of each abnormal level for a 
specified discrete dependent variable. For example, the percentage of participants with an abnormally 
high red blood cell count was contrasted to participants with a normal red blood cell count, and the 
percentage of participants with an abnormally low red blood cell count was contrasted to participants 
with a normal red blood cell count. Contrasts between Ranch Hands and Comparisons also are presented 
within each occupational category (i.e., officer, enlisted flyer, and enlisted groundcrew). For the 
unadjusted analysis in subpanel (a), a sample size is presented for each exposure group (Ranch Hand, 
Comparison) across all occupational categories and within each occupational category. The number and 
percentage of participants are presented for each level of the dependent variable for each group. For the 
contrasts of Ranch Hands versus Comparisons, an estimated relative risk, a 95-percent confidence 
interval for the relative risk, and a p-value associated with testing whether the risk was equal to 1.0 are 
presented for each contrast against the normal level of the dependent variable (e.g., abnormal low versus 
normal and abnormal high versus normal). The normal distribution was used to calculate an approximate 
95-percent confidence interval. Results for each occupational category were determined from the group- 
by-occupation interaction that was included in the model. 

For a Model 1 analysis adjusted for covariate information and shown in subpanel (b), the table presents 
an adjusted relative risk, a 95-percent confidence interval on the relative risk, and a p-value associated 
with testing whether the risk was equal to 1.0 for each occupational category and each contrast. The 
normal distribution was used to calculate an approximate 95-percent confidence interval. Results for 
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each occupational category were determined from the group-by-occupation interaction that was included 
in the model. 

Subpanels (c) and (d) of Table 15-4 summarize the unadjusted and adjusted Model 2 analyses relating 
discrete dependent variables having more than two categories to initial dioxin. Both unadjusted and 
adjusted analyses are adjusted for percent body fat at the time of the blood measurement of dioxin. In 
subpanel (c), the sample size and the number and percentage of Ranch Hands in each category of the 
dependent variable are presented for each initial dioxin category (i.e., low, medium, and high initial 
dioxin). The relative risk, the 95-percent confidence interval for the relative risk, and the p-value 
associated with testing whether the risk was equal to 1.0 are presented for each abnormal level of the 
dependent variable (e.g., abnormal low versus normal and abnormal high versus normal). The summary 
statistics that are reported were based on initial dioxin divided into three categories, whereas the relative 
risk, confidence interval, and p-value were based on log2 (initial dioxin) in its continuous form. 

In subpanel (d), after adjustment for covariate information, the sample size, the adjusted relative risk, the 
95-percent confidence interval for the relative risk, and the p-value associated with testing whether the 
risk was equal to 1.0 are presented for each abnormal level of the dependent variable. Sample sizes for 
corresponding panels of unadjusted and adjusted analyses may differ because of missing covariate 
information. 

Subpanels (e) and (f) of Table 15-4 present unadjusted and adjusted Model 3 analyses of categorized 
dioxin versus a discrete dependent variable having more than two categories. Both unadjusted and 
adjusted analyses are adjusted for percent body fat at the time of the blood measurement of dioxin. 
Results are presented in a similar fashion to the group analysis (Model 1), except that contrasts involve 
the four Ranch Hand categories (background, low, high, and low plus high) versus Comparisons, and 
contrasts are not performed for each occupation. For the unadjusted analysis, a sample size is presented 
for each dioxin category. The low plus high Ranch Hand category is a combination of the low and high 
Ranch Hand categories. The percentage of Ranch Hands in the low plus high category is a weighted 
average of the low Ranch Hand and high Ranch Hand categories, where the weights are based on the low 
category and high category sample sizes. Sample sizes for corresponding panels of unadjusted and 
adjusted analyses may differ because of missing covariate information. 

The number and percentage of participants for each level of the dependent variable are presented for each 
dioxin category in subpanel (e). For each contrast of a Ranch Hand category versus the Comparison 
group, an estimated relative risk, a 95-percent confidence interval for the relative risk, and a p-value 
associated with testing whether the risk was equal to 1.0 are presented. These results are given for each 
contrast against the normal level of the dependent variable (e.g., abnormal low versus normal and 
abnormal high versus normal). For an adjusted Model 3 analysis in subpanel (f), the table presents an 
adjusted relative risk, a 95-percent confidence interval on the relative risk, and a p-value for each contrast 
of Ranch Hands versus Comparisons for each abnormal level of the dependent variable. 

Similar to the polytomous regression analysis using initial dioxin, unadjusted and adjusted analyses of 
discrete dependent variables with more than two categories were performed using 1987 dioxin in Model 
4. In Table 15-4, summaries of the analyses are given in subpanels (g) and (h). For the unadjusted 
analysis in subpanel (g), sample sizes are presented for each 1987 dioxin category (i.e., low, medium, and 
high 1987 dioxin). The number and percentage of Ranch Hands for each dependent variable category for 
each 1987 dioxin category are presented. An estimated relative risk, a 95-percent confidence interval on 
the relative risk, and an associated contrast p-value are reported for each abnormal level of the dependent 
variable (e.g., abnormal low vs. normal and abnormal high vs. normal). The summary statistics that are 
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reported were based on 1987 dioxin divided into three categories, whereas the relative risk, confidence 
interval, and p-value were based on log2 (1987 dioxin + 1) in its continuous form. 

Adjusted analysis results in subpanel (h) include a total sample size, an adjusted relative risk, a 95- 
percent confidence interval on the relative risk, and an associated contrast p-value for each abnormal 
level of the dependent variable. Sample sizes for corresponding panels of unadjusted and adjusted 
analyses may differ because of missing covariate information. 

7.6.2    Longitudinal Analysis 

The results of the longitudinal analysis are displayed in subpanels within each table as specified in Table 
7-10. The specification of the subpanels is applicable whether the dependent variable is continuous or 
discrete. 

Table 7-10. Location of Table Results from Different Longitudinal Analysis Models 

1 Group a 
2 Initial Dioxinb b 

_3 Categorized Dioxina . c 

Ranch Hands and Comparisons. 
Ranch Hands only. 

Most of the longitudinal analyses in this report are based on a comparison of data from the 1982 baseline 
examination and the 1997 follow-up examination, and the discussion of tables below is based on the 
comparison of the 1982 and 1997 examinations. Some analyses, however, are based on a comparison of 
data from the 1985 follow-up examination and the 1997 follow-up examination (e.g., neurological 
indices in Chapter 11, Neurological Assessment, or Doppler pulses in Chapter 14, Cardiovascular 
Assessment). The 1985 follow-up examination data were used because of methodological differences in 
the measurements between the 1982 baseline examination and the 1985 follow-up examination, or 
because the measurement was not obtained at the 1982 baseline examination. In addition, spirometry 
measurements were not taken at the 1985 follow-up examination, and Doppler pulse measurements were 
not made at the 1987 follow-up examination; therefore, summary statistics based on data from the 
respective examinations are not provided for these variables. 

7.6.2.1     Continuous Variables 

Table 9-15 in the General Health Assessment chapter presents an example of a longitudinal analysis 
when the dependent variable was continuous. In subpanel (a), a mean and a sample size (n) are provided 
for all occupational categories combined and separately for each occupational category (i.e., officer, 
enlisted flyer, and enlisted groundcrew). The mean and sample size are provided for data from the 1982 
baseline examination and the 1985, 1987, 1992, and 1997 follow-up examinations. Summary statistics 
for the 1982 baseline examination and the 1997 follow-up examination were based on participants that 
attended both examinations. Summary statistics for the 1985, 1987, and 1992 follow-up examinations 
were based on participants that attended the 1982 baseline examination, the 1997 follow-up examination, 
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and the respective follow-up examination that was summarized. The summary statistics for the 1985, 
1987, and 1992 follow-up examinations are provided for reference purposes. If the dependent variable 
was transformed for the analysis, the means of the transformed values were converted to the original 
scale and the transformation is specified in a footnote. 

Subpanel (a) shows the Ranch Hand and Comparison difference in means between the 1997 follow-up 
examination and 1982 baseline examination. The Ranch Hand and Comparison difference in means 
between the 1997 follow-up examination and 1982 baseline examination is presented for all occupations 
combined and separately for each occupational category. The difference between Ranch Hands and 
Comparisons in the change between the 1997 follow-up examination mean and the 1982 baseline 
examination mean also is reported in subpanel (a). The p-value that was used to determine whether the 
difference in the examination mean change between Ranch Hands and Comparisons was equal to zero is 
given. This p-value was based on the difference in Ranch Hand and Comparison examination mean 
changes on the scale used for analysis. The p-value for each occupational category was determined using 
analysis of covariance techniques from a group-by-occupation interaction in the model. The longitudinal 
analysis performed in subpanel (a) was adjusted for the 1982 measurement of the dependent variable and 
age at the 1997 physical examination. 

Subpanel (b) of Table 9-15 reports summary statistics on the continuous dependent variable of interest. 
The sample size and mean of the dependent variable (transformed to the original units, if necessary) are 
presented for low, medium, and high categories of initial dioxin. The low, medium, and high categories 
were determined by dividing all Ranch Hands with initial dioxin estimates into three approximately 
equal-sized categories based on their initial dioxin estimate. The numerical values defining these 
categories are specified in the table subpanel footnote. The mean and sample size are provided for data 
from the 1982 baseline examination and the 1985, 1987, 1992, and 1997 follow-up examinations. 
Summary statistics for the 1982 baseline examination and the 1997 follow-up examination were based on 
participants that attended both examinations. Summary statistics for the 1985, 1987, and 1992 follow-up 
examinations were based on participants that attended the 1982 baseline examination, the 1997 follow-up 
examination, and the respective follow-up examination that was summarized. If the dependent variable 
was transformed for the analysis, the transformation is specified in a footnote. 

For each participant who attended both the 1982 and 1997 physical examinations, a difference between 
the dependent variable as measured at the 1997 follow-up examination and as measured at the 1982 
baseline examination was created. The difference in these two measurements was on the scale used for 
analysis. The association between the difference in the examination measurements and initial dioxin was 
determined and adjusted for the 1982 measurement of the dependent variable, age at the 1997 physical 
examination, and percent body fat at the time of the blood measurement of dioxin. The estimated slope, 
its associated standard error, and the p-value associated with testing whether the slope was equal to zero 
are reported in subpanel (b). If the dependent variable was transformed for the regression analysis, the 
transformation is identified in the footnote. The summary statistics that are reported were based on 
initial dioxin divided into three categories, whereas the slope, standard error, and p-value were based on 
log2 (initial dioxin) in its continuous form. 

Subpanel (c) of Table 9-15 shows the results of Model 3 analyses that contrasted the means of a 
continuous dependent variable for Ranch Hands with background, low, high, and low plus high dioxin 
levels with Comparisons having lipid-adjusted dioxin levels less than or equal to 10 ppt. The low and 
high Ranch Hand categories were determined by dividing all Ranch Hands with lipid-adjusted dioxin 
estimates greater than 10 ppt into two approximately equal-sized categories based on their initial dioxin 
estimate. The low plus high Ranch Hand category is a combination of the low and high categories. The 

7-29 



note at the bottom of the table subpanel defines the dioxin categories. The mean for the low plus high 
category is a weighted average (transformed to the original units, if necessary) of the low Ranch Hand 
and high Ranch Hand category means on the scale used for transformation, where the weights were based 
on the low and high Ranch Hand category sample sizes. 

In subpanel (c), a mean and a sample size are provided for all Ranch Hand and Comparison dioxin 
categories. The mean and sample size are provided for data from the 1982 baseline examination and the 
1985, 1987, 1992, and 1997 follow-up examinations. Summary statistics for the 1982 baseline 
examination and the 1997 follow-up examination were based on participants that attended the 1982 
baseline examination and the 1997 follow-up examination. Summary statistics for the 1985, 1987, and 
1992 follow-up examinations were based on participants that attended the 1982 baseline examination, the 
1997 follow-up examination, and the respective follow-up examination that was summarized. The 
summary statistics for the 1985, 1987, and 1992 follow-up examinations are provided for reference 
purposes. If the dependent variable was transformed for the analysis, the means of the transformed 
values were converted to the original scale and the transformation is specified in a footnote. 

Subpanel (c) shows the Ranch Hand and Comparison difference in dioxin category means between the 
1997 follow-up examination and 1982 baseline examination. The Ranch Hand and Comparison 
difference in dioxin category means between the 1997 follow-up examination and 1982 baseline 
examination is presented for all occupations combined and separately for each occupational category. 
The difference between Ranch Hands and Comparisons in the change between the 1997 follow-up 
examination mean and the 1982 baseline examination mean also is reported in subpanel (c). The p-value 
that was used to determine whether the difference in the examination mean change between the Ranch 
Hand dioxin category and Comparisons was equal to zero is given. This p-value was based on the 
difference in Ranch Hand and Comparison examination mean changes on the scale used for analysis. 
The p-value for each occupational category was determined using analysis of covariance techniques. The 
longitudinal analysis performed in subpanel (c) was adjusted for the 1982 measurement of the dependent 
variable, age at the 1997 physical examination, and percent body fat at the time of the blood 
measurement of dioxin. 

7.6.2.2    Discrete Variables with Two Categories 

Table 9-10 in the General Health Assessment chapter presents an example of the longitudinal analysis 
when the dependent variable was discrete and dichotomous. In subpanel (a), the number and percentage 
of participants defined as abnormal and a sample size (n) are provided for all occupational categories 
combined and separately for each occupational category (i.e., officer, enlisted flyer, and enlisted 
groundcrew). The summary statistics are provided for data from the 1982 baseline examination and the 
1985, 1987,1992, and 1997 follow-up examinations. Summary statistics for the 1982 baseline 
examination and the 1997 follow-up examination were based on participants that attended both 
examinations. Summary statistics for the 1985, 1987, and 1992 follow-up examinations were based on 
participants that attended the 1982 baseline examination, the 1997 follow-up examination, and the 
respective follow-up examination that was summarized. The summary statistics for the 1985, 1987, and 
1992 follow-up examinations are provided for reference purposes. 

Subpanel (a) also shows the number of Ranch Hands and Comparisons and the number and percentage of 
participants considered abnormal at the 1997 examination (the abnormal classification for self-perception 
of health in Table 9-10 is "fair or poor"). These summary statistics are presented for all occupations 
combined and separately for each occupational category, and are restricted to participants that were 
considered normal in 1982 (the normal classification for self-perception of health in Table 9-10 is 
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"excellent or good"). For the contrasts of Ranch Hands versus Comparisons, a relative risk, an 
associated 95 percent confidence interval on the relative risk, and a p-value for testing whether the risk 
was equal to 1.0 are presented. The normal distribution was used to calculate an approximate 95-percent 
confidence interval. Results for each occupational category were determined from the group-by- 
occupation interaction that was included in the logistic regression model. The longitudinal analysis 
performed in subpanel (a) was adjusted for age at the 1997 physical examination. 

Subpanel (b) of Table 9-10 reports the number and percentage of participants defined as abnormal and a 
sample size for low, medium, and high categories of initial dioxin. The low, medium, and high 
categories were determined by dividing all Ranch Hands with initial dioxin estimates into three 
approximately equal-sized categories based on their initial dioxin estimate. The numerical values 
defining these categories are specified in the table subpanel footnote. The summary statistics are 
provided for data from the 1982 baseline examination and the 1985, 1987, 1992, and 1997 follow-up 
examinations. Summary statistics for the 1982 baseline examination and the 1997 follow-up examination 
were based on participants that attended both examinations. Summary statistics for the 1985, 1987, and 
1992 follow-up examinations were based on participants that attended the 1982 baseline examination, the 
1997 follow-up examination, and the respective follow-up examination that was summarized. 

Based on a logistic regression model adjusted for age at the 1997 physical examination and percent body 
fat at the time of the blood measurement of dioxin, the association between the dichotomous dependent 
variable and initial dioxin was determined. The analysis was restricted to participants that were 
considered normal in 1982. The relative risk and its 95-percent confidence interval are reported in 
subpanel (b), along with the p-value associated with testing whether the relative risk was equal to 1.0. 
The summary statistics that are reported were based on initial dioxin divided into three categories, 
whereas the relative risk, confidence interval, and p-value were based on log2 (initial dioxin) in its 
continuous form. 

Subpanel (c) of Table 9-10, for example, shows the sample size and the number and percentage of 
participants considered abnormal for Ranch Hands with background, low, high, and low plus high dioxin 
levels and Comparisons having lipid-adjusted dioxin levels less than or equal to 10 ppt. The low and 
high Ranch Hand categories were determined by dividing all Ranch Hands with lipid-adjusted dioxin 
estimates greater than 10 ppt into two approximately equal-sized categories based on their initial dioxin 
estimate. The low plus high Ranch Hand category is a combination of the low and high categories. The 
note at the bottom of the table subpanel defines the dioxin categories. The percentage of Ranch Hands in 
the low plus high category is a weighted average of the low Ranch Hand and high Ranch Hand 
categories, where the weights are based on the low category and high category sample sizes. 

The summary statistics in subpanel (c) are provided for data from the 1982 baseline examination and the 
1985, 1987, 1992, and 1997 follow-up examinations. Summary statistics for the 1982 baseline 
examination and the 1997 follow-up examination were based on participants that attended both 
examinations. Summary statistics for the 1985, 1987, and 1992 follow-up examinations were based on 
participants that attended the 1982 baseline examination, the 1997 follow-up examination, and the 
respective follow-up examination that was summarized. 

Subpanel (c) also shows the number of Comparisons and Ranch Hands in each of the dioxin categories 
for the 1997 physical examination, and the number and percentage of participants considered abnormal at 
the 1997 examination. The analysis was restricted to participants that were considered normal in 1982. 
The relative risk and its 95-percent confidence interval are reported, along with the p-value associated 
with testing whether the relative risk was equal to 1.0. The normal distribution was used to calculate an 
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approximate 95-percent confidence interval. The longitudinal analysis was based on a logistic regression 
model and was adjusted for age at the 1997 physical examination and percent body fat at the time of the 
blood measurement of dioxin. 

7.6.2.2 J    Discrete Variable with More Than Two Categories 

An example of a longitudinal analysis on a discrete variable with more than two categories is provided in 
Table 15-26 in the Hematology Assessment chapter. The statistics provided in this table are identical to 
the statistics provided for a discrete variable with two categories (e.g., Table 9-10). The tables for a 
discrete variable with more than two categories have a separate subpanel for each abnormal level of the 
dependent variable. For example, in Table 15-26, platelet count has three levels: abnormal low, normal, 
and abnormal high. Subpanels (al), (bl), and (cl) contrast abnormal low levels of platelet count with 
normal levels for Models 1, 2, and 3, respectively. Subpanels (a2), (b2), and (c2) contrast abnormal high 
levels of platelet count with normal levels for Models 1, 2, and 3, respectively. As with the longitudinal 
analysis on a dichotomous dependent variable, analyses are restricted to participants that were normal in 
1982. 
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8     COVARIATE ASSOCIATIONS WITH ESTIMATES OF DIOXIN EXPOSURE 

8.1      INTRODUCTION 

The associations between the covariates used throughout this report and four estimates of dioxin 
exposure are evaluated in this chapter. The purpose of studying these associations was to determine if 
these covariates, which have been determined to be associated with one or more of the health endpoints 
considered in this study, were associated with an estimate of dioxin exposure, and, therefore, could 
potentially be confounding variables in subsequent statistical analyses in this report. These covariates 
and estimates of dioxin exposure are used extensively in the statistical analyses in Chapters 9 through 18. 
Specific definitions of the covariates are contained in these chapters. The results contained in this 
chapter are associations and should not be interpreted as indicating causal relations between the estimates 
of dioxin exposure and covariate levels. 

In previous reports, the relations between the covariate and the estimates of dioxin exposure were not 
adjusted for other covariates, but some of the relations may have been confounded with military 
occupation. In this report, the unadjusted relations between dioxin exposure and all covariates were 
evaluated, as well as the relations when military occupation was considered. Consequently, for each 
association between a covariate and either group or dioxin, analyses unadjusted and adjusted for military 
occupation were performed. 

Four models were examined for each covariate. Additional details regarding dioxin measurements are 
given in Chapter 2, Dioxin Assay, and Chapter 7, Statistical Methods. Model 1 examined the relation of 
an individual covariate with group (Ranch Hand or Comparison). In this model, exposure was defined as 
"yes" for Ranch Hands and "no" for Comparisons without regard to the magnitude of the exposure. 
Model 2 explored the relation between the covariate and an extrapolated initial dioxin measure for Ranch 
Hands who had a 1987 dioxin measurement greater than 10 parts per trillion (ppt). If a participant did 
not have a 1987 dioxin level, the 1992 level was used to estimate the initial dioxin level. If a participant 
did not have a 1987 or a 1992 dioxin level, the 1997 level was used to estimate the initial dioxin level. 

Model 3 divided the Ranch Hands examined in Model 2 into two categories based on their initial dioxin 
measures. These two categories are referred to in the tables as "Low Ranch Hand" if the initial dioxin 
level was greater than 10 ppt and less than or equal to 94 ppt and "High Ranch Hand" if the initial dioxin 
level was greater than 94 ppt. Two additional categories, Ranch Hands with 1987 serum dioxin levels at 
or below 10 ppt and Comparisons with 1987 serum dioxin levels at or below 10 ppt, were created. Ranch 
Hands with 1987 serum dioxin levels at or below 10 ppt are referred to in the tables as the "Background 
Ranch Hand" category. Dioxin levels in 1992 were used if the 1987 level was not available, and dioxin 
levels in 1997 were used if the 1987 and 1992 levels were not available. Comparisons with 1987 dioxin 
levels greater than 10 ppt were excluded. Covariate means or covariate category percentages in the three 
Ranch Hand categories and the Comparison category were contrasted. 

Model 4 examined the relation between the covariate and 1987 dioxin levels in all Ranch Hands with a 
dioxin measurement. If a participant did not have a 1987 dioxin measurement, the 1992 measurement 
was used in determining the dioxin level. If a participant did not have a 1987 or a 1992 dioxin 
measurement, the 1997 measurement was used in determining the dioxin level. 

The summary statistics listed in the tables in this chapter are percentages, correlation coefficients (r), or 
means. For Models 1 and 3, if a covariate is discrete, the percentage of participants in each of the Ranch 



Hand or Comparison categories is shown for each of the covariate categories. If a covariate is 
continuous, the mean of the covariate is given for each Ranch Hand and Comparison category. Because 
the measure of dioxin is continuous for the analyses of Models 2 and 4, if a covariate is also continuous, 
a correlation coefficient between initial dioxin and the covariate is provided. If a covariate is discrete, 
dioxin means for each of the covariate categories are displayed. Consistent with the methodology used in 
each of the clinical chapters, the means presented in the tables were transformed from the logarithmic 
(base 2) scale for initial dioxin in Model 2, and from the (log2 (X+l)) scale for 1987 dioxin in Model 4. 

8.2      MATCHING DEMOGRAPHIC VARIABLES (AGE, RACE, AND MILITARY OCCUPATION) 

Age, race, and military occupation were used in the design of the Air Force Health Study to match Ranch 
Hand participants with Comparisons to reduce the association between these variables and group status. 
It was impossible, however, to eliminate the possible confounding effect of these variables with serum 
dioxin in Models 2 through 4 through study design. Results of tests of association between age, race, and 
military occupation and the four estimates of dioxin exposure are given in Table 8-1. 

Examining the association between age and dioxin revealed significant relations in the unadjusted 
analyses of Models 2, 3, and 4 for age in its continuous form (p<0.001 for each model). After adjusting 
for military occupation, however, the association was not significant in Models 2 or 4 (p=0.266 and 
p=0.564, respectively) but was significant in Model 3 (p=0.016). The highest mean age (60.0 years) was 
observed in the low Ranch Hand dioxin category, and youngest average age was observed for Ranch 
Hands in the high dioxin category, with a mean age of 55.8 years. 

Dichotomized age (i.e., born before 1942, born in or after 1942) showed a significant relation (p<0.001) 
with dioxin exposure in Models 2, 3, and 4. When the relation was adjusted for military occupation, 
however, it was not significant in any of these models (p>0.07 for all three models). 

Marginally significant unadjusted associations were observed between race and dioxin levels in Models 2 
and 3 (p=0.054 and p=0.089, respectively). The unadjusted association in Model 4 was not significant 
(p=0.587). These effects were significant for Models 2, 3, and 4, however, when adjusting for military 
occupation (p<0.001, p=0.015, and p=0.002, respectively). Blacks had lower mean initial and 1987 
dioxin levels than did non-Blacks in Models 2 and 4. In Model 3, the percentage of Blacks varied among 
Comparisons (5.8%), Ranch Hands in the background dioxin category (5.0%), Ranch Hands in the low 
dioxin category (9.6%), and Ranch Hands in the high dioxin category (5.4%). 

Similar to the relation between age and dioxin, a significant association was found between military 
occupation and dioxin in Models 2, 3, and 4 (p<0.001 for each model). In Models 2 and 4, the mean 
dioxin levels were lowest among officers, followed by enlisted flyers and enlisted groundcrew. As 
expected, the percentages of officers, enlisted flyers, and enlisted groundcrew were similar between 
Ranch Hands and Comparisons in Model 1 (p=0.302), but the percentages varied considerably among the 
three Ranch Hand dioxin categories in Model 3. In Model 3, 61.4 percent of Ranch Hands in the 
background dioxin category were officers, but only 40.2 percent of Ranch Hands in the low dioxin 
category and 2.9 percent of Ranch Hands in the high dioxin category were officers. 
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8.3     ALCOHOL USE 

Results of tests of association between alcohol use and the estimates of dioxin exposure are shown in 
Table 8-2. No significant association was found between dioxin and current alcohol use for Models 2, 3, 
and 4 using the discrete or the continuous form of alcohol use for unadjusted or adjusted analyses 
(p>0.19 for all analyses). Model 1 analyses showed a significant association between the discrete form 
of current alcohol use and group (p=0.040, unadjusted; p=0.037, adjusted). A greater percentage of 
Comparisons than Ranch Hands were light and heavy current drinkers (in terms of drinks per day), 
whereas a greater percentage of Ranch Hands than Comparisons were moderate current drinkers. 

The adjusted and unadjusted associations between lifetime alcohol history and dioxin exposure were not 
significant in Models 1, 3, and 4 for either the continuous or discrete forms of alcohol history. Model 2 
showed a significant association between lifetime alcohol history and initial dioxin in the adjusted model 
of the continuous form (p=0.041) and a marginally significant association with the discrete form 
(p=0.078). 

Statistically significant and marginally significant associations were found in the unadjusted analysis of 
dioxin and current wine use for Model 2 (p=0.038, continuous; p=0,004, discrete), Model 3 (p<0.001 for 
both continuous and discrete), and Model 4 (p<0.001 for both continuous and discrete). None of these 
associations, however, was significant when the models were adjusted for military occupation (p>0.63 
for all analyses). 

Lifetime wine history, in the continuous form, differed significantly between Ranch Hands and 
Comparisons (p=0.028, unadjusted; p=0.022, adjusted for military occupation) and was marginally 
significant in the discrete form (p=0.082, unadjusted). Ranch Hands had a higher mean wine-years than 
Comparisons (3.86 wine-years vs. 3.03 wine-years), but a greater percentage of Comparisons than Ranch 
Hands (73.4% vs. 69.9%) had a history of wine use. Lifetime wine history showed significant inverse 
associations with dioxin in the unadjusted Model 2 (p<0.001 for continuous and discrete forms) and 
Model 4 (p<0.001 for continuous and discrete forms) analyses. When adjusting for military occupation, 
the associations between lifetime wine history and dioxin levels were no longer statistically significant 
(p>0.12 for all analyses). In Model 3, the unadjusted association between lifetime wine history and 
dioxin levels was significant (p<0.001 for the continuous and discrete forms of lifetime wine history). 
These results were marginally significant when adjusting for military occupation (p=0.076, continuous; 
p=0.061, discrete). The mean wine-years for Comparisons, Ranch Hands in the background dioxin 
category, Ranch Hands in the low dioxin category, and Ranch Hands in the high dioxin category for 
Model 3 were 3.07,4.80,4.55, and 1.73, respectively. 

8.4      CIGARETTE SMOKING 

Results of tests of association between cigarette smoking and the estimates of dioxin exposure are given 
in Table 8-3. No significant associations were observed between both current or lifetime cigarette 
smoking and group in Model 1 for adjusted or unadjusted analyses (p>0.31 for all analyses). No 
significant associations between the cigarette smoking covariates and initial dioxin were observed in 
Model 2 analyses (p>0.20 for all analyses). In Models 3 and 4, the unadjusted analyses showed no 
significant association between dioxin levels and current cigarette smoking or lifetime smoking habits 
(p>0.17 for all analyses); however, when adjusting for military occupation in Model 4, both the 
continuous and discrete forms of current and lifetime smoking showed significant associations with 1987 
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Table 8-2. Associations Between Alcohol Use and Estimates of Herbicide or Dioxin Exposure 

■■,.,,, Covariate  ■■ ' 
Covariate 
Category 

^■:z'r-Y-M$$&l w.:::;:::/./  '.^::;y:Mo del 2--.U-,/ 
jp-Value: 

Unadjusted 
Ranch Hand 

Mean or n (%) 

Comparison 

!• Mfan;<>r n (%%.'* 

p-Value: 
Unadjusted 

'.' :..p-Value:/ - 
Adjusted1 

Initial Dioxin (ppt) 
Correlation or Mean (n) 

': p-Value: 
Adjusted2 

Current Alcohol Use 
(drinks/day) n 869 1,251 482 

(continuous) x = 0.68 x = 0.72 0.553 0.515 r=-0.058 0.207 0.793 

(discrete) 0-1 

>l-4 

684 (78.7) 

170 (19.6) 

1,015(81.1) 

201 (16.1) 

0.040 0.037 x= 111.5 (n=385) 

x= 100.4  (n=89) 

0.593 0.853 

>4 15   (1.7) 35   (2.8) x = 98.8    (n=8) 

-J Lifetime Alcohol 
History (drink-years) n 864 1,249 479 

(continuous) x = 36.9 x = 37.0 0.970 0.918 r=0.074 0.104 0.041 

(discrete) 0 

>0-40 

>40 

54   (6.3) 

568 (65.7) 

242 (28.0) 

64  (5.1) 

811 (64.9) 

374 (29.9) 

0.393 0.349 x= 143.2  (n=34) 

x= 106.8 (n=307) 

x= 106.8 (n=138) 

0.198 0.078 



















dioxin (p=0.039 for lifetime cigarette smoking in its continuous form; p<0.001 for all other analyses). 
The mean 1987 dioxin for those participants with more than 10 pack-years was lower (13.3 ppt) than 
participants with no smoking history (14.5 ppt) or smokers with no more than 10 pack-years (14.8 ppt). 
The adjusted analysis of Model 3 showed marginally significant results for the discrete forms of current 
smoking habits (p=0.090) and lifetime smoking history (p=0.067). 

8.5      EXPOSURE TO CARCINOGENS 

Results of tests of association between reported exposure to ionizing radiation, industrial chemicals, 
herbicides, insecticides, and degreasing chemicals and the estimates of dioxin exposure are presented in 
Table 8-4. These variables were constructed based on responses given by participants and were intended 
to indicate only post-Southeast Asia (SEA) exposures to these suspected carcinogens. 

The association between reported degreasing chemical exposure and dioxin was significant in the 
analysis of Models 2, 3, and 4 (p<0.001 for each model); however, after adjusting for military 
occupation, the association between reported degreasing chemical exposure and dioxin levels was not 
significant in any of those three models (p>0.27 for all analyses). 

Significant associations between group or dioxin levels and reported exposure to herbicides were 
revealed in Models 1, 3, and 4 (p<0.001, p<0.001, p=0.013, respectively). These associations were 
significant after adjustment for military occupation (p<0.001 for all analyses). In Model 1, more Ranch 
Hands (96.9%) than Comparisons (40.9%) reported herbicide exposure. Model 3 analyses showed a 
similar relation between Ranch Hands and Comparisons. In Model 4, Ranch Hands who reported 
exposure to herbicides had a mean 1987 dioxin level of 14.2 ppt, as compared to a mean 1987 dioxin 
level of 8.2 ppt for Ranch Hands who did not report exposure to herbicides. In Model 2, unadjusted and 
adjusted analysis showed no significant association between reported herbicide exposure and initial 
dioxin levels (p>0.39 for both analyses). 

The association between industrial chemical exposure and dioxin was significant in the analysis of 
Models 2, 3, and 4 (p=0.030 for Model 2 and p<0.001 for Models 3 and 4); however, after adjusting for 
military occupation, these associations were no longer significant (p>0.46 for all analyses). Participants 
who reported exposure to industrial chemicals had higher mean dioxin levels in Models 2 and 4 than 
those participants who did not report exposure. In Model 3, the percentage of Ranch Hands reporting 
exposure to industrial chemicals increased with increasing dioxin levels. For Ranch Hands in the 
background dioxin category, 52.5 percent of participants reported exposure to industrial chemicals. For 
Ranch Hands in the low dioxin category, 65.7 percent reported exposure to industrial chemicals. For 
Ranch Hands in the high dioxin category, 74.5 percent reported exposure to industrial chemicals. 

Significant associations were observed between insecticide exposure and group in Model 1 (p<0.001, 
unadjusted and adjusted), as well as between insecticide exposure and categorized dioxin in Model 3 
(p<0.001, unadjusted and adjusted). In Model 1, 80.5 percent of Ranch Hands and 63.9 percent of 
Comparisons were exposed to insecticides. In Model 3, the percentage of participants exposed to 
insecticides was 64.0 among Comparisons, 79.5 among Ranch Hands in the background dioxin category, 
82.0 among Ranch Hands in the low dioxin category, and 80.3 among Ranch Hands in the high dioxin 
category. 
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The Models 1 and 3 analyses showed significant associations between group and exposure to ionizing 
radiation for unadjusted and adjusted analysis. A significant difference between the percentage of 
participants who have been exposed to ionizing radiation was seen between Ranch Hands (22.3%) and 
Comparisons (27.5%) in Model 1 (p=0.008, unadjusted; p=0.005, adjusted). In Model 3, a significant 
difference in the percentage of participants who were exposed to ionizing radiation was seen among 
Comparisons (27.5%), Ranch Hands in the background dioxin category (21.5%), Ranch Hands in the low 
dioxin category (26.4%), and Ranch Hands in the high dioxin category (18.9%) (p=0.010, unadjusted; 
p=0.013, adjusted, for military occupation). No significant associations were seen between mean initial 
or 1987 dioxin levels and ionizing radiation exposure in Models 2 and 4 in the adjusted or unadjusted 
models (p>0.10 for all analyses). 

8.6      HEALTH VARIABLES 

Results of tests of association between numerous measures related to a participant's health and the 
estimates of dioxin exposure are presented in Table 8-5. In Model 1 analyses, both unadjusted and 
adjusted for military occupation, all associations between health variables and group were nonsignificant 
(p>0.22 for all analyses). 

Statistically significant associations were found between the continuous and discrete forms of the body 
fat measurement and dioxin for Model 3 (p<0.001) and Model 4 (p<0.001) for both unadjusted and 
adjusted analyses. In Model 3, the mean body fat was 22.9 percent for Comparisons, 21.2 percent for 
Ranch Hands in the background dioxin category, 23.8 percent for Ranch Hands in the low dioxin 
category, and 24.3 percent for Ranch Hands in the high dioxin category. The association between body 
fat and 1987 dioxin was positive. For the continuous form of the body fat measurement, the unadjusted 
Model 2 analysis showed no significant association with initial dioxin (p=0.106); however, the results 
adjusted for military occupation were statistically significant (p=0.048), with a positive association 
between body fat and initial dioxin. 

The association between the continuous form of cholesterol and initial dioxin was significant for Model 2 
in the unadjusted analysis (p=0.005) and in the analysis adjusted for military occupation (p=0.042). 
Cholesterol increased as initial dioxin increased. The association between cholesterol and dioxin levels 
was significant or marginally significant in both the continuous and discrete forms for Models 3 and 4. 
When the analysis was adjusted for military occupation, the association was no longer significant in 
Model 3 (p=0.176, continuous; p=0.293, discrete). The positive association between cholesterol and 
1987 dioxin based on the adjusted Model 4 analysis was marginally significant for the continuous form 
of cholesterol (p=0.099) and nonsignificant for the discrete form of Model 4 (p=0.446). 

High-density lipoprotein (HDL) cholesterol in its continuous form showed significant or marginally 
significant associations with dioxin in Model 2 (p=0.065), Model 3 (p=0.002), and Model 4 (p<0.001). 
When adjusting for military occupation, the association became nonsignificant in Model 2 (p=0.274) and 
Model 3 (p=0.188). The adjusted association remained significant in Model 4 (p=0.013), with HDL 
levels decreasing as the mean dioxin levels increased. Stratifying participants into less than or equal to 
35 mg/dl HDL or greater than 35 mg/dl HDL revealed no significant associations with dioxin levels in 
Models 2 through 4 for the adjusted or unadjusted analyses (p>0.18 for all analyses). 
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Table 8-5. Associations Between Health Variables and Estimates of Herbicide or Dioxin Exposure 

Model l Model 2 

to 

Govarlate | 

Body Fat 
(percent) 

(continuous) 

(discrete) 

Cholesterol 
(mg/dl) 

(continuous) 

(discrete) 

HDL (mg/dl) 

(continuous) 

(discrete) 

Covariate Ranch Hand . > Comparison p« Value: p-Value: Initial .Dioxin (ppt) p-Value: p-Value: 
Category Meanor n(%) Meanorn(%) Unadjusted Adjusted3 Correlation or Mean (n). Unadjusted Adjusted" 

n 870 1,251 482 

x = 22.8 x = 23.0 0.544 0.580 r=0.074 0.106 0.048 
Lean or 
Normal 
(<25%) 626 (72.0) 875 (69.9) 0.341 0.338 x= 109.2 (n=314) 0.989 0.952 
Obese 
(>25%) 244 (28.0) 376 (30.1) x= 109.1 (n=168) 

n 870 1,251 482 

x = 212.6 x = 213.2 0.745 0.705 r=0.129 0.005 0.042 

0-200 336 (38.6) 467 (37.3) 0.753 0.714 x = 100.3 (n=175) 0.211 0.520 

>200-239 345 (39.7) 516(41.3) x= 110.5 (n=190) 

>239 189 (21.7) 268 (21.4) x= 121.4 (n=l 17) 

n 869 1,250 481 

x = 46.6 x = 46.4 0.679 0.688 r=-0.084 0.065 0.274 

0-35 164 (18.9) 210 (16.8) 0.241 0.221 x= 108.2 (n=100) 0.898 0.270 

>35 705(81.1) 1,040 (83.2) x= 109.7 (n=381) 



Table 8-5.   Associations Between Health Variables and Estimates of Herbicide or Dioxin Exposure (Continued) 

mäm 

00 

to 

Covariate f-\ 

Cholesterol- 
HDL Ratio 

(continuous) 

(discrete) 

; Covariate! 
Category 

0-5 

>5 

Physical 
Activity Index     n 

Sedentary 

Moderate 

Very Active 

Diabetic Classb    n 

Normal 

Impaired 

Diabetic 

Family History 
of Diabetes n 

Yes 

No 

RauchHand 

869 

x = 4.85 

510 (58.7) 

359 (41.3) 

864 

475 (55.0) 

157 (18.2) 

232 (26.9) 

861 

601 (69.8) 

113(13.1) 

147(17.1) 

863 

221 (25.6) 

642 (74.4) 

Comparison p-Value: p-Value: Initial Dioxin (ppt) p-Valne: p-Value: 
Mearior n(%) Unadjusted Adjusted3 Correlation or Mean (n) Unadjusted Adjusted" 

1,250 481 

1 = 4.85 0.961 0.945 r=0.143 0.002 0.100 

738 (59.0) 0.907 0.847 x = 95.5(n=263) <0.001 0.038 

512(41.0) x= 128.8 (n=218) 

1,243 480 

646 (52.0) 0.256 0.265 x= 121.1 (n=268) 0.001 0.022 

259 (20.8) x= 115.3   (n=86) 

338 (27.2) x = 84.5(n=126) 

1,233 0.997 0.999 477 0.135 0.004 

862 (69.9) x = 106.5 (n=303) 

161 (13.1) x = 98.4  (n=66) 

210 (17.0) x= 127.0 (n=108) 

1,239 478 

338 (27.3) 0.422 0.387 x = 116.4 (n=133) 0.368 0.353 

901 (72.7) x= 107.0 (n=345) 



Table 8-5.   Associations Between Health Variables and Estimates of Herbicide or Dioxin Exposure (Continued) 

lliiSiBiMlÄSiS^ 

Covariate 

 ^^____ ■    -:.'■-.-■"■-■■'     - 1        :.■,..."    ■■       Mbdel-2-        . \ . 

Covariate Ranch Hand Comparison p-Value: p-Value:    I      Initial Dioxin (ppt) p-Value: p-Value: 
Category /Mean. or. n (%)       Mean or n (%)       Unadjusted      Adjusted11      Correlation or Meau (n)     Unadiusted       Adiusteds 

Family History 
of Heart 
Disease n 860 1,245 477 

Yes 526 (61.2) 756 (60.7) 0.875 0.812 x= 111.6 (n=292) 0.599 0.429 

No 334 (38.8) 489 (39.3) x= 106.7 (n=185) 

Family History 
of Heart 
Disease Before 
Age 45 n 848 1,229 471 

Yes 107 (12.6) 146(11.9) 0.662 0.617 x= 124.2  (n=63) 0.266 0.876 

No 741 (87.4) 1,083(88.1) x = 108.2 (n=408) 

Currently 
Taking Blood 
Pressure 
Medication n 870 1,251 482 

Yes 265 (30.5) 364(29.1) 0.530 0.544 x= 107.1 (n=161) .   0.748 0.838 

No 605 (69.5) 887 (70.9) x= 110.2 (n=321) 



Table 8-5.   Associations Between Health 

Covariate 

Body Fat 
(percent) 

(continuous) 

(discrete) 

Variables and Estimates of Herbicide or Dioxin Exposure (Continued) 

__, ~—r—:,.       .     —— 

p-Vallie: . p-Value: 

^Unadjusted. Adjusted5; 

^    ^Background -1 t      '■■■:. '-'Low ■■~,,l .'"■"] |i||l|||iii|i!|] 
"  Covariale   .'    j •    Comparison   i Ranch Hand  ! Ranch Hand Ranch Handj 

■ Category   ''.-'..I -Mean or n.'(%)'\ 

1,213 

Mean or n(%) Mean or w (%) Meanor n(%; 

n 381 239 243 

x = 22.9 x = 21.2 x = 23.8 x = 24.3 
Lean or Normal 

(£25%) 852 (70.2) 308 (80.8) 154 (64.4) 160 (65.8) 
Obese (>25%) 361 (29.8) 73 (19.2) 85 (35.6) 83 (34.2) 

<0.001 

<0.001 

<0.001 

<0.001 

oo 
to 
ON 

Cholesterol 
(mg/dl) 

(continuous) 

(discrete) 

(continuous) 

(discrete) 

0-200 

>200-239 
>239 

HDL (mg/dl)       n 

0-35 

>35. 

1,213 381 239 243 

x = 213.2 x = 210.4 x = 210.3 x = 218.4 
451 (37.2) 159(41.7) 94 (39.3) 81 (33.3) 
502(41.4) 151 (39.6) 97 (40.6) 93 (38.3) 
260(21.4) 71 (18.6) 48(20.1) 69 (28.4) 

1,212 381 238 243 

x = 46.3 x = 48.0 x = 46.8 x = 44.1 
207(17.1) 62 (16.3) 49 (20.6) 51 (21.0) 

1,005 (82.9) 319(83.7) 189 (79.4) 192 (79.0) 

0.045 
0.097 

0.002 
0.262 

0.176 

0.293 

0.188 
0.585 

Cholesterol- 
HDL Ratio 1,212 381 238 243 

(continuous) 
(discrete) 0-5 

>5 

x = 4.86 x = 4.68 x = 4.77 x = 5.18 
713 (58.8) 244 (64.0) 152 (63.9) 111(45.7) 
499 (41.2) 137 (36.0) 86(36.1) 132 (54.3) 

<0.001 
<0.001 

0.103 
0.028 



to 
o 

Table 8-5,   Associations Between Health Variables and Estimates of Herbicide or Dioxin Exposure (Continued) 

Covariate 

: Covariate 
Gateeoirv 

Physical 
Activity Index     n 

Sedentary 

Moderate 

Very Active 

Diabetic Class 

Family History 
of Diabetes 

Family History 
of Heart 
Disease 

Family History 
of Heart 
Disease Before 
Age 45 

n 

Normal 

Impaired 
Diabetic 

n 

Yes 
No 

Yes 

No 

Yes 

No 

; Comparison! 
;Meanorh(% 

1,205 

623(51.7) 
255 (21.2) 

327 (27.1) 

1,196 

841 (70.3) 

155 (13.0) 

200(16.7) 

1,201 

321 (26.7) 

880 (73.3) 

1,207 

729 (60.4) 

478 (39.6) 

Background 
Ranch Hand 

Mean.or nX%| 

377 

200(53.1) 

71 (18.8) 

106(28.1) 

379 

295(77.8) 
47 (12.4) 
37   (9.8) 

378 

87 (23.0) 
291 (77.0) 

376 

230(61.2) 
146 (38.8) 

Ranch Hand] 
Mean or nC^1 

238 

121 (50.8) 

41 (17.2) 

76 (31.9) 

236 

151 (64.0) 

35 (14.8) 
50 (21.2) 

236 

58 (24.6) 
178 (75.4) 

235 

141 (60.0) 

94 (40.0) 

1,192 370 230 
137(11.5) 44(11.9) 24 (10.4) 

1,055(88.5) 326(88.1) 206 (89.6) 

; .High 
I Ranch Hand 
MeaiLor n (%' 

242 

147 (60.7) 

45 (18.6) 

50(20.7) 

241 

152(63.1) 

31 (12.9) 
58(24.1) 

242 

75 (31.0) 
167 (69.0) 

242 

151 (62.4) 
91 (37.6) 

241 

39 (16.2) 

202 (83.8) 

P« Value: ■! 

Unadjusted: 

0.075 

<0.001 

0.149 

0.936 

0.186 

p-Value: 
Adjusted' 

0.309 

<0.001 

0.761 

0.565 

0.444 



Table 8-5,   Associations Between Health Variables and Estimates of Herbicide or Dioxin Exposure (Continued) 

00 

to 
oo 

Mc ̂ m^ggggwMi 
Background] ;lllllil|fil|i - SSISill 

l. 1 w$ jvariaite    .;] '■"'-, Comparison Ranch Hand Ranch Hand] Ranch Hand "■■.".  p-Value: p-Value: 
f^SM^is^SS ©Sfi@ ategory ,: '■.■] Mean oi* n .'(%)■] Meanor n(%)  i Meanörn(%) :':'■Mcahbrn(%) iSIISft^^fi^Ä'IJii illlilBiiiiSiSiilll 

Currently 
Taking Blood 
Pressure 
Medication n 1,213 381 239 243 

Yes 353 (29.1) 99 (26.0) 77 (32.2) 84 (34.6) 0.102 0.070 
No 860 (70.9) 282 (74.0) 162 (67.8) 159 (65.4) 



Table 8-5.   Associations Between Health Variables and Estimates of Herbicide or Dioxin Exposure (Continued) 

r'-'-vv,;...;';Moiiei;.4., ;>;--:■.' 

'■■■■'.I'■■■'... "' ■*'Cö'Variate■ ÜS^^^l^^8^^^l^i^§| ifi^^i^P^il^^^^aSli-ilii ̂ ^^^^S^SI^^^^^^^^i 
Co'vat iafe '■■' IIBIBS5i^^!l^llliS-i Correlation or Meaii (n) ^i^^^pä§äj®B^^^^til^ ̂ S^^^^iS^lllflflpll? 

Body Fat (percent) 

(continuous) 

n 863 

r=0.257 

(discrete) Lean or Normal (£25%) x=12.6(n=622) 

Obese (>25%) x=18.4(n=241) 

Cholesterol (mg/dl) 

(continuous) 

n 863 
r=0.097 

00 

to (discrete) 0-200 

>200-239 

x = 12.7(n=334) 

x=14.1(n=341) 

>239 x= 16.4 (n=188) 

HDL (mg/dl) 

(continuous) 

n 862 

r=-0.131 

(discrete) 0-35 x=15.5(n=162) 

>35 x=13.7(n=700) 

Cholesterol-HDL 
Ratio n 862 

(continuous) r=0.152 

(discrete) 0-5 x = 12.2 (n=507) 

>5 x = 16.9(n=355) 

<0.001 

<0.001 

0.004 

0.040 

<0.001 

0.188 

<0.001 

<0.001 

<0.001 

<0.001 

0.099 

0.446 

0.013 

0.621 

0.021 

0.010 



Table S-5.   Associations Between Health Variables and Estimates of Herbicide or Dioxin Exposure (Continued) 

|1I1|||Ä||1J1 
l;l^S^ä^^äl^]KS§-l"l.^ - .   1987 Dioxin (ppt) |?Sf^MSÜ3Siii^i 

:/fW-rS;^i^^fflil8^^S^ WS^&M^M^^^^MiäM Correlation or Mean (n) Unadjusted; 

Physical Activity 
Index n 857 

Sedentary x=15.1 (n=468) 0.026 

Moderate x=14.5(n=157) 

Very Active x= 11.9 (it=232) 

Diabetic Class5 n 856 <0.001 

00 
1 Normal x=12.7(n=598) 
o 

Impaired 

Diabetic 

x=13.9(n=113) 

x = 21.2(n=145) 

Family History of 
Diabetes n 

Yes 

No 

856 

x=15.8(n=220) 

x = 13.5(n=636) 

0.065 

Family History of 
Heart Disease n 853 

Yes x=14.3(n=522) 0.580 

No x = 13.7(n=331) 

p-Vahie: 
Adjusted3 

0.408 

<0.001 

0.198 

0.177 



Table 8-5.   Associations Between Health Variables and Estimates of Herbicide or Dioxin Exposure (Continued) 

|^1^HSiMi:P&-i 
^^^^^0§^ß^m, ,!,.-::;:;-!,-;--■;-;;-;-- 

lilljl» ll^lll^^l^iäl^Ä^lfilPS lllSlSSillSiÄwIlBii-l 
i^iäfSSlSi^iÄ^^SKpvS il^SiSölllSSi 1I111SII BIISSlSBä^^tt^fiÄl^i^^'S^i! lllllllliyt^ 

Family History of 
Heart Disease Before 
Age 45 n 841 

Yes x=16.3(n=107) 0.148 0.979 

No x=13.8(n=734) 

Currently Taking 
Blood Pressure 
Medication n 863 

LO Yes 

No 

x=15.6(n=260) 

x=13.3(n=603) 

0.057 0.013 

Adjusted for occupation. 
Diabetic Class:  Normal: <140 mg/dl 2-hour postprandial glucose 

Impaired: >140-<200 mg/dl 2-hour postprandial glucose 
Diabetic: Verified past history of diabetes or >200 mg/dl 2-hour postprandial glucose. 

Note: Means for discrete covariates were transformed from the logarithmic (base 2) scale for initial dioxin in Model 2 and from the (log2 (X+l)) 
scale for 1987 dioxin in Model 4. 



Statistically significant unadjusted associations were found between the cholesterol-HDL ratio and 
dioxin for Model 2 (p=0.002), Model 3 (p<0.001), and Model 4 (p<0.001). In Models 2 and 3, the 
association was not significant when adjusting for military occupation (p=0.100 for Model 2; p=0.103 for 
Model 3). In Model 4, the association between 1987 dioxin and the cholesterol-HDL ratio remained 
significant after adjusting for military occupation (p=0.021). As 1987 dioxin levels increased, the 
cholesterol-HDL ratio increased. 

Dichotomizing the cholesterol-HDL ratio using a cutpoint of 5.0 revealed significant associations with 
dioxin for Models 2, 3, and 4 (p<0.001 for these models). The associations between the categorized 
cholesterol-HDL ratio and dioxin levels remained significant after adjusted for military occupation 
(p<0.04 for all analyses). The mean dioxin levels were greater for participants with a higher cholesterol- 
HDL ratio in Models 2 and 4. In Model 3, a significant difference between the percentage of participants 
with a ratio less than 5.0 was seen among Comparisons (58.8%), Ranch Hands in the background dioxin 
category (64.0%), Ranch Hands in the low dioxin category (63.9%), and Ranch Hands in the high dioxin 
category (45.7%). 

The examination of the physical activity index showed a significant association with dioxin in Model 2 
(p=0.001) and Model 4 (p=0.026), and a marginally significant relation in Model 3 (p=0.075) in the 
unadjusted analysis. In Models 2 and 4, the mean dioxin levels were decreased as activity levels 
increased. When adjusting for military occupation, the associations seen in Models 3 and 4 were no 
longer significant (p=0.309 for Model 3; p=0.408 for Model 4). Model 2 analysis showed a significant 
association between physical activity and initial dioxin levels after adjusting for military occupation 
(p=0.022). 

A significant association between diabetic class and dioxin was revealed in Models 3 and 4 (p<0.001 for 
both models), and the results remained significant (p<0.001) after adjusting for military occupation. In 
Model 3, a significant difference between the percentage of participants classified as normal, impaired, 
and diabetic was seen among Comparisons, Ranch Hands in the background dioxin category, Ranch 
Hands in the low dioxin category, and Ranch Hands in the high dioxin category. More participants were 
classified as diabetic as the dioxin levels increased. For Ranch Hands in the background dioxin category, 
9.8 percent of participants were classified as diabetic. For Ranch Hands in the low dioxin category, 21.2 
percent were classified as diabetic, and 24.1 percent of Ranch Hands in the high dioxin category were 
classified as diabetic. In Model 4, participants classified as diabetic had higher mean 1987 dioxin levels 
than participants classified as impaired or normal. Model 2 showed a significant association between 
diabetic class and initial dioxin levels only when adjusting for military occupation (p=0.004). 

The analysis of family history of diabetes revealed no significant associations with dioxin levels in 
Models 1, 2, and 3 in the unadjusted or adjusted analyses. Model 4 showed a marginally significant 
association in the unadjusted model only (p=0.065). 

No significant associations were observed between family history of heart disease or family history of 
heart disease before age 45 and any of the estimates of herbicide or dioxin exposure (p>0,14 for all 
analyses). 

When examining the relation between current blood pressure medication use and dioxin exposure, no 
significant relation was observed in Model 2, whether or not adjustment was made for military 
occupation (p>0.74 for both analyses). In Model 3, the unadjusted analysis showed no significant 
association (p=0.102), but the adjusted showed a marginally significant association (p=0.070). In Model 
4, the unadjusted analysis was marginally significant (p=0.057), and the adjusted analysis showed a 
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significant association (p=0.013). Mean 1987 dioxin levels were higher in those participants currently 
taking medication for high blood pressure (15.6 ppt) than for those not taking the medication (13.3 ppt). 

8.7     SUN EXPOSURE VARIABLES 

Results of tests of association between a participant's reaction to sun exposure and the estimates of 
dioxin exposure are shown in Table 8-6. These statistics are based on non-Black participants, because 
the sun exposure covariates were used in adjusted analyses of skin neoplasms only, and Blacks were 
excluded from the skin neoplasm analyses. 

Unadjusted analysis of the relation between skin color and dioxin exposure showed no significant 
associations (p>0.12 for all unadjusted analyses). When the associations were tested adjusting for 
military occupation, Models 3 and 4 showed a significant association (p=0.050 for Model 3; p=0.006 for 
Model 4). The highest percentage of participants with peach skin color was for Ranch Hands in the low 
dioxin category (82.4%). Participants with peach skin color had a higher mean 1987 dioxin level than 
participants with non-peach skin color (14.5 ppt vs. 12.5 ppt; p=0.006, adjusted for military occupation). 

A significant association between hair color and dioxin levels was observed in Model 2 (p<0.001) and 
Model 3 (p=0.006), and a marginally significant association was seen in Model 4 (p=0.055). The 
association was no longer significant when adjusting for military occupation in Model 2 (p=0.155) or 
Model 4 (p=0.715), but remained significant in Model 3 (p=0.048). The percentage of participants with 
black or dark brown hair varied among the Comparisons (69.0%), Ranch Hands in the background dioxin 
category (66.9%), Ranch Hands in the low dioxin category (59.7%), and Ranch Hands in the high dioxin 
category (74.8%). 

Significant associations were observed between eye color and dioxin exposure in the unadjusted analysis 
of all four models (p<0.04 for all unadjusted analyses). These results remained significant (p<0.04) after 
adjusting for military occupation in all models except Model 3, which still showed a marginally 
significant association (p=0.088). In Model 2 and Model 4, participants with brown eyes had higher 
initial and 1987 dioxin levels than participants with other eye colors. 

Unadjusted analysis of average lifetime residential latitude revealed significant associations with dioxin 
exposure in Model 1 (p=0.004), Model 2 (p=0.032), and Model 3 (p=0.011). In Model 1, a significant 
difference between the percentage of participants living, on average, closer to the equator (less than 37 
degrees latitude) was seen between Ranch Hands (46.5%) and Comparisons (53.2%). In Model 2, the 
mean initial dioxin levels were greater for participants living closer to the equator. In Model 3, a 
significant difference between the percentage of participants living, on average, closer to the equator was 
seen among Comparisons (52.9%), Ranch Hands in the background dioxin category (46.4%), Ranch 
Hands in the low dioxin category (42.1%), and Ranch Hands in the high dioxin category (50.0%). 
Analyses of the relation between group or dioxin and average lifetime residential latitude also was 
significant after adjustment for the effects of military occupation in Models 1, 2, and 3 (p=0.002, 
p=0.028, and p=0.007, respectively). While no significant association was seen in the unadjusted 
analysis of Model 4 (p=0.152), the association between latitude was significant when adjusting for 
military occupation (p=0.021). 
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Table 8-6. Associations Between Sun Exposure Variables and Estimates of Herbicide or Dioxin Exposure (Non-Blacks Only) 

00 

4^ 

Covariate 

Skin Color 

Hair Color 

Eye Color 

I»!!« 
Covariate Ranch Hand Comparison p-Value:p-Value:    I      Initial Dioxin (ppt) p-Value: 
Category Mean or n (%)      Mean or n(9c)      Unadjusted      Adjusted3      Correlation or Mean (n)     Unadjusted 

n 815 

Peach 637 (78.2) 

Non-Peach 178 (21.8) 

n 815 
Black, Dark 
Brown 549 (67.4) 
Light Brown, 
Blonde, Red, Bald    266 (32.6) 

n 815 

Brown 229(28.1) 

Hazel, Green 242 (29.7) 

Gray, Blue 344 (42.2) 

1,178 

897 (76.2) 

281 (23.9) 

1,176 

810 (68.9) 

366(31.1) 

1,178 

383 (32.5) 

287 (24.4) 

508 (43.1) 

p" viuue: 
Adjusted^ 

446 

0.319 0.308 x=l 11.3 (n=360) 

x = 113.2   (n=86) 

446 

0.884 0.789 

0.506 0.497 x = 123.7 (n=301) 

x = 90.4(n=145) 

446 

<0.001 0.155 

0.016 0.015 x= 135.3 (n=132) 

x = 98.7(n=133) 

x = 106.3 (n=l 81) 

0.014 0.023 



Table 8-6.   Associations Between Sun Exposure Variables and Estimates of Herbicide or Dioxin Exposure (Non-Blacks 
Only) (Continued) 

oo 

Reaction of 
Skin to Sun 
After at Least 
2 Hours 

Reaction of 
Skin to Sun 
After 
Repeated 
Exposure 

Govariate 
Category 

No Reaction 

Becomes Red 

Burns 

Painfully Burns 

Ranch Hand 
Mean or n(%y 

814 

294(36.1) 

322 (39.6) 

127 (15.6) 

71   (8.7) 

n 814 

Tans Dark Brown 225 (27.6) 

Tans Moderately 409 (50.3) 

Tans Mildly 151(18.6) 
Freckles with No 
Tan 29  (3.6) 

Comparison p-Value:   \ 

Mean or n (%)      Unadjusted 

1,178 

427 (36.3) 

481 (40.8) 

178(15.1) 

92   (7.8) 

1,178 

331 (28.1) 

580 (49.2) 

224 (19.0) 

43   (3.7) 

I Model 2 

p-Value: Initial Dioxin (ppt) p-Value: p-Value: 
Adjusted1'     Correlation or Mean (n)     Unadjusted      Adjusted' 

446 

0.859 0.855 x = 122.5 (n=169) 

x= 109.7 (n=176) 

x = 93.0   (n=68) 

x= 111.8   (n=33) 

446 

0.221 

0.978 0.976 x=116.6(n=131) 

x= 109.0 (n=218) 

x= 119.6  (n=78) 

x = 82.7   (n=19) 

0.417 

0.243 

0.485 



Table 8-6.   Associations Between Sun Exposure Variables and Estimates of Herbicide or Dioxin Exposure (Non-Blacks 
Only) (Continued) 

oo 

ON 

Covariate 
lBiili:iii|iiiiÄ|tt 
Category Mcanorn(%)      Meanorn(%)      Unadjusted      Ad lasted*     Correlation or Mean (n)     Unadjusted      Adjusted* 

Composite 
Sun-Reaction 
Index n 814 1,178 446 

High 91(11.2) 110  (9.3) 0.330 0.333 x= 103.6   (n=45) 0.820 0.871 

Medium 187 (23.0) 291 (24.7) x = 110.3 (n=102) 

Low 536 (65.9) 777 (66.0) x= 113.4 (n=299) 

Average 
Lifetime 
Residential 
Latitude n 815 1,178 446 

<37° 379 (46.5) 627 (53.2) 0.004 0.002 x= 123.6 (n=206) 0.032 0.028 

>37° 436 (53.5) 551 (46.8) x= 102.4 (n=240) 



Table 8-6,   Associations Between Sun Exposure 
Only) (Continued) 

Variables and Estimates of Herbicide or Dioxin Exposure (Non-Blacks 

Coväriate 

Skin Color 

Hair Color 

Eye Color 

Reaction of Skin to 
Sun After at Least 
2 Hours 

Category 

n 
Peach 

Non-Peach 

n 

Black, Dark Brown 

Light Brown, 
Blonde, Red, Bald 

n 

Brown 

Hazel, Green 
Gray, Blue 

No Reaction 

Becomes Red 

Burns 
Painfully Burns 

Comparison \ 
Mean or ii (% 

1,143 
873 (76.4) 
270 (23.6) 

1,141 
787 (69.0) 

354 (31.0) 

1,143 
366 (32.0) 
283 (24.8) 
494 (43.2) 

1,143 
410(35.9) 
471 (41.2) 
174 (15.2) 
88   (7.7) 

." ' Model. 3 ;:. 

Rarich Hand Ranch Hand Ranch Hand 
Mean or n(%)       Mean or n (%)       Mean or n (%' 

362 

273 (75.4) 

89 (24.6) 

362 

242 (66.9) 

120(33.1) 

p-Value: 
Unadjusted 

216 

178 (82.4) 
38 (17.6) 

216 
129 (59.7) 

87 (40.3) 

230 

182 (79.1) 
48 (20.9) 

230 
172 (74.8) 

58 (25.2) 

362 216 230 
95 (26.2) 53 (24.5) 79 (34.4) 

106 (29.3) 70 (32.4) 63 (27.4) 

161 (44.5) 93(43.1) 88 (38.3) 

361 216 230 
122 (33.8) 74 (34.3) 95 (41.3) 

144 (39.9) 89 (41.2) 87 (37.8) 

57 (15.8) 35 (16.2) 33 (14.4) 

38 (10.5) 18 (8.3) 15 (6.5) 

0.179 

0.006 

0.039 

0.644 

p-Vaiue:" 
Adjusted: 

0.050 

0.048 

0.088 

0.994 



Table 8-6.   Associations Between Sun Exposure Variables and Estimates of Herbicide or Dioxin Exposure (Non-Blacks 
Only) (Continued) 

Background 
Model 3 

i:S:lpgKs®ii 
iftiipiii^^ä^ss^i Comparison Ranch Hand   ] Ranch Hand Ranch Hand IIIIIPSäIIII3 EiitjiiSte^iiff 

Reaction of Skin to 
Sun After Repeated 
Exposure 

^!MtS^^^^^;':}f;'/! llfe^^^a^^ft^^l^ Mean or n (%) \ Mean or n (%) Mean or n(%) Unadjusted lilll|jii^|*S'.i 

00 

00 

n 

Tans Dark Brown 

Tans Moderately 

Tans Mildly 

Freckles with No 
Tan 

1,143 

315(27.6) 
571 (50.0) 

217 (19.0) 

40  (3.5) 

361 
90 (24.9) 

188 (52.1) 
73 (20.2) 

10   (2.8) 

216 

60 (27.8) 

106 (49.1) 

37 (17.1) 

13   (6.0) 

230 

71 (30.9) 
112(48.7) 

41 (17.8) 

6   (2.6) 

0.533 0.768 

Composite Sun- 
Reaction Index n 1,143 361 216 230 

High 
Medium 
Low 

105  (9.2) 

285 (24.9) 
753 (65.9) 

46 (12.7) 
83 (23.0) 

232 (64.3) 

25(11.6) 
48 (22.2) 

143 (66.2) 

20  (8.7) 
54 (23.5) 

156 (67.8) 

0.480 0.815 

Average Lifetime 
Residential Latitude n 1,143 362 216 230 

<37° 

>37° 

605 (52.9) 
538(47.1) 

168 (46.4) 

194 (53.6) 

91 (42.1) 

125 (57.9) 
115(50.0) 

115(50.0) 

0.011 0.007 



Table 8-6.   Associations Between Sun Exposure Variables and Estimates of Herbicide or Dioxin Exposure (Non-Blacks 
Only) (Continued) 
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WS^9^^^^^S^^^M}^Mä^W:fM SsPSMS^^S^SS^^8^i^^^^S|^i^|£##>^§^^i^ Correlation or Mean (n) IPIlti^^PSiiiliiäÄKI ̂ lliiEiäBÄiiäSI^®^ 
Skin Color n 808 

Peach x=14.5(n=633) 0.120 0.006 

Non-Peach x = 12.5(n=175) 

Hair Color n 808 

Black, Dark Brown x = 14.8 (n=543) 0.055 0.715 

Light Brown, Blonde, Red, Bald x = 12.6(n=265) 

Eye Color n 808 

Brown x = 16.8 (n=227) 0.015 0.037 

Hazel, Green x=13.1(n=239) 

Gray, Blue x=13.1(n=342) 

Reaction of Skin to Sun After at 
Least 2 Hours n 807 

No Reaction x=15.3(n=291) 0.229 0.694 

Becomes Red x=14.1(n=320) 

Burns x=12.7(n=125) 

Painfully Burns x=12.0   (n=71) 



Table 8-6.   Associations Between Sun Exposure Variabtes and Estimates of Herbicide or Dioxin Exposure (Non-Blacks 
Only) (Continued) 
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t^|^®f^^^^^^l|ir]|::i:|^;l^v|::y IfflllllÄÖ Correlation or Mean (n) iSSI^Iifi^^lSlliftaisl^iil fclfIii®lii^ilSKSI 
Reaction of Skin to Sun After 
Repeated Exposure n 807 

Tans Dark Brown x=15.6(n=221) 0.463 0.822 

Tans Moderately x=13.5(n=406) 

Tans Mildly x=13.7(n=151) 

Freckles with No Tan x=14.2   (n=29) 

Composite Sun-Reaction Index n 807 

High x = 12.2   (n=91) 0.419 0.837 

Medium x=14.1 (n=185) 

Low x=14.4(n=531) 

Average Lifetime Residential 
Latitude n 808 

<37° x = 14.9 (n=374) 0.152 0.021 

>37° x=13.4(n=434) 

Adjusted for occupation. 

Note: Means for discrete covariates were transformed from the logarithmic (base 2) scale for initial dioxin in Model 2 and from the (log2 (X+l)) scale for 
1987 dioxin in Model 4. 



No significant associations were observed between group or dioxin levels and reaction of skin to sun 
after at least 2 hours, reaction of skin to sun after repeated exposures, or a composite sun-reaction index 
for either the adjusted or unadjusted analyses (p>0.22 for all analyses). 

8.8     OTHER MISCELLANEOUS COVARIATES 

Results of tests of association between other miscellaneous covariates and the estimates of dioxin 
exposure are shown in Table 8-7. Examining the association between current total household income in 
both its continuous and discrete forms and dioxin revealed significant relations in the analysis of Models 
2 through 4. By adjusting for military occupation, the association between income and dioxin levels was 
not significant (p>0.08) for continuous or discrete forms of income or for any of the models. 

No significant associations were seen between group or dioxin levels and personality type, either 
unadjusted or adjusted for military occupation (p>0.14 for all analyses). 

The relation between education and group was nonsignificant (p=0.339, unadjusted; p=0.270, adjusted, 
for military occupation). A significant relation between education and dioxin was revealed for Models 2 
through 4 (p<0.001 for each model); however, after adjusting for military occupation, no significant 
relations were observed in Models 2, 3, or 4 (p>0.20 for all analyses). 

The relation between current employment status and dioxin exposure mirrored the relation between 
education and dioxin exposure. Significant relations were seen in Models 2, 3, and 4 in the unadjusted 
analysis, but the relations were no longer significant when adjusted for military occupation (p>0.39 for 
all analyses). 

In the analysis of current marital status and dioxin exposure, a marginally significant association was 
seen in Model 2 (p=0.082), and a significant relation was seen in Model 3 (p=0.033). After adjusting for 
military occupation, however, these associations were no longer significant (p=0.282 for Model 2; 
p=0.635 for Model 3). 

Current parental status (having a child younger than 18 years old) was shown to have a marginally 
significant relation with dioxin in Model 2 (p=0.066) and Model 3 (p=0.069), and a significant relation 
with dioxin in Model 4 (p-0.014). Similar to current marital status, these relations were no longer 
significant when adjusting for military occupation (p=0.979, p=0.644, and p=0.961 for Models 2, 3, and 
4, respectively). 

The analysis of participants who reported having worked with vibrating power equipment or tools for 30 
days or more revealed a significant association with initial dioxin (p-0.033) in Model 2 and with 1987 
dioxin (p=0.013) in Model 4. Participants who worked with vibrating power equipment or tools had 
greater average initial and 1987 dioxin levels than participants who did not report having worked with 
vibrating power equipment or tools. After adjustment for military occupation, these associations became 
nonsignificant (p=0.537 for Model 2; p=0.394 for Model 4). All tests of association in Models 1 and 3 
were nonsignificant for this covariate (p>0.14 for each analysis). 

Tests of the association between reported exposure to heavy metals (worked for 30 days or more with 
lead, mercury, chromium, nickel, copper, cadmium, manganese, arsenic, selenium, or molybdenum) and 

8-41 



Table 8-7. Associations Between Other Miscellaneous Covariates and Estimates of Herbicide or Dioxin Exposure 

Covariate Ranch Hand 
Modell 

p- Value:         p-Value: II!p%^iÄMc^/< 
WSS^öy^a^ä^i-i: Category Mean or n (%) WiS^ß^&liXw^ Unadjusted      Adjusted2 Correlation or Mean (n) Unadjusted |;iäl(jii!töp|i 

Current Total 
Household Income 
(dollars) n 861 1,236 478 

(continuous) x = $66,013 x = $65,546 0.697            0.666 r=-0.187 <0.001 0.367 

(discrete) < $65,000 438 (50.9) 628 (50.8) 0.999            0.956 x = 121.3 (n=267) 0.003 0.771 

oo 
I 

4^ 
> $65,000 423 (49.1) 608 (49.2) x = 94.7(n=211) 

bo 
Personality Type n 867 1,251 481 

Type A 351 (40.5) 469 (37.5) 0.178            0.148 x= 106.0 (n=l 84) 0.590 0.740 

TypeB 516(59.5) 782 (62.5) x= 111.1 (n=297) 

Education n 869 1,251 482 

High School 456 (52.5) 684 (54.7) 0.339             0.270 x = 93.1(n=201) 0.001 0.261 

College 413 (47.5) 567 (45.3) x= 122.3 (n=281) 

Current 
Employment Status n 869 1,251 482 

Yes 564 (64.9) 825 (66.0) 0.652             0.719 x= 116.6(n=319) 0.027 0.836 

No 305(35.1) 426(34.1) x = 96.0(n=163) 



Table 8-7.   Associations Between Other Miscellaneous Covariates and Estimates of Herbicide or Dioxin Exposure 
(Continued) 

Covariate 

Modell 

Covariate^ 

Category 

KanchHand Comparison p-Value: p-Value: 

Meanorn(%)      Meanorn(%)      Unadjusted      Adjusted* 

Model -21 

Initial Dioxin (ppt) p-Value: p-Value: 

Correlation or Mean (n)     Unadjusted      Adjusted* 

Current Marital 
Status n 869 1,251 482 

Married 714(82.2) 1,031 (82.4) 0.928 0.823 x= 105.3 (n=386) 0.082 0.282 

Not Married 155 (17.8) 220 (17.6) x = 126.2   (n=96) 

Current Parental 
Status (Child 
Younger than 18 
Years of Age) n 869 1,251 482 

Yes 110(12.7) 181 (14.5) 0.260 0.301 x= 132.1   (n=67) 0.066 0.979 

No 759 (87.3) 1,070(85.5) x = 105.9 (n=415) 

Worked with 
Vibrating Power 
Equipment or 
Tools n 869 1,249 482 

Yes 246 (28.3) 328 (26.3) 0.321 0.287 x = 124.5 (n=150) 0.033 0.537 

No 623(71.7) 921 (73.7) x= 102.9 (n=332) 

Composite 
Exposure to Heavy 
Metals n 869 1,251 482 

Yes 110(12.7) 178 (14.2) 0.330 0.288 x= 116.0   (n=77) 0.522 0.401 

No 759 (87.3) 1,073 (85.8) x= 107.9 (n=405) 



Table 8-7.   Associations Between 
(Continued) 

Other Miscellaneous Covariates and Estimates of Herbicide or Dioxin Exposure 

SIM^^®®iBS8SS 
Model 

Low 
Covariate ©|ll^^^päHsM3:iJ:| Ranch Hand Ranch Hand i^SliÄiiBittiilll |if^|ip®iieSl |l|&i^|i|i^Mii 

Current Total Household 
Income (dollars) 

||||||g|;^e^0.-'-?;'';-] i|||l||^|ia:^|| (.%): ■'■ Mean or n (%) 

376 

Meanorn(%) |!llSi^^ttM^ä-c':(^':v:^ Unadjusted lt:lS^ustiidi'r;:-':':: 

n 1,199 237 241 

(continuous) 
(discrete) < $65,000 

> $65,000 

x = $65,894 

603 (50.3) 
596 (49.7) 

x = $70,625 

167 (44.4) 

209 (55.6) 

x = $66,698 

114(48.1) 
123(51.9) 

x = $58,081 

153 (63.5) 
88 (36.5) 

<0.001 

<0.001 

0.835 

0.692 

Personality Type n 1,213 379 239 242 

oo 
t 

Type A 

TypeB 
457 (37.7) 

756 (62.3) 
164 (43.3) 

215 (56.7) 
87 (36.4) 

152 (63.6) 
97 (40.1) 

145 (59.9) 
0.205 0.264 

4^ Education n 1,213 380 239 243 
High School 
College 

549 (45.3) 
664 (54.7) 

130 (34.2) 

250 (65.8) 
119(49.8) 
120 (50.2) 

162 (66.7) 

81 (33.3) 
<0.001 0.357 

Current Employment 
Status n 1,213 380 239 243 

Yes 
No 

806 (66.5) 

407 (33.6) 
240 (63.2) 
140 (36.8) 

144 (60.3) 

95 (39.8) 
175 (72.0) 

68 (28.0) 
0.031 0.398 

Current Marital Status n 1,213 380 239 243 
Married 
Not Married 

1,006 (82.9) 
207   (7.1) 

322 (84.7) 
58 (15.3) 

201 (84.1) 

38 (15.9) 
185 (76.1) 

58 (23.9) 
0.033 0.635 



Table 8-7.   Associations Between Other Miscellaneous Covariates and Estimates of Herbicide or Dioxin Exposure 
(Continued) 

iü^^SMälS iüSlÄÄllilüi 
Background ||||||§|r^ WKSSMMWMi 

^■MM ovi ariate i^||^Bli!Ö:MjSä0Söh^'.':::j;.v Ranch Hand Ranch Hand Ranch Hand |ll|l{i|IÖiaiel ';■ ■■! ii;SJÄ|uK;E'ls 
W^:M^j^mMWMM^'0W^ gpgig lati egory Mean or n (%) Mean or n (%) Meanorn(%) [fei^l^M^^ll^Jfil Unadjusted |";lSI|ptÄy@': 

Current Parental Status 
(Child Younger than 18 
Years of Age) n 

Yes 

No 

1,213 

176 (14.5) 

1,037 (85.5) 

380 

41 (10.8) 

339 (89.2) 

239 

26 (10.9) 

213 (89.1) 

243 
41 (16.9) 

202(83.1) 
0.069 0.644 

4> 

Worked with Vibrating 
Power Equipment or 
Tools n 1,211 380 239 243 

Yes     * 318 (26.3) 95 (25.0) 72 (30.1) 78 (32.1) 

No 893 (73.7) 285 (75.0) 167 (69.9) 165 (67.9) 

Composite Exposure to 
Heavy Metals n 1,213 380 239 243 

Yes 174 (14.3) 33   (8.7) 35 (14.6) 42 (17.3) 

No 1,039 (85.7) 347 (91.3) 204 (85.4) 201 (82.7) 

0.142 

0.010 

0.242 

0.347 
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Table 8-7.   Associations Between Other Miscellaneous Covariates and Estimates of Herbicide or Dioxin Exposure 
(Continued) 

llSilli iae!ipil-;j|i::;^:;ß:il| 
WSSS^MMS&S^S^Mt^ ii^iiiiÄili^iSSö^.^B^ fM^§W^M^MMMMwM !^pI|l3p^^u1it!;!^:p':IW^ 

}i^WMMB^M^^^^^f^ä nM£;W'M^::ItM ti^§wSMß^^^W8M Correlation or Mean (n) SÄSflBiölffll^iifl^I I
;®tE^^ 

Current Total Household Income (dollars)      n 

(continuous) 

(discrete) 

Personality Type 

Education 

Current Employment Status 

Current Marital Status 

n 854 

r=-0.169 

< $65,000 x=15.9(n=434) 

> $65,000 x = 12.3 (n=420) 

n 860 

Type A x=13.4 (n=348) 

TypeB x=14.5(n=512) 

n 862 

High School x = 18.2(n=411) 

College x=11.0(n=451) 

n 862 

Yes x = 15.0 (n=559) 

No x = 12.4(n=303) 

n 862 

Married x=13.6(n=708) 

Not Married x=15.9(n=154) 

<0.001 

<0.001 

0.314 

<0.001 

0.013 

0.119 

0.185 

0.083 

0.671 

0.203 

0.878 

0.794 
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Table 8-7.   Associations Between Other Miscellaneous Covariates and Estimates of Herbicide or Dioxin Exposure 
(Continued) 

Covariate 
Covariate 

Category 

1987 Dioxin (ppt) 
Correlation or Mean (n) 

Current Parental Status (Child Younger 
than 18 Years of Age) 

Worked with Vibrating Power Equipment 
or Tools 

Composite Exposure to Heavy Metals 

n 

Yes 

No 

n 

Yes 

No 

n 

Yes 

No 

862 

x = 17.8 (n=108) 

x=13.5(n=754) 

862 

x = 16.2 (n=245) 

x=13.2(n=617) 

862 

x=18.1(n=110) 

x=13.5(n=752) 

iiIilIj||S||lue:;' \ 
Unadjusted 

0,014 

0.013 

0.007 

p-Value: 
Adjusted" 

0.961 

0.394 

0.854 

a Adjusted for occupation. 

Note: Means for discrete covariates were transformed from the logarithmic (base 2) scale for initial dioxin in Model 2 and from the (log2 (X+l)) scale for 
1987 dioxin in Model 4. 



dioxin were significant for categorized dioxin in Model 3 (p=0.010) and 1987 dioxin in Model 4 
(p=0.007). The percentage of Ranch Hands exposed to heavy metals increased as dioxin increased in 
Model 3 analyses (8.7% for Ranch Hands in the background dioxin category, 14.6% for Ranch Hands in 
the low dioxin category, and 17.3% for Ranch Hands in the high dioxin category). After adjustment for 
occupation, the association was nonsignificant (p=0.347). In Model 4, average 1987 dioxin levels were 
greater for participants reporting exposure to heavy metals than for participants not reporting exposure to 
heavy metals. The association between exposure to heavy metals and 1987 dioxin was nonsignificant 
after adjustment for military occupation (p=0.854). All tests of association between reported exposure to 
heavy metals and group in Model 1 were nonsignificant (p>0.28 for both analyses). Tests of association 
between reported exposure to heavy metals and initial dioxin in Model 2 also were nonsignificant 
(p>0.40 for both analyses). 

8.9     SUMMARY 

The purpose of this chapter was to determine whether the covariates used throughout this report were 
associated with the estimates of herbicide or dioxin exposure. Military occupation, being associated with 
education, may have influenced the associations between covariates and dioxin estimates. Therefore, 
associations between covariates and the estimates of exposure in this chapter were adjusted for military 
occupation but not for other known or suspected confounders. Associations between covariates and 
dioxin estimates should be interpreted with caution and do not necessarily reflect a causal relation. 

The demographic variables of age, race, and military occupation were used as matching variables in the 
original study design. As expected because of the matching, there were no significant differences 
between Ranch Hands and Comparisons for these three variables. As exhibited in previous reports, 
dioxin was significantly associated with military occupation. Officers had the lowest levels, followed by 
enlisted flyers and enlisted groundcrew. Because the Ranch Hand enlisted groundcrew tended to be 
younger on average than the Ranch Hand officers and enlisted flyers, a strong negative association also 
was seen between dioxin levels and age. When military occupation was taken into consideration, 
however, dioxin exposure estimates did not appear to be related to age. Race exhibited significant 
associations with dioxin in that Black participants appeared to have lower dioxin levels than non-Black 
participants. The effect of race on dioxin levels was strengthened when military occupation was 
considered. 

Few significant associations were seen between current alcohol use or lifetime alcohol history and group 
or dioxin. Wine use appeared to affect dioxin exposure estimates significantly. Lower dioxin levels 
were associated with more wine use, both current and lifetime. As suspected in previous reports, this 
phenomenon appears to be related to military occupation as officers may have consumed more wine than 
did enlisted personnel. When adjusting for military occupation, the association between wine use and 
dioxin exposure was not significant. 

Significant associations were observed between current cigarette smoking and lifetime cigarette smoking 
history and 1987 dioxin after adjustment for military occupation. 

Questions posed to the participants regarding exposure to known carcinogens were intended to indicate 
post-SEA exposures; however, the data suggest that the participants may have included SEA exposures 
as well. Significant associations were seen between dioxin and both degreasing chemicals and industrial 
chemicals. Adjusted analysis showed that these associations were related to military occupation. It is 
believed that fewer officers were exposed to industrial chemicals and degreasing chemicals than enlisted 
personnel. The percentage of Comparisons exposed to ionizing radiation was larger than the percentage 
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of Ranch Hands exposed; however, a greater percentage of Ranch Hands was exposed to herbicides and 
insecticides and may indicate that Ranch Hands were more likely to report SEA or pre-SEA exposures as 
well. 

The significant associations between dioxin and health measurements, such as cholesterol, HDL, the 
cholesterol-HDL ratio, physical activity level, and diabetic class, are likely to be explained by body fat. 
Higher body fat measurements are known to correspond to higher dioxin levels, lower levels of HDL 
cholesterol, and higher cholesterol-HDL ratios, as well as diabetes. Also, higher body fat is more likely 
to occur with sedentary lifestyles. 

Of covariates related to sun exposure, Ranch Hands with darker hair tended to have higher levels of 
initial dioxin than those with lighter-colored hair. The relation between dioxin and hair color was 
explained by military occupation. Dioxin estimates appeared to differ with eye color in that those with 
brown eyes tended to have higher dioxin levels. Although eye and hair color are related, from the 
adjusted analysis, it did not appear that the relation between eye color and dioxin could be explained by 
military occupation. A larger percentage of Ranch Hands lived in latitudes farther from the equator than 
did Comparisons, and higher levels of dioxin were seen for those participants who live in more southerly 
latitudes. No significant associations were observed with the reaction to sun exposure covariates. 

The relations between dioxin and current total household income, education, current employment status, 
current marital status, and having a child younger than 18 years old appear to be directly related to 
military occupation. Participants who were officers at the time of service in SEA have larger current 
incomes than participants who were enlisted at the time of service in SEA. Officers have the lowest 
dioxin levels (Table 2-8); consequently, there was a negative association between income and dioxin. A 
larger percentage of Ranch Hand officers tended to be college graduates than enlisted personnel, and, 
consequently, college graduates had lower dioxin levels than high school graduates. Differences in 
current employment may be due to age, income, and level of education. Current marital and parental 
status may be related to military occupation directly or indirectly through the relation between military 
occupation and socioeconomic factors. 

8.10   CONCLUSION 

The purpose of this chapter was to determine whether the covariates used throughout this report were 
associated with the estimates of dioxin exposure and, therefore, could potentially be confounding 
variables in subsequent statistical analyses in this report. Military occupation, being associated with 
education, may have influenced the associations between covariates and dioxin estimates. The 
associations between covariates and the estimates of dioxin exposure in this chapter were adjusted for 
military occupation, but not for other known or suspected confounders. Therefore, associations between 
covariates and dioxin estimates should be interpreted with caution. 

In general, the Ranch Hand and Comparison groups were similar for the majority of the covariates; 
however, exceptions included reported herbicide exposure, insecticide exposure, and average lifetime 
latitude. A greater percentage of Ranch Hands than Comparisons reported herbicide exposure. Although 
the questionnaire had been structured to indicate post-SEA exposure only, a possible explanation for this 
association between group and herbicide exposure may have been the tendency of Ranch Hands to report 
their exposure to dioxin during their time of duty in SEA, A greater percentage of Ranch Hands reported 
exposure to insecticides than did Comparisons. More Comparisons than Ranch Hands lived in the more 
southerly latitudes. Ranch Hands who lived in the more southerly latitudes had a higher average initial 
and 1987 dioxin level than Ranch Hands living in the more northerly latitudes. 
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Most of the significant associations between dioxin and the covariates in the Ranch Hand group can be 
explained at least partially by the effects of military occupation or body fat. Of the three occupational 
cohorts, enlisted groundcrew had the highest levels of 1987 and initial dioxin. Adjusted analyses in the 
clinical chapters fully account for group, age, occupation, and other potential confounders to further 
investigate significant associations between covariates and dioxin. Body fat and the half-life of dioxin 
were known to be related, and the Models 2 and 3 analyses in the clinical chapters adjusted for body fat. 
In addition, body fat was used as a risk factor where appropriate. The reader is referred to these chapters 
for a more complete assessment of the effect of dioxin on the relevant medical endpoints. 
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9     GENERAL HEALTH ASSESSMENT 

9.1      INTRODUCTION 

9.1.1     Background 

In February 1991, in response to unanswered questions and ongoing concerns that Vietnam veterans may 
have been harmed by herbicide defoliants, Congress passed the Agent Orange Act of 1991. Under this 
legislation, Public Law 102-4, the National Academy of Sciences requested the Institute of Medicine 
(IOM) to conduct an independent review of all the scientific evidence relevant to the issue and to make 
recommendations for the directions of future research. The committee established by the IOM expanded 
its review beyond studies of veterans to include reports in the world literature of other populations 
exposed to dioxin by occupation, environmental contamination, or as a consequence of industrial 
accidents. The first IOM report (1), Veterans and Agent Orange, was published in 1994, and the first 
biennial update was published in 1996 (2). These references provide an inclusive resource of 
information on the health consequences of exposure to herbicides and, particularly, to dioxin. Among 
the valuable contributions was the stratification of suspect diseases into three categories—"Sufficient," 
"Limited/Suggestive," and "Inadequate/Insufficient"—based on the scientific evidence for and against an 
association with herbicide exposure. 

Pertinent to the Air Force Health Study (AFHS), the IOM Committee concluded that the principal 
limitation of most epidemiologica! studies was the lack of accurate and quantitative indices of individual 
exposure and that studies such as the AFHS, which include tissue levels in the analyses, have limitations. 
Despite these concerns and caveats, the committee emphasized the merits of the model of the AFHS and 
proposed that a similar methodology be applied to a study of the only other veteran group with 
significant herbicide exposure—the Army Chemical Corps. In its first recommendation, the committee 
endorsed the continued follow-up of the Air Force Ranch Hand and Comparison cohorts, now in its 
fifteenth year. 

Although the potentially lethal consequences of acute phenoxy herbicide toxication have been well 
defined (3, 4), the latent effects of herbicide exposure on human health remain controversial. 
Epidemiological studies published in the scientific literature have focused on specific clinical endpoints, 
particularly malignancy, and have been based on cohorts of Vietnam veterans (5-15), on civilian 
populations exposed to dioxins by occupation (16-28), or as a consequence of industrial accidents (29- 
37). These studies and others have been summarized in the comprehensive literature reviews cited above 
(1,2) and those of the Veterans Health Services and Research Administration published since the last 
AFHS examination (38^10). 

The scientific basis for these epidemiological studies in humans has been firmly established in animal 
studies conducted over several decades. In laboratory animals, dioxin toxicity is species- and strain- 
specific and appears to correlate with the presence of a stereospecific protein receptor, the aryl 
hydrocarbon (Ah) receptor, found in the cytosol of selected organs and capable of binding aromatic 
hydrocarbons (41-44). The assessment of the risk of dioxin exposure to human health is in large part 
based on the molecular and cellular mechanisms of dioxin toxicity in animals and has been the subject of 
numerous review articles (45-50), Ah receptors have been isolated in the tissue of several human organs 
(43, 51-54), and the comparative properties of animal and human Ah receptors have been studied (55, 
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56). Epidemiological studies have focused on target organ effects that have been defined in animal 
models including immunotoxicity, carcinogenicity, hepatotoxicity, and neurotoxicity. In the chapters that 
follow, these and other clinical endpoints will be considered in detail. 

The lack of an accurate measure of exposure is now recognized as the principal methodological 
limitation common to all of the early epidemiological investigations into the effects of herbicides on 
human health. Assay techniques developed a decade ago (57) now permit the accurate detection and 
quantitative measurement of trace amounts of dioxin in blood and adipose tissue and the identification of 
those with significant prior exposure to dioxin. Analyses of serum dioxin data from the AFHS (58) and 
two other epidemiological studies (59, 60) have been published and have contributed to a better 
understanding of the pharmacokinetics of dioxin in man. The reliability and reproducibility of the serum 
dioxin assay have been established (61) and the potential effects of age, body fat, and time since 
exposure on the rate of dioxin elimination have been explored (58). Based on the analyses of serial 
serum dioxin levels taken from participants in the current study 15 to 25 years after exposure, the latest 
estimate of the half-life of dioxin in humans has been revised upward to 8.7 years (58). These recent 
analyses have confirmed an earlier report (62) that an increase in body fat is associated with prolongation 
of the dioxin half-life, a finding that may be relevant to the development of clinical endpoints related to 
obesity. 

The serum dioxin assay is important to the credibility of this and other epidemiological studies. The 
Centers for Disease Control and Prevention study of serum dioxin levels demonstrated that all estimates 
of herbicide exposure employed previously in Vietnam veterans were imprecise and that there was no 
significant difference in the current body burden of dioxin between most Vietnam and non-Vietnam 
veterans of the same era (63, 64). Published reports leave no doubt that, of all veterans who served in 
Vietnam, the 1,300 Air Force Ranch Hand personnel were among those most highly exposed to dioxin 
and that, within this group, the enlisted groundcrew responsible for handling the herbicides and for 
maintaining the spray equipment were at greatest exposure risk (8,9, 65). 

The importance of the serum dioxin assay is reflected in the number of publications reporting serum 
dioxin levels in exposed populations around the world including the United States (16,65-70), Germany 
(71-73), Russia (74, 75), New Zealand (76), Austria (77), Australia (78), and Italy (35,79). Apart from 
the current study, only a few published reports have appeared relating clinical and laboratory indices to 
serum or adipose dioxin levels (16, 36, 37, 80-83). Because these studies relate health outcomes with 
evidence of prior exposure to dioxin, they will receive special attention in the chapters that follow. 

In this and previous AFHS examinations, five variables have been included in the general health 
assessment: self-perception of health, appearance of illness or distress during the examination, relative 
age, body fat, and erythrocyte sedimentation rate. In the Serum Dioxin Analysis Report of the 1987 
examination (8), positive associations were noted between measured levels of dioxin and the perception 
of ill health and body fat. In the 1992 examinations, these associations were again found to be significant 
(9). 

Finally, with the exception of the 1992 examinations, a significantly higher prevalence of elevated 
erythrocyte sedimentation rates was noted in the Ranch Hands relative to the Comparison cohort. In a 
more recent study (80), one of the few to correlate laboratory indices with the current body burden of 
dioxin, a positive association was found between the serum dioxin level and the erythrocyte 
sedimentation rate. These results have raised the possibility of a subclinical dioxin-induced 
inflammatory process and point to the need for continued surveillance in this and the final AFHS 
examination in 2002. 
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9,1,2     Summary of Previous Analyses of the Air Force Health Study 

9.1.2.1 1982 Baseline Study Summary Results 

Five general health variables were included in the 1982 baseline examination: self-perception of health, 
appearance of illness or distress, relative age, body fat, and erythrocyte sedimentation rate. In the 
analysis of the baseline examination data, a statistically significant difference in self-perception of health 
was found between the Ranch Hand and Comparison groups, with a greater percentage of Ranch Hands 
reporting their health as fair or poor than Comparisons (20.6% vs. 14.2%). This was true in both the 
younger and older age groups (Est. RR=1.82, p=0.017 for individuals 40 or younger and Est. RR=1.35, 
p=0.025 for individuals older than 40). Because only 9 of 1,811 individuals were reported by the 
examining physician as appearing ill or distressed, this designation was apparently reserved for only very 
ill or distressed individuals. Nevertheless, eight of the nine individuals were Ranch Hands, the difference 
being of marginal significance (p=0.056). Conversely, more Ranch Hands than Comparisons were 
reported by the examiners as appearing younger than their actual ages (4.9% vs. 2.5%, p=0.029). No 
overall differences in body fat or erythrocyte sedimentation rate were found, although a significant 
interaction between group and age for erythrocyte sedimentation rate was noted; younger Ranch Hands 
had fewer erythrocyte sedimentation rate abnormalities than did Comparisons, whereas no difference was 
found in participants older than 40. 

9.1.2.2 1985 Follow-up Study Summary Results 

General physical health was evaluated by the same five measures used in the baseline examination 
(self-perception of health, appearance of illness or distress, relative age, body fat, and erythrocyte 
sedimentation rate). The Ranch Hands again rated their health as fair or poor more often than the 
Comparisons (9.1% vs. 7.3%, respectively), although this difference was not statistically significant. 
Further analysis revealed a significant group-by-occupation interaction. Differences were largely 
confined to the enlisted groundcrew category where the adjusted relative risk was 1.90 (p=0.003). 

Ten individuals were reported as appearing acutely ill or distressed at the 1985 follow-up examination. 
In contrast to the baseline examination, four were Ranch Hands and six were Comparisons; thus, no 
group difference was suggested. Relative age, as determined by the examining physician, was not 
significantly different in the two groups. 

The (geometric) mean erythrocyte sedimentation rates did not differ significantly, either unadjusted or 
after adjustment for age, race, occupation, personality score, and an age-by-personality score interaction. 
In the discrete analysis, 5.8 percent of the Ranch Hands had erythrocyte sedimentation rate abnormalities 
(>20 mm/hr), contrasted to 3.6 percent in the Comparison group. This difference was significant both 
unadjusted (p=0.013) and adjusted for age and personality score (p=0.011). 

The mean body fat of the Ranch Hands was significantly lower than the Comparisons (21.10 percent vs. 
21.54 percent, p=0.037), and the difference was of nearly the same magnitude after adjustment for age, 
race, and occupation. 

Longitudinal differences between the 1982 baseline and the 1985 follow-up examination were assessed 
by analyses of two discrete variables: self-perception of health and erythrocyte sedimentation rate. 
Analysis of self-perception of health showed no significant group differences in the change over time, 
with the Ranch Hand and Comparison groups reporting symmetrical improvements in their perceptions 
over the 3-year period. The erythrocyte sedimentation rate analysis revealed a highly significant group 
difference (p=0.002), because of a reversal of findings between examinations (i.e., a significant adverse 
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effect in the [younger] Comparisons at the baseline examination versus a significant adverse effect in the 
Ranch Hands at the follow-up examination). 

9.1.2.3 1987 Follow-up Study Summary Results 

The general health in the Ranch Hand and Comparison groups was assessed by the same five measures 
used in previous AFHS examinations: self-perception of health, appearance of illness or distress, relative 
age, body fat, and erythrocyte sedimentation rate. There were no significant group differences, either 
unadjusted or adjusted for covariates (age, race, occupation, and, in the case of self-perception of health 
and erythrocyte sedimentation rate, personality type), nor were there any significant group-by-covariate 
interactions for self-perception of health, appearance of illness or distress, relative age, or percent body 
fat. There was little difference in the geometric mean values of erythrocyte sedimentation rate in the two 
groups, but Ranch Hands had a significantly higher percentage of individuals with an abnormal 
erythrocyte sedimentation rate (>20 mm/hr) than Comparisons. For erythrocyte sedimentation rate, there 
was a significant difference between groups in the change from baseline to the 1987 follow-up 
examination, with a relatively greater number of Ranch Hands than Comparisons shifting from normal at 
baseline to abnormal atthe follow-up examination. Only three participants (two Ranch Hands and one 
Comparison) were found to have rates in excess of 100 mm/hr; one of these (a Comparison) proved to 
have lung cancer and died in early 1989. No diagnosis was established for either of the two Ranch Hands 
during the course of the 1987 examination. Longitudinal analyses revealed a similar decline in both 
groups over time in the percentage of individuals reporting their health as fair or poor. 

9.1.2.4 Serum Dioxin Analysis of 1987 Follow-up Study Summary Results 

In general, body fat and erythrocyte sedimentation rate exhibited significant positive associations with 
initial dioxin. The other variables exhibited positive but nonsignificant associations with initial dioxin. 
The unadjusted and adjusted analyses of relative age appearance exhibited significant interactions 
between current dioxin and time since tour of duty. For Ranch Hands with 18.6 years or less since the 
end of duty in Southeast Asia (SEA), the associations between relative age and current dioxin were 
positive and at least marginally significant for each analysis type and assumption. For the other 
variables, the current dioxin-by-time analyses generally displayed nonsignificant but positive 
associations with current dioxin. 

In general, the unadjusted and adjusted analyses for the four current dioxin categories overall exhibited 
significant contrasts for body fat and erythrocyte sedimentation rate, and the high versus background 
contrast and the low versus background contrast were significant with the Ranch Hands exceeding 
Comparisons. The body fat results for the four current dioxin categories displayed an increasing 
association with dioxin within the Ranch Hands (i.e., unknown, low, and high categories); however, the 
background category for Comparisons exceeded the unknown category for Ranch Hands. 

The longitudinal analyses of self-perception of health demonstrated significant positive associations with 
initial dioxin and current dioxin. The percentage of participants who reported fair or poor health 
decreased by more than 50 percent from 1982 to 1987. In the longitudinal analyses of erythrocyte 
sedimentation rate, the percentages of abnormalities in 1987 differed significantly among the current 
dioxin categories. 

In summary, with the exception of the erythrocyte sedimentation rate, the data analyzed in the general 
health assessment did not reveal any adverse health effect consequent to herbicide exposure or to the 
current body burden of dioxin. 
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9.1.2.5   1992 Follow-up Study Summary Results 

In the assessment of general health, significant differences between Ranch Hands and Comparisons—the 
enlisted groundcrew in particular—were evident for self-perception of health. Significant associations 
between negative self-perception of health and initial and current levels of dioxin also were evident. 
These results are consistent with the 1985 and 1987 follow-up examinations. In contrast to self- 
perception of health, no significant results were found for the appearance of illness or distress and 
relative age appearance, which were recorded by the examining physicians. 

The analyses of body fat displayed a significant positive association with current dioxin, whether 
calculated on a whole-weight or lipid-adjusted basis. Erythrocyte sedimentation rate also displayed a 
significant positive association with current dioxin levels. 

In the longitudinal analysis, the increase in the percentage of Ranch Hands who perceived their health to 
be poor in 1992 from those that were normal in 1982 was significantly associated with initial dioxin 
levels. Relative age appearance also displayed a significant positive association with initial dioxin. The 
change in body fat from 1982 to 1992 was significantly associated with initial dioxin, and a significant 
difference between Ranch Hands and Comparisons also was found, especially in enlisted groundcrew. 

9.1.3     Parameters for the 1997 General Health Assessment 

9.1.3.1     Dependent Variables 

The general health assessment was based on data from the 1997 questionnaire, physical examination, and 
laboratory data. 

9.1.3.1.1 Questionnaire Data 

During the health interview given to each participant, the following question was asked: "Compared to 
other people your age, would you say your health is excellent, good, fair, or poor?" This self-reported 
perception was analyzed as a measure of the general health status of each participant, although it was 
recognized that the perception was susceptible to varying degrees of conscious and subconscious bias 
(most participants were aware of their serum dioxin levels). This variable was dichotomized as 
"excellent or good" and "fair or poor" for statistical analyses. No participants were excluded for medical 
reasons from the analysis of this variable. 

9.1.3.1.2 Physical Examination Data 

Three variables derived from the 1997 Scripps Clinic physical examination were analyzed in the 
assessment of general health. For the first variable, the physician at the examination recorded the 
appearance of illness or distress (yes, no) of the study participant. For the second variable, the physician 
noted the appearance of the subject as younger than, older than, or the same as his stated age. This 
variable was dichotomized as "older than" and "same as or younger than" for statistical analyses. To the 
degree that the examining physicians were kept blind to the participant's group membership, these 
assessments were less subject to bias than the self-perception of health. 

The third variable, body fat, was a measure of the relative body mass of an individual and was calculated 
from height (in meters) and weight (in kilograms) recorded at the physical examination. Non-ambulatory 
participants were weighed on a Scale-Tronix® 6006, which allowed a participant to be weighed in a 
wheelchair, if necessary. Body fat was calculated from a metric body mass index (84); the formula is 

9-5 



Body Fat (in percent)^   WeiSht(k8)   . j ,264-13.305. 
[Height(m)]2 

This variable was analyzed in both the discrete and continuous forms. For purposes of discrete analyses, 
body fat was dichotomized as "lean or normal" (<25 percent) and "obese" (>25 percent). Lean 
participants (less than 10 percent body fat) were categorized with normal participants because few of the 
people in this study fit this definition (nine participants: six Comparisons and three Ranch Hands). This 
variable did not reflect changes in weight since time of duty in SEA. No participants were excluded for 
medical reasons from the analyses of these three variables. 

9.1.3.1.3    Laboratory Examination Data 

The erythrocyte sedimentation rate (mm/hr), measured at the laboratory examination, was analyzed. 
Although nonspecific, a high erythrocyte sedimentation rate generally indicates an ongoing disease 
process. This variable was analyzed in both the discrete and continuous forms. No participants were 
excluded for medical reasons from the analysis of this variable. 

9.1.3.2    Covariates 

The effects of the covariates age, race (Black, non-Black), military occupation (officer, enlisted flyer, 
enlisted groundcrew), current cigarette smoking, lifetime cigarette smoking history, current alcohol use, 
and lifetime alcohol history were used for analyses with all dependent variables. 

Age, race, and military occupation were determined from military records. Lifetime alcohol history was 
based on information from the 1997 questionnaire and combined with similar information gathered at the 
1987 and 1992 follow-up examinations. Each participant was asked about his drinking patterns 
throughout his lifetime. When a participant's drinking pattern changed, he was asked to describe how his 
alcohol consumption differed and the duration of time that the drinking pattern lasted. The participant's 
average daily alcohol consumption was determined for each of the reported drinking pattern periods 
throughout his lifetime, and an estimate of the corresponding total number of drink-years was derived. 
One drink-year was the equivalent of drinking 1.5 ounces of an 80-proof alcoholic beverage, one 12- 
ounce beer, or one 5-ounce glass of wine per day for 1 year. Current alcohol use was defined as the 
average number of drinks per day during the month prior to completing the questionnaire. 

Current cigarette smoking and lifetime cigarette smoking history were based on questionnaire data. For 
lifetime cigarette smoking history, the respondent's average smoking was estimated over his lifetime 
based on his responses to the 1997 questionnaire, with 1 pack-year defined as 365 packs of cigarettes 
smoked during a single year. 

Personality type (Type A, Type B) was used as a covariate in the analysis of self-perception of health and 
sedimentation rate only. Personality type was determined from the Jenkins Activity Survey administered 
during the 1997 follow-up examination and was derived from a discriminant-function equation based on 
questions that best discriminate men judged to be Type A from those judged to be Type B (85). Positive 
scores reflect the Type A direction; negative scores reflect the Type B direction. Personality type was 
dichotomized as Type A or Type B for all analyses of self-perception of health and erythrocyte 
sedimentation rate. 
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9.1.4   Statistical Methods 

Table 9-1 summarizes the statistical analyses performed for the general health assessment. The first part 
of this table describes the dependent variables and identifies the covariates, exclusions, and the statistical 
methods. The second part of the table further describes the covariates. A covariate was used in its 
continuous form whenever possible for all adjusted analyses. If the covariate was inherently discrete 
(e.g., military occupation), or if a categorized form was needed to develop measures of association with 
the dependent variables, the covariate was categorized as shown in Table 9-1. 

Cutpoints for erythrocyte sedimentation rate were age-dependent. Consequently, normal and abnormal 
levels for erythrocyte sedimentation rate were constructed according to a participant's laboratory value 
and age at the physical examination. The age-specific cutpoints also are listed in Table 9-1, and the 
reference ages for these cutpoints are given in parentheses following the cutpoints. 

Table 9-2 provides a summary of the number of participants with missing dependent variable and 
covariate data. 

Table 9-1. Statistical Analysis for the General Health Assessment 

Dependent Variables 

Data Data Statistical Analysis 
Variable (Units) Source Form Cutpoints Covariates8 Exclusions and Methods 

Self-perception of Health Q-SR D' Fair or Poor 
Excellent or Good 

(i) None U:LR 
A:LR 
L:LR 

Appearance of Illness PE D Yes (2) None U:LR 
Or Distress as Assessed by No A:LR 
Physician L:LR,CS 
Relative Age Appearance PE D Older (2) None U:LR 
as Assessed by Physician Same or Younger A:LR 

L:LR 
Body Fat (percent) PE D/C Obese: >25% 

Lean or Normal: 
<25% 

(2) None U:LR,GLM 
A:LR,GLM 
L:LR,GLM 

Erythrocyte Sedimentation LAB D/C Abnormal: (1) None U:LR,GLM 
Rate (mm/hr) >15 (Age 40-49) 

>20 (Age >50) 
Normal: 
<15 (Age 4<M9) 
<20 (Age >50) 

A:LR,GLM 
L:LR,GLM 

a Covariates: 
(1): age, race, military occupation, current cigarette smoking, lifetime cigarette smoking history, current alcohol use, 
lifetime alcohol history, personality type. 
(2): age, race, military occupation, current cigarette smoking, lifetime cigarette smoking history, current alcohol use, 
lifetime alcohol history. 
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Table 9-1.   Statistical Analysis for the General Health Assessment (Continued) 

Covariates 

Variable (Units) Data Source Data Form Outpoints 

Age (years) MIL D/C Born > 1942 
Born < 1942 

Race MIL D Black 
Non-Black 

Occupation MIL D Officer 
Enlisted Flyer 
Enlisted Groundcrew 

Current Cigarette Smoking 
(cigarettes/day) 

Q-SR D/C O-Never 
O-Former 
>0-20 

Lifetime Cigarette Smoking History 
(pack-years) 

Q-SR D/C 
>20 
0 
>0-10 

Current Alcohol Use (drinks/day) Q-SR D/C 
>10 
0-1 
>l-4 
>4 

Lifetime Alcohol History (drink- 
years) 

Q-SR D/C 0 
>0-40 
>40 

Personality Type PE D A Direction 
B Direction 

Abbreviations 

Data Source: LAB:  1997 laboratory results 
MIL: Air Force military records 
PE: 1997 physical examination 
Q-SR:  1997 health questionnaire (self-reported) 

Data Form: D: Discrete analysis only 
D/C: Discrete and continuous analyses for dependent variables; appropriate form for analysis 
(either discrete or continuous) for covariates 

Statistical Analysis: U: Unadjusted analysis 
A: Adjusted analysis 
L: Longitudinal analysis 

Statistical Methods: CS: Chi-square contingency table analysis (continuity-adjusted) 
GLM: General linear models analysis 
LR: Logistic regression analysis 
TT: Two-sample t-test 

9-8 



Table 9-2. Number of Participants with Missing Data for the General Health Assessment 

\.:%#;;v ■;: ;;;v.■>?■>;.t-":V:S"!ii-: ...';  - '44 4.- ■' ' .     .   .    Öiöxiii 4 '4' :: ■:::'•.% [St 

Group i (Ranch Hands Only)        Categorized Dioxin 

Variable Ranch Ranch  ; 
J4;4;':;;'-; 4;;;:-::/ ;;^ari|ble:■':? % - f ■ J '44: .:■ - use;.    . Hand Comparison Initial 1987   ! Hand  .j Comparison 

Self-perception of Health DEP 1 0 0 1 1 0 
Erythrocyte Sedimentation DEP 0 1 0 0 0 0 
Rate 
Personality Type cov 3 0 1 3 3 0 
Current Cigarette Smoking cov 1 0 0 1 1 0 
Lifetime Cigarette Smoking cov 2 1 1 2 2 1 
History 
Current Alcohol Use cov 1 0 0 1 1 0 
Lifetime Alcohol History cov 6 2 3 6 6 1 

Note: DEP = Dependent variable. 
COV = Covariate. 
870 Ranch Hands and 1,251 Comparisons. 
482 Ranch Hands for initial dioxin; 863 Ranch Hands for 1987 dioxin. 
863 Ranch Hands and 1,213 Comparisons for categorized dioxin. 

9.1 A A    Longitudinal Analys is 

Longitudinal analyses on all of the variables described above (self-perception of health, appearance of 
illness or distress by the physician, relative age, body fat, and erythrocyte sedimentation rate) were 
conducted to evaluate the changes between the 1982 baseline examination and the 1997 follow-up 
examination. 

The erythrocyte sedimentation rate abnormal outpoints differ by examination date and age. For the 1982 
baseline examination, the cutpoint was 12 mm/hr for all participants (that is, erythrocyte sedimentation 
rates greater than 12 mm/hr were considered abnormal). For the 1985, 1987, 1992, and 1997 follow-up 
examinations, the cutpoint was 15 mm/hr for participants younger than 50 and 20 mm/hr for participants 
at least 50 years old at the time of the examination. A participant was considered to be normal or 
abnormal based on his age and the cutpoint at the given examination for discrete analyses. Methods of 
compensation for the change in cutpoints over time for the continuous analyses include the use of age 
and the measurement in 1982 as covariates. 
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9.2      RESULTS 

9.2.1     Dependent Variable-Covariate Associations 

The results of covariate associations with each dependent variable are documented in Appendix F, Table 
F-l. These associations are pairwise between the dependent variable and the covariate and are not 
adjusted for any other covariates. These results are discussed below. 

Tests of associations for self-perception of health revealed significant associations with race, occupation, 
current cigarette smoking, and lifetime cigarette smoking history (p=0.010, p=0.001, p=0.001, and 
p=0.001, respectively). The percentage of Blacks who perceived their health to be fair or poor was 19.5 
percent, compared to 11.5 percent for non-Blacks. Enlisted groundcrew reported their health as fair or 
poor most often (14.9%) among the occupation strata, followed by enlisted flyers (14.5%) and officers 
(7.7%). Of the participants who currently smoke and smoke 20 cigarettes or less per day, 19.9 percent 
reported their health as fair or poor. In contrast, 7.7 percent of participants who have never smoked 
reported their health as fair or poor. Participants who were the heaviest cigarette smokers across their 
lifetime (>10 pack-years) perceived their health as fair or poor more often than those who smoked less. 
The percentage for this category was 15.2 percent, whereas the percentage for participants in the 
moderate lifetime cigarette smoking category (>0-10 pack-years) was 10.8 percent. Of the participants 
who have never smoked, 7.7 percent rated their health as fair or poor. 

Tests of associations for appearance of illness or distress revealed that race, current cigarette smoking, 
and lifetime cigarette smoking history were significant covariates (p=0.003, p=0.030, and p=0.027, 
respectively). The percentages of Blacks and non-Blacks that appeared ill or distressed were 4.7 and 1.2, 
respectively. Participants currently smoking more than 0, but up to 20 cigarettes per day, appeared ill or 
distressed most often (2.9%), followed by those in the more than 20 cigarettes per day category (2.2%), 
the former smoker category (1.3%), and never smoked category (0.5%). Percentages for lifetime 
cigarette smoking history were 2.1, 1.1, and 0.5 for the greater than 10 pack-years, the greater than 0 but 
no more than 10 pack-years, and the 0 pack-years categories, respectively. 

For relative age appearance, significant covariate associations were found with occupation, current 
cigarette smoking, and lifetime cigarette smoking history (p=0.001 for each covariate). Enlisted flyers 
appearing older were 12.7 percent, while 11.0 and 5.6 percent of enlisted groundcrew and officers, 
respectively, appeared older. The percentage of current smokers appearing older in the greater than 20 
cigarettes per day category was 25.6 percent, compared to only 3.9 percent for participants who had 
never smoked. The greater than 10 pack-years category of lifetime cigarette smoking history exhibited 
the highest percentage of participants that appeared older (13.2%). Nonsmokers exhibited the lowest 
percentage (3.9%). 

The association tests for body fat in its continuous form revealed that current cigarette smoking, current 
alcohol use, and lifetime alcohol history were significant covariates (p<0.001, p<0.001, and p=0.022, 
respectively). For each analysis, each covariate was negatively associated with body fat (r=~0.187, 
r=-0.094, r=-0.050, respectively). 

Significant results from the association tests for body fat in its discrete form were found among the 
following covariates: occupation, current cigarette smoking, lifetime cigarette smoking history, and 
current alcohol use (p=0.001, p=0.001, p=0.026, and p=0.003, respectively). For the occupation analysis, 
the percentages of participants classified as obese were 33.1 percent for enlisted groundcrew, 28.1 
percent for enlisted flyers, and 25.3 percent for officers. Participants who were former smokers were 
classified as obese the most often (33.6%). Current smokers who smoke more than 20 cigarettes per day 
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exhibited the lowest percentage of obesity (19.0%). The analysis of lifetime cigarette smoking history 
revealed the highest proportion of obesity among participants in the greater than 0 but no more than 10 
pack-years category (33.7%). Following were 28.1 percent for those in the greater than 10 pack-years 
category and 27.1 percent for nonsmokers. The current alcohol use analysis displayed the highest 
percentage of obesity (30.9%) for those participants who currently drink no more than 1 drink per day. 

Analysis of erythrocyte sedimentation rate in its continuous form revealed significant associations with 
age, occupation, lifetime cigarette smoking history, and lifetime alcohol history (p<0.001, p<0.001, 
p<0.001, and p=0.019, respectively). Correlations with erythrocyte sedimentation rate were positive for 
age (r=0.179), lifetime cigarette smoking history (r=0.155), and lifetime alcohol history (r~0.051). 
Within the occupational strata, the mean erythrocyte sedimentation rate was 4.39 mm/hour for officers, 
5.61 mm/hour for enlisted flyers, and 4.85 mm/hour for enlisted groundcrew. 

Tests of association for erythrocyte sedimentation rate in its discrete form revealed that age, current 
cigarette smoking, and lifetime cigarette smoking history were significant covariates (p=0.033, p=0.003, 
and p=0.002, respectively). Older participants had a greater occurrence of high erythrocyte 
sedimentation rates (8.7%) than did younger participants (6.1%). Both current cigarette smoking and 
lifetime cigarette smoking history exhibited an increase in the percentage of abnormal erythrocyte 
sedimentation rates as the amount of cigarette smoking increased. 

9.2.2     Exposure Analysis 

The following section presents results of the statistical analyses of the dependent variables shown in 
Table 9-1. Dependent variables are grouped into three sections: (1) the Questionnaire Variable, derived 
from the questionnaire administered in the 1997 follow-up examination, (2) the Physical Examination 
Variables, obtained during the 1997 physical examination, and (3) the Laboratory Variable, derived from 
the laboratory portion of the 1997 follow-up examination. 

Four models were examined for each dependent variable given in Table 9-1. The analyses of these 
models are presented below. Further details on dioxin and the modeling strategy are found in Chapters 2 
and 7, respectively. These analyses were performed both unadjusted and adjusted for relevant covariates. 
Model 1 examined the relation between the dependent variable and group (i.e., Ranch Hand or 
Comparison). In this model, exposure was defined as "yes" for Ranch Hands and "no" for Comparisons 
without regard to the magnitude of the exposure. As an attempt to quantify exposure, three contrasts of 
Ranch Hands and Comparisons were performed along with the overall Ranch Hand versus Comparison 
contrast. These three contrasts compared Ranch Hands and Comparisons within each occupational 
category (i.e., officers, enlisted flyers, and enlisted groundcrew). As described in previous reports and 
Table 2-8, the average levels of exposure to dioxin were highest for enlisted groundcrew, followed by 
enlisted flyers, and then officers. 

Model 2 explored the relation between the dependent variable and an extrapolated initial dioxin measure 
for Ranch Hands who had a 1987 dioxin measurement greater than 10 parts per trillion (ppt). If a 
participant did not have a 1987 dioxin level, a 1992 level was used to estimate the initial dioxin level. If 
a participant did not have a 1987 or a 1992 dioxin level, a 1997 level was used to estimate the initial 
dioxin level. A statistical adjustment for the percentage of body fat at the time of the participant's blood 
measurement of dioxin is included in this model to account for body-fat-related differences in elimination 
rate (58). This adjustment was accomplished for the unadjusted and adjusted analyses of all dependent 
variables except body fat in 1997. The use of body fat at the time of the participant's blood measurement 
of dioxin as a covariate masks the relation between body fat in 1997 and the dioxin measure. 
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Model 3 divided the Ranch Hands examined in Model 2 into two categories based on their initial dioxin 
measures. These two categories are referred to as "low Ranch Hand" and "high Ranch Hand." Two 
additional categories, Ranch Hands with 1987 serum dioxin levels at or below 10 ppt and Comparisons 
with 1987 serum dioxin levels at or below 10 ppt, were formed and included in the model. Ranch Hands 
with serum dioxin levels at or below 10 ppt are referred to as the "background Ranch Hand" category. 
Dioxin levels in 1992 were used if the 1987 levels were not available, and dioxin levels in 1997 were 
used if the 1987 and 1992 levels were not available. These four categories—Comparisons, background 
Ranch Hands, low Ranch Hands, and high Ranch Hands—were used in Model 3 analyses. The relation 
between the dependent variable in each of the three Ranch Hand categories and the dependent variable in 
the Comparison category was examined. A fourth contrast, exploring the relation of the dependent 
variable in the combined low and high Ranch Hand categories relative to Comparisons, also was 
conducted. This combination is referred to in the tables as the "low plus high Ranch Hand" category. As 
in Model 2, a statistical adjustment for the percentage of body fat at the time of the participant's blood 
measurement of dioxin was included in this model for the unadjusted and adjusted analyses of all 
dependent variables except body fat in 1997. 

Model 4 examined the relation between the dependent variable and 1987 lipid-adjusted dioxin levels in 
all Ranch Hands with a dioxin measurement. If a participant did not have a 1987 dioxin measurement, 
the 1992 measurement was used to determine the dioxin level. If a participant did not have a 1987 or the 
1992 dioxin measurement, a 1997 measurement was used to determine the dioxin level. 

9.2.2.1     Questionnaire Variable 

9.2.2.1.1    Self-perception of Health 

The unadjusted and adjusted Model 1 analyses of self-perception of health revealed a significant 
difference between Ranch Hands and Comparisons across occupations (Table 9~3(a): Est. RR=1.44, 
p=0.007, and (b): Adj. RR=1.43, p=0.010, respectively). Unadjusted and adjusted differences within the 
enlisted groundcrew stratum also were significant (Table 9-3(a): Est. RR=1.50, p=0.028, and (b): Adj. 
RR=1,48, p=0.035, respectively). Ranch Hands perceived their health to be fair or poor more often than 
did Comparisons (i.e., 14.3% of Ranch Hands versus 10.4% of Comparisons overall). 

Model 2 revealed a nonsignificant association between initial dioxin and self-perception of health for 
both the unadjusted and adjusted analyses (Table 9-3(c) and (d): p=0.859 and p=0.832, respectively). 

The Model 3 unadjusted and adjusted analyses of self-perception of health revealed significant 
differences between Ranch Hands and Comparisons for the low Ranch Hand category (Table 9-3(e): Est. 
RR=L77, p=0.005, and (0: Adj. RR=1.62, p=0.020, respectively) and the high Ranch Hand category 
(Table 9-3(e): Est. RR=2.14, p<0.001, and (f): Adj. RR=1.86, p=0.002, respectively). The low and high 
Ranch Hand categories combined were also significant in the unadjusted and adjusted analyses (Table 
9-3(e): Est. RR=L95, p<0.001, and (f): Adj. RR= 1.74, p=0.001, respectively). Ranch Hands in the low 
and high dioxin categories perceived their health to be fair or poor more often than did Comparisons (i.e., 
16.3% of Ranch Hands in the low dioxin category and 19.8% of Ranch Hands in the high dioxin category 
versus 9.8% of Comparisons). 

The Model 4 unadjusted analysis revealed a significant relation between 1987 dioxin levels and self- 
perception of health (Table 9-3(g): Est. RR=1.22, p=0.002). The relation was marginally significant 
after adjustment for covariates (Table 9-3(h): p=0.079). 
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Table 9-3. Analysis of Self-perception of Health 

(a) MODEL t: RANCH HANDS VS ^ÖMF^WSONS - ÜNÄDjnUStE|S 

Occupational 
Category Group; 

l^umb^r:^); 
Fair or Poor 

Est Relative Risk 
(95% C.I.) p- Value 

All Ranch Hand 869 124 (14.3) 1.44 (1.10,1.87) 0.007 
Comparison 1,251 130 (10.4) 

Officer Ranch Hand 341 30  (8.8) 1.31 (0.78,2.18) 0.308 
Comparison 494 34   (6.9) 

Enlisted Flyer Ranch Hand 151 26 (17.2) 1.48(0.81,2.72) 0.203 
Comparison 187 23 (12.3) 

Enlisted Ranch Hand 377 68 (18.0) 1.50(1.05,2.15) 0.028 
Groundcrew Comparison 570 73 (12.8) 

(b) MODEL 1: RANCH HANDS VS. COMPARISONS - ADJUSTED 

Occupational Category 
Adjusted Relative Risk 

(95% CM.) p-Value I 

All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

1.43 (1.09,1.87) 

1.26(0.75,2.12) 
1.52(0.82,2.82) 
1.48(1.03,2.14) 

0.010 

0.383 

0.183 
0.035 

(c) MODEL 2: RANCH HANDS - -INITIAL DIOXIN-UNADJUSTED 

;:V:^;;:i>:.;.Jnii ial Dioxin Category Summary Statistics1,     .  ■ Analysis Results forLog2(InitiaiPioxin)8 ; 

.:■'■ -:iiiiäal-.-.. 
Dioxin =K8lMv4l4> 

'■£■:■} I ;i Ntiä^:ef;;(%)Vf^'?':: ;!?;;■;■:"■ ■), 
Fair or Poor; .■'.,' 

Low 

Medium 

High 

160 
162 
160 

25 (15.6) 
35(21.6) 
27 (16.9) 

1.02(0.85,1.21)                         0.859 

Adjusted for percent body fat at the time of the blood measurement of dioxin. 
Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

§(a)§!iÄ 

illfllK F; ^Sr^^alu|; '■/} %;;; 

477                                          0.98 (0.79,1.21) 0.832 

Relative risk for a twofold increase in initial dioxin. 
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Table 9-3.   Analysis of Self-perception of Health (Continued) 

(e) MODEL 3: RANCH HANDS AND COMPARISONS BYfilOXIN CATEGORY - UNADJUSTED 

::-;.:;
:r-;I)ioxiR:Qategoi^:;:;;;       ■ ; .    „   ;;    .    . :;•   Fair or Poor     J..;;;;   ■.    (95% CJ.)ab ■    :

:; .'. ■::;;:. p-Value : 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,213 

380 
239 
243 
482 

119   (9.8) 

34   (9.0) 
39 (16.3) 
48 (19.8) 
87(18.1) 

0.97(0.65,1.45) 
1.77(1.19,2.62) 
2.14(1.48,3.10) 
1.95 (1.44,2.63) 

0.880 
0.005 

<0.001 
<0.001 

a Relative risk and confidence interval relative to Comparisons. 
Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand):  1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand):  1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(f) MODEL 3; RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY- -ADJUSTED-,:    ::;..:..; 

;   Dioxin Category:.   ; 
:".;.\:::;;;.;-        -. '! '   '','■": ^M^M^^&^ä^y^:^sk:^ ': ,■■■■■' z 

. :; :;i;; jp-^^ufe;' ■    ; 

Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH 

1,211 

376                             1.13 (0.75,1.72) 
237                            1.62(1.08,2.44) 
240                           1.86(1.26,2.74) 
477                             1.74(1.27,2.37) 

0.555 
0.020 
0.002 
0.001 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand):  1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium - >7.9-19.6 ppt; High = >19.6 ppt. 
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(g) MODEL 4: RANCH HANDS -1987 DIOXÜS f|g$$iS^^ 
;;''-'V;:;v;:-:i987;feoxiri^ ategory Summar t Statistics WSSM W^M^^^^SK^i^^M^^^^^^MMSS^ 

Dioxin X§M0?&WM'M:M 

Number (%') 
Fair or Poor 

Low 
Medium 
High 

287 
287 
288 

23   (8.0) 
41 (14.3) 
57 (19.8) 

1.22(1.08,1.39)                               0.002 



Table 9-3.   Analysis of Self-perception of Health (Continued) 

(h) MODEL 4: RANCH HANDS - 1987 DIOXIN - ADJUSTED 

Analysis Results for Log2 (1987 Dioxin +1) 

Adjusted Relative Risk 
LprValue 

853 1.14(0.98,1.32) 0.079 

Relative risk for a twofold increase in 1987 dioxin. 

9.2.2.2     Physical Examination Variables 

9.2.2.2.1    Appearance of Illness or Distress as Assessed by Physician 

The unadjusted and adjusted analysis of appearance of illness or distress as assessed by a physician 
revealed nonsignificant differences between Ranch Hands and Comparisons (p>0.24 for each contrast) in 
the Model 1 analyses (Table 9-4(a) and (b)). Similarly, the analyses for Model 2 (Table 9-4(c) and (d)) 
and Model 4 (Table 9-4(g) and (h)) each revealed a nonsignificant relation between appearance of illness 
or distress as assessed by a physician and dioxin (both initial and 1987 levels; p>0.11 for all analyses). 

Differences between Ranch Hands with low dioxin levels and Comparisons were significant in the Model 
3 unadjusted analysis of appearance of illness or distress as assessed by a physician (Table 9-4(e): Est. 
RR=2.78, p=0.031). A significant difference also was found when the combination of low and high 
Ranch Hands was contrasted with Comparisons in the unadjusted analysis (Table 9-4(e): Est. RR=2.30, 
p=0.041). After adjustment for covariate effects, these contrasts were marginally significant for Ranch 
Hands with low dioxin levels (Table 9-4(f): p=0.092) and nonsignificant for the combination of low and 
high Ranch Hands (p=0.118). All other contrasts examined in the unadjusted and adjusted analyses of 
appearance of illness or distress as assessed by physician were nonsignificant (p>0.22 for each remaining 
contrast). 

Table 9-4. Analysis of Appearance of Illness or Distress 

(a) MODEL 1: RANCH HANDS VS. COMPARISONS - UNADJUSTED 

Occupational i^|l^'^iiEnwr>t^^^V:F:>.^ ■ ^Est'^eiätiye-'kisk: ''.'.: ■^ 
}$^^^M^^M'^ ̂

:0-l0^r^^^MM \f^M$M^M:WM lÄllÄ:li3tf:ä WiMSWiM^SQS:B p-Vahie .'-."■- 

All Ranch Hand 870 15(1.7) 1.55(0.74,3.23) 0.242 
Comparison 1,251 14(1.1) 

Officer Ranch Hand 341 3 (0.9) 1.09 (0.24,4.89) 0.913 
Comparison 494 4 (0.8) 

Enlisted Flyer Ranch Hand 151 3 (2.0) 1.87(0.31,11.37) 0.494 
Comparison 187 2(1.1) 

Enlisted Ranch Hand 378 9 (2.4) 1.71 (0.66,4.48) 0.272 
Groundcrew Comparison 570 8(1.4) 
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Table 9-4.   Analysis of Appearance of Illness or Distress (Continued) 

(b) MODEL 1: RANCH HANDS V& COMPARISONS ~ ADJUSTED 

Occupational Category 
Adjusted Relative Risk 

(95% C.I.) p^ Value 

All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

1.44 (0.67,3.06) 

1.13(0.25,5.16) 
2.12 (0.33,13.61) 
1.42 (0.52,3.89) 

0.350 

0.878 
0.426 
0.496 

(c) MODEL 2: RANCH HANDS - - INITIAL DIOXIN - UNADJUSTED 

;■■'■ Ijiitiaipipxin.Category Summary Statistics Analysis Results for Log2 (Initial Dioxin)11 

Initial 
Dioxin 'M:^P^/M^M--':, 

^^Lj;Än^^'(^)JS%!JrS 
'■■'" '■'■'■Yes,. 33 ■■■■"■■■.;, 

Estimated Relative Risk 
■ 3 ■   "■.   (95%:C.Iv)b-■' ■ ■'■ '•■.. :                 p-Value 

Low 
Medium 
High 

160 
162 
160 

7 (4.4) 
3(1.9) 
2(1.3) 

0.71 (0.42,1.20)                       0.178 

Adjusted for percent body fat at the time of the blood measurement of dioxin. 
Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

3(d) MODEL 2; RANCH IJANDS - INITIAL DIOXIN - ADJUSTED 

333333313333'^ 

[i:3333:* 3:Mi 3333 33'3-J■ 33833:: 333::Ädjtf st^ I3 ■33:33;: £%■■! 
&: WMWMM - 83 E3 ^ ä. MMi Ki W$$&S. :* ■: ■ ■ - ■ - 3; 1:1 S3 3$: VMI 

478                                          0.65(0.36,1.15) 0.117 
a Relative risk for a twofold increase in initial dioxin. 

.'■'(e) MODEL 31 RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY »UNADJUSTED 

^IISl^?:^i^fe-;f #3 3: i 
Comparison 1,213 13(1.1) 

Background RH 381 3 (0.8) 0.74 (0.21,2.63) 0.645 
LowRH 239 7 (2.9) 2.78(1.10,7.04) 0.031 
High RH 243 5(2.1) 1.92(0.67,5.45) 0.223 
Low plus High RH 482 12 (2.5) 2.30(1.03,5.13) 0.041 

a Relative risk and confidence interval relative to Comparisons. 
Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand):  1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 9-4.   Analysis of Appearance of fffness or Distress (Continued) 

(f) MODEL-3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - ADJUSTED 

Adjusted Relative Risk 
:> Dioxji;€ateg^0 n : (95% C.I.)a        ;•■■•: "   p-Value . ;' 

0.684 
0.092 
0.372 
 0.118 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,211 

378 
237 
241 
478 

0.76 (0.21,2.80) 
2.31(0.87,6.11) 
1.67(0.54,5.19) 
1.96 (0.84,4.58) 

(g)MODEL4t RANCH HANDS -1987 DIOXUN ;!;iS§^ 
1987 Dioxin CategoryiSummar; r Statistics';:■ ■:' Analysis Results for l^g2 (1987 Dioxin + 1) 

Dioxin M^-^M'&^^K^-'^ 

Number (.%)■■::" Estiinated Relative Risk 

Low 
Medium 
High 

288 
287 
288 

3 (1.0) 
7 (2.4) 

5 (1.7) 

1.09(0.78,1.52)                             0.631 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(h) MODEL 4: RANCH H^DS - 1987 DIOXIN - ADJUSTED 

Analysis Results for Log2 (1987 Dioxin + 1) 

■?§Sv&$. ^>PÄ^|Ä' :;V':i MMM ;>:■: 
856                                           1.05 (0.72,1.52) 0.800 

a Relative risk for a twofold increase in 1987 dioxin. 

9.2.2.2.2    Relative Age Appearance as Assessed by Physician 

All unadjusted and adjusted analyses of relative age appearance as assessed by a physician were 
nonsignificant (Table 9-5: p>0.10 for each analysis) for Models 1 through 4. 
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Table 9-5. Analysis of Relative Age Appearance 

(a) MODEL 1: RANCH HANDS VS. CÖM^RföONS fe UNADJUSTED 

Occupational; 
;.-..■ Category ' | I Group I 

Number (%) 
L.   Older 

Est. Relative Risk 
p-Value 

All 

Officer 

Enlisted Flyer 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

870 
1,251 

341 
494 

151 
187 

378 
570 

90 (10.3) 
104  (8.3) 

22   (6.5) 
25   (5.1) 

22 (14.6) 
21(11.2) 

46 (12.2) 
58 (10.2) 

1.27(0.95,1.71) 

1.29(0.72,2.33) 

1.35 (0.71,2.56) 

1.22(0.81,1.84) 

0.112 

0.392 

0.361 

0.337 

.(b) MODEL 1: RANCH HANDS VS. COMPARISONS - ADJUSTED 

Occupational Category 
Adjusted Relative Risk 

;   ■ :::'(95%.C.I.)    . ;    ii p-Value 

All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

1.21 (0.88,1.65) 

1.29(0.70,2.36) 
1.28 (0.65,2.50) 
1.14 (0.74,1.75) 

0.237 

0.410 
0.476 
0.550 

(c)MÖDEL 
;i RANCHHANDS- - IMTIAL DIOXIN- UNADJUSTED [ '.:            " .^i; ;>/-:^ W^'' 

Initial Dioxin -'Category Summary Statistics . ';     Analysis Results;.fo^,Logs:(Imtial.Dioxin)3 .... 

Initial 
Dioxin ^:[M^¥^ 

'. :'Number (%) ■■■:.  ■■''.; 

Low 
Medium 
High 

160 
162 
160 

17 (10.6) 
16  (9.9) 
18(11.3) 

1.05(0.84,1.30)                         0.694 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(d) MODEL 2: RANCH HANDS - INITIAL DIOXIN - ADJUSTED 

Analysis Results for Log2 (Initial Dioxin) 

$;t:s: |-::jp-^jjue.;:;!::-;       Pö.^S 

478                                          1.01 (0.77,1.31) 0.962 

Relative risk for a twofold increase in initial dioxin. 
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Table 9-5.   Analysis of Relative Age Appearance (Continued) 

(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOMN CATEGORY - UNADJUsilit 

DioxinCa^gorjy; 
Number (%) 

Older 
Est< Relative Risk 

(95%^.); ab p-Value 

Comparison 1,213 102   (8.4) 

Background RH 381 39 (10.2) 1.25 (0.84,1.84) 0.271 
LowRH 239 24 (10.0) 1.22(0.76,1.94) 0.415 
High RH 243 27(11.1) 1.36(0.87,2.13) 0.183 
Low plus High RH 482 51 (10.6) 1.29(0.90,1.83) 0.166 

a Relative risk and confidence interval relative to Comparisons. 
Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - ADJUSTED 

Dioxin Category 
Adjusted Relative Risk 

(95%CX)a     ■"■■: p-Value; 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,211 

378 
237 
241 
478 

1.42(0.93,2.16) 
1.11(0.67,1.82) 
1.05(0.65,1.69) 
1.08(0.74,1.57) 

0.102 
0.691 
0.857 
0.706 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH= Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

iliiiilii 11 il^i^flKI^'ll^l^il^Dl SKiwiüßiS^i 
liSW&wiöiGx n Category Summary Statistics Analysis Results for L og2 (1987 Dioxin + 1) 

Dioxin 
Estimated Relative Risk 

p-Value 

Low 
Medium 
High 

288                33(11.5) 
287 25   (8.7) 
288 32(11.1) 

0.97(0.83,1.12) 0.654 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 
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Table 9-5.   Analysis of Relative Age Appearance (Continued) 

■(h) MODEL '4:'; RANCH HANDS -1987 DIOXIN - ADJUSTED ' ' ■     . ■..- '.- .': ■  ■ ■     |j| 

■;'..: ■■ :. ' ■: '■:-■'.',.:      ■    :;:/'..: '.."■■':
:■   .        Analysis Results for Log2 (1987 Dioxin + j) '.;'■■■.■".■:'.: :■":   - ; 111|} 

 856 0.89(0.75,1.05) 0,153 

Relative risk for a twofold increase in 1987 dioxin. 

9.2.2.23    Body Fat (Continuous) 

The Model 1 analyses of body fat in its continuous form revealed nonsignificant differences between 
Ranch Hands and Comparisons when examined across all occupations and within each occupation (Table 
9-6(a,b): p>0.31 for each contrast). 

The association between initial dioxin and body fat examined in the unadjusted Model 2 analyses also 
revealed marginally significant results (Table 9-6(c): p=0.081). After adjustment for covariate effects, 
this association became significant (Table 9-6(d): p=0.020). Body fat increased as initial dioxin levels 
increased. 

Differences in mean body fat between Ranch Hands and Comparisons exhibited a dose-response relation 
in Model 3 analyses. As dioxin exposure increased, body fat also increased. The unadjusted and 
adjusted results are shown in Tables 9-6(e) and 9-6(f), respectively. Comparisons had a significantly 
higher body fat mean than did Background Ranch Hands (p<0.001 unadjusted and adjusted). The 
adjusted body fat mean of Ranch Hands in the low dioxin category was marginally significantly greater 
than Comparisons (Table 9-6(f): p=0.052). Ranch Hands in the high dioxin category had a significantly 
greater body fat mean than did Comparisons (p=0.001, unadjusted, and p=0.002, adjusted). 

The Model 4 unadjusted and adjusted analyses each revealed a significant association between 1987 
dioxin levels and body fat (Table 9-6(g): slope=0.046, p<0.001 and (h): adjusted slope=0.054, p<0.001). 
Body fat increased as dioxin levels increased. Adjusted body fat means for the low, medium, and high 
1987 dioxin categories were 20.01 percent, 22.30 percent, and 23.60 percent, respectively. 
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Table 9-6. Analysis of Body Fat (Percent) (Continuous) 

^DMODEL 1: RANCHJrßySÖ 

Occupational  : 
■:'■;■'.-.Category'■ ::'; Group ;£?£1M'Ö-;F>:J S-/ii^l\^feäiiu:   ;-;.-;:^ 

Difference of Means 
' ;p-Value* •■; 

All Ranch Hand 
Comparison 

870 
1,251 

22.09 
22.28 

-0.19 - 0.436 

Officer Ranch Hand 
Comparison 

341 
494 

22.04 
21.87 

0.17 - 0.656 

Enlisted Flyer Ranch Hand 
Comparison 

151 
187 

21.69 
22.20 

-0.51 - 0.390 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

378 
570 

22.30 
22.67 

-0.37 - 0.318 

a Transformed from natural logarithm scale. 
Difference of means after transformation to original scale; confidence interval on difference of means not presented 

because analysis was performed on natural logarithm scale. 
c P-value is based on difference of means on natural logarithm scale. 

(b) MODEL 1: RANCH HANDS VS. COMPARISONS - ADJUSTED 

Occupational Category Group 

All 

Officer 

Enlisted Flyer 

Enlisted Groundcrew 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

863 
1,248 

340 
493 

149 
186 

374 
569 

Adjusted Difference of Adj. Means 

22.13 
22.29 

21.96 
21.81 

21.84 
22.43 

22.45 
22.76 

-0.17 

0.16- 

-0.59 -- 

-0.31 - 

p-Valuec 

0.481 

0.674 

0.319 

0.394 

a Transformed from natural logarithm scale. 
Difference of means after transformation to original scale; confidence interval on difference of means not presented 

because analysis was performed on natural logarithm scale. 
c P-value is based on difference of means on natural logarithm scale. 

9-21 



Table 9-6.   Analysis of Body Fat (Percent) (Continuous) (Continued) 

(c) MODEL 2: RANCH HANDS - - INITIAL DIOXIN - UNADJUSTED 

Initial Dioxin Category Summary Statistics Analysis Results for Log2 (Initial Dioxin) 

Initial Dioxin n Mean3 
Slope 

R2                   (Std. Error)b              p-Value 

Low 

Medium 

High 

160 

162 

160 

22.75 

23.46 

23.71 

0.006            0.015 (0.009)            0.081 

a Transformed from natural logarithm scale. 
Slope and standard error based on natural logarithm of body fat versus log2 (initial dioxin). 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(d) MODEL 2: RANCH HANDS - INITIAL DIOXIN - - ADJUSTED 

Initial Dioxin Category Summary Statistics Analysis Results for Log2 (Initial Dioxin) 

Initial Dioxin n Adj. Mean3 
Adj. Slope 

R2                             (Std. Error)b                p-Value 

Low 

Medium 
High 

159 

161 

158 

22.37 

23.68 
23.88 

0.105                      0.022(0.010)              0.020 

a Transformed from natural logarithm scale, 
b Slope and standard error based on natural logarithm of body fat versus log2 (initial dioxin). 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - - UNADJUSTED 

Dioxin Category n Meana 

Difference of 
Mean vs. Comparisons 

(95% C.I.)b p-Value* 

Comparison 

Background RH 

LowRH 

HighRH 

Low plus High RH 

1,213 

381 

239 

243 

482 

22.26 

20.64 

23.04 

23.57 

23.30 

-1.62- 

0.78 -- 

1.31- 

1.04- 

<0.001 

0.045 

0.001 
0.001 

a Transformed from natural logarithm scale. 
Difference of means after transformation to original scale; confidence interval on difference of means not presented 

because analysis was performed on natural logarithm scale. 
c P-value is based on difference of means on natural logarithm scale. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand):  1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 9-6.  Analysis of Body Fat (Percent) (Continuous) (Continued) 

(f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY ~ ADJUSTED 

Dioxin Category A4J«Meaha 

IMffferehce of Adj. Mean 
vs. Comparisons 

■ .;', (95% C.I.)*'" p-Vajue* 
Comparison 1,211 

Background RH 378 
LowRH 237 
High RH 241 
Low plus High RH 478 

22.25 

20.73 
23.00 
23.51 
23.26 

1.52- <0.001 
0.75 - 0.052 
1.26» 0.002 
1.01 -- 0.001 

a Transformed from natural logarithm scale. 
Difference of means after transformation to original scale; confidence interval on difference of means not presented 

because analysis was performed on natural logarithm scale. 
c P-value is based on difference of means on natural logarithm scale. 

Note: RH = Ranch Hand. 
Comparison:  1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(g)MODEL4: ^iAl|:ii;;pifi)S;:- -1987DIOXIN |l|!^ 

1987DioxinC ätegöry Summary Statistics :; Analysis Results for Log2 (19S7 Dioxin +1) 

1987 Dioxin Ä$Sv! Mi&Si^M^: ■-.':. R2 ■: .          Slope (Std;!Eirror)v ■'■'.'.    ■ p-Value •'■■'■', 
Low 
Medium 
High 

288 
287 
288 

20.35 
22.59 
23.45 

0.072              0.046 (0.006)               <0.001 

a Transformed from natural logarithm scale. 
Slope and standard error based on natural logarithm of body fat versus log2 (1987 dioxin + 1). 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

;::(fe,iVlÖP^ 

1987 Dioxin Category Summary Statistics ä|||: ;|:" i; ;:;iV-;:^ sg J:|: ^^älysl^s ipR^i|i^^ jt^^; {iSÖ^                              :;;!;
:;;;::

:";; ■:^;";; ■ 

::\:::';Ö$7:pioxiii'.^- Wm::^MMM&'$^ 
K^I'I ;-^;v;:;!:;- ^^v;;;! -::|'g:

:
: .•':■:; -:i'1;!:v:; j^;'■ :^; >■" ;f';

:; :;|;'':';::;;:::;'
;. ;|:;;:^.; ;^::;^Lcij ttste3;: Stolpe ^;; ';:|:;

:-i;.: -'■ ?:^:':; ■-!''': •" ^ -' :;^-:"
: -"^v d--:::-'";:''!

;:: - "v': -;■L 

Low 
Medium 
High 

287 
284 
285 

20 01 
22.30 
23.60 

0.155                     0.054 (0.006)              <0.001 

a Transformed from natural logarithm scale. 
Slope and standard error based on natural logarithm of body fat versus log2 (1987 dioxin + 1). 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 
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9.2.2.2.4    Body Fat (Discrete) 

All contrasts from the Models 1 and 2 unadjusted and adjusted analyses of body fat in its discrete form 
revealed nonsignificant differences between Ranch Hands and Comparisons (Table 9-7(a-d): p>0.17 for 
all contrasts). 

Significantly fewer Ranch Hands in the Background category than Comparisons were obese (Table 
9-7(e): Est. RR: 0.56, p<0.001 unadjusted, and Table 9-7(f): Adj. RR: 0.60, p=0.001 adjusted). 
Adjusted contrasts of Ranch Hands in the low dioxin category, and in the low and high dioxin categories 
combined, with Comparisons showed a marginally significantly higher percentage of obese Ranch Hands 
(Table 9-7(f): p=0.073 and p=0.097, respectively). 

The Model 4 analyses revealed significant positive associations of body fat with 1987 dioxin levels, 
(Table 9-7(g): Est. RR= 1.26, p<0.001, and (h): Adj. RR= 1.29, p<0.001). Body fat increased as 1987 
dioxin increased. 

Table 9-7. Analysis of Body Fat (Discrete) 

Ha^MODELl:. RANCHHANBSVS.COM 

Occupational V\ 
■   Category. : ■Group;.:;. ^;:-;:;;>J;<n^: 

Number {%) 
p-Value 

All Ranch Hand 

Comparison 
870 

1,251 
244 (28.1) 

376 (30.1) 
0.91 (0.75,1 JO) 0.316 

Officer Ranch Hand 

Comparison 
341 
494 

88 (25.8) 

123 (24.9) 

1.05(0.76,1.44) 0.767 

Enlisted Flyer Ranch Hand 

Comparison 
151 
187 

37 (24.5) 

58(31.0) 

0.72(0.45,1.17) 0.186 

Enlisted 
Groundcrew 

Ranch Hand 

Comparison 
378 
570 

119(31.5) 

195 (34.2) 

0.88(0.67,1.17) 0.382 

; (h) MODEL Id RANCH HANDS VS. COMPARISONS -ADJUSTED 

Occupational Category 
Adjusted Relative Risk 

p-Value   I 

All 0.92 (0.75,1.11) 0.369 

Officer 

Enlisted Flyer 

Enlisted Groundcrew 

1.05 (0.77,1.45) 

0.71 (0.43,1.16) 

0.89(0.67,1.18) 

0.754 

0.173 

0.431 
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Table 9-7.   Analysis of Body Fat (Discrete) (Continued) 

(c) MODEL 2: >3^^BtJ^f^S;- -INITIAL DIOXIN-UNADJUSTED 

Initial Dioxin Category Sux0^^S^si^3^     '.'■'• Analysis Results for Logi (Initial Dioxin) 

Initial 
Dioxin Sy^^'Ä-^fö:-:" 

Estimated Relative Risk 

Low 
Medium 
High 

160 
162 
160 

55 (34.4) 
59 (36.4) 
54 (33.8) 

1.00(0.87,1.15)                         0.989 

Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

'(d) MODEL 2: RANCH HANDS - INITIAL DIQXlNS ADJUSTED 

Analysis Results for Logs (Initial Dioxin) 

Adjusted Relative Risk 
-^;-;;c-^.;;;;;.;■>;;^^';:-;-:■-:-:r-:^;:^::■:::»;!:N;^.:-; :;::^"":■.^:.-;;;■.-^;L: ^;fL^;;.'-1;:;:;::,;;:.;:::;:-   :;::;: ;.";;:::■.^ -::::;;

:;-;;::_i::::^
:;;;f;;:"■:v'O?^*^r,<3;ili>^ :;;■;:-^;;:.;^■_:::- =-/;.: ■: ;::■:,:-^^'-;^;.:v:-:;;;-.;:;,_.::.;^-■;-■■:::;■■::;-;■;-;;;;;!:;■::;:^■■ ■::;:;:/;;::;: :^;.;;;■ :■: --■:;::: p-Value 

478                                          1.00(0.85,1.19) 0.986. 

a Relative risk for a twofold increase in initial dioxin. 

(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY -UNADJUSTED 

Number (%)                  Est. Relative Risk 
;.:| 'i%';'t s|;V P^Äl^3'V^ 

Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH 

1,213 

381 
239 
243 
482 

361 (29.8) 

73 (19.2) 
85 (35.6) 
83 (34.2) 

168 (34.9) 

0.56 (0.42,0.74) 
1.30(0.97,1.74) 
1.22(0.91,1.64) 
1.26(1.01,1.58) 

<0.001 
0.076 
0.175 
0.042 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand):  1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 9-7.   Analysis of Body Fat (Discrete) (Continued) 

(©MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CAl^GO^-ADJ[ÜS*EP 

i'%:'i • X•:• i-■ ;;: f-i^,'. i^$%%':<;■;''■, v^"^S-' h- 'lAäjüs'tecl Relative Risk:-f:;f>:H::;;; '}■ :t ■  />-'% 1II! 
;/. .Dioxht Category ■:;' ;^ 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,211 

378 
237 
241 
478 

0.60 (0.45,0.80) 
1.31 (0.97,1.77) 
1.12(0.83,1.53) 
1.21 (0.97,1.53) 

0.001 
0.073 
0.451 
0.097 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison; 1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(g) MODEL n RANCH HANDS -1987DIOXIN ll&S^ 
iXvMm^^m^ n Category Sunimar '•Statistics;.1;. ■■'■.;:'■■■ '■ ','.. . :.'        Analysis Results for Logi (1987 Dioxin + 1)      . 

Dioxin ':X::X^M^'XW:-W^M:i 
Number (%) .; : 

;;:ffl:|;;ft^ 
Low 
Medium 
High 

288 
287 
288 

51 (17.7) 
90 (31.4) 

100 (34.7) 

1.26(1.14,1.40)                               <0.001 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

!(p|^^iig;P 
-:l"ll;l:;.y:;^ 

:;||11:;1 fSyj^$^V^ä^p^^i^^ 
856                                              1.29(1.14,1.46) <0.001 

a Relative risk for a twofold increase in 1987 dioxin. 

9.2.2.3    Laboratory Variable 

9.2.23.1    Erythrocyte Sedimentation Rate (Continuous) 

All analysis results from Models 1, 2, and 3 of erythrocyte sedimentation rate were nonsignificant (Table 
9-8(a-f): p>0.17 for each analysis). The Model 4 analysis revealed a significant association between 
erythrocyte sedimentation rate and 1987 dioxin levels for both the unadjusted and adjusted analyses 
(Table 9-8(g): p=0.004, and (h): p=0.037, respectively). Erythrocyte sedimentation rate increased as 
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dioxin increased in these analyses. Adjusted erythrocyte sedimentation rate means for the low, medium, 
and high 1987 dioxin categories were 4.34 mm/hr, 4.62 mm/hr, and 5.29 mm/hr, respectively. 

Table 9-8. Analysis of Erythrocyte Sedimentation Rate (mm/hr) (Continuous) 

(a) MODEL 1: RANCH HANDS VS;COMPARISONS -UNADJUSTED 

Occupational 
Group '"^^^f^Mt^M^: 

Difference of Means 
::    .Mean*:':. ■■             V ;{95%.C.L)b; ; p-Valuec 

All Ranch Hand 
Comparison 

870 
1,251 

4.82                               0.09 - 

4.74 
0.680 

Officer Ranch Hand 
Comparison 

341 
494 

4.36                           -0.05 - 
4.41 

0.873 

Enlisted Flyer Ranch Hand 
Comparison 

151 
187 

5.35   .                       -0.47 -- 
5.83 

0.429 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

378 
570 

5.06                             0.35 -- 
4.71 

0.263 

a Transformed from natural logarithm scale of erythrocyte sedimentation rate + 0.1. 
Difference of means after transformation to original scale; confidence interval on difference of means not presented 

because analysis was performed on natural logarithm scale of erythrocyte sedimentation rate + 0.1. 
c P-value is based on difference of means on natural logarithm scale of erythrocyte sedimentation rate + 0.1. 

(b) MODEL 1: RANCH HANDS VS. COMMRISONS-ADJUSTED 

p:;\': :||Ö.CeÜpätwhäl','>■':■''. \ !■.'-Adjusted;..;' Difference of Adj. Means 
^W^^W^^^^^^:i^:-%M V    Group [^■■yJXyßy;-] Mean3 WM;M:$^^M'MMMMi :',.':', p-Valuec 

All Ranch Hand 860 5.12 0.04- 0.850 
Comparison 1,248 5.08 

Officer Ranch Hand 339 4.30 -0.08 -- 0.789 
Comparison 493 4.38 

Enlisted Flyer Ranch Hand 148 5.13 -0.60 - 0.286 
Comparison 186 5.74 

Enlisted Groundcrew Ranch Hand 373 5.81 0.42 -- 0.236 
Comparison 569 5.39 

a Transformed from natural logarithm scale of erythrocyte sedimentation rate + 0.1. 
Difference of means after transformation to original scale; confidence interval on difference of means not presented 

because analysis was performed on natural logarithm scale of erythrocyte sedimentation rate + 0.1. 
c P-value is based on difference of means on natural logarithm scale of erythrocyte sedimentation rate + 0.1. 
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Table 9-8.  Analysis of Erythrocyte Sedimentation Rate (mm/hr) (Continuous) (Continued) 

(c) MODEL 2: RANCH HANDS - INITIAL DIOXIN - UNADJUSTED 

Initial Dioxin Category Summary Statistics Analysis Results for Log2 (Initial Dioxin)0 

Initial Dioxin n   -: Mean8 Adj.Meanab 
Slope 

;     R
2                 (Std. Error)'                  p-Value 

Low 
Medium 
High 

160 
162 
160 

4.70 
5.99 
5.04 

4.74 
6.00 
4.99 

0.009           0.029 (0.034)                0.387 

Transformed from natural logarithm scale of erythrocyte sedimentation rate + 0.1. 
Adjusted for percent body fat at the time of the blood measurement of dioxin. 

c Slope and standard error based on natural logarithm of erythrocyte sedimentation rate + 0.1 versus log2 (initial 
dioxin). 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

/-(d)MÖpiEL;:2: RANCH HANDS - INITIAL DIOXIN -;^i^:us^Ö| :■;: j;;^ J;;::;;: ;:;^ :;;|.;--:; vf c^;:;;;::.;; 
:;|v |;';--;:;;' ■;;

:; :'i;:;;:;;. ]:;i:-: ;;:-':>;^ 'i^:-:S;:-t | b^ 
Initial Dioxin Category Summary Statistics Analysis Results for Log2 (Initial Dioxin) 

Initial Dioxin lM^^'i^\'3S^:-^ Adj,:M.eana.. ■..';■    R2                  ';.:.: (Std. Errorf V           p-Value 
Low 
Medium 
High 

159 
160 
158 

4.45 
5.66 
4.83 

0.086                      0.041 (0.039)              0.289 

a Transformed from natural logarithm scale of erythrocyte sedimentation rate + 0.1. 
Slope and standard error based on natural logarithm of erythrocyte sedimentation rate + 0.1 versus Iog2 (initial 

dioxin). 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CA 

Dioxin Category \ Mean* ;:^äj-:Mean^b:; 

Difference of Adj. Mean 
r'...:.';>ys^jGjpinj^i^^m;iv '■".■'\ 

(95%C.I,)C [p-Valuel 
Comparison 1,213 4.75 4.74 

Background RH 381 4.31 4.48 -0.26 -- 0.323 
LowRH 239 5.12 5.06 0.32 -- 0.350 
High RH 243 5.32 5.12 0.38 - 0.259 
Low plus High RH 482 5.22 5.09 0.35 -- 0.176 

a Transformed from natural logarithm scale of erythrocyte sedimentation rate + 0.1. 
Adjusted for percent body fat at the time of the blood measurement of dioxin. 

c Difference of means after transformation to original scale; confidence interval on difference of means not presented 
because analysis was performed on natural logarithm scale of erythrocyte sedimentation rate + 0.1. 

P-value is based on difference of means on natural logarithm scale of erythrocyte sedimentation rate + 0.1. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand):  1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 9-8.   Analysis of Erythrocyte Sedimentation Rate (mm/hr) (Continuous) (Continued) 

(£) MODEL 3:. RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - ADJUSTED 

■;'.-' Dioxin Category: .■■..'■ >!;i^i.;:(:^:;itt^:^;.;;^;? : ■■- Adj. Mean3 

Difference of Adj. Mean 
vs. Comparisons 

(95%C.I.)b                    p-Valuec 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,211 

376 
237 
240 
477 

5.12 

4.92 
5.12 
5.48 
5.29 

-0.20 --                       0.484 
0.00 -                       0.992 
0.36 --                       0.322 
0.17-                       0.510 

a Transformed from natural logarithm scale of erythrocyte sedimentation rate + 0.1. 
Difference of means after transformation to original scale; confidence interval on difference of means not presented 

because analysis was performed on natural logarithm scale of erythrocyte sedimentation rate + 0.1. 
c P-value is based on difference of means on natural logarithm scale of erythrocyte sedimentation rate + 0.1. 

Note: RH = Ranch Hand. 
Comparison:  1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand):  1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(g) MODEL 4: .RANCH HANDS - -i9$7.opipxiisr^ |0ri!ti^S^Ep;; 
1987 Dioxin Category Summary Statistics ■:. Analysis: Results for Lbg2 (1987 Dioxin +i)b ... 

1987 Dioxin ^:1^M!!!^Ä:,::NE1M;^:   .K1 ^f^-'^-M^^^S' HI.'.,  R2     '■-'.; Slope.(Std.;Error)V.   ;.:■;p-yai«e.■::;:. 
Low 
Medium 

High 

288 
287 

288 

4.20 
4.81 
5.46 

0.009               0.063 (0.022)             0.004 

a Transformed from natural logarithm scale of erythrocyte sedimentation rate + 0.1. 
Slope and standard error based on natural logarithm of erythrocyte sedimentation rate + 0.1 versus log2 (1987 

dioxin +1). 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(h) MODEL 4: RANCH HANDS - -1987 DIOXIM ftpPPiEp;V^ 
^'•K;;\--;;i987^öXi n Category Summary j§Äiö^.ili'i;;l| Analysis Results for Log2 (1987 Dioxin + 1) 

% 1'% '^§M-M§:-^M0 ;i§||ilill|i 
Low 
Medium 
High 

285 
284 
284 

4.34 
4.62 
5.29 

0.088                     0.052 (0.025)             0.037 

a Transformed from natural logarithm scale of erythrocyte sedimentation rate + 0.1. 
Slope and standard error based on natural logarithm of erythrocyte sedimentation rate + 0.1 versus log2 (1987 

dioxin + 1). 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 
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9.2.23.2    Erythrocyte Sedimentation Rate (Discrete) 

Similar to the continuous analyses, all results from the analyses of erythrocyte sedimentation rate in its 
discrete form in Models 1, 2, and 3 were nonsignificant (Table 9-9(a-f): p>0.13). The Model 4 
unadjusted analysis revealed a significant association between erythrocyte sedimentation rate and 1987 
dioxin levels (Table 9-9(g): Est RR=1.18, p=0.040). After adjustment for covariates, this association 
was nonsignificant (Table 9-9(h): p=0.169). 

Table 9-9. Analysis of Erythrocyte Sedimentation Rate (Discrete) 

(a) MODEL 1: RANCH HANDS VS. COMPARISONS - UNADJUSTED 

Occupational 
[:. Category-. :; :\ Group .''.Abnormal'' i 

Est. Relative Risk 
:::..M:ö):.::,i p-Value 

All 

Officer 

Enlisted Flyer 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

870 
1,251 

341 
494 

151 
187 

378 
570 

72 
88 

20 
34 

(S3) 
(7.0) 

(5.9) 
(6.9) 

17(11.3) 
14   (7.5) 

35   (9.3) 
40   (7.0) 

1.19 (0.86,1.65) 

0.84(0.48,1.49) 

1.57 (0.75,3.29) 

1.35 (0.84,2.17) 

0.289 

0.557 

0.235 

0.212 

(b) MODEL I: RANCH HANDS VS. COMPARISONS - ADJUSTED 

Occupational Category 
Adjusted Relative Risk 

p-Value | 

All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

1.17(0.84,1.63) 

0.86(0.48,1.53) 
1.59(0.75,3.38) 
1.29(0.79,2.10) 

0356 

0.602 
0.231 
0.305 

(c) MODEL 2: RANCH HANDS - -;BNpE^^ 

Initial Dioxin Category Summary Statistics :.';.. Analysis Results;'^ 

Imtial 
Dioxin M&^W*BMM0-'^ 

Low 

Medium 
High 

160 
162 
160 

11   (6.9) 
19(11.7) 
15   (9.4) 

1.17 (0.93,1.46)                       0.179 

Adjusted for percent body fat at the time of the blood measurement of dioxin. 
Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 
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Table 9-9.   Analysis of Erythrocyte Sedimentation Rate (Discrete) (Continued) 

(d) MODEL 2: RANCHHANDS -INITIAL DIOXIN-ADJUSTED 

■'■;'•:•'.v- t:^r^':Ä'+?:vrir- 

Analysis Results for jLögj; 

Adjustcd. Relative Risk 1 

(Initial Dioxin) 

p-Value 

477 1.23(0.94,1.62) 0.138 

a Relative risk for 1 a twofold increase in initial dioxin. 

;.(e):.MOpEL;3-; RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY | -UNADJUSTED 

: Dioxin Category                     n ; 
~^:i: '■■■■'■■■''   Number (%) ■ '■' J 

Abnormal 
%■ "i ■ ;Est:.Reiäöye}Ri MfM 

'    (95%CX)ab :'"■    I p-Value 

Comparison 1,213 85 (7.0) 

Background RH 381 25 (6.6) 1.03(0.65,1.64) 0.908 
LowRH 239 21 (8.8) 1.25(0.75,2.06) 0.392 
High RH 243 24 (9.9) 1.34(0.83,2.16) 0.236 
Low plus High RH 482 45 (9.3) 1.29 (0.88,1.89) 0.190 

a Relative risk and confidence interval relative to Comparisons. 
Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

■(f) MODEL 3; RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY -ADJUSTED 

f:|:y/;;-; W;H-S^M$   %MW^i:%&0&''?-- :^%-'t ''■'} ■ Mi:-lk' PM £:--J;v £>)£ -Ä^^^d:iRe1latiye:;föski'; '-^V. ■±<%>&%v-i'>. £ ^-V:; £ "" • '^' ■ - Ä 

0.777 

0.897 

0.237 

0.398 

Comparison 

Background RH 

LowRH 

HighRH 

Low plus High RH 

1,211 

376 

237 

240 

477 

1.07(0.66,1.73) 

1.04(0.61,1.75) 

1.36(0.82,2.26) 

1.19(0.80,1.77) 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand):  1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 9-9.   Analysis of Erythrocyte Sedimentation Rate (Discrete) (Continued) 

(g)M0DEL4: RANCH HANDS -1987 DIOXIN -UNADJUSTED 

1987 Dioxin Category .Summary Statistics :  ■ Analysis Results for Log2 (1987 Dioxin + 1) 

Dioxin l't:W^:MpJ::3:^ ■-% Abnormal 
■■'  Estimated;Relative Risk '.:'■.. 

' :,   ::(95%';CX)a;       .       ;..-...           p-Value     j 

Low 
Medium 
High 

288 
287 
288 

19 (6.6) 
23 (8.0) 
28 (9.7) 

1.18 (1.01,1.39)                                0.040 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(h)MODEL4: RANCHjpNDS-1987WOXIN-ADJUSTED 

[:;;;::;;';:-5 ?;l-'■ :^;;^:;^;::5-f: ■:!; ■;: is;-* l:;.i ?;■;;:;:-:; :^l:-:;:";: y:?:?'J ■;-■; :■ ^:^7;:; :;v: t: ■•-;-:^: ■ :^:-'j::: ;;iv::":|Äiiääys|s; ;;|fe^iij^' ;^^vl^g2 |<JiS^7 Dioxin :;:4-.: i);':;/; ^;; .-;■;;:; :;:::^::: ■: 

;';:;:;;■;;:>   --::n:':-;:i:>;;:;3j:
;;;;;v';;=:.i;■;;j:':   :|:'':;":;::;.;;??;;':.'|:>::>:;;:\^';::'■ r^"'^         ]WM            "$'M '''i:;[i^i^^f&&^f^^X^li;\x [' 

ii;|S;vM ■ p-Value : 

853                                              1.14(0.94,1.38) 0.169 

a Relative risk for a twofold increase in 1987 dioxin. 

9.2.3     Longitudinal Analysis 

Longitudinal analyses were conducted on five variables—self-perception of health, appearance of illness 
or distress, relative age, body fat, and erythrocyte sedimentation rate—to examine whether changes 
across time differed with respect to group membership (Model 1), initial dioxin (Model 2), and 
categorized dioxin (Model 3). Model 4 was not examined in longitudinal analyses because 1987 dioxin, 
the measure of exposure in these models, changes over time and is not available for all participants for 
1982 or 1997. 

Discrete analyses were performed for all variables, and continuous analyses were additionally performed 
for body fat and erythrocyte sedimentation rate. The longitudinal analyses for all of these variables 
investigated the difference between the 1982 examination and the 1997 examination. These analyses 
were used to investigate the temporal effects of dioxin during the 15-year period between 1982 and 1997. 

The cutpoints for abnormal erythrocyte sedimentation rate differed by examination date and age. For the 
1982 baseline examination, the cutpoint was 12 mm/hr for all participants. For the 1985, 1987, and 1992 
follow-up examinations, the cutpoint was 15 mm/hr for participants younger than 50 and 20 mm/hr for 
participants at least 50 years old at the time of the examination. 

Participants who were abnormal in 1982 were not included in the longitudinal analysis of discrete 
dependent variables. The purpose of the longitudinal analysis was to examine the effects of dioxin 
exposure across time. Participants who were abnormal in 1982 were not considered to be at risk for 
developing the condition, because the condition already existed at the time of the first collection of data 
for the AFHS (1982). Only participants who were normal at the 1982 examination were considered to be 
at risk for developing the condition; therefore, the rate of abnormalities under this restriction 
approximates an incidence rate between 1982 and 1997. That is, an incidence rate is a measure of the 
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rate at which people without a condition develop the condition during a specified period of time (86). 
Summary statistics are provided for reference purposes for the 1985, 1987, and 1992 examinations. 

The longitudinal analyses for the discrete variables examined relative risks at the 1997 examination for 
participants who were classified as normal at the 1982 examination. The adjusted relative risks estimated 
from each of the three models were used to investigate the change in the dependent variable over time. 
All three models were adjusted for age; Models 2 and 3 also were adjusted for the percentage of body fat 
at the time of the blood measurement of dioxin. This was accomplished for all dependent variables 
except body fat in 1997. As described previously, the use of body fat at the time of the participant's 
blood measurement of dioxin as a covariate masks the relation between body fat in 1997 and the dioxin 
measure. 

The longitudinal analysis for the two continuous variables examined the paired difference between the 
measurements from 1982 and 1997. These paired differences measured the change in body fat or 
erythrocyte sedimentation rate over time. Each of the three models used in the longitudinal analysis was 
adjusted for age and the dependent variable as measured in 1982 (see Chapter 7, Statistical Methods). 
The analyses of Models 2 and 3 for erythrocyte sedimentation rate also were adjusted for percent body 
fat at the time of the blood measurement of dioxin. A logarithmic transformation was applied to both of 
these variables for analytic purposes. 

9.2.3.1     Questionnaire Variable 

9.2.3.1.1    Self-perception of Health 

Longitudinal analyses were conducted for the examination of participant's self-perception of health in 
1997. Only participants who reported their health as excellent or good in 1982 were included in the 
analysis. Results from analyses of all three models are found in Table 9-10 and indicate no significant 
associations between self-perception of health and any of the three measures of dioxin exposure (group 
status, initial dioxin, or categorized dioxin: p>0.11 for each contrast). 
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Table 9-10. Longitudinal Analysis of Self-perception of Health 

(a) MODEL 1: RANCH HANDS VS. COMPARISONS ::!        '■■ \ 

.  ^mber'^%);Eair;;or;i Poor/(n) 

Occupational Examination 

..'Category ; ■ Group 1982V • ..:Vv: m:W5£MM^ !    1987 1992 1997 

All Ranch Hand 152 (18.7) 62 (7.8) 43 (5.5) 67 (8.5) 117 (14.4) 
(813) (795) (788) (792) (813) 

Comparison 129 (13.2) 53 (5.5) 42 (4.4) 59 (6.2) 103 (10.6) 
(974) (956) (949) (952) (974) 

Officer Ranch Hand 33 (10.7) 11(3.6) 12 (4.0) 14 (4.6) 28(9.1) 
(309) (305) (302) (305) (309) 

Comparison 35 (9.2) 13 (3.5) 7(1.9) 16 (4.3) 26 (6.9) 
(379) (373) (367) (374) (379) 

Enlisted Flyer Ranch Hand 31(21.1) 6(4.2) 6 (4.2) 13 (9.0) 24(16.3) 
(147) (144) (142) (144) (147) 

Comparison 22(15.2) 9 (6.3) 4 (2.8) 10 (7.0) 16(11.0) 
(145) (144) (143) (143) (145) 

Enlisted Ranch Hand 88 (24.7) 45 (13.0) 25 (7.3) 40(11.7) 65(18.2) 
Groundcrew (357) (346) (344) (343) (357) 

Comparison 72 (16.0) 31 (7.1) 31 (7.1) 33 (7.6) 61 (13.6) 
(450) (439) (439) (435) (450) 

''■:=■'. Excellent or Good in 1982 ;. 

j. Relative Risk Occupational; |f i; J^äfcter; {MffiMült 3: Ai 
Category ■ ; Group    ■; n in 1997 or Poor in 1997        ...■■';,.] 0s^M^MM-i p-Value*;    ; 

All Ranch Hand 661 49 (7.4) 1.07 (0.72,1.58) 0.746 
Comparison 845 59 (7.0) 

Officer Ranch Hand 276 13 (4.7) 1.01 (0.48,2.14) 0.978 
Comparison 344 16 (4.7) 

Enlisted Flyer Ranch Hand 116 10 (8.6) 1.37 (0.52,3.60) 0.526 
Comparison 123 8 (6.5) 

Enlisted Ranch Hand 269 26 (9.7) 1.08(0.63,1.84) 0.783 
Groundcrew Comparison 378 35 (9.3) 

a Relative risk, confidence interval, and p-values are in reference to a contrast of 1982 and 1997 results; results 
adjusted for age in 1997. 

Note: Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 1985, 
and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for participants who 
attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided for reference purposes 
for participants who attended the 1982, 1992, and 1997 examinations. Statistical analyses are based only on 
participants who had an excellent or good self-perception of health in 1982 (see Chapter 7, Statistical Methods). 
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Table 9-10.   Longitudinal Analysis of Self-perception of Health (Continued) 

(b) MODfcfc^: &AN^ 

Number (%) Fair or Poor/(n) 
Examination 

Initial Dioxin ■   . '   1982    ■ : 
:MM:wWE^M '    1987 ;i:^fS$M:5!-|iJj 1997 

Low 25 (16.3) 14 (9.3) 8 (5.3) 13 (8.8) 24 (15.7) 
(153) (150) (152) (148) (153) 

Medium 40 (25.3) 15 (9.7) 11(7.1) 20(12.9) 34(21.5) 
(158) (155) (155) (155) (158) 

High 27(17.8) 20(13.4) 9(6.1) 16 (10.7) 25 (16.5) 
(152) (149) (147) (149) (152) 

'..■ ... V.\ '■. Initial .Dioxin. Category Summary Statistics  .'.';.; Analysis Results lor Log2(Initial Dioxin)3 

';..-■■:•' ^Excellent or Good in 1982 

ninl997 
Number (%) Fair 
or Poor in 1997 

Adj. Relative Risk 

Low 
Medium 
High 

128 
118 
125 

9  (7.0) 
17 (14.4) 

9   (7.2) 

0.89 (0.66,1.20)                          0.440 

a Adjusted for percent body fat at the time of the blood measurement of dioxin and age in 1997. 
Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 1985, 
and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for participants who 
attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided for reference 
purposes for participants who attended the 1982, 1992, and 1997 examinations. Statistical analyses are based 
only on participants who had an excellent or good self-perception of health in 1982 (see Chapter 7, Statistical 
Methods). 

(c) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN C ATEGORY 

^^Mii'-fel^^l^^äittbe r;(%)'Fairdr:Pobr/(n) ..■:>/ 
Examination 

L;-.   Dioxin Category■';■■ IflllliÄISi fillliffiÄiiyiS^ S^MMMii Sl^lilliiSFi iMl&WtiM^-'^ 
Comparison 122 (12.9) 51 (5.5) 40 (4.3) 54 (5.8) 93 (9.8) 

(946) (931) (923) (925) (946) 

Background RH 57 (16.6) 13 (3.9) 14 (4.3) 17(5.1) 31 (9.0) 
(344) (336) (329) (335) (344) 

LowRH 44 (19.2) 22 (9.9) 15 (6.6) 20 (9.0) 38 (16.6) 
(229) (223) (226) (222) (229) 

High RH 48 (20.5) 27(11.7) 13 (5.7) 29 (12.6) 45 (19.2) 
(234) (231) (228) (230) (234) 

Low plus High RH 92(19.9) 49 (10.8) 28 (6.2) 49 (10.8) 83 (17.9) 
(463) (454) (454) (452) (463) 
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Table 9-10.   Longitudinal Analysis of Self-perception of Health (Continued) 

Excellent or Gpodin 1982 

Adj. Relative Risk 
|    (95%CX)ab Dioxin Category n in 1997 

Number (%) Fair 
or Poor in 1997 p-Value* 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

824 

287 
185 
186 
371 

53   (6.4) 

13   (4.5) 
16   (8.7) 
19 (10.2) 
35   (9.4) 

0.74(0.39,1.38) 
1.32(0.74,2.38) 
1.56(0.89,2.75) 
1.44 (0.92,2.26) 

0.339 
0.349 
0.119 
0.113 

a Relative risk and confidence interval relative to Comparisons. 
Adjusted for percent body fat at the time of the blood measurement of dioxin and age in 1997. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand):  1987 Dioxin >10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin >10 ppt, Initial Dioxin > 94 ppt. 

Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 1985, 
and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for participants who 
attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided for reference 
purposes for participants who attended the 1982, 1992, and 1997 examinations. Statistical analyses are based 
only on participants who had an excellent or good self-perception of health in 1982 (see Chapter 7, Statistical 
Methods). 

9.2.3.2    Physical Examination Variables 

9.2,3.2.1    Appearance of Illness or Distress 

Longitudinal analyses were conducted on participants in the 1997 follow-up who did not appear ill or 
distressed in 1982. The results revealed no significant differences between Ranch Hands and 
Comparisons in the percentage of participants that appeared ill or distressed, either when examined 
across all occupations or within each occupational category (Table 9-11(a): p>0.19 for each contrast). 
Analyses that examined the effect of initial dioxin on appearance of illness or distress also were 
nonsignificant (Table 9-11(b): p=0.132). A statistically significant difference in the appearance of 
illness or distress between Ranch Hands in the low dioxin category and Comparisons was found, with a 
greater percentage of Ranch Hands appearing ill or distressed (Table 9-11(c): Adj. RR=3.07, p=0.029). 
The relative risk estimate remained significant when Ranch Hands from the low and high dioxin 
categories were combined (Adj. RR=2.50, p=0.049). Other contrasts of Ranch Hands and Comparisons 
were nonsignificant (p>0.24 for each remaining contrast). 
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Table 9-11. Longitudinal Analysis of Appearance of Illness or Distress 

(a) MODEL 1: =;$4^ 
Number (%>Yes/(n) ) 

Occupational   ; Examination 

Category ':'j Group 1'    1982 1985 1987 1992 1997 

All Ranch Hand 5 (0.6) 2 (0.3) 2 (0.3) 16(2.0) 14(1.7) 

(817) (797) (791) (795) (817) 
Comparison 1 (0.1) 3 (0.3) 2 (0.2) 13(1.4) 9 (0.9) 

(974) (956) (948) (954) (974) 

Officer Ranch Hand 3(1.0) 1 (0.3) 1 (0.3) 8 (2.6) 3 (1.0) 
(312) (308) (305) (307) (312) 

Comparison 0 (0.0) 0 (0.0) 0 (0.0) 4(1.1) 3 (0.8) 
(380) (374) (368) (375) (380) 

Enlisted Flyer Ranch Hand 0 (0.0) 1 (0.7) 0(0.0) 3 (2.1) 3 (2.0) 
(148) (145) (143) (145) (148) 

Comparison 1 (0.7) 2(1.4) 0 (0.0) 0 (0.0) 0 (0.0) 
(144) (143) (142) (142) (144) 

Enlisted Ranch Hand 2 (0.6) 0 (0.0) 1 (0.3) 5(1.5) 8 (2.2) 
Groundcrew (357) (344) (343) (343) (357) 

Comparison 0 (0.0) 1 (0.2) 2(0.5) 9(2.1) 6(1.3) 
(450) (439) (438) (437) (450) 

No in 1982; 

iativeRisk;.:;  ■? Occupational f:Mg$MM^:m jB;SHPtt?SÖ 
;...    Category  .; Group ; n in 1997; Yes in 1997 ̂ ^M^l^ä^f^l^^S^SI p-Value 

All Ranch Hand 812 13 (1.6) 1.75 (0.74,4.11) 0.196 

Comparison 973 9 (0.9) 
Officer Ranch Hand 309 2 (0.7) 0.82 (0.14,4.95) 0.829 

Comparison 380 3 (0.8) 
Enlisted Flyer Ranch Hand 

Comparison 
148 
143 

3 (2.0) 
0 (0.0) 

~ 0.258b 

Enlisted Ranch Hand 355 8 (2.3) 1.81 (0.62,5.28) 0.280 
Groundcrew Comparison 450 6(1.3) 

Relative risk, confidence interval, and p-values are in reference to a contrast of 1982 and 1997 results; results 
adjusted for age in 1997. 

P-value determined using a chi-square test with continuity correction because of the sparse number of participants 
appearing ill or distressed. 
—: Results not presented because of the sparse number of participants appearing ill or distressed. 

Note: Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 1985, 
and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for participants who 
attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided for reference purposes 
for participants who attended the 1982, 1992, and 1997 examinations. Statistical analyses are based only on 
participants who did not appear ill or distressed in 1982 (see Chapter 7, Statistical Methods). 
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Table 9-11.  Longitudinal Analysis of Appearance of Illness or Distress (Continued) 

|H MODEL 2i: RANCH BANDS — INITIAL DIOXIN ■   ; 

.':;■';'■ <■' v;;::' '&& 0:0:': i 00^. Sf;?:l§ ■ ■:/; ;..-■ 0- k £■ . ■" - t -' ' Ä'k! f &'£ %:£-l:::;rExäminatiöft IL ^"ä ::;>: X.-"': ;.'.X   .■: i;.X:": '■:.-.      i:::: 0 'I. £X £ 

Initial Dioxin SSSlS'l-iHx:; M^hM&lräS-t 1987 1992   ■ 1997 
Low 0 (0.0) 0 (0.0) 0 (0.0) 3 (2.0) 7 (4.6) 

(154) (151) (153) (149) (154) 
Medium 0 (0.0) 1 (0.7) 0 (0.0) 4 (2.6) 3(1.9) 

(158) (154) (155) (155) (158) 
High 2(1.3) 0 (0.0) 1 (0.7) 1 (0.7) 1 (0.7) 

(152) (148) (147) (149) (152) 

.. ■■ Initial Dioxin Category Summary Statistics \ Analysis Results for Log2 (Initial Dioxin)3 

X-
;
Nö|IJ *SM3S!i3fJ 

Initial Dioxin iX|:nin-l?9T;; 
0Wi^W(^0000: 
.    Yes in 1997 .; X:

: 

■   Adj. Relative Risk   :.            ■. • ' ,.  ' 
|x|;:;Xö^ 

Low 
Medium 
High 

154 
158 
150 

7 (4.6) 
3 (1.9) 
1 (0.7) 

0.65(0.35,1.20)                         0.132 

a Adjusted for percent body fat at the time of the blood measurement of dioxin and age in 1997. 
Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 1985, 
and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for participants who 
attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided for reference 
purposes for participants who attended the 1982, 1992, and 1997 examinations. Statistical analyses are based 
only on participants who did not appear ill or distressed in 1982 (see Chapter 7, Statistical Methods). 

■■(c) MODEL 3: R^NCH HANDS AND COMPARISONS BY DIOXIN C ÄTOGÖRY;,'^:': 
::;-::.#»fiü^^                             00lB0'[ 

<>::'Exami nation'^: 

: '' Dioxin-Category ■;'; TlS&iWM IllSiiiiiil &:B::MMtWM. SiSfilHSiJi ■lS?©j[^gg|g:5i 
Comparison 1 (0.1) 3 (0.3) 2 (0.2) 12(1 3) 9 (1 0) -WNSAAKf Ml iUV»« •s \v,*~'/ •** \yj'^'} *** \x**,j S    \K.\J) 

(946) (931) (922) (927) (946) 
Background RH 3 (0.9) 1 (0.3) 1 (0.3) 7 (2.1) 3 (0.9) 

(347) (339) (331) (337) (347) 
LowRH 0 (0.0) 1 (0.5) 0 (0.0) 5 (2.3) 7(3.1) 

(229) (223) (226) (222) (229) 
High RH 2 (0.9) 0(0.0) 1 (0.4) 3 (1.3) 4(1.7) 

(235) (230) (229) (231) (235) 
Low plus High RH 2 (0.4) 1 (0.2) 1 (0.2) 8 (1.8) 11(2.4) 

(464) (453) (455) (453) (464) 
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Table 9-11.   Longitudinal Analysis of Appearance of Illness or Distress (Continued) 

lllllllll 

(95%CX)ab"■■ '■'.  ' Dioxin Category hin 1997 
Number (%)      ■■; 
Yes in 1997 p-Value11 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

945 

344 
229 
233 
462 

9(1.0) 

2 (0.6) 
7 (3.1) 
4(1.7) 

11 (2.4) 

0.59(0.13,2.77) 
3.07(1.12,8.36) 
2.04 (0.61,6.83) 
2.50 (1.00,6.22) 

0.507 
0.029 
0.246 
0.049 

a Relative risk and confidence interval relative to Comparisons. 
Adjusted for percent body fat at the time of the blood measurement of dioxin and age in 1997. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin >10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin >10 ppt, Initial Dioxin > 94 ppt. 

Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 1985, 
and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for participants who 
attended the 1982,1987, and 1997 examinations. Summary statistics for 1992 are provided for reference 
purposes for participants who attended the 1982, 1992, and 1997 examinations. Statistical analyses are based 
only on participants who did not appear ill or distressed in 1982 (see Chapter 7, Statistical Methods). 

9.2.3.2.2    Relative Age Appearance 

The 1997 longitudinal analyses of relative age appearance were conducted among participants who 
appeared the same or younger than their chronological age in 1982. The associations from all analyses of 
relative age appearance and dioxin exposure were nonsignificant (Table 9-12: p>0.26 for each analysis). 
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Table 9-12. Longitudinal Analysis of Relative Age Appearance 

(a) MODEL 1: RANCH HANDS VS. COMPARISONS 

!$&Mv^ 
Occupational Examination 

Category      ; Croup ; 1982   ..;;; ■! : 1985 1987 1992 1997 

All Ranch Hand 15 (1.8) 25(3.1) 39 (4.9) 40 (5.0) 82 (10.0) 

(819) (800) (793) (797) (819) 
Comparison 19 (2.0) 35 (3.7) 40 (4.2) 54(5.7) 82 (8.4) 

(974) (956) (949) (954) (974) 

Officer Ranch Hand 2 (0.6) 4(1.3) 8 (2.6) 1 (2.3) 19 (6.1) 
(312) (308) (305) (307) (312) 

Comparison 3 (0.8) 1 (0.3) 8 (2.2) 13 (3.5) 19 (5.0) 
(379) (373) (367) (374) (379) 

Enlisted Flyer Ranch Hand 0 (0.0) 3 (2.1) 11 (7.7) 13 (9.0) 22 (14.9) 
(148) (145) (143) (145) (148) 

Comparison 4 (2.8) 12 (8.3) 11(7.7) 8 (5.6) 17(11.7) 
(145) (144) (143) (143) (145) 

Enlisted Ranch Hand 13 (3.6) 18(5.2) 20 (5.8) 20 (5.8) 41(11.4) 
Groundcrew (359) (347) (345) (345) (359) 

Comparison 12 (2.7) 22 (5.0) 21 (4.8) 33 (7.6) 46(10.2) 
(450) (439) (439) (437) (450) 

■ \ '■■. As Old As pi; I Younger in 1982 " 

iVelS:isfe;:;;:;;:;:;j: Occupational W^Mm^:(^.::\ j:..L;Adj.ReUtj 
WW^G^^^M;: Group :;     n in 1997      j Older in 1997 I '^MMW^^^iiMMi p-Value0 

All Ranch Hand 804 76   (9.5) 1.21 (0.87,1.69) 0.265 
Comparison 955 76   (8.0) 

Officer Ranch Hand 310 19   (6.1) 1.22(0.63,2.35) 0.554 
Comparison 376 19   (5.1) 

Enlisted Flyer Ranch Hand 148 22 (14.9) 1.35 (0.68,2.70) 0.390 
Comparison 141 16(11.4) 

Enlisted Ranch Hand 346 35 (10.1) 1.12(0.70,1.81) 0.637 
Groundcrew Comparison 438 41   (9.4) 

a Relative risk, confidence interval, and p-values are in reference to a contrast of 1982 and 1997 results; results 
adjusted for age in 1997. 

Note: Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 1985, 
and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for participants who 
attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided for reference purposes 
for participants who attended the 1982, 1992, and 1997 examinations. Statistical analyses are based only on 
participants who appeared as old as or younger than their age in 1982 (see Chapter 7, Statistical Methods). 
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Table 9-12.   Longitudinal Analysis of Relative Age Appearance (Continued) 

'(b) MODEL 2: RANCH HANDS ^miTULDIOXIN 

!;• ■i'-ii 'JCXr'i J[ -. y ■:■'=>;:■ -:;:V v:;■%&.:;:;.:,.V:i'■ :*:::l;.:'.-■-;:;;".v   ;)('-> ■■ ■ I;:;1:'v>:-^-i; ■ ^^v >1 :;:lb<aminätiOHi::■.'■:i^&^f:y       ":nMW 

Initial Dioxin -^M^W^t^-M o.l-^iBlil^;!: 1987 1992 1997 
Low 2 (1.3) 5 (3.3) 8 (5.2) 6 (4.0) 16 (10.4) 

(154) (151) (153) (149) (154) 
Medium 2(1.3) 5 (3.2) 6(3.9) 9(5.8) 16(10.1) 

(159) (156) (156) (156) (159) 
High 5 (3.3) 9 (6.0) 7 (4.7) 9 (6.0) 15 (9.8) 

(153) (149) (148) (150) (153) 

:    Initial Dioxin Category Summary Statistics Analysis Results for Log2 (Initial Dioxin)a 

glil>S^|^fÄS or Younger m 1982    ; 

Initial Dioxin n in 1997 Older in 1997 
Low 
Medium 
High 

152 
157 
148 

15 (9.9) 
16 (10.2) 
13   (8.8) 

1.04(0.81,1.33)                         0.765 

a Adjusted for percent body fat at the time of the blood measurement of dioxin and age in 1997. 
Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 1985, 
and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for participants who 
attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided for reference 
purposes for participants who attended the 1982, 1992, and 1997 examinations. Statistical analyses are based 
only on participants who appeared as old as or younger than their age in 1982 (see Chapter 7, Statistical 
Methods). 

i(fe)f^pE^ ATEGORY 

Number (%) Older/ M\fZ*:<.\:':':M:^ 
Exariijnatiön 

Dioxin Category   :,..; liÄ^fiis SIKiüÄRI IlfllllÄ "DV .:': -iW,■■.-. "'•' WWiWi^M-ä 
Comparison 19 (2.0) 35 (3.8) 40 (4.3) 53 (5.7) 81 (8.6) 

(946) (931) (923) (927) (946) 

Background RH 6 (1.7) 6(1.8) 18 (5.4) 15 (4.5) 35 (10.1) 
(347) (339) (331) (337) (347) 

LowRH 2 (0.9) 7(3.1) 8 (3.5) 7(3.1) 23 (10.0) 
(230) (224) (227) (223) (230) 

High RH 7 (3.0) 12 (5.2) 13 (5.7) 17 (7.3) 24 (10.2) 
(236) (232) (230) (232). (236) 

Low plus High RH 9(1.9) 19 (4.2) 21 (4.6) 24 (5.3) 47(10.1) 
(466) (456) (457) (455) (466) 
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Table 9-12.   Longitudinal Analysis of Relative Age Appearance (Continued) 

As Old As or Younger in 1982 

Adj. Relative Risk 
.(95%CX)ab ■   Dioxin Category ■ n in 1997       | Older in 1997 p-Valueb 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

927 

341 
228 
229 
457 

75(8.1) 

32 (9.4) 
22 (9.7) 
22 (9.6) 
44 (9.6) 

1.14(0.74,1.77) 
1.19(0.72,1.97) 
1.28 (0.77,2.12) 
1.24(0.84,1.83) 

0.545 
0.487 
0.339 
0.289 

a Relative risk and confidence interval relative to Comparisons. 
Adjusted for percent body fat at the time of the blood measurement of dioxin and age in 1997. 

Note: RH = Ranch Hand. 
Comparison:  1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin >10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand):  1987 Dioxin >10 ppt, Initial Dioxin > 94 ppt. 

Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 1985, 
and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for participants who 
attended the 1982,1987, and 1997 examinations. Summary statistics for 1992 are provided for reference 
purposes for participants who attended the 1982, 1992, and 1997 examinations. Statistical analyses are based 
only on participants who appeared as old as or younger than their age in 1982 (see Chapter 7, Statistical 
Methods). 

9.2.3.2.3    Body Fat (Continuous) 

Longitudinal analyses that examined the mean difference between body fat in 1982 and 1997 were 
performed to explore associations with group and dioxin. The results of the longitudinal analyses are 
seen in Table 9-13. 

No significant associations were observed between group status (Ranch Hand, Comparison) and the 
change in body fat over the 15 years of the study, either across or within occupational strata (Table 
9-13(a): p>0.40 for all analyses). In addition, no significant associations were observed between change 
in body fat and categorized dioxin (Table 9-13(c): p>0.19 for all analyses). 

A significant negative association was observed between the change in body fat and initial dioxin (Table 
9-13(b): p=0.049). The mean body fat percentages increased between 1982 and 1997 for all initial 
dioxin categories. The increase was greater for those participants with lesser amounts of initial dioxin 
exposure. 
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Table 9-13. Longitudinal Analysis of Body Fat (Percent) (Continuous) 

(a) MODEL 1: RANCH HANDS VS COMPARISONS         | 

Occupational 

Mean7(n>:         .1 
Examination Exam. 

.' Mean. 
Difference of 
Exam. Mean 

Category Group 1982 1985  ; ;1987:::J 1992  j 1997 Change Change p-Valuec 

All Ranch Hand 19.82 20.70 21.07 21.88 22.11 2.29 -0.01 0.938 
(817) (799) (791) (795) (817) 

Comparison 19.94 21.00 21.24 22.11 22.24 2.30 
(976) (958) (951) (956) (976) 

Officer Ranch Hand 20.09 20.93 21.22 21.85 22.06 1.98 0.07 0.715 
(311) (307) (304) (306) (311) 

Comparison 19.86 20.88 20.99 21.70 21.77 1.91 
(380) (374) (368) (375) (380) 

Enlisted Ranch Hand 19.48 20.47 20.67 21.43 21.65 2.17 -0.34 0.403 
Flyer (147) (144) (142) (144) (147) 

Comparison 19.56 20.35 20.69 21.56 22.07 2.51 
(145) (144) (143) (143) (145) 

Enlisted Ranch Hand 19.74 20.59 21.10 22.10 22.35 2.61 0.05 0.997 
Groundcrew (359) (348) (345) (345) (359) 

Comparison 20.14 21.32 21.64 22.65 22.70 2.56 
(451) (440) (440) (438) (451) 

Transformed from natural logarithm scale. 
Difference between 1997 and 1982 examination means after transformation to original scale. 

c P-value is based on analysis of natural logarithm of body fat; results adjusted for natural logarithm of body fat in 
1982 and age in 1997. 

Note: Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 1985, 
and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for participants who 
attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided for reference purposes 
for participants who attended the 1982, 1992, and 1997 examinations. 
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Table 9-13.   Longitudinal Analysis of Body Fat (Percent) (Continuous) (Continued) 

(b) MODEL 2: RANCH HANDS - INITIAL DIOXIN 

Initial Dioxin Category Summary Statistics Analysis Results for Log2 .(Initial Dioxin)6 

.?:■ y.'$; ?&zMMZ-i:S:Säf'xk '"■--)Z&.   ~"■ 'feantt^tio^f ';:'■ (:    i;;:': S £ ^:S Adjusted Slope 
.:
:<St&:Error).   ■     : '            p-Value Initial Dioxin 1982 

20.23 
(154) 

1985 

21.27 
(151) 

1987 

21.56 
(153) 

992 1997 

Low 22.60 
(149) 

22.66 
(154) 

-0.012 (0.006)                     0.049 

Medium 20.89 21.97 22.26 22.97 23.48 
(157) (154) (154) (154) (157) 

High 21.70 22.56 22.97 23.65 23.80 
(153) (150) (148) (150) (153) 

a Transformed from natural logarithm scale. 
Results based on difference between natural logarithm of 1997 body fat and natural logarithm of 1982 body fat 

versus log2 (initial dioxin); results adjusted for natural logarithm of 1982 body fat and age in 1997. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 1985, 
and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for participants who 
attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided for reference 
purposes for participants who attended the 1982, 1992, and 1997 examinations. 
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Table 9-13.   Longitudinal Analysis of Body Fat (Percent) (Continuous) (Continued) 

(c) MOREL 3: RANCH HANDS AN0 COMPARISON^ J5Y DIOXIN CATEGORY 

Dioxin 

Meana/(n) .; 
Examination Difference of 

; Category ■■:'; : .   1982   [\ 1985  j 1987     1 '  1992;;- j 1997 ; ■Change*    ■ 1 Change p-Vaiuec 

Comparison 19.90 20.96 21.20 22.07 22.21 2.31 
(948) (933) (925) (929) (948) 

Background 18.39 19.13 19.52 20.35 20.58 2.19 -0.12 0.708 
RH (347) (339) (331) (337) (347) 
LowRH 20.43 21.46 21.72 22.70 22.96 2.53 0.22 0.193 

(230) (224) (227) (223) (230) 
High RH 21.43 22.38 22.79 23.44 23.66 2.22 -0.09 0.322 

(234) (231) (228) (230) (234) 
Low plus 20.93 21.92 22.25 23.07 23.31 2.38 0.07 0.853 
High RH (464) (455) (455) (453) (464) 

a Transformed from natural logarithm scale. 
Difference between 1997 and 1982 examination means after transformation to original scale. 

c P-value is based on analysis of natural logarithm of body fat; results adjusted for body fat in 1982 and age in 1997. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 1985, 
and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for participants who 
attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided for reference 
purposes for participants who attended the 1982, 1992, and 1997 examinations. 

9.23,2.4    Body Fat (Discrete) 

Body fat in its discrete form was analyzed across time for participants in 1997 who were considered lean 
or normal in 1982. The differences in percentages of obese participants for Ranch Hands and 
Comparisons were nonsignificant (Table 9-14(a): p>0.25 for each contrast). A marginally significant 
association between initial dioxin and body fat was revealed (Table 9-14(b): p=0.069). The contrast 
examining differences in obesity between Ranch Hands in the Background dioxin category and 
Comparisons also revealed a significant result (Table 9-14(c): Adj. RR=0.64, p=0.014), with less Ranch 
Hands being obese in 1997. All other contrasts of Ranch Hands and Comparisons in the analyses of 
dioxin categories were nonsignificant (p>0.15 for each remaining contrast). 
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Table 9-14. Longitudinal Analysis of Body Fat (Discrete) 

(a) MODEL!: RANCH HANDS VS. COMPAi RISONS; ,:■; 

. . •'-;■. . '.•••■•-••] Number (%)Obese/(n) 

Occupational Examination 

Category f;    Group    !;■'£•::'i :   ' 1982. : 1985     ; i:.   ■•■■ 1987'.". :-i WW;:-M$2W'-^ 1997 

All Ranch Hand 108 (1X2) 148 (18.5) 158 (20.0) 202 (25.4) 229 (28.0) 
(817) (799) (791) (795) (817) 

Comparison 138 (14.1) 191 (19.9) 208 (21.9) 256(26.8) 293 (30.0) 
(976) (958) (951) (956) (976) 

Officer Ranch Hand 36(11.6) 57 (18.6) 56 (18.4) 72 (23.5) 81 (26.1) 

(311) (307) (304) (306) (311) 
Comparison 38 (10.0) 56 (15.0) 62 (16.9) 88 (23.5) 89 (23.4) 

(380) (374) (368) (375) (380) 

Enlisted Flyer Ranch Hand 15 (10.2) 21 (14.6) 25 (17.6) 30(20.8) 36 (24.5) 
(147) (144) (142) (144) (147) 

Comparison 19(13.1) 25 (17.4) 25 (17.5) 31 (21.7) 43 (29.7) 
(145) (144) (143) (143) (145) 

Enlisted Ranch Hand 57(15.9) 70(20.1) 77 (22.3) 100 (29.0) 112(31.2) 
Groundcrew (359) (348) (345) (345) (359) 

Comparison 81 (18.0) 110(25.0) 121 (27.5) 137 (31.3) 161 (35.7) 
(451) (440) (440) (438) (451) 

Lean or Normal in 1982 

.Relative Risk .   ; Oecupationa! %§M^^mi^:(^),'% :;'i :;<; ^Mj 
t''ly;i;i':^|t^itögpi^^^ ;   Group.; n in 1997 -"■'■■ Obese j In 1997 ^ifelätfe^l:;;:^ p-Value8.. 

All Ranch Hand 709 136 (19.2)             0.93 (0.72,1.20) 0.567 
Comparison 838 170 (20.3) 

Officer Ranch Hand 275 52(18.9)            1.19(0.79,1.81) 0.403 
Comparison 342 56(16.4) 

Enlisted Flyer Ranch Hand 132 22(16.7)            0.81(0.43,1.52) 0.512 
Comparison 126 25 (19.8) 

Enlisted Ranch Hand 302 62(20.5)             0.81(0.56,1.17) 0.253 
Groundcrew Comparison 370 89(24.1) 

Relative risk, confidence interval, and p-values are in reference to a contrast of 1982 and 1997 results; results 
adjusted for age in 1997. 

Note: Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 1985, 
and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for participants who 
attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided for reference purposes 
for participants who attended the 1982, 1992, and 1997 examinations. Statistical analyses are based only on 
participants who were lean or had normal body fat in 1982 (see Chapter 7, Statistical Methods). 
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Table 9-14.   Longitudinal Analysis of Body Fat (Discrete) (Continued) 

(b) MODEL 2: RANCH HANDS § -INITIAL DIOXIN 

/Number (%) Obese/(n) 
|:;t:vEiamination::;;; ;   ' ...'. :■■■'■.■' 

Initial Dioxin fS:W.0&ßßß '■'■."■':.' ';,198i||Jl MJ;tfe;''iÄ^ 1997 
Low 

Medium 

High 

21 (13.6) 
(154) 

27 (17.2) 
(157) 

31 (20.3) 
(153) 

31 (20.5) 
(151) 

41 (26.6) 
(154) 

40 (26.7) 
(150) 

33(21.6)              40(26.9) 
(153) (149) 

43 (27.9)               55 (35.7) 
(154) (154) 

41(27.7)                52(34.7) 
(148)                     (150) 

51 (33.1) 
(154) 

57 (36.3) 
(157) 

52 (34.0) 
(153) 

Initial Dioxin Category Summary Statistics '; Analysis Results for Log2 (Initial Dioxin)" ; 

i''^!i^^ 

':  \ Adj.-Relative Risk .' 
Initial Dioxin Wß^ißiBßM^ß Obese in 1997 p-Value 

Low 
Medium 
High 

133 
130 
122 

32(24.1) 
34 (26.2) 
23(18.9) 

0.83(0.67,1.02) 0.069 

a Adjusted for age in 1997. 
Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 1985, 
and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for participants who 
attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided for reference 
purposes for participants who attended the 1982, 1992, and 1997 examinations. Statistical analyses are based 
only on participants who were lean or had normal body fat in 1982 (see Chapter 7, Statistical Methods). 

(c) MODEL 3^ 

Dioxin Category 

Number (%) Obese/(n) 
.;. -Examination.::.,'. 

wm wm t$$% 1992 1997 
Comparison 130(13.7) 181 (19.4) 198 (21.4) 247 (26.6) 282 (29.8) 

(948) (933) (925) (929) (948) 

Background RH 28(8.1) 35 (10.3) 39(11.8) 53 (15.7) 66 (19.0) 
(347) (339) (331) (337) (347) 

LowRH 35 (15.2) 49 (21.9) 53 (23.4) 66 (29.6) 79 (34.4) 
(230) (224) (227) (223) (230) 

High RH 44 (18.8) 63 (27.3) 64(28.1) 81 (35.2) 81 (34.6) 
(234) (231) (228) (230) (234) 

Low plus High RH 79 (17.0) 112(24.6) 117(25.7) 147 (32.5) 160 (34.5) 
(464) (455) (455) (453) (464) 

9-47 



Table 9-14.   Longitudinal Analysis of Body Fat (Discrete) (Continued) 

Lean or Normalml982 

Adj, Relative Risk 
■  :(95%C.I.fb  ; Dioxin Category n in 1997     ; 

Number (%) 
.    .      Obese in 1997 '■ p-Value 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

818 

319 
195 
190 
385 

166(20.3) 

44 (13.8) 
48 (24.6) 
41 (21.6) 
89(23.1) 

0.64 (0.44,0.91) 
1.30(0.90,1.89) 
1.03(0.70,1.52) 
1.16(0.87,1.56) 

0.014 
0.158 
0.876 
0.316 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for age in 1997. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand):  1987 Dioxin >10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin >10 ppt, Initial Dioxin > 94 ppt. 

Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 1985, 
and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for participants who 
attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided for reference 
purposes for participants who attended the 1982, 1992, and 1997 examinations. Statistical analyses are based 
only on participants who were lean or had normal body fat in 1982 (see Chapter 7, Statistical Methods). 

9.2.3.3    Laboratory Variable 

9.2.3.3.1    Erythrocyte Sedimentation Rate (Continuous) 

The change in erythrocyte sedimentation rate between 1982 and 1997 was examined for associations with 
group status and dioxin. The change in erythrocyte sedimentation rate between 1982 and 1997 for Ranch 
Hands in the high dioxin category was significantly greater than for Comparisons during this same time 
period (Table 9-15(c): p=0.050). All other contrasts involving categorized dioxin (Model 3) and group 
and initial dioxin (Models 1 and 2, respectively) were nonsignificant (Table 9-15: p>0.13 for all 
analyses). 
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Table 9-15. Longitudinal Analysis of Erythrocyte Sedimentation Rate (mm/hr) (Continuous) 

(a)M0PELl; RANCH HANDS VS. CÖMiPÄläSÖNS 

Occupational 
Category 

: Meanß/(n) t 
Ex ami nation 

iGroupl '1982;.'...::;i985;-'.-..1987".:  19921 

Exam, 
Mean 

3Ö97      Chaing6h 

Dij^ri^tceof 
Exam. Mean 

Change p-Valuec 

All Ranch Hand 1.83 481 5.06 8.03 4.87 
(819) (801) (792) (797) (819) 

Comparison 1.59 4.67 4.86 7.57 4.59 
(976) (958) (949) (956) (976) 

Officer Ranch Hand 1.83 4.71 4.81 7.39 4.44 
(312) (308) (304) (307) (312) 

Comparison 1.44 4.65 4.72 7.39 4.38 
(380) (374) (368) (375) (380) 

Enlisted Ranch Hand 2.13 5.30 6.04 8.94 5.38 
Flyer (148) (145) (143) (145) (148) 

Comparison 2.11 5.02 5.02 8.44 5.28 
(145) (144) (143) (143) (145) 

Enlisted Ranch Hand 1.71 4.71 4.92 8.25 5.07 
Groundcrew (359) (348) (345) (345) (359) 

Comparison 1.58 4.58 4.93 7.46 4.57 
(451) (440) (438) (438) (451) 

3.05 

3.01 

2.61 

2.95 

3.25 

3.17 

3.36 

2.99 

0.04 

-0.34 

0.08 

0.37 

0.813 

0.213 

0.878 

0.138 

a Transformed from natural logarithm scale of erythrocyte sedimentation rate + 0.1. 
Difference between 1997 and 1982 examination means after transformation to original scale. 

c P-value is based on analysis of natural logarithm of erythrocyte sedimentation rate + 0.1; results adjusted for natural 
logarithm of erythrocyte sedimentation rate + 0.1 in 1982 and age in 1997. 

Note: Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 1985, 
and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for participants who 
attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided for reference purposes 
for participants who attended the 1982, 1992, and 1997 examinations. 
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Table 9-15.   Longitudinal Analysis of Erythrocyte Sedimentation Rate (mm/hr) 
(Continuous) (Continued) 

(b) MODEL 2: RANCH HANDS -INITIAL DIOXIN 

-■■■ Initial Dioxin.Category Sunimary Statistics    ' Analysis Results for Log2 (Initial Dioxin)b 

sin 

Meanß/(n) 
Examination 

Adjusted Slope 
(Std. Error)                        p-Vahie Initial Dio 1982 l;:Ä85>;: 1987 1992 1997 

Low 1.71 4.82 4.99 7.94 4.74 0.045 (0.031)                      0.146 
(154) (151) (153) (149) (154) 

Medium 2.25 5.52 5.71 9.62 5.94 
(159) (156) (156) (156) (159) 

High 1.76 4.94 5.53 8.42 5.10 
(153) (150) (148) (150) (153) 

a Transformed from natural logarithm scale of erythrocyte sedimentation rate + 0.1. 
Results based on difference between natural logarithm of 1997 erythrocyte sedimentation rate + 0.1 and natural 

logarithm of 1982 erythrocyte sedimentation rate + 0.1 versus log2 (initial dioxin); results adjusted for percent body 
fat at the date of the blood measurement of dioxin, natural logarithm of 1982 erythrocyte sedimentation rate + 0.1, 
and age in 1997. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 1985, 
and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for participants who 
attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided for reference 
purposes for participants who attended the 1982, 1992, and 1997 examinations. 
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Table 9-15.   Longitudinal Analysis of Erythrocyte Sedimentation Rate (mm/hr) 
(Continuous) (Continued) 

(c) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY              111 

Dioxin 

l;);läeäri*/(ii)>-i: 
Examination Exam. ' '■; Difference of 

;;:':-:;::;:Exäni-:Meäri - ,;i'; 
• Category   : 1982     ; hWMt] 1987 1992 1997     | Change*' .; ■ Change I.   p-VaIuec 

Comparison 1.60 4.66 4.85 7.55 4.60 3.00 
(948) (933) (923) (929) (948) 

Background 1.72 4.45 4.63 7.27 4.39 2.67 -0.33 0.220 
RH (347) (339) (330) (337) (347) 
LowRH 1.92 5.06 5.24 8.59 5.12 3.20 0.20 0.784 

(230) (224) (227) (223) (230) 
High RH 1.87 5.11 5.56 8.70 5.37 3.50 0.50 0.050 

(236) (233) (230) (232) (236) 
Low plus 1.89 5.09 5.40 8.65 5.25 3.35 0.35 0.143 
HighRH (466) (457) (457) (455) (466) 

Transformed from natural logarithm scale of erythrocyte sedimentation rate + 0.1. 
Difference between 1997 and 1982 examination means after transformation to original scale. 

c P-value is based on analysis of natural logarithm of 1997 erythrocyte sedimentation rate + 0.1; results adjusted for 
percent body fat at the date of the blood measurement of dioxin, natural logarithm of 1982 erythrocyte sedimentation 
rate + 0.1, and age in 1997. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 1985, 
and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for participants who 
attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided for reference 
purposes for participants who attended the 1982, 1992, and 1997 examinations. 

9.2.33.2    Erythrocyte Sedimentation Rate (Discrete) 

Longitudinal analyses of erythrocyte sedimentation rate in its discrete form were conducted to examine 
the relation between abnormal erythrocyte sedimentation rates and group, initial dioxin, and categorized 
dioxin for participants at the 1997 follow-up. Only participants with normal erythrocyte sedimentation 
rates in 1982 were included in the study. 

Analyses were statistically significant when erythrocyte sedimentation rate differences were examined 
across all occupations (Table 9-16(a): Adj. RR=L66, p=0.016). The results revealed that the percentage 
of abnormal erythrocyte sedimentation rates for Ranch Hands was higher than for Comparisons (7.0% 
and 4.4%, respectively). Erythrocyte sedimentation rates compared within the officer strata did not 
significantly differ (p=0.847). Within the enlisted flyer stratum, the Ranch Hands versus Comparison 
contrast was marginally significant (Adj. RR=2.61, p=0.077). More Ranch Hand (9.0%) than 
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Comparison (3.7%) enlisted flyers had abnormal erythrocyte sedimentation rates. In addition, results 
were significant (Adj. RR=2.03, p=0.025) for the enlisted groundcrew stratum. Percentages of abnormal 
erythrocyte sedimentation rates were 7.7 for Ranch Hand and 4.2 for Comparison enlisted groundcrew. 

A significant positive association between initial dioxin and erythrocyte sedimentation rate was found 
(Table 9-16(b): Adj. RR=1.36, p=0.022). The analyses indicated that erythrocyte sedimentation rate 
increased as initial dioxin level increased. 

Analyses of associations between erythrocyte sedimentation rates and categorized dioxin revealed 
significant differences between Comparisons and Ranch Hands in the high and Ranch Hands in the low 
and high dioxin categories combined (Table 9-16(c): Adj. RR=2.38, p=0.003 and Adj. RR=1.88, 
p=0.010> respectively). Both contrasts indicate that more Ranch Hands than Comparison had a higher 
percentage of abnormal erythrocyte sedimentation rates (8.7% for Ranch Hands in the high dioxin 
category, 7.7% for Ranch Hands in the low and high dioxin categories combined, and 4.3% for 
Comparisons). The contrasts involving the background and low Ranch Hand dioxin categories were both 
nonsignificant (p>0.22 for each contrast). 

Table 9-16. Longitudinal Analysis of Erythrocyte Sedimentation Rate (Discrete) 

(a) MODEL 1: Iflffßpt^ 
^■-l;: =■ :j :::;k;- -S;':;':;:: ;;:■-■; ■;! -;; f:^ Jr^timbe r^ C %■) :;:Ä                       ;^' "i"' ;--i:: :;_;K:;:i-;:;:^';-': ^^ 

■'"■ Occupational 1 ff$;k$-%!!:p■!;!££';':>:Vy ''&*^)!$&<#^ !vS; &%"'' £ '^?S'J 
...Category :-1 Group yM0&MM |f1i||$S";;^ 1997 

All Ranch Hand 19 (2.3) 50 (6.2)             54 (6.8)           130 (16.3) 67 (8.2) 
(819) (801)                 (792)                 (797) (819) 

Comparison 39 (4.0) 50 (5.2)              45 (4.7)            153 (16.0) 57 (5.8) 
(976) (958)                 (949)                 (956) (976) 

Officer Ranch Hand 6(1.9) 10 (3.3)             12 (4.0)            38 (12.4) 18(5.8) 
(312) (308)                 (304)                 (307) (312) 

Comparison 12 (3.2) 15 (4.0)             14 (3.8)            49 (13.1) 26 (6.8) 
(380) (374)                 (368)                 (375) (380) 

Enlisted Flyer Ranch Hand 4 (2.7) 13 (9.0)            15 (10.5)           30 (20.7) 16(10.8) 
(148) (145)                 (143)                 (145) (148) 

Comparison 9(6.2) 10(6.9)              5(3.5)             27(18.9) 5 (3.5) 
(145) (144)                 (143)                 (143) (145) 

Enlisted Ranch Hand 9 (2.5) 27 (7.8)            27 (7.8)           62 (18.0) 33 (9.2) 
Groundcrew (359) (348)                 (345)                 (345) (359) 

Comparison 18 (4.0) 25 (5.7)             26 (5.9)            77 (17.6) 26 (5.8) 
(451) (440)                 (438)                 (438) (451) 
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Table 9-16.   Longitudinal Analysis of Erythrocyte Sedimentation Rate (Discrete) 
(Continued) 

■'■;.:■'.      formal in 1982 

Adj. Relative Risk Occupational ...'Number (%) 
';■ Category-' Group ■ri in 1997 :-- ^Abnormalin 1997 ;(95%;e,i.)a;: ■■■: p-Value0 

All Ranch Hand 800 56(7.0) 1.66 (1.09,2.52) 0.016 
Comparison 937 41 (4.4) 

Officer Ranch Hand 306 16(5.2) 1.07(0.53,2.14) 0.847 
Comparison 368 18 (4.9) 

Enlisted Flyer Ranch Hand 144 13 (9.0) 2.61 (0.90,7.55) 0.077 
Comparison 136 5 (3.7) 

Enlisted Ranch Hand 350 27 (7.7) 2.03 (1.09,3.77) 0.025 
Groundcrew Comparison 433 18(4.2) 

3 Relative risk, confidence interval, and p-values are in reference to a contrast of 1982 and 1997 results; results 
adjusted for age in 1997. 

Note: Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 1985, 
and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for participants who 
attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided for reference purposes 
for participants who-attended the 1982, 1992, and 1997 examinations. Statistical analyses are based only on 
participants who had a normal erythrocyte sedimentation rate (<12 mm/hr) in 1982 (see Chapter 7, Statistical 
Methods). 

K:(b|:Mpi)EL.:2:j |:;^^^:|[^i)S:^ riNit^i^^ 
Number (%) Abnormal/(n) 

!;^; ;S; ^;; ^-^:;:; ;i^^E^örniÄa t ion^:: ^ ^: ^:>':;-■;;;■-;■;::'_:'-; 

Initial Dioxin L*&MMM$
:
P& WBUts^Mi ̂OiSi^^^^läfci1^^^^ -iVS-" :^:--^W^ ;--'v-1992-■■':': L; Wä:K \i^:&M 

Low 5 (3.3) 13 (8.6) 7 (4.6) 27 (18.1) 11(7.1) 
(154) (151) (153) (149) (154) 

Medium 3 (1.9) 14 (9.0) 16 (10.3) 33 (21.2) 18(11.3) 
(159) (156) (156) (156) (159) 

High 4(2.6) 13 (8.7) 14 (9.5) 26 (17.3) 15 (9.8) 
(153) (150) (148) (150) (153) 
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Table 9-16.   Longitudinal Analysis of Erythrocyte Sedimentation Rate (Discrete) 
(Continued) 

Initial Dioxin Category Summary Statistics Analysis Results for Log2 (Initial Dioxin)3 

Normal in 1982 

'■'■.'   Adj. Relative Risk' '■ ■ . 
(95%€X)b. '■': ■ :' 

Initial 
Dioxin n in 1997 Abnormal in 1997 p-Value 

Low 
Medium 
High 

149 
156 
149 

8 (5.4) 
15 (9.6) 
12(8.1) 

1.36(1.05,1.76) 0.022 

a Adjusted for percent body fat at the time of the blood measurement of dioxin and age in 1997. 
Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 1985, 
and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for participants who 
attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided for reference 
purposes for participants who attended the 1982, 1992, and 1997 examinations. Statistical analyses are based 
only on participants who had a normal erythrocyte sedimentation rate (< 12 rnm/hr) in 1982 (see Chapter 7, 
Statistical Methods). 

(c) MODEL 3: RANCH HANDS AND GOMPAmSGNS BY DIOXIN CA 

Number {%) AbnormaI/(n) 
Examination 

Dioxin Catesorv 198; :i985j a-087; WM 1997i 

Comparison 39 (4.1) 50 (5.4) 42 (4.6) 148 (15.9) 55 (5.8) 
(948) (933) (923) (929) (948) 

Background RH 7 (2.0) 10 (3.0) 17 (5.2) 42 (12.5) 22 (6.3) 
(347) (339) (330) (337) (347) 

LowRH 7 (3.0) 19 (8.5) 14 (6.2) 43 (19.3) 20 (8.7) 
(230) (224) (227) (223) (230) 

HighRH 5(2.1) 21 (9.0) 23 (10.0) 43 (18.5) 24(10.2) 
(236) (233) (230) (232) (236) 

Low plus High RH 12 (2.6) 40 (8.8) 37(8.1) 86(18.9) 44 (9.4) 
(466) (457) (457) (455) (466) 
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Table 9-16.   Longitudinal Analysis of Erythrocyte Sedimentation Rate (Discrete) 
(Continued) 

Normal in 1982 

Ädj; Relative Risk 
.  .     (95%CJ.)^ Dioxin Category n in 1997  ■ 

Number (%) 
Abnormal in 1997 p-Value b 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

909 

340 
223 
231 
454 

39 (4.3) 

20(5.9) 
15 (6.7) 
20 (8.7) 
35 (7.7) 

1.40(0.80,2.45) 
1.47 (0.79,2.73) 
2.38 (1.34,4.23) 
1.88(1.16,3.03) 

0.238 
0.225 
0.003 
0.010 

a Relative risk and confidence interval relative to Comparisons. 
Adjusted for percent body fat at the time of the blood measurement of dioxin and age in 1997. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin >10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin >10 ppt, Initial Dioxin > 94 ppt. 

Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 1985, 
and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for participants who 
attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided for reference 
purposes for participants who attended the 1982, 1992, and 1997 examinations. Statistical analyses are based 
only on participants who had a normal erythrocyte sedimentation rate (< 12 rnm/hr) in 1982 (see Chapter 7, 
Statistical Methods). 

9.3      DISCUSSION 

In clinical medicine, the assessment of an individual's general state of health is based on subjective and 
objective indices including the individual's history, physical examination, and laboratory testing. The 
variables analyzed in this chapter are frequently employed by clinicians in outpatient practice and were 
selected to be sensitive to the overall state of health rather than specific to any organ system. 

The clinical evaluation of the patient begins with the medical history, which often begins with an 
intentionally open inquiry into the patient's self-perception of health. In the current examinations, as in 
most of the previous, a significantly higher percentage of Ranch Hand participants than Comparisons 
perceived themselves to be in poor health (14.3 percent versus 10.4 percent). Once again the contrast 
was most apparent in enlisted groundcrew, who had the highest average level of dioxin exposure (18.0 
percent of Ranch Hands versus 12.8 percent of Comparisons). In a dose-response pattern, an increasing 
body burden of dioxin was significantly associated (p-0.002) with negative self-perceptions of health in 
Ranch Hands in the low, medium, and high 1987 dioxin categories (8.0 percent, 14.3 percent, and 19.3 
percent, respectively); this association became marginally significant (p=0.079) with adjustment for 
relevant covariates. No group differences were noted in the appearance of illness or relative age, as 
recorded by examining physicians, nor were these variables correlated with serum dioxin levels in the 
Ranch Hand cohort. 
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The body fat measure is an easily derived index and, to the extent that it can reflect significant weight 
gain or loss over time, it can serve as a valuable clinical clue to the presence of occult disease. The 
prevalence of obesity (>25 percent body fat) was similar in the Ranch Hand and Comparison cohorts. In 
Ranch Hands by both continuous and discrete analyses, a consistent and highly significant (p<0.001 for 
both) positive association was noted between obesity and the 1987 serum dioxin level. Although a 
mobile equilibrium exists between serum dioxin and adipose tissue, the current results confirm those of 
the 1992 examinations and suggest a difference in dioxin pharmacokinetics in obese versus lean 
individuals. 

The erythrocyte sedimentation rate can be a sensitive, if nonspecific, index of general health. The effect 
of age on the erythrocyte sedimentation rate is pertinent to the longitudinal design of the current study: a 
rate as high as 40 millimeters per hour is not considered unusual at age 65. Extreme elevations in the 
erythrocyte sedimentation rate consistently are associated with serious underlying infections, 
inflammation, or malignant disease processes. 

In prior examinations, erythrocyte sedimentation rate analyses have yielded inconsistent results. In the 
1985 and 1987 examinations (but not in 1982 or 1992), abnormally elevated erythrocyte sedimentation 
rates were significantly more prevalent in Ranch Hands than Comparisons. In the 1987 and 1992 
examinations, dioxin analyses raised the possibility of a subtle dose-response inflammatory effect 
occurring in association with initial and then current serum dioxin levels. In the 1992 examinations, for 
example, the Ranch Hand enlisted groundcrew, the occupation with the highest average dioxin level, had 
a slightly higher mean erythrocyte sedimentation rate than Comparisons, but the difference (9.27 mm/hr 
versus 8.43 mm/hr) cannot be considered clinically meaningful. In the models that employed 1987 serum 
dioxin levels, the analyses yielded results that were consistent with a subtle dose-response effect, but the 
differences were slight and of uncertain biologic meaning. 

Similarly, in this current study, by both continuous and discrete analyses, significant associations were 
noted between the erythrocyte sedimentation rate and 1987 serum dioxin levels. In a pattern consistent 
with a dose-response effect, Ranch Hand participants in the low, medium, and high 1987 dioxin 
categories had abnormally elevated erythrocyte sedimentation rates of 6.6, 8.0, and 9.7 percent, 
respectively. By continuous analysis, the differences in the means were so slight (adjusted means of 4.34 
mm/hr, 4.62 mm/hr, and 5.29 mm/hr in the low, medium, and high 1987 dioxin categories, respectively) 
as to be of doubtful clinical meaning. As in the 1992 examinations, the erythrocyte sedimentation rate 
analyses found no group differences between the Ranch Hand and Comparison cohorts. 

Dependent variable-covariate analyses confirm numerous associations that have been documented in 
previous AFHS examinations and that are well-established in clinical practice. Consequent to the higher 
incidence of nicotine-related cardiovascular and pulmonary disease that occurs by middle age, cigarette 
smokers often appear older and more chronically ill than nonsmokers and perceive themselves as such. 
That the highest prevalence of obesity (33.6 percent) was found in reformed smokers is consistent with 
the weight gain that so often occurs with smoking cessation. Given the high incidence of chronic 
bronchitis associated with cigarette use, it is not surprising that the highest prevalence of abnormally 
elevated erythrocyte sedimentation rates (12.4 percent) was noted in those smoking more than one pack 
per day. 

Analyses based on associations with occupation confirm previous AFHS results. As a group, officers 
continue to appear healthier than enlisted personnel by several indices including perceptions of health, 
relative age appearance, and body fat. Older participants were more likely to have abnormally elevated 
erythrocyte sedimentation rates than younger participants. 
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Longitudinal analyses confirm results and trends that have been established over 15 years of observation. 
At the baseline examination in 1982, the prevalence of self-perceived ill health was significantly greater 
in Ranch Hands than Comparisons (18.7 percent versus 13.2 percent). By 1987, despite advancing age, 
the percentage of Ranch Hands and Comparisons reporting ill health declined to 5.5 percent and 4.4 
percent, respectively. In 1992 this trend was reversed, particularly in those Ranch Hands in the medium 
and high categories of current and initial levels of serum dioxin. In the 1997 examinations there has been 
a close to identical increase (40 percent) in the prevalence of reported poor health in each cohort (14.4 
percent versus 10.6 percent), a trend that is consistent with the increased incidence of chronic illness in 
any aging population and that is now independent of all indices of exposure to dioxin. In contrast, in 
neither the appearance of illness or distress nor in relative age appearance were there any significant 
associations with the 1987 body burden of dioxin. 

In the 1985 and 1987 examinations, Ranch Hand participants were noted to have a higher percentage of 
abnormal erythrocyte sedimentation rates than Comparisons and, in 1987, a significant positive 
association was found between group and the change in the percentage of abnormal erythrocyte 
sedimentation rates. In 1992, the prevalence of abnormal erythrocyte sedimentation rates was close to 
identical in the two cohorts with no evidence of a dioxin effect. In the current study, Ranch Hands once 
again have a significantly higher percentage of abnormal erythrocyte sedimentation rates than 
Comparisons (7.0 percent versus 4.4 percent of participants considered normal in 1982) in a pattern 
consistent with a dose response. This pattern also was present with categorized dioxin, where 8.7 percent 
of Ranch Hands with the highest levels of serum dioxin had an abnormally elevated erythrocyte 
sedimentation rate, compared with 4.3 percent of Comparisons (p=0.003). This positive association 
raises the possibility of a subtle inflammatory, infectious, or occult malignant disease process related to 
the body burden of dioxin. 

In summary, consistent with all previous examinations, Ranch Hands continue to perceive themselves as 
less healthy than Comparisons. Since the last examinations in 1992, a comparable and significant 
increase in the prevalence of self-perceived ill health has occurred in both cohorts and is consistent with 
the inevitable development of chronic disease in any aging population. 

9.4     SUMMARY 

9.4.1     Model 1: Group Analysis 

The unadjusted and adjusted group analyses (Ranch Hands versus Comparisons) produced similar results 
for each variable examined within the general health assessment. The self-perception of health analysis 
revealed significant differences among Ranch Hands and Comparisons across all occupations and within 
the enlisted groundcrew stratum. For both contrasts, more Ranch Hands than Comparisons indicated 
their health as fair or poor. All other group analyses were nonsignificant. The results are summarized in 
Table 9-17. 

Longitudinal analyses of erythrocyte sedimentation rate in its discrete form indicated that significantly 
more Ranch Hands then Comparisons were normal in 1982 and abnormal in 1997. This difference was 
noted in the two enlisted strata. 
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Table 9-17. Summary of Group Analysis (Model 1) for General Health Variables (Ranch Hands vs. 
Comparisons) 

Enlisted Enlisted 
".. : >: ■             % ■ p'Väriätie::": . .                 ■ '■  '.< ̂ ■j/t^M&i'^:^^ Officer ;.:■ -'.Flyer          : Groundcrew 

Questionnaire 
Self-perception of Health (D) +0.007 NS NS +0.028 
Physical Examination 
Appearance of Illness or Distress (D) NS NS NS NS 
Relative Age Appearance (D) NS NS NS NS 
Body Fat (C) ns ns ns ns 
Body Fat (D) ns NS ns ns 
Laboratory 
Erythrocyte Sedimentation Rate (C) NS ns ns NS 
Erythrocyte Sedimentation Rate (D) NS ns NS NS 

Note: NSorns: Not significant (p>0.10). 
C: Continuous analysis. 
D: Discrete analysis. 
+: Relative risk > 1.00. 

P-value given if p<0.05. 

A capital "NS" denotes a relative risk of 1.00 or greater for discrete analysis or differences of means 
nonnegative for continuous analysis. A lowercase "ns" denotes relative risk less than 1.00 for discrete 

 analysis or difference of means negative for continuous analysis.  

Variable Mi Officei 
Enlisted 

Fiver 
Enlisted , 

Groundcrew 

Questionnaire 
Self-perception of Health (D) +0.010 NS NS +0.035 
Physical Examination 
Appearance of Illness or Distress (D) NS NS NS NS 
Relative Age Appearance (D) NS NS NS NS 
Body Fat (C) ns ns ns ns 
Body Fat (D) ns NS ns ns 
Laboratory 
Erythrocyte Sedimentation Rate (C) NS ns ns NS 
Erythrocyte Sedimentation Rate (D) NS ns NS NS 

Note: NS or ns: Not significant (p>0.10). 
C: Continuous analysis. 
D: Discrete analysis. 
+: Relative risk > 1.00. 

P-value given if p<0.05. 
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Table 9-17.   Summary of Group Analysis (Model 1) for General Health Variables (Ranch 
Hands vs. Comparisons) (Continued) 

A capital "NS" denotes a relative risk of 1.00 or greater for discrete analysis or differences of means 
nonnegative for continuous analysis. A lowercase "ns" denotes relative risk less than 1.00 for discrete 
analysis or difference of means negative for continuous analysis. 

9.4.2     Model 2: Initial Dioxin Analysis 

The unadjusted analysis of body fat in its continuous form revealed a marginally significant association 
between body fat and initial dioxin. The relative risk estimate for the adjusted analysis became 
significant, with body fat increasing as initial dioxin increased. All remaining analyses of other variables 
examined revealed nonsignificant results, as shown in Table 9-18. 

A significant relation was observed in longitudinal analyses between abnormal erythrocyte sedimentation 
rates in 1997 and initial dioxin for participants who had normal erythrocyte sedimentation rates in 1982. 
The percentage of participants who were normal in 1982 and abnormal in 1997 increased as initial dioxin 
increased. 

Table 9-18. Summary of Initial Dioxin Analysis (Model 2) for General Health Variables 
(Ranch Hands Only) 

^__ Variable Unadjusted Adjusted 

Questionnaire 
Self-perception of Health (D) NS ns 
Physical Examination 
Appearance of Illness or Distress (D) ns ns 
Relative Age Appearance (D) NS NS 
Body Fat (C) NS* +0.020 
Body Fat (D) NS NS 
Laboratory 
Erythrocyte Sedimentation Rate (C) NS NS 
Erythrocyte Sedimentation Rate (D) NS NS 

Note: NSorns: Not significant (p>0.10). 
NS*: Marginally significant (0.05<p<0.10). 
C: Continuous analysis. 
D: Discrete analysis. 
+: Relative risk > 1.00. 

P-value given if p<0.05. 

A capital "NS" denotes a relative risk of 1.00 or greater for discrete analysis or differences of means 
nonnegative for continuous analysis. A lowercase "ns" denotes relative risk less than 1.00 for discrete 
analysis or difference of means negative for continuous analysis. 

9-59 



9.4,3     Model 3: Categorized Dioxin Analysis 

Table 9-19 summarizes the results of the categorized dioxin analyses. More Ranch Hands in the low 
dioxin category and in the low and high combined Ranch Hand category appeared ill or distressed than 
did Comparisons, without adjustment for covariates. After adjustment for covariates, the result was 
marginally significant in the low dioxin category and nonsignificant in the low and high combined Ranch 
Hand category contrasts. 

The unadjusted and adjusted analyses of categorized dioxin yielded similar results for the self-perception 
of health and body fat (continuous) variables. Significantly more Ranch Hands than Comparisons 
perceived their health to be fair or poor when the low, high, and low and high combined Ranch Hand 
dioxin categories were contrasted with Comparisons. For the continuous analyses of body fat, the mean 
in the background Ranch Hand category was significantly lower than the Comparison mean, and the 
means in the low, high, and low and high combined Ranch Hand dioxin categories were significantly or 
marginally significantly higher than the Comparison mean. 

Unadjusted and adjusted analyses of body fat in its discrete form revealed a significantly lower 
percentage of obese Ranch Hands in the background dioxin category, and a marginally significant higher 
percentage of obese Ranch Hands in the low dioxin category, than Comparisons. In the combined low 
and high dioxin category, a significantly greater percentage of Ranch Hands than Comparisons were 
obese; this difference was marginally significant after adjustment for covariates. 

All results for categorized dioxin analysis of relative age appearance and the discrete and continuous 
forms of erythrocyte sedimentation rate were nonsignificant. 

Longitudinal analyses revealed significantly more Ranch Hands in the low dioxin category than 
Comparisons who were normal in 1982, but appeared ill or distressed in 1987. The difference between 
Ranch Hands in the high dioxin category and Comparisons was not significant. 

The percentage of participants with abnormal erythrocyte sedimentation rates in 1997, who were normal 
in 1982, increased as categorized dioxin increased. Ranch Hands in the high dioxin category had a 
significantly greater percentage of 1997 erythrocyte sedimentation rate abnormalities than Comparisons, 
based on both cohorts being normal in 1982. 
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Table 9-19. Summary of Categorized Dioxin Analysis (Model 3) for General Health Variables 
(Ranch Hands vs. Comparisons) 

UNADJUSTED 

Background '■■.•■    Low High Low plus High 
Ranch Hands Ranch Hands Ranch Hands Ranch Hands 

:>p-l-}££/;;      -;yy'; Variable!'; '^-;M^ /^.;{■■;■: vs. Comparisons vs. Comparisons •I vsi;. Comparisons > vs. Comparisons 

Questionnaire 
Self-perception of Health (D) ns +0.005 +<0.001 +<0.001 
Physical Examination 
Appearance of Illness or Distress (D) ns +0.031 NS +0.041 
Relative Age Appearance (D) NS NS NS NS 
Body Fat (C) -<0.001 +0.045 0.001 <0.001 
Body Fat (D) -<0.001 NS* ns +0.042 
Laboratory 
Erythrocyte Sedimentation Rate (C) ns NS NS NS 
Erythrocyte Sedimentation Rate (D) NS NS NS NS 

Note: NS or ns: Not significant (p>0.10). 
NS*: Marginally significant (0.05<p<0.10). 
C: Continuous analysis. 
D: Discrete analysis. 
+: Relative risk > 1.00 for discrete analysis; difference of means nonnegative for continuous analysis. 
—: Difference of means negative for continuous analysis. 

P-value given if p<0.05. 

A capital "NS" denotes a relative risk of 1.00 or greater for discrete analysis or differences-of means 
nonnegative for continuous analysis. A lowercase "ns" denotes relative risk less than 1.00 for discrete 
analysis or difference of means negative for continuous analysis. 
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Table 9-19.   Summary of Categorized Dioxin Analysis (Model 3) for General Health 
Variables (Ranch Hands vs. Comparisons) (Continued) 

: . ADJUSTED: 

Background J.;;:;S?:;Ö^,::^t-:i ■':;■:■'    High Low plus High 
Ranch Hands Ranch Hands Ranch Hands Ranch Hands 

■■:;:::: ;&'-Äriät>ife "'ßt!M^Mrh ? ■': ^A ;  -;ys»■ G^ii^sa^$(ms^ . vs. Comparisons vs. Comparisons vs. Comparisons 

Questionnaire 
Self-perception of Health (D) NS +0.020 +0.002 +0.001 
Physical Examination 

Appearance of Illness or Distress (D) ns NS* NS NS 
Relative Age Appearance (D) NS NS NS NS 
Body Fat (C) -<0.001 NS* 0.001 0.001 
Body Fat (D) -0.001 NS* NS NS* 
Laboratory 
Erythrocyte Sedimentation Rate (C) ns NS NS NS 
Erythrocyte Sedimentation Rate (D) NS NS NS NS 

Note: NSorns: Not significant (p>0.10). 

NS*: Marginally significant (0.05<p<0.10). 

C: Continuous analysis. 

D: Discrete analysis. 

+: Relative risk > 1.00 for discrete analysis. 

-: Relative risk < 1.00 for discrete analysis; difference of means negative for continuous analysis. 

P-value given if p<0.05. 

A capital "NS" denotes a relative risk of 1.00 or greater for discrete analysis or differences of means 
nonnegative for continuous analysis. A lowercase "ns" denotes relative risk less than 1.00 for discrete 
analysis or difference of means negative for continuous analysis. 

9.4.4     Model 4:  1987 Dioxin Level Analysis 

Several significant associations between the measures of general health studied in this assessment and the 

1987 dioxin level associations were found, as presented in Table 9-20. Each of the unadjusted analyses 

of associations of 1987 dioxin levels and self-perception of health, body fat (continuous and discrete 

forms), and erythrocyte sedimentation rate (continuous and discrete forms) were significant. For these 

significant associations, discrete analyses produced relative risks greater than 1.0, and continuous 

analyses showed an increase in body fat and erythrocyte sedimentation rate as 1987 dioxin levels 

increased. After covariate adjustments, results remained significant for the body fat (continuous and 

discrete) adjusted analyses. The adjusted analysis of erythrocyte sedimentation rate in its continuous 

form also remained significant in the adjusted analysis, but the result was nonsignificant for the discrete 

adjusted analysis. The association between 1987 dioxin levels and self-perception of health became 

marginally significant. Associations were nonsignificant for both unadjusted and adjusted analyses of 

appearance of illness or distress and relative age appearance. 
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Table 9-20. Summary of 1987 Dioxin Analysis (Model 4) for General Health Variables (Ranch 
Hands Only) 

:.•'■■'■■    ._     ■     Variable   ^"C^,: y .. <■-. y: •; y y;. , yy;, Üna^üSted        ." Adjusted 

Questionnaire 
Self-perception of Health (D) +0.002 NS* 
Physical Examination 
Appearance of Illness or Distress (D) NS NS 
Relative Age Appearance (D) ns ns 
Body Fat (C) +<0.001 +<0.001 
Body Fat (D) +<0.001 +<0.001 
Laboratory 
Erythrocyte Sedimentation Rate (C) +0.004 +0.037 
Erythrocyte Sedimentation Rate (D) +0.040    NS 

Note: NS or ns: Not significant (p>0.10). 
NS*: Marginally significant (0.05<p<0.10). 
C: Continuous analysis. 
D: Discrete analysis. 
+: Relative risk > 1.00 for discrete analysis; slope nonnegative for continuous analysis. 

P-value given if p<0.05. 

A capital "NS" denotes a relative risk of 1.00 or greater for discrete analysis or differences of means 
nohnegative for continuous analysis. A lowercase "ns" denotes relative risk less than 1.00 for discrete 
analysis or difference of means negative for continuous analysis. 

9.5      CONCLUSION 

The self-perception of health analysis revealed significant differences among Ranch Hands and 
Comparisons, with more Ranch Hands than Comparisons indicating their health as fair or poor. As in 
previous examinations, the difference was most apparent in enlisted groundcrew, who had the highest 
average dioxin levels. This observation also was confirmed in the categorized dioxin analysis, where 
Ranch Hands with the highest dioxin levels perceived their health as fair or poor more often than 
Comparisons. Also, among Ranch Hands, those with the higher 1987 dioxin levels reported fair or poor 
health more often than Ranch Hands with lower levels. These results are consistent with the 1985, 1987, 
and 1992 examinations. No group differences were noted in the appearance of illness or relative age, as 
recorded by examining physicians, nor were these variables correlated with serum dioxin levels in the 
Ranch Hand cohort. 

The analysis of body fat indicated positive associations with dioxin levels. The results of the 1997 
examination confirmed those of the 1992 examination and appear consistent with a difference in dioxin 
pharmacokinetics in obese versus lean individuals. 

No differences in the percentages of abnormal erythrocyte sedimentation rates between Ranch Hands and 
Comparisons or relations between abnormal erythrocyte sedimentation rates and dioxin levels were 
observed during the 1997 examination. Erythrocyte sedimentation rates increased as 1987 dioxin levels 
increased. 
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Longitudinal analyses showed that Ranch Hands, particularly the two enlisted strata, had an increased 
percentage of abnormal erythrocyte sedimentation rates than did Comparisons over the 15 years of the 
study since 1982. These analyses also showed that the percentages of abnormalities increased from 1982 
to 1997 as dioxin levels increased. This result was seen at the 1987 study, but not in 1992. This positive 
association raises the possibility of a subtle inflammatory, infectious, or occult malignant disease process 
related to the body burden of dioxin. 

In conclusion, fair or poor self-perception of health displayed an adverse association with dioxin, but the 
relation with other health conditions is unknown. Increased body fat was associated with increased 
levels of dioxin exposure, a finding most likely related to the pharmacokinetics of dioxin elimination. 
Longitudinal analyses indicate an increased percentage of abnormal erythrocyte sedimentation rates in 
Ranch Hands over Comparisons in the 15 years of the AFHS, and a relation between abnormal 
erythrocyte sedimentation rates and levels of dioxin during these 15 years. Other measures of general 
health revealed no association with levels of dioxin. 
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10  NEOPLASIA ASSESSMENT 

10.1    INTRODUCTION 

10.1.1   Background 

Between 1977 and 1988, numerous long-term exposure studies established the multi-organ 
carcinogenicity of 2,3,7,8-tetrachlorodibenzo-p~dioxin (dioxin) in experimental animals (1-8). The 
oncogenic response to dioxin occurs in multiple strains and species, in both sexes, and by several routes 
of administration: dermal (5), feeding (1, 2) and gavage (3,4, 6), and intraperitoneal injection (7). 
Across a wide dose range and duration of exposure, dioxin can be considered a "complete" carcinogen 
solely responsible for a variety of malignant tumors at multiple sites (9). In rats, it has produced tumors 
of the liver, thyroid, adrenal cortex, lung, nasopharynx, tongue, brain, kidney, and breast (1, 2,4); in 
mice, tumors of the liver, thymus, breast, stomach, and skin (3-6); and in the Syrian Hamster, a squamous 
cell carcinoma of the skin (7). The histopathologic characteristics of the neoplastic response 
demonstrated even greater variety—more than 30 distinct malignancies have been characterized 
microscopically (10). 

As summarized in a recent review article (11), much of the basic research into the carcinogenicity of 
dioxin in laboratory animals has focused on the properties of the aryl hydrocarbon (Ah) receptor and the 
induction of the cytochrome P-450 enzyme system (11-17). The biologic basis for the assessment of risk 
related to dioxin exposure has been well established in molecular, biochemical, and pharmacologic 
studies and reviews (13, 18-24). The Ah receptor has been isolated from the tissues of several human 
organs (25-28) and the comparative properties of animal and human receptors have been studied (29, 30). 
These experiments have demonstrated far fewer Ah receptor sites and a significant reduction in dioxin 
binding affinity in human cells relative to rodent cell lines. These results suggest that at any level of 
exposure, humans may be less at risk for dioxin toxicity than laboratory animals (24). 

Despite the conclusive evidence that dioxin is a potent carcinogen in animal experiments, the 
carcinogenicity of dioxin in humans remains controversial (31-36). The limitations of most 
epidemiological studies are well recognized and include the recall bias inherent in the retrospective 
collection of data, confounding by exposure to other potential toxins, histologic misclassification, and the 
lack of accurate indices of prior exposure to dioxin (31, 37, 38). Despite these limitations, the Institute of 
Medicine has concluded that there is "sufficient" evidence to establish an association, although not a 
causal relation, between dioxin exposure and the occurrence of soft tissue sarcoma (STS), non-Hodgkin's 
lymphoma, and Hodgkin's disease. The evidence for an association with respiratory cancers, prostate 
cancer, and multiple myeloma was considered "limited/suggestive" (39). Each of these malignancies is 
among the clinical endpoints included in mortality and morbidity data collected in this and previous 
examinations of the Air Force Health Study (AFHS). 

Most of the longitudinal studies of dioxin toxicity have included malignancy as a clinical endpoint and 
have been based on cohorts of veterans who served during the Vietnam era (40-49) and of civilian 
populations exposed to dioxin by occupation (50-59) or as a consequence of industrial accidents (60-64). 
The development of assay techniques that quantitate the tissue concentration of dioxin in parts per 
quadrillion (65) and the validation of the reproducibility and reliability of the serum dioxin assay in parts 
per trillion (ppt) (66) have placed epidemiological studies of dioxin toxicity on a much more scientific 
footing. The serial analysis of serum dioxin levels from specimens taken 15 to 25 years after exposure 
has demonstrated that the best estimate for the half-life of dioxin in humans is 8.7 years (67). Although 

10-1 



an increasing number of published studies have incorporated serum dioxin levels into their analyses (OS- 
TS), few have examined the incidence of malignancy and associated mortality in relation to this index of 
dioxin exposure (44, 50, 52, 59, 60, 63). 

As part of the National Institute of Occupational Safety and Health's (NIOSH) Dioxin Registry, cause- 
specific mortality was determined in 5,172 workers exposed to dioxin at chemical production plants (50). 
The mean dioxin level of 253 members of the exposed cohort was 233 ppt versus 7 ppt in the unexposed 
cohort. In the entire group of exposed workers, there was a slight but statistically significant increase in 
mortality from all cancers combined but not from those associated with dioxin exposure (non-Hodgkin's 
lymphoma, Hodgkin's disease, and STS). In a subcohort of 1,520 workers with longer exposure (greater 
than 1 year; mean serum dioxin of 418 ppt) and greater latency (more than 20 years since first exposure), 
there was a further increase in the mortality from all cancers combined (15% excess), a 42 percent excess 
of respiratory cancers, and a ninefold excess of STS sarcoma (35). In the most recently published report 
from the NIOSH study, which extended the period of observation for another 6 years through 1993, the 
standardized mortality ratio for all cancers combined in the cohort with the highest exposure was 1.60 and 
for lung cancer, 1.65 (74). 

Although methodological limitations of the NIOSH study such as tissue classification (75), confounding 
(34, 61), and others (10) have been commented upon in the literature, some of the results are consistent 
with those of several other occupational epidemiological studies from Germany. In a 34-year follow-up 
of German factory workers exposed during a chemical explosion in 1953, the increase in mortality from 
all cancers combined was statistically significant only after a latency period of greater than 20 years (63). 
Similarly, in another mortality study of herbicide production workers who were followed over a 32-year 
period and whose exposure was verified by adipose tissue level (average dioxin level of 296 ng/kg), the 
increase in all-cancer mortality was significant only in those with more than 1-year exposure and latency 
period greater than 20 years. In this group, a significant increase in mortality was noted from both lung 
and hematopoietic cancers with a threefold increase in risk for non-Hodgkin's lymphoma (52). In the 
most recently published report of this study, the mortality follow-up was extended another 3 years and the 
significant increase in all-cancer mortality was confirmed (59). Taken together, the NIOSH and German 
studies are consistent with a carcinogenic effect of dioxin in humans with demonstrable dose-response 
and latency effects. 

By far the most extreme human exposure to dioxin occurred consequent to the industrial explosion at 
Seveso, Italy, in 1976 (60, 64,76, 77). In the population closest to the explosion (Zone A), serum levels 
of dioxin ranged from 828 ppt to 56,000 ppt, the highest ever recorded (78). In the most recent follow-up 
report published (60), residents of Zone B, farther from the source of contamination with serum dioxin 
levels ranging from 74 ppt to 526 ppt shortly after the accident, statistically significant increases in 
several cancers were noted, including primary hepatic and hematopoietic cancers and, particularly, non- 
Hodgkin's lymphoma in men and, in women, cancers of the gallbladder and biliary tree. The Seveso 
studies are limited by the small sample sizes (particularly in the group most heavily exposed), the limited 
data available on serum dioxin levels, and the lack of sufficient latency for the development of cancer. 

In the incorporation of serial serum dioxin data into longitudinal analyses, the AFHS is unique among 
those that have examined the incidence of malignancy in Vietnam War veterans. During the 1992 
examinations, after 10 years of observation, the median serum dioxin level in the Ranch Hand cohort was 
nearly three times that of the Comparison group (12.5 ppt versus 4.1 ppt) (44). Further, stratification of 
the Ranch Hand cohort by occupation revealed significantly higher median levels of serum dioxin in the 
enlisted groundcrew (24.1 ppt) and enlisted flyers (17.8 ppt) than in the officers (7.7 ppt). 

In the 1992 follow-up examination, Ranch Hands continued to have a slightly higher history of benign 
and malignant skin neoplasms than Comparisons, but group differences were no longer significant. A 
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statistically significant inverse dose-response effect was noted, as basal cell skin cancer decreased as the 
level of serum dioxin increased. In contrast to the 1987 examinations, when Ranch Hands were found to 
have significantly more benign systemic neoplasms relative to Comparisons, in the 1992 examinations, 
the occurrence of benign systemic neoplasms was similar in each cohort with no evidence for a dose- 
response effect. There were no significant group differences in the morbidity or mortality associated with 
any systemic malignancy, nor was there any increased risk associated with current or initial levels of 
serum dioxin. In a recently published AFHS article, based on data collected through the 1992 
examination, there was no significant increase in cancer risk in Ranch Hands with the highest levels of 
serum dioxin, nor was there any consistent evidence for a dose-response effect (79). 

The term "neoplasm" is used throughout this report and refers to any new growth that may or may not be 
malignant. Malignant neoplasms are those neoplasms capable of invasion and metastasis. Malignant and 
benign neoplasms, carcinomas in situ, and neoplasms of uncertain behavior or unspecified nature, as well 
as skin and systemic neoplasms, were studied. "Systemic neoplasm" denotes a nonskin neoplasm. 

10.1.2   Summary of Previous Analyses of the Air Force Health Study 

10.1.2 A   1982 Baseline Study Summary Results 

Cancer received major emphasis during the AFHS baseline examination in 1982. The neoplasia 
assessment used data from both the in-home questionnaire and the review-of-systems questionnaire 
obtained during the physical examination, as well as data from the examination itself. All data were 
verified by a medical records review. In addition, tabulation of mortality count data from the Baseline 
Mortality Report was used in conjunction with cancer morbidity information. The overall results did not 
show a significant difference in systemic cancer between the two groups, but did show significantly more 
skin cancer (p=0.03) in the Ranch Hand group. 

Of 50 reported systemic cancers from the Ranch Hand and Comparison groups, 28 (14 in each group) 
were verified by medical records and pathology reports. A visual inspection of anatomic sites showed a 
slight excess of genitourinary cancer and oropharyngeal cancer but a relative deficit of digestive system 
neoplasms in Ranch Hands. A combined morbidity-mortality assessment derived from the initial 1:1 
match (Ranch Hand to the Original Comparison member) disclosed similar distributions. One case of 
STS and one case of Hodgkin's disease were confirmed, both in the Comparison group. 

Questionnaire data verified by a medical records review revealed significantly more skin cancer in Ranch 
Hands (odds ratio 2.35). Basal cell carcinoma accounted for 83.9 percent of the reported skin cancers in 
both groups and was concentrated anatomically on the face, head, and neck. The few melanoma and 
squamous cell cancers were distributed evenly between the Ranch Hand and Comparison groups. Skin 
cancer in both groups was associated with exposure to industrial chemicals (p=0.03). Adjustments for 
occupational exposures (e.g., asbestos, degreasing chemicals) did not alter the increased rate of skin 
cancer in the Ranch Hand group. Outdoor occupations subsequent to military service as a covariate did 
not account for the significant skin cancer association. 

10.1.2.2  1985 Follow-up Study Summary Results 

The baseline and 1985 follow-up data were combined for the assessment of lifetime history of cancer; 
occurrences of cancer prior to their service in Southeast Asia (SEA) were excluded. 

For the unadjusted analyses (Blacks and non-Blacks included), Ranch Hands had a significantly greater 
frequency of a verified skin neoplasm (malignant, benign, or uncertain behavior or unspecified nature) 
than Comparisons. There were no significant unadjusted group differences in non-Black participants for 
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basal cell carcinoma, squamous cell carcinoma, melanoma, or all malignant skin neoplasms. For verified 
sun exposure-related malignant skin neoplasms, Ranch Hands had a marginally significantly greater 
frequency than Comparisons. The groups did not differ significantly for verified and suspected sun 
exposure-related malignant skin neoplasms. The adjusted group contrast for the sun exposure-related skin 
cancers, the majority of which were basal cell carcinomas, also was significant (p=0.030). 

The unadjusted group contrasts for all systemic cancers combined were not significant. There was one 
new occurrence of an STS (Ranch Hand) and one suspected cancer of the lymphatic system (Ranch 
Hand), in addition to the one previously reported STS and one Hodgkin's disease in the Comparison 
group. There were no cases of non-Hodgkin's lymphoma in either group at the time of the 1985 report. 

10.1.2.3 1987 Follow-up Study Summary Results 

The unadjusted analysis of all verified neoplasms indicated that the proportion of Ranch Hands with a 
neoplasm was significantly greater than that of Comparisons. After including suspected neoplasms with 
verified neoplasms, the Ranch Hand proportion was marginally greater than the Comparison proportion. 
The majority of malignant neoplasms observed in Ranch Hands were basal cell carcinomas, a nonlife- 
threatening form of skin cancer. When the analysis was performed only on skin neoplasms for non-Black 
participants, significantly more Ranch Hands had a skin neoplasm than did Comparisons. 

In the unadjusted analyses of verified basal cell carcinoma, a marginally significant group difference was 
found. After adjustment for age, residential history, sun exposure, ethnic background, and ionizing 
radiation exposure, the Ranch Hand risk was statistically significantly increased for verified basal cell 
carcinoma. Also, Ranch Hands had a significantly higher percentage of participants with multiple 
verified basal cell carcinomas than did Comparisons. 

Sun exposure-related malignant skin neoplasms also exhibited group differences. (Approximately 90 
percent of the participants with a sun exposure-related malignant neoplasm had a basal cell carcinoma.) 
In both the unadjusted and adjusted analyses, Ranch Hands exhibited a significantly increased risk for 
these neoplasms. 

No significant group differences were found in the analyses of systemic neoplasms by number, behavior 
(malignant, benign, or uncertain behavior or unspecified nature), or site. Thus, the increase in overall 
malignancy was because of elevated relative risks for skin cancer (basal cell carcinoma). The number of 
STS and non-Hodgkin's lymphoma was comparable in the two groups. 

10.1.2.4 Serum Dioxin Analysis of 1987 Follow-up Study Summary Results 

The analyses generally did not establish a positive association between dioxin and the presence of a skin 
neoplasm. Significant relative risks were found for the skin neoplasm analyses; although, the relative 
risks were almost always less than 1.0. For the analyses focusing on enlisted flyers with a basal cell 
carcinoma of other sites (and a sun exposure-related malignant skin neoplasm of other sites), relative risks 
were found to be significant and greater than 1.0. These differences were not noted in the enlisted 
groundcrew who, as a group, had higher levels of serum dioxin than the enlisted flyers. 

In general, the analyses of all systemic neoplasms combined produced some significant or marginally 
significant relative risks greater than 1.0. The relative risk for participants with a benign systemic 
neoplasm was significantly greater than 1.0. The relative risk of malignant systemic neoplasms was 
generally not significantly increased with increases in dioxin levels. 
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The study provided no evidence of increased history of malignant neoplasms most commonly suspected 
as being associated with exposure to chlorophenols (Hodgkin's disease, non-Hodgkin's lymphoma, and 
STS). The number of participants with these specific malignancies was small; therefore, the statistical 
power to detect small or moderately elevated relative risks was low. There is no evidence of a relation 
between dioxin and either skin or systemic malignancies in these data. There was a suggestion of a dose- 
response relation between dioxin and benign systemic neoplasms. 

10.1.2.5  1992 Follow-up Study Summary Results 

Analyses of all Ranch Hands and Comparisons indicated no significant difference between the two groups 
with regard to benign or malignant neoplasms. All statistically significant associations between initial 
dioxin and benign or malignant neoplasm endpoints for Ranch Hands showed an inverse dose-response 
relation. In the categorized dioxin analyses occurrence of neoplasms for Ranch Hands in the background 
and low dioxin categories was often greater than the occurrence for Comparisons before adjustment for 
covariates. After adjustment, the only significantly increased risks were for Ranch Hands in the low 
category (overall skin neoplasms and malignancies of the colon and rectum). In contrast, the occurrence 
of neoplasms of any type for Ranch Hands in the high dioxin category was never significantly elevated 
and was often less than the occurrence for Comparisons. Parallel to analyses using initial dioxin, results 
observed when current dioxin was used as the measure of exposure often indicated a negative dose- 
response relation, although this was statistically significant in the adjusted analyses only for benign skin 
neoplasms. In summary, there appeared to be no overall difference between Ranch Hands and 
Comparisons, and there was no evidence to suggest a positive dose-response relation between dioxin and 
neoplastic disease. 

10.1.3   Parameters for the 1997 Neoplasia Assessment 

10.1.3.1   Dependent Variables 

The neoplasia assessment was based on the occurrence of neoplasms (both benign and malignant) after 
service in SEA. Information on the occurrence of neoplasms was indicated in the health questionnaires 
and the physical examinations at the 1982 baseline examination and at the 1985, 1987, and 1992 follow- 
up studies and was coded according to conventions in the International Classification of Diseases, 9th 
Revision, Clinical Modification (ICD-9-CM) manual. This information was combined with data 
collected at the 1997 follow-up examination to form a complete neoplastic history for each participant. 

The neoplasia assessment was based on the number of participants with a neoplasm and not on the 
number of neoplasms. A participant was considered to have an adverse health condition for the neoplasia 
assessment if he had one or more neoplasms. 

10.13.1.1 Medical Records Data 

During the 1997 health interview, each study participant was asked a series of questions on the 
occurrence of cancer since the date of his last health interview. The self-reported conditions were verified 
by a medical records review and combined with cancer information collected at previous AFHS 
examinations. Only verified neoplasms were used in the neoplasia assessment. 

Some possible neoplastic conditions were discovered by the physicians at the physical examination. 
Contingent upon participant authorization, suspicious skin lesions were biopsied and the pathology 
determined; no other invasive procedures were used to detect systemic neoplasms. 
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10.1.3.1.1.1 Skin Neoplasms 

The analysis of skin neoplasms was divided into two sets. Analysis Set 1 consisted of analyses of skin 
neoplasms by behavior type. Four behavior types were examined: (1) all skin neoplasms, (2) malignant 
skin neoplasms only, (3) benign skin neoplasms only, and (4) skin neoplasms of uncertain behavior or 
unspecified nature. 

Analysis Set 2 consisted of analyses of malignant skin neoplasms by cell type. The following four cell 
types were analyzed: (1) basal cell carcinomas, (2) squamous cell carcinomas, (3) nonmelanoma (basal 
cell carcinomas, squamous cell carcinomas, and malignant epithelial neoplasms not otherwise specified), 
and (4) melanoma. Analysis of basal cell carcinomas was conducted for all sites combined and by site. 
The following four sites were examined for basal cell carcinomas: (1) ear, face, head, and neck; (2) 
trunk; (3) upper extremities; and (4) lower extremities. 

There were relatively few Black participants in this study (approximately 5%). With the exception of one 
Black participant with a pre-SEA melanoma, Blacks have been observed to exhibit only benign skin 
neoplasms in all phases of the study to date. Consequently, skin neoplasm analyses, except for the 
analyses of benign skin neoplasms, were limited to non-Blacks. Both Blacks and non-Blacks were 
included in the analysis of benign skin neoplasms. Participants with a pre-SEA skin neoplasm were 
excluded from the analysis of the skin neoplasm variables. 

10.1.3.1.1.2 Systemic Neoplasms 

The systemic neoplasms were analyzed by behavior and anatomical site. As with skin neoplasms, each 
analysis was conducted using verified data. The analysis of the systemic neoplasms was divided into two 
sets, described below. 

Analysis Set 1 consisted of analyses of systemic neoplasms by behavior type. The following four 
behavior types were examined: (1) all systemic neoplasms, (2) malignant systemic neoplasms, (3) benign 
systemic neoplasms, and (4) systemic neoplasms of uncertain behavior or unspecified nature. 

Analysis Set 2 consisted of analyses of malignant systemic neoplasms by the following sites: (1) ear, eye, 
head, face, and neck; (2) oral cavity, pharynx, and larynx; (3) esophagus; (4) brain; (5) thymus and 
mediastinum; (6) thyroid gland; (7) bronchus and lung; (8) liver; (9) colon and rectum; (10) kidney and 
bladder; (11) prostate; (12) testicles; (13) extrahepatic bile duct; (14) ill-defined sites; (15) connective and 
other soft tissues; and (16) carcinomas in situ of the penis. 

In addition to the analyses described above, the number of participants with Hodgkin's disease, 
non-Hodgkin's lymphoma, and a malignant systemic neoplasm of lymphoid and histiocytic tissue was 
analyzed. 

Participants with a pre-SEA malignant systemic neoplasm or a pre-SEA systemic neoplasm of uncertain 
behavior or an unspecified nature were excluded from the analysis of the systemic neoplasm variables. 

10.1.3.1.1.3 Skin and Systemic Neoplasms 

Statistical analysis was performed on all malignant neoplasms, which was a combination of malignant 
skin and malignant systemic neoplasms. In addition, statistical analysis was performed on all neoplasms, 
which was a combination of all skin and all systemic neoplasms (benign, malignant, and uncertain 
behavior). Participants with a pre-SEA skin neoplasm, a pre-SEA malignant systemic neoplasm, or a pre- 
SEA systemic neoplasm of uncertain behavior or an unspecified nature were excluded from the analysis 
of this variable. 
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10.1.3.1.2 Laboratory Examination Data 

The prostate-specific antigen (PSA) test was developed to detect prostate enlargement and prostate 
cancer. Each participant had his PSA measured as a standard part of the laboratory assay. This 
measurement was continuous in nature, and the units were ng/ml. An analysis was performed on the 
continuous measurement, as well as on a discrete form. The discrete form of PSA was categorized as 
high or normal, based on a cutpoint of 4 ng/ml 

10.13.2  Covariates 

In the analysis of the 1997 examination results, covariates in adjusted statistical analyses assessing skin 
neoplasms included age, military occupation, skin color, hair color, eye color, skin reaction to sun after 
the first exposure, skin reaction to sun after repeated exposure, lifetime exposure to ionizing radiation and 
industrial chemicals (yes or no), and average lifetime residential history. A composite skin-reaction 
index, which is a composite of the two individual reactions of skin to sun covariates, also was 
investigated. 

Age, race, and military occupation were determined from military records. Information on skin, hair, and 
eye color was obtained at the 1997 physical examination for participants who did not attend the 1985, 
1987, and 1992 examinations, and this information was combined with data from participants who 
previously provided this information. Information on the skin reaction to sun after the first exposure and 
after repeated exposure was reported by the participant during the questionnaire phase at the 1997 
examination. Also, the participants' lifetime exposures through 1992 to ionizing radiation, industrial 
chemicals, and herbicides (used in the analysis of systemic neoplasms, discussed below) was updated 
with information reported in the 1997 questionnaire. 

The emphasis on choosing risk factors related to cancer was increased during the 1985 follow-up study 
and has been emphasized since that time. In particular, the interval health questionnaire was modified to 
collect information on each geographic location in which a participant lived for more than 12 months. 
Because ultraviolet light exposure has been acknowledged as the primary cause of basal cell carcinomas, 
this information was used to compute a cumulative sun-exposure index based on residential history. An 
average lifetime residential history was estimated by dividing the total degree-years (i.e., the sum of the 
product of latitude [degrees] and the number of years lived at each residence) from all residences by the 
total number of residential years reported on questionnaires since 1985. Average lifetime residential 
history was dichotomized as less than 37 degrees latitude (southerly) or greater than or equal to 37 
degrees latitude (northerly), which was the approximate median in previous AFHS examinations. 

Covariates in adjusted statistical analyses assessing systemic neoplasms and PSA included age, race, 
lifetime exposure to ionizing radiation and herbicides, lifetime cigarette smoking history (in pack-years), 
and lifetime alcohol history (in drink-years). 

Lifetime cigarette smoking history was based on questionnaire data. For lifetime cigarette smoking 
history, the respondent's average smoking was estimated over his lifetime based on his responses to the 
1997 questionnaire, with 1 pack-year defined as 365 packs of cigarettes smoked during a single year. 

Each participant was asked about his drinking patterns throughout his lifetime. When a participant's 
drinking patterns changed, he was asked to describe how his alcohol consumption differed and the 
duration of time that the drinking pattern lasted. The participant's average daily alcohol consumption was 
determined for each of the reported drinking pattern periods throughout his lifetime, and an estimate of 
the corresponding total number of drink-years was derived. One drink-year was the equivalent of 
drinking 1.5 ounces of an 80-proof alcoholic beverage, one 12-ounce beer, or one 5-ounce glass of wine 
per day for 1 year. 
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Almost all Ranch Hands reported herbicide exposure at some point in their lifetime (see Chapter 8, 
Covariate Associations with Estimates of Dioxin Exposure). Consequently, herbicide exposure in Ranch 
Hands was of limited use as a risk factor for explaining the presence of a systemic neoplasm. Therefore, 
many of the Model 2 and Model 4 analyses of systemic neoplasms and PSA, which were based on Ranch 
Hands only, did not use herbicide exposure as a covariate. Analyses that did not use herbicide exposure 
as a covariate are specified in footnotes to the table. 

Categories of covariates and definitions are summarized below: 

Skin Color: dark, medium, pale, dark peach, and pale peach (classified for analysis purposes as 
(1) dark, medium, pale, or (2) dark peach, pale peach). 

Hair Color: black, dark brown, light brown, blonde, red, and bald (classified for analysis 
purposes as (1) black, dark brown, or (2) light brown, blonde, red, bald). 

Eye Color: brown, hazel, green, gray, and blue (classified for analysis purposes as (1) brown, (2) 
hazel, green, or (3) gray, blue). 

Skin Reaction to Sun After First Exposure: burns painfully, burns, becomes red, and no reaction. 

Skin Reaction to Sun After Repeated Exposure: freckles with no tan, tans mildly, tans 
moderately, and tans deep brown. 

Composite Skin-Reaction Index: a composite variable based on two reactions of skin to sun 
exposure variables was defined as follows: (1) burns painfully or freckles with no tan, (2) burns 
or tans mildly, and (3) all other reactions. 

Average Lifetime Residential History: average latitude less than 37 degrees and average greater 
than or equal to 37 degrees. 

Exposure to Carcinogens: ionizing radiation, industrial chemicals, and herbicides (yes or no for 
each). These exposures represent lifetime exposure based on self-reported questionnaire data 
from the 1997 examination combined with previous examinations. 

10.1.4   Statistical Methods 

Table 10-1 summarizes the statistical analysis performed for the neoplasia assessment. The first part of 
this table identifies the dependent variables, covariates, exclusions, and the statistical methods. This 
information is presented in the following four sections: skin neoplasms, systemic neoplasms, skin and 
systemic neoplasms combined, and PSA. Data source, data form, and cutpoints are summarized at the 
end of the table. The second part of the table describes the covariates. A covariate was used in its 
continuous form whenever possible for all adjusted analyses; if necessary, or if the covariate was 
inherently discrete (e.g., military occupation), or if a categorized form was needed to develop measures of 
association with the dependent variable, the covariate was categorized as shown in Table 10-1. 
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Table 10-1. Statistical Analysis for the Neoplasia Assessment 

Dependent Variables 

Gateg^ryg Site: Covariates*       Exclusions 
Statistical Analysis 

and Methods 

Skin Neoplasms 

Behavior 

All 

Malignant 

Benign 

Uncertain Behavior or 
Unspecified Nature 

Cell Type and Site 

Basal Cell Carcinoma 

Squamous Cell Carcinoma 

Nonmelanoma 

Melanoma 

Systemic Neoplasms 

Behavior 

All 

Malignant 

Benign 

Uncertain Behavior or 
Unspecified Nature 

Site 

Malignant 

All Sites Combined 

All Sites Combined 

All Sites Combined 

All Sites Combined 

All Sites Combined 
Ear, Face, Head, and Neck 
Trunk 
Upper Extremities 
Lower Extremities 

All Sites Combined 

All Sites Combined 

All Sites Combined 

All Sites Combined 

All Sites Combined 

All Sites Combined 

All Sites Combined 

Malignant 

Eye, Ear, Face, Head, and Neck 

Oral Cavity, Pharynx, and Larynx 

(1) (a) U:LR 
A:LR 

(1) (a) U:LR 
A:LR 
L:LR 

(1) (b) U:LR 
A:LR 

(1) (a) U:LR,CS 
A:LR 

(1) (a) U:LR 
A:LR 

(1) 

(1) 

(1) 

(a) 

(a) 

(a) 

U:LR 
A:LR 

U:LR 
A:LR 

U:LR,CS 
A:LR 

(2) (c) U:LR 
A:LR 

(2) (c) U:LR 
A:LR 
L:LR 

(2) (c) U:LR 
A:LR 
L:LR 

(2) (c) U:LR 
A:LR 

(2) (c) U:LR 
A:LR 

(2) (c) U:LR 
A:LR 
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Table 10-1.   Statistical Analysis for the Neoplasia Assessment (Continued) 

■ ■;; ■£■;:::: ■ ;€g":JSät^gö^; ^: ■.;-■!■' ;;>?;■?:■ ] ft" h?!>^'K$": S^iL J^ ^fesS^i^S^^K;^^ §^\ ^"^ ;  Covariates*   | Exclusionsb | 
Statistical Analysis 

and Methods 
Malignant 

Malignant 

Malignant 

Esophagus 

Brain 

Thymus, Heart, and Mediastinum (2) 

(c) 

(c) 

(c) 

Descriptive 

Descriptive 

U:LR,CS 
A:LR 

Malignant Thyroid Gland (2) (c) U:LR,CS 
A:LR 

Malignant Bronchus and Lung (2) (c) U:LR,CS 
A:LR 

Malignant Liver (2) (c) U:LR,CS 
A:LR 

Malignant Colon and Rectum (2) (c) U:LR 
A:LR 

Malignant Kidney and Bladder (2) (c) U:LR,CS 
A:LR 

Malignant Prostate (2) (c) U:LR 
A:LR 

Malignant Testicles (2) (c) U:LR,CS 
A:LR 

Malignant 

Malignant 

Malignant 

Extrahepatic Bile Duct 

Ill-Defined Sites 

Connective and Other Soft Tissues (2) 

(c) 

(c) 

(c) 

Descriptive 

Descriptive 

U:LR,CS 
A:LR 

Carcinoma In Situ 

Hodgkin's Disease 
Penis 

(2) 

(c) 

(c) 

Descriptive 

U:LR,CS 
A:LR 

Non-Hodgkin' s Lymphoma __ (2) (c) U:LR,CS 
A:LR 

Other Malignant Systemic 
Neoplasms of Lymphoid and 

- (2) (c) U:LR,CS 
A:LR 

Histiocytic Tissue 

Skin and Systemic Neoplasms 

All All Sites Combined (3) (d) U:LR 
A:LR 

R::|:|S;^ ■■:::Datä:Form;;i |el|^^|^itiftj|^iai^foi| | ;;#lSQV^ät|sf '|| Exclusions1* 
i "'StatisticalAnalysis 

and Methods 

Prostate-Specific Antisen 

Prostate-Specific Antigen 
(ng/ml) 

D/C High: >4 
Normal: <4 

(2) (e) U:LR,GLM 
A:LR,GLM 

Dependent Variables (Except for PSA) 

Data Source: Review of medical records and verification based on AFHS 1997 follow-up questionnaires and 
physical examinations, except for PSA, which was measured by Scripps Clinic in 1997. 
Data Form: Discrete. 
Cutpoints: Yes or No. 
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Table 10-1.   Statistical Analysis for the Neoplasia Assessment (Continued) 

a Covariates: 
(1): age, military occupation, skin color, hair color, eye color, skin reaction to sun after first exposure, skin reaction 
to sun after repeated exposure, composite skin-reaction index, residential history, ionizing radiation exposure, and 
industrial chemicals exposure. 
(2): age, race, military occupation, ionizing radiation exposure, herbicide exposure, lifetime cigarette smoking 
history, lifetime alcohol history, 
(3): age, race, military occupation, skin color, hair color, eye color, skin reaction to sun after first exposure, skin 
reaction to sun after repeated exposure, composite skin-reaction index, residential history, ionizing radiation 
exposure, industrial chemicals exposure, herbicide exposure, lifetime cigarette smoking history, lifetime alcohol 
history. 

Exclusions: 
(a): participants with pre-SEA skin neoplasms, Blacks, 
(b): participants with pre-SEA skin neoplasms. 
(c): participants with pre-SEA uncertain behavior neoplasms, participants with pre-SEA malignant systemic 
neoplasms. 
(d): participants with pre-SEA skin neoplasms, participants with pre-SEA uncertain behavior neoplasms, 
participants with pre-SEA malignant systemic neoplasms, 
(e): participants with a prostatectomy or radiation treatment on the prostate gland. 

Covariates 

Variable (Units) 
Data Data 

.■Source . Form 3::?;ft-K;;-:;lr;:: ;?:JV ^i:;: ;| -:: ;?;/;■ -;;;-;-y:=l:; ^ut^wiiifeX'..^:;^'{;i:;L ■;--:: ft ;c: ';^.:' ';:.;J ; 

MIL D/C Born >1942 
Born < 1942 

MIL D Black 
Non-Black 

MIL D Officer 
Enlisted Flyer 
Enlisted Groundcrew 

PE D Non-Peach: Dark, Medium, Pale 
Peach: Dark Peach, Pale Peach 

PE D Black, Dark Brown 
Light Brown, Blonde, Red, Bald 

PE D Brown 
Hazel, Green 
Gray, Blue 

Q-SR D Burns Painfully 
Burns 
Becomes Red 
No Reaction 

Q-SR D Freckles with No Tan 
Tans Mildly 
Tans Moderately 
Tans Deep Brown 

Age (years) 

Race 

Occupation 

Skin Color 

Hair Color 

Eye Color 

Skin Reaction to Sun After First Exposure 

Skin Reaction to Sun After Repeated Exposure 
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Table 10-1,   Statistical Analysis for the Neoplasia Assessment (Continued) 

Variable (Unite) 
Data Data 

Source Form  ; Cutpoints 

Q-SR D • Burns Painfully After 2 Hours, 
or Freckles with No Tan After 
Repeated Exposure 

• Burns After 2 Hours, or Tans 
Mildly After Repeated 
Exposure 

• All Other Reactions 

Q-SR D Latitude <37° 
Latitude >37° 

Q-SR D Yes 
No 

Q-SR D Yes 
No 

Q-SR D Yes 
No 

Q-SR D/C 0 
>0-10 
>10 

Q-SR D/C 0 
>0-40 
>40 

Composite Skin-Reaction Index 

Average Lifetime Residential History 

Ionizing Radiation Exposure 

Industrial Chemicals Exposure 

Herbicide Exposure 

Lifetime Cigarette Smoking History (pack-years) 

Lifetime Alcohol History (drink-years) 

Abbreviations 

Data Source: MIL: Air Force military records 
PE: 1997 physical examination 
Q-SR: Health questionnaires (self-reported) 

Data Form: D: Discrete analysis only 
D/C: Discrete and continuous analysis for dependent variables; appropriate form for analysis 
(either discrete or continuous) for covariates 

Statistical Analysis: U: Unadjusted analysis 
A: Adjusted analysis 
L: Longitudinal analysis 

Statistical Methods: CS: Chi-square contingency table analysis (continuity-adjusted for 2x2 tables) 
GLM: General linear models analysis 
LR: Logistic regression analysis 

Many covariates were available for use in adjusted analyses of skin and systemic neoplasms. In addition, 
the number of neoplasms was small for many of the dependent variables. The modeling strategy for this 
clinical area was to include as many covariates as feasible. When the number of participants with a 
history of a particular neoplasm was too small to support analysis including all covariates, elimination of 
covariates was necessary to develop and support meaningful analysis. The covariates that were removed 
from analysis for a given health endpoint and model are specified in footnotes to the table. 
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Table 10-2 provides a summary of the number of participants with missing covariate data. In addition, 
the number of participants excluded is provided. 

Table 10-2. Number of Participants Excluded or with Missing Data for the Neoplasia Assessment 

. ; Dioxin 

Variable ; 

'Group-, (Ranch Hands Only) Categoi rized-Dioxin 

Ranch I' Ranch   [ 

W^}^ir§S^^^i3^^&Sj:MM ::■■' :\'Üse/' Hand Comparison Initial   ■ . .1987, :;: |   Hand Comparison 

Hair Color cov 0 2 0 0 0 2 
Skin Reaction to Sun after cov 1 0 0 1 1 0 
First Exposure 
Skin Reaction to Sun after cov 1 0 0 1 1 0 
Repeated Exposure 
Composite Skin-Reaction cov 1 0 0 1 1 0 
Index 
Lifetime Cigarette Smoking cov 2 1 1 2 2 1 
History 
Lifetime Alcohol History cov 6 2 3 6 6 1 
Blacks EXC 55 73 36 55 55 70 
Pre-SEA Skin Neoplasm EXC 10 11 7 10 10 11 
Pre-SEA Malignant Systemic EXC 5 0 4 5 5 0 
Neoplasm 
Pre-SEA Systemic Neoplasm EXC 5 2 3 5 5 2 
of Uncertain Behavior 
Prostatectomy or Radiation EXC 41 61 24 40 40 61 
Treatment on Prostate Gland 

Note:   COV = Covariate. 
EXC = Exclusion. 
870 Ranch Hands and 1,251 Comparisons. 
482 Ranch Hands for initial dioxin; 863 Ranch Hands for 1987 dioxin. 
863 Ranch Hands and 1,213 Comparisons for categorized dioxin. 

10.1.4.1  Longitudinal Analysis 

Longitudinal analysis of malignant skin neoplasms, malignant systemic neoplasms, and benign systemic 
neoplasms was conducted to evaluate the association between exposure and the change in neoplasm status 
between the 1982 baseline examination and the 1997 follow-up examination. 

10.2    RESULTS 

10.2.1   Dependent Variable-Covariate Associations 

The associations between the dependent variables examined in the neoplasia assessment and the 
covariates used in the adjusted analyses were investigated, and the results are presented in Appendix F, 
Table F-2. These associations are pairwise between the dependent variable and the covariate and are not 
adjusted for any other covariates. The exclusions specified in Table 10-1 were used in the dependent 
variable-covariate associations described below. 
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Tests of covariate association were conducted for any skin neoplasm and malignant skin neoplasms. 
Results were similar for both variables. Significant associations with age (p<0.001 for both) were found, 
where older participants displayed a greater history of a skin neoplasm or a malignant skin neoplasm than 
did younger participants. Significant associations also were found with occupation (p=0.004 and 
p<0.001, respectively). More benign or malignant skin neoplasms were found for officers, followed by 
enlisted flyers, and then enlisted groundcrew. Skin color was associated with skin neoplasms and 
malignant skin neoplasms (p<0.001 and p=0.003, respectively). A higher percentage of skin neoplasms 
was found for participants with peach-colored skin as compared to participants with non-peach-colored 
skin. A significant association also was found between malignant skin neoplasms and hair color 
(p=0.025). More participants with light brown, blonde, or red hair had malignant skin neoplasms than did 
participants with black or dark brown hair. Eye color displayed a significant association with both 
variables (p=0.026 and p=0.023 for any skin neoplasm and any malignant skin neoplasm, respectively). 
Participants with brown eyes exhibited the smallest percentage of skin neoplasms. 

Significant associations also were found between any skin and malignant skin neoplasms and both sun 
reaction covariates (p<0.001 for each). The percentage of participants with skin neoplasms increased as 
the levels of sun sensitivity increased for both covariates. In addition, the composite skin-reaction index 
displayed significant associations with both variables (p<0.001 for both). For the skin-reaction index, the 
skin neoplasms and malignant skin neoplasms increased as the reaction to sun increased. The 
associations with average lifetime residential history were significant (p=0.017 and p<0.001, 
respectively). The occurrence of both types of neoplasms was greater for those participants who had 
lived in more southerly latitudes than in the northern latitudes. Ionizing radiation exposure also displayed 
significant associations with both variables (p=0.002 and p=0.031, respectively). More skin neoplasms 
and malignant skin neoplasms were observed for those participants who reported exposure to ionizing 
radiation than for those who did not report exposure. 

Results from the covariate association tests for benign skin neoplasms were significant only for skin color 
(p=0.025). Participants with peach-colored skin showed more benign skin neoplasms (24.6%) than did 
participants with non-peach-colored skin (19.8%). 

The covariate association test results for (a) any basal cell carcinoma and (b) basal cell carcinoma of the 
ear, face, head, or neck were similar. Each variable displayed a significant association with age and 
occupation (p<0.001 for each association). The history of a basal cell carcinoma was higher for older 
participants and highest for officers. Associations with skin color were also significant for both basal cell 
carcinoma variables (p=0.019 and p=0.018, respectively), revealing more basal cell carcinomas for 
participants with peach-colored skin than for participants with non-peach-colored skin. Hair color also 
was associated significantly with both variables (p=0.019 and p=0.005). Participants with lighter hair 
colors displayed more of the two basal cell carcinoma dependent variables than did participants with 
darker hair colors. Basal cell carcinoma was significantly associated with eye color (p=0.034). The 
smallest percentage of participants with basal cell carcinoma was for those with brown eyes. 

Significant associations with any basal cell carcinoma and basal cell carcinoma of the ear, face, head, or 
neck also were found for both sun reaction covariates (p<0.001 for each). Basal cell carcinomas 
increased as the levels of sun sensitivity increased. In addition, the composite skin-reaction index 
displayed significant associations with both covariates (p<0.001 for both), where basal cell carcinoma 
increased as the reaction to sun increased. Significant associations also were found for both variables 
with the average lifetime residential history (p<0.001 for both variables). The occurrence of basal cell 
carcinoma was greater for participants who had lived in the more southerly latitudes. A significant 
association with ionizing radiation exposure was found for basal cell carcinoma of the ear, face, head, or 
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neck (p=0.049). This association revealed more basal cell carcinomas for participants reporting exposure 
to ionizing radiation. 

Tests of covariate association conducted for basal cell carcinoma on the trunk and basal cell carcinoma on 
the upper extremities showed similar results. Each variable was associated significantly with age 
(p=0.007 and p=0.031, respectively). Older participants had more basal cell carcinomas on the trunk and 
upper extremities than did younger participants. Occupation was also a significant covariate (p<0.001 for 
both). Officers had more basal cell carcinomas of the trunk or upper extremities. Eye color was 
associated significantly with basal cell carcinoma of the upper extremities (p=0.005). Participants with 
hazel or green eyes had more basal cell carcinomas. 

Significant associations with basal cell carcinoma of the trunk and basal cell carcinoma of the upper 
extremities were also found for both skin reaction to sun after the first exposure (p=0.006 and p<0.001, 
respectively) and skin reaction to sun after repeated exposure (p<0.001 for both dependent variables). 
The occurrence of basal cell carcinomas increased as the sensitivity to sun increased. In addition, the 
composite skin-reaction index displayed significant associations with both variables (p<0.001 for both 
basal cell carcinoma variables), where basal cell carcinoma of the trunk or upper extremities increased as 
the sensitivity to sun increased. Significant associations also were found for both basal cell carcinoma 
variables with average lifetime residential history (p<0.001 and p=0.039, respectively). Basal cell 
carcinoma of the trunk or upper extremities was higher for participants who had lived in the more 
southerly latitudes. 

Tests of association for squamous cell carcinoma showed several significant findings. A significant 
association with age (p=0.002) displayed more squamous cell carcinomas for older participants (3.0%) 
than for younger participants (0.9%). The association with occupation also was significant (p=0.007). 
More squamous cell carcinomas were found for officers (3.3%), then enlisted flyers (1.6%), and enlisted 
groundcrew (1.2%). The associations with both skin reaction to sun covariates also were significant 
(p=0.011 for reaction after first exposure and p<0.001 for reaction after repeated exposure). Both skin 
reaction to sun covariates displayed more squamous cell carcinomas as skin sensitivity to sun increased. 
The composite skin-reaction index association with squamous cell carcinoma was significant (p<0.001). 
Squamous cell carcinoma increased as the reaction to sun increased. Squamous cell carcinoma for 
participants who had lived in the more southerly latitudes had occurred more often than for participants 
who had lived in the northern latitudes (p=0.009). 

Several covariates were associated significantly with nonmelanoma. Significantly more nonmelanomas 
(p<0.001) were observed in older participants (20.3%) than in younger participants (9.7%). 
Nonmelanoma also was associated significantly with occupation (p<0.001). Nonmelanoma was highest 
for officers (20.0%), then enlisted flyers (16.0%), and enlisted groundcrew (11.5%). The significant 
association between nonmelanoma and skin color (p=0.003) displayed more nonmelanoma for 
participants with peach-colored skin than for participants with non-peach-colored skin (17.1% vs. 11,2%). 
The association between nonmelanoma and hair color was significant (p=0.016). Those participants with 
lighter hair colors exhibited more nonmelanomas (18.7%) compared to those with darker hair colors 
(14.4%). A significant association between nonmelanoma and eye color showed a smaller percentage of 
nonmelanoma in participants with brown eyes (p=0.039). 

Both skin reaction to sun covariates were significant (p<0.001 for both covariates) and showed more 
nonmelanomas as the skin sensitivity to sun increased. The composite skin-reaction index association 
with nonmelanoma also was significant (p<0.001). Nonmelanoma increased as the reaction to sun 
increased. Nonmelanomas were significantly greater for participants who had lived in more southerly 
latitudes (p<0.001). 
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A significant association between melanoma and average lifetime residential history was observed 
(p=0.008). Melanoma was significantly greater for participants who had lived in more northerly latitudes. 

Tests of covariate association for any systemic neoplasm were significant for age (p<0.001), occupation 
(p=0.008), and herbicide exposure (p=0.003). A history of systemic neoplasms was higher for older 
participants (37.2%) than for younger participants (21.8%). Officers displayed the largest occurrence of a 
systemic neoplasm (33.9%), followed by enlisted flyers (31.1%), then enlisted groundcrew (27.1%). In 
addition, participants reporting exposure to herbicides exhibited more systemic neoplasms (32.7%) 
compared to those who did not report exposure to herbicides (26.4%). 

Several covariates displayed a significant association with malignant systemic neoplasms. Age was 
significant (p<0.001), with older participants showing more malignant systemic neoplasms (10.2%) than 
younger participants (2.4%). A significant association between malignant systemic neoplasms and 
occupation was found (p<0.001), with the largest occurrence in officers (8.6%) and enlisted flyers (8.6%), 
followed by enlisted groundcrew (4.4%). The association with ionizing radiation exposure also was 
significant (p=0.004). For participants who had reported exposure to ionizing radiation, 9.5 percent had a 
malignant systemic neoplasm compared to 5.8 percent of participants who had not reported exposure. 
The association between malignant systemic neoplasms and herbicide exposure was significant 
(p=0.004). Participants who had reported being exposed to herbicides had more malignant systemic 
neoplasms (8.0%) than participants who had not reported being exposed (4.6%). Lifetime cigarette 
smoking history also was associated significantly with malignant systemic neoplasms (p<0.001). 
Participants who had smoked the heaviest (in terms of pack-years) had more malignant systemic 
neoplasms. 

Benign systemic neoplasms displayed significant associations with age (p<0.001) and herbicide exposure 
(p=0.045). Older participants exhibited more benign systemic neoplasms (28.9%) than did younger 
participants (19.2%). A greater percentage of participants who had reported being exposed to herbicides 
had more benign systemic neoplasms (26.1%) than those participants who had not reported exposure to 
herbicides (22.1%). 

Covariate association tests with systemic neoplasms of uncertain behavior or unspecified nature revealed 
a significant result for occupation (p=0.031). Officers displayed the most systemic neoplasms of 
uncertain behavior or unspecified nature (2.9%), followed by enlisted groundcrew (1.5%), then enlisted 
flyers (0.9%). 

A significant association between age and a malignant systemic neoplasm of the eye, ear, face, head, or 
neck was found (p=0.035). Older participants had more malignant systemic neoplasms of the eye, ear, 
face, head, or neck (1.4%) than did younger participants (0.4%). 

Tests of covariate association for malignant systemic neoplasms of the oral cavity, pharynx, and larynx 
were significant for age (p=0.041). Older participants displayed more malignant systemic neoplasms of 
the oral cavity, pharynx, and larynx (0.9%) than did younger participants (0.1%). 

Malignant systemic neoplasms of the bronchus and lung were associated significantly with lifetime 
cigarette smoking history (p<0.001). Only participants who had smoked the most (>10 pack-years) 
showed a malignant systemic neoplasm of the bronchus or lung (1.4%). 

Several significant results were revealed from the covariate association tests conducted for malignant 
systemic neoplasms of the kidney and bladder. A significant association with age (p=0.014) showed 
more malignant systemic neoplasms of the kidney or bladder in older participants (1.3%) than in younger 
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participants (0.2%). The association with lifetime cigarette smoking history was significant (p<0.001). 
Malignant systemic neoplasms of the kidney or bladder increased with smoking. The association with 
lifetime alcohol history also was significant (p<0.001). The greatest percentage of participants with 
malignant systemic neoplasms of the kidney or bladder was for non-drinkers (3.4%). 

Tests of covariate association for malignant systemic neoplasms of the prostate revealed several 
significant results. Older participants had significantly more (p<0.001) malignant systemic neoplasms of 
the prostate (5.3%) than did younger participants (0.2%). A significant association with occupation 
(p=0.002) revealed more malignant systemic neoplasms of the prostate in officers (4.6%), followed by 
enlisted flyers (3.3%), then enlisted groundcrew (1.7%). A significant result also was found with ionizing 
radiation exposure (p=0.044). For participants reporting exposure to ionizing radiation, 4.5 percent had a 
malignant systemic neoplasm of the prostate, compared to 2.6 percent who did not report exposure. 
Results also were significant for the tests of association with herbicide exposure (p=0.035). The 
percentage of participants reporting exposure to herbicides with malignant systemic neoplasms was 3.7 
percent, compared to 2.0 percent who did not report exposure to herbicides. Lifetime cigarette smoking 
history showed a significant association with malignant systemic neoplasms of the prostate (p=0.017). 
The greatest occurrence of malignant systemic neoplasms of the prostate was for participants who had 
smoked the most (4.1%). 

Covariate association tests conducted for all malignant skin and systemic neoplasms and all skin and 
systemic neoplasms were similar. Age, race, and occupation each were significant for both variables 
(p<0.001 for each test). Older participants showed more neoplasms for both variables than did younger 
participants. Skin and systemic neoplasms occurred more often in non-Blacks than in Blacks. Officers 
showed more skin and systemic neoplasms than did enlisted flyers and enlisted groundcrew. Skin color 
was associated significantly with both dependent variables (p<0.001 for each). Participants with peach- 
colored skin had more skin and systemic neoplasms than did participants with non-peach-colored skin. 
The association between hair color and all malignant skin and systemic neoplasms was significant 
(p<0.001). Participants who had lighter hair colors had more malignant skin or systemic neoplasms. Eye 
color associations for both variables were each significant (p<0.001 for both tests). Participants with 
brown eyes showed the smallest occurrence of a skin or systemic neoplasm. 

Significant associations with all malignant skin and systemic neoplasms and all skin and systemic 
neoplasms also were found for both skin reaction to sun and the composite skin-reaction index covariates 
(p<0.02 for all tests). Skin or systemic neoplasms increased as skin sensitivity to the sun increased. A 
significant association also was found for all malignant skin and systemic neoplasms with the average 
lifetime residential history covariate (p<0.001). Malignant skin or systemic neoplasms occurred more 
often for participants who lived in more southerly latitudes. The ionizing radiation exposure and 
herbicide exposure covariate tests were each significant for both variables (p<0.02 for all tests). 
Participants reporting exposure to either ionizing radiation or herbicides displayed more skin and 
systemic neoplasms (both malignant systemic neoplasms and all systemic neoplasms combined) than did 
participants who did not report exposure. 

Covariate association tests for both the continuous and discrete forms of PSA were significant for age 
(p<0.001 for PSA in both discrete and continuous forms) and occupation (p<0.001, continuous, and 
p=0.014, discrete). PSA levels and the proportion of participants with high PSA levels increased with 
age. Enlisted groundcrew showed the lowest average levels of PSA and the lowest percentage of 
participants with high PSA levels. 
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10.2.2   Exposure Analysis 

The following section presents results of the statistical analysis of the dependent variables shown in Table 
10-1. Dependent variables were derived from a medical records review and verification and a laboratory 
measurement of PSA at the 1997 follow-up examination. 

Four models were examined for each dependent variable given in Table 10-1. The analyses of these 
models are presented below. Further details on dioxin and the modeling strategy are found in Chapters 2 
and 7, respectively. These analyses were performed both unadjusted and adjusted for relevant covariates. 
Model 1 examined the relation between the dependent variable and group (i.e., Ranch Hand or 
Comparison). In this model, exposure was defined as "yes" for Ranch Hands and "no" for Comparisons 
without regard to the magnitude of the exposure. As an attempt to quantify exposure, three contrasts of 
Ranch Hands and Comparisons were performed along with the overall Ranch Hand versus Comparison 
contrast. These three contrasts compared Ranch Hands and Comparisons within each occupational 
category (officers, enlisted flyers, and enlisted groundcrew). As described in Table 2-8 and previous 
reports, the average levels of exposure to dioxin were highest for enlisted groundcrew, followed by 
enlisted flyers, then officers. 

Model 2 explored the relation between the dependent variable and an extrapolated initial dioxin measure 
for Ranch Hands who had a 1987 dioxin measurement greater than 10 ppt. If a participant did not have a 
1987 dioxin level, the 1992 level was used to estimate the initial dioxin level. If a participant did not have 
a 1987 or a 1992 dioxin level, the 1997 level was used to estimate the initial dioxin level. A statistical 
adjustment for the percentage of body fat at the time of the participant's blood measurement of dioxin 
was included in this model to account for body-fat-related differences in elimination rate (80). 

Model 3 divided the Ranch Hands examined in Model 2 into two categories based on their initial dioxin 
measures. These two categories are referred to as "low Ranch Hand" and "high Ranch Hand." Two 
additional categories, Ranch Hands with 1987 serum dioxin levels at or below 10 ppt and Comparisons 
with 1987 serum dioxin levels at or below 10 ppt, were formed and included in the model. Ranch Hands 
with 1987 serum dioxin levels at or below 10 ppt are referred to as the "background Ranch Hand" 
category. Dioxin levels in 1992 were used if the 1987 level was not available, and dioxin levels in 1997 
were used if the 1987 and 1992 levels were not available. These four categories—Comparisons, 
background Ranch Hands, low Ranch Hands, and high Ranch Hands—were used in Model 3 analyses. 
The relation between the dependent variable in each of the three Ranch Hand categories and the 
dependent variable in the Comparison category was examined. A fourth contrast, exploring the relation 
of the dependent variable in the combined low and high Ranch Hand categories relative to Comparisons, 
also was conducted. This combination is referred to in the tables as the "low plus high Ranch Hand" 
category. As in Model 2, a statistical adjustment for the percentage of body fat at the time of the 
participant's blood measurement of dioxin was included in this model. 

Model 4 examined the relation between the dependent variable and 1987 lipid-adjusted dioxin levels in all 
Ranch Hands with a dioxin measurement. If a participant did not have a 1987 dioxin measurement, the 
1992 measurement was used to determine the dioxin level. If a participant did not have a 1987 or a 1992 
dioxin measurement, the 1997 measurement was used to determine the dioxin level. 

Some participants had multiple neoplasms, and a participant may be represented in more than one table; 
therefore, totals added across tables may not agree. For example, 496 of the 2,121 participants in this 
study (29.8%) had at least two neoplasms and 94 (10.8%) had at least two malignant neoplasms. 
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10.2.2,1  Medical Reco rds Revie w 

10.2.2.1.1 Skin Neoplasms (All Sites Combined) 

Significant group differences were found for all occupations combined and within the officer and enlisted 
flyer occupational strata in both the Model 1 unadjusted and adjusted analyses of a history of skin 
neoplasms (Table 10-3(a,b): Est. RR=1.29, p=0.007; Adj. RR=1.32, p=0.005, for all occupations; 
Est. RR=1.36, p=0.034; Adj. RR=1.38, p=0.030, for officers; and Est. RR=1.64, p=0.040; Adj. RR=1.66, 
p=0.040, for enlisted flyers). Each contrast displayed more Ranch Hands than Comparisons with skin 
neoplasms. Results were nonsignificant for the enlisted groundcrew contrasts (p>0.33 for both the 
unadjusted and adjusted analyses). 

Table 10-3. Analysis of Skin Neoplasms 

(a)MODELl: RANCH-'BANDS:VS. COMPARISONS-UNADJUSTED 

Occupational 

M0^Mpp^tW^t M^Mx'-iW- 

Est^RelatiyeRisk 
. p-Value 

All 

Officer 

Enlisted Flyer 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

805 
1}168 

329 
480 

140 
173 

336 
515 

325 (40.4) 
402 (34.4) 

150 (45.6) 
183 (38.1) 

56 (40.0) 
50(28.9) 

119(35.4) 
169 (32.8) 

1.29 (1.07,1.55) 

1.36(1.02,1.81) 

1.64(1.02,2.63) 

1.12(0.84,1.50) 

0.007 

0.034 

0.040 

0.433 

(b)MpPELl: $R&ä^ 

Öccupati onal Category 
":'; Adjusted Relative Risk 

p-Value 

All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

1.32 (1.09,1.60) 

1.38(1.03,1.85) 
1.66(1.02,2.69) 
1.16(0.86,1.56) 

0.005 

0.030 
0.040 
0.339 

W^MGmMWi RANCH HANDS - -INITIAL j^^N:™;UNADJlJSTEDV:rv -1!| >|| ■ |§ 

i'itiÄ Analysis Results for Log E (Initial Dioxin)11 

W:0t:-&uB"IMMM{M sisiiiiÄiiSiSiiiss p-Value 

Low 
Medium 
High 

138 
150 
151 

63 (45.7) 
64 (42.7) 
42(27.8) 

0.78 (0.67,0.91) 0.001 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63~152 ppt; High = >152 ppt. 
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Table 10-3.   Analysis of Skin Neoplasms (Continued) 

(d) MODEL 2r RANCH HANDS-INITIAL DIOXIN 

0:;|%;;#:'fe^H|r|^iSf ;i;■ SK;   r3r& ■ o;:)v ^''■ )■ Sv:;;;;ÄdJlistedifeejati^^vftiä    ;;:H       ;;;::}:^.- J                      ; 
p-Value             ■■ "   1118 

439                                       0.81 (0.68,0.98) 0.028 

a Relative risk for a twofold increase in initial dioxin. 

;,(c) MODEL 3: RANCH HANDS AND CO i-UNADJUSTED : 

p- Value 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,133 

359 
210 
229 
439 

389 (34.3) 

155 (43.2) 
94 (44.8) 
75 (32.8) 

169 (38.5) 

1.49(1.17,1.90) 
1.54(1.14,2.07) 
0.91 (0.67,1.23) 
1.17(0.93,1.47) 

0.001 
0.005 
0.546 
0.183 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand):  1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(1) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - ADJUSTED 

Comparison 1,131 

Background RH 358 1.46(1.13,1.88) 0.004 
LowRH 210 1.49(1.10,2.04) 0.011 
HighRH 229 1.05(0.76,1.45) 0.747 
Low plus High RH 439 1.25(0.98,1.58) 0.073 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 10-3.   Analysis of Skin Neoplasms (Continued) 

.(g) MODEL4: RANCH HANDS»^^ 1987DIOXm-UNADJUSTED 

., 1-987 Dioxin Category Summary Statistics ':   ■ Analysis Results for Log2 (.1.987 Diüxiii + 1) 

:~^00Wm00[         ;0M^0:       '~0'> tf^£S0]' 0X 
Low                            273                  114(41.8) 
Medium                      256                  120 (46.9) 
High                           269                   90 (33.5) 

0.88 (0.80,0.97)                              0.012 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(h) MODEL 4: RANCH HANDS-1987 DIOXIN-ADJUSTED 

0^-M Ipl^ajlue!: -"0 0: \0.1 ■ 
797                                           0.92(0.82,1.03) 0.147 

a Relative risk for a twofold increase in 1987 dioxin. 

Results from both the unadjusted and adjusted Model 2 analyses indicated a significant inverse relation 
between initial dioxin and skin neoplasms (Table 10-3(c,d): Est. RR=0.78, p=0.001; Adj. RR=0.81, 
p=0.028, respectively). As initial dioxin in Ranch Hands increased, the occurrence of skin neoplasms 
decreased. 

The Model 3 analyses contrasting Ranch Hands in both the background dioxin category and low dioxin 
category with Comparisons displayed significant results in the unadjusted and adjusted analyses of skin 
neoplasms (Table 10~3(e,f): Est. RR=L49, p=0.001; Adj. RR=1.46, p=0.004; and Est. RR-1.54, 
p=0.005; Adj. RR=1.49, p=0.011, respectively). A marginally significant difference between Ranch 
Hands in the low plus high dioxin category and Comparisons was revealed in the adjusted analysis of skin 
neoplasms (Table 10-3(f): Adj. RR=1.25, p=0.073). Each contrast displayed more Ranch Hands than 
Comparisons with skin neoplasms. All other Model 3 contrasts were nonsignificant (Table 10-3(e,f): 
p>0.18). 

The Model 4 unadjusted analysis revealed a significant inverse relation between skin neoplasms and 1987 
dioxin levels (Table 10-3(g): Est. RR=0.88, p=0.012). After adjustment for covariates, the association 
was nonsignificant (Table 10-3(h): p=0.147). 

10.2.2.1.2 Malignant Skin Neoplasms 

The Model 1 enlisted flyer contrast revealed a marginally significantly higher percentage of a history of 
malignant skin neoplasms for Ranch Hands than for Comparisons in both the unadjusted and adjusted 
analyses (Table 10-4(a,b): Est. RR-1.79, p=0.059; Adj. RR-1.86, p-0.055, respectively). All other 
Model 1 contrasts were nonsignificant (Table 10-4(a,b): p>0.16). 
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Table 10-4. Analysis of Malignant Skin Neoplasms 

(a) MODEL 1: RANCH HANDS VS.COMPARISONS - UNADJUSTED 

Occupational 
■ .'■■ .'Category   ,' Group Äisj^l' 

■.    . ;;;:;Est;-:Rela^;Risk 
p-Value 

All 

Officer 

Enlisted Flyer 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

805 
1,168 

329 
480 

140 
173 

336 
515 

144(17.9) 
187(16.0) 

11 (23.4). 
95 (19.8) 

29 (20.7) 
22 (12.7) 

38(11.3) 
70 (13.6) 

1.14(0.90,1.45) 

1.24(0.88,1.74) 

1.79(0.98,3.29) 

0.81(0.53,1.24) 

0.274 

0.218 

0.059 

0.329 

(b) MODEL 1: RANCH HANDS VS. COMPARISONS - ADJUSTED 

Occupational Category 
Adjusted Relative Risk 

St^^fc':yKKKf::il'i.l¥; j-Value 
All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

1.19 (0.93,1.54) 

1.29(0.90,1.85) 
1.86(0.99,3.51) 
0.86(0.56,1.34) 

0.175 

0.161 
0.055 
0.509 

(c) MODEL 2: li|||jpj:|(ia§to^ -INITIALDIOXIN-UNADJUSTED 

InitialDioxin Category Summary Statistics Analysis Results for Loga (Initial Dioxin)3 

Initial 
|}_-";.;'-'nf-^ ^'ol^xtt-'^:;:;: V'v^-:-'---li ^■.;:- - ';-- 

■'■:■   "Number (%).'■.;■' '-' : = ;.-.E? timated Relative Risk 
p-Value 

Low 
Medium 
High 

138 
150 
151 

31 (22.5) 
30 (20.0) 
18(11.9) 

0.79 (0.64,0.96) 0.015 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(d) MODEL 2: RANCH HANDS - INITIAL DIOXIN - ADJUSTED 

tp-Value; 
439 0.87 (0.68,1.12) 0.287 

Relative risk for a twofold increase in initial dioxin. 
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Table 10-4.   Analysis of Malignant Skin Neoplasms (Continued) 

^MM^ UNADJUSTED 

Dioxin Category ]^±-. &&*-&&' 

..;   Est Relative Risk ; 
'          ' (95%.CX)ab   .  ■ ■p- Value 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,133 

359 
210 
229 
439 

179 (15.8) 

65 (18.1) 
47 (22.4) 
32 (14.0) 
79 (18.0) 

1.21 (0.88,1.66) 
1.52(1.06,2.19) 
0.84(0.56,1.27) 
1.12(0.83,1.51) 

0.237 
0.023 
0.417 
0.457 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

m MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY -ADJUSTED 

Dioxin Category 
Adjusted Relative Risk 

(95% C.L)a p-Value 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,131 

358 
210 
229 
439 

1.13(0.81,1.58) 
1.45(0.98,2.14) 
1.19(0.76,1.85) 
1.30(0.95,1.80) 

0.476 
0.062 
0.453 
0.104 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison:  1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand):  1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(g) MODEL Wt RANCH HANDS - 1987 DIOXIN §|$jpj^ 
iM^imwm oxi R*jC|a!$^^ ■ipi&i?!^ 

Low 
Medium 
High 

273                 48 (17.6) 
256                 56(21.9) 
269                 40(14.9) 

0.92(0.81,1.04)                                0.187 

Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 
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Table 10-4.   Analysis of Malignant Skin Neoplasms (Continued) 

(h) MODEL 4: RANCH HANDS »1987 DIOXIN -ADJUSTED 

:::;
:. ■■■'.■..■ . . ;'■ ■.■■■'"'■:■;■•.:...Analysis1 ResultsMrSög2;:i;(lÖ87'; Wmit +1)     ' ;;:; 

■p- Value 

797                                              1.06(0.91,1.25) 0.447 

a Relative risk for a twofold increase in 1987 dioxin. 

A significant inverse relation between initial dioxin levels and malignant skin neoplasms was revealed in 
the Model 2 unadjusted analysis (Table 10-4(c): Est. RR=0.79, p=0.015). Results were nonsignificant 
after adjustment for covariates (Table 10~4(d): p=0.287). 

The Model 3 unadjusted analysis showed significantly more Ranch Hands in the low dioxin category with 
malignant skin neoplasms than Comparisons (Table 10-4(e): Est. RR=1.52, p=0.023). After adjustment 
for covariates, the result was marginally significant (Table 10-4(f): Adj. RR=1.45, p=0.062). All other 
Model 3 contrasts and the Model 4 analysis results were nonsignificant (Table 10-4(e-h): p>0.10). 

10.2.2A.3 Benign Skin Neoplasms 

The Model 1 unadjusted analysis showed a significant difference in the history of benign skin neoplasms 
between Ranch Hands and Comparisons when examined across all occupations and within the officer 
stratum (Table 10-5(a): Est. RR=1.31; p=0.010; Est. RR=1.42, p=0.031, respectively). Both contrasts 
displayed more Ranch Hands than Comparisons with benign skin neoplasms. Results were also 
significant in the adjusted analysis (Table 10-5(b): Adj. RR=1.31, p=0.011; Adj. RR=L41, p=0.035, 
respectively). All other Model 1 contrasts were nonsignificant (Table 10-5(a,b): p>0.22). 

Table 10-5. Analysis of Benign Skin Neoplasms 

{*) MODEL 1: RANCH HANDS VS. COMPARISONS - UNADJUSTED 

Occupational 
, •; Category- .'•■ I Group \ 

Number (%) Est. Relative Risk 
(95% CD p-Value 

All Ranch Hand 
Comparison 

860 
1,240 

225 (26.2) 
264(21.3) 

1.31 (1.07,1.61) 0.010 

Officer Ranch Hand 
Comparison 

336 
487 

96 (28.6) 
107 (22.0) 

1.42(1.03,1.96) 0.031 

Enlisted Flyer Ranch Hand 
Comparison 

150 
185 

34 (22.7) 
32 (17.3) 

1.40(0.82,2.40) 0.220 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

374 
568 

95 (25.4) 
125 (22.0) 

1.21 (0.89,1.64) 0.229 
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Table 10-5.   Analysis of Benign Skin Neoplasms (Continued) 

(b) MODEL 1: RANCH HANDS VS. COMPARISONS - ADJUSTED 

Occupational Category 
Adjusted Relative Risk 

All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

1.31 (1.07,1.61) 

1.41 (1.02,1.95) 
1.41 (0.82,2.43) 
1.20(0.88,1.63) 

j-p- Value 

0.011 

0.035 
0.220 
0.257 

(c) MODEL 2: RANCH HANDS - INITIAL DIOXIN - UNADJUSTED 

.':,;. ■ InitialDioxin Category Summarj'Statistics ■■', . Analysis Results for .Log? (Initial:Dioxin)* 

i^Ä;£-iV :'P- 
Estimated Relative Risk 

Low 
Medium 
High 

154 
161 
160 

42 (27.3) 
40 (24.8) 
27 (16.9) 

0.82 (0.69,0.98)                       0.022 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

^(d)::MODEL;2^ :'''•:'.'■;';; I 

475 0.79 (0.64,0.97) 0.020 

Relative risk for a twofold increase in initial dioxin. 

::^ -UNADJUSTED 

■Dioxin Category. ;■;.' ±--Mü'
[^0&:MW^ 

;;-:|;>';i:: I^Uinter^ %)|S n:?; 

|._: "r^;::-
:; i;:;;:;;/ ■;<:;"i;'A-: ■ cp-rV^lSe ^>:' -=: 1. '■ -: -":'::: ->' 

Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH 

1,202 

378 
233 
242 
475 

258 (21.5) 

115(30.4) 
58 (24.9) 
51(21.1) 

109 (23.0) 

1.64(1.26,2.13) 
1.21 (0.87,1.67) 
0.96(0.68,1.34) 
1.07 (0.83,1.38) 

<0.001 
0.261 
0.802 
0.592 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 10-5.   Analysis of Benign Skin Neoplasms (Continued) 

Dioxin Category n (95% C.I.)a '.'; p-Value    : 

<0.001 
0.265 
0.798 

,  0.603 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,200 

377 
233 
242 
475 

1.64(1.25,2.15) 
1.21 (0.87,1.69) 
0.95 (0.67,1.36) 
1.07(0.82,1.39) 

^MöIML II RANCHHANDS f|:^!;ÖIÖip iyfMßj^ 
&U99MM oxin Category Summars ̂ :§tä^ti&|';l*';-:;:;i ■:;: •,':'.; ■::.;" Analysis ;K*s|^f^                                    : ■■■  : 

/■.Dioxin ^^:':::;K;;C;;:;':^^ 

Low 
Medium 
High 

286 
280 
287 

87 (30.4) 
79 (28.2) 
58 (20.2) 

0.85 (0.77,0.95)                                0.003 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(h) MODEL 4: RANCH HANDS - 1987 DIOXIN - ADJUSTED 

Analysis Results/fc^ 

852 0.84 (0.74,0.95) 0.005 

Relative risk for a twofold increase in 1987 dioxin. 

Both the unadjusted and adjusted Model 2 analyses displayed a significant inverse association between 
initial dioxin and benign skin neoplasms (Table 10-5(c,d): Est. RR=0.82; p=0.022; Adj. RR=0.79, 
p=0.020, respectively). As initial dioxin in Ranch Hands increased, benign skin neoplasms decreased. 

Significant results from the Model 3 unadjusted and adjusted analyses revealed more benign skin 
neoplasms for Ranch Hands in the background dioxin category than for Comparisons (Table 10-5(e,f): 
Est. RR=1.64, p<0.001; Adj. RR=1.64, p<0.001, respectively). All other Model 3 contrasts were 
nonsignificant (Table 10-5(e,f): p>0.26). 
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Results from the Model 4 analysis of benign skin neoplasms were similar in both the unadjusted and 
adjusted analyses. A significant inverse association was found between 1987 dioxin and benign skin 
neoplasms (Table 10-5(g,h): Est. RR=0.85, p=0.003; Adj. RR=0.84, p=0.005, respectively). 

10.2.2.1.4 Skin Neoplasms of Uncertain Behavior or Unspecified Nature 

All results from the Model 1 through 4 analyses of skin neoplasms of uncertain behavior or unspecified 
nature were nonsignificant (Table 10-6(a-h): p>0.11 for each analysis). 

Table 10-6. Analysis of Skin Neoplasms of Uncertain Behavior or Unspecified Nature 

Occupational 
Group': 

Number (%) Est. Relative Risk 
p- Value 

All Ranch Hand 805 7 (0.9) 1.27(0.46,3.52) 0.645 
Comparison 1,168 8(0.7) 

Officer Ranch Hand 329 0 (0.0) — 0.397a 

Comparison 480 3 (0.6) 

Enlisted Flyer Ranch Hand 140 0 (0.0) — 0.999a 

Comparison 173 1 (0.6) 

Enlisted Ranch Hand 336 7 (2.1) 2.72 (0.79,9.36) 0.113 
Groundcrew Comparison 515 4 (0.8) 

a P-value determined using a chi-square test with continuity correction because of the sparse number of Ranch 
Hands with a skin neoplasm of uncertain behavior or unspecified nature. 
—: Results not presented because of the sparse number of Ranch Hands with a skin neoplasm of uncertain behavior 
or unspecified nature. 

(b) MODEL 1: RANCH HANDS VS. COMPARISONS - ADJUSTED 

Occupational Category 
Adjusted Relative Risk 

ip-Value; 

All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

1.18 (0.42,3.36) 

2.57(0.73,9.10) 

0.755 

0.144 

—: Results not presented because of the sparse number of Ranch Hands with a skin neoplasm of uncertain behavior 
or unspecified nature. 

Note: Results are not adjusted for skin reaction to sun after repeated exposure because of the sparse number of 
Ranch Hands with a skin neoplasm of uncertain behavior or unspecified nature. 
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Table 10-6,   Analysis of Skin Neoplasms of Uncertain Behavior or Unspecified Nature 
(Continued) 

(c) MODEL 2: -;RMCH::Hp^S- INITIAL DIOXIN -UNADJUSTED 

...      Initial Dioxin Category Summary Statistics Analysis Results for Log2 (Initial Dioxin)'1 

Initial 

Dioxin ^:'^:^:W^^.^-M-'-i-l 

.-"■•: Number' {%)    . ■Estimated Relative-Risk;   : 

Low 
Medium 
High 

138 
150 
151 

1 (0.7) 
3 (2.0) 
1 (0.7) 

0.87(0.44,1.75)                         0.696 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(d) MODEL 2: RANCH HANDS - - INITIAL DIOXIN »ADJUSTED 

-Analy sis'Resul t^Jor ;■ ti$g% (Initial Dioxin) 

Adjusted Relative Risk, 

!£ v^[ %: :v|. I;;t;: $y;tt^:Mi '^M ";:-•: !;■ ■ $'-f\'.:? S'" " ^ W:M %:0sm^^: I %t&% S; :i:'     MM:;:- £ ■,f - ^p^y^iie';;■:: !f 3r.£!^;'::- i_ ■•ifxi; 

439 0.88(0.42,1.85) 0.732 

a Relative risk for a twofold increase in initial dioxin. 

Note: Results are not adjusted for occupation, skin color, eye color, skin reaction to sun after first exposure, skin 
reaction to sun after repeated exposure, composite skin-reaction index, and industrial chemicals exposure because of 
the sparse number of Ranch Hands with a skin neoplasm of uncertain behavior or unspecified nature. 

(e) MODEL 3r RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY -UNADJUSTED 

Dioxin Categorvv 

Number (%) 

illllsflö:^ 
Est. Relative Risk 

(95%C.I.)ab p-Value 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,133 

359 
210 
229 
439 

8 (0.7) 

2 (0.6) 
3 (1.4) 
2 (0.9) 
5(1-1) 

0.80(0.17,3.80) 
2.03 (0.53,7.72) 
1.22(0.26,5.84) 
1.56(0.49,4.91) 

0.777 
0.300 
0.800 
0.449 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 10-6.   Analysis of Skin Neoplasms of Uncertain Behavior or Unspecified Nature 
(Continued) 

(f) MODEL 3 J RANCH HA^ 

Dioxin Category 
| Adjusted Relative Risk 

(95%CX)a:;;;;%.;; p-Value 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,131 

358 
210 
229 
439 

0.92 (0.18,4.75) 
1.91 (0.47,7.69) 
0.89(0.18,4.41) 
1.28(0.40,4.14) 

0.921 
0.363 
0.889 
0.675 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

Results are not adjusted for skin reaction to sun after repeated exposure because of the sparse number of 
participants with a skin neoplasm of uncertain behavior or unspecified nature. 

(g)MÖDEL it RÄNCHHÄNDS -1987 DIOXIN Jl$i$$i^ 
|;|f-;g ategory Summary Statistics :': U"■'■/■Analysis ResuJt|ioiILog2 (1987Dioxin + 1) ';■•'_:. ■  ..    . 

Dioxin IJSEJK^'Mf-^; 
Number (%).: ■■.'„■ 

l|vj|fB 
Low 
Medium 
High 

273 
256 
269 

1 (0.4) 
2 (0.8) 
4(1.5) 

1.16(0.72,1.86)                               0.542 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

Mi$i^ 
r N;; s|;; W ^ >^ 

;':-f::f':|:'|^ 
eft ) K MSi^f^^:^i3 Wv 

798                                           1.11(0.69,1.81) 0.664 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Results are not adjusted for occupation, skin color, eye color, skin reaction to sun after first exposure, skin 
reaction to sun after repeated exposure, composite skin-reaction index, and industrial chemicals exposure because of 
the sparse number of Ranch Hands with a skin neoplasm of uncertain behavior or unspecified nature. 
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10.2.2.1.5 Basal Cell Carcinoma (All Sites Combined) 

The difference in the history of any basal cell carcinoma within the enlisted flyer stratum was marginally 
significant and higher for Ranch Hands than for Comparisons in the Model 1 unadjusted analysis (Table 
10-7(a,b): Est. RR=L85, p=0.060). The result was significant after covariate adjustment (Table 10-7(b): 
Adj. RR=1.97, p=0.046). All other Model 1 contrasts were nonsignificant (Table 10-7(a,b): p>0.12). 

Table 10-7. Analysis of Basal Cell Carcinoma (All Sites Combined) 

Occupational 
Group 

Number (%) Est Relative Risk 
h : :(95%':C.I.)   ■   ; p-Value 

All Ranch Hand 
Comparison 

805 
1,168 

121 (15.0) 
155 (13.3) 

1.16 (0.89,1.49) 0.269 

Officer Ranch Hand 
Comparison 

329 
480 

67 (20.4) 
80 (16.7) 

1.28(0.89,1.83) 0.181 

Enlisted Flyer Ranch Hand 
Comparison 

140 
173 

26(18.6) 
19(11.0) 

1.85 (0.98,3.50) 0.060 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

336 
515 

28   (8.3) 
56(10.9) 

0.75(0.46,1.20) 0.226 

Mtf MQÖEL 1: RANCH HANDS VS. COMPARISONS - ADJUSTED 

Occupational Category 
Adjusted Relative Risk 

PrValue; 

All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

1.21 (0.92,1.59) 

1.34(0.92,1.96) 
1.97(1.01,3.85) 
0.80(0.49,1.30) 

0.169 

0.129 
0.046 
0.363 

(c) MODEL 2: RANCH HANDS- INITIAL DIOXIN-UNADJUSTED 

WW^ySM^ Ja! Dioxin Category Summary Statistics -:: ■ ".-■ :Analysisi'ReSültsfo^::Lög2\CfriitiaI;'Diöxin)fl;-..:'. 

Initial 
Dioxin ;/:;:V::^ 

Low 
Medium 
High 

138 
150 
151 

28 (20.3) 
27 (18.0) 
10   (6.6) 

0.67 (0.53,0.85)                       <0.001 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 
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Table 10-7.   Analysis of Basal Cell Carcinoma (All Sites Combined) (Continued) 

(d) MODEL 2: IpAN^i^NDS;::- -INITIAL DIOXIN-ADJUSTED 

K333;33/3:3^W:3, 

|, Analysis Results for Log2 \ 

Adjusted Relative Risk 

(Initial Dioxin) 

p-Value 

439 0.70 (0.53,0.94) 0.014 

a Relative risk for ■ a twofold increase in initial dioxin. 

;,(e)MOÖEL;3-:-j ja|$§|^^ -UNADJUSTED   / 

■.'•■■ Dioxin Category   . 3333^3- 
tl$ Vir ■ :;; 3_: NöiÖber ;:(!^) ¥. 3'l ■;.,.;= . Est. Relative Risk 

p-Value 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,133 

359 
210 
229 
439 

150 (13.2) 

56 (15.6) 
42 (20.0) 
23 (10.0) 
65 (14.8) 

1.24(0.89,1.73) 
1.62(1.11,2.38) 
0.72 (0.45,1.14) 
1.06(0.76,1.47) 

0.212 
0.012 
0.160 
0.727 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison:  1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand):  1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

:(f) MODELM RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - ADJUSTED 

■fi ('% 3ß:^M^^^^^ß33% Wi £} I 33 \y:'tk; ■; j£ 33\ 3. 3:33^3333^3^(9^% -6il^.a;: '3 p:'';' 33:[ % 333,3333- 3 i^Välue: !>: j 
Comparison 1,131 

Background RH                               358                           1.16(0.81,1.65) 0.427 
LowRH                                            210                           1.59(1.06,2.39) 0.026 
HighRH                                           229                           0.99(0.60,1.64) 0.979 
Low plus High RH 439 1.24(0.88,1.77)  0.223 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison:  1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand):  1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 10-7.   Analysis of Basal Cell Carcinoma (All Sites Combined) (Continued) 

■.(g) MODEL 4% RANCH HANDS -19S7DIOXIN -.UNADJUSTED ' 

1987 Dioxin Category Sumnaary Statistics Analysis Results for Log2 (1987 Dioxin + 1) 

Dioxin 'i^^:\X::^i?y:^;Syl 

Estimated Relative Risk 

Low 
Medium 
High 

273 
256 
269 

42 (15.4) 
49(19.1) 
30(11.2) 

0.87 (0.76,0.99)                               0.037 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt 

(h)M0I>EI^ 

I-f; 'p-'^alue'; ;£ £ .'= f:::;
:£ £: ^, '■ [\ 

797                                           0.99(0.83,1.18) 0.924 

a Relative risk for a twofold increase in 1987 dioxin. 

An inverse association between initial dioxin and any basal cell carcinoma was significant in both the 
unadjusted and adjusted Model 2 analyses (Table 10-7(c,d): Est. RR=0.67, p<0.001; Adj. RR=0.70, 
p=0.014, respectively). As initial dioxin in Ranch Hands increased, the percentage of participants with a 
basal cell carcinoma decreased. 

Ranch Hands in the low dioxin category exhibited more basal cell carcinomas than did Comparisons in 
both the unadjusted and adjusted Model 3 analyses (Table 10-7(e,f): Est. RR=1.62, p=0.012; 
Adj. RR=1.59, p=0.026, respectively). All other Model 3 contrasts were nonsignificant (Table 10-7(e,f): 
p>0.16). 

The Model 4 unadjusted analysis revealed a significant inverse association between any basal cell 
carcinoma and 1987 dioxin levels (Table 10-7(g): Est. RR=0.87, p=0.037). After adjustment for 
covariates, the association was nonsignificant (Table 10-7(h): p=0.924). 

10.2.2.1.6 Basal Cell Carcinoma (Ear, Face, Head, and Neck) 

The Model 1 adjusted analysis revealed a marginally significant result within the enlisted flyer stratum, 
indicating more basal cell carcinomas of the ear, face, head, and neck in Ranch Hands than in 
Comparisons (Table 10-8(b): Adj. RR=1.83, p=0.097). All other Model 1 contrasts were nonsignificant 
(Table 10-8(a,b): p>0.12). 
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Table 10-8. Analysis of Basal Cell Carcinoma (Ear, Face, Head, and Neck) 

(a) MODEL 1: RANCH HANDS VS. COMPARISONS - UNADJUSTED 

Occupational 
■'■''■ Category   : Group :^0M'~^ 

;J#mfeer;(.%); Esi. Relative Risk 
p-Value 

All 

Officer 

Enlisted Flyer 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

805 
1,168 

329 
480 

140 
173 

336 
515 

93 (11.6) 
120(10.3) 

49 (14.9) 
60 (12.5) 

22 (15.7) 
17   (9.8) 

22   (6.6) 
43   (8.4) 

1.14(0.86,1.52) 

1.23(0.82,1.84) 

1.71 (0.87,3.37) 

0.77(0.45,1.31) 

0.370 

0.328 

0.120 

0.334 

(b)MQDELij RANCH HANDS VS. COMPARISQ^^ 

Occupati onal Category 
■ Adjusted. Relative -Risk'. ■ /.                  :- ;. -, ■:.. 

p-Value 
All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

1.20 (0.89,1.62) 

1.29(0.84,1.97) 
1.83(0.90,3.72) 
0.84(0.48,1.45) 

0.242 

0.244 
0.097 
0.527 

(c)M0mh2i 'ft^GÖl)^!pSir - INITIAL DIOXIN - UNADJUSTED;-:;;.'/ 

■■;->■;'■■}'. Initial Dioxm Category ;'S^ .; Analysis Results for Log; i (Initial ■Dioxin)2.. : 

Initial 

WMMWü^MWM-S^^- 

■  -   Number. (% )S.^:^$ ] Estimated Relative Risk .. 
p-Value 

Low 
Medium 
High 

138 
150 
151 

21 (15.2) 
24 (16.0) 

5   (3.3) 

0.63 (0.48,0.83) <0.001 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(d) MODEL 2: RANCH HANDS - INITIAL DIOXIN - ADJUSTED 

Adjusted Relative Risk 
(95%C.L)a 

439 0.62 (0.44,0.87) 

:.p-Value: 

0.003 

Relative risk for a twofold increase in initial dioxin. 
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Table 10-8.   Analysis of Basal Cell Carcinoma (Ear, Face, Head, and Neck) (Continued) 

::;(g]WQp^^ -UNADJUSTED 

Dioxin Category ^^■■Tiyrt^r'^'S' 

: .   Number:(%)'. .   ■    Est Relative Risk 
'         (95%'eX)fl,r-;    ■:                  . ■p-Value' 

Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH 

1,133 

359 
210 
229 
439 

115(10.2) 

43 (12.0) 
33 (15.7) 
17   (7.4) 
50(11.4) 

1.21 (0.83,1.76) 
1.65(1.08,2.50) 
0.71 (0.41,1.20) 
1.06(0.73,1.53) 

0.316 
0.020 
0.199 
0.762 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - ADJUSTED 

0.386 
0.061 
0.846 
 0.379 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,131 

358 
210 
229 
439 

1.19(0.80,1.77) 
1.54 (0.98,2.42) 
0.95 (0.54,1.67) 
1.19(0.80,1.77) 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(g) MODEL 4: iRANCH^iÖS;; ||:||l:öipxiN MllIM 
ÖISMSIM oxin Category Summary f;S^0W^WM§M Kti;^ 

SIIIIIPIII Number (%') llll|fö]|äÄ 
f^i^iplp^ifi?^ WW&MWi-M^'M^ lliiiiillii ||l||f|||?|§ 
Low 273 32(11.7) 0.84(0 72 098)                               0 0?1 
Medium 256 37(14.5) 
High 269 24   (8.9) 
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Table 10-8.   Analysis of Basal Cell Carcinoma (Ear, Face, Head, and Neck) (Continued) 

(h) MQ0ELJ4: RANCH HANDS - 1987 DIOXIN - ADJUSTED 

Analysis -Results for Log2 (1987 Dioxin + 1) 
Adjusted Relative Risk 

 797 0.89 (0.74,1.09) 0.257 

Relative risk for a twofold increase in 1987 dioxin. 

A significant inverse relation between initial dioxin and basal cell carcinomas of the ear, face, head, and 
neck was found in both the Model 2 unadjusted and adjusted analyses (Table 10-8(c,d): Est. RR=0.63, 
p<0.001; Adj. RR=0.62, p=0.003, respectively). As initial dioxin in Ranch Hands increased, basal cell 
carcinomas of the ear, face, head, and neck decreased. 

The Model 3 unadjusted analysis indicated more basal cell carcinomas of the ear, face, head, and neck for 
Ranch Hands in the low dioxin category than for Comparisons (Table 10-8(e): Est. RR=1.65, p=0.020). 
Results were marginally significant after adjustment for covariates (Table 10~8(f): Adj. RR=1.54, 
p=0.061). All other Model 3 contrasts were nonsignificant (Table 10-8 (e,f): p>0.19). 

The Model 4 unadjusted analysis displayed a significant inverse relation between 1987 dioxin levels and 
basal cell carcinomas of the ear, face, head, and neck (Table 10-8(g): Est. RR=0.84, p=0.021). After 
adjustment for covariates, the result was nonsignificant (Table 10-8(h): p=0.257). 

10.2,2.1.7 Basal Cell Carcinoma (Trunk) 

All results from the analyses of basal cell carcinoma of the trunk from Models 1 through 3 and from the 
unadjusted analysis of Model 4 were nonsignificant (Table 10-9(a-g): p>0.10 for each analysis). After 
adjustment for covariates in Model 4, the result was significant, indicating an increase in basal cell 
carcinomas of the trunk as 1987 dioxin levels increased (Table 10-9(h): Adj. RR=1.51, p=0.016). 

Table 10-9. Analysis of Basal Cell Carcinoma (Trunk) 

(a) MODEL 1: RANCH HANDS VS. COMPARISONS - UNADJUSTED 

Occupational | |^lf^^j»^filil^)]^N^ !!Ä 
% ;>:;; ;:s.Cta^^goi^f 3:;1 |;#J|^rdügäl^|^ y:KiiifffiSilili W?:f:??f:'^'^'-'.Ä^= l;%3#||ft :'.;   p-Value 

All Ranch Hand 
Comparison 

805 
1,168 

40(5.0) 
47 (4.0) 

1.25(0.81,1.92) 0.318 

Officer Ranch Hand 
Comparison 

329 
480 

29 (8.8) 
29 (6.0) 

1.50 (0.88,2.57) 0.135 

Enlisted Flyer Ranch Hand 
Comparison 

140 
173 

6(4.3) 
3 (1.7) 

2.54 (0.62,10.33) 0.194 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

336 
515 

5 (1.5) 
15 (2.9) 

0.50(0.18,1.40) 0.188 

10-35 



Table 10-9.   Analysis of Basal Cell Carcinoma (Trunk) (Continued) 

(h) MODEL 1: R^GH IMNDS VS: COMPARISONS - ADJUSTED 

Occupational Category 
Adjusted Relative Risk 

p-Value 

All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

1.24(0.79,1.94) 

1.47 (0.85,2.57) 
2.47 (0.59,10.26) 
0.52(0.19,1.48) 

0.357 

0.170 
0.214 
0.222 

(c)MODEL2: fgiN^HÄNDSlr ~INITIAL Dro^ 

'.'■ >""\. v:..;'  Initial Dioxin Category Sum^ Analysis Results for Log2 (Initial Dioxin)11 

Dioxin f'^M;^MM^:WMSj:;^ 

Estimated Relative Risk ."; 

Low 
Medium 
High 

138 
150 
151 

9(6.5) 
7 (4.7) 
6 (4.0) 

0.79(0.56,1.13)                         0.184 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(d)MODEL2: RANCHHÄNDS »INITIAL DIOXM^- 

> ;v #"=H ;. :|p^^alüe>:- ■■';? S:£ £ &t:^. 

439                                        1.18(0.75,1.86) 0.470 

a Relative risk for a twofold increase in initial dioxin. 

Note: Results are not adjusted for skin reaction to sun after first exposure because of the sparse number of Ranch 
Hands with a basal cell carcinoma on the trunk. 

(e) MODEL 3i RANCH HAN ^i^ii-ßigi^ögi; -UNADJUSTED 

Dioxin Category   ; < lill#b^pttil 
■:;:s'V::;-Esfc!Rdätiye;lfek:;!;,;: 

:--y''Sf& Ip'^äbM' W: v ;■ 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,133 

359 
210 
229 
439 

46(4.1) 

18 (5.0) 
14 (6.7) 
8(3.5) 

22 (5.0) 

1.28 (0.73,2.25) 
1.67 (0.90,3.10) 
0.83(0.39,1.79) 
1.16(0.68,1.99) 

0.383 
0.105 
0.638 
0.589 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison:  1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 10-9.   Analysis of Basal Cell Carcinoma (Trunk) (Continued) 

|::'j($ÄK^ -ADJUSTED 

Dioxin Category ^■:i ;-;::f
; ^'f:-m?^yfyM 

.'■'■';/■■'  Adjusted Relative Risk 
p-Value 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,131 

358 
210 
229 
439 

0.99(0.55,1.79) 
1.60(0.83,3.11) 
1.46 (0.63,3.36) 
1.53 (0.85,2.73) 

0.984 
0.161 
0.374 
0.153 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand):  1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(g)MODEL4: RANCH HANDS ^ppDliXP ;-. UNADJUSTED    ;. 

1987 Diöxm Category Süinmar i$$tatisil<^ .■■.;'.;■ ■'. .'■■•■ Analysis Results'for I^!(g$^ 

Dioxin ■- <!;':■;■;; 0^^'»;^;;;^;;-;;:^::::'^ 

Estimated Relative Risk 
■-:-- IJSI ;:i:^':ip^^aiue;;;v:?>'' -^\fi:;;; 

Low 
Medium 
High 

273 
256 
269 

14(5.1) 
15 (5.9) 
11(4.1) 

0.96(0.77,1.19) 0.695 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(h) MODEL 4: RANCH HANDS - 1987 DIOXIN-ADJUSTED 

1;;I^= ^;:;^^: ;J j=i-Jh^i ;;j:ir!H^li^;:]S; hr^;i^!S:^ i- ^I:; :; r 1' 1:^^:^k'Pti^:^ :"^%iiTia^K^^ra:^=JRLfesiitMf^rjf^i*^Mi-rO^^s!<i^^??3t>*0^an ^ 3ti>rii 1 ^::C;^ ^: =:t 

:MI^M 
;g^ ^^^^fi^?ätw|:! k .:;f i i= k v: t:: ;.£ \f': 

797                                              1.51 (1.07,2.13) 0.016 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Results are not adjusted for skin reaction to sun after first exposure because of the sparse number of Ranch 
Hands with a basal cell carcinoma on the trunk. 

10.2.2.1.8     Basal Cell Carcinoma (Upper Extremities) 

Results from the analysis of basal cell carcinoma of the upper extremities were nonsignificant for Models 
1, 3, and 4 (Table 10-10(a-b,e-h): p>0.10 for each analysis). The unadjusted Model 2 analysis revealed a 
significant inverse association between initial dioxin and basal cell carcinoma of the upper extremities 
(Table 10-10(c): Est. RR=0.51,p=0.024). After adjustment for covariates, the association was 
nonsignificant (Table 10-10(d): p=0.219). 
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Table 10-10. Analysis of Basal Cell Carcinoma (Upper Extremities) 

(^MODEL 1: RANCH HANDS VS. COMPARISONS -UNADJUSTED 

Occupational 
./Category ,;; Group 

^Number:;(%;)-; Est Relative Risk 
(95% CM.) p-Value 

All Ranch Hand 
Comparison 

805 
1,168 

21 (2.6) 
38 (3.3) 

0.80 (0.46,1.37) 0.405 

Officer Ranch Hand 
Comparison 

329 
480 

17 (5.2) 
24 (5.0) 

1.04(0.55,1.96) 0.915 

Enlisted Flyer Ranch Hand 
Comparison 

140 
173 

1 (0.7) 
2(1.2) 

0.62 (0.06,6.85) 0.693 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

336 
515 

3 (0.9) 
12 (2.3) 

0.38(0.11,1.35) 0.134 

(b) MODEL 1: RANCH HANDS VS. COMPARISONS - ADJUSTED 

Occupational Category 
Adjusted Relative Risk 

p-Value 

All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

0.76(0.44,1.34) 

0.98(0.51,1.89) 
0.56 (0.05,6.30) 
0.38(0.11,1.37) 

0.340 

0.947 
0.635 
0.139 

(c) MODEL 2: RANCH H^ -INITIAL DIOXIN-UNADJUSTED 

Init ial Dioxin Category Summary Statistks ■..■■;■■.: Analysis Results for Log2 (Initial Dioxin)* 

.■'■'...•'■'Initial'-:'. 

Dioxin W<W$M§:&'&M% 

■; Estimated Relative Risk'-: .'■; 

Low 
Medium 
High 

138 
150 
151 

5 (3.6) 
5 (3.3) 
0 (0.0) 

0.51(0.26,0.99)                       0.024 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(d) MODEL 2: RANCH HANDS - INITIAL DIOXIN - ADJUSTED 

ä'Jm^ 

f::MÄ^ 
p-Value 

439 0.56(0.21,1.51) 0.219 

a Relative risk for a twofold increase in initial dioxin. 

Note: Results are not adjusted for eye color, ionizing radiation exposure, and skin reaction to sun after first 
exposure because of the sparse number of Ranch Hands with a basal cell carcinoma on the upper extremities. 
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Table 10-10.   Analysis of Basal Cell Carcinoma (Upper Extremities) (Continued) 

"(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - UNADJUSTED 

■'. ■ Dioxin Category... n 

1,133 

359 
210 
229 
439 

;::;: ■ Est RelativeRisk       : 

. ■       (95%CX)ab.; : p-Value 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

37 (3.3) 

11(3.1) 
7 (3.3) 
3 (1.3) 

10 (2.3) 

0.99(0.50,1.97) 
1.00(0.44,2.27) 
0.37(0.11,1.22) 
0.60(0.28,1.29) 

0.981 
0.993 
0.102 
0.188 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted ^for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand):  1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

'^0gi^^M^^i§xm^ K5I [S-i! fi iS- ■ WS. i'&SSSMS- SSSSi-M^SS$^- S".. i S\ Si SS^SS^: ■>■§■;!■ i^-Vai^:' ?■ 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,131 

358 
210 
229 
439 

0.74(0.36,1.52) 
0.93 (0.39,2.21) 
0.64(0.18,2.23) 
0.77 (0.34,1.71) 

0.416 
0.876 
0.484 
0.518 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand):  1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(g) MODEL P RANCH HANDS - 1987 DIOXIN ;;g:l^AD^ 

1987 Dioxin-Category Summary l^^llö^iiifii li^ll'w^ Ä (i9MM^MM;€SMm: 
WS^0$7m 

f"|?K^ 
;i:;;:

;v,;•Estimated;Relative:Risk.'■.;; 
lljllli^ ;|-£'|^ 

Low 
Medium 
High 

273 
256 
269 

9 (3.3) 
8 (3.1) 
4 (1.5) 

0.77 (0.56,1.07) 0 107 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 
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Table 10-10.   Analysis of Basal Cell Carcinoma (Upper Extremities) (Continued) 

(h) MODEL 4: RANCH HANDS -1987 DIOXIN -ADJUSTED 

•;■' Analysis Results for Log2 (1987 Dioxin + 1)            ; 

p-Value   : 

797                                              1.00(0.63,1.57) 0.987 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Results are not adjusted for eye color and skin reaction to sun after first exposure because of the sparse 
number of Ranch Hands with a basal cell carcinoma on the upper extremities. 

10.2.2.1.9    Basal Cell Carcinoma (Lower Extremities) 

All results from Models 1 through 4 of the analysis of basal cell carcinoma of the lower extremities were 
nonsignificant (Table 10-1 l(a-h): p>0.32 for each analysis). 

Table 10-11. Analysis of Basal Cell Carcinoma (Lower Extremities) 

(a) MODEL 1: RANCH HANDS VS. COMPARISONS^ UNADJUSTED! 

Occupational 
Category Group 

Number (%) EsL Relative Risk 
p-Value 

All Ranch Hand 
Comparison 

80S 
1,168 

5 (0.6) 
5 (0.4) 

1.45 (0.42,5.04) 0.556 

Officer Ranch Hand 
Comparison 

329 
480 

4(1.2) 
3 (0.6) 

1.96(0.44,8.80) 0.381 

Enlisted Flyer Ranch Hand 
Comparison 

140 
173 

0 (0.0) 
0 (0.0) 

— ~ 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

336 
515 

1 (0.3) 
2(0.4) 

0.77 (0.07,8.48) 0.828 

--: Results not presented because of the sparse number of participants with a basal cell carcinoma on the lower 
extremities. 

(b) MODEL!: RANCH HANDS VS. COMPARISONS - ADJUSTED 

Occupational Category 
Adjusted Relative Risk 

p-Value 

All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

1.38 (0.39,4.85) 

1.83 (0.40,8.33) 

0.78(0.07,8.71) 

0.616 

0.436 

0.839 

—: Results not presented because of the sparse number of participants with a basal cell carcinoma on the lower 
extremities. 

Note: Results are not adjusted for skin reaction to sun after first exposure or skin reaction to sun after repeated 
exposure because of the sparse number of participants with a basal cell carcinoma on the lower extremities. Results 
for all occupations combined also are not adjusted for occupation because of the sparse number of participants with 
a basal cell carcinoma on the lower extremities. 
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Table 10-11.   Analysis of Basal Cell Carcinoma (Lower Extremities) (Continued) 

(e) MODEL 2: vRÄGB:;ij|Npsl -INITIALDIOXIN-UNADJUSTED 

Initial Dioxin Category Summary Statistics Analysis Results for Log2 (Initial Dioxin)0 

Initial 

.V,      Dioxin-    ;;.   ; ^^'j^if-'.^-'-6^^Ä^;^/ 

..'./■ Number/(%)   ; 

Low 
Medium 
High 

138 
150 
151 

1 (0.7) 
0 (0.0) 
1 (0.7) 

1.09(0.39,3.02)                       0.867 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(d) MODEL 2v RANCH HAN^ 

;!';:;■; s^^^ä^tpl 

439                                          1.46(0.50,4.26) 0.511 

a Relative risk for a twofold increase in initial dioxin. 

Note: Results are not adjusted for occupation, skin color, hair color, eye color, skin reaction to sun after first 
exposure, skin reaction to sun after repeated exposure, composite skin-reaction index, and ionizing radiation 
exposure because of the sparse number of Ranch Hands with a basal cell carcinoma on the lower extremities. 

(e)MODEL3; RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY -UNADJUSTED 

Dioxin Gate %9W§i#] W^W^'[^-:'%M'W 

■.■.; Number:(%)::' : %    Est Relative Risk 

y :M K ::.|p^Yalu(& >i :%■ 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High '. m 

1,133 

359 
210 
229 
439 

5 (0.4) 

3 (0.8) 
1 (0.5) 
1 (0.4) 
2 (0.5) 

2.07 (0.48,8.80) 
1.04(0.12,8.97) 
0.91 (0.10,7.91) 
0.97 (0.19,5.06) 

0.327 
0.972 
0.932 

.   0.971 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 10-11.   Analysis of Basal Cell Carcinoma (Lower Extremities) (Continued) 

(!) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY --ADJUSTED 

^Oxm^Gategpry 
Adjusted Relative Risk 

.'   ' :(95'%..CX)a,' ■ '.'■] p-Value 
Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH 

1,131 

358 
210 
229 
439 

1.89(0.43,8.34) 
0.90(0.10,8.17) 
1.03(0.12,9.27) 
0.97(0.18,5.16) 

0.398 
0.928 
0.976 
0.971 

Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand):  1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

Results are not adjusted for occupation and skin reaction to sun after first exposure because of the sparse 
number of participants with a basal cell carcinoma on the lower extremities. 

(g)MODEL M RANCH HANDS 1987 DIOXIN ;i:üN^i>j^^ 

BMMMM&M oxin Category Summarj ̂ Statistics .'■■ ■; - ■ ■ :..;;-Analysis Results for hogz (1987 Dioxin +1)    - 

i'ilil^^^^^:'- —^-^;^":^ 

Number (■%)'■■:'■'■■ 

WS0&X (95%C.I.)°                                    p-Value 

Low 
Medium 
High 

273 
256 
269 

3(1.1) 
1 (0.4) 
1 (0.4) 

0.85 (0.45,1.59)                                  0.597 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(h) MODEL 4: RANCH HANDS - 1987 DIOXIN - ADJUSTED 

Analysis Results for Log2 (1987 Dioxin +1) 

:(95%C.I.)a p-Value; 

797 0.91 (0.42,1.98) 0.803 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Results are not adjusted for occupation, skin reaction to sun after first exposure, and skin reaction to sun after 
repeated exposure because of the sparse number of Ranch Hands with a basal cell carcinoma on the lower 
extremities. 

10.2.2. L10    Squamous Cell Carcinoma 

All results were nonsignificant from the Model 1 through 4 analyses of squamous cell carcinoma (Table 
10-12(a-h): p>0.13 for each analysis). 
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Table 10-12. Analysis of Squamous Cell Carcinoma 

(a) MODEL 1: RANCH HAiMDS yS. COMPARISONS-UNADJUSTED 

Occupational 
'-M;€&tegdry■\ Group 

LNümber(%); Est. Relative Risk 

(b) MODEL 1: RANCH HANDS VS. COMPARISONS - ADJUSTED 

Occupational Category 
Adjusted Relative Risk 

(95% C.I.) p-Value 
All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

1.46(0.77,2.78) 

1.10(0.49,2.49) 
1.86(0.29,11.86) 
2.67 (0.73,9.76) 

0.250 

0.813 
0.514 
0.139 

p-Value 
All Ranch Hand 

Comparison 
805 

1,168 
20 (2.5) 
22 (1.9) 

1.33 (0.72,2.45) 0.367 

Officer Ranch Hand 
Comparison 

329 
480 

11 (3.3) 
16 (3.3) 

1.00(0.46,2.19) 0.994 

Enlisted Flyer Ranch Hand 
Comparison 

140 
173 

3(2.1) 
2(1.2) 

1.87(0.31,11.36) 0.495 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

336 
515 

6(1.8) 
4 (0.8) 

2.32(0.65,8.29) 0.194 

(c) MODEL 2: RANCH HANDS - INITIAL DIOXIN »UNADJUSTED 
-;;;':.;■;:; ,-;■: Ink ial Dioxin Category .Summary Statistics .'.■= Analysis Results for Log2 (Initial Dioxin)0 

Initial 
Dioxin lj®{;^^|"j|l|^:|-i Yes 

Estimated Relative Risk 
%|: | W ;;'p-^|lüei;£- 

Low 
Medium 
High 

138 
150 
151 

3 (2,2) 
3 (2.0) 
4 (2.7) 

0.95 (0.58,1.55) 0.821 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
Relative risk for a twofold increase in initial dioxin. 

Note: Low - 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

;;'(d)':M^EL;2;'; 

439 0.98 (0.52,1.85) 
p-Value; 

0.944 

a Relative risk for a twofold increase in initial dioxin. 

Note: Results are not adjusted for skin reaction to sun after repeated exposure because of the sparse number of 
Ranch Hands with a squamous cell carcinoma. 
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Table 10-12.   Analysis of Squamous Cell Carcinoma (Continued) 

(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY ~ UNADJUSTED 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,133 

359 
210 
229 
439 

20(1.8) 

10 (2.8) 
6(2.9) 
4(1.8) 

10 (2.3) 

1.69 (0.78,3.66) 
1.60(0.63,4.04) 
0.94 (0.32,2.78) 
1.21 (0.55,2.66) 

0.187 
0.320 
0.907 
0.634 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. ' 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY-ADJUSTED 

Wi W''. :$::$i t-0y'^/'-:'A W:'F:M '44X- - & '■■■ :4- X4 X% X4XF4XXX4 ;:;§;S^^ \4- ■ X W414 X4XvX 
IX4-W^W^}G^g<otyi::I:h'-X:.XX\■ %u%%4X^4[MXX444X44 4X($k%4&t>)&4-}M: %X4v  '::X4p4^^^X 

1.53 (0.68,3.45) 0.306 
1.52(0.56,4.10) 0.408 
1.74(0.53,5.69) 0.363 
 1.63(0.69,3.82) 0.262 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand):  1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,131 

358 
210 
229 
439 

^Mg^mM jl^^ll^l^ifi.ftip^i^j iiiÄilr^ 
19871DioxinC ̂ sä^M^^^^4St^^^^X4XXM ^0;;.\';-,^\^ 

\XXx^§^iSSA ^^^M^MM^^uM^w^^'M^i9^ fllÄiÄÄ 
XX444f%0£ttmX: FXX^X-XXX4XX4$4!4^^XX$4XX' fS§MmSM 
Low 273                  8 (2.9) 0.95 (0.70,1.29)                                0.744 
Medium 256                  6 (2.3) 
High 269                    6 (2.2) 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 
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Table 10-12.   Analysis of Squamous Cell Carcinoma (Continued) 

(h) MODEL 4: RANCH-HANDS -1987 DIOXIN - ADJUSTED 

Analysis Results lor Log2 (1987 Dioxin + 1) 
Adjusted Relative Risk 

 197 1.07(0.70,1.63) 0.749 

Relative risk for a twofold increase in 1987 dioxin. 

10.2.2.1.11     Nonmelanoma 

Both the unadjusted and adjusted Model 1 analyses of nonmelanoma revealed a significant difference 
between Ranch Hand and Comparison enlisted flyers (Table 10-13(a,b): Est RR=L89, p=0.042; 
Adj. RR=2.00, p=0.035, respectively). Nonmelanoma was higher in Ranch Hands than in Comparisons. 
All other Model 1 contrasts were nonsignificant (Table 10-13(a,b): p>0.14). 

The Model 2 unadjusted analysis revealed a significant inverse association between initial dioxin and 
nonmelanoma (Table 10-13(c): Est. RR=0.73, p=0.003). After adjustment for covariates, the association 
was marginally significant (Table 10-13(d): Adj. RR=0.79, p=0.075). 

The Model 3 unadjusted analysis revealed that Ranch Hands in the low dioxin category had a greater 
history of nonmelanoma than Comparisons (Table 10-13(e): Est. RR=1.49, p=0.034). The result was 
marginally significant after adjustment for covariates (Table 10-13(f): Adj. RR=1.43, p=0.081). All 
other Model 3 contrasts were nonsignificant (Table 10-13(e,f): p>0.20). 

Table 10-13. Analysis of Nonmelanoma 

(a) MODEL 1: RANCH HANDS VS. COMPARISONS - UNADJUSTED 
Occupational "M ^:f>:pM                     ■;;;:: :;£] .. Est. Relative Risk -'. -V-. 
.Category. . ..i Group l%:~'-'MtiWj\ ifggliSS^ i:i^Sä^i^iÄS?SSSSS] p-Value 

All Ranch Hand 
Comparison 

80S 
1,168 

134(16.7) 
176(15.1) 

1.13(0.88,1.44) 0.345 

Officer Ranch Hand 
Comparison 

329 
480 

73 (22.2) 
89(18.5) 

1.25(0.89,1.77) 0.203 • 

Enlisted Flyer Ranch Hand 
Comparison 

140 
173 

29 (20.7) 
21 (12.1) 

1.89(1.02,3.49) 0.042 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

336 
515 

32   (9.5) 
66 (12.8) 

0.72(0.46,1.12) 0.143 

(b) MODEL 1: ̂ Ncp^ 
Adjusted Relative Risk 

Occupational Category if:!lffi^®iiPI'IS-^ ̂ M'^:$'MW^:PMW^9^B 
All 1.18(0.91,1.53) 0.219 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

1.31 (0.91,1.90) 
2.00(1.05,3.81) 
0.76(0.48,1.22) 

0.144 
0.035 
0.258 
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Table 10-13.   Analysis of Nonmelanoma (Continued) 

(c) MODEL 2: ::ipN<P;:fiiNP 
Initial DioxinCategory Summary Statistics Analysis Results for Logj (InitialDioxin)11 

Initial 
Dioxin 

Estimated Relative Risk 
lllf-      (95%C.L)b'■".'■'                      p-Value   llll 

Low 
Medium 
High 

138                        29 (21.0) 
150 29 (19.3) 
151 14   (9.3) 

0.73 (0.59,0.90)                       0.003 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

m MODEL 2: RANCH HANDS - INITIAL DIOXIN - ADJUSTED 

Analysis. Results -for ;Log2: (Initial Dioxin) I 
i   Adjusted Relative Risk ^_ ■'. ] 

(95%C.I.)a p-Value 
439 0.79(0.60,1.03) 0.075 

Relative risk for a twofold increase in initial dioxin. 

(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - UNADJUSTED 

Dioxin Category 
Number (%) 

Yes 
Est Relative Risk 

;p-Value 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,133 

359 
210 
229 
439 

169 (14.9) 

62 (17.3) 
44(21.0) 
28 (12.2) 
72(16.4) 

1.23(0.89,1.70) 
1.49(1.03,2.16) 
0.77(0.50,1.18) 
1.06(0.78,1.44) 

0.203 
0.034 
0.231 
0.729 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 10-13.   Analysis of Nonmelanoma (Continued) 

(©MODEL 3: RANCH HANDS AND COMPA^ßfNS BY DIOXIN CATEGORYHA0JÜSTED 

Dioxin Category 
Adjusted Relative Risk 

p-Value j 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,131 

358 
210 
229 
439 

1.16(0.82,1.64) 
1.43(0.96,2.13) 
1.06(0.67,1.69) 
1.22(0.88,1.71) 

0.398 
0.081 
0.803 
0.235 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand):  1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(g)MODEL M RANCH HANDS -1987DIOXIN £=JDN^jt!^ 
:M^MM7M oxin Category Summan P$iai^ßM^0^Mi Analysis Results for Log2;(1987 Dioxin+ 1)   ; 

WmMWM: 
Dioxin W^Mß':^Mw^M::t 

•Wuniber::;j(!%); ■.;,;: Estimated Relative Risk          : y ■■''.:'  '-'■.■■ £ ■, ■':■;■: ■...;" /'.;;.. ■ ■:; ■. ^ 

Low 
Medium 
High 

273 
256 
269 

46 (16.9) 
52 (20.3) 
36(13.4) 

0.89(0.78,1.01)                               0.074 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(h) MODELS 

f t v Wy:&$$P&:: %■■ 
797                                              1.02(0.86,1.21) 0.786 

a Relative risk for a twofold increase in 1987 dioxin. 

A marginally significant association between 1987 dioxin levels and nonmelanoma was revealed from the 
Model 4 unadjusted analysis (Table 10-13(g): Est. RR=0.89, p=0.074). After adjustment for covariates, 
the result was nonsignificant (Table 10-13(h): p=0.786). 

10.2.2.1.12    Melanoma 

All analyses of melanoma in Models 1, 2, and 4 were nonsignificant (Table 10-14(a-d,g-h): p>0.11 for 
each analysis). All contrasts from the unadjusted analysis of Model 3 were nonsignificant (Table 
10-14(e): p>0.11 for each contrast). After adjustment for covariates, a marginally significant difference 
was found between Ranch Hands in the low plus high dioxin category and Comparisons (Table 10-14(f): 
Adj. RR=2.44, p=0.062). Melanoma was higher for Ranch Hands than for Comparisons. All other 
adjusted Model 3 contrasts were nonsignificant (Table 10-14(f): p>0.12). 
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Table 10-14. Analysis of Melanoma 

'(a) MODEL 1: RANCH HANDS VS. COMPARISONS-UNADJUSTED 
Occupational 

. Category  '. :   Group :S/V ■ x3$-'''0£J: 

■;v:[:-:;;::Muutl>er:|^ ' Est Relative Risk' . 
^:,(95;%CX) :'.        . p-Value 

All Ranch Hand 
Comparison 

805 
1,168 

16(2.0) 
13 (LI) 

1.80(0.86,3.77) 0.117 

Officer Ranch Hand 
Comparison 

329 
480 

9 (2.7) 
7(1.5) 

1.90(0.70,5.16) 0.207 

Enlisted Flyer Ranch Hand 
Comparison 

140 
173 

0(0.0) 
1 (0.6) 

— 0.999a 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

336 
515 

7 (2.1) 
5 (1.0) 

2.17 (0.68,6.90) 0.189 

aP-value determined using a chi-square test with continuity correction because of the sparse number of Ranch Hands 
with a melanoma. 
--: Results not presented because of the sparse number of Ranch Hands with a melanoma. 

(b) MODEL 1: RANCH HANDS VS. COMPARISONS - ADJUSTED 

Occupational Category 
Adjusted Relative Risk 

;p-Value 
All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

1.78(0.83,3.79) 

1.92(0.69,5.30) 

2.01 (0.62,6.50) 

0.136 

0.211 

0.246 

--: Results not presented because of the sparse number of Ranch Hands with a melanoma. 

Note: Results are not adjusted for skin reaction to sun after first exposure because of the sparse number of Ranch 
Hands with a melanoma. 

|;:(C)
:
MODEL >£: RANCH HAN PS~ 

Sum 

^t$$o|^^ 
InitialDioxin Category ma icy ifSMsSÄ^^liJlr^^^ :■ Analysis Results for ;Log2< (Initial Dioxin)8 ;    . 

Initial 
Dioxin ;"i;.' ;rf;^S;<i:U-^^:;H ISiiiiSiiiiflÄIS 

Low 
Medium 
High 

138 
150 
151 

4 (2.9) 
1 (0.7) 
4 (2.7) 

1.12(0.69,1.80)                       0.660 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 
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Table 10-14.   Analysis of Melanoma (Continued) 

(d) MODEL 2: RANCH HANDS - INITIAL DIOXIN - ADJUSTED 

I Analysis Results for Lpg2 (Initial Dioxin) 
I   Adjusted Relative Risk   ; 

439 1.28 (0.76,2.16)          0.366 

a Relative risk for a twofold increase in initial dioxin. 

Note: Results are not adjusted for occupation, skin color, skin reaction to sun after first exposure, and skin reaction 
to sun after repeated exposure because of the sparse number of Ranch Hands with a melanoma. 

(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - UNADJUSTED 

;. \  ■'■. Dioxin 'Category.- v■.;"■. j 

1,133 

359 
210 
229 
439 

v":iÄrht)ex ;£%). \^:# .;; ;;E$t;; Jtejaifäyi Risk 
.. ;;j:          p-Value 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

12(1.1) 

7 (2.0) 
5 (2.4) 
4 (1.8) 
9 (2.1) 

1.76(0.68,4.54) 
2.32(0.81,6.68) 
1.74(0.55,5.49) 
2.00 (0.83,4.83) 

0.240 
0.117 
0.341 
0.122 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY -ADJUSTED 

■■Dioxin Category ^^^■^^SW-^Siii:^:! 
-■■;:'■■■■'■ Adjusted Relative Riskv;■■'•■- :;;::.: 

]-:::M ^ pC^pe^A^-       n i:' \ 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,131 

358 
210 
229 
439 

1.56(0.59,4.16) 
2.17 (0.73,6.48) 
2.71 (0.76,9.67) 
2.44 (0.96,6.23) 

0.373 
0.164 
0.124 
0.062 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

Results are not adjusted for skin reaction to sun after first exposure because of the sparse number of 
participants with a melanoma. 
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Table 10-14.   Analysis of Melanoma (Continued) 

(g) MODEL 4: S^Gij[.|^NDS -1987 DIOXIN if*ÖNi^ 
1987 Dioxin Category Summary Statistics Analysis Results tor Log2 (1987 Dioxin+ 1) 

Dioxin ^1^vT?:3rij^-^':^'^;--;/\ 
Mra1ber;M);|J:|::; Estimated Relative Risk 

Low 
Medium 
High 

273 
256 
269 

5 (1.8) 
7 (2.7) 
4(1.5) 

1.05(0.76,1.46)                               0.761 

Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(h) MODEL 4rRANGR HANDS-1987 DIOXM-ADJUSTED 

KAM 

p£*£|'■ ;:|)-¥älüe:;'■ ££>;;|; Vlj; ::'.; i;;; / 

797                                              1.18(0.81,1.71) 0.399 
a Relative risk for a twofold increase in 1987 dioxin. 

Note: Results are not adjusted for occupation and skin reaction to sun after repeated exposure because of the sparse 
number of Ranch Hands with a melanoma. 

10.2.2.1.13  Systemic Neoplasms (All Sites Combined) 

Results from the analyses of a history of all systemic neoplasms in Models 1, 2, and 4 were nonsignificant 
(Table 10-15(a-d,g-h): p>0.12 for each analysis). In the unadjusted analysis of Model 3, a marginally 
significant difference in the percentage of participants with any systemic neoplasm was found between 
Ranch Hands in the low dioxin category and Comparisons (Table 10-15(e): Est. RR=1.31, p=0.072). The 
occurrence of any systemic neoplasm was higher for Ranch Hands in the low dioxin category than for 
Comparisons. After adjustment for covariates, the contrast was nonsignificant (Table 10-15(f): p=0.927). 
The contrast of Ranch Hands in the background dioxin category and Comparisons was marginally 
significant in the adjusted Model 3 analysis (Table 10-15(f): Adj. RR=0.76, p=0.076). A greater 
percentage of Comparisons than Ranch Hands in the background dioxin category had a systemic 
neoplasm. All other Model 3 contrasts were nonsignificant (Table 10-15(e,f): p>0.25). 

Table 10-15. Analysis of Systemic Neoplasms (All Sites Combined) 

(a) MODEL 1: RANCH HANDS VS. COMPARISONS - UNADJUSTED 

Occupational i^f^i3?wKößi?^Ki^ ;;;;;^oÄ§-^ 
^K^f^|Gafögb^-§^ irvvA~:i;:v^pi'■! iGf feiÖllÜU^-^ ^W^?5:rs w^MwiXü llllltÄ^ :WM"KM$MSMM p-Value 
All Ranch Hand 855 267(313) 1.07(0.89,1.29) 0.482 

Comparison 1,242 370 (29.8) 

Officer Ranch Hand 332 110(33.1) 0.95(0.70,1.27) 0.716 
Comparison 489 168 (34.4) 

Enlisted Flyer Ranch Hand 147 49 (33.3) 1.20(0.75,1.91) 0.443 
Comparison 187 55 (29.4) 

Enlisted Ranch Hand 376 108 (28.7) 1.15(0.86,1.54) 0.352 
Groundcrew Comparison 566 147 (26.0) 
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Table 10-15.   Analysis of Systemic Neoplasms (All Sites Combined) (Continued) 

(b)MODELl: RANCH HANDS VS. COMPARISONS-ADJUSTED     ...     :\  .  ..,...'-. \ 

Occupational Category 
Adjusted Relative Risk 

p-Value | 
All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

0.88(0.70,1.12) 

0.77 (0.56,1.07) 
0.98 (0.60,1.61) 
0.98(0.70,1.36) 

0.307 

0.125 
0.937 
0.888 

(c) MODEL 2: S^N©^ 
:■'. '-Initial Dioxin Category: Summary Statistics;. ' Analysis Results for L6g2 (Initial Dioxin)3 

Initial ;.  Estimated Relative Risk ■ 

Low 
Medium 
High 

155                       57 (36.8) 
160                          52 (32.5) 
157                         46 (29.3) 

0.93 (0.80,1.07)                       0.308 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

-■(d) MODEL 2: RANCH HANDS -INITIAL DIOXIN - ADJUSTED 

469                                          1.00(0.84,1.20) 0.980 

a Relative risk for a twofold increase in initial dioxin. 

(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY -UNADJUSTED 

t^jrlöio^^ p-Value 

Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH 

1,204 

376 
232 
240 
472 

358 (29.7) 

109 (29.0) 
83 (35.8) 
72 (30.0) 

155 (32.8) 

0.98(0.76,1.26) 
1.31 (0.98,1.76) 
1.00(0.74,1.36) 
1.14(0.91,1.44) 

0.864 
0.072 
0.995 
0.253 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand):  1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 10-15,   Analysis of Systemic Neoplasms (AH Sites Combined) (Continued) 

(f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - -ADJUSTED 

Dioxin Category i>":^ ■ ^' ^ii;>       : ;^ 

Adjusted Relative Risk 
p-Value 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,202 

373 
230 
239 
469 

0.76(0.57,1.03) 
0.98(0.70,1.38) 
0.95(0.67,1.36) 
0.97(0.73,1.28) 

0.076 
0.927 
0.794 
0.823 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand):  1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(g) MODEL 4: RANCH HANDS -1987DIOXIN gUNADjUST^ 

1987 Dioxin Category Summary Statistics :         ...; •; Analysis Results for Log2 (1987 Dioxin + .1):      :          .; 

■;_= Dioxin ^ISfeS^SPSii-^'^- 
.  Estimated Relative Risk 

Low 
Medium 
High 

284 
281 
283 

83 (29.2) 
94 (33.5) 
87 (30.7) 

1.02(0.92,1.12)                               0.734 

Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(h) MODEL 4: RANCH HANDS - 1987 DIOXIN-ADJUSTED 

f;:4'vIp^aJue-^:.; rß#%\ >;■ ß, ■ 

842                                              1.05(0.93,1.18) 0.399 

a Relative risk for a twofold increase in 1987 dioxin. 

10.2.2.1.14    Malignant Systemic Neoplasms 

The unadjusted Model 1 analysis within the enlisted flyer stratum revealed significantly more Ranch 
Hands than Comparisons with a malignant systemic neoplasm (Table 10-16(a): Est. RR=2.20, p=0.049). 
After adjustment for covariates the contrast was nonsignificant (Table 10-16(b): p=0.132). All other 
Model 1 contrasts were nonsignificant (Table 10-16(a,b): p>0.11). 
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Table 10-16. Analysis of Malignant Systemic Neoplasms 

(aJMCfDEL 1: RANCH HANDS VS. COMPARISONS ~ UNADJUSTED 

Occupational: 

Category    ; Group 
^umber:(%): 

:;..:;: .(95% CX);■   ] p-Value; 

All Ranch Hand 861 67  (7.8) 1.32 (0.94,1.86) 0.112 
Comparison 1,249 75  (6.0) 

Officer Ranch Hand 335 32   (9.6) 1.23(0.76,2.01) 0.403 
Comparison 494 39   (7.9) 

Enlisted Flyer Ranch Hand 149 18 (12.1) 2.20(1.00,4.81) 0.049 
Comparison 187 11   (5.9) 

Enlisted Ranch Hand 377 17   (4.5) 1.03(0.55,1.93) 0.937 
Groundcrew Comparison 568 25   (4.4) 

(b) MODEL 1: RANCH HANDS VS. COMPARISONS-ADJUSTED 

Occupational Category 

Adjusted Relative Risk 

p-Value 

All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

1.12(0.74,1.70) 

1.09(0.63,1.88) 
1.91 (0.82,4.43) 
0.82 (0.41,1.67) 

0.592 

0.766 
0.132 
0.589 

;;:.(CVMODEL- 2i RANCH HANDS - i$$$p^ 
•;;•;;:;:,   ■,,     Jjaii ial Dioxin Category ■Siili] unary Statistics:;:..; Analysis Results for Logs (Initial Dioxin)3' : 

Initial 
■; Dioxin ^^■ßlä<^:s;lt^;is'S>^ 

■/Number (%) ■'."-EstimatedRelative-Risk   : 

Low 
Medium 
High 

156 
161 
159 

19 (12.2) 
20 (12.4) 

6   (3.8) 

0.62 (0.46,0.84)                         0.001 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

^iSl^ 

;■..:■■■■';■' v/S'^:-'-;;;^                                                                                                ^'^t~. ^ip^^^äü'ei'Mv:K%%■:.%>£:-'■=-■ %..:: >: 

All                                         0.82(0.57,1.18) 0.272 

a Relative risk for a twofold increase in initial dioxin. 

Note: Results are not adjusted for herbicide exposure because of the sparse number of Ranch Hands who did not 
report herbicide exposure. 
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Table 10-16,   Analysis of Malignant Systemic Neoplasms (Continued) 

:(e) MODEjL 3; JRANCH HANDS AINDD COMI^^ CATEGORY iüNÄMüStED 

Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH 

1,211 

378 
234 
242 
476 

73   (6.0) 

21   (5.6) 
34 (14.5) 
11   (4.6) 
45   (9.5) 

0.91 (0.55,1.51) 
2.65(1.72,4.09) 
0.74(0.39,1.43) 
1.39 (0.91,2.13) 

0.727 
<0.001 

0.374 
0.132 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - ADJUSTED 

Dioxin Category n (95% CX)a p-Value 
Comparison 1,209 

Background RH                               375                           0.73(0.42,1.29)                                  0.279 
LowRH                                           232                           1.94(1.16,3.24) 0.012 
HighRH                                          240                           0.86(0.41,1.78) 0.680 
Low plus High RH 472 1.28(0.77,2.13) 0.345 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand):  1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(g) MODEL 4; RANCH HANDS p|||i.l|cpii liiiiölSÄ 
|;;|f^ iftSM 

Dioxin W^J^W&^&P^z^ 
Low 
Medium 
High 

286 
282 
286 

15   (5.2) 
32(11.4) 
19   (6.6) 

0.96 (0.81,1.14)                             0.641 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9~19.6 ppt; High = >19.6 ppt. 
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Table 10-16.   Analysis of Malignant Systemic Neoplasms (Continued) 

(h) MODEL 4: RANCH HANDS - 1987 DIOXIN - ADJUSTED 

Analysis Results for Log2 (1987 Dioxin +1) 
Adjusted Relative Risk. : '-\ 

p-Value 
847 1.06(0.84,1.34) 0.599 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Results are not adjusted for herbicide exposure because of the sparse number of Ranch Hands who did not 
report herbicide exposure. 

The unadjusted analysis of malignant systemic neoplasms revealed a significant inverse relation with 
initial dioxin (Table 10-16(a): Est. RR=0.62, p=0.001). The association was nonsignificant after 
adjustment for covariates (Table 10-16(d): p=0.272). 

The Model 3 contrast between Ranch Hands in the low dioxin category and Comparisons was significant 
in both the unadjusted and adjusted analyses. A greater percentage of participants with malignant 
systemic neoplasms was observed in Ranch Hands than in Comparisons (Table 10-16(6,0: Est. RR=2.65, 
p<0.001; Adj. RR=1.94, p=0.012, respectively). All other Model 3 contrasts, as well as the Model 4 
analyses, were nonsignificant (Table 10-16(e-h): p>0.13 for all remaining analyses). 

10.2.2.1.15    Benign Systemic Neoplasms 

Results from each of the analyses of benign systemic neoplasms in Models 1 through 4 were 
nonsignificant (Table 10-17(a-h): p>0.15 for each analysis). 

Table 10-17. Analysis of Benign Systemic Neoplasms 

(a) MODEL 1: RANCH HANDS VS. COMPARISONS - UNADJUSTED 

Occupational ::-\ rlvg-Ntimb^ 
■ ■ Category' ■."".■:-■;/Group;,-: ''■ ; &Mffi'M{$\;$M{ IllSit;^:;^ p- Value 

All Ranch Hand 855 217 (25.4)                L07 (0.88,131) 0.495 
Comparison 1,242 299 (24.1) 

Officer Ranch Hand 332 82 (24.7)                0.91 (0.66,1.25) 0.545 
Comparison 489 130(26.6) 

Enlisted Flyer Ranch Hand 147 40(27.2)                  1.11(0.68,1.82) 0.668 
Comparison 187 47(25.1) 

Enlisted Ranch Hand 376 95(25.3)                  1.23(0.91,1.67) 0.186 
Groundcrew Comparison 566 122(21.6) 
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Table 10-17.   Analysis of Benign Systemic Neoplasms (Continued) 

(It) MODEL 1: ÄANCH HANDS \^€OMFARISONS - ADJUSTED 

Occupational Category 
Adjusted Relative Risk 

(95% C.I.) p-Value 
All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

0.93(0.73,1.19) 

0.78(0.55,1.10) 
0.95(0.56,1.59) 
1.11(0.79,1.57) 

0.574 

0.155 
0.831 
0.548 

(c) MODEL 2: RANCH HANDS - -INITIAL DIOXIN-UNADJUSTED 

Initial Dioxin Category Summary Statistics Analysis Results for Log2 (Initial Dioxin)" 

Initial 
,■■ Dioxin .'■■/, '"^: -t^J5":.<:' ^K^.SS*"'."^' w""J:'^ 

Estimated Relative Risk     :                     . ::.':':.; 

Low 
Medium 
High 

155 
160 
157 

43 (27.7) 
37 (23.1) 
41 (26.1) 

1.03(0.88,1.20)                       0.718 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63~152 ppt; High = >152 ppt. 

/(ä)'-»^^^ 

Initial Dioxin) \;-:'".,'.. z'...-,'':.; 

p-Value 

469                                          0.99(0.82,1.19) 0.903 

a Relative risk for a twofold increase in initial dioxin. 

(e) MODEL 3: RANCH HANDS AND COMPARISONS B^ I DIOXIN CATEGORY »UNADJUSTED 

(95%C.I.)ab ■ ■ :   
: •":    '   P"Value 

Comparison                          1,204                289(24.0) 

Background RH                        376                  93 (24.7) 
Low RH                                    232                  58 (25.0) 
High RH                                    240                  63 (26.3) 
Low plus High RH                    472                 121 (25.6) 

1.05 (0.80,1.38) 
1.05 (0.76,1.46) 
1.12(0.81,1.53) 
1.08(0.85,1.39) 

0.710 
0.760 
0.500 
0.521 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand):  1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 10-17.   Analysis of Benign Systemic Neoplasms (Continued) 

(f) MODEL 3: RANCH HANDS AMD COMPARISONS BY DIOXIN CATEGORY - ADJUSTED 

DioxiiiGategory 
Adjusted Relative Risk; 

:   (95%.CX)a   ■      ) p-Value 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,202 

373 
230 
239 
469 

0.89(0.66,1.22) 
0.86(0.60,1.23) 
1.00(0.69,1.45) 
0.93(0.69,1.24) 

0.479 
0.400 
0.996 
0.613 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison:  1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(g) MODEL 4: RANCH HANDS -19S7 DIOXIN :- .UNADJUSTED.:                                 :; ;,.; .:. 

;::::v: 1987.:.Dioxin-Category I Summary "Statistics-^: ./■■; ;'.:.. Analysis Results for Log2 (1987 Dioxin + 1) 

Dioxin Wm?^:^M-^ 

Number (%) 
■■''■■ Yes.';'-'. .'■■'.':. 

Estimated Relative Risk         j         "/I":   ■   .:'.    ■■'■■"..    ^-: 

Low 
Medium 
High- 

284 
281 
283 

70(24.7) 
72 (25.6) 
72 (25.4) 

1.03(0.93,1.14)                              0.582 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(h)MODEL4: RANCH HANDS -1987 DIOXIN-ADJUSTED 

ir;^|-!#:p;-Y 
842                                           1.01 (0.89,1.14) 0.905 

a Relative risk for a twofold increase in 1987 dioxin. 

10.2.2.1.16   Systemic Neoplasms of Uncertain Behavior or Unspecified Nature 

Results from each of the analyses of systemic neoplasms of uncertain behavior or unspecified nature from 
Models 1 through 4 were nonsignificant (Table 10~18(a-h): p>0.18 for each analysis). 
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Table 10-18. Analysis of Systemic Neoplasms of Uncertain Behavior or Unspecified Nature 

(a) MODEL lr RANCH HANDS VS. COMPARISONS -UNADJUSTED; 

Occupational 
L   Category Group 

;Nunjb.er;(:^^ Est. Relative Risk 
.■::(9S%.CX).. ■ p-Value 

All Ranch Hand 
Comparison 

861 
1,249 

16 (1.9) 
25 (2.0) 

0.93 (0.49,1.75) 0.814 

Officer Ranch Hand 
Comparison 

335 
494 

11 (3.3) 
13 (2.6) 

1.26(0.56,2.84) 0.583 

Enlisted Flyer Ranch Hand 
Comparison 

149 
187 

1 (0.7) 
2(1.1) 

0.63 (0.06,6.96) 0.702 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

377 
568 

4(1.1) 
10(1.8) 

0.60(0.19,1.92) 0.388 

(b) MODEL 1: RANCH HANDS V& COMPARISONS T ADJUSTED 

Occupational Category 
Adjusted Relative Risk 

(95% C.I.) p-Value 

All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

0.71 (0.34,1.47) 

0.96(0.40,2.31) 
0.45(0.04,5.19) 
0.44(0.13,1.50) 

0.355 

0.925 
0.523 
0.190 

(c)MODEL 2: RANCH HANDS r ̂ ^$^^^^^^^^t^^ßM^Stö^^M^MMWM 
■;;■'■ V:':-;,';.:,-Imt al Dioxin Category ]Sümxtmr^:Si^sß^M0^ ■' ■' ■ I^S'^                                                                    ■ ;/:- ' 

Initial 
Dioxin ■   n    ■■;■■' 

■.Number(%).;. :: > Estimated Relative Risk 

Low 
Medium 
High 

156 
161 
159 

5 (3.2) 
1 (0.6) 
2(1.3) 

0.84 (0.49,1.47)                         0.534 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

;<a):M^ 

Analysis Results for Log2 (Initial Dioxin) 

ip-yäjüej 
472 1.16(0.58,2.31) 0.678 

a Relative risk for a twofold increase in initial dioxin. 

Note: Results are not adjusted for herbicide exposure because of the sparse number of Ranch Hands who did not 
report herbicide exposure. 
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Table 10-18.   Analysis of Systemic Neoplasms of Uncertain Behavior or Unspecified 
Nature (Continued) 

.(e) MODEL 3; RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - -UNADJUSTED 

Dioxin Category ^■l^v^tiu;:;?- >;::;:;:> 
■;'  Est Relative Risk 

(95%CX)6b p-Value 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,211 

378 
234 
242 
476 

25(2.1) 

8(2.1) 
6 (2.6) 
2 (0.8) 
8(1.7) 

1.08(0.48,2.44) 
1.23(0.50,3.03) 
0.38(0.09,1.61) 
0.67 (0.27,1.67) 

0.845 
0.657 
0.187 
0.392 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(f) MODEL 3t RANCH HANDS AND COMPARISONS BY DI^^ 

Dioxin Category 
Adjusted Relative Risk 

(95% C.I.)* 
Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH 

1,209 

375 
232 
240 
472 

0.72(0.30,1.76) 
0.85 (0.32,2.26) 
0.40(0.09,1.89) 
0.58(0.22,1.58) 

p-Value 

0.475 
0.744 
0.250 
0.288 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand):   1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(g) MODEL M RANCH HANDS -1987 DIOXITS :^UNADJUSTED-XV x&%}: 

KOlvtÄ :^Mi-¥^^^^fM^^^^^^Sr ,og2 (1987 Dioxin+ 1) 

'■::.■ '■■■Dioxin.- '■'■ %SM-M::M;WMMM^ 

Number (%)' Estimated Relative Risk 

IlIlM &^^l:^I^M^S^Ivt^^>;^i>^ 
Low 
Medium 
High 

286 
282 
286 

8 (2.8) 
5 (1.8) 
3(1-1) 

0.84(0.59,1.20) 0.329 

Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 
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Table 10-18.   Analysis of Systemic Neoplasms of Uncertain Behavior or Unspecified 
Nature (Continued) 

(fa) MODEL 4; RANCH HANDS »1987 DIOXIN -ADJUSTED 

Analysts Results for Log2 (1987 Dioxin + I) 
Adjusted Relative Risk 

 847 1.07(0.67,1.72)  0,767  

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Results are not adjusted for herbicide exposure because of the sparse number of Ranch Hands who did not 
report herbicide exposure. 

10.2.2. L17 Malignant Systemic Neoplasms (Eye, Ear, Face, Head, and Neck) 

Results from each of the analyses of malignant systemic neoplasms of the eye, ear, face, head, and neck in 
Models 1, 3, and 4 were nonsignificant (Table 10-19(a-b,e-h): p>0.13 for each analysis). The unadjusted 
analysis of Model 2 revealed a marginally significant association between initial dioxin and malignant 
systemic neoplasms of the eye, ear, face, head, and neck (Table 10-19(c): Est. RR=0.50, p=0.081). After 
adjustment for covariates, the Model 2 result was nonsignificant (Table 10-19(d): p=0.666). 

Table 10-19. Analysis of Malignant Systemic Neoplasms (Eye, Ear, Face, Head, and Neck) 

All Ranch Hand             861 
Comparison           1,249 

9 (1.1) 
12 (1.0) 

1.09 (0.46,2.60) 0.848 

Officer Ranch Hand               335 
Comparison               494 

6(1.8) 
4 (0.8) 

2.23 (0.63,7.98) 0.216 

Enlisted Flyer Ranch Hand                149 
Comparison               187 

1 (0.7) 
3 (1.6) 

0.41 (0.04,4.03) 0.448 

Enlisted 
Groundcrew 

Ranch Hand               377 
Comparison               568 

2(0.5) 
5 (0.9) 

0.60(0.12,3.11) 0.543 

|:Xb3^MvPPEii:t:= RANCH HANDS VS. COMPARISONS - ADJUSTED 

Adjusted Relative Risk 
K|--;|/:^^^^ lllllfg p-Value 
All 0.98(0.35,2.75) 0.974 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

2.07 (0.53,8.16) 
0.38 (0.04,4.02) 
0.49 (0.08,2.87) 

0.298 
0.424 
0.429 

10-60 



Table 10-19.    Analysis of Malignant Systemic Neoplasms (Eye, Ear, Face, Head and 
Neck) (Continued) 

(c)MODEL2; BRANCH HANDS3 -INITIAL DIOXIN - UNADJUSTED 

Initial Dioxin Category Summary Statistics Analysis Results for Log2 (Initial Dioxin)8 

Imtial 
Dioxin ~-''M:'^ tär&£V'tä 

Number (%) Estimated Relative Risk 

Low 
Medium 
High 

156 
161 
159 

4(2.6) 
1 (0.6) 
1 (0.6) 

0.50(0.20,1.23)                       0.081 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(d) MODEL 2: RANCH HANDS - INITIAL DIOXIN - ADJUSTED 

Analysis Results for Log2 (Initial Dioxin) 
Adjusted Relative Risk 

472 0.79 (0.27,2.33) 
p-Value 

0.666 

a Relative risk for a twofold increase in initial dioxin. 

Note: Results are not adjusted for race because of the sparse number of Ranch Hands with a malignant systemic 
neoplasm of the eye, ear, face, head, and neck. Results are not adjusted for herbicide exposure because of the sparse 
number of Ranch Hands who did not report herbicide exposure. 

(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - »UNADJUSTED 

■.Dioxin Category .' f::tM:^'Ma:--0B 
..   Number (%) - ■> f., Est Relative Risk..:'■'■ 

■...  ■'■■■'. p-Value 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,211 

378 
234 
242 
476 

12(1.0) 

3 (0.8) 
5 (2.1) 
1 (0.4) 
6(1.3) 

0.72 (0.20,2.58) 
2.24 (0.78,6.43) 
0.46 (0.06,3.53) 
1.00(0.29,3.41) 

0.612 
0.134 
0.451 
0.995 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand):  1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 10-19.   Analysis of Malignant Systemic Neoplasms (Eye, Ear, Face, Head and 
Neck) (Continued) 

'■■(f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - -ADJUSTED 

q >   Dioxin Category ^■^l^v^-^^^S^^^N 

Adjusted Relative Risk 
p-Value 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,209 

375 
232 
240 
472 

0.64(0.16,2.59) 
1.94(0.58,6.44) 
0.49(0.06,4.31) 
0.96 (0.24,3.82) 

0.533 
0.281 
0.520 
0.956 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison:  1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(g) MODEL 4: RANCH HANDS -1987 DIOXIN -UNADJUSTED :/ ^f:; :"::;;:■;: ■;; |; ;>:;;> ;:^;
: :■.;;;.- fe==: >;;;;;; ■: j- :::-;i;;:;,:^;>': ::;:;-^:.:;;- ■ Sl^;;'-:-■;:::. -; ■:■ ^V' >;:;::::: ■ ;=■;:::' _<;;-;^':::;:::;; r;;.:- 

1987 Dioxin Category Siimmar rStatistics       ';•~ <■ ■ :.. -Analysis Results "for-Log* (1987 Dioxin + 1) ■■. 

Dioxin i^-j'I^^Mw^^^'^i^iiv 
Number (%)   ;:: 

Low 
Medium 
High 

286 
282 
286 

2 (0.7) 
5 (1.8) 
2 (0.7) 

0.85 (0.53,1.36)                               0.494 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(h) MODEL 4: RANCH HANDS - 1987 DIOXIN - ADJUSTED 

Analysis Results' for :Log2 (1987 Dioxin' +■ 1) ■ 

p-Vaiue; 
847 1.04(0.57,1.91) 0.897 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Results are not adjusted for race because of the sparse number of Ranch Hands with a malignant systemic 
neoplasm of the eye, ear, face, head, and neck. Results are not adjusted for herbicide exposure because of the sparse 
number of Ranch Hands who did not report herbicide exposure. 

10.2.2A.18 Malignant Systemic Neoplasms (Oral Cavity, Phaiynx, and Laiynx) 

Results from each of the analyses of malignant systemic neoplasms of the oral cavity, pharynx, and larynx 
from Models 1 through 4 were nonsignificant (Table 10-20(a-h): p>0.29 for each analysis). 
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Table 10-20. Analysis of Malignant Systemic Neoplasms (Oral Cavity, Pharynx, and Larynx) 

(a)MODELl: RANCH HANDS VS. COMPARISONS -UNADJUSTED 

Occupational t'W: :;;;^umber::'(^)::;;:: f Est. Relative Risk 
Category Group '■;-^: -.v; n:    Sv: jv' -^?; Jv^j ^aü;^eis^3:-■; ■-^-^: %^:ß^($^^^M p-Value 

All Ranch Hand 
Comparison 

861                   4(0.5) 
1,249                   7(0.6) 

0.83 (0.24,2.84) 0.762 

Officer Ranch Hand 
Comparison 

335                  2(0.6) 
494                   2 (0.4) 

1.48(0.21,10.54) 0.697 

Enlisted Flyer Ranch Hand 
Comparison 

149                   1 (0.7) 
187                   2(1.1) 

0.63 (0.06,6.96) 0.702 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

377                   1 (0.3) 
568                   3 (0.5) 

0.50(0.05,4.83) 0.550 

(b) MODEL 1: |g||g|^ 
Adjusted Relative Risk 

; Occupational Category . :.:::::'.: • iMM'm^MMMM^S- -^'^MMMMMMM > Value 

All 0.63 (0.16,2.44) 0.501 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

1.35(0.17,10.61) 
0.52 (0.04,6.28) 
0.31 (0.03,3.40) 

0.111 
0.603 
0.336 

(c)MODEL2: :iR^|B:;i||Nö^ - INITIAL DIOXIN -UNADJUSTED 

Initial^^D^ Analysis Results for Logj (Initial Dioxin)8-: :■■■;. 

Initial %W^$^j^^:^^^::^^ W. :Esl i mated Relative Risk 

^^l^^iÖiÖxi|it;,Ä^% ;v:-;; ;■ - - j: ::7;:::;--:
::; 

;
:-:;:iiL'!.;.;;;:::;:::: ^ :■■:■,':?: ;■; -;;;- -■" ;L:

r;'= ■;::„ v.7...■.Yes."":': :7--:;:-.:.-;' |'J|?^S(|^;3|;|;|i^ p-Value 

Low 
Medium 

156 
161 

1 (0.6) 
1 (0.6) 

0.97(0.39,2.41) 0.953 

High 159 1 (0.6) 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(d) MODEL 2: RANCH HANDS - INITIAL DIOXIN - ADJUSTED 

Analysis Results for Log2 (Initial Dioxin) 

11I1IÄÄ !'p-Vaiu'e] 

472 1.15(0.34,3.88) 0.822 

a Relative risk for a twofold increase in initial dioxin. 

Note: Results are not adjusted for race because of the sparse number of Ranch Hands with a malignant systemic 
neoplasm of the oral cavity, pharynx, and larynx. Results are not adjusted for herbicide exposure because of the 
sparse number of Ranch Hands who did not report herbicide exposure. 
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Table 10-20.   Analysis of Malignant Systemic Neoplasms (Oral Cavity, Pharynx, and 
Larynx) (Continued) 

(e) MODEL 3:; RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY-UNADJUSTED 

Dioxin Category 
;:|Nutober:'|%:);: Est. Relative Risk 

:     (95%;CX)ab    '! p-Value 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,211 

378 
234 
242 
476 

7 (0.6) 

1 (0.3) 
2 (0.9) 
1 (0.4) 
3 (0.6) 

0.43 (0.05,3.52) 
1.51 (0.31,7.30) 
0.75(0.09,6.18) 
1.06(0.25,4.39) 

0.431 
0.612 
0.791 
0.938 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand):  1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - ADJUSTED 

;: ■.Dioxin.Category     ■ ■$^r£:;Jv£: £C K-i-;j-o£ 
.'.■'   Adjusted Relative Risk 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,209 

375 
232 
240 
472 

0.39 (0.04,3.56) 
1.01 (0.18,5.59) 
0.56 (0.06,5.33) 
0.75(0.16,3.59) 

p~ Value; 

0.401 
0.987 
0.614 
0.719 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

S|g):M<|RH& 4s RANCH HANDS -tmßiöxM iiliiDjÄ 
Mmi::$MJM>im n Category Summary HS^Ä^üifl® |;|| c j ;■ i ß:">;^^-J; ^ ärasil^sl s;: JR^fi^p|jfo^;]Lög2; $g$$j$^ 

^■l^8Kl^^^M^O 
Number (%) 

Jill |£' ;;.';f';|:Jp|¥ÄufeM                '^Ü 
Low 
Medium 
High 

286 
282 
286 

0 (0.0) 
2 (0.7) 
2 (0.7) 

1.23 (0.66,2.29) 0.526 

Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 
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Table 10-20.   Analysis of Malignant Systemic Neoplasms (Oral Cavity, Pharynx, and 
Larynx) (Continued) 

(h) MODEL 4: HANCH HANDS -. 1987 DIOXIN - ADJUSTED 

Analysis Results for Log2 (1987 Dioxin + 1) 
,:: \:;;;\' ■■ :

: v ;f
;::A^^tfed;ReiätiM^sk-. ;      . : ."I:'£ ■   .  t-1 •' :. ■} 

 847 1.60(0.65,3.97) 0,296  

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Results are not adjusted for race because of the sparse number of Ranch Hands with a malignant systemic 
neoplasm of the oral cavity, pharynx, and larynx. Results are not adjusted for herbicide exposure because of the 
sparse number of Ranch Hands who did not report herbicide exposure. 

10.2.2.1.19 Malignant Systemic Neoplasms (Esophagus) 

Because of the absence of malignant systemic neoplasms of the esophagus in Ranch Hands, statistical 
analysis was not performed. A malignant systemic neoplasm of the esophagus was observed in two 
Comparisons. One Comparison was a non-Black enlisted flyer, and the other Comparison was a non- 
Black enlisted groundcrew. 

10.2.2.1.20 Malignant Systemic Neoplasms (Brain) 

Because of the presence of a malignant systemic neoplasm of the brain in only one Ranch Hand, 
statistical analysis was not performed. This participant was a non-Black officer. 

10.2.2.1.21 Malignant Systemic Neoplasms (Thymus, Heart, and Mediastinum) 

A sparse number of participants exhibited a malignant systemic neoplasm of the thymus, heart, or 
mediastinum, which limited the analyses. The unadjusted contrasts analyzed from Model 1 were 
nonsignificant (Table 10-21(a): p>0.32 for each contrast). Model 2 analysis was not performed because 
no Ranch Hands with a malignant neoplasm of the thymus, heart, or mediastinum had an initial dioxin 
estimate. The Model 3 unadjusted analysis revealed a marginally significant difference between Ranch 
Hands in the background dioxin category and Comparisons (Table 10-21(e): p=0.089). Two Ranch 
Hands in the background category had a malignant systemic neoplasm of the thymus, heart, or 
mediastinum (0.5%), contrasted with zero Comparisons. The Model 4 unadjusted and adjusted analyses 
showed a significant inverse association between 1987 dioxin levels and a malignant systemic neoplasm 
of the thymus, heart, or mediastinum (Table 10-21(g,h): Est. RR=0.33; p=0.038; Adj. RR=0.31, p=(X017, 
respectively). As 1987 dioxin levels increased, the percentage of Ranch Hands with a malignant systemic 
neoplasm of the thymus, heart, or mediastinum decreased. 
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Table 10-21. Analysis of Malignant Systemic Neoplasms (Thymus, Heart, and Mediastinum) 

(a; MODEL 1: RANCH HANDS VS. COMPARISONS 0^^-&&%&'-i[y:--:%\ i. 'M: ■•!--• 
Occupational : ': Number (%)  : Est, Relative Risk 

Category Group [■:--:^r'it%^[':}^: WM^^MM:- (95%C.L)                        p-Value 
All Ranch Hand 861 2 (0.2) 0.325* 

Comparison 1,249 0 (0.0) 

Officer Ranch Hand 335 1 (0.3) 0.845a 

Comparison 494 0 (0.0) 

Enlisted Flyer Ranch Hand 149 0 (0.0) — 
Comparison 187 0 (0.0) 

Enlisted Ranch Hand 377 1 (0.3) 0.836a 

Groundcrew Comparison 568 0 (0.0) 

a P-value determined using a chi-square test with continuity correction because of the sparse number of participants 
with a malignant systemic neoplasm of the thymus, heart, and mediastinum. 
—: Results not presented because of the sparse number of participants with a malignant systemic neoplasm of the 
thymus, heart, and mediastinum. 

.(b) MODEL 1: RANCH HANDS VS. COMPARISONS - ADJUSTED 

j - -" '";- -■' ^ Occupational Category -; ■:'.■; :■:.-,;. ;-(9S^."Ci,I-):- p-Value 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

—: Results not presented because of the sparse number of participants with a malignant systemic neoplasm of the 
thymus, heart, and mediastinum. 

(c) MODEL 2: RANCH HANDS - INITIAL DIOXIN - UNADJUSTED 

Initial Dioxin Category Summ ̂ jSjajti^ .; Analysis.Results for :Log2.(Initial; Dioxin) 

Initial 

^S?: ^^ÄS^I^S^-^'.^K'S ^^ 
Low 
Medium 
High 

156 
161 
159 

0 (0.0) 
0 (0.0) 
0 (0.0) 

--: Results not presented because of the sparse number of Ranch Hands with a malignant systemic neoplasm of the 
thymus, heart, and mediastinum. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 
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Table 10-21. Analysis of Malignant Systemic Neoplasms (Thymus, Heart, and 
Mediastinum) (Continued) 

(d)MODEL 2; RANCH HANDS -INITIAL DIOXIN -ADJUSTED 

Analysis Results for Log2 (Initial Dioxin) 
Adjusted Relative Risk j 

--: Results not presented because of the sparse number of Ranch Hands with a malignant systemic neoplasm of the 
thymus, heart, and mediastinum. 

(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - UNADJUSTED 

:■ :;:.v';, ■■';'■; : :'""•,.;; "H'.'"■;  ;-/-'.--'   -■ ■'";'.: ^V'!-: \Nun$er:(%):' .■/     ;. .   Est. .'Relative' .Risk..  /.    ■      ' :     " ; 
|f;|;i>i<>Ä 
Comparison 1,211 0(0.0) 

Background RH 378 2(0.5) » 0.089a 

LowRH 234 0(0.0) 
HighRH 242 0(0.0) 
Low plus High RH 476 0 (0.0) -- --  

a P-value determined using a chi-square test with continuity correction because of the sparse number of participants 
with a malignant systemic neoplasm of the thymus, heart, and mediastinum. 
--: Results not presented because of the sparse number of participants with a malignant systemic neoplasm of the 
thymus, heart, and mediastinum. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand):  1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH 

--: Results not presented because of the sparse number of participants with a malignant systemic neoplasm of the 
thymus, heart, and mediastinum. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 10-21. Analysis of Malignant Systemic Neoplasms (Thymus, Heart, and 
Mediastinum) (Continued) 

(g) MODEL 4: RANCH HANDS -1987 DIOXIN - UNADJUSTED . j 

1987 Dioxin Category Suriimary Statistics ■     Analysis Results for Loga (1987 Dioxin+ 1) 
1987 

Dioxin ■^■-'■■yH'r^'-fy: 
'. Number (.%);:;. Estimated Relative Risk 

Low 

Medium 
High 

286 
282 
286 

2 (0.7) 
0 (0.0) 
0 (0.0) 

0.33 (0.12,0.92)                              0.038 

Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(h) MODEL 4: RANCH HANDS - 1987 DIOXIN - ADJUSTED 

Analysis Results for Log2 (1987 Dioxin + 1) 
Adjusted Relative Risk   ;^: 

p-Value 

847 0.31 (0.09,1.04) 0.017 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Results are not adjusted for race and occupation because of the sparse number of Ranch Hands with a 
malignant systemic neoplasm of the thymus, heart, and mediastinum. Results are not adjusted for herbicide 
exposure because of the sparse number of Ranch Hands who did not report herbicide exposure. 

10.2.2.1.22  Malignant Systemic Neoplasms (Thyroid Gland) 

Because of the sparse number of participants with a history of a malignant systemic neoplasm of the 

thyroid gland, analysis was limited. The Model 1 contrasts revealed nonsignificant differences between 
Ranch Hands and Comparisons (Table 10-22(a,b): p>0.37 for each). 

Table 10-22. i analysis of Malignant Systemic Neoplasms (Thyroid Gland) 

(a) MODEL! :?lP^^ 
Occupational £^"l^ü1rauW:;(^)-:ä;v& '■■■^-:Es"eiRiela'tiveRisk-v.::- 

Category ^Bf;^^0^$M^;-k W^W^^&WtMMM- liiiÄsigsis :|I;;;Sll^iM^S^i:P§fe ;M;5V:;:pTXÄfte.^.';i::!:3 
All Ranch Hand 861 2 (0.2) 1.45(0.20,10.33) 0.710 

Comparison 1,249 2 (0.2) 

Officer Ranch Hand 335 2 (0.6) 2.96 (0.27,32.79) 0.376 
Comparison 494 1 (0.2) 

Enlisted Flyer Ranch Hand 149 0 (0.0) __ -_ 
Comparison 187 0 (0.0) 

Enlisted Ranch Hand 377 0 (0.0) ~ 0.999a 

Groundcrew Comparison 568 1 (0.2) 

a P-value determined using a chi-square test with continuity correction because of the sparse number of participants 
with a malignant systemic neoplasm of the thyroid gland. 
--: Results not presented because of the sparse number of participants with a malignant, systemic neoplasm of the 
thyroid gland. 
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Table 10-22.   Analysis of Ma fig nan t Systemic Neoplasms (Thyroid Gland) (Continued) 

M MODEL 1: RANCH HANDS VS. COMFAMSONS-- ADJUSTED 

Occupational Category 
Adjusted Relative Risk 

p-Value! 
All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

1.46(0.20,1039) 

3.08 (0.28,34.40) 

0.708 

0.362 

--: Results not presented because of the sparse number of participants with a malignant systemic neoplasm of the 
thyroid gland. 

Note: Results are not adjusted for race and ionizing radiation exposure because of the sparse number of Ranch 
Hands with a malignant systemic neoplasm of the thyroid gland. Results for all occupations combined also are not 
adjusted for occupation because of the sparse number of participants with a malignant systemic neoplasm of the 
thyroid gland. Results are not adjusted for herbicide exposure because of the sparse number of Ranch Hands who 
did not report herbicide exposure. 

Initial Dioxin Category Summary Statistics   / Analysis Results for Log2 (Initial Dioxin)3 

Initial     ■ ■ r-..'  ;. '■. 
Dioxin .::'.' -f^M0-^- 

'■ ■ ■    ■Number (%)  :''    '£; 
■   :.;.'. :-'^:-V:-:.-Ves.'-;".-=:','- /. ■■■ 

■ '■;Estimated:'Relative'-Risk •';. ■:•:' :. "■':                    '■[[ ■■■' [■; 

Low 
Medium 
High 

156 
161 
159 

2(1.3) 
0 (0.0) 
0 (0.0) 

0.12(0.01,2.59)                         0.046 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(d)MODEL2; RANCH HANDS -INITIAL DIQXIN-ADJUSTED 

■ ■'■■'■■.. '■-:-:;;' /■;■''■'::\"■" "■■■'' ::' ■■■'■'■'': ■ ■ ■ :V-:;^:: Anal^isf R^                                                  ■ f f^'t; 
^^%K£^^ 
:: ^i::;;-; :;i;y;:3::; :-:.::■ {". :|. ;;;-.^: !f --: r:';:; «--.■-'Ü&:::: :f I;-1^.: r ;;|::>iä^>-K'3i^:: ;i;H^.-::^;^:;::!;- ^:|;1^'! ::9i:; rS!'v>:;::;^!lJ ;^:^9:^^^'^^:|ä^^:P:4Sä ^1;::K;y:r^lyfl{ S

;
/1S-?M-i:,-': ■::::: :H':-> Sr-i ^:'t :H^;'; ^r^ftr' <u-:: ■'IJ^SffiSÄ'äe^l;' 'M:3:M 1 ^i ■ 

473                                          0.12(0.01,2.84) 0.059 

a Relative risk for a twofold increase in initial dioxin. 

Note: Results are not adjusted for race, occupation, ionizing radiation exposure, and lifetime cigarette smoking 
history because of the sparse number of Ranch Hands with a malignant systemic neoplasm of the thyroid gland. 
Results are not adjusted for herbicide exposure because of the sparse number of Ranch Hands who did not report 
herbicide exposure. 
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Table 10-22.   Analysis of Malignant Systemic Neoplasms (Thyroid Gland) (Continued) 

^(e^MÖ^ -UNADJUSTED 

Dioxin Category ■^^\'---f^t-l:M-k- 

.   Est. Relative Risk . 
:■ (9S%CX)ab p-Value 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,211 

378 
234 
242 
476 

2 (0.2) 

0 (0.0) 
2 (0.9) 
0 (0.0) 
2 (0.4) 

5.42(0.76,38.74) 
0.999c 

0.092 
0.999c 

0.680c 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 
c P-value determined using a chi-square test with continuity correction because of the sparse number of participants 
with a malignant systemic neoplasm of the thyroid gland. 
--: Results not presented because of the sparse number of Ranch Hands with a malignant systemic neoplasm of the 
thyroid gland. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand):  1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

'':(#M0PEL3:-;^ 

;|\%;:;-^    ^fe?:-l£-£rMh:I~:'0:k-Kd^;Xiv!■'%4i:^     •■'?$■&%■s-^^jftisföä.-Relative^U^l■ )K;i^;-S-;; ■■ &W^.KM.  %-&K>i 
ff$]%§^^n-^^p^yßf9s&^, '•$'&M'!§?&.u-^:'-:Mö;:':'t    SS:t$0PWi&%'i- iKKKKKK-KX    SKl!I^Valu^:•;Mi^l   /I■" <0 
Comparison 1,209 

Background RH 375 
LowRH 232 5.18(0.71,37.60) 0.104 
HighRH 240 
Low plus High RH 472 ~~ --  

a Relative risk and confidence interval relative to Comparisons. 
—: Results not presented because of the sparse number of Ranch Hands with a malignant systemic neoplasm of the 
thyroid gland. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand):  1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

Results are not adjusted for race, occupation, and ionizing radiation exposure because of the sparse number of 
Ranch Hands with a malignant systemic neoplasm of the thyroid gland. Results are not adjusted for herbicide 
exposure because of the sparse number of Ranch Hands who did not report herbicide exposure. 
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Table 10-22.   Analysis of Malignant Systemic Neoplasms (Thyroid Gland) (Continued) 

::(0M^m$i RANCH HANDS -1987 DIOXIN &$Ö^^ 

1987 Dioxin Category Summary Statistics :v::: Än^ysis^s^^                                         -1);;; •:::: 

Dioxin }:
:%^-::MM:/^:'z^P^ 

'Nü^er;(^|::,::j::: 
'■'-."Yes : V::>;

:H 
P':;:Estiniäted;:'M                     ': .'■';.   ;     :;:;v;. 

Low 
Medium 
High 

286 
282 
286 

0 (0.0) 
2 (0.7) 
0 (0.0) 

0.90 (0.34,2.40)                                0.832 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9~19.6 ppt; High = >19.6 ppt. 

(h) MODEL 4: RANCH HANDS ~ 1?87 DIOXIN -ADJUSTED 

^ ■ P !■ f.^SpÄsJue ■;J 
848                                                 0.95 (0.34,2.70) 0.925 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Results are not adjusted for race, occupation, ionizing radiation exposure, and lifetime cigarette smoking 
history because of the sparse number of Ranch Hands with a malignant systemic neoplasm of the thyroid gland. 
Results are not adjusted for herbicide exposure because of the sparse number of Ranch Hands who did not report 
herbicide exposure. 

A significant inverse association between initial dioxin and a malignant systemic neoplasm of the thyroid 
gland was found from the Model 2 unadjusted analysis (Table 10-22(c): Est. RR=0.12, p=0.046). After 
adjustment for covariates, the result was marginally significant (Table 10-22(d): Adj. RR=0.12, p=0.059). 

A marginally significant difference between Ranch Hands in the low dioxin category and Comparisons 
was observed in the unadjusted Model 3 analyses (Table 10-22(e): Est. RR=5.42, p=0.092). The 
occurrence of a malignant systemic neoplasm of the thyroid gland was higher for Ranch Hands in the low 
dioxin category than for Comparisons. The difference was nonsignificant after adjustment for covariates 
(Table 10-22(f): p=0.104). All other Model 3 contrasts, as well as the Model 4 analyses, were 
nonsignificant (Table 10-22(e,g-h): p>0.68 for all remaining analyses). 

10.2.2.1.23  Malignant Systemic Neoplasms (Bronchus and Lung) 

Because of the sparse number of participants with a malignant systemic neoplasm of the bronchus or 
lung, analysis was limited. The unadjusted Model 1 analysis revealed a significant difference between 
Ranch Hands and Comparisons when examined across all occupations (Table 10-23(a): Est. RR=4.88, 
p=0.008). The results were marginally significant after adjustment for covariates (Table 10-23(b): 
Adj. RR=3.66, p=0.070). All other Model 1 contrasts were nonsignificant (Table 10-23(a,b): p>0.11). 

10-71 



Table 10-23. Analysis of Malignant Systemic Neoplasms (Bronchus and Lung) 

(a)MÖDELl: RANCH HANDS VS. COMPARISONS-UNADJUSTED 

Occupational ."■■■■ Number (%) Est; Relative Risk 
:.    Category Group iM'^/'S&S. :1'-'' WM^ß^xM- Itt^^MlMä^AW^ p-Value 
All Ranch Hand 

Comparison 
861 

1,249 
10 (1.2) 

3 (0.2) 
4.88(1.34,17.79) 0.008 

Officer Ranch Hand 
Comparison 

335 
494 

5(1.5) 
2(0.4) 

3.73(0.72,19.33) 0.117 

Enlisted Flyer Ranch Hand 
Comparison 

149 
187 

3 (2.0) 
1 (0.5) 

3.82(0.39,37.13) 0.248 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

377 
568 

2(0.5) 
0 (0.0) 

— 0.310a 

a P-value determined using a chi-square test with continuity correction because of the sparse number of participants 
with a malignant systemic neoplasm of the bronchus and lung. 
--: Results not presented because of the sparse number of participants with a malignant systemic neoplasm of the 
bronchus and lung. 

(b) MQDEL ItfRANCH HANDS VS. COMPARISONS - ADJUSTED 

Occupational Category 
Adjusted Relative Risk 

p-Value: 
All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

3.66(0.78,17.13) 

3.51 (0.57,21.64) 
2.58(0.21,31.26) 

0.070 

0.176 
0.456 

«: Results not presented because of the sparse number of participants with a malignant systemic neoplasm of the 
bronchus and lung. 

Note: Results are not adjusted for race because of the sparse number of participants with a malignant systemic 
neoplasm of the bronchus and lung. 

(c) MODEL 2: RANCH HANDS - INITIAL DIOXIN - UNADJUSTED 

:■■':;;";.-': ^v^Initi ajlipt^Ä!^]^ '-^v =:■■;:;.; Anäty 

W-M^M§MWE&Wt 
Low 
Medium 
High 

156 
161 
159 

4 (2.6) 
4 (2.5) 
0 (0.0) 

0.46 (0.20,1.04)                       0.030 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 
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Table 10-23. Analysis of Malignant Systemic Neoplasms (Bronchus and Lung) 
(Continued) 

.(d) MODEL 2: RANCH HANDS -INITIAL DIOXIN- AD JUSTED 

: Analysis Results for Log2 (Initial Dioxin) 
Adjusted Relative Risk 

Rvalue ':}■<: 
472                                          0.53 (0.21,1.34) 0.144 

a Relative risk for a twofold increase in initial dioxin. 

Note: Results are not adjusted for race because of the sparse number of Ranch Hands with a malignant systemic 
neoplasm of the bronchus and lung. Results are not adjusted for herbicide exposure because of the sparse number of 
Ranch Hands who did not report herbicide exposure. 

(e) MODEL;3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORYH I UNADJUSTED 

'-.' '■■■'    Dioxin Category■':.'■  '.\ ,M:-%$Q^£&$P\ 
;■'■■' Est. ■ Relap^RIp-;;':^ 

:     . .' ■    p-Value    . 

Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH 

1,211 

378 
234 
242 
476 

3 (0.3) 

2(0.5) 
8 (3.4) 
0 (0.0) 
8 (1.7) 

2.14(0.35,12.94) 
14.26 (3.75,54.20) 

0.408 
<0.001 

0.999c 

0.003c 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 
c P-value determined using a chi-square test with continuity correction because of the sparse number of participants 
with a malignant systemic neoplasm of the bronchus and lung. 
—: Results not presented because of the sparse number of Ranch Hands with a malignant systemic neoplasm of the 
bronchus and lung. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

10-73 



Table 10-23. Analysis of Malignant Systemic Neoplasms (Bronchus and Lung) 
(Continued) 

(f)MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - -ADJUSTED 

Dioxin Category io^^.^^^txri^,^^;:;^;^ 

Adjusted Relative Risk 
p-Value 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,209 

375 
232 
240 
472 

1.52(0.21,11.09) 
8.67 (1.74,43.23) 

0.678 
0.008 

a Relative risk and confidence interval relative to Comparisons. 
--: Results not presented because of the sparse number of Ranch Hands with a malignant systemic neoplasm of the 
bronchus and lung. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

Results are not adjusted for race because of the sparse number of participants with a malignant systemic 
neoplasm of the bronchus and lung. 

(g)MODEL4r RANCH HANDS -1987DIOXIN BiNMÄ 
1.987 Dioxin Category Summär f:'StötiäÖ^§:-l:|:;i; Analysis'Results for I^gv (1987 Dioxin+ 1) 

Dioxin :rt:|S":^^:^1;ft^;> 
Low 
Medium 
High 

286 
282 
286 

1 (0.4) 
6(2.1) 
3(1.1) 

0.98(0.64,1.50)                              0.915 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

■(h):MODEL;^ 

Analysis Results for Log2 (1987 Dioxin + 1) 

l.prYalue: 
847 1.15(0.63,2.11) 0.638 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Results are not adjusted for race because of the sparse number of Ranch Hands with a malignant systemic 
neoplasm of the bronchus and lung. Results are not adjusted for herbicide exposure because of the sparse number of 
Ranch Hands who did not report herbicide exposure. 
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The Model 2 analysis of a malignant systemic neoplasm of the bronchus and lung revealed a significant 
inverse association with initial dioxin (Table 10~23(c): Est. RR=0.46, p=0.030). After adjustment for 
covariates, the association was nonsignificant (Table 10-23(d): p=0.144). 

A significantly greater percentage of Ranch Hands in the low dioxin category had a malignant systemic 
neoplasm of the bronchus and lung than Comparisons in both the unadjusted and adjusted Model 3 
analyses (Table 10-23(e): Est. RR=14.26, p<0.001; Adj. RR=8.67, p=0.008, respectively). The Model 4 
unadjusted and adjusted analyses of malignant systemic neoplasms of the bronchus and lung revealed 
nonsignificant results (Table 10-23(g,h): p=0.638). 

10.2.2.1.24  Malignant Systemic Neoplasms (Liver) 

Because of the sparse number of participants with a malignant systemic neoplasm of the liver, analysis 
was limited. All Model 1 analyses were nonsignificant (Table 10-24(a,b): p>0.65). Results from the 
Model 2 analysis of malignant systemic neoplasms of the liver also were nonsignificant (Table 
10-24(c,d): p>0.14 for all analyses). 

Table 10-24. Analysis of Malignant Systemic Neoplasms (Liver) 

(a) MODEL 1: j:;&§i^tf:tt| 
Occupational; 

y3|i|^ii^^!J;;i;^ 1^T^-%''-'M:^y% 

1 Number (%) ;:   Est. Relative.Risk; ■'■'•:. 
..■;■.'  p.-Value. 

All Ranch Hand 
Comparison 

861 
1,249 

2 (0.2) 
2 (0.2) 

1.45 (0.20,10.33) 0.710 

Officer Ranch Hand 
Comparison 

335 
494 

0 (0.0) 
1 (0.2) 

— 0.999a 

Enlisted Flyer Ranch Hand 
Comparison 

149 
187 

1 (0.7) 
0 (0.0) 

— 0.909a 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

377 
568 

1 (0.3) 
1 (0.2) 

1.51 (0.09,24.18) 0.772 

a P-value determined using a chi-square test with continuity correction because of the sparse number of participants 
with a malignant systemic neoplasm of the liver. 
--: Results not presented because of the sparse number of participants with a malignant systemic neoplasm of the 
liver. 

Occupational Category 
Adjusted Relative Risk 

p-Value 

All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

1.57 (0.22,11.35) 

1.72(0.11,27.93) 

0.655 

0.703 

--: Results not presented because of the sparse number of participants with a malignant systemic neoplasm of the 
liver. 

Note: Results are not adjusted for race because of the sparse number of participants with a malignant systemic 
neoplasm of the liver. Results are not adjusted for herbicide exposure because of the sparse number of Ranch Hands 
who did not report herbicide exposure. 
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Table 10-24.   Analysis of Malignant Systemic Neoplasms (Liver) (Continued) 

(c) MODEL 2: ;|^^|Jj^fI^;; -INITIAL DIOXIN-UNADJUSTED 

Initial Dioxin Category Summary Statistics Analysis Results for Log2 (Initial Dioxin)8 

Initial 
.■.Dioxin ^■f.^;^^;Ö/^::^^';f:;$t-^ 

■;:. Number;(%;) .■ ; Estimated Relative Risk 
.       ■ ■     (95%.C.L)b "■ ' •'■                     p-Value 

Low 
Medium 
High 

156 
161 
159 

0 (0.0) 
1 (0.6) 
1 (0.6) 

1.76(0.73,4.22)                        0.231 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(d)M03DEL2: RANCH HANDS -INITIAL DIOXIN-ADJUSTED 

^:BhMS;MfM&-t 

: Analysis Results for Log2 (Initial Dioxin)  ■ :■■;■;-.: 

Adjusted Relative Risk 
p-Value     ■   ;    t >% 

All 2.06(0.82,5.15) 0.140 

a Relative risk for a twofold increase in initial dioxin. 

Note: Results are not adjusted for race, occupation, and ionizing radiation exposure because of the sparse number of 
participants with a malignant systemic neoplasm of the liver. Results are not adjusted for herbicide exposure 
because of the sparse number of Ranch Hands who did not report herbicide exposure. 

(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY -UNADJUSTED 

.■'. .DioxinCategory' •-.. ^§£'^':M'k-^^v 

. .    Est, Relative;Risk;    ... 

(95%C.I.)ab x/':;: :;;3;;it ;-;>v^Yaj(ue ^    -X'l; 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,211 

378 
234 
242 
476 

2 (0.2) 

0 (0.0) 
0 (0.0) 
2 (0.8) 
2 (0.4) 

5.70(0.78,41.53) 

0.999c 

0.999c 

0.086 
0.680c 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 
c P-value determined using a chi-square test with continuity correction because of the sparse number of participants 
with a malignant systemic neoplasm of the liver. 
—: Results not presented because of the sparse number of Ranch Hands with a malignant systemic neoplasm of the 
liver. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 10-24.   Analysis of Malignant Systemic Neoplasms (Liver) (Continued) 

(f> MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGOJRY™ ADJUSTED | 

Dioxin Category 
Adjusted Relative Risk 

■    (95%cjy' ;..-J ! p-Value 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,209 

375 
232 
240 
472 

7.06 (0.70,71.25) 0.098 

a Relative risk and confidence interval relative to Comparisons. 
--: Results not presented because of the sparse number of participants with a malignant systemic neoplasm of the 
liver. 

Note: RH = Ranch Hand. 
Comparison:  1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand):  1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

Results are not adjusted for race because of the sparse number of Ranch Hands with a malignant systemic 
neoplasm of the liver. Results are not adjusted for herbicide exposure because of the sparse number of Ranch 
Hands who did not report herbicide exposure. 

(g)MODEL M RANCH HANDS M98!JPW>X!i StjNADJMS^ 
;.:    1987DioxmC ategöry:;Siuimraary-Statistics : 'Zy-- .:.'■' '■■■■:■ Analysis Resufe 

Dioxin 'H\:i-^#M)W^:'t:^ '!-: 
Low 
Medium 
High 

286 
282 
286 

0 (0.0) 
0 (0.0) 
2 (0.7) 

2.10(0.92,4.78)                                0.080 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(h) MODEL 4: RANCH HANDS - 1987 DIOXIN - ADJUSTED 

Analysis Results for Log2 (1987 Dioxin + 1) 

(95% C.I.)a 

847 2.52(1.03,6.15) 
ip-Vahie; 

0.042 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Results are not adjusted for race, occupation, and ionizing radiation exposure because of the sparse number of 
participants with a malignant systemic neoplasm of the liver. Results are not adjusted for herbicide exposure 
because of the sparse number of Ranch Hands who did not report herbicide exposure. 
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The unadjusted and adjusted Model 3 analyses displayed a marginally significant difference between 
Ranch Hands in the high dioxin category and Comparisons (Table 10-24(e,f): Est RR=5.70, p=0.086; 
Adj. RR=7.06, p=0.098, respectively). The percentage of Ranch Hands in the high dioxin category with a 
malignant systemic neoplasm of the liver was greater than the percentage of Comparisons. The results in 
all other Model 3 unadjusted analyses were nonsignificant (Table 10-24(e): p>0.68). 

The Model 4 unadjusted analysis revealed a marginally significant positive association between 1987 
dioxin levels and a malignant systemic neoplasm of the liver (Table 10-24(g): Est. RR=2.10, p=0.080). 
After adjustment for covariates, the result was significant (Table 10-24(h): Est. RR=2.52, p=0.042). 

10.2.2.1.25  Malignant Systemic Neoplasms (Colon and Rectum) 

All results from the analyses of malignant systemic neoplasms of the colon and rectum from Models 1, 2, 
and 4 were nonsignificant (Table 10-25(a-d,g-h): p>0.29 for each analysis). 

Table 10-25. Analysis of Malignant Systemic Neoplasms (Color i and Rectum) 

;|;:^MfI^i;|:| RANCH HANDS VS. COMPARISONS -UNADJUSTED 

/'.Occupational'' :;-;:;:;, .^;;: f; :i;;->;S:; ^^^u'ltrt* fei*,; JC% >;:": _; |'l ;-■:;:;;;.;;;' ■ :;:^ Est, Relative Risk^ 
Category .     Group. ■' v£:.:£?$&^'p< ;;:.::: :;:■:; :;.:>:-■ :;r^;::^;h;-::^::::::■:^-■■:-^es■ ;::^: ■:,i-.-;:r _:-:-: "■:.:: ■: :,i' ^:- .(95% C.L) ;::,'; [■.■ p-Value 

All Ranch Hand 
Comparison 

861 
1,249 

7 (0.8) 
8 (0.6) 

1.27(0.46,3.52) 0.645 

Officer Ranch Hand 
Comparison 

335 
494 

3 (0.9) 
2(0.4) 

2.22 (0.37,13.38) 0.383 

Enlisted Flyer Ranch Hand 
Comparison 

149 
187 

2(1.3) 
2(1-1) 

1.26(0.18,9.04) 0.819 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

377 
568 

2 (0.5) 
4 (0.7) 

0.75(0.14,4.13) 0.743 

(b) MODEL 1: RANCH HANDS VS. COMPARISONS -ADJUSTED 

Adjusted Relative Risk 
Occupational Category (95% C.I.) p-Value j 

All 1.50(0.41,5.47) 0.536 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

2.59 (0.37,17.95) 
1.57(0.19,13.30) 
0.85(0.13,5.78) 

0.335 
0.678 
0.872 

Note: Results are not adjusted for race because of the sparse number of participants with a malignant systemic 
neoplasm of the colon and rectum. 
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Table 10-25.   Analysis of Malignant Systemic Neoplasms (Colon and Rectum) (Continued) 

(c) MODEL 2: RANCH HANDS- INITIAL DIOXIN-UNADJUSTED 

Initial Dioxin Category Summary Statistics::'.':'. Analysis Results for Log2 (Initial Dioxin)3 

Initial 
,\: rDioxin; . --      -   '■'   n        >:'. ■ v;. ■ 

:'::;:
:iyNiui&e^ Estimated Relative Risk 

:   ■   :       (95%CX)b  '     .     .      .         p-Value .   :    . 
Low                            156 
Medium                      161 
High                            159 

0 (0.0) 
5(3.1) 
1 (0.6) 

0.76(0.39,1.49)                         0.405 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(d) MODEL 2: RANCH HANDS -INITIAL DIOXIN -ADJUSTED 

• .■ y. :;p-Value:i/::;;■■ ;'                 .; 

472                                         0.93 (0.42,2.07) 0.855 

a Relative risk for a twofold increase in initial dioxin. 

Note: Results are not adjusted for race because of the sparse number of Ranch Hands with a malignant systemic 
neoplasm of the colon and rectum. Results are not adjusted for herbicide exposure because of the sparse number of 
Ranch Hands who did not report herbicide exposure. 

(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY -UNADJUSTED 

Dioxin Category W^'^^ZW^ 

:.     Est Relative Risk   /., 
p- Value 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,211 

378 
234 
242 
476 

8 (0.7) 

1 (0.3) 
5 (2.1) 
1 (0.4) 
6(1.3) 

0.49 (0.06,3.94) 
3.02 (0.97,9.45) 
0.51 (0.06,4.15) 
1.22(0.33,4.51) 

0.500 
0.057 
0.528 
0.764 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 10-25.   Analysis of Malignant Systemic Neoplasms (Colon and Rectum) (Continued) 

Dioxin Category 
Adjusted Relative Risk 

'■ (95%CX)ft : J ip-Valuej 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,209 

375 
232 
240 
472 

0.60(0.06,5.76) 
3.28 (0.77,13.90) 
0.57(0.05,5.85) 
1.34(0.27,6.56) 

0.658 
0.107 
0.632 
0.717 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison:  1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

Results are not adjusted for race because of the sparse number of participants with a malignant systemic 
neoplasm of the colon and rectum. 

(g) MODEL '4: RANCH HANDS -1987DIOXIN -UNADJUSTED '. ,                 :y,::<^ P^/S'' 

1987Dioxi n Category' Summary ̂ Sta'tisti^'t^i-1-^--^ ;-i:|:-:i§M 

Dioxin ^'M^^^^^/f:^ 
Low 
Medium 
High 

286 
282 
286 

1 (0.4) 
2 (0.7) 
4(1.4) 

1.18(0.74,1.91)                                0.495 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(h) MODEL 4: RANCH HANDS - 1987 DIOXIN - ADJUSTER 

Analysis Results for Log2 (1987 Dioxin + 1) 

847 1.44 (0.72,2.86) 

p-Value! 

0.291 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Results are not adjusted for race because of the sparse number of Ranch Hands with a malignant systemic 
neoplasm of the colon and rectum. Results are not adjusted for herbicide exposure because of the sparse number of 
Ranch Hands who did not report herbicide exposure. 

The Model 3 unadjusted analysis of malignant systemic neoplasms of the colon and rectum displayed a 
marginally significant difference between Ranch Hands in the low dioxin category and Comparisons. 
The occurrence of a malignant systemic neoplasm of the colon and rectum was higher for Ranch Hands in 
the low dioxin category than for Comparisons (Table 10-25(e): Est. RR=3.02, p-0.057). The result was 
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nonsignificant after adjustment for covariates (Table 10~25(f): p=0.107). All other Model 3 contrasts 
were nonsignificant (Table 10-25(e,f): p>0.50). 

10.2.2.1.26  Malignant Systemic Neoplasms (Kidney and Bladder) 

Because of the sparse number of participants with a history of a malignant systemic neoplasm of the 
kidney or bladder, analysis was limited. Across all occupations, the difference between Ranch Hands and 
Comparisons was significant, with more malignant systemic neoplasms of the kidney and bladder 
occurring in Ranch Hands than in Comparisons (Table 10-26(a): Est. RR=2.68, p=0.046). After 
adjustment for covariates, the result was marginally significant (Table 10-26(b): Adj. RR=3.12, 
p=0.061). All other Model 1 contrasts, as well as the results from the Model 2 and Model 4 analyses, 
were nonsignificant (Table 10-26(a-d,g-h): p>0.17). 

Table 10-26. Analysis of Malignant Systemic Neoplasms (Kidney and Bladder) 

Occupational :,- -:
:;:- \Zy'   ;' '■ ■:• .':'.■■. C '■': :':;■-/"■ .■•;;■; ■; '■!'Number'(.%):;:;'     .:    ' Est! , Relative Risk '\, -'; ■■'; ■ ■ ■ ■■■'■■'■: s ■"'.') ■■ 

All Ranch Hand 861 11(1.3) 2.68(0.99,7.28) 0.046 
Comparison 1,249 6 (0.5) 

Officer Ranch Hand 335 5(1.5) 1.48(0.43,5.16) 0.537 
Comparison 494 5 (1.0) 

Enlisted Flyer      Ranch Hand 149 3(2.0) - 0.172a 

Comparison 187 0 (0.0) 

Enlisted               Ranch Hand               377                     3(0.8)                4.55(0.47,43.89)                  0.190 
Groundcrew        Comparison 568 1 (0.2)  

a P-value determined using a chi-square test with continuity correction because of the sparse number of participants 
with a malignant systemic neoplasm of the kidney and bladder. 
--: Results not presented because of the sparse number of participants with a malignant systemic neoplasm of the 
kidney and bladder. 

(b) MODEL 1> RANCH HANDS VS. GOMPARPONS-ADJUSTED 

All 3.12 (0.88,11.04) 0.061 

Officer 1.86 (0.43,8.16) 0.409 
Enlisted Flyer 
Enlisted Groundcrew 4.20 (0.36,49.46) 0.254  

-: Results not presented because of the sparse number of participants with a malignant systemic neoplasm of the 
kidney and bladder. 
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Table 10-26.   Analysis of Malignant Systemic Neoplasms (Kidney and Bladder) 
(Continued) 

:>:(c);;M<>DEL:2: -R^CHQ^NIMS'- - INITIAL DIOXIN -UNADJUSTED 

Initial Dioxin Category Summary Statistics Analysis Results for Log2 (Initial Dioxin)3 

Initial 
Dioxin ^K:^ii^^i^-^- 

■   :;Number■(■%)■:■'.' "■■ Estimated Relative Risk 
■   {95%CX)b':..                          p-Value 

Low 
Medium 
High 

156 
161 
159 

2(1.3) 
4 (2.5) 
1 (0.6) 

0.72(0.37,1-41)                         0.312 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(d) MODEL 2: RANCH H^ 

filing • yjjt p^Value;y\ -M£J; :?; :'v 

472                                          1.05(0.47,2.38) 0.899 

a Relative risk for a twofold increase in initial dioxin. 

Note: Results are not adjusted for herbicide exposure because of the sparse number of Ranch Hands who did not 
report herbicide exposure. 

(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - UNADJUSTED 

Dioxin Category 
Number (%) 

Yes 
Est. Relative Risk 

p-Value 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,211 

378 
234 
242 
476 

6 (0.5) 

4(1.1) 
5(2.1) 
2 (0.8) 
7(1.5) 

2.04 (0.57,7.34) 
4.44(1.34,14.69) 
1.75(0.35,8.75) 
2.76 (0.87,8.80) 

0.273 
0.015 
0.497 
0.085 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand):  1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 10-26.   Analysis of Malignant Systemic Neoplasms (Kidney and Bladder) 
(Continued) 

(f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - ADJUSTED 

Dioxin Category ^^■^^'^■V^^-llvv^^' 

Adjusted Relative Risk 
p-Value 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,209 

375 
232 
240 
472 

2.26(0.49,10.35) 
4.44(1.04,18.95) 
3.26(0.46,23.17) 
3.80(0.88,16.46) 

0.292 
0.044 
0.237 
0.075 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 

Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand):  1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

:;;!;(g):;;ftlÖIpL 4: RANCH HANDS -1987DIÖXIN :§;pN^roiGBP:f 
■■■.;■■;■■'.::   1987DiöxinC ategory Summary "■Statistics- ,:;;;'■ ■■;■;   Analysis Results for Log2 (1987 Dioxin + 1) 

Dioxin ]-^:^^^^!<-^'i!^ 
Number (%)   .■ 

Yes 
Estimated Relative Risk 

(95% C.I.)a                                       p-Value 

Low 
Medium 
High 

286 
282 
286 

3(U) 
5 (1.8) 
3(1.1) 

1.03(0.69,1.53)                               0.902 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(h) MODEL 4: RANCH HANDS - 1987 DIOXIN - ADJUSTED 

Analysis Results for Log2 (1987 Dioxin + 1) = 
Adjusted Relative Risk 

p-Value 
847 1.14(0.66,1.96) 0.634 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Results are not adjusted for herbicide exposure because of the sparse number of Ranch Hands who did not 
report herbicide exposure. 

A significantly greater percentage of Ranch Hands in the low dioxin category had a malignant systemic 
neoplasm of the kidney and bladder than Comparisons in both the unadjusted and adjusted Model 3 
analyses (Table 10-26(e,f): Est. RR=4.44, p=0.015; Adj. RR=4.44, p=0.044, respectively). The results 
were marginally significant when Ranch Hands in the low and high dioxin categories were combined 
(Table 10-26(e,f): Est. RR=2.76, p=0.085; Adj. RR=3.80, p=0.075, respectively). All other Model 3 
contrasts were nonsignificant (Table 10-26(e,f): p>0.23). 
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10.2.2.1.27  Malignant Systemic Neoplasms (Prostate) 

All results from the Model 1 analysis of malignant systemic neoplasms of the prostate were 
nonsignificant (Table 10-27(a,b): p>0.15). 

A significant inverse association between initial dioxin and malignant systemic neoplasms of the prostate 
was found in the unadjusted Model 2 analysis (Table 10-27(c): Est. RR=0.52, p=0.007). After 
adjustment for covariates, the association was nonsignificant (Table 10-27(d): p=0.254). 

Table 10-27. Analysis of Malignant Systemic Neoplasms (Prostate) 

(a) MODEL 1: RANCH HANDS VS. COMPARISONS--UNADJUSTED 

Occupational 
-■'■^^1^'^^-Öi^öJi>;-;^-.-t:; -.T^:.^; -^ i-P'^fP 

)-:.;;; ^t^;^lätiye:Rlsl 
.;■■..-(95%ex) ; ' •■  p-Value ; 

All 

Officer 

Enlisted Flyer 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

861 
1,249 

335 
494 

149 
187 

377 
568 

26(3.0) 
39 (3.1) 

13 (3.9) 
25 (5.1) 

7 (4.7) 
4 (2.1) 

6(1.6) 
10(1.8) 

0.97(0.58,1.60) 

0.76(0.38,1.50) 

2.26 (0.65,7.86) 

0,90 (0.33,2.50) 

0.893 

0.427 

0.201 

0.844 

(b) MODEL 1: RANCH HANDS VS. COMPARISONS-ADJUSTED 

Occupational Category p-Value 

All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

0.69 (0.38,1.25) 

0.58(0.27,1.22) 
1.54(0.41,5.75) 
0.59(0.19,1.84) 

0.219 

0.151 
0.521 
0.360 

(c)MODEL2: RANCH HANDS - -INITIAL DIOXIN - UNADJUSTED 

;::.  , : .:'   |;:;Iw Analysis Results for Log i (Initial Dioxih)a 

MpW4pMM§PpPM^ 

:■'-V-Esti^ 

(95%C.I.)b p-Value 

Low 
Medium 
High 

156 
161 
159 

8(5.1) 
7 (4.4) 
1 (0.6) 

0.52 (0.30,0.89) 0.007 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 
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Table 10-27.   Analysis of Malignant Systemic Neoplasms (Prostate) (Continued) 

id) MODEL 2:. RANCH HANDS - INITIAL DIOXIN - ADJUSTED 

'y,' ■'; ■■:';:;::;:'■■■■■•■':■ -;;:' . ' ■ .' ■ . . JM  ':9^:■ Aöälys|s^es$^^                                                   , ■ I 
■ ■'. Adjusted-Relative Risk .-■ 

p-Value 

472                                       0.68 (0.33,1.37) 0.254 

a Relative risk for a twofold increase in initial dioxin. 

Note: Results are not adjusted for race because of the sparse number of Ranch Hands with a malignant systemic 
neoplasm of the prostate. Results are not adjusted for herbicide exposure because of the sparse number of Ranch 
Hands who did not report herbicide exposure. 

(e) MODEL 3: MNCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - UNADJUSTED 

Dioxin Category 
Number (%) Est. Relative Risk 

(95% C.I.)ab p-Value 
Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH 

1,211 

378 
234 
242 
476 

39 (3.2) 

9 (2.4) 
12 (5.1) 
4(1.7) 

16 (3.4) 

0.73 (0.35,1.52) 
1.63 (0.84,3.16) 
0.51 (0.18,1.44) 
0.90(0.46,1.75) 

0.398 
0.150 
0.202 
0.757 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 

Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

■■■(f) MÖDEt -3: RANCH HANDS AND COMPAmSONS BY DIOXIN CATEGORY-ADJUSTED 

Dioxin Category 
Adjusted Relative Risk 

•".■      A9$%. C.I.)a .'■'... 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,209 

375 
232 
240 
472 

0.48(0.21,1.07) 
0.91 (0.42,1.97) 
0.61(0.19,1.93) 
0.75 (0.35,1.60) 

[p-Value 

0.072 
0.818 
0.404 
0.453 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 10-27.   Analysis of Malignant Systemic Neoplasms (Prostate) (Continued) 

(g) MODEL 4: j^Np^^MtNDS^ »1987 DIOXIN ■-UNADJUSTED  ;\/';■;;';'';/'..:;■....;•■, :', 

■.   1987 Dioxin Category Summary Statistics '' ■   . Analysis Results for Log2 (1987 Dioxin + 1) 

1987   ■ 
Dioxin s^sy^ftf ^S^1M>:1'"; 'Yes :';;;:■:; ;';■■::; 

Estimated Relative Risk 

Low 
Medium 
High 

286 
282 
286 

7 (2.5) 
12(4.3) 
6(2.1) 

0.82(0.62,1.10)                                0.182 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9~19.6 ppt; High = >19.6 ppt. 

IM^^ 
; ^ -- ■=- ■ J ;■":: ^-:;; i";""-^ -:. ;';i< ^;^ i:: H^S c -: ^!:=^ ■' ^: ■ =: ^;';;::! H:'S 5- =^:: ^-^! ^' ^ ■ ■-- - "^ 1" ^;' ::K V: i j" I v L:-::: :-

r; ^      K*£*jly^| s ■= ;3^«eÄui;|^&^ ßc* jr ;:iÜ*> g2:: i^ Xi^^^)?^* <>X i 1%--^4 >,3L^> i;: ■:: o< =:: ::^:: r_; ;.;■:.;. 
[■;'':';;;-; -:;? ;.^ ■;;:::':. p v :■ ;'~:;;:;i ;;;;|;v=vr|' ^ J^f ::'f;;;::;::: -.;?':":;::; :;|:^:;:; :^:;;:: :;;:;;:^ ;V;;;:..;; i;;. ■ ■; _: - j-::' '>;::;;;-' ;:f; -.;;:;;:".-;'■;; ;;>:: A0^t^ä'-;.S<äMä V^'r Rj^k^'; "i"';-;:?'': ^; /? ■;-\ :'A:;';-.::::;:-?;::';; J:l' 
II-:E||£:;IIS :-;:^;;A:p!Va)ue^^                  :kK v 

847                                            0.83 (0.56,1.23) 0.353 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Results are not adjusted for herbicide exposure because of the sparse number of Ranch Hands who did not 
report herbicide exposure. 

The Model 3 adjusted analysis revealed a marginally significant difference in malignant systemic 
neoplasms of the prostate between Ranch Hands in the background dioxin category and Comparisons 
(Table 10-27(f): Adj. RR=0.48, p=0.072). More Comparisons than Ranch Hands had a malignant 
systemic neoplasm of the prostate. All other Model 3 contrasts and the results from the Model 4 analyses 
were nonsignificant (Table 10-27(e-h):. p>0.15 for all remaining analyses). 

10.2.2.1.28  Malignant Systemic Neoplasms (Testicles) 

Because of the sparse number of participants with a malignant systemic neoplasm of the testicles, analysis 
was limited. All Model 1 analyses were nonsignificant (Table 10-28(a): p>0.13 for each contrast 
examined). Results from Model 2 analyses also were nonsignificant (Table 10-28(c,d): p>0.41). 
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Table 10-28. Analysis of Malignant Systemic Neoplasms (Testicles) 

(a) MODEL 1: RANCH HANDS VS. COMPARISONS - UNADJUSTED    ■■-'-. 

Occupational : ;.: Number {%) % /lÄ&elativfr R*sk;:-:';:'t 
■Category :.: Group                       n ;S|:I?SS^'Ä"S^I?| "g^^i^L);;;;i;^ ;;:'■.;■:; p-Value 

All Ranch Hand             861 
Comparison           1,249 

3(0A) 
0 (0.0) 

— 0.134? 

Officer Ranch Hand               335 
Comparison               494 

1 (0.3) 
0 (0.0) 

~ 0.845a 

Enlisted Flyer Ranch Hand               149 
Comparison               187 

1 (0.7) 
0 (0.0) 

__ 0.909a 

Enlisted Ranch Hand               377 1 (0.3) — 0.836a 

Groundcrew Comparison               568 0 (0.0) 

a P-value determined using a chi-square test with continuity correction because of the sparse number of participants 
with a malignant systemic neoplasm of the testicles. 
--: Results not presented because of the sparse number of participants with a malignant systemic neoplasm of the 
testicles. 

(b) MODEL li RANCH HANDS VS. COMPARISONS - ADJUSTED ———-^ 

Occupational Category 
Adjusted Relative Risk 
\  ■ :(95%CJ.) .... "\ p-Value! 

All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

--: Results not presented because of the sparse number of participants with a malignant systemic neoplasm of the 
testicles. 

.(c) MODEL 1% RANCH HANDS - $ßifc^ 

'•i>.-.:;Iitii ial Dioxin Category Suipmary-Statistics:\: >,::  v;.;,.. ■.;■ Analysis-ResultsforLog^(Initialpioxin)8  .. 

Initial 

V'1'  'Dioxin ■ 'MM^^M'-h Yes 

Low 

Medium 
High 

156 
161 
159 

1 (0.6) 
2(1.2) 
0 (0.0) 

0.65 (0.21,1.98)                       0.413 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 
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Table 10-28.   Analysis of Malignant Systemic Neoplasms (Testicles) (Continued) 

(d) MODEL 2: RANCH HANDS -INITIAL DIOXIN-ADJUSTED 

Analysis Results for Log, (Initial Dioxin) 
I'.   Adjusted Relative Risk 

 472 0.77 (0.22,2.64) 0,663  

a Relative risk for a twofold increase in initial dioxin. 

Note: Results are not adjusted for race and ionizing radiation exposure because of the sparse number of Ranch 
Hands with a malignant systemic neoplasm of the testicles. Results are not adjusted for herbicide exposure because 
of the sparse number of Ranch Hands who did not report herbicide exposure. 

(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY rUNADJUSTED 

"[■■■'. -.'Dioxin:Category  ■•■■■■ ̂̂:0;:ö"V:^'|;: 

■:.  Est. Relative/Risk ''': \ 

' ■   '    p-Value;;' ■, v . 
Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH 

1,211 

378 
234 
242 
476 

0 (0.0) 

0 (0.0) 
2 (0.9) 
1 (0.4) 
3 (0.6) 

- 
0.024a 

0.371a 

0.034a 

a P-value determined using a chi-square test with continuity correction because of the sparse number of participants 
with a malignant systemic neoplasm of the testicles. 
-: Results not presented because of the sparse number of participants with a malignant systemic neoplasm of the 
testicles. 

Note: RH = Ranch Hand. 
Comparison:  1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand):  1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

\m MODEL ;3:. 'RANCH -HANDS AND COMPARISONS BY DIOXIN CATEGORY- ADJUSTED 

Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH -- ~- --  

--: Results not presented because of the sparse number of participants with a malignant systemic neoplasm of the 
testicles. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 10-28.   Analysis of Malignant Systemic Neoplasms (Testicles) (Continued) 

(g) MODEL-4: RANCH HANDS -1987 DIOXIN ifpNAPTOS^ 
■.■■■•■ ■.-.1987 Dioxin Category Summary.Statistics; ■■/ Analysis Results for Log2 (1.987 Dioxin + 1) 

Dioxin :^x;;^;=-n;r^^l:^:'Ü'-;i;.: 
Estimated Relative Risk 

Low 
Medium 
High 

286 
282 
286 

0 (0.0) 
1 (0.4) 
2 (0.7) 

1.22(0.59,2.50)                              0.599 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(h) MODEL 4; RANCH HANDS - 1987 DIOXIN - ADJUSTED 

[|iJ'-S--SP&KtflWßßV^ßöäfS   '-SB?:%■      ;i;-|Ä^us|pä;;^ätive;Risk";:;'■ li'^£;i 
p-Value 

847 1.35(0.54,3-37) 0.517 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Results are not adjusted for race and ionizing radiation exposure because of the sparse number of Ranch 
Hands with a malignant systemic neoplasm of the testicles. Results are not adjusted for herbicide exposure because 
of the sparse number of Ranch Hands who did not report herbicide exposure. 

Significant differences were found in the unadjusted Model 3 analysis between Ranch Hands in the low 
dioxin category and Comparisons, and between Ranch Hands in the low plus high dioxin category and 
Comparisons (Table 10-28(e,f): p=0.024 and p=0.034, respectively). More Ranch Hands had a 
malignant systemic neoplasm of the testicles than did Comparisons. The adjusted Model 3 analysis was 
not possible because of the sparse number of neoplasms of the testicles. The remaining unadjusted Model 
3 contrast and the Model 4 analyses were nonsignificant (Table 10-28(e,g-h): p>0.37 for each remaining 
analysis). 

10.2.2.1.29 Malignant Systemic Neoplasms (Extrahepatic Bile Duct) 

Because of the presence of a malignant systemic neoplasm of the extrahepatic bile duct in only one Ranch 
Hand, statistical analysis was not possible. This participant was a non-Black enlisted flyer. 

10.2.2.1.30 Malignant Systemic Neoplasms (Ill-Defined Sites) 

Only one Comparison had a malignant systemic neoplasm of ill-defined sites, which precluded statistical 
analysis. This Comparison was a non-Black enlisted flyer. 

10.2.2.1.31 Malignant Systemic Neoplasms (Connective and Other Soft Tissues) 

Because of the sparse number of participants with a malignant systemic neoplasm of the connective or 
other soft tissues, analysis was limited. All results from the analyses performed were nonsignificant 
(Table 10-29(a-h): p>0.15 for each analysis). 
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Table 10-29. Analysis of Malignant Systemic Neoplasms (Connective and Other Soft Tissues) 

(a) MODEL 1: RANCH HANDS ^SiCOMPAl^SGNS ^ UNADJUSTED 

Occupational 
■ Category.':;: Group; 

Number (%)! Est, Relative Risk 
. ;.(95% C.I.)     : p-Value 

All Ranch Hand 861 
Comparison 1,249 

Officer Ranch Hand 335 
Comparison 494 

Enlisted Flyer Ranch Hand 149 
Comparison 187 

Enlisted Ranch Hand 377 
Groundcrew Comparison 568 

/ (0.1) 
2 (0.2) 

0 (0.0) 
0 (0.0) 

1 (0.7) 
0 (0.0) 

0 (0.0) 
2 (0.4) 

0.73(0.07,8.01) 0.790 

0.909a 

0.667a 

a P-value determined using a chi-square test with continuity correction because of the sparse number of participants 
with a malignant systemic neoplasm of connective and other soft tissues. 
--: Results not presented because of the sparse number of participants with a malignant systemic neoplasm of 
connective and other soft tissues. 

■(b) MODEL 1: RANCH HANDS VS. COMPARISONS - ADJUSTED 

Occupational Category 
Adjusted Relative Risk 

p- Value 
All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

0.79(0.05,12.82) 0.870 

—: Results not presented because of the sparse number of participants with a malignant systemic neoplasm of 
connective and other soft tissues. 

Note: Results are not adjusted for race because of the sparse number of participants with a malignant systemic 
neoplasm of connective and other soft tissues. 

■.(c) MODEL 2: :';R^.pH^HANpS;.- INIflAL DIOXIN - UNADJUSTED 

/: ■ Initial -Dioxin Category Sümnia^SÄ Analysis Results for L Ogi (Initial Dioxin)0 

Dioxin [M^B^^M'^M^ 

Estimated Relative Risk 
"■';■ p-Value . 

Low 
Medium 
High 

156 
161 
159 

0 (0.0) 
0 (0.0) 
1 (0.6) 

2.44 (0.70.8 47) 0.168 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 
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Table 10-29.   Analysis of Malignant Systemic Neoplasms (Connective and Other Soft 
Tissues) (Continued) 

(d) MODEL 2: RANCH HANDS - INITIAL DIOXIN - ADJUSTED 

Analysis Results for Log2 (Initial Dioxin) 
Adjusted Relative Risk 

p^;j;i^..g^;;J-i-^l}^:^-;ri:^5^.^^:;^"^:.^;^^:^S:j;-i^a$%|3ii^*'^ä-.:^;^i-,: [>>:y^:2W~M p-Value 

475                                       2.39 (0.68,8.37) 0.179 

a Relative risk for a twofold increase in initial dioxin. 

Note: Results are not adjusted for age, race, occupation, ionizing radiation exposure, and lifetime alcohol history 
because of the sparse number of Ranch Hands with a malignant systemic neoplasm of connective and other soft 
tissues. Results are not adjusted for herbicide exposure because of the sparse number of Ranch Hands who did not 
report herbicide exposure. 

(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY -UN^JUSTED..-.. ■'■;: 

Dioxin Category ^■^>^:^:>n.^:>hvy 

•::.  ■:. Number <■%):'  :{i Est Relative Risk  ;; 
(95% C.L)flb '   p-Value 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,211 

378 
234 
242 
476 

2 (0.2) 

0 (0.0) 
0 (0.0) 
1 (0.4) 
1 (0.2) 

2.34 (0.21,26.43) 

0.999c 

0.999c 

0.493 
0.999c 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 
c P-value determined using a chi-square test with continuity correction because of the sparse number of participants 
with a malignant systemic neoplasm of connective and other soft tissues. 
—: Results not presented because of the sparse number of Ranch Hands with a malignant systemic neoplasm of 
connective and other soft tissues. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand):  1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand):  1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 10-29.    Analysis of Malignant Systemic Neoplasms (Connective and Other Soft 
Tissues) (Continued) 

(fjMODEL 3:- RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY- ̂ ADJUSTED 

Dioxin Category ??'.^..'^*%f& S& ;;- 

Adjusted Relative Risk 
p-Value 

Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH 

1,209 

375 
232 
240 
472 

3.17(0.17,57.71) 0.436 

a Relative risk and confidence interval relative to Comparisons. 
--: Results not presented because of the sparse number of Ranch Hands with a malignant systemic neoplasm of 
connective and other soft tissues. 

Note: RH - Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(g) MODEL m RANCH HANDS -1987 DIOXIN ätJNM^sra^ 
:■   Vv-l?S7 Dioxin; C ategory Summa rj /■Statistics-■■■■■■-■■; : : Analysis Results for Log2 (1987 Dioxin + 1). 

Dioxin WM^rMM-^-ß^: 

Number (%);•■:' • 

Low 
Medium 
High 

286 
282 
286 

0 (0.0) 
0 (0.0) 
1 (0.4) 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9~19.6 ppt; High = >19.6 ppt. 

(h) MODEL 4: RANCH HANDS - 1987 DIOXIN - ADJUSTED 

p-Value 

852 2.36 (0.72,7.79) 0.155 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Results are not adjusted for age, race, occupation, ionizing radiation exposure, and lifetime alcohol history 
because of the sparse number of Ranch Hands with a malignant systemic neoplasm of connective and other soft 
tissues. Results are not adjusted for herbicide exposure because of the sparse number of Ranch Hands who did not 
report herbicide exposure. 
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10.2.2.1.32 Carcinoma In Situ (Penis) 

Because of the presence of carcinoma in situ of the penis in only one Comparison and no Ranch Hands, 
statistical analysis was not performed. The Comparison was a non-Black enlisted groundcrew. 

10.2.2.1.33 Hodgkin's Disease 

Because of the sparse number of participants with a history of Hodgkin's disease, analysis was limited. 
All results were nonsignificant (Table 10-30(a-h): p>0.29 for each analysis). 

Table 10-30. Analysis of Hodgkin's Disease 

(a) MODEL 1: RANCH HANDS VS. COMPARISONS - UNADJUSTED 

Occupational 
'■■. .Category; ■.) Group 

;Äiril)er:;;(;%)::: Est Relative Risk 
p-Value 

All Ranch Hand 
Comparison 

861 
1,249 

1 (0.1) 
3 (0.2) 

0.48 (0.05,4.65) 0.507 

Officer Ranch Hand 
Comparison 

335 
494 

1 (0.3) 
2 (0.4) 

0.74 (0.07,8.16) 0.803 

Enlisted Flyer Ranch Hand 
Comparison 

149 
187 

0 (0.0) 
0 (0.0) 

— — 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

377 
568 

0 (0.0) 
1 (0.2) 

~ 0.999a 

a P-value determined using a chi-square test with continuity correction because of the sparse number of Ranch 
Hands with Hodgkin's disease. 
--: Results not presented because of the sparse number of Ranch Hands with Hodgkin's disease. 

(b) MODEL 1: RANCH HANDS VS. COMPARISONS^ ADJUSTED; 

Occupational Category 
Adjusted Relative Risk 

(95% C.Ij p-Value: 
All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

0.29 (0.03,3.23) 

0.47 (0.04,5.86) 

0.291 

0.554 

--: Results not presented because of the sparse number of Ranch Hands with Hodgkin's disease. 

Note: Results are not adjusted for race because of the sparse number of participants with Hodgkin's disease. 
Results for all occupations combined also are not adjusted for occupation because of the sparse number of 
participants with Hodgkin's disease. 
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Table 10-30.   Analysis of Hodgkin's Disease (Continued) 

iMM0m^§; RANCH HANDS - - INITIAL DIOXIN - ÜNADJÜSTEÖ ; 

Initial Dioxin Category Summary Statistics Analysis Results for Log2 (Initial Dioxin) 

Initial 
Dioxin ^^■^■^■^■■^Ä^'A:^^:: 

;  Number (%)   '■ , Estimated Relative Risk 

Low 
Medium 
High 

156 
161 
159 

0 (0.0) 
0 (0.0) 
0 (0.0) 

--: Results not presented because of the sparse number of Ranch Hands with Hodgkin's disease. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(d)MODEL2: RANCH HANDS -INITIALDIOXIN - ADJUSTED 

Analysis Results for Log2 (InitialDioxin) 
;::::| -A|yiötfed::|Kelääye :Risk; '■$.; SI v§: :W -3 £PZ -i':Z- :'M- - 

Results not presented because of the sparse number of Ranch Hands with Hodgkin's disease. 

(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - UNADJUSTED 

Dioxin Category 'iyM;-m;A^y:f^: 

:-■■ Number (%)    .'. g';g Ä-;l^laÄ:p|i|;: >|: m 
p-Value 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,211 

378 
234 
242 
476 

3 (0.3) 

1 (0.3) 
0 (0.0) 
0 (0.0) 
0 (0.0) 

0.92 (0.09,9.02) 0.945 
0.999c 

0.999c 

0.656c 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 
c P-value determined using a chi-square test with continuity correction because of the sparse number of Ranch 
Hands with Hodgkin's disease. 
-: Results not presented because of the sparse number of Ranch Hands with Hodgkin's disease. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand):  1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 10-30.   Analysis of Hodgkin's Disease (Continued) 

(f) MODEL 3: RANCH HANDS AND COjMJ^AiRISONS BY DIOXIN CATEGORY ~ ADJUSTED 

Dioxin Category 11  (95% C.I.)a p-Value 
Comparison 1,209 

Background RH 375 0.55(0.05,6.15) 0.624 
LowRH 232 
HighRH 240 
Low plus High RH 472 -         .. 

a Relative risk and confidence interval relative to Comparisons. 
--: Results not presented because of the sparse number of Ranch Hands with Hodgkin's disease. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

Results are not adjusted for occupation and race because of the sparse number of participants with Hodgkin's 
disease. 

(g) MODEL 4: RANCH HANDS -1987 DIOXIN lli!i$$$^^ 
1987 Dioxin Category Summary Statistics 1!|M 

;-: ■;'.';■ >.,1987-'- 
Dioxin ^i^WY^^:WY3:^ 

Numbfer {%)■;:■■:; 

Low 
Medium 
High 

286 
282 
286 

1 (0.4) 
0 (0.0) 
0 (0.0) 

0.67(0.15,2.97)                             0.583 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(h) MODEL 4: RANCH HANDS - 1987 DIOXIN - ADJUSTED 

IBM 
 848 0.70(0.08,6.51) 0.745 

Relative risk for a twofold increase in 1987 dioxin. 

Note: Results are not adjusted for race, occupation, and ionizing radiation exposure because of the sparse number of 
Ranch Hands with Hodgkin's disease. Results are not adjusted for herbicide exposure because of the sparse number 
of Ranch Hands who did not report herbicide exposure. 
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10.2.2.1.34  Non-Hodgkin's Lymphoma 

Because of the sparse number of participants with non-Hodgkin's lymphoma, analysis was limited. All 
results were nonsignificant (Table 10-31(a-h): p>0.18 for each analysis). 

Table 10-31. Analysis of Non-Hodgkin's Lymphoma 

(a) MODEL 1: RANCH HANDS VS. COMPARISONS - UNADJUSTED 

All Ranch Hand 
Comparison 

861 
1,249 

1 (0.1) 
3 (0.2) 

0.48(0.05,4.65) 

Officer Ranch Hand 
Comparison 

335 
494 

0(0.0) 
2(0.4) 

-- 

Enlisted Flyer Ranch Hand 
Comparison 

149 
187 

0 (0.0) 
0 (0.0) 

- 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

377 
568 

1 (0.3) 
1 (0.2) 

1.51 (0.09,24.18) 

0.507 

0.657a 

0.772 

a P-value determined using a chi-square test with continuity correction because of the sparse number of Ranch 
Hands with non-Hodgkin's lymphoma. 
--: Results not presented because of the sparse number of Ranch Hands with non-Hodgkin's lymphoma. 

(b) MODEL 1: I^NCHHA^ 

AÜ 0.18 (0.01,2.61) 0.186 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 0.61 (0.02,15.18) 0.762  

--: Results not presented because of the sparse number of Ranch Hands with non-Hodgkin's lymphoma. 

Note: Results are not adjusted for race because of the sparse number of participants with non-Hodgkin's lymphoma. 
Results for all occupations combined also are not adjusted for occupation because of the sparse number of 
participants with non-Hodgkin's lymphoma. 

[;|c)^^|gi| RANGP;K4M>S~ fglÖM 
Initial Dioxin Category Sum nl^Btipa^^ Analysis -Results for I^g2CInltial Dioxin) 

Dioxin ^■l^'&Mfi^^M'^i 
;/;;:;,Esti mated ;ReIative;RJsk;. 

Low 
Medium 
High 

156 
161 
159 

0 (0.0) 
0 (0.0) 
0 (0.0) 

--: Results not presented because of the sparse number of Ranch Hands with non-Hodgkin's lymphoma. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 
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Table 10-31.   Analysis of Non-Hodgkin's Lymphoma (Continued) 

(d)MODFX 2^ RANCH HANDS-M^ 

;/t:.:^^'W^f^:'^:^'-4%^M 

Analysis Results for Log2 (Initial Dioxin) 
■. -: 

:..               Adjusted Relative Risk              .      '                                      .       ■               \ ij 

- — 

~: Results not presented because of the sparse number of Ranch Hands with non-Hodgkin's lymphoma. 

(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - UNADJUSTED 

Dioxin Category 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

hin                   3(0.3) 
378                   1(0.3)                       0.92(0.09,9.02)                        0.944 
234                   0(0.0)                                  --                                   0.999c 

242                   0(0.0)                                  -                                   0.999c 

476                   0(0.0)                                  -                                   0.656c 

Relative risk and confidence interval relative to Comparisons. 
Adjusted for percent body fat at the time of the blood measurement of dioxin. 

c P-value determined using a chi-square test with continuity correction because of the sparse number of Ranch 
Hands with non-Hodgkin's lymphoma. 
--: Results not presented because of the sparse number of Ranch Hands with non-Hodgkin's lymphoma. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand):  1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

;,;(*) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY, -ADJUSTED 

'■::,    -/Dioxin Category. _■;•■.. yy^y^yM^yy ;-^M 
■■_■•'::: .Adjusted'Relative-Risk;::.-.   .: 

$:^lrj^0^mß \ W$y -;};%' ;:H 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,209 

375 
232 
240 
472 

0.24 (0.01,4.90) 0.351 

a Relative risk and confidence interval relative to Comparisons. 
--: Results not presented because of the sparse number of Ranch Hands with non-Hodgkin's lymphoma. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand):  1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

Results are not adjusted for race and occupation because of the sparse number of Ranch Hands with non- 
Hodgkin's lymphoma. 
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Table 10-31.   Analysis of Non-Hodgkin's Lymphoma (Continued) 

(g) MODEL 4: RANCH-HANDS -1987 DIOXIN -UNADJUSTED 

1987 Dioxin Category Summary Statistics Analysis Results for Logi (1987 Dioxin + 1)  .'. 
1987 

Dioxin --vfe--;:>; :^-;;x"'k'i h<] 

: Estimated Relative Risk. 

Low 
Medium 
High 

286 
282 
286 

1 (0.4) 
0 (0.0) 
0 (0.0) 

0.60(0.13,2.70)                                0.491 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(h) MODEL 4ri^ 

1 ';£:;, 'f-^p^^lue^ f ;■;: V    '£'£. A-. 

852                                           0.31 (0.01,7.88) 0.443 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Results are not adjusted for race, occupation, ionizing radiation exposure, and lifetime alcohol history 
because of the sparse number of Ranch Hands with non-Hodgkin's lymphoma. Results are not adjusted for 
herbicide exposure because of the sparse number of Ranch Hands who did not report herbicide exposure. 

10.2.2.135   Other Malignant Systemic Neoplasms ofLymphoid and Histiocytic Tissue 

Because of the sparse number of participants with other malignant systemic neoplasms of lymphoid and 
histiocytic tissue, analysis was limited. All results were nonsignificant (Table 10-32 (a-h): p>0.33 for 
each analysis). 

Table 10-32. Analysis of Other Malignant Systemic Neoplasms of Lymphoid and Histiocytic 
Tissue 

:;.(ä)Ä 
Occupational 

L.:.Category-.-j Group 
Number (%); Est. Relative Risk 

(95% CD Ip-Yaluej 
All Ranch Hand 

Comparison 
861 

1,249 
2 (0.2) 
4(0.3) 

0.72 (0.13,3.97) 0.706 

Officer Ranch Hand 
Comparison 

335 
494 

1 (0.3) 
2(0.4) 

0.74(0.07,8.16) 0.803 

Enlisted Flyer Ranch Hand 
Comparison 

149 
187 

0 (0.0) 
1 (0.5) 

__ 0.999a 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

377 
568 

1 (0.3) 
1 (0.2) 

1.51 (0.09,24.18) 0.772 

a P-value determined using a chi-square test with continuity correction because of the sparse number of Ranch 
Hands with a malignant systemic neoplasm of lymphoid and histiocytic tissue. 
--: Results not presented because of the sparse number of Ranch Hands with a malignant systemic neoplasm of 
lymphoid and histiocytic tissue. 
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Table 10-32. Analysis of Other Malignant Systemic Neoplasms of Lymphoid and 
Histiocytic Tissue (Continued) 

(b) MODEL 1; RANCH HANDS VS. COMPARISONS -ADJUSTED 

Occupational Category ;j 
Adjusted Relative Risk 

(95% C.I.) p-Value 
All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

0.70(0.10,5.03) 

0.69 (0.05,9.34) 

1.57 (0.08,31.01) 

0.724 

0.781 

0.767 

--: Results not presented because of the sparse number of Ranch Hands with a malignant systemic neoplasm of 
lymphoid and histiocytic tissue. 

Note: Results are not adjusted for race because of the sparse number of participants with a malignant systemic 
neoplasm of lymphoid and histiocytic tissue. 

(CVMODEL 2* iRMiH'tliNDS-^ -INITIAL DIOXIN-UNADJUSTED 

Initial Dioxin Category Summary Statistics Analysis Results for Log2 (Initial Dioxin) 

Initial 
Dioxin U^<<;M&M^'::y: 

■' "Number (%)■■■■:;■-: Estimated Relative Risk 

Low 
Medium 
High 

160 
162 
160 

0 (0.0) 
0 (0.0) 
0(0.0) 

~: Results not presented because of the sparse number of Ranch Hands with a malignant systemic neoplasm of 
lymphoid and histiocytic tissue. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(d) MODEL 2: RANCH HANDS -INITIAL DIOXIN-~ ADJUSTED ' \ : ^.V- :-■■■ ,. ." ./:■;; '.; 

—: Results not presented because of the sparse number of Ranch Hands with a malignant systemic neoplasm of 
lymphoid and histiocytic tissue. 
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Table 10-32. Analysis of Other Malignant Systemic Neoplasms of Lymphoid and 
Histiocytic Tissue (Continued) 

(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - ̂ UNADJUSTED 

Dioxin Category        j n ■ . ■■ä::i^V;;:;Ä;:-?:| 
'■Est. Relative Risk    ,1 

(95% CX)ab p- Value 
Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH 

1,211 

378 
234 
242 
476 

2 (0.2) 

2(0.5) 
0 (0.0) 
0(0.0) 
0 (0.0) 

2.64 (0.37,19.03) 0.336 
0.999c 

0.999° 
0.919c 

a Relative risk and confidence interval relative to Comparisons. 
Adjusted for percent body fat at the time of the blood measurement of dioxin. 

0 P-value determined using a chi-square test with continuity correction because of the sparse number of Ranch 
Hands with a malignant systemic neoplasm of lymphoid and histiocytic tissue. 
--: Results not presented because of the sparse number of Ranch Hands with a malignant systemic neoplasm of 
lymphoid and histiocytic tissue. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand):  1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

.(f) MODEL 3t RANCH HANDS AND COMPA 

Dioxin Category 
Adjusted Relative Risk 

p-Value 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,209 

375 
232 
240 
472 

1.90(0.15,23.45) 0.618 

a Relative risk and confidence interval relative to Comparisons. 
--: Results not presented because of the sparse number of Ranch Hands with a malignant systemic neoplasm of 
lymphoid and histiocytic tissue. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

Results are not adjusted for race because of the sparse number of participants with a malignant systemic 
neoplasm of lymphoid and histiocytic tissue. 
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Table 10-32. Analysis of Other Malignant Systemic Neoplasms of Lymphoid and 
Histiocytic Tissue (Continued) 

(g)MODEL4: RANCH HANDS -1987DIOXIN^UNADJUSTED "~ 
1987 Dioxin ;gategÖ^fSünin^^ ■;. ■. Analysis Results for Log2 (1987 Dioxin + 1) 

Dioxin ■■^■'■S'SW.£:¥ 
Estimated Relative Risk 

Low 
Medium 
High 

286 
282 
286 

1 (0.4) 
1 (0.4) 
0 (0.0) 

0.68(0.24,1.96)                             0.466 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(h)MODEL4; RANCH HANDS ™ 1987DIOXIN™ADJUSTED 

• ■■■■'.,■ p-Value 
847                                              0.63(0.09,4.17) 0.580 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Results are not adjusted for race, occupation, and ionizing radiation exposure because of the sparse number of 
Ranch Hands with a malignant systemic neoplasm of lymphoid and histiocytic tissue. Results are not adjusted for 
herbicide exposure because of the sparse number of Ranch Hands who did not report herbicide exposure. 

10.2.2.1.36  A11 Malignant Skin and Systemic Neoplasms 

A marginally significant difference between Ranch Hands and Comparisons was found in the unadjusted 
Model 1 analysis of all skin and systemic neoplasms for all occupations combined (Table 10-33(a): 
Est. RR-1.20, p=0.099). The contrast of Ranch Hand and Comparisons enlisted flyers was significant in 
the unadjusted Model 1 analysis (Table 10-33(a): Est. RR=1.78, p=0.034). More Ranch Hands than 
Comparisons exhibited a history of a malignant skin or systemic neoplasm. After adjustment for 
covariates, both results were nonsignificant (Table 10-33(b): p>0.10 for each contrast). All other 
Model 1 contrasts were nonsignificant (Table 10-33(a,b): p>0.11). 

Table 10-33. Analysis of All Malignant Skin and Systemic Neoplasms 

(a) MODEL 1 iiiiiiM 
Occupational iMiiMmMi&M^f: -;:;V ..;;'■ ^;Esfc?;^lati^;Risk.-,y-- ;. 

fS;M^^M^B hl?v]|-^lS^WR^ii'fe^ :M^0't$$&0M: WSWXmm:% :;§ii^ p-Value 
All Ranch Hand 

Comparison 
851 

ly238 
186(21.9) 
234 (18.9) 

1.20(0.97,1.49) 0.099 

Officer Ranch Hand 
Comparison 

330 
487 

95 (28.8) 
116(23.8) 

1.29(0.94,1.77) 0.112 

Enlisted Flyer Ranch Hand 
Comparison 

148 
185 

39 (26.4) 
31 (16.8) 

1.78(1.04,3.02) 0.034 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

373 
566 

52 (13.9) 
87 (15.4) 

0.89(0.62,1.29) 0.546 
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Table 10-33.   Analysis of AU Malignant Skin and Systemic Neoplasms (Continued) 

i^^VI^EL?!:; RANCH HANDS VS. COMPARISONS ^ADJUSTED 

Occupational Category 
Adjusted Relative Risk 

'". ; (95% C.L) :■■/■:.; 
All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

L06 (0.80,1.41) 

1.14(0.79,1.65) 
1.63(0.91,2.92) 
0.78(0.51,1.19) 

p-Value 

0.668 

0.470 
0.103 
0.247 

;(c)MODEL2; ■;^N(^'ii!EAM)S,7 -INITIAL DIOXIN-UNADJUSTED 
Initial Dioxin Category Summary Statistics "[■'.'. Analysis Results for Log2 (Initial Dioxin)3 . 

Initial 
Dioxin ^^M^.^ri^V?^^::::^.;v 

.:'■■■: Number (%) "_.,'     ■.   • Estimated Relative Risk 
/-:.;■;■'   (95%m)b: ;..■"■.".'. ':-.'■;■.'. p-Valüe:.;;l||l 

Low 
Medium 
High 

150 
160 
159 

41 (27.3) 
45 (28.1) 
23 (14.5) 

0.74 (0.62,0.89)                         0.001 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(d) MODEL 2: RANCH HANDS - INITIAL DIOXIN - ADJUSTED 

465 0.91 (0.72,1.14) 
|; pi-Value 

0.396 

a Relative risk for a twofold increase in initial dioxin. 

Note: Results are not adjusted for herbicide exposure because of the sparse number of Ranch Hands who did not 
report herbicide exposure. 

(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY-UNADJUSTED 

Dioxin Category. ' ' '-^MM:t^^'MWä ÄliliiSSii!$lii? 
B:;;|p-EsI;R^ 

■'.:V p.-Value 
Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH 

1,200 

375 
228 
241 
469 

226(18.8) 

76 (20.3) 
68 (29.8) 
41 (17.0) 

109 (23.2) 

1.12(0.83,1.49) 
1.82(1.33,2.51) 
0.87(0.60,1.26) 
1.25(0.96,1.62) 

0.464 
<0.001 

0.457 
0.103 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison:  1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 10-33.   Analysis of Alt Malignant Skin and Systemic Neoplasms (Continued) 

y$;$$$^ -ADJUSTED 

Dioxin Category i-'-':;Ä ;>: ■.■;:; 

.    =_..-.■■■■ Adjusted Relative Risk . 
p-Value 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,196 

372 
226 
239 
465 

0.84(0.60,1.20) 
1.51 (1.03,2.21) 
1.01 (0.66,1.57) 
1.23(0.88,1.71) 

0.339 
0.035 
0.952 
0.221 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand):  1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(g)MODEL4: RANCH HANDS - 1987 DIOXIN i^$Nä^^ 

1987 Dioxin Category Summary Statistics Analysis Results for Log2-(1987 Dioxin + 1)    5 

Dioxin 
l^i^I^ti^ 

Low 
Medium 
High 

284 57(20.1) 
275                   74 (26.9) 
285 54 (19.0) 

0.94(0.84,1.05)                              0.281 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

0i)iMO!)EL 4: RANCH HANDS - 1987 DIOXIN - ADJUSTED 

Analysis Results for Log2; (1987 Dioxin + 1) 

(95%C.I.)a p-Value 

837 1.10(0.94,1.27)  0.227 

Relative risk for a twofold increase in 1987 dioxin. 

The unadjusted analysis of Model 2 displayed a significant inverse relation between initial dioxin and 
malignant skin and systemic neoplasms (Table 10-33(c): Est. RR=0.74, p=0.001). After adjustment for 
covariates, the association was nonsignificant (Table 10-33(d): p=0.396). 

Both the unadjusted and adjusted Model 3 analyses revealed a significant difference in malignant skin and 
systemic neoplasms between Ranch Hands in the low dioxin category and Comparisons (Table 10-33(e,f): 
Est. RR=1.82, p<0.001; Adj. RR=1.51, p=0.035, respectively). More Ranch Hands in the low dioxin 
category than Comparisons had a malignant skin and systemic neoplasm. All other Model 3 contrasts and 
all results from the Model 4 analysis were nonsignificant (Table 10-33(e-h): p>0.10 for each analysis). 
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10.2.2.1.37 All Skin and Systemic Neoplasms 

The Model 1 unadjusted analysis of all skin and systemic neoplasms revealed a significant difference 
between Ranch Hands and Comparisons when examined across all occupations (Table 10-34(a): Est. 
RR=L25, p=0.014). A marginally significant difference within officers also was found in the unadjusted 
analysis (Table 10-34(a): Est. RR=1.29, p=0.079). Both contrasts showed more Ranch Hands than 
Comparisons with a history of a skin or systemic neoplasm. The contrasts were nonsignificant after 
adjustment for covariates (Table 10-34(b): p>0.72 for each contrast). All other Model 1 contrasts were 
also nonsignificant (Table 10-34(a,b): p>0.15). 

A significant inverse association between initial dioxin and the occurrence of a skin or systemic neoplasm 
was found in the Model 2 unadjusted analysis (Table 10-34(c): Est. RR=0.84, p~0.017). After 
adjustment for covariates, the result was nonsignificant (Table 10-34(d): p=0.244). 

Table 10-34. Analysis of AH Skin and Systemic Neoplasms 

(a)^lOÖELl: !:f|§§|||l|^ 
Occupational ^Mi^^M^M^M": Est.Relative Risk; 

IK^Sfegöryl^^ ;lv:il^«!^p|h;;^? WvA^^My'^Mi iSS^^^SS: ̂ :;|:;;i^^;||®|S||^i p-Value 
All Ranch Hand 

Comparison 
847 

1,231 
473 (55.8) 
620 (50.4) 

1.25(1.05,1.49) 0.014 

Officer Ranch Hand 
Comparison 

329 
482 

202 (61.4) 
266 (55.2) 

1.29(0.97,1.72) 0.079 

Enlisted Flyer Ranch Hand 
Comparison 

146 
185 

84 (57.5) 
92 (49.7) 

1.37(0.88,2.12) 0.158 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

372 
564 

187 (50.3) 
262 (46.5) 

1.17(0.90,1.51) 0.253 

(b) MODEL 1: RANCH HANDS VS. COMPARISONS ADJUSTED 

Occupational Category 
Adjusted Relative Risk 

All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

1.04(0.83,1.30) 

1.06 (0.77,1.46) 
1.15 (0.72,1.84) 
0.98 (0.72,1.33) 

p-Value 

0.756 

0.725 
0.557 
0.881 

(c) MODEL 2: RANCH HANDS - INITIAL DIOXIN - UNADJUSTED 

fmMSSB tial Dioxin Category Siim^ Analysis^^Resülts:forLpg2 (Initial Dioxin)3 

; :;'.'■:'. ■•Dioxin.; '|l!y|!?ii|||tt ßiiiiiliiillllllliS 
Low 
Medium 
High 

150 
159 
157 

92 (61.3) 
95 (59.8) 
72 (45.9) 

0.84 (0.73,0.97)                         0.017 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 
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Table 10-34.   Analysis of All Skin and Systemic Neoplasms (Continued) 

(d)M^Efc^ 

'Analysis Results for Log2 (Initial Dioxin) 
Adjusted Relative Risk . j 

463 0.90 (0.76,1.07) 0.244 

a Relative risk for a twofold increase in initial dioxin. 

(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY h UNADJUSTED 

;; ■     Dioxin Category 
>-.;   -.   ■-      ■;•'■  :'.-';;;Number (%) ;■■;'.;'.:; . .Es t Relative-Risk; M 

■ .(95%CX)ab ;; ::: 1  p-Value 
Comparison 1,193 602(50.5) 

Background RH                        374                 211(56.4)                    1.30(1.03,1.64)                       0.030 
LowRH                                    227                 137(60.4)                    1.49(1.11,1.99) 0.007 
HighRH                                   239                 122(51.1)                    1.01(0.76,1.33) 0.969 
Low plus High RH 466 259 (55.6) 1.22(0.98,1.51) 0.076 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

if) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - kADJUSTED;:;.-.; ;,-,;.. 

■[:■■■■■] Dioxin Category.  .■.':,:;: kr;^P^%:M:^k%:U 

:.:;■.,:'.' ■ '-.Adjusted.Relative Risk;..'"■',/"y ■•■;.■'■ ':: 
J-;;; ;^; ;:.;;;;;:r:[! ^g:: :;::r: ;^S i -iJI'c^si^-^it,)^;" ^ j;;- ■;;: ;;;;:;;|;;|:;: ■;; öj i- :;|;; j;;,:; S? 1:^1; W:- k^P^MW'. ;=:: If 1; il ft £1i:': 1 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,189 

371 
225 
238 
463 

1.01 (0.76,1.33) 
1.15(0.83,1.61) 
0.93(0.67,1.30) 
1.04(0.79,1.35) 

0.956 
0.396 
0.684 
0.799 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 10-34.   Analysis of All Skin and Systemic Neoplasms (Continued) 

(g) mcnmbßi RANCHHANDS -W87DIOXIN ̂ 1QnpÖÖ^S3^^^                           ;i.         ;;;^: ;^r -^' C; :V; 

1987 Dioxin Category Summary Statistics Analysis Results for Log2(1987 Dioxin + 1)     ■ 

Dioxin -%% ■■^(Mi'iW^i'^-'-l 

|%mber';::(%>;!'i:
;i Estimated Relative Risk 

.'  ■■  ' :
:V'(95%CX)a.   ..'■;:.;-;■.■.   p-Value      :. 

Low 
Medium 
High 

283 
275 
282 

161 (56.9) 
163 (59.3) 
146(51.8) 

0.93(0.85,1.02)                               0.149 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

'(b) MODEL 4.: RANCH HANDS - 1987 DIOXIN -ADJUSTED 

Analysis Results for Log2 (1^87 Dioxin + 1) 

 834 0.99(0.88,1.11) 0.854 

Relative risk for a twofold increase in 1987 dioxin. 

In the Model 3 unadjusted analysis, a significantly higher percentage of Ranch Hands in the background, 
low, and low plus high dioxin categories had an occurrence of a skin or systemic neoplasm, relative to 
Comparisons (Table 10~34(e): Est. RR=1.30; p=0.030; Est. RR=1.49, p=0.007; and Est. RR=1.22, 
p=0.076, respectively). After adjustment for covariates, results were nonsignificant for each contrast 
(Table 10-34(f): p>0.39 for each adjusted contrast). All other Model 3 contrasts and the results from the 
Model 4 analysis were nonsignificant (Table 10-34(e-h): p>0.14 for each remaining analysis). 

10.2.2.2 Laboratory Examination Variables 

10.2.2.2.1  Prostate-Specific Antigen (PSA) (Continuous) 

All results from the Model 1 unadjusted and adjusted analyses of continuous PSA were nonsignificant 
(Table 10-35(a,b): p>0.59 for all Model 1 analyses). 
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Table 10-35. Analysis of PSA (ng/ml) (Continuous) 

(a) MODEL 1: RANCH HANDS VS. COMPARISONS - UNADJUSTED 

Occupational Difference of Means 
Category Group ■ '-i^^-'-^-:^^:^ -■■■■' "-Mean*;

:   ,. ; ^^ p-Valuec 

All Ranch Hand 829 1.104 -0.016 - 0.671 
Comparison 1,190 1.120 

Officer Ranch Hand 320 1.195 -0.034 - 0.613 
Comparison 458 1.229 

Enlisted Flyer Ranch Hand 141 1.241 0.007 -- 0.949 
Comparison 180 1.234 

Enlisted Ranch Hand 368 0.985 -0.020 -- 0.693 
Groundcrew Comparison 552 1.005 

a Transformed from natural logarithm scale. 
Difference of means after transformation to original scale; confidence interval on difference of means not 

presented because analysis was performed on natural logarithm scale. 
c P-value is based on difference of means on natural logarithm scale. 

(b) MODEL!* RANCH HANDS VS. COMPÄRISONS- ADJUSTED  3-:- .'•;•,:- ■••;■. 

Occupation mm- Adjusted ..;;   Difference of Adj. Means 
Category Group m^M:M;^: ^tMeänM IM^M^:tW^MS^MW: '-:'-:■ p-Valuec 

All Ranch Hand 
Comparison 

823 
1,188 

1.202 
1.199 

0.003 - 0.946 

Officer Ranch Hand 
Comparison 

319 
457 

1.157 
1.194 

-0.037 -- 0.590 

Enlisted Flyer Ranch Hand 
Comparison 

139 
179 

1.289 
1.249 

0.040-- 0.719 

Enlisted Groundcrew Ranch Hand 365 1.177 0.028 -- 0.668 
Comparison 552 1.149 

a Transformed from natural logarithm scale. 
Difference of means after transformation to original scale; confidence interval on difference of means not 

presented because analysis was performed on natural logarithm scale. 
c P-value is based on difference of means on natural logarithm scale. 

(c) MODEL 2: RANCH HANDS - INITIAL DIOXIN - UNADJUSTED 

Initial Dioxin Cate pgr Summary ^i|^i|j^^|iip|i|S Analysis Results for Log2 (Initi aipibxin)l> 

0:^3 
Initial B iÖx|lt|.|.;;|;i:^|^ l;Äi sil^fei^ illiSöiiiii :|1SJ|M" ■;: p-Value•. .; 

Low 148 1.305 1.288 0 037           -0 071 (0 027^ 0.010 
Medium 154 1.037 1.036 
High 156 0.979 0.992 

a Transformed from natural logarithm scale. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 
c Slope and standard error based on natural logarithm of PSA versus log2 (initial dioxin). 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 
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Table 10-35.   Analysis of PSA (ng/mf) (Continuous) (Continued) 

(d) MODEL 2: RANCH HANDS -INITIAL DIOXIN - -ADJUSTED 

Initial Dioxin Category Summary Statistics Analysis Results for Log2 (Initial Dioxin) 

Initial Dioxin .■::;S^;^J^;;^3V;'.V^J-:' .: Adj. Mean8 / "..'■;.';     R2 :                         (Std.Error)b               p-Value   ■ 
Low 
Medium 
High 

147 
154 
154 

0.975 
0.806 
0.811 

0.114                    -0.045(0.031)            0.152 

a Transformed from natural logarithm scale. 
Slope and standard error based on natural logarithm of PSA versus log2 (initial dioxin). 

Note: Low = 27-63 ppt; Medium = >63~152 ppt; High = >152 ppt. 

(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY ~ UNADJUSTED 

;:;: :^ ■;;i^iiljiöxiet;"CÖaie^ory;::;; ^ J;:;;; ̂ Sf :IviS^'\iS^v S'SAslls ,.;;:Adj.;;MeahBb 

Difference of Adj. Mean 
vs. Comparisons 

;> Value* :. 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,152 

365 
222 
236 
458 

1.125 

1.118 
1.199 
1.006 
1.095 

1.127 

1.099 
1.205 
1.023 
1.108 

-0.028 - 
0.078 « 

-0.104-- 
-0.019 - 

0.587 
0.227 
0.079 
0.692 

a Transformed from natural logarithm scale. 
Adjusted for percent body fat at the time of the blood measurement of dioxin. 

c Difference of means after transformation to original scale; confidence interval on difference of means not 
presented because analysis was performed on natural logarithm scale. 

P-value is based on difference of means on natural logarithm scale. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand):  1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 10-35.   Analysis of PSA (ng/ml) (Continuous) (Continued) 

(f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - ADJUSTED 

Dioxin Category ;fcr::J''!rv:-'fel':;;'1v:S: Adj. Mean11  . 

Difference of Adj. Mean 
vs. Comparisons 

.   ;<95%. CL)b 

-0.038 - 
0.057 - 
0.008 -- 
0.031 - 

p-Valuec 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,151 

.     362 
221 
234 
455 

1.201 

1.163 
1.258 
1.209 
1.232 

0.527 
0.441 
0.919 
0.600 

a Transformed from natural logarithm scale. 
Difference of means after transformation to original scale; confidence interval on difference of means not presented 

because analysis was performed on natural logarithm scale. 
0 P-value is based on difference of means on natural logarithm scale. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(g) MODEL 4: RANCH HANDS - -1987 DIOXIN - ~|SA£«:lJSt^ 
1987 Dioxin Category Summary Statistics Analysis Results for Log2 (1987 Dioxin+1) 

1987 Dioxin ^S|ii.i>:fl;:'Ä^-:r^U| WM:W^iS 
Low 
Medium 
High 

276 
268 
279 

1.133 
1.192 
1.003 

0.005              -0.037 (0.018)            0.043 

a Transformed from natural logarithm scale. 
b Slope and standard error based on natural logarithm of PSA versus log2 (1987 dioxin + 1). 

Note: Low = <7.9 ppt; Medium - >7.9~19.6 ppt; High = >19.6 ppt. 

(h) MODEL ■M RANCH HANDS -1987 DIOXIN [Ä'^jüsa^ 
;..^.;;;V;i987iDi oxin Category Summary ̂ Sta^Ö^:|;''|^|:|; IfSISISJÄ M:WMW. 

^?^>M:Sjtt|i^^|^;ä
:^ Adj.:Meana.:;;--; p-Value 

Low 
Medium 
High 

275 
265 
277 

1.111 
1.135 
1.033 

0.076                   -0.021 (0.020) 0.312 

Transformed from natural logarithm scale. 
Slope and standard error based on natural logarithm of PSA versus log2 (1987 dioxin + 1). 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 
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The unadjusted Model 2 analysis revealed a significant inverse association between initial dioxin and 
continuous PSA (Table 10-35(c): slope=-0.071,p=0.010). After adjustment for covariates, the 
association was nonsignificant (Table 10-35(d): p=0.152). 

A marginally significant difference in mean continuous PSA levels was found between Ranch Hands in 
the high dioxin category and Comparisons in the Model 3 unadjusted analysis (Table 10-35(e): difference 
of means=-0.104, p=0.079). After adjustment for covariates, the difference was nonsignificant (Table 
10-35(f): p=0.919). All other Model 3 contrasts were also nonsignificant (Table 10-35(e,f): p>0.22). 

A significant inverse association between 1987 dioxin and continuous PSA levels was revealed from the 
unadjusted Model 4 analysis (Table 10-35(g): adjusted slope=-0.037, p=0.043). After adjustment for 
covariates, the association was nonsignificant (Table 10-35(h): p=0.312). 

10.2.2.2.2     PSA (Discrete) 

A marginally significant difference in the percentage of participants with abnormally high PSA levels 
between Ranch Hand and Comparison officers was found in the Model 1 unadjusted analysis (Table 
10-36(a): Est. RR=1.59, p=0.086). After adjustment for covariates, the contrast was nonsignificant 
(Table 10-36(b): p=0.216). All other Model 1 contrasts were nonsignificant (Table 10-36(a,b): p>0.21). 

Table 10-36. Analysis of PSA (Discrete) 

(a) MODEL 1: RANCH HANDS VS. COMPARISONS -UNADJUSTED 

Occupational | \:% 'fS^^^^f^^^WMM-h Est. Relative Risk 
'•'./■-. Category. ■  ! Group :^M^-M[^^ ?;■ ; ■   High ^§I^BM$M p-Value 
AU Ranch Hand 

Comparison 
829 

1,190 
54 (6.5) 
73 (6.1) 

1.07(0.74,1.53) 0.730 

Officer Ranch Hand 
Comparison 

320 
458 

31 (9.7) 
29 (6.3) 

1.59 (0.94,2.69) 0.086 

Enlisted Flyer Ranch Hand 
Comparison 

141 
180 

10(7.1) 
15 (8.3) 

0.84(0.37,1.93) 0.681 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

368 
552 

13 (3.5) 
29 (5.3) 

0.66(0.34,1.29) 0.223 

(b) MODEL 1: RANCH HANDS VS. COMPARISONS - ADJUSTED 

Adjusted Relative Risk 
'% yv |;|"i:i^ liiliÄ p-Value 
All 1.02 (0.64,1.60) 0.947 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

1.45 (0.80,2.63) 
0.78(0.32,1.90) 
0.68 (0.33,1.41) 

0.216 
0.578 
0.302 
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Table 10-36.   Analysis of PSA (Discrete) (Continued) 

■(c) MODEL 2% RANCH HANDS - INITIAL DIOXIN -UNADJUSTED] 

Initial Dioxin Category Summary Statistics Analysis Results for Log2 (Initial Dioxin)0 

Initial 
Dioxin H^ä>-$ 3Sv •-''^ 

■'■Number.(.%) :. '. 
High   .■;::.;:' 

Low 
Medium 
High 

148 
154 
156 

19 (12.8) 
13   (8.4) 
2  (1.3) 

0.53 (0.37,0.77)                       <0.001 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium - >63-152 ppt; High = >152 ppt. 

(d) MODEL 2: RANCH HANDS »INITIAL DIOXIN - ADJUSTED 

..■■•■;■ :'-'p-Välue •■■■'. .."■■'■'■ 

455                                          0.61 (0.40,0.93) 0.014 
a Relative risk for a twofold increase in initial dioxin. 

Note: Results are not adjusted for herbicide exposure because of the sparse number of Ranch Hands who did not 
report herbicide exposure. 

(e) MODEL 3: RANCH HANDS AND COM^RISONS BY DIOXIN CATEGORY -UNADJUSTED   \ 

Dioxin Category :>'gg^yg;::Ji[g^^;^:
: 

1,152 

365 
222 
236 
458 

: (95% G.L)ab'"■'; p-Value 
Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH 

71 (6.2) 

20 (5.5) 
22 (9.9) 
12(5.1) 
34 (7.4) 

0.85(0.51,1.42) 
1.69(1.02,2.79) 
0.85 (0.45,1.59) 
1.18(0.76,1.84) 

0.526 
0.040 
0.603 
0.454 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 10-36.   Analysis of PSA (Discrete) (Continued) 

Dioxin Category 
Adjusted Relative Risk 

y:(95%cx)a '    .■; p-Value 
Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH 

1,151 

362 
221 
234 
455 

0.76(0.43,1.37) 
1.42(0.79,2.56) 
1.04(0.51,2.16) 
1.21 (0.71,2.08) 

0.368 
0.246 
0.907 
0.484 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 

Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(g) MODEL 4: RANCH HANDS -1987 DIOXIN äli!$ij^ 
■:■■:■ ■■;■ 1987.Dioxin..Category-Summary Statistics.-'.  .; Analysis Resultsfor■!*>&(1987 Dioxin+ 1) 

Dioxin 

: ■'*:}' ■;.'"/■'..■";;■■;.■ :"■■',;■ //Number.(.%),' V-: J;-^:!;EstiH}äB#>;E^                    :Mg.   :>;; |-//:■ |'f:z'-ff:/£   &$£0 

Low 
Medium 
High 

276                  15 (5.4) 
268                  26(9.7) 
279                  13 (4.7) 

0.91 (0.75,1.10)                               0.313 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(h) MODEL 4: RANCH HANDS - 1987 DIOXIN - ADJUSTED 

Analysis Results for Log2 (1987 Dioxin + 1) 

' Adjusted Relative Risk    ■ 
(95% C.L)a 

p-i Value; 

817 1.05 (0.81,1.35) 0.735 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Results are not adjusted for herbicide exposure because of the sparse number of Ranch Hands who did not 
report herbicide exposure. 

The Model 2 unadjusted and adjusted analyses of discrete PSA revealed a significant inverse relation 
between initial dioxin and discrete PSA levels (Table 10-36(c,d): Est. RR=0.53, p<0.001; Adj. RR=0.6L 
p=0.014> respectively). As initial dioxin in Ranch Hands increased, the prevalence of abnormally high 
PSA levels decreased. 

A significant difference in the percentage of Ranch Hands in the low dioxin category with abnormally 
high PSA levels and Comparisons was observed in the unadjusted Model 3 analysis (Table 10-36(e): 
Est. RR=1.69, p=0.040). After adjustment for covariates, the result was nonsignificant (Table 10-36(f): 
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p=0.246). All other Model 3 analysis results, as well as Model 4 results, were also nonsignificant (Table 
10-36(e-h): p>0.31 for each). 

10.2.3   Longitudinal Analysis 

Longitudinal analyses were conducted on three variables—malignant skin neoplasms, malignant systemic 
neoplasms, and benign systemic neoplasms—to examine whether changes across time differed with 
respect to group membership (Model 1), initial dioxin (Model 2), and categorized dioxin (Model 3). 
Model 4 was not examined in longitudinal analyses because 1987 dioxin, the measure of exposure in 
these models, changes over time and is not available for all participants for 1982 or 1997. 

The longitudinal analyses for all of these variables investigated the difference between the 1982 
examination and the 1997 examination. These analyses were used to investigate the temporal effects of 
herbicide or dioxin exposure during the 15-year period between 1982 and 1997. Participants who were 
abnormal in 1982 were not included in the analyses. The purpose of the longitudinal analysis was to 
examine the effects of dioxin exposure across time. Participants who were abnormal in 1982 were not 
considered to be at risk for developing neoplasms, because the condition already existed at the time of the 
first collection of data for the AFHS (1982). Only participants considered normal at the 1982 
examination (i.e., no neoplasm) were considered to be at risk when the effects of herbicide or dioxin 
exposure over this period of time were explored; therefore, the rate of abnormalities under this restriction 
approximates an incidence rate between 1982 and 1997. That is, an incidence rate is a measure of the rate 
at which people without a condition develop the condition during a specified period of time (81). 
Summary statistics are provided for reference purposes for the 1985, 1987, and 1992 examinations. All 
three models were adjusted for age; Models 2 and 3 also were adjusted for the percentage of body fat at 
the time of the blood measurement of dioxin. 

10.2.3.1  Medical Reco rds Re view 

10.2.3.1.1 Malignant Skin Neoplasms 

The longitudinal analysis results for participants with no malignant skin neoplasms in 1982 were 
nonsignificant for Models 1, 2, and 3 (Table 10-37(a-c): p>0.31 for each analysis). 
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Table 10-37. Longitudinal Analysis i of Malignant Skin Neoplasms 

(a) MODEL 1: RANCH HANDS VS. COMPARISONS 

■Group 

;            Number (%)Yes/(n)            ;.      ; 
Examination 

Occupational  j 
\ Category :-.'. i ;!'SiÄ© 1985 1987 1992   . 1997 

All Ranch Hand 

Comparison 

41 (5.1) 
(809) 

31 (3.2) 
(967) 

62 (7.8) 
(791) 

60 (6.3) 
(949) 

82 (10.5) 
(783) 

70 (7.4) 
(942) 

114(14.5) 
(788) 

113 (11.9) 
(948) 

137(16.9) 
(809) 

157 (16.2) 
(967) 

Officer Ranch Hand 

Comparison 

21 (6.8) 
(307) 

15 (4.0) 
(374) 

33 (10.9) 
(303) 

31 (8.4) 
(368) 

44 (14.7) 
(300) 

36 (9.9) 
(362) 

61 (20.1) 
(303) 

64 (17.3) 
(370) 

71 (23.1) 
(307) 

83 (22.2) 
(374) 

Enlisted Flyer Ranch Hand 

Comparison 

9(6.1) 
(147) 

3 (2.1) 
(144) 

12 (8.3) 
(144) 

7 (4.9) 
(143) 

16(11.3) 
(142) 

9 (6.3) 
(142) 

24 (16.7) 
(144) 

15 (10.6) 
(142) 

29 (19.7) 
(147) 

19 (13.2) 
(144) 

Enlisted Groundcrew     Ranch Hand 

Comparison 

11(3.1) 
(355) 

13 (2.9) 
(449) 

17 (4.9) 
(344) 

22 (5.0) 
(438) 

22 (6.5) 
(341) 

25 (5.7) 
(438) 

29 (8.5) 
(341) 

34 (7.8) 
(436) 

37 (10.4) 
(355) 

55 (12.3) 
(449) 

iöilKÄÄ 
iye'-Risfc;/'- V . 
il^--".; ;■='■ ■::'.-■■ .. 
9,1.23) 

'■- -.'Occupational..; ■ 1 

ä^?^S^p|;;5'^%v£ ä|läl^;|il 
;-;Number (%)Yes; 

p-Value0   ". 
All Ranch Hand 

Comparison 
768 
936 

96(12.5) 
126 (13.5) 

0.92 (0.6 0.594 

Officer 

Enlisted Flyer 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 
Ranch Hand 
Comparison 
Ranch Hand 
Comparison 

286 
359 
138 
141 
344 
436 

50 (17.5) 
68 (18.9) 
20 (14.5) 
16(11.4) 
26   (7.6) 
42   (9.6) 

0.90(0.60,1.36) 

1.33(0.66,2.70) 

0.78(0.47,1.31) 

0.628 

0.427 

0.348 

a Relative risk, confidence interval, and p-values are in reference to a contrast of 1982 and 1997 results; results 
adjusted for age in 1997. 

Note: Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for participants who 
attended the 1982,1987, and 1997 examinations. Summary statistics for 1992 are provided for reference purposes 
for participants who attended the 1982, 1992, and 1997 examinations. Statistical analyses are based only on 
participants who did not have a malignant skin neoplasm in 1982 (see Chapter 7, Statistical Methods). 
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Table 10-37.   Longitudinal Analysis of Malignant Skin Neoplasms (Continued) 

(b) MODEL 2: ■=-)P^st'ii^ps^ -INITIAL DIOXIN 

:"iNjimpr- (;%) Yes/(n)        :- 

■ ■    Examination 
Initial Dioxin $MM$W^$M ■■■■■■■'■ 1985-   ■' :1H::!£^3:BS?8; 1992 1997 

Low 

Medium 

High 

11(7.4) 
(148) 

9 (5.7) 
(158) 

4 (2.6) 
(153) 

19(13.1) 
(145) 

11(7.1) 
(155) 

6 (4.0) 
(150) 

21 (14.3) 
(147) 

15 (9.7) 
(155) 

9(6.1) 
(148) 

27(18.8) 
(144) 

22 (14.2) 
(155) 

13 (8.7) 
(150) 

30 (20.3) 
(148) 

30(19.0) 
(158) 

17(11.1) 
(153) 

Initial Dioxin Category Summary Statistics ■■; Analysis Results.for Log2 (Initial Dioxin)3 

;;;|^ 

Adj. Relative Risk 

...    (9S%iG,L)" |f 

Initial 

£iÄSiK?Ki^iS 
;:;:^mbei(:^);;^;:i; 

p-Value 
Low 
Medium 
High 

137 
149 
149 

19 (13.9) 
21 (14.1) 
13   (8.7) 

0.88 (0.69,1.13) 0.313 

Adjusted for percent body fat at the time of the blood measurement of dioxin and age in 1997. 
Relative risk for a twofold increase in initial dioxin. 

Notes:    Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for 
participants who attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are 
provided for reference purposes for participants who attended the 1982, 1992, and 1997 examinations. 
Statistical analyses are based only on participants who did not have a malignant skin neoplasm in 1982 (see 
Chapter 7, Statistical Methods). 
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Table 10-37.   Longitudinal Analysis of Malignant Skin Neoplasms (Continued) 

S($^ 
y;>i^:;":;::-:^::; :-

:y v ■:;::.-:-::;;' ^:;,:: y:.; j ;-i:;;
: r:: ■:>' :;E

:: J^^JB nil><e=~ ::^.^^> >' _.^iT^^f<jE3t> j :■;; v;;;;- ■ ^;; - ■ ^:: r :-■::/:. :;r::
::

:-: ■ ;^.--i ^: ^;:;-.: j=-., ;4 

Examination   ;.                              j 
Dioxin Category ;;:.; 1982 ■ .■ M^iMiPi^tWj :fS^^MMSM^^^:^'i 1997 

Comparison 29(3.1) 58 (6.3) 67(7.3)              108(11.7) 151 (16.1) 
(939) (924) (916)                    (921) (939) 

Background RH 17 (4.9) 26 (7.7) 37(11.3)             52(15.6) 60(17.4) 
(344) (336) (328)                    (334) (344) 

LowRH 17 (7.6) 26(11.9) 28(12.7)              40(18.4) 46 (20.5) 
(224) (218) (221)                    (218) (224) 

HighRH 7 (3.0) 10 (4.3) 17 (7.4)                22 (9.5) 31 (13.2) 
(235) (232) (229)                    (231) (235) 

Low plus High RH 24 (5.2) 36 (8.0) 45 (10.0)              62 (13.8) 77 (16.8) 
(459) (450) (450)                    (449) (459) 

LNoinl9S2V:. 

p£; ■ ;-£ -i^^^M§000^ ;H:;?: ■ ;Ä^|Sfe^ÖMW^Sl:^l:1 
Dioxin Category ri in 19971 ■:;.;;> '-:'V;; :■:■•;•;■ in; 1997/: f|;gf;\:;;;/;:;: ^ Ifl^li^Pv^ 

Comparison 910 122 (13.4) 

Background RH 327 43 (13.2) 0.94 (0.65,1.38) 0.770 
LowRH 207 29 (14.0) 0.98 (0.63,1.53) 0.936 
High RH 228 24 (10.5) 0.87(0.54,1.40) 0.571 
Low plus High RH 435 53 (12.2) 0.92(0.65,1.31) 0.655 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin and age in 1997. 

Notes: RH - Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin >10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin >10 ppt, Initial Dioxin > 94 ppt. 

Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for 
participants who attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided 
for reference purposes for participants who attended the 1982, 1992, and 1997 examinations. Statistical 
analyses are based only on participants who did not have a malignant skin neoplasm in 1982 (see Chapter 7, 
Statistical Methods). 

10.23.1.2 Malignant Systemic Neoplasms 

For participants with no malignant systemic neoplasms in 1982, differences between Ranch Hands and 
Comparisons examined within the enlisted flyer stratum were marginally significant (Table 10-38(a): 
Adj. RR=2.43, p=0.062). The percentage of participants who developed a malignant systemic neoplasm 
after 1982 was higher for Ranch Hand enlisted flyers than for Comparison enlisted flyers (11.0% vs. 
4.8%, respectively). All other Model 1 contrasts were nonsignificant (Table 10-38(a): p>0.11). 
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Table 10-38. Longitudinal Analysis of Malignant Systemic Neoplasms 

(a) MODEL lr RANCH HANDS VS. COMPARISONS 

... Number (%)Yes/(n) 
Examination 

Occupational :j 

^: --1= ^t: ^:"v S^--^ v^fö^lÖ^'iS** jc^^ :>■ V:=';/" 1 Group '   j 1982    ■■; WMMW& ■ . 1987    .;,;.: 1992 1997 

All Ranch Hand 

Comparison 

7(0.9) 
(810) 

10 (1.0) 
(974) 

13 (1.6) 
(792) 

13 (1.4) 
(956) 

19 (2.4) 
(784) 

16(1.7) 
(949) 

31 (3.9) 
(788) 

32 (3.4) 
(954) 

63 (7.8) 
(810) 

62 (6.4) 
(974) 

Officer Ranch Hand 

Comparison 

4(13) 
(306) 

5(1.3) 
(380) 

8 (2.7) 
(302) 

8(2.1) 
(374) 

11(3.7) 
(299) 

9(2.5) 
(368) 

15 (5.0) 
(301) 

19(5.1) 
(375) 

31 (10.1) 
(306) 

36 (9.5) 
(380) 

Enlisted Flyer Ranch Hand 

Comparison 

1 (0.7) 
(146) 

0 (0.0) 
(145) 

2(1.4) 
(143) 

0 (0.0) 
(144) 

2(1.4) 
(141) 

1 (0.7) 
(143) 

8 (5.6) 
(143) 

4 (2.8) 
(143) 

17(11.6) 
(146) 

7 (4.8) 
(145) 

Enlisted Groundcrew     Ranch Hand 

Comparison 

2 (0.6) 
(358) 

5(1.1) 
(449) 

3 (0.9) 
(347) 
5(1.1) 
(438) 

6(1.7) 
(344) 

6(1.4) 
(438) 

8 (2.3) 
(344) 

9 (2.1) 
(436) 

15 (4.2) 
(358) 

19 (4.2) 
(449) 

;:■::■=: ;^. t; -; J:J; : ji; ;:i:.
:; j?; ;,Np-: ;lsi :;l-?$2 ■:: /_^:; y :-.;/>:: C:;: ■. 1 

jÜäÄÄi Occupational     1 ;.Nüntl>e'r.(%)Y' es        Adj. Relate 

'%% f'-b jiGaregöO'IH Wt -^ '^0]&<iivpt: if^s'l 1 :.-n:ml997C''::';=: StliiÄiP f}^mm:W^MMi WWwS'\ p-Value* 

All Ranch Hand 
Comparison 

803 
964 

56  (7.0) 
52  (5.4) 

1.38 (0.92,2.06) 0.118 

Officer 

Enlisted Flyer 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 
Ranch Hand 
Comparison 
Ranch Hand 
Comparison 

302 
375 
145 
145 
356 
444 

27   (8.9) 
31   (8.3) 
16(11.0) 

7   (4.8) 
13 (3.7) 

14 (3.2) 

1.11(0.64,1.93) 

2.43(0.96,6.19) 

1.30(0.59,2.87) 

0.716 

0.062 

0.509 

a Relative risk, confidence interval, and p-values are in reference to a contrast of 1982 and 1997 results; results 
adjusted for age in 1997. 

Note: Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for participants who 
attended the 1982,1987, and 1997 examinations. Summary statistics for 1992 are provided for reference purposes 
for participants who attended the 1982, 1992, and 1997 examinations. Statistical analyses are based only on 
participants who did not have a malignant systemic neoplasm in 1982 (see Chapter 7, Statistical Methods). 
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Table 10-38.   Longitudinal Analysis of Malignant Systemic Neoplasms (Continued) 

.■(b) MODEL 2; i3|0^a^i^Ät -INITIAL DIOXIN 

'.' ■"' ■     '-:-/.,."::""';-' -;;:;:, • ;-;'■ v'-'-'f;»: > Number (%)Yes/(n):   ;      ' 
Examination 

Initial Dioxin t.AMMW2.lMs ■^WM'::^M&: i^X^WS&MWB. 1992 1997 
Low 

Medium 

High 

1 (0.7) 
(150) 

4 (2.5) 
(158) 

0 (0.0) 
(152) 

2(1.4) 
(147) 

7 (4.5) 
(155) 

0 (0.0) 
(149) 

5 (3.4) 
(149) 

7 (4.5) 
(155) 

0 (0.0) 
(147) 

7 (4.8) 
(145) 

13 (8.4) 
(155) 

0 (0.0) 
(149) 

19 (12.7) 
(150) 

19 (12.0) 
(158) 

5 (3.3) 
(152) 

.      Initial Dioxin Category; Summary Statistics Analysis Results for Log2 (Initial Dioxin)3 

l;y:;rpgf 
Adj. Relative Risk Initial 

Dioxin nini997 p-Value 
Low 
Medium 
High 

149 
154 
152 

18(12.1) 
15   (9.7) 

5   (3.3) 

0.71 (0.50,1.00) 0.036 

a Adjusted for percent body fat at the time of the blood measurement of dioxin and age in 1997. 
b Relative risk for a twofold increase in initial dioxin. 

Note:   Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for 
participants who attended the 1982,1987, and 1997 examinations. Summary statistics for 1992 are provided 
for reference purposes for participants who attended the 1982, 1992, and 1997 examinations. Statistical 
analyses are based only on participants who did not have a malignant systemic neoplasm in 1982 (see 
Chapter 7, Statistical Methods). 

!P)|1QM^ ATEGORY 

Number ('%) -*5fes/(i iy-r:^\:.X':r,.[::,:;f 

Examination 
..■■ ' Dioxin Category mmi^SkW ]^lm%$8§£&. :■'■;■  ;>;:  -1987Y..v;■; ^Mm^MMM }Mn^l^'[M^t^ 
Comparison 10(1.1) 13 (1.4) 16(1.7) 31 (3.3) 61 (6.5) 

(946) (931) (923) (927) (946) 

Background RH 2 (0.6) 4(1.2) 7 (2.1) 11(3.3) 20 (5.8) 
(344) (336) (328) (334) (344) 

LowRH 3(1.3) 6 (2.7) 9(4.1) 16 (7.3) 33 (14.7) 
(225) (219) (222) (218) (225) 

HighRH 2 (0.9) 3 (1.3) 3 (1.3) 4(1.7) 10(4.3) 
(235) (232) (229) (231) (235) 

Low plus High RH 5(1.1) 9 (2.0) 12 (2.7) 20 (4.5) 43 (9.4) 
(460) (451) (451) (449) (460) 
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Table 10-38.   Longitudinal Analysis of Malignant Systemic Neoplasms (Continued) 

M9^W^^S£t:^^§£ 
Adj. Relative Risk 

Dioxin Category n In 1997 p-Value" 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

936 

342 
222 
233 
455 

51   (5.5) 

18   (5.3) 
30(13.5) 

8   (3.4) 
38   (8.4) 

0.89(0.50,1.57) 
2.58 (1.57,4.25) 
0.88 (0.40,1,91) 
1.48(0.89,2.48) 

0.687 
<0.001 

0.740 
0.132 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin and age in 1997. 

Note:   RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin >10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin >10 ppt, Initial Dioxin > 94 ppt. 

Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for 
participants who attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided 
for reference purposes for participants who attended the 1982, 1992, and 1997 examinations. Statistical 
analyses are based only on participants who did not have a malignant systemic neoplasm in 1982 (see 
Chapter 7, Statistical Methods). 

The Model 2 longitudinal analysis revealed a significant inverse association between initial dioxin and 
malignant systemic neoplasms after 1982 (Table 10-38(b): Adj. RR=0.71, p=0.036). The percentage of 
Ranch Hands at the 1997 follow-up examination with a malignant systemic neoplasm since 1982 
decreased as initial dioxin levels increased. 

A significantly higher percentage of malignant systemic neoplasms in Ranch Hands in the low dioxin 
category than Comparisons was found from the Model 3 analysis (Table 10-38(c): Adj. RR=2.58, 
p<0.001). All other Model 3 longitudinal contrasts were nonsignificant (Table 10-38(c): p>0.13). 

10.2.3.1.3 Benign Systemic Neoplasms 

All longitudinal analysis results for a history of benign systemic neoplasms since 1982 were 
nonsignificant for Models 1, 2, and 3 (Table 10-39(a-c): p>0.11). 
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Table 10-39. Longitudinal Analysis of Benign Systemic Neoplasms 

(a) MODEL 1: RANCH HANDS VS. COMPARISONS .■::; fill 
. Number (%) Yes/(n)   .: 

Examination 
Occupational^ ] 

l%'ff:0G^eg^y-l^:\ Group w:ky$^K lltefel^^c \   1987   .  1 1992 1997 
All Ranch Hand 

Comparison 

44(5.4) 
(810) 

69 (7.1) 
(974) 

69(8.7) 
(792) 

98 (10.3) 
(956) 

111 (14.2) 
(784) 

132 (13.9) 
(949) 

145 (18.4) 
(788) 

178 (18.7) 
(954) 

213 (26.3) 
(810) 

259 (26.6) 
(974) 

Officer Ranch Hand 

Comparison 

19 (6.2) 
(306) 

35 (9.2) 
(380) 

27 (8.9) 
(302) 

46 (12.3) 
(374) 

45 (15.1) 
(299) 

56(15.2) 
(368) 

53 (17.6) 
(301) 

74 (19.7) 
(375) 

81 (26.5) 
(306) 

115(30.3) 
(380) 

Enlisted Flyer Ranch Hand 

Comparison 

10 (6.9) 
(146) 

8 (5.5) 
(145) 

14 (9.8) 
(143) 

12 (8.3) 
(144) 

24 (17.0) 
(141) 

24(16.8) 
(143) 

33(23.1) 
(143) 

30(21.0) 
(143) 

42 (28.8) 
(146) 

40 (27.6) 
(145) 

Enlisted Groundcrew     Ranch Hand 

Comparison 

15 (4.2) 
(358) 

26 (5.8) 
(449) 

28 (8.1) 
(347) 

40(9.1) 
(438) 

42 (12.2) 
(344) 

52(11.9) 
(438) 

59 (17.2) 
(344) 

74 (17.0) 
(436) 

90(25.1) 
(358) 

104 (23.2) 
(449) 

rt;:::;:;.'-.;::;:;' ;^: ^^,:: 
;;:=^:3Sp_ :ii|: ■i^p^i^;::;:; ■; ;;■;■; ■;:;^.:;- ;■::■;■:: ■; i 

itive Risk ^occupational i:l^urali^r;(^);.Yi es:   ^Adj.-RelE 
:(V!:!;' ^;:?;;: -; ^at«g"pry;|ä -:'.;i:;:

; |;-' i j Group   . am 1997 in 1997 (95% CX)a : p-Value3 

All Ranch Hand 
Comparison 

766 
905 

169 (22.1) 
190 (21.0) 

1.07 (0.84,1.35) 0.585 

Officer 

Enlisted Flyer 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 
Ranch Hand 
Comparison 
Ranch Hand 
Comparison 

287 
345 
136 
137 
343 
423 

62 (21.6) 
80 (23.2) 
32 (23.5) 
32(23.4) 
75(21.9) 
78 (18.4) 

0.90 (0.62,1.32) 

1.02(0.58,1.78) 

1.26(0.88,1.80) 

0.601 

0.953 

0.202 

a Relative risk, confidence interval, and p-values are in reference to a contrast of 1982 and 1997 results; results 
adjusted for age in 1997. 

Note: Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for participants who 
attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided for reference purposes 
for participants who attended the 1982, 1992, and 1997 examinations. Statistical analyses are based only on 
participants who did not have a benign systemic neoplasm in 1982 (see Chapter 7, Statistical Methods). 
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Table 10-39.   Longitudinal Analysis of Benign Systemic Neoplasms (Continued) 

(b) MODEL 2: RANCH'HANDiS:- -INITIAL DIOXIN 

,r;,\ 'I \'%   u-S'p). 5 ■ :;;:;
:'Nüniber(;%); Yes/(n);;<: <: y; 

Initial Dioxin ^i-^&^^^ ;;^:S;M:li^!IS>ä^ 1987 1992 1997 
Low 

Medium 

High 

11(7.3) 
(150) 

11(7.0) 
(158) 

5(3.3) 
(152) 

15 (10.2) 
(147) 

16 (10.3) 
(155) 

14 (9.4) 
(149) 

24(16.1) 
(149) 

18(11.6) 
(155) 

20(13.6) 
(147) 

25 (17.2) 
(145) 

27 (17.4) 
(155) 

27(18.1) 
(149) 

41 (27.3) 
(150) 

38(24.1) 
(158) 

42(27.6) 
(152) 

;       Initial Dioxi« Category Stimmary Statistics ■. Analysis , Results for Log2 (Initial Dioxin)3 

;;:fi;:vi::i;:^ 
Adj. Relative Risk \-,:...•■■Initial-:;v;:;;: ■ 

Dioxin ii in 1997 p-Value 
Low 
Medium 
High 

139 
147 
147 

30 (21.6) 
27 (18.4) 
37 (25.2) 

1.16 (0.97,1.38) 0.114 

Adjusted for percent body fat at the time of the blood measurement of dioxin and age in 1997. 
Relative risk for a twofold increase in initial dioxin. 

Notes: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for 
participants who attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided 
for reference purposes for participants who attended the 1982,1992, and 1997 examinations. Statistical 
analyses are based only on participants who did not have a benign systemic neoplasm in 1982 (see Chapter 
7, Statistical Methods). 

(c)MQDEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY 

■ Number';(%') Yes/(n) 
Examination 

Dioxin Category '.■''; S;-^ >> v;;i::/:;;':l?87;; U;:■■':;•: W^lMSMiSX: :SM'fWM}M^'-- 
Comparison 66 (7.0)              95 (10.2) 128 (13.9) 172 (18.6) 251 (26.5) 

(946)                    (931) (923) (927) (946) 

Background RH 17(4.9)                24(7.1) 48 (14.6) 65 (19.5) 90 (26.2) 
(344)                      (336) (328) (334) (344) 

LowRH 17(7.6)              25(11.4) 34(15.3) 37 (17.0) 57 (25.3) 
(225)                    (219) (222) (218) (225) 

HighRH 10 (4.3)                20 (8.6) 28 (12.2) 42(18.2) 64 (27.2) 
(235)                    (232) (229) (231) (235) 

Low plus High RH 27 (5.9)               45 (10.0) 62 (13.8) 79(17.6) 121 (26.3) 
(460)                    (451) (451) (449) (460) 
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Table 10-39.   Longitudinal Analysis of Benign Systemic Neoplasms (Continued) 

,No:inl982 :  ■,;■   :           .; 

Adj. Relative Risk 

(95%CX)ab:; V Dioxin Category n in 1997 p-Vahieb 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

880 

327 
208 
225 
433 

185(21.0) 

73 (22.3) 
40(19.2) 
54 (24.0) 
94 (21.7) 

1.05 (0.77,1.43) 
0.85 (0.58,1.25) 
1.30(0.91,1.85) 
1.06(0.80,1.41) 

0.754 
0.413 
0.144 
0.679 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin and age in 1997. 

Note:    RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin >10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin >10 ppt, Initial Dioxin > 94 ppt. 

Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for 
participants who attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided 
for reference purposes for participants who attended the 1982, 1992, and 1997 examinations. Statistical 
analyses are based only on participants who did not have a benign systemic neoplasm in 1982 (see Chapter 
7, Statistical Methods). 

10.3    DISCUSSION 

In ambulatory medicine, the recommendation that asymptomatic individuals undergo periodic physical 
examinations is based largely on the assumption that such screening may reveal occult malignancy. 
Although the guidelines for the frequency and content of such examinations are subject to debate, there is 
no doubt that early detection affords the best and, in most forms of cancer, the only chance for cure. 
While no one screening test is absolutely reliable, the scope and depth of the protocol employed in this 
longitudinal study far exceed that considered routine in clinical practice. 

As the anatomic point of contact with industrial toxins and as the only organ system with a clearly defined 
clinical endpoint (i.e., chloracne) for dioxin exposure, the skin deserves the special emphasis it has 
received in this study. Although there is no evidence that dioxin exposure causes—or that chloracne is 
associated with—basal cell carcinomas, the Ranch Hand cohort was found to be at increased risk for the 
occurrence of these skin cancers in the 1982, 1985,1987, and 1992 AFHS examinations. As in previous 
examinations, skin lesions considered to be suggestive of skin cancer were biopsied. Although blind to 
the participant exposure status, examiners performed a similar number of biopsies in the Ranch Hand (54 
out of 869, or 6.2%) and Comparison (68 out of 1,251, or 5.4%) cohorts. 

Consistent with each of the preceding examinations, Ranch Hands continued to have a slightly higher 
history of benign and malignant skin neoplasms than Comparisons, including that of basal cell skin 
cancers at all sites (15.0% of Ranch Hands vs. 13.3% of Comparisons). In neither the current nor the 
1992 examination were the group differences significant. Further, although the statistical significance 
varied, in all of the exposure analyses employing initial and 1987 serum dioxin levels, an inverse dose- 
response relation was documented with basal cell skin cancers decreasing as the level of serum dioxin 
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increased. The current results are consistent with results of the exposure analyses from both the 1987 and 
1992 examinations. Once again, although group differences were not statistically significant, cutaneous 
melanoma and squamous cell skin cancers were greater in Ranch Hands than in Comparisons. 

In the 1987 examination, one of the few statistically significant findings was an increase of benign 
systemic neoplasms in the Ranch Hand cohort relative to Comparisons (10.2% vs. 4.1%) in a pattern 
consistent with a dose-response effect. In the 1992 and 1997 examinations, the occurrence of benign 
systemic neoplasms was close to equal in both cohorts (16.4% vs. 15.6% and 25.4% vs. 24.1%, 
respectively), and in neither study did the exposure analyses reveal any association with either initial or 
1987 serum dioxin levels. ' 

Consistent with all previous examinations, the overall history of systemic malignancies at all sites 
combined was similar in the Ranch Hand and Comparison cohorts. In two specific diagnostic categories, 
statistically significant group differences were noted to the adverse effect of Ranch Hands. Malignancies 
of the kidney and bladder and of the bronchus and lung were more common in Ranch Hands than in 
Comparisons (1.3% vs. 0.5% and 1.2% vs. 0.2%, respectively). In neither case did the exposure analyses 
reveal any evidence for a dose-response effect associated with prior exposure to dioxin. Hodgkin's 
disease, non-Hodgkin's Iymphoma, and STS, widely regarded as related to dioxin exposure, were both 
rare and less prevalent in Ranch Hands than in Comparisons (0.1% vs. 0.2% of each of Hodgkin's disease 
and non-Hodgkin's Iymphoma). Five participants in the 1997 examination (two Ranch Hands and three 
Comparisons) had been diagnosed as having STS. One of the Ranch Hands was an officer with a dioxin 
level of 9.7 ppt measured in blood collected in 1987 and the other was an enlisted groundcrew member 
with a dioxin level of 124.9 ppt measured in blood collected in 1982. The three Comparisons were an 
enlisted flyer with a dioxin level of 4.9 ppt measured in blood collected in 1992, an enlisted groundcrew 
member with a dioxin level of 2.4 ppt measured in blood collected in 1987, and an officer with a dioxin 
level of 6.7 ppt measured in blood collected in 1987. An additional Ranch Hand with STS died 
subsequent to the 1985 AFHS physical examination and had no dioxin measurement. The prevalence of 
STS among participants who attended the 1997 physical is 2 out of 870 (0.23%) among Ranch Hands and 
3 out of 1,251 (0.24%) among Comparisons. The prevalence of STS among all participants who were 
compliant to at least one examination, regardless of the presence or absence of dioxin levels (Ranch Hand 
n=l,l 11, Comparison n= 1,571), is 3 out of 1,111, (0.27%) among Ranch Hands and 3 out of 1,571 
(0.19%) among Comparisons (relative risk=1.41, 95% confidence interval: [0.29,6.99]). 

The 1992 examination was the first to incorporate PSA into the study protocol. This diagnostic test has 
proven highly valuable in the early detection of silent prostate cancer. Related to development of benign 
enlargement of the prostate gland, with age a gradual rise in this index over time would be anticipated and 
was documented in current PSA levels relative to 1992. By discrete and continuous analyses, PSA levels 
were similar in Ranch Hands and Comparisons and prostate cancer in the two cohorts was nearly 
identical. Further, in all exposure analyses, there was no association between prostate cancer and either 
initial or 1987 serum dioxin levels. 

Dependent variable-covariate associations confirm the increased risk of various systemic cancers in 
association with well established risk factors including age, cigarette use, and alcohol consumption. Eye 
and hair color, fair complexion, age, and residence in southern latitudes all contributed strongly to risk for 
the development of basal cell skin cancers. Cigarette use and alcohol consumption were strongly 
associated with the occurrence of bladder and lung cancer. A significant increase in prostate and basal 
cell skin cancers was noted in officers relative to the enlisted occupational strata. These findings are more 
likely to have a socio-economic than biologic basis and may reflect more frequent dermatological 
examinations and PSA screenings by officers relative to enlisted men. 
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At the end of 15 years of surveillance, Ranch Hands as a group exhibited a nonsignificant increase in the 
risk of malignant neoplastic disease relative to Comparisons (relative risk=1.06, 95% confidence interval: 
[0.80,1.41]). Contrasts by military occupation were inconsistent and, therefore, not supportive of an 
adverse effect of herbicide or dioxin exposure on the occurrence of malignancies. Ranch Hand enlisted 
groundcrew, the occupation with the highest dioxin levels and, presumably, the highest herbicide 
exposure, exhibited a decreased prevalence (relative risk=0.78, 95% confidence interval: [0.51,1.19]). 
Enlisted flyers (relative risk=1.63, 95% confidence interval: [0.91,2.92]), and officers (relative risk=1.14, 
95% confidence interval: [0.79,1.65]), occupations with lower dioxin levels, exhibited nonsignificant 
increases in the prevalence of malignant disease. The risk of malignant disease was not significantly 
increased among Ranch Hands having the highest dioxin levels (relative risk=1.01, 95% confidence 
interval: [0.66,1.57]). Longitudinal analyses found no significant group differences with regard to the 
risk of malignancy and no pattern suggestive of an adverse relation between herbicide or dioxin exposure 
and the occurrence of malignant neoplastic disease. 

10.4    SUMMARY 

Skin and systemic neoplasms, verified from a medical records review, and PSA were examined in the 
neoplasia assessment. Each health endpoint was examined for an association with exposure group 
(Model 1), initial dioxin (Model 2), categorized dioxin (Model 3), and 1987 dioxin levels (Model 4). 
Complete adjusted analyses were limited for many of the site-specific malignant systemic neoplasms 
because of the sparse number of neoplasms. 

10.4.1   Model 1: Group Analysis 

Several significant results were observed in the Model 1 adjusted analysis of the neoplasia endpoints. 
Each significant result showed more Ranch Hands than Comparisons with the specific skin or systemic 
type neoplasm; however, no significant results were found within the enlisted groundcrew stratum, the 
military occupational category believed to have been, on average, the most heavily exposed. 
Significantly more Ranch Hands than Comparisons had skin neoplasms (all types combined). This 
finding was true for officers and enlisted flyers, as well as all occupations combined. Ranch Hand 
enlisted flyers had a marginally significantly increase in malignant skin neoplasms in relation to 
Comparison enlisted flyers. An increase in benign skin neoplasms was observed in Ranch Hands over 
Comparisons, both when combining all occupations and when restricted to officers. Ranch Hand enlisted 
flyers exhibited an increase in basal cell carcinoma in relation to Comparison enlisted flyers. This result 
was primarily because of a marginally significant increase of basal cell carcinoma on the ear, face, head, 
or neck. Ranch Hand enlisted flyers showed an increase of nonmelanoma relative to Comparisons. This 
result also was primarily because of the increase in basal cell carcinoma in Ranch Hand enlisted flyers. 
Ranch Hands showed a marginally significant increase over Comparisons in malignant systemic 
neoplasms of the bronchus and lung and of the kidney and bladder. Complete results of the Model 1 
analyses are shown in Table 10-40. 
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Table 10-40. Summary of Group Analysis (Model 1) for Neoplasia Variables (Ranch Hands vs. 
Comparisons) 

-■     .        ■ v  ... , ■,■;,:■:.'                  ,.■";,.;■;,;:.■ ::,               UNADJUSTED. -:
: .;... ■..■;..:.= .:.: ■-■ 

...:  : Enlisted;     ;; Enlisted 
f^% -i;: 'I:,; [; :n3^^?^^!^^i3v ^      il: :;14: I IHÄäISä ; /officer;; WMW&&X Groundcrew 
Medical Records 
Any Skin Neoplasm +0.007 +0.034 +0.040 NS 
Malignant Skin Neoplasm NS NS NS* ns 
Benign Skin Neoplasm +0.010 +0.031 NS NS 
Skin Neoplasm of Uncertain Behavior or NS ns ns NS 
Unspecified Nature 
Any Basal Cell Carcinoma NS NS NS* ns 
Basal Cell Carcinoma on Eye, Ear, Face, NS NS NS ns 
Head, and Neck 
Basal Cell Carcinoma on Trunk NS NS NS ns 
Basal Cell Carcinoma on Upper ns NS ns ns 
Extremities 
Basal Cell Carcinoma on Lower NS NS __ ns 
Extremities 
Squamous Cell Carcinoma NS NS NS NS 
Nonmelanoma NS NS +0.042 ns 
Melanoma NS NS ns NS 
Any Systemic Neoplasm NS ns NS NS 
Malignant Systemic Neoplasm NS NS +0.049 NS 
Benign Systemic Neoplasm NS ns NS NS 
Systemic Neoplasm of Uncertain ns NS ns ns 
Behavior or Unspecified Nature 
Malignant Systemic Neoplasm of Eye, NS NS ns ns 
Ear, Face, Head, and Neck 
Malignant Systemic Neoplasm of Oral ns NS ns ns 
Cavity, Pharynx, and Larynx 
Malignant Systemic Neoplasm of NS NS __ NS 
Thymus, Heart, and Mediastinum 
Malignant Systemic Neoplasm of NS NS — ns 
Thyroid Gland 
Malignant Systemic Neoplasm of +0.008 NS NS NS 
Bronchus and Lung 
Malignant Systemic Neoplasm of Liver NS ns NS NS 
Malignant Systemic Neoplasm of Colon NS NS NS ns 
and Rectum 
Malignant Systemic Neoplasm of Kidney +0.046 NS NS NS 
and Bladder 
Malignant Systemic Neoplasm of ns ns NS ns 
Prostate 
Malignant Systemic Neoplasm of NS NS NS NS 
Testicles 
Malignant Systemic Neoplasm of ns — NS ns 
Connective and Other Soft Tissues 
Hodgkin's Disease ns ns — ns 
Non-Hodgkin's Lymphoma ns ns — NS 
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Table 10-40. Summary of Group Analysis (Model 1) for Neoplasia Variables (Ranch Hands 
vs. Comparisons) (Continued) 

gy;:^>:,r:;-;.V::       ;?■;r../;,::;;.;;;;:::;   ;::::;;-^:_;:_::t   v^;:;;-:;;-;_.:;;:
:               ::V::';:,-.';-■.::■:::':;: :^;t^:;^:i;:;.' ■;:":                            :'                            f■. ;^::,::';-,-:.:^^- .y: -:. ■-:;::'.;; :{:■ VV:' ^:.:^:':.;-1^^ -l 

■■ .Enlisted Enlisted 
> - w>ß'4.   &■*. xi-^Variable;I. T'l;-.ßj f j.;:: ■      | lu AU Officer 

:.   Fiyer         [ Groundcrew 

Other Malignant Systemic Neoplasms of ns ns ns NS 
Lymphoid and Histiocytic Tissue 
All Malignant Skin and Systemic NS* NS +0.034 ns 
Neoplasms 
All Skin and Systemic Neoplasms +0.014 NS* NS NS 
Laboratory 

Prostate-Specific Antigen (C) ns ns NS ns 
Prostate-Specific Antigen (D) NS. NS* ns ns 

Notes:    NS or ns: Not significant (p>0.10). 

NS*: Marginally significant (0.05<p<0.10). 
C: Continuous analysis. 
D: Discrete analysis. 
+: Relative risk >LOO. 
—: Analysis not performed because of the sparse number of participants with an abnormality. 

P-value given if p<0.05. 

A capital "NS" denotes a relative risk of 1.00 or greater for discrete analysis or differences of means 
nonnegative for continuous analysis. A lowercase "ns" denotes a relative risk less than 1.00 for discrete 
analysis or difference of means negative for continuous analysis. 

iiiljg 
■Enlisted; ■ ';■;. Enlisted '.': 

;^^;-;yfy^ WmX:MSi §|;|3öä^ Flyer- ■ -"■■':\ .;■ Groundcrew 

Medical Records 
Any Skin Neoplasm +0.005 +0.030 +0.040 NS 
Malignant Skin Neoplasm NS NS NS* ns 
Benign Skin Neoplasm +0.011 +0.035 NS NS 
Skin Neoplasm of Uncertain Behavior or NS — __ NS 
Unspecified Nature 
Any Basal Cell Carcinoma NS NS +0.046 ns 
Basal Cell Carcinoma on Eye, Ear, Face, NS NS NS* ns 
Head, and Neck 
Basal Cell Carcinoma on Trunk NS NS NS ns 
Basal Cell Carcinoma on Upper ns ns ns ns 
Extremities 
Basal Cell Carcinoma on Lower NS NS — ns 
Extremities 
Squamous Cell Carcinoma NS NS NS NS 
Nonmelanoma NS NS +0.035 ns 
Melanoma NS NS ~ NS 
Any Systemic Neoplasm ns ns ns ns 
Malignant Systemic Neoplasm NS NS NS ns 
Benign Systemic Neoplasm ns ns ns NS 
Systemic Neoplasm of Uncertain ns ns ns ns 
Behavior or Unspecified Nature 
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Table 10-40. Summary of Group Analysis (Model 1) for Neoplasia Variables (Ranch Hands 
vs. Comparisons) (Continued) 

ADJUSTED 

Variable W Officer 
Enlisted 

Flyer 
Enlisted    j 

Groundcrewi 
Malignant Systemic Neoplasm of Eye, 
Ear, Face, Head, and Neck 
Malignant Systemic Neoplasm of Oral 
Cavity, Pharynx, and Larynx 
Malignant Systemic Neoplasm of 
Thymus, Heart, and Mediastinum 
Malignant Systemic Neoplasm of 
Thyroid Gland 
Malignant Systemic Neoplasm of 
Bronchus and Lung 
Malignant Systemic Neoplasm of Liver 
Malignant Systemic Neoplasm of Colon 
and Rectum 
Malignant Systemic Neoplasm of Kidney 
and Bladder 
Malignant Systemic Neoplasm of 
Prostate 
Malignant Systemic Neoplasm of 
Testicles 
Malignant Systemic Neoplasm of 
Connective and Other Soft Tissues 
Hodgkin's Disease 
Non-Hodgkin's Lymphoma 
Other Malignant Systemic Neoplasms of 
Lymphoid and Histiocytic Tissue 
All Malignant Skin and Systemic 
Neoplasms 
All Skin and Systemic Neoplasms 
Laboratory 
Prostate-Specific Antigen (C) 
Prostate-Specific Antigen (D)  

ns 

ns 

NS 

NS* 

NS 
NS 

NS* 

ns 

ns 

NS 

NS 

NS 

NS 

NS 

NS 

ns 

ns 

ns 

NS 

NS 

NS 

ns 

ns 

NS 
ns 

NS 

ns 

ns ns — — 
ns - « ns 
ns ns - NS 

NS NS NS ns 

NS NS NS ns 

NS ns NS NS 
NS NS ns ns 

Notes: NSorns: Not significant (p>0.10). 
NS*: Marginally significant (0.05<p<0.10). 
C: Continuous analysis. 
D: Discrete analysis. 
+: Relative risk > 1.00. 
--: Analysis not performed because of the sparse number of participants with an abnormality. 

P~value given if p<0.05. 

A capital "NS" denotes a relative risk of 1.00 or greater for discrete analysis or differences of means 
nonnegative for continuous analysis. A lowercase "ns" denotes a relative risk less than 1.00 for discrete 
analysis or difference of means negative for continuous analysis. 
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10.4.2   Model 2: Initial Dioxin Analysis 

The Model 1 group analysis showed significant Ranch Hand increases in the history of neoplasms relative 
to Comparisons. In contrast, analysis of the association of initial dioxin with neoplasms within Ranch 
Hands showed several significant results, but all dose-response relations were inverse in nature. As initial 
dioxin increased, the occurrence of a neoplasm decreased. Significant inverse dose-response related to 
skin neoplasms included all skin neoplasms, benign skin neoplasms, basal cell carcinoma, and basal cell 
carcinoma on the ear, face, head, and neck. The analysis of nonmelanoma was marginally significant. 

The analysis of malignant systemic neoplasms of the thyroid gland was marginally significant, but this 
type of neoplasm decreased as initial dioxin increased. The prevalence of high PSA levels also decreased 
as initial dioxin increased. Results of all Model 2 analyses are shown in Table 10-41. 

Table 10-41. Summary of Initial Dioxin Analysis (Model 2) for Neoplasia Variables 
(Ranch Hands Only) 

Medical Records 
Any Skin Neoplasm 
Malignant Skin Neoplasm 
Benign Skin Neoplasm 
Skin Neoplasm of Uncertain Behavior or 
Unspecified Nature 
Any Basal Cell Carcinoma 
Basal Cell Carcinoma on Eye, Ear, Face, Head, 
and Neck 
Basal Cell Carcinoma on Trunk 
Basal Cell Carcinoma on Upper Extremities 
Basal Cell Carcinoma on Lower Extremities 
Squamous Cell Carcinoma 
Nonmelanoma 
Melanoma 
Any Systemic Neoplasm 
Malignant Systemic Neoplasm 
Benign Systemic Neoplasm 
Systemic Neoplasm of Uncertain Behavior or 
Unspecified Nature 
Malignant Systemic Neoplasm of Eye, Ear, 
Face, Head, and Neck 
Malignant Systemic Neoplasm of Oral Cavity, 
Pharynx, and Larynx 
Malignant Systemic Neoplasm of Thymus, 
Heart, and Mediastinum 
Malignant Systemic Neoplasm of Thyroid -0.046 ns* 
Gland 
Malignant Systemic Neoplasm of Bronchus and -0.030 ns 
Lung 
Malignant Systemic Neoplasm of Liver NS NS 

Malignant Systemic Neoplasm of Colon and ns ns 
Rectum 
Malignant Systemic Neoplasm of Kidney and ns NS 
Bladder 
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-0.001 -0.028 
-0.015 ns 
-0.022 -0.020 

ns ns 

-<0.001 -0.014 
-<0.001 -0.003 

ns NS 
-0.024 ns 

NS NS 
ns ns' 

-0.003 ns* 
NS NS 
ns NS 

-0.001 ns 
NS ns 
ns NS 

ns* ns 

ns NS 



Table 10-41. Summary of Initial Dioxin Analysis (Model 2) for Neoplasia Variables (Ranch 
Hands Only) (Continued) 

V^riaUt ;■;:-;     ^; ;■■:"; ^ v.-Unadjusted  ,; Vv ,,;;■•:; ■ Adjusted 
Malignant Systemic Neoplasm of Prostate -0.007 ns 

Malignant Systemic Neoplasm of Testicles ns ns 

Malignant Systemic Neoplasm of Connective NS NS 
and Other Soft Tissues 
Hodgkin's Disease 

Non-Hodgkin's Lymphoma 

Other Malignant Systemic Neoplasms of 
Lymphoid and Histiocytic Tissue 
All Malignant Skin and Systemic Neoplasms -0.001 ns 

All Skin and Systemic Neoplasms -0.017                                            ns 

Laboratory 

Prostate-Specific Antigen (C) -0.010                                            ns 
Prostate-Specific Antigen (D) -<0.001 -0.014 

Notes: NS or ns: Not significant (p>0.10). 
ns*: Marginally significant (0.05<p<0.10). 
C: Continuous analysis. 
D: Discrete analysis. 
-: Relative risk <1.00 for discrete analysis; slope negative for continuous analysis. 
--: Analysis not performed because of the sparse number of Ranch Hands with an abnormality. 

P-value given if p<0.05. 

A capital "NS" denotes a relative risk of 1.00 or greater. A lowercase "ns" denotes a relative risk less than 
1.00 for discrete analysis or slope negative for continuous analysis. 

10.4.3   Model 3: Categorized Dioxin Analysis 

The unadjusted analysis of the skin neoplasia variables revealed several significant results. A significant 
increase of Ranch Hands in the background category relative to Comparisons was seen for all skin 
neoplasms combined and benign skin neoplasm. Only one contrast of Ranch Hands in the high dioxin 
category with Comparisons exhibited a marginally significant increase (neoplasm of the liver). Most 
significant results showed an increase in neoplasms of Ranch Hands in the low dioxin category relative to 
Comparisons. Significant or marginally significant increases of skin neoplasms in Ranch Hands in the 
low dioxin category were seen for all skin neoplasms, malignant skin neoplasms, basal cell carcinoma 
(primarily eye, ear, face, head, or neck) and nonmelanoma. 

Similar to the skin neoplasm analyses, most results that were significant or marginally significant for the 
systemic neoplasm analyses were from the contrast of Ranch Hands in the low dioxin category with 
Comparisons. Any malignant systemic neoplasm, a malignant systemic neoplasm of bronchus and lung, a 
malignant systemic neoplasm of kidney and bladder, and a malignant systemic neoplasm of testicles were 
increased in Ranch Hands in the low dioxin category relative to Comparisons. In addition, an increase in 
all malignant skin and systemic neoplasms was observed for Ranch Hands in the low dioxin category. 
Complete results of the Model 3 analyses are shown in Table 10-42. 
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Table 10-42. Summary of Categorized Dioxin Analysis (Model 3) for Neoplasia Variables (Ranch 
Hands vs. Comparisons) 

UNADJUSTED 
Background Low High Low plus High 

Ranch Hands Ranch Hands Ranch Hands Ranch Hands 
;       :    :        Variable ?t-

r.       vs. Comparisons     vs. Comparisons     vs. Comparisons     vs. Comparisons 
Medical Records 
Any Skin Neoplasm 
Malignant Skin Neoplasm 
Benign Skin Neoplasm 
Skin Neoplasm of Uncertain Behavior 
or Unspecified Nature 
Any Basal Cell Carcinoma 
Basal Cell Carcinoma on Eye, Ear, 
Face, Head, and Neck 
Basal Cell Carcinoma on Trunk 
Basal Cell Carcinoma on Upper 
Extremities 
Basal Cell Carcinoma on Lower 
Extremities 
Squamous Cell Carcinoma 
Nonmelanoma 
Melanoma 
Any Systemic Neoplasm 
Malignant Systemic Neoplasm 
Benign Systemic Neoplasm 
Systemic Neoplasm of Uncertain 
Behavior or Unspecified Nature 
Malignant Systemic Neoplasm of 
Eye, Ear, Face, Head, and Neck 
Malignant Systemic Neoplasm of 
Oral Cavity, Pharynx, and Larynx 
Malignant Systemic Neoplasm of 
Thymus, Heart, and Mediastinum 
Malignant Systemic Neoplasm of 
Thyroid Gland 
Malignant Systemic Neoplasm of 
Bronchus and Lung 
Malignant Systemic Neoplasm of 
Liver 
Malignant Systemic Neoplasm of 
Colon and Rectum 
Malignant Systemic Neoplasm of 
Kidney and Bladder 
Malignant Systemic Neoplasm of 
Prostate 
Malignant Systemic Neoplasm of 
Testicles 
Malignant Systemic Neoplasm of 
Connective and Other Soft Tissues 
Hodgkin's Disease 
Non-Hodgkin's Lymphoma 

10-130 

+0.001 +0.005 ns NS 
NS +0.023 ns NS 

KO.001 NS ns NS 
ns NS NS NS 

NS +0.012 ns NS 
NS +0.020 ns NS 

NS NS ns NS 
ns NS ns ns 

NS NS ns ns 

NS NS ns NS 
NS +0.034 ns NS 
NS NS NS NS 
ns NS* NS NS 
ns +<0.001 ns NS 
NS NS NS NS 
NS NS ns ns 

ns NS ns NS 

ns NS ns NS 

NS* -- -- - 

ns NS* ns NS 

NS +<0.001 ns +0.003 

ns ns NS* NS 

ns NS* ns NS 

NS +0.015 NS NS* 

ns NS ns ns 

- +0.024 NS +0.034 

ns ns NS NS 

ns ns ns ns 
ns ns ns ns 



Table 10-42.    Summary of Categorized Dioxin Analysis (Model 3) for Neopiasia Variables 
(Ranch Hands vs. Comparisons) (Continued) 

pmp;:^ 
Background   ■:< PPw-fSw'PPp^l High ■ Low plus High 
Ranch Hands Ranch Hands Ranch Hands n Ranch HanUs 

i?p^f$& -V;;',   :¥-M^^MPk ■ i;!S         '%■% vs. Comparisons :!.;.- vSi Comparisons:: vs. Comparisons vs. Comparisons 
Other Malignant Systemic Neoplasms NS ns ns ns 
of Lymphoid and Histiocytic Tissue 
All Malignant Skin and Systemic NS +<0.001 ns NS 
Neoplasms 
All Skin and Systemic Neoplasms +0.030 +0.007 NS NS* 
Laboratory 
Prostate-Specific Antigen (C) ns NS ns* ns 
Prostate-Specific Antigen (D) ns +0.040 ns NS 

Notes: NS or ns: Not significant (p>0.10). 
NS* or ns*: Marginally significant (0.05<p<0.10). 
C: Continuous analysis. 
D: Discrete analysis. 
+: Relative risk > 1.00. 
«: Analysis not performed because of the sparse number of participants with an abnormality. 

P-value given if p<0.05. 

A capital "NS" denotes a relative risk of 1.00 or greater for discrete analysis or differences of means 
nonnegative for continuous analysis. A lowercase "ns" denotes a relative risk less than 1.00 for discrete 
analysis or difference of means negative for continuous analysis. 

Variable 

Medical Records 
Any Skin Neoplasm 
Malignant Skin Neoplasm 
Benign Skin Neoplasm 
Skin Neoplasm of Uncertain Behavior 
or Unspecified Nature 
Any Basal Cell Carcinoma 
Basal Cell Carcinoma on Eye, Ear, 
Face, Head, and Neck 
Basal Cell Carcinoma on Trunk 
Basal Cell Carcinoma on Upper 
Extremities 
Basal Cell Carcinoma on Lower 
Extremities 
Squamous Cell Carcinoma 
Nonmelanoma 
Melanoma 
Any Systemic Neoplasm 
Malignant Systemic Neoplasm 
Benign Systemic Neoplasm 
Systemic Neoplasm of Uncertain 
Behavior or Unspecified Nature 

^Mm:p^ 
:' Background    ■! ppmfywr^: ?p-MM JPM^B^^M^ ■*;] Low plus High 

Ranch Hands Ranch Hands          Ranch Hands Ranch Hands 
■■':■'vs. Comparisons j vs. Comparisons      vs. Comparisons vs. Comparisons 

+0.004 +0.011 NS NS* 
NS NS* NS NS 

+0.001 NS ns NS 
ns NS ns NS 

NS +0.026 ns NS 
NS NS* ns NS 

ns NS NS NS 
ns ns ns ns 

NS ns NS ns 

NS NS NS NS 
NS NS* NS NS 
NS NS NS NS* 
ns* ns ns ns 
ns +0.012 ns NS 
ns ns -   NS ns 
ns ns ns ns 
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Table 10-42.    Summary of Categorized Dioxin Analysis (Model 3) for Neoplasia Variables 
(Ranch Hands vs. Comparisons) (Continued) 

■  ADJUSTED; 

Background Low \--y::Wr.     ;; Low plus High 
Ranch Hands Ranch Hands :. Ranch Hands Ranch Hands 

~W^:Z %?. §-':-■:; ■ ''i: f ""Ki::Värtäbjijetv> ■;/J :U; ^ -;■ v!.; .••'; vs;:Gphiparisons vs. Comparisons .:''vs. Comparisons- ; 

ns 

vs. Comparisons 
Malignant Systemic Neoplasm of ns NS ns 
Eye, Ear, Face, Head, and Neck 
Malignant Systemic Neoplasm of ns NS ns ns 
Oral Cavity, Pharynx, and Larynx   . 
Malignant Systemic Neoplasm of — — __   
Thymus, Heart, and Mediastinum 
Malignant Systemic Neoplasm of — NS __   
Thyroid Gland 
Malignant Systemic Neoplasm of NS +0.008 __   
Bronchus and Lung 
Malignant Systemic Neoplasm of — __ NS* — 
Liver 
Malignant Systemic Neoplasm of ns NS ns NS 
Colon and Rectum 
Malignant Systemic Neoplasm of NS +0.044 NS NS* 
Kidney and Bladder 
Malignant Systemic Neoplasm of ns* ns ns ns 
Prostate 
Malignant Systemic Neoplasm of — — —   
Testicles 
Malignant Systemic Neoplasm of — ~ NS — 
Connective and Other Soft Tissues 
Hodgkin's Disease ns — „   
Non-Hodgkin's Lymphoma ns „ — __ 
Other Malignant Systemic Neoplasms NS __ — __ 
of Lymphoid and Histiocytic Tissue 
All Malignant Skin and Systemic ns +0.035 NS NS 
Neoplasms 
All Skin and Systemic Neoplasms NS NS ns NS 
Laboratory 
Prostate-Specific Antigen (C) ns NS NS NS 
Prostate-Specific Antigen (D) ns NS NS NS 

Notes: NS or ns: Not significant (p>0.10). 
NS* or ns*: Marginally significant (0.05<p<0.10). 
C: Continuous analysis. 
D: Discrete analysis. 
+: Relative risk > 1.00. 
--: Analysis not performed because of the sparse number of participants with an abnormality. 

P-value given if p<0.05. 

A capital "NS" denotes a relative risk of 1.00 or greater for discrete analysis or differences of means 
nonnegative for continuous analysis. A lowercase "ns" denotes a relative risk less than 1.00 for discrete 
analysis or difference of means negative for continuous analysis. 
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10.4.4   Model 4: 1987 Dioxin Analysis 

Results from the adjusted 1987 dioxin analysis of neoplasms showed few significant results. As 1987 
dioxin increased, significant increases in basal cell carcinoma on the trunk and a malignant neoplasm of 
the liver were found. Significant decreases with increasing levels of 1987 dioxin were found for benign 
skin neoplasms and a malignant neoplasm of the thymus, heart, or mediastinum. Other results that were 
significant in the unadjusted analysis were nonsignificant after adjustment for covariates. Results of all 
analyses of 1987 dioxin are provided in Table 10-43. 

Table 10-43. Summary of 1987 Dioxin Analysis (Model 4) for Neoplasia Variables (Ranch 
Hands Only) 

R;--;:
:;-^-;: ^v|;^$t: Variable-        :

;" ...•."";.: :-. ; •■:■'. ; .;'••.'         Unadjusted           ; .-.,:■■■ . .; Adjusted 
Medical Records 
Any Skin Neoplasm -0.012 ns 
Malignant Skin Neoplasm ns NS 
Benign Skin Neoplasm -0.003 -0.005 
Skin Neoplasm of Uncertain Behavior or NS NS 
Unspecified Nature 
Any Basal Cell Carcinoma -0.037 ns 
Basal Cell Carcinoma on Eye, Ear, Face, Head, -0.021 ns 
and Neck 
Basal Cell Carcinoma on Trunk ns +0.016 
Basal Cell Carcinoma on Upper Extremities ns NS 
Basal Cell Carcinoma on Lower Extremities ns ns 
Squamous Cell Carcinoma ns NS 
Nonmelanoma ns* NS 
Melanoma NS NS 
Any Systemic Neoplasm NS NS 
Malignant Systemic Neoplasm ns NS 
Benign Systemic Neoplasm NS NS 
Systemic Neoplasm of Uncertain Behavior or ns NS 
Unspecified Nature 
Malignant Systemic Neoplasm of Eye, Ear, ns NS 
Face, Head, and Neck 
Malignant Systemic Neoplasm of Oral Cavity, NS NS 
Pharynx, and Larynx 
Malignant Systemic Neoplasm of Thymus, -0.038 -0.017 
Heart, and Mediastinum 
Malignant Systemic Neoplasm of Thyroid ns ns 
Gland 
Malignant Systemic Neoplasm of Bronchus and ns NS 
Lung 
Malignant Systemic Neoplasm of Liver NS* +0.042 
Malignant Systemic Neoplasm of Colon and NS NS 
Rectum 
Malignant Systemic Neoplasm of Kidney and NS NS 
Bladder 
Malignant Systemic Neoplasm of Prostate ns ns 
Malignant Systemic Neoplasm of Testicles NS NS 
Malignant Systemic Neoplasm of Connective NS NS 
and Other Soft Tissues 
Hodgkin's Disease ns ns 
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Table 10-43.    Summary of 1987 Dioxin Analysis (Model 4) for Neoplasia Variables (Ranch 
Hands Only) (Continued) 

'. t   ''";-;> .   ',/.;.    Variable;       ' ..   ■' ■;: )r ; ' y■'>    :i    ;   Unadjusted  > ; 7:v*> ■ /-, ; s '■    , Adjusted; 

Non-Hodgkin's Lymphoma ns ns 
Other Malignant Systemic Neoplasms of ns ns 
Lymphoid and Histiocytic Tissue 
All Malignant Skin and Systemic Neoplasms ns NS 

ns All Skin and Systemic Neoplasms ns 
Laboratory 
Prostate-Specific Antigen (C)                                                   -0.043                                              ns 
Prostate-Specific Antigen (D) ns NS  

Notes: NSorns: Not significant (p>0.10). 
NS* or ns*: Marginally significant (0.05<p<0.10). 
C: Continuous analysis. 
D: Discrete analysis. 
+: Relative risk >1.00. 
-: Relative risk <1.00 for discrete analysis; slope negative for continuous analysis. 

P-value given if p<0.05. 

A capital "NS" denotes a relative risk of 1.00 or greater. A lowercase "ns*' denotes a relative risk less than 
1.00 for discrete analysis or slope negative for continuous analysis. 

10.5   CONCLUSION 

Several analyses showed significantly more Ranch Hands than Comparisons with a history of malignant 
skin or systemic neoplasms; however, no significant results were found within the enlisted groundcrew 
stratum, the military occupational category believed to have been, on average, the most heavily exposed. 
When the association between initial dioxin and malignant neoplasms was examined within Ranch Hands, 
the neoplasm occurrence decreased as initial dioxin increased. A significant increase of malignant 
neoplasms for Ranch Hands in the low dioxin category relative to Comparisons was observed, but there 
was no such increase in Ranch Hands in the high dioxin category. In summary, at the end of 15 years of 
surveillance, Ranch Hands do not exhibit a significantly increased risk for neoplastic disease, nor do they 
show a positive dose-response relation between dioxin and malignant neoplastic conditions. 
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11 NEUROLOGICAL ASSESSMENT 

11.1    INTRODUCTION 

11,1.1   Background 

The recent association of neurological symptoms with herbicide exposure has motivated much of the 
research toward the potential neurotoxicity of dioxin. Studies of industrial accidents, as discussed 
subsequently in this section, have demonstrated that the mixed sensorimotor neuropathy associated with 
extreme chlorophenol toxicity is reversible and that there is little scientific evidence to date for any 
chronic central or peripheral neurological disease in humans associated with low-level 2,3,7,8- 
tetrachlorodibenzo-p-dioxin (dioxin) exposure. Neurobehavioral endpomts in humans, the subject of 
intensive investigation in this and other studies of Vietnam veterans, are considered separately in Chapter 
12, Psychological Assessment. 

Much of the basic research in animal models has focused on neurobehavioral sequelae consequent to 
dichlorophenoxyacetic acid (2,4-D, a component of Agent Orange) and 2,4,5-trichlorophenoxyacetic acid 
(2,4,5-T) rather than dioxin toxicity in laboratory animal experiments (1-4). In another series of studies, 
the neurobehavioral effects of exposure to an ester of 2,4-D were found to be rapidly reversible, and the 
authors proposed a cellular rather than biochemical basis for the tolerance that developed with repeated 
injections (5, 6). 

Several studies have investigated the neurotoxic effects of dioxin in laboratory animals with inconsistent 
results. Rats given a high dose of dioxin (1,000 ug/kg) intraperitoneally demonstrated no apparent 
neurological deficits (7). The intracerebroventricular administration of dioxin proved far more toxic than 
the subcutaneous route in producing a wasting syndrome in rats, although specific neurological indices 
were not examined (8). In another study, the neuromuscular effects associated with acute lethal doses of 
dioxin in rats were primarily in muscle tissue rather than peripheral nerves (9). 

Two experimental animal studies can be cited as more relevant to the question of dioxin-induced 
neurotoxicity in humans. In the first study (10), strengthened by the inclusion of electrophysiologic 
measurements, Wistar rats received a single intraperitoneal low dose of dioxin in one of four strengths. 
Electrophysiologic studies of the sciatic nerve after injection documented dose-dependent and 
statistically significant reductions in motor and sensory nerve conduction velocities relative to the 
controls. In a companion report, the same authors provide histopathologic correlations with 
electrophysiologic findings (11). Ten months after exposure, microscopic studies confirmed the 
histologic appearance of a severe peripheral neuropathy of the axonal and demyelinating type. 

In humans, there is only circumstantial evidence linking 2,4-D exposure to neurotoxicity, and the 
arguments against a causal relation have been summarized in a review article (12). Toxic doses of 2,4-D, 
as much as 3,600 mg given intravenously in a single dose to a human and a cumulative dose of 16,312 
mg administered over 5 weeks, induced transient neurological signs and symptoms but no long-term 
sequelae (13), 

A host of neurological symptoms has been reported following dioxin exposure and has been grouped 
under the generic term of "neurasthenia." Numerous studies have been published describing neurological 
sequelae in populations exposed to dioxin by occupation (14-21), environmental contamination (22-26) 
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and industrial accidents (27-33), and in association with service in Southeast Asia (SEA) during the 
Vietnam War (34-40). 

The 1976 chemical explosion in Seveso, Italy, has provided a basis for numerous reports on the exposed 
population (27-30, 32, 33), and several of these reports have included clinical and laboratory indices in 
the examination protocols, most of which have focused on signs and symptoms of peripheral neuropathy 
as primary clinical endpoints. In one study, 152 subjects with chloracne, a marker for high-level dioxin 
exposure, were compared with controls. An abnormality was found in only 1 of 13 neurophysiologic 
indices, and none of the exposed subjects were found to have a peripheral neuropathy by World Health 
Organization criteria (30). Other investigators who included electromyographic studies in the 
examination protocols reached similar conclusions (27, 29, 32), as did those studying the populations 
exposed consequent to uncontrolled chemical reactions that occurred in Germany in 1953 (31) and in 
Nitro, West Virginia, in 1949 (17). 

In contrast, one occupational study of 47 railroad workers examined 6 years after a chemical spill 
revealed evidence, through electrophysiologic measurements, for a peripheral neuropathy in 43 of these 
workers. High prevalences of dystonia (53%) and tremor (78%) were documented (14). These results 
have not been confirmed by any other studies, and the conclusions were limited by the lack of a control 
group and by exposure to other chemicals. 

Point-source environmental exposure to dioxin has been the focus of numerous epidemiological studies, 
some of which have included neurological indices in their protocols (22-26). In 1971, waste byproducts 
contaminated with dioxin were mixed with oils and widely sprayed for dust control in residential areas in 
eastern Missouri. Soil concentrations in some areas reached 2,200 parts per billion, far exceeding the 
highest degree of ground contamination that occurred at Seveso. Comprehensive medical evaluations of 
exposed and unexposed cohorts included detailed neurological examinations and, in one report (24), 
quantitative studies of tactile, vibratory, and thermal sensory perception. The Missouri dioxin studies 
have been summarized in a review article (26) and, to date, none has found any clinical evidence for 
central or peripheral neurological disease associated with exposure to dioxin. In the only Missouri study 
to relate neurological endpoints to tissue levels of dioxin (23), no associations were found between the 
body burden of dioxin and abnormalities in deep tendon reflexes or pain and vibratory sensation. 

An epidemiological study conducted by the National Institute of Occupational Safety and Health is one 
of few to relate serum dioxin levels to neurological indices (20). The prevalence of peripheral 
neuropathy was determined in 265 workers with a mean serum dioxin level of 220 parts per trillion (ppt) 
15 years after exposure and in 244 referents with a level of 7 ppt. The diagnosis of peripheral neuropathy 
was established by symptoms and by data collected during physical examination, electrophysiologic 
studies, and quantitative sensory testing. Although the study could not rule out neurological symptoms 
associated with acute exposure, there was no evidence for a dose-response relation between dioxin levels 
and peripheral neuropathy. 

Few studies of Vietnam veterans have incorporated neurological data into their protocols and, with the 
exception of the Air Force Health Study (AFHS), none has correlated neurological indices with tissue 
levels of dioxin. One large-scale study of American Legion veterans who served in Vietnam found an 
increased incidence of reported neurobehavioral disorders among veterans who reported exposure to 
herbicides (34). 

The Vietnam Experience Study, conducted by the United States Centers for Disease Control and 
Prevention, compared the health status of 2,490 Vietnam veterans with 1,972 non-Vietnam veterans (35). 
The study protocol included comprehensive neurological examinations, nerve conduction velocity 
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studies, and neurophysiologic indices of vibratory, thermal, and auditory sensation. Aside from an 
increased prevalence of combat-related high frequency hearing loss in a pattern consistent with prior 
noise exposure, no neurological abnormalities were noted in association with service in Vietnam. 

In the baseline examination of the AFHS (36), an increased prevalence of abnormal Babinski reflexes 
was noted in Ranch Hand personnel relative to Comparisons, a finding not confirmed at the 1985 (37), 
1987 (38), or 1992 (39) follow-up examinations. In the 1987 examination, Ranch Hand participants were 
found to have more coordination abnormalities than Comparisons, but subsequent analyses found no 
correlation with serum dioxin levels. A few statistically significant associations were noted but not in a 
pattern consistent with a dose-response effect (40). In the AFHS 1992 examination, the prevalence of 
neurological disease was comparable in the Ranch Hand and Comparison groups, and there was no 
consistent evidence for a dose-response effect with either estimated initial dioxin levels or current dioxin 
levels (39). In the most recent report published by the Institute of Medicine (41), the committee 
concluded that there is "limited/suggestive" evidence of an association between exposure to certain 
herbicides used in Vietnam and the development of an acute or subacute transient peripheral neuropathy. 

In summary, the animal research and human epidemiological studies cited above suggest that the 
peripheral nervous system is a target organ for acute dioxin toxicity. Longitudinal studies suggest that 
the neurological signs and symptoms attributable to heavy acute exposure resolve over time and are not 
associated with any long-term sequelae. Exposures equivalent to those likely to have been encountered 
by Vietnam veterans have not been associated with persistent neurological abnormalities. 

11.1.2   Summary of Previous Analyses of the Air Force Health Study 

11.1.2A   1982 Baseline Study Summary Results 

The 1982 AFHS neurological assessment consisted of questionnaire, physical examination, and 
electromyographic data obtained by examiners and technicians who were blind to the group identity of 
each participant. The physical examination required an average of 30 minutes to complete. Analyses 
were adjusted for reported alcohol usage, exposure to insecticides and industrial chemicals, and glucose 
intolerance (diabetes). 

Results of the questionnaire disclosed no significant group differences in reported neurological diseases. 
The physical examination did not reveal any statistically significant group differences in the function of 
the 12 cranial nerves. Peripheral nerve function was assessed by the quality of four reflexes (patellar, 
Achilles, biceps, and Babinski); muscle strength or bulk; and reaction to the stimuli of pinprick, light 
touch, and vibration. Other than a statistically significant increase (p=0.03) in Ranch Hand Babinski 
reflexes, significant group differences were not detected. 

Nerve conduction velocities were obtained on the ulnar nerve above and below the elbow and the 
peroneal nerve. The results for each segmental measurement were nearly identical in the Ranch Hand 
and Comparison groups. Conduction velocity showed highly significant inverse relations to both alcohol 
and diabetes in almost all of the anatomic measurements. No group associations or interactions were 
detected with the reported exposure to industrial and degreasing chemicals and insecticides. 

No significant group differences were detected in four measures of central neurological function (tremor, 
finger-nose coordination, modified positive Romberg sign, or abnormal gait). Alcohol usage was 
significantly associated with the presence of tremor, and glucose intolerance was highly correlated to 
abnormal balance and the presence of tremor. 
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11.1.2.2  19S5 Follow-up Study Summary Results 

The 1985 AFHS neurological examination did not include the measurements of nerve conduction 
velocities, but otherwise repeated the baseline examination protocol. The questionnaire maintained a 
historical focus on neurasthenia through five questions for the 1982-1985 interval With this similarity in 
examination and questionnaire, the dependent variables of the analyses were the same as those of the 
baseline study. 

Interval questionnaire data (1982-1985) on neurological illness, verified by medical records, revealed no 
significant group differences. These data were added to verified baseline examination historical 
information to assess possible differences in the lifetime experience of neurological disease. Again, 
there was no significant difference between the Ranch Hand and Comparison groups. 

The neurological examination evaluated neurological integrity in three broad areas: cranial nerve 
function, peripheral nerve status, and central nervous system (CNS) coordination. Assessment of the 12 
cranial nerves was based on the measurement of 15 variables. Two summary indices were constructed. 
Neither the unadjusted nor the adjusted analyses disclosed any statistically significant group differences, 
although two variables (speech and tongue position) were of marginal significance; with Ranch Hands 
faring worse than Comparisons. One of the two cranial nerve summary indices was marginally 
significant, again with the Ranch Hands adversely affected. In contrast to the baseline examination, there 
was no significant group difference in Babinski reflex. The unadjusted and adjusted analyses of 
peripheral nerve function, as measured by eight variables (four reflexes, three sensory determinations, 
and muscle mass), did not reveal significant group differences. Coordination was evaluated by four 
measurements and a constructed summary variable. Hand tremor was found to be of marginal 
significance, with Ranch Hands faring slightly worse than Comparisons. The CNS summary index 
showed significant adverse effects for Ranch Hands. 

In a longitudinal analysis of the Romberg sign and the Babinski reflex, only the Babinski reflex revealed 
a significant difference between the baseline examination and the 1985 follow-up examination, with the 
Ranch Hands shifting from significant adverse findings at the baseline examination to nonsignificant 
findings at the 1985 follow-up examination. 

Overall, the 1985 follow-up examination findings were similar to the baseline examination findings; 
however, several distinct patterns were evident from the analyses: 

• Substantially fewer abnormalities were detected at the 1985 follow-up examination than at the 
baseline examination for almost all of the variables. 

• The decrease in abnormalities was similar in both groups. 

• The adjusted analyses were uniformly similar to the unadjusted analyses. 

• A significant result was found for the constructed CNS summary variable, and a marginally 
significant result was found for the constructed cranial nerve index excluding range of motion, 
both in the adverse direction. 

• Although statistical significance at the pre-assigned significance level of 0.05 was not achieved 
for any of the measurement variables, the Ranch Hand group tended to have a greater percentage 
of abnormalities. 

In conclusion, none of the 27 neurological variables demonstrated a significant group difference, 
although several showed an aggregation of abnormalities in the Ranch Hand group, which emphasized 
the need for continued surveillance. Historical reporting of neurological disease was similar in both 
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groups. The longitudinal analyses disclosed a reversal of significant increase in Babinski reflex 
abnormalities at the baseline examination to nonsignificant difference (RR=1.02) at the 1985 follow-up 
examination for the Ranch Hands. 

11.1.2.3  1987 Follow-up Study Summary Results 

The neurological health of the Ranch Hand group was not substantially different from the Comparison 
group. For the questionnaire variables related to neurological disease, Ranch Hands had significantly 
more hereditary and degenerative diseases, such as benign essential tremor. The statistical results of the 
group contrasts for 30 physical examination variables relating to cranial nerve function, peripheral nerve 
status, and CNS coordination processes generally were not significant. Unadjusted analyses disclosed 
marginally significantly more balance (Romberg sign) and coordination abnormalities for Ranch Hands 
than for Comparisons. Conversely, Ranch Hands had significantly fewer biceps reflex abnormalities 
than Comparisons. The longitudinal analyses for the cranial nerve index and the CNS index revealed no 
significant differences. 

/ /. 1.2.4  Serum Dioxin Analysis of 1987 Follow-up Study Summary Results 

Overall, the neurological assessment did not indicate that dioxin was associated with neurological 
disease, although some analyses revealed a significant association between dioxin levels and CNS index 
and coordination. The adjusted analyses for the historical questionnaire variables were not significant 
and few statistically significant results were noted for the physical examination variables. The group 
contrast from the 1987 follow-up examination found that Ranch Hands had significantly more hereditary 
and degenerative diseases (mostly benign essential tremor) than Comparisons, but the serum dioxin 
analyses provided no support for the hypothesis that dioxin levels were associated with an increased risk 
of these diseases. The adjusted categorized current dioxin analyses for coordination found that the 
relative risk was significantly greater than 1.0 for Ranch Hands in the high current dioxin category. This 
was consistent with the previous analysis of the 1987 follow-up data, where the Ranch Hand group had 
significantly more coordination abnormalities than the Comparison group (1.5 percent versus 0.6 
percent). The serum dioxin analyses showed significant adverse associations with the CNS index, 
including a marginally significant association with initial dioxin in the longitudinal analyses. 

11.1.2.5  1992 Follow-up Study Summary Results 

Overall, the neurological assessment found the prevalence of neurological disease to be comparable 
between the Ranch Hand and Comparison groups, and showed no consistent evidence of a dose-response 
effect with either estimated initial dioxin levels or current dioxin levels. In the group contrasts stratified 
by occupation, Ranch Hand enlisted groundcrew had significantly more cranial nerve index 
abnormalities than Comparison enlisted groundcrew. The enlisted groundcrew was the military 
occupation category with the highest average levels of dioxin; however, analyses of serum dioxin levels 
did not exhibit a dose-response trend. 

11.1.3   Parameters for the 1997 Neurological Assessment 

11.13.1   Dependent Variables 

The neurological assessment was based on extensive physical examination data on cranial nerve 
function, peripheral nerve status, and CNS coordination processes. This information was supplemented 
by verified histories of neurological diseases. Participants with a positive serological test for syphilis and 
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participants who tested positive for the human immunodeficiency virus (HIV) were excluded from the 
analysis of all dependent variables. 

11.1.3.1.1     Medical Records Variables 

The 1997 questionnaire captured data on the occurrence of neurological disorders. Positive responses 
were verified by a medical records review and combined with information from the baseline examination 
and the 1985, 1987, and 1992 follow-up examinations. The neurological diseases and disorders were 
classified into four categories of the International Classification of Diseases, 9th Revision, Clinical 
Modification (ICD-9-CM) manual: inflammatory diseases (ICD-9-CM codes 320.0-326), hereditary and 
degenerative diseases (ICD-9-CM codes 330.0-337.9), peripheral disorders (ICD-9-CM codes 350.1- 
359.9), and other neurological disorders (ICD-9-CM codes 340-349.9). The neurological inflammatory 
diseases found in this study consisted of meningitis caused by bacterial infection, meningitis of unknown 
cause, and encephalitis of unknown cause. The majority of other neurological disorders were unspecified 
encephalopathies, but conditions such as multiple sclerosis, other demyelinating diseases of the CNS, 
hemiplegia, other paralytic syndromes, epilepsy, migraine, catalepsy or narcolepsy, other conditions of 
the brain, and other unspecified disorders of the CNS were included. Each of the four disorders was 
coded as "yes" or "no." 

Participants with a verified pre-SEA history of the disorder were excluded from all analyses pertaining to 
that disorder. 

11.13.1.2     Physical Examination Data 

11.1.3.1.2.1 Cranial Nerve Function 

The evaluation of cranial nerve function was based on the following 15 variables: smell, visual fields, 
light reaction, ocular movement, facial sensation, corneal reflex, jaw clench, smile, palpebral fissure, 
balance, gag reflex, speech, tongue position relative to midline, palate and uvula movement, and neck 
movement. All of these variables were scored as "normal" or "abnormal," except for jaw clench and 
palate and uvula movement, which were scored as "symmetric" or "deviated." For variables with left and 
right determinations, the two results were combined to produce a single normal or abnormal result, where 
normal indicated that both responses were normal, and abnormal indicated that at least one of the 
responses was abnormal. Abnormal speech conditions included aphasia, dysarthria, agnosia, and other 
speech abnormalities. Neck range of motion was coded as abnormal if there was a decreased range of 
motion forward or backward or to the left or right. Neck movement was evaluated by a shoulder shrug 
and by applying manual resistance to the cheeks to evaluate the strength of lateral rotation. No abnormal 
neck movements were found at the 1997 examination. 

A cranial nerve index was created by combining responses for the 15 cranial nerve parameters. This 
index was classified as abnormal if at least one of the determinations was abnormal and was classified as 
normal if all of the cranial nerve parameters were normal. 

11.1.3.1.2.2 Musculoskeletal and Vertebral Column Function 

The examining neurologist asked each participant to move his head to the left and right, and to tilt his 
head forward and backward. This test assessed the musculoskeletal and vertebral column function. This 
neck range of motion variable was coded as abnormal if there was a decreased range of motion forward 
or backward or to the left or right. 
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11.13.1.2.3   Peripheral Nerve Status 

Peripheral nerve status was assessed by light pinprick, light touch (cotton sticks), visual inspection of 
muscle mass (and palpation, if indicated), three deep tendon reflexes (patellar, Achilles, and biceps), and 
the Babinski reflex. In addition, four indices to assess bilateral symmetric distal sensory or sensorimotor 
poly neuropathy were analyzed. These indices were constructed based on testing of ankle and toe flexors, 
coordination, deep tendon reflexes, light touch, pinprick, vibration at the ankle, toe position, and a 
vibrotactile measurement of both great toes. 

A vibrotactile measurement of both the left and right great toes was performed as part of a collaborative 
effort with the National Institute of Dental Research. A Vibratron Er device was used to measure 
vibrotactile threshold on both the left and right great toes. The Vibratron II® provided a noninvasive 
means of measuring the sensitivity to vibration of a participant's feet. Following instructions from the 
manufacturer, the Vibratron II® was calibrated prior to the start of the physical examinations and at the 
midpoint of the examination period. Participants whose great toes could be examined but who sensed no 
vibration were included in the analysis at a level equal to the highest recorded measurement (22.8 
vibrational units [VU]) to represent an extreme loss of sensitivity to vibration. The Vibratron II® device 
recorded measurements in vibrational units. A transformation was used to convert the vibrational units 
to a standardized unit, such as microns of displacement, to facilitate comparison with other studies. The 
formula used in this study, as determined by the manufacturer, was 

Displacement (microns) = 0.5 • VU2. 

The instrument was calibrated prior to and once (at the midpoint) during the study period. The 
displacement measurements were transformed to the natural logarithm scale to enhance normal 
distribution assumptions for analysis. The left and right great toes were analyzed separately. For each 
great toe, the average (in log microns) of four of seven trials was determined. The four trials were those 
remaining after eliminating the results of the first of the seven trials and the high and low readings of the 
other six results following a method of limits protocol (42). The average was calculated for each 
participant who had four nonzero measurements, after eliminating the results of the first of the seven 
trials and the high and low readings of the other six results. 

Pinprick and light touch were considered normal if the reaction was normal on both legs. A variable to 
judge muscle status was constructed using data on bulk; tone of upper and lower extremities; and the 
strength of distal wrist extensors, ankle and toe flexors, proximal deltoids, and hip flexors. Bulk was 
classified as either "normal" or "abnormal"; tone was classified as "abnormal" if there was either a 
decreased or increased response on either the left side, right side, or both sides. The strength of distal 
wrist extensors, ankle and toe flexors, proximal deltoids, and hip flexors was considered "abnormal" if 
either or both the left or right side was decreased. Composite muscle status was classified as "normal" if 
all of the components were normal on both the left and right sides and "abnormal" if at least one of the 
components was abnormal on either or both sides. The patellar, Achilles, and biceps reflexes were coded 
as "normal" if they were sluggish, active, or very active and were classified as "abnormal" if absent. 

Three indices to assess polyneuropathy were based on a severity index. The endpoints discussed 
previously in this section assessed unilateral abnormalities, whereas these indices assessed bilateral 
abnormalities. These indices were considered abnormal only if both the left and right determinations 
were abnormal. These indices were based on the following seven conditions or sets of conditions: 

•     Both left and right ankle and toe flexors were abnormal (no=0, yes=l) 
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The Romberg sign (equilibratory) was abnormal (no=0, yes=l) 

Both left and right Achilles reflexes were absent (no=0, yes=l) 

Reaction to a light touch was abnormal on both the left and right legs (no=0, yes=l) 

Reaction to a pinprick was abnormal on both the left and right legs (no=0, yes=l) 

Both left and right ankle vibrations were abnormal (no=0, yes=l) 

The position of both the left and right great toe was abnormal (no=0, yes=l). 

A polyneuropathy severity index, which ranged from 0 to 7, was constructed as the sum of the above 
seven scores. The polyneuropathy severity index was classified as "mild" (index = 0, 1, or 2), 
"moderate" (index = 3 or 4), or "severe" (index = 5, 6, or 7). A second index, termed a polyneuropathy 
prevalence indicator, was coded as "abnormal" if the polyneuropathy severity index was at least 1 and 
"normal" if the polyneuropathy severity index was 0. A third index, termed a multiple polyneuropathy 
index, was coded as "abnormal" if the polyneuropathy severity index was at least 2 and "normal" if the 
polyneuropathy severity index was 0 or 1. 

In addition, a confirmed polyneuropathy index was constructed as follows: 

If at least two of the following three conditions hold, 

• Both left and right Achilles reflexes were absent 

• Reaction to a pinprick was abnormal on both the left and right legs 

• Both left and right ankle vibrations were abnormal 

and the minimum of the left and right toe averages (in log microns) was greater than 4.02, the confirmed 
polyneuropathy index was coded as "abnormal." If the minimum vibrotactile measurement was less than 
or equal to 4.02, or no more than one of the above conditions was present, the confirmed polyneuropathy 
index was coded as "normal." The value of 4.02 was determined by taking the minimum value of the left 
and right great toe average for each participant and using the 90th percentile of the minimum values for 
Comparisons. 

Participants with peripheral edema in the lower extremities were excluded from the analyses of pinprick 
and light touch. The analysis of the Achilles reflex excluded participants with a transient or sustained 
clonus in this reflex. The analysis of the patellar reflex excluded participants with a transient or 
sustained clonus in this reflex. Participants with peripheral edema of the lower extremities and 
participants with transient clonus or sustained clonus results for the Achilles reflex were excluded from 
the analysis of polyneuropathy indices, because pinprick, light touch, and the Achilles reflex were a 
component of each of the polyneuropathy indices. 

11.1.3.1.2.4    CNS Coordination Processes 

The evaluation of CNS coordination processes was based on the analysis of the following variables: 
tremor, coordination, Romberg sign, gait, and a CNS index. For these variables, multiple determinations, 
which include left and right as well as upper and lower responses, were combined to form a single result. 
A result was classified as "normal" if all determinations were normal and "abnormal" if at least one 
determination was abnormal. Tremor was examined for the left and right upper and lower extremities. 
Abnormal tremors included resting, essential, intention, and "other tremors." Coordination was a 
composite index defined as "normal" if the Romberg sign, finger-nose-finger and heel-knee-shin 
coordination processes, rapidly alternating movements of pronation and supination of hands, and rapid 
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patting were normal. The Romberg sign variable is equivalent to the "balance" variable analyzed as part 
of the cranial nerve function assessment. The gait variable was based on the examining physician's 
assessment of the participant's gait. An abnormal gait included conditions such as broad-based, small- 
stepped, ataxic, or other irregular gait patterns. A CNS index was constructed and was a composite 
variable based on tremor, coordination, and gait. This index was coded as "normal" if all three of the 
components were normal and abnormal otherwise. 

11.1.3.2  Covariates 

Age, race, military occupation, lifetime alcohol history, reported exposure to insecticides, reported 
exposure to industrial chemicals, reported exposure to degreasing chemicals, and diabetic class were 
covariates for all adjusted statistical analyses. 

Age, race, and military occupation were determined from military records. Lifetime alcohol history was 
based on self-reported information from the 1997 questionnaire and combined with similar information 
gathered at the 1987 and 1992 follow-ups. The participants' lifetime exposures through 1992 to 
insecticides, industrial chemicals, and degreasing chemicals were updated with information reported in 
the 1997 questionnaire. 

Each participant was asked about his drinking patterns throughout his lifetime. When a participant's 
drinking patterns changed, he was asked to describe how his alcohol consumption differed and the 
duration of time that the drinking pattern lasted. The participant's average daily alcohol consumption 
was determined for each of the reported drinking pattern periods throughout his lifetime, and an estimate 
of the corresponding total number of drink-years was derived. One drink-year was the equivalent of 
drinking 1.5 ounces of an 80-proof alcoholic beverage, one 12-ounce beer, or one 5-ounce glass of wine 
per day for 1 year. 

In the 1997 questionnaire, a general screening question on diabetes was posed. Each participant was 
asked during the in-person health interview the following question: "Since the date of the last interview, 
has a doctor told you for the first time that you had diabetes?" All affirmative responses were verified by 
a medical records review and added to previously reported and verified information on diabetes from the 
1982 baseline examination and the 1985, 1987, and 1992 follow-up examinations for each participant. 
Participants with a verified history of diabetes were combined with those participants with a 2-hour 
postprandial glucose level of 200 mg/dl or greater at the 1997 physical examination and classified as 
"diabetic" for the diabetic class covariate. Those participants without a verified history of diabetes and 
with a 2-hour postprandial glucose level of less than 200 mg/dl at the 1997 physical examination were 
classified as either "impaired" (140 mg/dl <2-hour postprandial glucose < 200 mg/dl) or "normal" (2- 
hour postprandial glucose <140 mg/dl). 

Two additional covariates based on self-reported information were used for the confirmed 
polyneuropathy indicator dependent variable. The 1997 questionnaire asked each study participant 
whether he had worked for 30 days or more with lead, mercury, chromium, nickel, copper, cadmium, 
manganese, arsenic, selenium, or molybdenum. Responses were combined to form a composite exposure 
to heavy metals covariate. The participant also was asked in the 1997 questionnaire whether he had ever 
worked for 30 days or more with vibrating power equipment or tools. The response (yes or no) to this 
question also was used as a covariate in the assessment of the confirmed polyneuropathy indicator 
dependent variable. 
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11.1.4   Statistical Methods 

Table 11-1 summarizes the statistical analyses performed for the neurological assessment. The first part 
of Table 11-1 lists the dependent variables analyzed, data source, data form, cutpoints, covariates, and 
statistical methods. The second part of this table provides a further description of covariates examined. 
A covariate was used in its continuous form whenever possible for adjusted analyses; if the covariate was 
inherently discrete (e.g., military occupation), or if a categorized form was needed to develop measures 
of association with the dependent variables, the covariate was categorized as shown in Table 11-1. 

Table 11-1. Statistical Analysis for the Neurological Assessment 

Dependent Variables 

f:;:.-,';Data-i; Data Statistical Analysis 
^" ;;;:';■: ^;:;

:^;|; ir£:^|;::p^;^ ^i^l'^F^l^^^iiäbi^^ ;!;■' :--;;:;:::;;y?;1';^; ^. |v; ;■ ?; Ig v ^ ;-|:-::1 Source Form -Cutpoirits .;.; Covariates11 \ Exclusions11 '■. and Methods 

Inflammatory Diseases MR-V D Yes 
No 

0) (a) U:LR,CS 
A:LR 

Hereditary and Degenerative Diseases MR-V D Yes 
No 

(1) (a) U:LR 
A:LR 

Peripheral Disorders MR-V D Yes 
No 

(1) (a) U:LR 
A:LR 

Other Neurological Disorders MR-V D Yes 
No 

(1) (a) U:LR 
A:LR 

Smell PE D Abnormal 
Normal 

(1) (b) U:LR 
A:LR 

Visual Fields PE D Abnormal 
Normal 

(1) (b) U:LR,CS 
A:LR 

Light Reaction PE D Abnormal 
Normal 

(1) (b) U:LR,CS 
A:LR 

Ocular Movement PE D Abnormal 
Normal 

(1) (b) U:LR 
A:LR 

Facial Sensation PE D Abnormal 
Normal 

(1) (b) U:LR,CS 
A:LR 

Corneal Reflex PE D Abnormal 
Normal 

— — Descriptive 

Jaw Clench PE D Deviated 
Symmetric 

(1) (b) U:LR,CS 
A:LR 

Smile PE D Abnormal 
Normal 

(1) (b) U:LR,CS 
A:LR 

Palpebral Fissure PE D Abnormal 
Normal 

(1) (b) U:LR 
A:LR 

Balance PE D Abnormal 
Normal 

(1) (b) U:LR,CS 
A:LR 

Gag Reflex PE D Abnormal 
Normal 

~ ~ Descriptive 

Speech PE D Abnormal 
Normal 

(1) (b) U:LR,CS 
A:LR 

Tongue Position Relative to Midline PE D Deviated 
Symmetric 

(1) (b) U:LR,CS 
A:LR 

Palate and Uvula Movement PE D Deviated 
Symmetric 

(1) (b) U:LR,CS 
A:LR 
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Table 11-1.   Statistical Analysis for the Neurological Assessment (Continued) 

®fBÄJ r'i>ata| Statistical Analysis 
'f;^::;;■;;'.?.-';        ^:i;"'.;i.!^::'^;;:;:;■:;J^^^^äbiel;;^^^:^|f:;       ;::■ .i:];-l|'':;::i:;|;^';:: Source |F(ö*tri Outpoints   j ;GpY«tt*iatesa Exclusions'1 and Methods 

Cranial Nerve Index PE D Abnormal 
Normal 

(1) (b) U:LR 
A:LR 
L:LR 

Neck Range of Motion PE D Abnormal 
Normal 

(1) (b) U:LR 
A:LR 

Pinprick PE D Abnormal 
Normal 

(1) (c) U:LR 
A:LR 

Light Touch PE D Abnormal 
Normal 

(1) (c) U:LR 
A:LR 

Muscle Status PE D Abnormal 
Normal 

(1) (b) U:LR 
A:LR 

Patellar Reflex PE D Abnormal 
Normal 

(1) (d) U:LR 
A:LR 

Achilles Reflex PE D Abnormal 
Normal 

(1) (e) U:LR 
A:LR 

Biceps Reflex PE D Abnormal 
Normal 

0) (b) U:LR 
A:LR 

Babinski Reflex PE D Abnormal 
Normal 

(1) (b) U:LR 
A:LR 

Polyneuropathy Severity Index PE D Severe 
Moderate 
None/Mild 

(1) 00 U:PR 
A:PR 

Polyneuropathy Prevalence Index PE D Abnormal 
Normal 

(1) (f) U:LR 
A:LR 

Multiple Polyneuropathy Index PE D Abnormal 
Normal 

(1) (f) U:LR 
A:LR 

Confirmed Polyneuropathy Indicator PE D Abnormal 
Normal 

(2) (0 U:LR,CS 
A:LR 

Tremor PE D Abnormal 
Normal 

(1) (b) U:LR 
A:LR 

Coordination PE D Abnormal 
Normal 

(1) (b) U:LR 
A:LR 

Romberg Sign PE D Abnormal 
Normal 

(1) (b) U:LR,CS 
A:LR 

Gait PE D Abnormal 
Normal 

(1) (b) U:LR 
A:LR 

CNS Index PE D Abnormal 
Normal 

(1) (b) U:LR 
A:LR 
L:LR 

aCovariates: 
(1) Age, race, military occupation, lifetime alcohol history, insecticide exposure, industrial chemical exposure, 

degreasing chemical exposure, diabetic class. 
(2) Age, race, military occupation, lifetime alcohol history, insecticide exposure, industrial chemical exposure, 

degreasing chemical exposure, diabetic class, composite exposure to heavy metals, worked with vibrating power 
equipment or tools. 
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Table 11-1.   Statistical Analysis for the Neurological Assessment (Continued) 

Exclusions: 

(a) Participants with positive serological tests for syphilis, participants who tested positive for HIV, participants 
with a verified pre-SEA history of the disorder. 

(b) Participants with positive serological tests for syphilis, participants who tested positive for HIV. 
(c) Participants with positive serological tests for syphilis, participants who tested positive for HIV, participants 

with peripheral edema of the lower extremities. 
(d) Participants with positive serological tests for syphilis, participants who tested positive for HIV, participants 

with transient or sustained clonus of the patellar reflex. 
(e) Participants with positive serological tests for syphilis, participants who tested positive for HIV, participants 

with transient or sustained clonus of the Achilles reflex. 
(f) Participants with positive serological tests for syphilis, participants who tested positive for HIV, participants 

with peripheral edema of the lower extremities, participants with transient or sustained clonus of the Achilles 
reflex. 

Covariates 

l:|;l;:pM Data Source Data Form :;M§;ß^M_;■ ;:;;■;■;;';;■-;-'■ ^^;^i;.;.^ut^pihpi'Kits :':■:":-:;::/;iv-J■";;fv;
:f^'V;-;;P;:_:;>":^;; 

Age (years) MIL D/C Born>1942 
Born<1942 

Race MIL D Black 
Non-Black 

Occupation MIL D Officer 
Enlisted Flyer 
Enlisted Groundcrew 

Lifetime Alcohol History (drink-years) Q-SR D/C 0 
>0-40 
>40 

Insecticide Exposure Q-SR D Yes 
No 

Industrial Chemical Exposure Q-SR D Yes 
No 

Degreasing Chemical Exposure Q-SR D Yes 
No 

Diabetic Class LAB/MR-V D • Diabetic: past history or >200 mg/dl 
2-hr. postprandial glucose 

• Impaired:   140-<200 mg/dl 2-hr. 
postprandial glucose 

• Normal: < 140 mg/dl 2-hr. 
postprandial glucose 

Composite Exposure to Heavy Metals Q-SR D Yes 
No 

Worked With Vibrating Power Q-SR D Yes 
Equipment or Tools No 

Abbreviations 

Data Source:             LAB:  1997 laboratoi ry results 
MIL: Air Force military records 
MR-V: Medical records (verified) 
PE: 1997 physical examination 
Q-SR: Health questionnaire (self-reported) 
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Table 11-1.   Statistical Analysis for the Neurological Assessment (Continued) 

Data Form: D: Discrete analysis only 
D/C: Appropriate form for analysis (either discrete or continuous) 

Statistical Analysis:  U: Unadjusted analysis 
A: Adjusted analysis 
L: Longitudinal analysis 

Statistical Methods:  CS: Chi-square contingency table analysis (continuity-adjusted) 
LR: Logistic regression analysis 
PR: Polytomous logistic regression analysis 

Table 11-2 provides a summary of the number of participants with missing dependent variable and 
covariate data. In addition, the number of participants excluded because of medical conditions is given. 

Table 11-2.  Number of Participants Excluded or with Missing Data for the Neurological 
Assessment 

• :\:3- ■■;■;'■: ;^jöi^id;^ ^ :%;& 1 

Variable 

Group   ';"■ I  (Ranch Hands Only) -.) Categorized Dioxin 

Ranch\ Ranch 
:;::ij-V':E';:: ::;■:;::■ - ;■-■-.'": ?'" -; :::;:".;^^. ~ r-^äirf        :;T'-;:;- ■::;i" ■-':;':.',J=;;: 

i: s:' :[i^': ^ ■ '.-Use': "-; Hand 1 ;   Comparison Initial 1987 Hand Comparison 

Smell DEP 4 2 2 4 4 2 
Visual Fields DEP 0 4 0 0 0 4 
Light Reaction DEP 5 2 1 5 5 2 
Facial Sensation DEP 1 1 0 1 1 1 
Corneal Reflex DEP 7 6 5 7 7 5 
Balance DEP 0 1 0 0 0 1 
Gag Reflex DEP 1 1 0 1 1 1 
Cranial Nerve Index DEP 16 4 7 16 16 4 
Muscle Status DEP 0 1 0 0 0 1 
Patellar Reflex DEP 1 2 1 1 1 1 
Achilles Reflex DEP 0 3 0 0 0 3 
Biceps Reflex DEP 0 1 0 0 0 1 
Babinski Reflex DEP 0 3 0 0 0 3 
Polyneuropathy Severity Index DEP 0 1 0 0 0 1 
Multiple Polyneuropathy Index DEP 1 0 1 1 1 0 
Confirmed Polyneuropathy DEP 14 10 7 13 13 9 
Index 
Coordination DEP 0 2 0 0 0 2 
Romberg Sign DEP 0 1 0 0 0 1 
CNS Index DEP 0 1 0 0 0 1 
Lifetime Alcohol History COV 6 2 3 6 6 1 
Diabetic Class COV 9 18 5 7 7 17 
Worked with Vibrating Power COV 1 2 1 1 1 2 
Equipment or Tools 
Composite Exposure to Heavy COV 1 0 1 1 1 0 
Metals 
Pre-SEA Inflammatory EXC 0 7 0 0 0 7 
Diseases 
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Table 11-2.  Number of Participants Excluded or with Missing Data for the Neurological 
Assessment (Continued) 

Dioxin 

Variable 

Group ;   (Ranch.Hands Only)' Categorized Dioxin 

Ranchl Ranch 
...   .Variable: ■■ Use;     ; Hand ■Comparison | Initial 1987 Hand Comparison 

Pre-SEA Peripheral Disorders EXC 3 2 0 3 3 2 
Pre-SEA Other Neurological EXC 4 5 1 4 4 5 
Disorders 
Positive Serological Test for EXC 1 0 0 1 1 0 
Syphilis 
HIV Positive EXC 3 2 3 3 3 2 
Peripheral Edema EXC 45 64 26 45 45 62 
Clonus - Patellar Reflex EXC 0 1 0 0 0 1 
Clonus - Achilles Reflex EXC 1 2 0 1 1 2 

Note: DEP = Dependent variable. 
COV = Covariate. 
EXC = Exclusion. 
870 Ranch Hands and 1,251 Comparisons. 
482 Ranch Hands for initial dioxin; 863 Ranch Hands for 1987 dioxin. 
863 Ranch Hands and 1,213 Comparisons for categorized dioxin. 

11.1.4.1  Longitudinal Analysis 

The neurological longitudinal analyses were based on the cranial nerve index, excluding neck range of 
motion and the CNS index. Substantially fewer neurological abnormalities have been found in the 1985, 
1987, 1992, and 1997 examinations than at the 1982 baseline examination, as noted in previous AFHS 
reports. This observation suggested that different techniques for the examination of the neurological 
system were used in 1982 than in the subsequent examinations. To enhance the comparability of 
measurements between examinations, the longitudinal assessment contrasted differences between the 
1985 and 1997 neurological examinations. 

11.2   RESULTS 

11.2.1   Dependent Variable-Covariate Associations 

The associations between the dependent variables examined in the neurological assessment and the 
covariates used in the adjusted analysis were investigated; the results are presented in Appendix F, Table 
F-3. These associations are pairwise between the dependent variable and the covariate and are not 
adjusted for any other covariates. Participants were excluded from each of the analyses as given in Table 
11-1. Statistically significant associations are discussed below. 

Age and industrial chemical exposure each exhibited significant associations with a history of hereditary 
and degenerative diseases (p=0.009 and p=0.022, respectively). Hereditary and degenerative diseases 
were greater for older participants than for younger participants (10.4% vs. 7.0%) and higher for 
participants reporting exposure to industrial chemicals than for those not reporting exposure (10.0% vs. 
7.0%). 
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Tests of covariate associations with a history of peripheral disorders were significant for age (p<0.001), 
insecticide exposure (p=0.014), and diabetic class (p<0.001). Peripheral disorders were higher among 
older participants than younger participants (24.6% vs. 14.9%). Peripheral disorders were greater for 
participants exposed to insecticides (21.8%) than for participants not exposed to insecticides (16.9%), 
and greatest for diabetics (33.4%). 

Several covariates were associated significantly with a history of other neurological disorders. 
Significant associations were found with age (p<0.001), race (p<0.001), occupation (p<0.001), industrial 
chemical exposure (p<0.001), degreasing chemical exposure (p<0.001), and diabetic class (p<0.001). 
Older participants had a greater history of other neurological disorders (22.0%) than did younger 
participants (13.4%). Blacks exhibited a greater history of other neurological disorders (33.1%) than did 
non-Blacks (17.3%). Other neurological disorders were highest for enlisted flyers (27.0%), followed by 
enlisted groundcrew (24.1%), and then by officers (8.1%). Participants reporting exposure to industrial 
chemicals and degreasing chemicals had more neurological disorders than participants who did not report 
exposure. Diabetics had the greatest history of other neurological disorders (23.9%). 

Covariate association tests for the light reaction variable were significant for race (p=0.046). Blacks 
exhibited more light reaction abnormalities (2.3%) than did non-Blacks (0.5%). 

Covariate association tests for smile, palpebral fissure, and balance were each significant for diabetic 
class (p=0.030, p=0.007, and p=0.036, respectively). For each variable, the most abnormalities were 
among diabetics, followed by those classified as normal, and then by those in the impaired diabetic 
category. 

The neck range of motion variable was associated significantly with age (p<0.001), occupation 
(p=0.006), and diabetic class (p=0.022). A restricted range of motion was greater for older participants 
(22.0%) than for younger participants (9.9%). Enlisted flyers had the greatest prevalence of an abnormal 
neck range of motion (20.7%), followed by officers (18.1%), then enlisted groundcrew (14.0%). 
Diabetics displayed the highest prevalence of neck range of motion abnormalities (21.6%), followed by 
nondiabetics (15.6%), then by participants in the impaired diabetic category (15.4%). 

Tests of covariate association for the cranial nerve index variable were significant for age (p=0.004) and 
diabetic class (p=0.014). An abnormal index was found in 7.5 percent of older participants and 4.4 
percent of younger participants. More abnormalities were found as the level of diabetic impairment 
increased. 

Covariate association tests were similar for the pinprick and light touch dependent variables. Each were 
associated significantly with age (p=0.006 and p=0.022, respectively), occupation (p=0.006 and p=0.036, 
respectively), and diabetic class (p<0.001 for both). Both variables displayed higher abnormalities 
among older participants, enlisted flyers, and diabetics. 

The patellar reflex variable was associated significantly with age (p<0.001), race (p=0.030), and diabetic 
class (p<0.001). The higher abnormality prevalences were among older participants (4.0%, compared to 
1.3% for younger participants), Blacks (6.3%, compared to 2.6% for non-Blacks), and diabetics (7.3%, 
compared to 2.6% for participants in the impaired category and 1.8% for nondiabetics). 

Tests of covariate association for the Achilles reflex variable showed significant results for age 
(p<0.001), lifetime alcohol history (p=0.027), and diabetic class (p<0.001). Older participants had a 
higher prevalence of Achilles reflex abnormalities than did younger participants (22.8% vs. 9.3%), The 
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heaviest drinkers (in terms of drink-years) had an abnormal Achilles reflex most often (20.2%), followed 
by nondrinkers (18.6%), and moderate drinkers (15.4%). Achilles reflex abnormalities increased as the 
level of diabetic impairment increased (nondiabetic: 13.4%; impaired: 16.2%; diabetic: 31.9%). 

An abnormal biceps reflex was associated significantly with diabetic class (p=0.007), where the 
prevalence of biceps reflex abnormalities increased as the level of diabetic impairment increased. 

Tests of covariate association for the polyneuropathy severity index were significant for age (p=0.002), 
race (p=0.005), and diabetic class (p<0.001). Older participants displayed a greater percentage of 
moderate and severe index scores (2.6% and 0.4%, respectively) than younger participants (0.7% and 
0.1%, respectively). Non-Blacks displayed the higher moderate index score (1.8%), while Blacks 
displayed the higher severe index score (1.6%). Diabetics exhibited the highest percentage of both the 
moderate and severe index scores (5.9% and 0.9%, respectively), followed by nondiabetics (0.9% and 
0.1%, respectively). Participants in the impaired diabetic category displayed the smallest percentage of 
moderate and severe index scores (0.4% and 0.0%, respectively). 

Covariate tests of association for the polyneuropathy prevalence index revealed significant associations 
with age, occupation, lifetime alcohol history, and diabetic class (p<0.001 for each). The percentage of 
abnormal polyneuropathy prevalence index results increased with age, lifetime alcohol history, and level 
of diabetic impairment. Enlisted flyers had the highest percentage of abnormal polyneuropathy 
prevalence index results (20.8%), followed by officers (16.5%), then enlisted groundcrew (12.5%). 

The multiple polyneuropathy index variable was significantly associated with age (p<0.001), occupation 
(p=0.006), and diabetic class (p<0.001). The percentage of abnormal multiple polyneuropathy index 
findings increased with age. Enlisted flyers had the highest percentage of abnormalities (6.7%), followed 
by officers (4.2%), and enlisted groundcrew (2.7%). Diabetic participants had the highest prevalence of 
abnormal results (12.7%), followed by nondiabetics (2.4%), and participants in the impaired diabetic 
class (1.2%). 

Age and diabetic classes were associated significantly with the confirmed polyneuropathy indicator 
variable (p=0.007 and p<0.001, respectively). Older participants had a higher percentage of abnormal 
findings than did younger participants (1.5% vs. 0.2%). Diabetic participants had the highest prevalence 
of confirmed polyneuropathy results (2.9%), followed by nondiabetics (0.6%), then participants in the 
impaired diabetic class (0.0%). 

Insecticide exposure and industrial chemical exposure both were significantly associated with tremor 
(p=0.003 and p=0.004, respectively). Participants reporting exposure to insecticides had a higher 
percentage of tremors than participants who did not report exposure (8.2% vs. 4.5%). Similarly, 
participants reporting exposure to industrial chemicals had a higher prevalence of tremors than those who 
did not report exposure (8.4% vs. 5.0%). 

Tests of covariate association for coordination revealed diabetic class to be significant (p=0.013). 
Abnormality rates increased as the level of diabetic impairment increased. 

Diabetic class was significantly associated with Romberg sign (p=0.036). Diabetic participants had the 
highest percentage of abnormal Romberg sign results (1.7%), followed by nondiabetics (0.5%), and 
participants in the impaired diabetic class (0.4%). 
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Age and diabetic classes were associated significantly with gait (p<0.001 for each). Older participants 
had a higher percentage of an abnormal gait than did younger participants (6.8% vs. 2.8%). The 
prevalence of a gait abnormality increased with diabetic impairment. 

Tests of covariate association for the CNS index revealed significant associations with age (p<0.001), 
insecticide exposure (p<0.001), and industrial chemical exposure (p=0.021). The percentage of 
participants with an abnormal index increased with age. Participants reporting exposure to insecticides 
had a higher percentage of abnormal CNS index results than did participants who did not report exposure 
(13.7% vs. 8.2%). Similarly, participants reporting exposure to industrial chemicals had a higher 
prevalence of abnormal results than those who did not report exposure (13.4% vs. 9.9%). 

11.2.2   Exposure Analysis 

The following section presents results of the statistical analysis of the dependent variables shown in 
Table 11-1. Dependent variables were derived from a medical records review and verification and a 
neurological examination to assess the cranial nerve function, peripheral nerve status, and CNS 
coordination processes. 

Four models were examined for each dependent variable given in Table 11-1. The analyses of these 
models are presented below. Further details on dioxin and the modeling strategy are found in Chapters 2 
and 7, respectively. These analyses were performed both unadjusted and adjusted for relevant covariates. 
Model 1 examined the relation between the dependent variable and group (i.e., Ranch Hand or 
Comparison). In this model, exposure was defined as "yes" for Ranch Hands and "no" for Comparisons 
without regard to the magnitude of the exposure. As an attempt to quantify exposure, three contrasts of 
Ranch Hands and Comparisons were performed along with the overall Ranch Eland versus Comparison 
contrast. These three contrasts compared Ranch Hands and Comparisons within each occupational 
category (i.e., officers, enlisted flyers, and enlisted groundcrew). As described in previous reports, the 
average levels of exposure to dioxin were highest for enlisted groundcrew, followed by enlisted flyers, 
and officers. 

Model 2 explored the relation between the dependent variable and an extrapolated initial dioxin measure 
for Ranch Hands who had a 1987 dioxin measurement greater than 10 ppt. If a participant did not have a 
1987 dioxin level, the 1992 level was used to estimate the initial dioxin level. If a participant did not 
have a 1987 or a 1992 dioxin level, the 1997 level was used to estimate the initial dioxin level. A 
statistical adjustment for the percentage of body fat at the time of the participant's blood measurement of 
dioxin was included in this model to account for body-fat-related differences in elimination rate (43). 

Model 3 divided the Ranch Hands examined in Model 2 into two categories based on their initial dioxin 
measures. These two categories are referred to as "low Ranch Hand" and "high Ranch Hand." Two 
additional categories, Ranch Hands with 1987 serum dioxin levels at or below 10 ppt and Comparisons 
with 1987 serum dioxin levels at or below 10 ppt, were formed and included in the model. Ranch Hands 
with 1987 serum dioxin levels at or below 10 ppt are referred to as the "background Ranch Hand" 
category. Dioxin levels in 1992 were used if the 1987 level was not available, and dioxin levels in 1997 
were used if the 1987 and 1992 levels were not available. These four categories—Comparisons, 
background Ranch Hands, low Ranch Hands, and high Ranch Hands—were used in Model 3 analyses. 
The relation between the dependent variable in each of the three Ranch Hand categories and the 
dependent variable in the Comparison category was examined. A fourth contrast, exploring the relation 
of the dependent variable in the combined low and high Ranch Hand categories relative to Comparisons, 
also was conducted. This combination is referred to in the tables as the "low plus high Ranch Hand" 
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category. As in Model 2, a statistical adjustment for the percentage of body fat at the time of the 
participant's blood measurement of dioxin was included in this model. 

Model 4 examined the relation between the dependent variable and 1987 lipid-adjusted dioxin levels in 
all Ranch Hands with a dioxin measurement. If a participant did not have a 1987 dioxin measurement, 
the 1992 measurement was used to determine the dioxin level. If a participant did not have a 1987 or a 
1992 dioxin measurement, the 1997 measurement was used to determine the dioxin level. 

11,2,2.1  Medical Records Vartables 

11.2.2.1.1     Inflammatory Diseases 

A significant difference in the history of inflammatory diseases between Ranch Hands and Comparisons 
was revealed in both the unadjusted and adjusted analyses (Table 1 l-3(a,b): Est. RR=10.11, p=0.006; 
and Adj. RR=13.50, p=0.002, respectively). Seven Ranch Hands (0.8%) and one Comparison (0.1%) 
have had an inflammatory disease. Of the seven Ranch Hands with inflammatory diseases, three had 
meningitis caused by bacterial infections, three had meningitis of unknown cause, and one had 
encephalitis of unknown cause. The single Comparison with an inflammatory disease had encephalitis of 
unknown cause. All other Model 1 contrasts, as well as the Model 2 results, were nonsignificant (Table 
ll-3(a-d): p>0.11 for each Model 1 and Model 2 analysis). 

Table 11-3. Analysis of Inflammatory Diseases 

(a) MODEL 1: RANCH HANDS VS. COMPARISONS - UNADJUSTED 

Occupational 
Group; 

All 

Officer 

Enlisted Flyer 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

866 
1,242 

340 
490 

151 
185 

375 
567 

Number (%)\ 

7(0.8) 
1 (0.1) 

2 (0.6) 
0(0.0) 

2(1.3) 
0 (0.0) 

3 (0.8) 
1 (0-2) 

Est. Relative Risk 

10.11 (1.24,82.35) 

4.56 (0.47,44.05) 

p^Yaluej 

0.006 

0327s 

039V 

0.189 

a P-value determined using a chi-square test with continuity correction because of the sparse number of participants 
with a history of an inflammatory disease. 
--: Results not presented because of the sparse number of participants with an inflammatory disease. 
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Table 11-3.   Analysis of Inflammatory Diseases (Continued) 

(b) MODEL 1: RANCH HANDS VS. COMPARISONS - ADJUSTED 

Occupational Category 
Adjusted Relative Risk 

[■■,'"V(95%CX) JJ p-Value 

All 

Officer 

Enlisted Flyer 
Enlisted Groundcrew 

13.50 (1.61,113.13) 

6.38 (0.64,63.30) 

0.002 

0.114 

«: Results not presented because of the sparse number of participants with an inflammatory disease. 

Note: Results are not adjusted for race and diabetic class because of the sparse number of participants with an 
inflammatory disease. 

(c) MODEL 2; RANCH HANDS - -INITIAL DIOXIN-UNADJUSTED 

Initial Dioxin^Category Summary Statistics :'"■■•■■■,   Analysis Results for Log2 (Initial Dioxin)* ■ 

^W^Mi$$&^^^':X 
Number (%) . ■' Estimated®lati^fösk'^3 : ■: '■..':'                    '.'■.■:";'i 

Low 
Medium 
High 

160 
162 
157 

2(1.3) 
1 (0.6) 
1 (0.6) 

1.03(0.48,2.18)                        0.943 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(d) MODEL 2i RANCH HANDS ~ INITIAL DIOXIN-ADJUSTED 

■.'. Analysis Results for Log2 (Initial Dioxin) ■:.■■.■■ 
Adjusted Relative Risk 

p-Value 
476                                          0.98 (0.45,2.17) 0.964 

a Relative risk for a twofold increase in initial dioxin. 

Note: Results are not adjusted for race, occupation, industrial chemicals exposure, degreasing chemicals exposure, 
and diabetic class because of the sparse number of participants with an inflammatory disease. 
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Table 11-3.   Analysis of Inflammatory Diseases (Continued) 

..(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - UNADJUSTED 

|0:v. ■;■';    ."■ ;    '.;'. ■"'■'■'!>       :  .-. ■   ■■'■■     Nümber:(%)'.;:/.'. ;       ■ Est Relative Risk ''':.WX§: 
:'■ ß'oxin Category. V-^ 

Comparison 1,204 1 (0.1) 
Background RH 380 3 (0.8) 8.82 (0.91,85.93) 0.061 
LowRH 239 2 (0.8) 10.31(0.93,114.27) 0.057 
High RH 240 2 (0.8) 10.86(0.97,121.25) 0.053 
Low plus High RH 479 4 (0.8) 10.58(1.18,95.25) 0.035 

a Relative risk and confidence interval relative to Comparisons. 
Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(i) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - ADJUSTED 

Dioxin Category h'-;-■ :;i' ■;;■:■ -■:■>.■ -:iV:"f;-:;ri_::-;^;:^:;!:-■;:;■■:;;'^'^-- 

:   Adjusted Relative Risk 
; if r:-;;;i-p-^hie:>:;;;:;.; ■,>■£-■!':; 

Comparison 
Background RH 
LowRH 
High RH 
Low plus High RH 

1,203 
377 
238 
238 
476 

13.28(1.31,135.01) 
13.85 (1.20,160.07) 
12.43(1.03,149.42) 
13.12(1.39,123.67) 

0.029 
0.035 
0.047 
0.024 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand):  1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

Results are not adjusted for race and diabetic class because of the sparse number of participants with an 
inflammatory disease. 

(g)MODEL ■41 RANCH HANDS -1987 DIOXIN S^NApJtjSTED:;: -^ry^r^                                  ; 

1987 Dioxin Category Summar; |i|ipi^1|;|i||^ SIS'llfcK 

Dioxin yy-iM^&mByyyy 
Number (%) 

Low 
Medium 
High 

287 
287 
285 

2 (0.7) 
3(1.1) 
2 (0.7) 

0.97 (0.58,1.63)                             0.920 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

11-20 



Table 11-3,   Analysis of Inflammatory Diseases (Continued) 

(h) MODEL 4: RANCH HANDS -1987 DIOXIN-ADJUSTED 

\      /.'..;.,           .       : ;   .;     :          AnalysisR^ults'fbrLog2':a987Dioxin+!l)-'. j 

: '. :':~-:p;^: .              ^- [\ ';."■;"';   '■■ . \ '■•:%    ' - ;'■  .   Adjusted Relative Risk   ; ,' '■.k-; -:i-y.   .    ' ■] 
p-Value 

853                                           0.90(0.52,1.57) 0.716 

Relative risk for a twofold increase in 1987 dioxin. 

Note: Results are not adjusted for race and diabetic class because of the sparse number of participants with an 
inflammatory disease. 

The Model 3 unadjusted analysis of history of inflammatory diseases revealed marginally significant 
differences for each contrast involving Ranch Hands in the background, low, and high dioxin categories 
(Table ll-3(e): Est. RR=8.82, p=0.061; Est. RR=10.31, p=0.057; and Est. RR=10.86, p=0.053, 
respectively). The remaining unadjusted contrast combining Ranch Hands in the low plus high dioxin 
category revealed significant differences between Ranch Hands and Comparisons (Table ll-3(e): 
Est. RR=10.58, p=0.035). Each Model 3 contrast was significant in the adjusted analysis, and each also 
displayed more Ranch Hands than Comparisons with inflammatory diseases (Table 10-3(f): Adj. 
RR=13.28, p=0.029; Adj. RR=13.85, p=0.035; Adj. RR=12.43, p=0.047; and Adj. RR=13.12, p=0.024). 

Both the unadjusted and adjusted Model 4 analyses of inflammatory diseases were nonsignificant (Table 
1 l-3(g,h): p>0.71 for each Model 4 analysis). 

11,2.2.1.2     Hereditary and Degenerative Diseases 

All results from Models 1 through 4 for hereditary and degenerative diseases were nonsignificant (Table 
1 l-4(a-h): p>0.38 for each analysis). 

Table 11-4. Analysis of Hereditary and Degenerative Diseases 

(a) MODEL 1J; -RANCHHANDS^ 

Occupational 
rii^-^^r-f ^ ^Sj?P9MfiB^ ^t^S=■! Hi ^:H '^S^W^&M 

llflSSefi^ 
'. p-Value  . 

All Ranch Hand 
Comparison 

866 
1,249 

80  (9.2)                 1.08(0,79,1.46) 
108  (8.7) 

0.639 

Officer Ranch Hand 
Comparison 

340 
493 

30  (8.8)                 1.19(0.72,1.97) 
37   (7.5) 

0.492 

Enlisted Flyer Ranch Hand 
Comparison 

151 
187 

19(12.6)                 1.27(0.65,2.50) 
19 (10.2) 

0.484 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

375 
569 

31   (8.3)                 0.90(0.56,1.43) 
52   (9.1) 

0.643 
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Table 11-4.   Analysis of Hereditary and Degenerative Diseases (Continued) 

(b) MODEL 1: RANCH HANDS V& COMPARISONS - ADJUSTED 

Occupational Category 
Adjusted Relative Risk 

All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

LÖ7(0.78,1.46) 

1.13 (0.68,1.89) 
1.31 (0.66,2.62) 
0.92(0.57,1.48) 

p-Value | 

0.688 

0.635 
0.444 
0.737 

: (c);MOpEL:2: j|^p»iir||iäpsf:r -INITIAL DIOXIN -UNADJUSTED; .  . :     .. 

Initial Dioxin Category .Summary Statistics Analysis Results for Log2 (Initial Dioxin)' 

Dioxin 1:i#^.?K^1ll^^^^^:'^ 
Number. (.%) <■ ; Estimated Relative Risk   :■;.... 

Low 
Medium 
High 

160 
162 
157 

17 (10.6) 
12   (7.4) 
14   (8.9) 

1.01(0.79,1.28)  ,                     0.952 

Adjusted for percent body fat at the time of the blood measurement of dioxin. 
Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(d) MODEL 2: RANCH HANDS■- INITIAL DIOXIN - ADJUSTED      1 

:'■:: . " ■;;-^;:-■>: ...n  -■.;=■■   ,:"\.:'       '.■.■■■•■':    .(95%,CJ,)a"• ;'■ ^:./       .   V*2; %:■ ■ \- ^%'^-:■''":;%%%: W. '$M0M%': W;;I.!'; "$£ ■■£ £ ^':h 
471                                          1.02(0.76,1.36) 0.909 

a Relative risk for a twofold increase in initial dioxin. 

(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - UNADJUSTED 

i;V;-; .)l^:ßioxiß;Gätegö^" %;i 4'44;y::};-iri.!:;;::-:; ]>.-!; 
W>: \%;i Est ;^a^e!;fösij:::l;; &\ 

p-Value 
Comparison 
Background RH 
LowRH 
High RH 
Low plus High RH 

1,211 

380 
239 
240 
479 

107 (8.8) 
37 (9.7) 
21 (8.8) 
22(9.2) 
43 (9.0) 

1.08 (0.73,1.61) 
1.00(0.61,1.63) 
1.07 (0.66,1.73) 
1.03(0.71,1.50) 

0.697 
0.999 
0.792 
0.864 

a Relative risk and confidence interval relative to Comparisons. 
Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand, 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 11-4.   Analysis of Hereditary and Degenerative Diseases (Continued) 

{«IIODEL 3: -.RANCH-HANDS AND COMPARISONS BY DIOXIN CATEGORY - ADJUSTED 

Dioxin Category 
Adjusted Relative Risk 

(95% C.I.)a p-Value 
Comparison 1,193 
Background RH 375 1.16(0.77,1.76) 
LowRH 235 0.92(0.56,1.52) 
High RH 236 1.01 (0.61,1.67) 
Low plus High RH 471 0.96(0.65,1.41) 

0.474 
0.736 
0.979 
0.841 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison:  1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(g)MODEL4: $|^JK SiiÖN^^ 
r|';|v':^ ■•::.-.   ■■■■Analysis Result^i^ 

Number (%) 

Low 
Medium 
High 

287                 27   (9.4) 
287                 30 (10.5) 
285                 23   (8.1) 

0.96(0.82,1.12)                               0.590 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(h) MODEL 4: RANCH HANDS -1987 DIOXIN-ADJUSTED 

• %::i!^'^.$^:k$MJESTS'' W$\ WM & :>:"-:;: >E$ W£:''i^B^S^^jR^M^^^h >£ -W'. ^'-MSSl 
':-;>:■;:'"^;:p:::.-';;:p^Silue;=>;; y- ü A%> f:x. ;>;: 

846                                             0.92(0.77,1.11) 0.380 

a Relative risk for a twofold increase in 1987 dioxin. 

11.2.2.1.3     Peripheral Disorders 

Results from the Model 1 analysis of history of peripheral disorders displayed no significant differences 
between Ranch Hands and Comparisons (Table ll-5(a,b): p>0.11 for each unadjusted and adjusted 
contrast). The unadjusted and adjusted results from the Model 2 analysis also did not display a 
significant relation between peripheral disorders and initial dioxin (Table 1 l-5(c,d): p>0.40 for the 
unadjusted and adjusted Model 2 analysis). 
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Table 11-5. Analysis of Peripheral Disorders 

(a)MODELl; RANCH HANDS VS. COMPARISONS-UNADJUSTED 

Occupational :iNumber (%)-i ■ . '':';;':' Est Relative Risk 
Category Group n W^^^M::l-:.-fWM0^WM^M p-Value 

All Ranch Hand 

Comparison 

863 

1,247 

188 (21.8)                 1.16 (0.94,1.44) 

241 (19.3) 

0.169 

Officer Ranch Hand 
Comparison 

339 
492 

78(23.0)                  1.32(0.94,1.85) 
91 (18.5) 

0.113 

Enlisted Flyer Ranch Hand 
Comparison 

150 
186 

36(24.0)                  1.02(0.62,1.69) 
44 (23.7) 

0.941 

Enlisted Ranch Hand 374 74(19.8)                 1.08(0.77,1.50) 0.658 
Groundcrew Comparison 569 106(18.6) 

(b)MQPELl: RANCH HANDS VS. COMPARISONS-ADJUSTED 

:;A<ljÜ|Ä 
Qccupationai Category 'li'W^W^ ($Si?pffiSi9fi^ p-Value 

All 1.12 (0.89,1.40) 0.341 

Officer 1.25(0.88,1.78) 0.215 
Enlisted Flyer 0.91 (0.54,1.54) 0.733 
Enlisted Groundcrew 1.09(0.77,1.54) 0.622 

j (c)MODEL2; :fi^NCil'-HÄIIipS- - INITIAL DIpXIN - UNADJUSTED 

. Initial Dioxin;.Category. Summary Statistics .■x.' :' -AnalysisResults forjtoga (Initial-Dioxin)0    ,' 

■■■'■""■ Initial ■= ;■;""" -;';'!::;::i;"?^«raber':';(% )-i'M\M i. '■;: iEstiniated Relative Risk    ' 
Dioxin >;i:;^v^'S"^§M^f^^MJ^! YM0: WBnm%^^SSBM:- p-Value 

Low 160 40 (25.0) 1.01 (0.86,1.18) 0.915 
Medium 162 42 (25.9) 
High 157 38 (24.2) 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(d) MODEL 2: RANCH HANDS - INITIAL DIOXIN - ADJUSTED 

Analysis Results for Log2 (Initial Dioxin) 

^||jä|teÖ;:^|I.ati^;Risfc !Ä8H;£#S 
j-p-Value; 

471 1.09 (0.90,1.32) 0.400 

Relative risk for a twofold increase in initial dioxin. 
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Table 11-5.   Analysis of Peripheral Disorders (Continued) 

(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN £ATEGORY^ UNADJUSTED 

Number; (%):.:';■ \   '. Est. Relative Risk 
Dioxin Category     :      .. ■;  ■ n ■ ;-\:;V. ■  ■ ?/;Y<s;  . ■;:;\. ■'...:.,' (^S^CS^y/-..       y^ p^^e] 

Comparison 1,209 233 (19.3) 
Background RH 377 65 (17.2) 0.91 (0.67,1.23) 0.531 
LowRH 239 61 (25.5) 1.42(1.03,1.97) 0.033 
HighRH 240 59 (24.6) 1.32(0.95,1.83) 0.097 
Low plus High RH 479 120(25.1) 1.37(1.07,1.76) 0.014 

Relative risk and confidence interval relative to Comparisons. 
Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - -ADJUSTED 

Dioxin Category   ":.. l^%^,^?m\^y^S 
Adjusted Relative Risk 

■.    p-Value 
Comparison 
Background RH 
LowRH 
High RH 
Low plus High RH 

1,191 
372 
235 
236 
471 

0.88(0.64,1.21) 
1.25 (0.89,1.76) 
1.33(0.94,1.90) 
1.29(0.99,1.69) 

0.437 
0.190 
0.111 
0.059 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand):  1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(g) MODEL 4: RANCH HANDS - 1987 DIOXIN ;£3W^jpsra 
fXäXX^BSM ategory Summary Statistics lljfl;^ 
WMSWtSS 

Dioxin 

Low 
Medium 
Hi^h 

285 44 (15.4) 
286 71 (24.8) 
285                 70 (24.6) 

1.15 (1.04,1.29)                                0.010 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 
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Table 11-5.   Analysis of Peripheral Disorders (Continued) 

.(h) MODEL 4: RANCH HANDS - 1987 DIOXIN-ADJUSTED 

Analysis Results for Log2 (1987 Dioxin + I) 

p-Value    .. 

843                                              1.20(1.04,1.38) 0.011 

a Relative risk for a twofold increase in 1987 dioxin. 

The Model 3 unadjusted analysis indicated a significantly greater percentage of Ranch Hands in the low 
dioxin category than Comparisons with a peripheral disorder (Table ll-5(e): Est. RR=L42, p-0.033). 
The result was nonsignificant after adjustment for covariates (Table 1 l-5(f): p=0.190). The unadjusted 
analysis also revealed a marginally significant increase for the Ranch Hands in the high dioxin category 
(Table 1 l-5(e): Est. RR=1.32, p=0.097). This result was nonsignificant in the adjusted analysis (Table 
1 l-5(f): p=0.111). The contrast of Ranch Hands in the low plus high dioxin category with Comparisons 
displayed a significant difference in the percentage of participants with a peripheral disorder (Table 11- 
5(e): Est. RR=1.37, p=0.014), indicating a greater occurrence of peripheral disorders among Ranch 
Hands than Comparisons. The result was marginally significant after adjustment for covariates (Table 
ll-5(f): Adj.RR=1.29,p=0.059). 

The Model 4 unadjusted and adjusted analyses each displayed a significant association between 
peripheral disorders and 1987 dioxin levels (Table ll-5(g): Est. RR=L15, p=0.010; and Adj. RR=1.20, 
p=0.011, respectively). The occurrence of peripheral disorders increased as 1987 dioxin increased. 

11.2.2.1.4     Other Neurological Disorders 

A marginally significant increase in a history of other neurological disorders was found in Ranch Hands 
relative to Comparisons in the Model 1 analyses, both unadjusted and adjusted (Table 1 l-6(a,b): 
Est. RR=1.23, p=0.070; and Adj. RR=1.25, p=0.078). When differences were examined within each 
occupation, the results were nonsignificant in both the unadjusted and adjusted analyses (Table 1 l-6(a,b): 
p>0.13 for each contrast). Each Model 2 analysis also was nonsignificant (Table ll-6(c,d): p>0.48 for 
both analyses). 

Table 11-6. Analysis of Other Neurological Disorders 

(a) MODEL It RANCH HANDS VS. COMPARISONS - UNADJUSTED 
Occupational 

Sl:ti!^SiipilSI ?WlB$M?:MM 
■:"/^"=-EÄföRelÄÖWr3Eüsfci-Vv::'::: 

p-Value 

All Ranch Hand 

Comparison 

862 

1,244 
173 (20.1) 

211 (17.0) 

1.23 (0.98,1-54) 0.070 

Officer Ranch Hand 
Comparison 

338 
492 

29   (8.6) 
38   (7.7) 

1.12(0.68,1.86) 0.656 

Enlisted Flyer Ranch Hand 
Comparison 

151 
186 

46 (30.5) 
45 (24.2) 

1.37(0.85,2.22) 0.198 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

373 
566 

98 (26.3) 
128 (22.6) 

1.22(0.90,1.65) 0.200 
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Table 11-6.   Analysis of Other Neurological Disorders (Continued) 

Occupational Category 
Adjusted Relative Risk 

p-Value 

All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

1.25 (0.98,1.59) 

1.09(0.65,1.84) 
1.33 (0.79,2.21) 
1.28 (0.92,1.78) 

0.078 

0.734 
0.283 
0.136 

(c)MOpEL2: RANCH HANDS- INITIAL DIOXIN ~ UNADJUSTED 

Initial Dioxin. Category Summary Statistics Analysis Results for Log2 (Initial Dioxin)8 

Initial 
[;■'.■.; 'Dioxin--■■;■: 

'::. -:^^;! ;';':'/;•■ '-■■["- "'■■■".'..;Nun^erX%); ^;/>'''; ..:   Estimated Relative Risk 

Low 
Medium 
High 

160 34(21.3) 
161 41 (25.5) 
157                         38(24.2) 

1.06(0.90,1.24)                        0.483 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(d) MODEL 2: RANCH HANDS - INITIAL DIOXIN -ADJUSTED 

f;^'8^f!:t^ftxii|§ 

Analysis Results for Log2 (Initial Dioxin) 

-■-Pr^Öüeln^.;^^^:--                :i-;>! 

470 0.99(0.81,1.20) 0.922 

a Relative risk for a twofold increase in initial dioxin. 

(e)MODEL3: RANCH HANDS AND COMPARISONS BY DIOXIN C ̂ QRX -UNADJUSTED 

I Dioxin Catecorv I 
;Nimiber.:^):: tet. Relative Risk 

(95% C.I/)ab p-Value 
Comoarison 
Background RH 
LowRH 
High RH 
Low plus High RH 

1,206 

377 
239 
239 
478 

204 (16 9) 

59 (15.7) 
55 (23.0) 
58 (24.3) 

113(23.6) 

0.88 (0.64,1.21) 
1.48(1.06,2.07) 
1.62(1.16,2.26) 
1.55 (1.19,2.01) 

0.442 
0.023 
0.005 
0.001 

a Relative risk and confidence interval relative to Comparisons. 
Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison:  1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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fable 11-6.   Analysis of Other Neurological Disorders (Continued) 

(f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - ADJUSTED 

Dioxin Category 
Adjust«! Relative Risk 
j;f:i i;(95%CX)a :'■. p-Value 

Comparison 1,188 

Background RH 372 1.21 (0.85,1.73) 
LowRH 235 1.31 (0.90,1.89) 
High RH 235 1.23(0.85,1.77) 
Low plus High RH 470 1.27(0.95,1.69) 

0.281 
0.161 
0.271 
0.106 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(g)MODEL4: RANCH HANDS -1987 DIOXIN -UNADJUSTED   ■;.;.;;.;'■ 

1987 Dioxin Category Summary Statistics Analysis Results for Logi (1987 tiiökin:+;l):V '■;■■' 

Dioxin M0M';W:MM:Wy 
Number (%) ■,:'' Estimated Relative Risk 

"■ ■'. sp-Valu&i:■^ 
Low 
Medium 
High 

285 
286 
284 

45 (15.8) 

54 (18.9) 
73 (25.7) 

1.13(1.01,1.26) 0.038 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(h) MODEL 4: RANCH HANDS ■-1987 DIOXIN-ADJUSTED 

Analysis Results for Log2 (1987 Dioxin + 1) 

:SJ;'^ ^;lp|V.alü^-i:^v ■ \. '{iyt >'\^ (-_ 

842                                             0.97(0.84,1.11) 0.625 

a Relative risk for a twofold increase in 1987 dioxin. 

The Model 3 unadjusted analysis displayed significant differences between Ranch Hands in each of the 
low, high, and low plus high dioxin categories and Comparisons (Table 1 l-6(e): Est. RR=1.48, p=0.023; 
Est. RR=1,62, p=0.005; and Est. RR=1,55, p=0.001, respectively). Each result became nonsignificant 
after adjustment for covariates (Table 1 l-6(f): p>0.10 for each adjusted result). The Model 3 contrast of 
Ranch Hands in the background dioxin category with Comparisons was nonsignificant in both the 
unadjusted and adjusted analysis (Table 1 l-6(g,h): p>0.28 for the unadjusted and adjusted analyses). 

A significant positive association between other neurological disorders and the 1987 dioxin levels was 
found in the Model 4 unadjusted analysis (Table 1 l-6(g): Est. RR=1.13, p=0.038). After adjustment for 
covariates, the association became nonsignificant (Table 1 l-6(h): p=0.625). 
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11.2.2.2  Physical Examination Variables - Cranial Nerve Function 

11.2.2.2.1     Smell 

A marginally significant difference was found between Ranch Hand and Comparison enlisted flyers from 
the Model 1 unadjusted analysis of an abnormal sense of smell (Table ll-7(a): Est. RR=7.70, p=0.060). 
After adjustment for covariates, the result was nonsignificant (Table 1 l-7(b): p=0.148). All other Model 
1 contrasts, as well as all other results from Models 2 through 4, were nonsignificant (Table 1 l-7(a-h): 
p>0.12 for each remaining analysis). 

Table 11-7. Analysis of Smell 

(a) MODEL 1: RANCH HANDS VS. COMPARISONS - UNADJUSTED 

Occupational 
Category Group 

■.Nimiber ■■(*&); 
Abnormal 

Est Relative Risk 1 
; ; (95%:cx);:i.:] p-Valuej 

All Ranch Hand 
Comparison 

862 
1,247 

20 (2.3) 
19(1.5) 

1.54(0.81,2.89) 0.186 

Officer Ranch Hand 
Comparison 

337 
492 

5(1.5) 
10 (2.0) 

0.73(0.25,2.14) 0.562 

Enlisted Flyer Ranch Hand 
Comparison 

151 
187 

6 (4.0) 
1 (0.5) 

7.70 (0.92,64.65) 0.060 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

374 
568 

9(2.4) 
8(1.4) 

1.73 (0.66,4.51) 0.266 

(b) MODEL 1; RANCH HANDS VS. COMPARISONS - ADJUSTED 

Occupational Category 
Adjusted Relative Risk 

p-Value 

All 
Officer 
Enlisted Flyer 
Enlisted Groundcrew 

1.20 (0.60,2.36) 
0.53 (0.16,1.71) 
5.12(0.56,46.70) 
1.57 (0.58,4.27) 

0.609 
0.286 
0.148 
0.376 

^mmsmm 'RAHTOHfflDS^ 
V&kMM&wi. tial Dioxin Category Summary Statistics ;■,''■.■■■'. Analysis ■Res^ 

lllfilÄ 
Low 
Medium 
High 

159                         5(3.1) 
162                           2(1.2) 
156                           4 (2.6) 

0.94(0.58,1.51)                         0.782 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 
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Table 11-7.   Analysis of Smell (Continued) 

(d) MODEL 2: RANCH HANDS - INITIAL DIOXIN - ADJUSTED 

{ :. ■ :■ r   ■       1;,../....:■:i■:■:':■■■ "'■'; Adjusted Relative Risk    :;; ■ t        ;    . ' ! 
■(95% C.L)a   -' V:i: :;"f ■•:,-■ :      > ■=: *HU V-i: p-Value' 

 469 0.83(0.46,1.50) 0.534  

a Relative risk for a twofold increase in initial dioxin. 

Note: Results are not adjusted for race because of the sparse number of Ranch Hands with an abnormal sense of 
smell. 

(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - -UNADJUSTED 

■■! Dioxin Category U]M':^':^n-.^^:K:f 
Number (%)                    Est Relative Risk 

i ■: '  Abnormal                    '   (95 % CX)ab   ■     i. i ■■• p-Value 
Comparison 
Background RH 
LowRH 
HighRH 
Low plus High RH 

1,209 
378 
238 
239 
477 

18(1.5) 
8(2.1)                     1.42(0.61,3.31) 
7 (2.9)                     2.01 (0.83,4.86) 
4(1.7)                     1.14(0.38,3.40) 

11 (2.3)                      1.51(0.69,3.29) 

0.420 
0.122 
0.821 
0.300 

Relative risk and confidence interval relative to Comparisons. 
Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison:  1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY, -ADJUSTED 

■•. ■ "■'..     Dioxin Category ■ • ■.;.;' y^$-:^--i:f-^^W^-'i:l^ ;  p~Value 
Comparison 
Background RH 
LowRH 
High RH 
Low plus High RH 

1,191 
373 
234 
235 
469 

1.04(0.40,2.73) 
1.57(0.61,4.06) 
0.82 (0.23,2.92) 
1.13(0.48,2.68) 

0.929 
0.353 
0.758 
0.777 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 11-7.   Analysis of Smell (Continued) 

(g) MODEL 4: RANCH HANDS -1987 DIOXIN -UNADJUSTED 

1987 Dioxin Category Summary Statistics .  Analysis Results ibrLog2 (1987 Dioxin + 1) 

Dioxin ■■^'■'i'V:|!'Ä:OF?;V-.^   %:' 

'Number'(%}, , 
Abnormal 

"" ■. Estimated -Relative -Risk ;              :    ■.     ■ 

Low 
Medium 
High 

285 
286 
284 

7(2.5) 
6(2.1) 
6(2.1) 

0.89(0.65,1.23)                             0.481 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(h)MOI>EL4: RANCH H^NDS -1987 DIOXIN-ADJUSTED 

p-Value 

842                                           0.83 (0.56,1.22) 0.333 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Results are not adjusted for race because of the sparse number of Ranch Hands with an abnormal sense of 
smell. 

11.2.2.2.2     Visual Fields 

All results from the analysis of visual fields from Models 1, 3, and 4 were nonsignificant (Table 
1 l-8(a>b,e-h): p>0.38 for each analysis). A significant positive association between visual fields and 
initial dioxin was found in both the unadjusted and adjusted Model 2 analyses (Table 1 l-8(c,d): 
Est. RR=3.93, p=0.040; and Adj. RR=4.37, p=0.049, respectively). One Ranch Hand in the high initial 
dioxin category had abnormal visual fields. 
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Table 11-8. Analysis of Visual Fields 

(aJpODEL 1: RANCH HANDS VS. COMPARISONS^UNADJUSTED 

Occupational 
Category: Group 

Number (%)\ 
Abrtoirmäl: 

Es't. Relative Risk 
■ ''(95% cx) ■■; ; p-Value 

All Ranch Hand 
Comparison 

866 
1,245 

2 (0.2) 
5(0.4) 

0.57 (0.11,2.97) 0.493 

Officer Ranch Hand 
Comparison 

340 
492 

0 (0.0) 
1 (0.2) 

— 0.999a 

Enlisted Flyer Ranch Hand 
Comparison 

151 
186 

1 (0.7) 
2(1.D 

0.61 (0.06,6.83) 0.691 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

375 
567 

1 (0.3) 
2 (0.4) 

0.76 (0.07,8.36) 0.819 

a P-value determined using a chi-square test with continuity correction because of the sparse number of participants 
with abnormal visual fields. 
—: Results not presented because of the sparse number of participants with abnormal visual fields. 

(b) MODEL 1: RANCH HANDS VS. COMPARISONS - ADJUSTED 

Occupational Category 
Adjusted Relative Risk 

(95% C.I.) p-Value 
All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

0.49 (0.09,2.64) 

0.48 (0.04,5.78) 
0.70 (0.06,8.00) 

0.387 

0.566 
0.778 

—: Results not presented because of the sparse number of participants with abnormal visual fields. 

{c)MODEL 2: RANCH HANDS- - INITIAL DIOXIN -UNADJUSTED 

BHÄtÄJtät al Dioxin Category Sum niary Statistics IJ^t'J^An^ <>g2 (Initial Dioxin)3 

Initial 
Dioxin 

Estimated Relative Risk 
>;y% &SffiM$#$M% 1 

Low 
Medium 
High 

160 
162 
157 

0 (0.0) 
0 (0.0) 
1 (0.6) 

3.93(0.93,16.64) 0.040 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

11-32 



Table 11-8.   Analysis of Visual Fields (Continued) 

(4>MODEL2:;<RANOT 

Analysis Results for Log2 (Initial Dioxin) 

Adjusted Relative Risk .■■ 
.        p-Value 

476                                         4.37 (0.84,22.64) 0.049 

Relative risk for a twofold increase in initial dioxin. 

Note: Results are not adjusted for race, occupation, insecticide exposure, industrial chemicals exposure, degreasing 
chemicals exposure, and diabetic class because of the sparse number of Ranch Hands with abnormal visual fields. 

(e) MODEL 3: RANCH HANDS AND COMPARISONS BY^ 

Comparison 1,207 5 (0.4) 
Background RH 380 1 (0.3) 0.70(0.08,6.09) 0.746 
LowRH 239 0 (0.0) - 0.694c 

High RH 240 1 (0.4) 0.92(0.11,8.03) 0.940 
Low plus High RH 479 1 (0.2) - 0.853c 

a Relative risk and confidence interval relative to Comparisons. 
Adjusted for percent body fat at the time of the blood measurement of dioxin. 

c P-value determined using a chi-square test with continuity correction because of the sparse number of participants 
with abnormal visual fields. 
—: Results not presented because of the sparse number of participants with abnormal visual fields. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(f) MODEL 3r RANCH H^ 

0.897 

0.629 

Relative risk and confidence interval relative to Comparisons. 
—: Results not presented because of the sparse number of participants with abnormal visual fields. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

Comparison 1,189 
Background RH 375 0.86(0.10,7.83) 
LowRH 235 __ 
High RH 236 0.57 (0.06,5.52) 
Low plus High RH 471 „ 
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Table 11-8.   Analysis of Visual Fields (Continued) 

■ (g) MODliiJfg RANCH HANDS -1987 DIOXIN -UNADJUSTED. .   :
: ■:>..;■'■=;■".:■: V 

1987 Dioxin Category Summary Statistics ;    Analysis Results for Log2 (1987 Dioxin+ 1) 

■'■■■■'■ Dioxin       ■ n                    Abnormal 
Estimated Relative Risk 

Low 
Medium 
High 

287                     1 (0.4) 
287                   0 (0.0) 
285                    1 (0.4) 

1.43 (0.62,3.31)                              0.421 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(h)MODEL4: RANCH HANDS-1987 DIOXIN-ADJUSTED 

); 5 l-P: pM^ti^M ijv; \f^M% 
853                                              1.40 (0.58,3.38) 0.456 

a Relative risk for a twofold increase in 1987 dioxin 

Note: Results are not adjusted for race, occupation, insecticide exposure, degreasing chemicals exposure, and 
diabetic class because of the sparse number of Ranch Hands with abnormal visual fields. 

11.2.2,2,3     Light Reaction 

More Comparisons than Ranch Hands had an abnormal light reaction, and the unadjusted and adjusted 
Model 1 analyses combining all occupations were significant (Table ll-9(a,b): Est. RR=0.12, p=0.007 
for the unadjusted analysis; and Adj. RR=0.13, p=0.010 for the adjusted analysis). Results were 
nonsignificant when examined separately for each occupation in both the unadjusted and adjusted 
analyses (Table ll-9(a,b): p>0.17 for each remaining Model 1 contrast). 
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Table 11-9. Analysis of Light Reaction 

(a) MODEL 1: RANCH HANDS VS. COMPARISONS - UNADJUSTED 

Occupational 
.■"Category: 1 Group j 

Number (%). 
Abnormal 

Est. Relative Risk 
(95% C.I.) p« Value 

All Ranch Hand 
Comparison 

861 
1,247 

1 (0.1) 
12 (1.0) 

0.12 (0.02,0.92) 

Officer Ranch Hand 
Comparison 

336 
493 

0 (0.0) 
3 (0.6) 

-- 

Enlisted Flyer Ranch Hand 
Comparison 

151 
187 

1 (0.7) 
4 (2.1) 

0.31 (0.03,2.76) 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

374 
567 

0(0.0) 
5 (0.9) 

™ 

0.007 

0.399a 

0.291 

0.173a 

P-value determined using a chi-square test with continuity correction because of the sparse number of participants 
with an abnormal light reaction. 
--: Results not presented because of the sparse number of participants with an abnormal light reaction. 

(b) MODEL 1: RANCH HANDS VS. COMPARISONS - ADJUSTED 

Occupational Category 
Adjusted Relative Risk 

p-Value 
All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

0.13 (0.02,0.98) 

0.36 (0.04,3.38) 

0.010 

0.371 

■: Results not presented because of the sparse number of participants with an abnormal light reaction. 

(c) MODEL ;2':.: '■?A)tfCH HANDS 

Initial Dioxin Category Summary Statistics '.[    '■'  Analysis/Results forLog2;;:(Imtial Dioxin):. ^ ; ■ ■■.' 
Initial 
Dioxin. 

Low 
Medium 
High 

160                           0 (0.0) 
162                           0 (0.0) 
156                            0 (0.0) 

—: Results not presented because of the sparse number of participants with an abnormal light reaction. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

^dlMpBEEJS^^ 
Analysis Results for Log-» (Initial Dioxin) 

p-Value 

Results not presented because of the sparse number of participants with an abnormal light reaction. 
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Table 11-9.   Analysis of Light Reaction (Continued) 

(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - - UNADJUSTED 

.'■..Dioxin Category   ■ ■ . 
;:;      ;     . :;;:i; Number (%)';                Est. Relative Risk 

.n.                      Abnormal                          (95%C.L)*h'>::. ■■ p-Value 
Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH 

1,209                  11(0.9) 

376                     1(0.3)                     0.30(0.04,2.35) 
239                   0 (0.0) 
239                   0 (0.0) 
478                     0 (0.0) 

0.252 
0.283c 

0.283c 

0.079c 

Relative risk and confidence interval relative to Comparisons. 
Adjusted for percent body fat at the time of the blood measurement of dioxin. 

c P-value determined using a chi-square test with continuity correction because of the sparse number of participants 
with an abnormal light reaction. 
-: Results not presented because of the sparse number of participants with an abnormal light reaction. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand):  1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

■;-(f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY -^ADJUSTED 

Dioxin Category ^;Sä:''S\^:^iin^::^^ 
1' '■:::? 1?:; S;i^^tiätfeä l^epati ve;;ÄiSIi:;::;:;: :i;: v- ;■; i N-;'

:;
 ,:-; \ |::: :■ l':;::;v 

I -^p*YaIiie:-. ■. .::■ % 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,191 

371 
235 
235 
470 

0.38 (0.05,3.03) 0.359 

a Relative risk and confidence interval relative to Comparisons. 
--: Results not presented because of the sparse number of participants with an abnormal light reaction. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand):  1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(g) MODEL 4: RANCH HANDS -1987 DIOXIN m§3M$M§$5^ 

P|§^ Summary Statistics flifi:H 

liM$$&c. 
Number (%) 
lAböösiiifilrli^ 

Low 
Medium 
High 

284 
286 
284 

0 (0.0) 
1 (0.4) 
0 (0.0) 

0.77(0.18,3.29)                              0.715 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 
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Table 11-9.   Analysis of Light Reaction (Continued) 

(h) MODEL 4: RANCH HANDS™ 1987 DIOXIN ~ ADJUSTED 

Analysis Results for Log2 (1987 Dioxin + 1) 

-..:■".-...'■' Adjusted Relative Risk 

848 0.75 (0.18,3.12) 
:p-Value; 

0.681 

Relative risk for a twofold increase in 1987 dioxin. 

Note: Results are not adjusted for race, occupation, insecticide exposure, industrial chemicals exposure, degreasing 
chemicals exposure, and diabetic class because of the sparse number of participants with an abnormal light reaction. 

The Model 2 analysis of light reaction was not possible because of the absence of any Ranch Hands with 
an abnormal light reaction and an initial dioxin estimate. 

The unadjusted Model 3 analysis displayed a marginally significant difference between Ranch Hands in 
the low plus high dioxin category and Comparisons (Table 1 l-9(e): p=0.079). The percentage of 
participants with an abnormal light reaction was 0.0 percent for Ranch Hands in the low plus high 
category and 0.9 percent for Comparisons. All other Model 3 contrasts examined, as well as the Model 4 
analysis results, were nonsignificant (Table 1 l-9(e-h): p>0.25 for each remaining Model 3 contrast and 
Model 4 analysis). 

11.2.2.2.4     Ocular Movement 

All results from the analyses of ocular movement from Models 1 through 4 were nonsignificant (Table 
ll-lO(a-h): p>0.15 for each analysis). 

Table 11-10. Analysis of Ocular Movement 

(a) MODEL 3: RANCH HANDS VS. COMPARISONS - UNADJUSTED 

Occupational 
:■..":: Category.'-I Group; 

Number ('%) 
Abnormal > 

Est. Relative Risk 
p-Value 

All Ranch Hand 
Comparison 

866 
1,249 

14(1.6) 
17(1.4) 

1.19 (0.58,2.43) 0.632 

Officer Ranch Hand 
Comparison 

340 
493 

2 (0.6) 
5 (1.0) 

0.58(0.11,2.99) 0.513 

Enlisted Flyer Ranch Hand 
Comparison 

151 
187 

3 (2.0) 
2(1.1) 

1.87(0.31,11.37) 0.494 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

375 
569 

9 (2.4) 
10(1.8) 

1.37(0.55,3.42) 0.493 
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Table 11-10.   Analysis of Ocular Movement (Continued) 

(b)MODEL IrÄÄNCttHANDS VS. COMPARISONS - ADJUSTED 

Occupational Category 
Adjasted Relative Risk 

■■:^9S%;CJ.); ;■;■;] p-Value 
All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

1.17 (0.56,2.42) 

0.56(0.11,2.90) 
1.76(0.29,10.81) 
1.37(0.54,3.45) 

0.675 

0.485 
0.543 
0.508 

^wmm^i ;^^ß^^Sp^>- -INITIAL DIOXIN-UNADJUSTED 

ftK^ Analysis-Results forXpgi (Initial Dioxin)3 -. 

Initial 
'MMB^^'M.%-%1: r::j-: Abnormal 

■':.-   Estimated Relative Risk 

Low 
Medium 
High 

160 
162 
157 

4(2.5) 
4 (2.5) 
2(1.3) 

0.77(0.44,1.32)                        0.315 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

• (d) MODEL 2: RANCH HANDS - INITIAL DIOXIN - ADJUSTED   ;: 

'sM;h^m^MMM^- fiS^lW- ?:^P^M§^¥:}^M$i^0 :R^iajrive|:ftlSfc ;f?M:Wl;   '-\''f: yU-0$'■&'i 
W ift: W- Valuer I'i w^M¥¥W^ :. 

471                                          0.74(0.40,1.36) 0.318 

Relative risk for a twofold increase in initial dioxin. 

Note: Results are not adjusted for race and insecticide exposure because of the sparse number of participants with an 
abnormal ocular movement. 

(e) MODEL 3; RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY -UNADJUSTED. 

.■■'Dioxin Category-., ■; 
Est. Relative Risk 

>: ;';^0-? ^il'^ jpitv^flu^l; ■ "'■;_ .;;iv;! '■}, 

Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH 

1,211                   14(1.2) 

380                    4(1.1) 
239 5 (2.1) 
240 5 (2.1) 
479                   10(2.1) 

0.93 (0.30,2.85) 
1.82(0.65,5.10) 
1.79(0.63,5.04) 
1.80(0.79,4.10) 

0.896 
0.256 
0.271 
0.159 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 11-10.  Analysis of Ocular Movement (Continued) 

(f)MQDEL3| RANCH HANDS AND COMPARISONS BY DIOXIN C^ 

Dioxin Category    "' :-;';\- ■ / ., n •.-•'.■•■   ■';   :;    ;;'■ (95%.CX)a    .'.; '■•!?;- "*; -:    ..        p»Yalue 
Comparison 1,193 

Background RH 375 1.18 (0.37,3.73) 0.781 
LowRH 235 1.76(0.61,5.07) 0.291 
HighRH                                          236                           1.32(0.45,3.83) 0.614 
Low plus High RH 471 1.52(0.65,3.55) 0,328 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison:  1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

:(g):MOI>EL M RANCH HANDS -1987 DIOXIN -UNADJUSTED. .v/V ',/:\                  JoS'.-X; ;* ■-. ■. 
.:;:.y::l$87;Dioxm-C ategory Summary 'Statistics, :  ■'■', .;::i|:;:v:;;|'/|l;:;A 

■': ■':-■:-:1987:f', 
Dioxin ^':^MM4k:-^-^. Abnormal 

Low 
Medium 
High 

287 
287 
285 

3(1.1) 
5(1.7) 
6(2.1) 

1.09(0.77,1.54)                               0.643 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(h) MODEL 4: RANCH HANDS - 1987 DIOXIN - ADJUSTED 

_n  (95% C.I.)a  p-Value 
846 0.91(0.63,1.32) 0614 

Relative risk for a twofold increase in 1987 dioxin. 

11.2.2.2.5     Facial Sensation 

All analyses of facial sensation in Models 1 through 4 were nonsignificant (Table 11-1 l(a-h): p>0.45 
for each analysis). 
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Table 11-11. Analysis of Facial Sensation 

(a) MODEL 1: RANCH HANDS VS. COMPARISONS - UNADJUSTED 

Occupational 
Category Group . ^hiKIvö '■.;;;. 

Number (%) 
Abnormal 

Esfc Relative Risk 
..  .;(95:%CX). .    . ' ■ p-Value 

All Ranch Hand 
Comparison 

865 
1,248 

2 (0.2) 
2 (0.2) 

1.44(0.20,10.27) 0.714 

Officer Ranch Hand 
Comparison 

339 
493 

1 (0.3) 
1 (0.2) 

1.46 (0.09,23.35) 0.791 

Enlisted Flyer Ranch Hand 
Comparison 

151 
187 

0 (0.0) 
1 (0.5) 

— 0.999a 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

375 
568 

1 (0.3) 
0 (0.0) 

~ 0.834a 

aP-value determined using a chi-square test with continuity correction because of the sparse number of participants 
with an abnormal facial sensation. 
—: Results not presented because of the sparse number of participants with an abnormal facial sensation. 

(b) MODEL 1: RANCH HANDS VS. COMPARISONS - ADJUSTED 

Occupational Category 
Adjusted Relative Risk 

p-Value 
All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

1.38 (0.19,9.87) 

1.45(0.09,23.48) 

0.750 

0.792 

—: Results not presented because of the sparse number of participants with an abnormal facial sensation. 

Note: Results are not adjusted for race, insecticide exposure, and diabetic class because of the sparse number of 
participants with an abnormal facial sensation. 

(c) MODEL 2: RANCH HANDS - INITIAL DIOXIN - UNADJUSTED 

f \'f ;f-Ini tial Dioxin Category Summ; «$$|1^ Analysis Results for Log2 (Initial Dioxin)" 

Dioxin l;MWf!WM:M}MMM 
Low 
Medium 
High 

160 
162 
157 

1 (0.6) 
0 (0.0) 
0 (0.0) 

0.45 (0.04,5.19)                         0.455 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

11-40 



I     1. 

Table 11-11.   Analysis of Facial Sensation (Continued) 

(d) MODEL 2: RÄNCHmN^ 

'!:.'.",                        Analysis Results for Logz (Initial Dioxin) 

.. p-Value : 

476                                       0.55 (0.06,5.38) 0.553 

a Relative risk for a twofold increase in initial dioxin. 

Note: Results are not adjusted for race, occupation, insecticide exposure, industrial chemicals exposure, degreasing 
chemicals exposure, and diabetic class because of the sparse number of Ranch Hands with an abnormal facial 
sensation. 

(e) MODEL 3: RANCH HANDS AND COMPARISONS BY-DIOXIN. CATEGORY - UNADJUSTED 

Dioxin Category 
Number (%) j 
Abnormal  i 

Est* Relative Risk 
Y95%.C.L)lb   i; ,p-Value 

Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH 

1,210 

379 
239 
240 
479 

2 (0.2) 

1 (0.3) 
1 (0.4) 
0 (0.0) 
1 (0.2) 

1.77(0.16,19.96) 
2.46 (0.22,27.39) 

0.646 
0.463 

0.999° 
0.999c 

* Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 
c P-value determined using a chi-square test with continuity correction because of the sparse number of participants 
with an abnormal facial sensation. 
--: Results not presented because of the sparse number of participants with an abnormal facial sensation. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 11-11.   Analysis of Facial Sensation (Continued) 

(^ MODEL 3^ RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY-ADJUSTED 

Dioxin Category 
Adjusted Relative Risk 

p-Value 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,209 

376 
238 
238 
476 

1.70(0.14,19.96) 
2.04(0.18,23.31) 

0.672 
0.564 

a Relative risk and confidence interval relative to Comparisons. 
—: Results not presented because of the sparse number of participants with an abnormal facial sensation. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxinx 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

Results are not adjusted for race, insecticide exposure, and diabetic class because of the sparse number of 
participants with an abnormal facial sensation. 

(g) MODEL 4: RANCH HANDS -1987DIOXIN ßljSÄRp^ 
>■'■' 1987 Dioxin Category Summar 'Statistics'  ■. --: ^..;.:..'::.'j:Analysis.Results:forLog2'(1987Dioxin + l).:.v':--'^;.;   . 

1987 
Dioxin '; :;;.:;;-i,;:;';=;4;.-=;-;::;; ^r^O':;-;^;-|3tt;':: ^:; It-^l^H ■ :-;^l ■■'-■'n- ^ ^:': 

Number■(%.) ; 

Abnormal 

Low 

Medium 
High 

286 
287 
285 

1 (0.4) 
1 (0.4) 
0 (0.0) 

0.75(0.27,2.11)                               0.572 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(h) MODEL 4: RANCH HANDS - 1987 DIOXIN - ADJUSTED  

pfValuej 
852 0.79 (0.23,2.66) 0.694 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Results are not adjusted for race, occupation, insecticide exposure, and diabetic class because of the sparse 
number of Ranch Hands with an abnormal facial sensation. 

11.2.2.2.6     Corneal Reflex 

Statistical analysis of corneal reflex was not performed because of the absence of abnormalities among 
Ranch Hands. A corneal reflex abnormality was noted in one Black enlisted groundcrew Comparison. 
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11.2.2.2.7    Jaw Clench 

Each result obtained from the analyses of jaw clench conducted from Models 1 through 4 was 
nonsignificant (Table 1 l~12(a-h): p>0.32 for each analysis). 

Table 11-12. Analysis of Jaw Clench 

(a) MODEL 1: RANCH HANDS VS. COMPARISONS - UNADJUSTED 

Occupational 
Group 

Est. Relative Risk 
: .;■(9S%.':dli);      :        ; p-Value 

AU Ranch Hand 
Comparison 

866                  2 (0.2) 
1,249                   0 (0.0) 

-- a^T- 

Officer Ranch Hand 
Comparison 

340                   2 (0.6) 
493                   0 (0.0) 

~ 0.325a 

Enlisted Flyer Ranch Hand 
Comparison 

151                   0(0.0) 
187                   0(0.0) 

- - 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

375                   0 (0.0) 
569                   0 (0.0) 

- - 

a P-value determined using a chi-square test with continuity correction because of the sparse number of participants 
with a deviated jaw clench. 
--: Results not presented because of the sparse number of participants with a deviated jaw clench. 

(b) MODEL Is RANCH HANDS VS- COMPARISONS - ADJUSTED 

_ , L ..,.,.. .-.. * ...^ .....,,, ,..., ,,, «>.,,. ^,,,...,<.^.,„ .,_.,..,,,.,...*.,..,,,.,., 

Officer 
Enlisted Flyer 
Enlisted Groundcrew   ~- —         

--: Results not presented because of the sparse number of participants with a deviated jaw clench. 
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Table 11-12.  Analysis of Jaw Clench (Continued) 

(c) MODEL 2r RANCH HANDS-IM^ 

■ .    Initial Dioxin Category Summary Statistics Analysis ResultsforLoga (Initial Dioxin)8 

Initial 
Dioxin 'W':f'S::?--':-: .: /Deviated  ; 

Estimated Relative Risk 
. ;■     . (95%C.I.)l) ■  ;.                    :  p-Value    / . 

Low 
Medium 
High 

160 
162 
157 

0 (0.0) 
1 (0.6) 
0 (0.0) 

0.59 (0.09,3.87)                       0.539 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(d) MODEL 2: RANCH HANDS - INITIAL DIOXIN -ADJUSTED 

Analysis Results for Log* (Initial Dioxin) 

p-Value 
476 0.59 (0.08,4.24) 0.562 

a Relative risk for a twofold increase in initial dioxin. 

Note: Results are not adjusted for race, occupation, insecticide exposure, industrial chemicals exposure, degreasing 
chemicals exposure, and diabetic class because of the sparse number of Ranch Hands with a deviated jaw clench. 

(e) MODEL 3f RANCH HANDS AND COMM^ISONS BY DIOXIN CATEGORY-IJNAD 

Dioxin Category 
Number (%) 

Deviated 
Est Relative Risk 

p-Value 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,211 

380 
239 
240 
479 

0 (0.0) 

1 (0.3) 
1 (0.4) 
0 (0.0) 
1 (0.2) 

0.540a 

0.366a 

0.63 la 

P-value determined using a chi-square test with continuity correction because of the sparse number of participants 
with a deviated jaw clench. 
--: Results not presented because of the sparse number of participants with a deviated jaw clench. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand):  1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand):  1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 11-12,   Analysis of Jaw Clench (Continued) 

(f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - ADJUSTED 

Dioxin Category 
! Adjusted Relative Risk 

. i(95%C.I.)   .; ;'■ p-Value 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

-: Results not presented because of the sparse number of participants with a deviated jaw clench. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(g)MODEL4: RANCH HANDS - 1987 DIOXIN i!Hjt£!^^ 
.; 1987 Dioxin Category-Summary ̂ Mä^M^WAM W§: t; S i i;iviÄualysis:ifee^fe:i^|ii|ä^                                      ; £ 

Dioxin :::E;^£H-Äy^l-fK^oi'| 
Number (%) 

Deviated 
Low 
Medium 
High 

287 
287 
285 

0 (0.0) 
2 (0.7) 
0 (0.0) 

0.92 (0.35,2.44)                               0.864 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt 

^h):-MODEL;4i^ 

i1iii'?i.i|i$:ii;|;l:;i:^ 

:::;MSl3i{© 0:(AW^^r^M^%iAAAE:' -Jif;; :i: ■ 
853                                             1.02(0.34,3.08) 0.969 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Results are not adjusted for race, occupation, insecticide exposure, and diabetic class because of the sparse 
number of Ranch Hands with a deviated jaw clench. 

11.2.2.2.8    Smile 

Each result obtained from the analyses of smile conducted from Models 1 through 4 was nonsignificant 
(Table ll-13(a-h): p>0.11 for each analysis). 
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Table 11-13. Analysis of Smile 

(a) MODEL 1: RANCH HANDS VS. COMPARISONS - UNADJUSTED __ 

f  Occupational . -^ß0M ... ■ ■ ':: / •'■' Number (%} '■'■£     . ; ^tliftilatip'/Rlskj■ ■::'; j 
Category Group n Abnormal (95% CM.) p-Value 

All Ranch Hand 866 7(0.8) 2.54(0.74,8.69) 0.129 
Comparison 1,249 4 (0.3) 

Officer Ranch Hand 340 1 (0.3) 0.72 (0.07,8.02) 0.793 
Comparison 493 2(0.4) 

Enlisted Flyer      Ranch Hand 151 1(0.7) - 0.915a 

Comparison 187 0(0.0) 

Enlisted Ranch Hand 375 5(1.3) 3.83(0.74,19.85) 0.110 
Groundcrew        Comparison 569 2 (0.4)  

aP-value determined using a chi-square test with continuity correction because of the sparse number of participants 
with an abnormal smile. 
—: Results not presented because of the sparse number of participants with an abnormal smile. 

:.■(b);MQpEL:lr-'R^ffi;g^^ ;■ :.:■:■' ,: X:-:,;.;:y;.;;;.,:. ■' :.:.:;;:,::;; y . 
CX^XX.-:! ^:'i<W:X'-:i-W'XWlXM:»::;:';:. £2X■■&' XXXt;XXXX^^^0^/M^^^!^^S.,X X/'X. % XX'XXXolXiX-XuXXXX-^£'IXX'XX- 

All 2.45(0.71,8.50) 0.149 

Officer 0.71 (0.06,7.91) 0.777 
Enlisted Flyer 
Enlisted Groundcrew 3.62(0.69,19.00) 0.128  

—: Results not presented because of the sparse number of participants with an abnormal smile. 

Note: Results are not adjusted for diabetic class because of the sparse number of participants with an abnormal 
smile. 

(c) MODEL ■■7.*- *** RANCH HANDS - ̂ !!lMTIAL;DIOXP-:UNADJUS^D:.;;;;                                       ..
:; ,v , 

W'iMmSM tial Dioxin Category Summai l@jjifti|iBMS^iäSl Analysis Results tor Log2 (Initial Dioxin)5* 

Imtiäl ®pi(|ft^ÄÄ'-Kifl iKi;®mla;M£Ä 
Dioxin ^X^^MMXM, ^Hfi^^äi^^^^ä ItlK 

Low 160 1 (0 6) 1.38 CO 70 2 70)                         0 372 
Medium 162 1 (0.6) 
High 157 2(1.3) 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 
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Table 11-13.   Analysis of Smile (Continued) 

(d) MODEL 2: RANCH HANDS - INITIAL DIOXIN - ADJUSTED 

Analysis Results for Log2 (Initial Dioxin) 

Adjusted Relative Risk 
(95% CI.)' p-Value 

476 1.50(0.75,3.02) 0.274 

Relative risk for a twofold increase in initial dioxin. 

Note: Results are not adjusted for race, occupation, industrial chemicals exposure, degreasing chemicals exposure, 
and diabetic class because of the sparse number of Ranch Hands with an abnormal smile. 

(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - UNADJUSTED 

Dioxin Category 
Number (%) 

Abnormal 
Est. Relative Risk 

p-Value 
Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH 

1,211 

380 
239 
240 
479 

4(0.3) 

3 (0.8) 
2 (0.8) 
2 (0.8) 
4 (0.8) 

2.61 (0.57,11.87) 
2.49 (0.45,13.68) 
2.35(0.42,13.05) 
2.42 (0.60,9.77) 

0.214 
0.295 
0.328 
0.215 

a Relative risk and confidence interval relative to Comparisons. 
Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand):  1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(f) MODEL 3t RANCH HANDS AND COMPARföONS BY DIOXIN CAT 

Dioxin Category ■M 

Adjusted Relative Risk 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,210 

377 
238 
238 
476 

3.14(0.65,15.08) 
2.38(0.42,13.43) 
1.80(0.30,10.67) 
2.07 (0.50,8.57) 

p-Value 

0.152 
0.326 
0.517 
0.315 

Relative risk and confidence interval relative to Comparisons. 

Note: RH= Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

Results are not adjusted for diabetic class because of the sparse number of Ranch Hands with an abnormal 
smile. 
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Table 11-13.   Analysis of Smile (Continued) 

(g) MODEL 4: 'Km^M^MM^M^B -UNADJUSTED' /■■^■;[..,:[ 

1987 Dioxin Category Summary Statistics .  Aiialy sis Results for. Log2 (1987 Dioxin + 1) 

Dioxin 
Estimated Relative Risk 

Low 
Medium 
High 

287                    2 (0.7) 
287                    2 (0.7) 
285                    3(1.1) 

1.16(0.72,1.88)                              0.541 

Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(h) MODEL 4^R^^ 

: Mv!';'-::: f) P:-ViÖne';-r J^/V^'vH.f1 ~: [M 'M 

853                                              0.99(0.59,1.65) 0.972 

Relative risk for a twofold increase in 1987 dioxin. 

Note: Results are not adjusted for diabetic class because of the sparse number of Ranch Hands with an abnormal 
smile. 

11.2.2.2,9    Palpebral Fissure 

All results from the analyses of palpebral fissure from Models 1 through 4 were nonsignificant (Table 
1 l-14(a-h): p>0.32 for each analysis). 

Table 11-14. Analysis of Palpebral Fissure 

(a) MODELT: RANCH HANDS VS, COMPARISONS _ UNADJUSTED 

Occupational !®Mii!™i6^tÄfe:Ä ItlllslKS^ 
7M

:
MQ0MQ&M MWWxMffS-Mi WWM^MMM lll2ri|||nWiia&^H^ MMMff^M&§lff»S .:;:■■■■;. p-Value ■;■ '. 

All Ranch Hand 866 7(0.8) 0.84(033,2.14) 0.713 
Comparison 1,249 12 (1.0) 

Officer Ranch Hand 340 2 (0.6) 0.58(0.11,2.99) 0.513 
Comparison 493 5 (1.0) 

Enlisted Flyer Ranch Hand 151 1 (0.7) 1.24(0.08,19.99) 0.879 
Comparison 187 1 (0.5) 

Enlisted Ranch Hand 375 4(U) 1.01 (0.28,3.61) 0.986 
Groundcrew Comparison 569 6(1.1) 
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Table 11-14.   Analysis of Palpebral Fissure (Continued) 

(b) MODEL 1: RANCH HANDS VS. COMPARISONS - ADJUSTED 

Occupational Category 
Adjusted Relative Risk 

;.   \(9S% C.I.)    ■ p-Value 
All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

0.71 (0.26,1.94) 

0.63 (0.12,3.31) 
0.87 (0.05,14.32) 
0.90 (0.25,3.27) 

0.502 

0.582 
0.921 
0.876 

Note: Results are not adjusted for diabetic class because of the sparse number of participants with an abnormal 
palpebral fissure. Results for analyses stratified by occupation also are not adjusted for lifetime alcohol history 
because of the sparse number of participants with an abnormal palpebral fissure. 

V:(c); MODEL ;g>» •'-ItANGK^HANDS:^ INITIAL DIOXIN - UNADJUSTED 

"::;fv:'ft':S Sunu iiaryStatistics';■'■'"::.   !.;; ; Analysis Results for Log2 (Initial Dioxin)" 

Dioxin 3:f3M^üki33- 
Low 
Medium 
High 

160 
162 
157 

2(1.3) 
0 (0.0) 
1 (0.6) 

1.15(0.50,2.64)                         0.750 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63~152 ppt; High = >152 ppt. 

(d)MpDEL2: RANCT^ 

'fß;:f:333^^MBMy$&r%¥%k& k%4k tk;Aä^üst^lRelative ;Risfe kk. k:;■ k^k:k;I£■ ~'W 
ü \~ && ?;: xjp-iValue :k:kh kk Wkk kl'-k:- 

476                                          1.25(0.54,2.93) 0.613 

Relative risk for a twofold increase in initial dioxin. 

Note: Results are not adjusted for race, occupation, insecticide exposure, degreasing chemicals exposure, and 
diabetic class because of the sparse number of Ranch Hands with an abnormal palpebral fissure. 
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Table 11-14.   Analysis of Palpebral Fissure (Continued) 

(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - sffliiffijüBW&'M'i^ 

Dioxin Category ;         n               . .: .Abnormal j                  .   : (95% C.L)ab V p- Value 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,211                   12(1.0) 

380                   4(1.1)                    1.20(0.38,3.78) 
239 2(0.8)                    0.81(0.18,3.66) 
240 1 (0.4)                     0.37 (0.05,2.91) 
479                     3(0.6)                     0.55(0.14,2.10) 

0.759 
0.785 
0.347 
0.381 

a Relative risk and confidence interval relative to Comparisons. 
Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison:  1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - ADJUSTED 

Dioxin Category IT (95% C.I.)a p-Value 
Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH 

1,210 

377 
238 
238 
476 

0.96 (0.26,3.60) 
0.79(0.17,3.64) 
0.35 (0.04,2.84) 
0.52(0.13,2.05) 

0.955 
0.761 
0.324 
0.352 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH - Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand):  1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

Results are not adjusted for diabetic class because of the sparse number of participants with an abnormal 
palpebral fissure. 

ÄgNMODEE m RANCH HASPS - 1987 DIOXIN Äis^jicsa^iK^SÄi:^ 
mM+mmm ox in Category SMEätöa*^ SMÄ^^ ä& (1987 Dioxin + 1) i 

: ■:J;;-rDioxin':. ^'SMWnM ■■■■"'■ p-Value 
Low 

Medium 

High 

287 
287 
285 

2 (0.7) 
4(1.4) 
1 (0.4) 

1.05(0.64,1.73) 0.840 

Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High - >19.6 ppt. 
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Table 11-14,   Analysis of Palpebral Fissure (Continued) 

^K)|M0^ 

Analysis Results for Log2 (1987 Dioxin'■+ 1) 

■ :-":■■■■■"'■': %- ... I?; ■    ■"   . ..    .: '   :   '      ■ "': ■^^^■■■■if;Ä<Uustedi Relative. Risk':;; '^ ^
:

-L- ::";        £ i 
p-Value 

853                                           1.17(0.65,2.12) 0.598 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Results are not adjusted for race, occupation, insecticide exposure, and diabetic class because of the sparse 
number of participants with an abnormal palpebral fissure. 

11.2.2.2.10  Balance 

All results from the analyses of balance from Models 1 through 4 were nonsignificant (Table 1 l-15(a-h): 
p>0.12 for each analysis). 

Table 11-15. Analysis of Balance 

(a) MODEL 1: RANCH HANDS VS. COMPARISONS^ UNADJUSTED 

Occupational 
;;■:'. iGätegörV'-' H Group 

Number (%)■ 
Abnormal 

Est Relative Risk 
p-Value | 

All Ranch Hand 866 7(0.8) 1.44 (0.50,4.13) 
Comparison 1,248 7(0.6) 

Officer Ranch Hand 340 5 (1.5) 3.66(0.71,19.00) 
Comparison 493 2 (0.4) 

Enlisted Flyer Ranch Hand 151 0 (0.0) __ 
Comparison 186 1 (0.5) 

Enlisted Ranch Hand 375 2(0.5) 0.76(0.14,4.16) 
Groundcrew Comparison 569 4 (0.7) 

0.494 

0.122 

0.999a 

0.749 

P-value determined using a chi~square test with continuity correction because of the sparse number of participants 
with abnormal balance. 
--: Results not presented because of the sparse number of participants with abnormal balance. 

.(b) MODEL 1: RANCH HANDS VS. COMPARISONS - ADJUSTED 

Occupational Category) 
Adjusted Relative Risk 
fiiiiSi^iSiiii ^-yalue- 

All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

1.38 (0.47,4.03) 

3.37 (0.64,17.73) 

0.73 (0.13,4.07) 

0.553 

0.151 

0.719 

--: Results not presented because of the sparse number of participants with abnormal balance. 
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Table 11-15.   Analysis of Balance (Continued) 

;,:(c);;]^QDKL;2: RANCH HANDS »INITIAL DIOXIN - UNADJUSTED 

Initial Dioxin Category Summary Statistics Analysis Results.'for Log2 (Initial Dioxin)8 

Initial 
Dioxin 'Ä:' ** ■i;;: ■ö iyl-:0, ■¥ V^ i A Abnormal: - ¥i-yA 

Estimated Relative Risk 
■       ':     <95%:C.L)b:,i.                p-Value 

Low 
Medium 
High 

160                          0 (0.0) 
162                         1 (0.6) 
157                           1 (0.6) 

1.27 (0.48,3.35)                        0.638 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(d) MODEL 2: RANCH HANDS - INITIAL DIOXIN - ADJUSTED 

Analysis Results for Log2; (Initial Dioxin) j 

Adjusted Relative Risk ' ;. .j 

476 1.65 (0.61,4.45) 
p-Value 

0.350 

Relative risk for a twofold increase in initial dioxin. 

Note: Results are not adjusted for race, occupation, insecticide exposure, and diabetic class because of the sparse 
number of Ranch Hands with abnormal balance. 

(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY ^UNADJUSTED 

Dioxin Category y:yW^^M-ryy Abnormal' : ft^ft-ft .■•■? :/;;L fe- Value;;;. k;-; 

Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH 

1,210 

380 
239 
240 
479 

7 (0.6) 

5(1.3) 
1 (0.4) 
1 (0.4) 
2 (0.4) 

2.52(0.78,8.10) 
0.70 (0.09,5.74) 
0.66 (0.08,5.43) 
0.68(0.14,3-31) 

0.121 
0.741 
0.699 
0.633 

a Relative risk and confidence interval relative to Comparisons. 
Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 11-15.   Analysis of Balance (Continued) 

(f) MODELM RANCH HANDS AND COMPARISONSBY DIOXIN CATEGORY"£ ADJUSTED 

DioxiriCätegory; 
Adjusted Relative Risk 

p-Value 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,192 

375 
235 
236 
471 

2.54 (0.74,8.72) 
0.63 (0.08,5.24) 
0.63 (0.07,5.49) 
0.63(0.13,3.11) 

0.138 
0.667 
0.672 
0.567 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

l^MgDM 4; RANCH HANDS »1987-DIOXIN ̂ WADJPO^ 

?S||Ö^||I1^|: äjt|^öry-: Summar ̂ iaäsHi^;i!>;K^' ..:..■.   .■■Analysis;:Results;for^g2.(1987 

■        Dioxin ■föt:-iiE Abnormal 
Low 
Medium 
High 

287 
287 
285 

3(1.1) 
2 (0.7) 
2 (0.7) 

0.88 (0.52,1.50)                               0.642 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(hVJttODEL 4: RANCH HANDS ^1987DIOXIN - ADJUSTED 

Analysis Results for Log2 (1987 Dioxin + 1) 

(95%C.I.)a ;p-Value] 

846 0.95 (0.52,1.73) 0.860 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Results are not adjusted for race and occupation because of the sparse number of participants with abnormal 
balance. 

1122,2.11   Gag Reflex 

Because of the absence of gag reflex abnormalities among Ranch Hands, statistical analysis was not 
performed. One gag reflex abnormality was present for a non-Black enlisted flyer Comparison. 
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11.2.2.2.12  Speech 

The Model 2 adjusted analysis of speech revealed a marginally significant inverse association between 
initial dioxin and speech (Table 11-16(d): Adj. RR=0.19, p:=0.078). All other analysis results from 
Models 1 through 4 were nonsignificant (Table 1 l~16(a-c,e-h): p>0.14 for each remaining analysis). 

Table 11-16. Analysis of Speech 

::(a).MO.BELi.: Äii^Ä 
Occupational 

Group 
Number {'%)               Est. Relative Risk 

p-Value 
All Ranch Hand 

Comparison 
866                  4 (0.5)                   0.57 (0.18,1.84) 

1,249                 10 (0.8) 
0.334 

Officer Ranch Hand 
Comparison 

340                   1 (0.3)                   0.72 (0.07,8.02) 
493                   2 (0.4) 

0.793 

Enlisted Flyer Ranch Hand 
Comparison 

151                   0(0.0) 
187                   1 (0.5) 

0.999a 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

375                   3(0.8)                   0.65(0.17,2.52) 
569                   7 (1.2) 

0.531 

a P-value determined using a chi-square test with continuity correction because of the sparse number of participants 
with abnormal speech. 
--: Results not presented because of the sparse number of participants with abnormal speech. 

(b) MODEL 1: RANCH HANDS VS. COMPARISONS - ADJUSTED  

 Occupational Category (95% C.I.) p-Value 

AW 0.60 (0.18,1.97) " 0.388 

Officer 0.76 (0.07,8.59) 0.828 
Enlisted Flyer 
Enlisted Groundcrew 0.66(0.16,2.63) 0.551 

•-: Results not presented because of the sparse number of participants with abnormal speech. 

(c) MODEL 2: RANCH HANDS - INITIAL DIOXIN - UNADJUSTED 

r^:^;^ Sui I^S^^ÄÄlÖi^ÄM^Wä ■ '..' v 'Analysis Results ■ för.Lögi (Initial ■Dioxin)3, 

BÄ^iSl^ 
Low 

Medium 
High 

160 
162 

157 

2(1.3) 
0 (0.0) 

0 (0.0) 

0.29(0.03,2.42)                       0.143 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 
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Table 11-16.   Analysis of Speech (Continued) 

(d) MODEL 2: RANCH HANDS - INITIAL DIOXIN - ADJUSTED 

Analysis Results for Log2 (Initial Dioxin) 

l::"-. • •/: i:? o'f: PI- ^?:■ i !:i; V1> Hv .;;:■; iv:^ :(95% cj,)a . •■ :;:;':;: :,'. : p-vaiue 
 476 0.19 (0.02,2.32) 0.078  

a Relative risk for a twofold increase in initial dioxin. 

Note: Results are not adjusted for occupation and diabetic class because of the sparse number of Ranch Hands with 
abnormal speech. 

(e) MODEL 3:)p.NGHH -UNADJUSTED-;''.,: 

■:   Dioxin Category '■   p-Value   . 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,211                     9(0.7) 

380                    2(0.5)                     0.81(0.17,3.83) 
239 2(0.8)                     1.07(0.23,5.02) 
240 0 (0.0) 
479                      2 (0.4) 

0.793 
0.929 

0.374° 
0.678c 

Relative risk and confidence interval relative to Comparisons. 
Adjusted for percent body fat at the time of the blood measurement of dioxin. 
P-value determined using a chi-square test with continuity correction because of the sparse number of participants 

with abnormal speech. 
—: Results not presented because of the sparse number of participants with abnormal speech. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - ADJUSTED 

i-... :■•"-"•■ Dioxin Category y;: ■■■■;; '■ ■;, •",. ■• ;'';' ■■ ii> :.'.-       "'.:'■;'   '■■■■\t ■;'■'- (95%:'GX)a';:; ':'•: •'!... .: vK" -'r '■;  ■p-Value:; - '"';'. ::;  - 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,193 

375 
235 
236 
471 

1.09 (0.22,5.46) 
1.38 (0.28,6.71) 

0.919 
0.688 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 11-16.   Analysis of Speech (Continued) 

MMW^^^i&Um^ME^} -1987DIOXIN Wm&ffls^^ 
1987 Dioxin Category Summary '■Statistics :. Analysis Results for Log2 (1987 Dioxin + 1) 

Nw^er.:(^)":f;:;|: 
Abnormal 

Estimated Relative Risk 
■     (95%CX)a    ■:                              p-Value 

Low                              287 

Medium                      287 
High                            285 

2 (0.7) 

2 (0.7) 
0 (0.0) 

0.77(0.37,1.59)                                0.462 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(h) MODEL 4: RANCH HANDS -1987 DIOXIN - ADJUSTED 

>f.;  '1 -:-';-: ^PsSäüei;.:s:::;i:ii :Ä&; £' ^-W■ 
853                                              0.73(0.36,1.47) 0.370 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Results are not adjusted for occupation and diabetic class because of the sparse number of Ranch Hands with 
abnormal speech. 

11.2.2.2.13   Tongue Position Relative to Midline 

Each result obtained from the Model 1 through 4 analyses of tongue position relative to midline was 
nonsignificant (Table ll-17(a-h): p>0.32 for each analysis). 

Table 11-17. Analysis of Tongue Position Relative to Midline 

(a) MODEL 1: RANCH HANDS VS. COMPARISONS - UNADJUSTED 
Occupational S^:#lll^u^erJ(:%) i; 'yy^: Est Relative Risk 

:    .\Category; :>.■ ̂V'^iS?pfl^isi^:v^ '\Y;;:^B}Ü^MM ^^^t^i^^^^iiy ^S'S$S^ p-Value 
All Ranch Hand 866 2 (0.2) — 0.327* 

Comparison 1,249 0 (0.0) 

Officer Ranch Hand 340 2 (0.6) — 0.325a 

Comparison 493 0 (0.0) 

Enlisted Flyer Ranch Hand 151 0 (0.0) ~ — 
Comparison 187 0 (0.0) 

Enlisted Ranch Hand 375 0 (0.0) — ~ 
Groundcrew Comparison 569 0 (0.0) 

aP-value determined using a chi-square test with continuity correction because of the sparse number of participants 
with a deviated tongue position relative to midline. 
—: Results not presented because of the sparse number of participants with a deviated tongue position relative to 
midline. 
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Table 11-17.   Analysis of Tongue Position Relative to Midiine (Continued) 

(b);JV101>EL 1: >,.S^^^ra)5;m-iCOMPARISONS - ADJUSTED 

Occupational Category 
Adjusted Relative Risk 

".'(95%€X). '. p-Value 
All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

--: Results not presented because of the sparse number of participants with a deviated tongue position relative to 
midiine. 

(c) MODEL 2: RANCH HANDS - INITIAL DH5XIN - UNADJUSTED 

■ Initial; Dioxin CategbrjSunmiary Statistics:. .' ;. - ./.Analysis Results for Log2 (Initial Dioxin)3:, 

Low 
Medium 
High 

160                          0 (0.0) 
162                          1 (0.6) 
157                            0(0.0) 

0.59 (0.09,3.87)                       0.539 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(d) MODEL 2: RANCH HANDS - INITIAL DIOXIN - ADJUSTED! 

Analysis Results for Log2 (Initial Dioxin) 

:p-Valuel 
476 0.59 (0.08,4.24) 0.562 

a Relative risk for a twofold increase in initial dioxin. 

Note: Results are not adjusted for race, occupation, insecticide exposure, industrial chemicals exposure, degreasing 
chemicals exposure, and diabetic class because of the sparse number of Ranch Hands with a deviated tongue position 
relative to midiine. 
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Table 11-17.   Analysis of Tongue Position Relative to Mid line (Continued) 

(e) MODEL 3; RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - -tMAD^STm^yy::: 

Dioxin Category 
■■■ '■■'■■■ ■':     ;>: Number (%)■. : 

n                      Deviated 
Est. Relative Risk  . 

.         (95%C.L)ab p-Value 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,211                      0(0.0) 

380                     1 (0.3) 
239 1 (0.4) 
240 0 (0.0) 
479                     1 (0.2) 

- 0.540c 

0.366c 

0.63 lc 

a Relative risk and confidence interval relative to Comparisons. 
Adjusted for percent body fat at the time of the blood measurement of dioxin. 

0 P-value determined using a chi-square test with continuity correction because of the sparse number of participants 
with a deviated tongue position relative to midline. 
—: Results not presented because of the sparse number of participants with a deviated tongue position relative to 
midline. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

<f)MOI>EL 3* RANCH HANDS AND COMPARISONS BY DIO^ 

 _Jöiwcin_C^te^öi-y______ n -(95% C.I.) p-Value 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

—: Results not presented because of the sparse number of participants with a deviated tongue position relative to 
midline. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(g)M:ÖDEL 1! RANCH HANDS - 1987 DIOXIN SP^AlpjU^^                                                :.   \\:,:::\', 
i^^ä^^S^^fflÖSä§^^*? ategory Siiimmar f Statistics if:li!S£tÄÄ 

:;l"|;|tif; 
Low 

Medium 

High 

287 
287 
285 

0(0.0) 
2 (0.7) 
0 (0.0) 

0.92 (0,35,2.44)                               0.864 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 
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Table 11-17, Analysis of Tongue Position Relative to Mid line (Continued) 

(h) MODEL 4; RANCH HANDS - 1987 DIOXIN - ADJUSTED 

> ..;-;n' ■' •/'■-• •'.'' . '■ 

..•■■'■ Analyi sis Results for Log2 (1987 Dioxin + 1) 

Adjusted Relative Risk 
p-Value 

853 1.02(0.34,3.08) 0.969 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Results are not adjusted' for race, occupation, insecticide exposure, and diabetic class because of the sparse 
number of Ranch Hands with a deviated tongue position relative to midline. 

11.2.2.2.14  Palate and Uvula Movement 

Each result obtained from the Model 1 through 4 analyses of the palate and uvula movement was 
nonsignificant (Table 1 l~18(a-h): p>0.36 for each analysis). 

Table 11-18. Analysis of Palate and Uvula Movement 

(a) MODEL 1: RANCH HANDS VS. COMPARISONS - UNADJUSTED 

Occupational 
;..: ^Category.-.j Group 

Number (%)'. 
• .■.'Deviated..-:; 

Est Relative Risk 
p-Value 

All Ranch Hand 866 1 (0.1) 
Comparison 1,249 0 (0.0) 

Officer Ranch Hand 340 1 (0.3) 
Comparison 493 0 (0.0) 

Enlisted Flyer Ranch Hand 151 0 (0.0) 
Comparison 187 0 (0.0) 

Enlisted Ranch Hand 375 0 (0.0) 
Groundcrew Comparison 569 0 (0.0) 

0.854" 

0.852" 

a P-value determined using a chi-square test with continuity correction because of the sparse number of participants 
with a deviated palate and uvula movement. 
—: Results not presented because of the sparse number of participants with a deviated palate and uvula movement. 

(b) MODEL 1: RANCH HANDS VS. COMPARISONS - ADJUSTED 

Occupational Category 
Adjusted Relative Risk 

p-Value 

All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

■: Results not presented because of the sparse number of participants with a deviated palate and uvula movement. 
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Table 11-18.   Analysis of Palate and Uvula Movement (Continued) 

(c) MODEL 2: RANCH HANDS - INITIAL DIOXIN- UNADJUSTED 

Initial Dioxin Category Summary Statistics Analysis Results for Log2 (Initial Dioxin)3 

Initial 
Dioxin |;;):f;^Il»fe|":"ii:'1i.;;::;.:: 

■:.Number (%) ;.'" 
Deviated    .      " 

Low 
Medium 
High 

160 
162 
157 

0 (0.0) 
1 (0.6) 
0 (0.0) 

0.59 (0.09,3.87)                       0.539 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(d) MODEL 2: RANCH HANDS - INITIAL DIOXIN - ADJUSTED 

Adjusted Relative Risk 
W&M9W&MMSM p-Value 

476 0.59 (0.08,4.24) 0.562 

a Relative risk for a twofold increase in initial dioxin. 

Note: Results are not adjusted for race, occupation, insecticide exposure, industrial chemicals exposure, degreasing 
chemicals exposure, and diabetic class because of the sparse number of Ranch Hands with a deviated palate and 
uvula movement. 

(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - UNADJUSTED      ~ 

Dioxin Category Deviated 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,211 

380 
239 
240 
479 

0 (0.0) 

0 (0.0) 
1 (0.4) 
0 (0.0) 
1 (0-2) 

0.366a 

0.63 la 

a P-value determined using a chi-square test with continuity correction because of the sparse number of participants 
with a deviated palate and uvula movement. 
-: Results not presented because of the sparse number of participants with a deviated palate and uvula movement. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 11-18.   Analysis of Palate and Uvula Movement (Continued) 

(f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY -ADJUSTED 

fDioxin Category 
Adjusted Relative Risk 

': • (95%ex)...-,;..'.■; p-Value 
Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH 

Results not presented because of the sparse number of participants with a deviated palate and uvula movement. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand):  1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(g) MODEL 4: RANCH HANDS -1987 DIOXIN S$$A&^ 
1987 Dioxin Category Summary Statistics-:' ■ ■■]■■',:         Analysis Reslilts for ^                                 ■..■:■';■ 

Dioxin ■ '^lK^^^;^!i!:^h.;v^ 

- Number;.(%)■:   ■■ 
■Deviated    :-:

:./ 
Low 
Medium 
High 

287 
287 
285 

0 (0.0) 
1 (0.4) 
0(0.0) 

1.13(0.31,4.05)                              0.857 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9~19.6 ppt; High = >19.6 ppt. 

(h) MODEL 4r RANCH HANDS - 1987 DIOXIN- ADJUSTED 

Analysis Results for Log2 (1987 Dioxin + 1 ] 

Adjusted Relative Risk 
p-Valuej 

853 1.19(0.32,4.46) 0.800 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Results are not adjusted for race, occupation, insecticide exposure, industrial chemicals exposure, degreasing 
chemicals exposure, and diabetic class because of the sparse number of Ranch Hands with a deviated palate and 
uvula movement. 

11.2.2.2.15     Cranial Nerve Index 

All results from the analyses of cranial nerve index from Models 1 through 4 were nonsignificant (Table 
1 l~19(a-h): p>0.11 for each analysis). 
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Table 11-19. Analysis of Cranial Nerve Index 

(a) MODEL 1: RANCH HANDS VS. COMPARISONS - UNADJUSTED 

Occupational 
Category ;'j Group 

Number (%) 
Abnormal 

Est Relative Risk 
(95% C.I.) ! p-Value 

All Ranch Hand 
Comparison 

850 
1,245 

56(6.6) 
72 (5.8) 

1.15(0.80,1.65) 0.452 

Officer Ranch Hand 
Comparison 

329 
492 

17 (5.2) 
26 (5.3) 

0.98(0.52,1.83) 0.941 

Enlisted Flyer Ranch Hand 
Comparison 

151 
186 

13 (8.6) 
10 (5.4) 

1.66(0.71,3.89) 0.246 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

370 
567 

26 (7.0) 
36 (6.4) 

1.11(0.66,1.88) 0.683 

(b) MODEL 1: RANCH HANDS VS. COMPARISONS - ADJUSTED 

Occupational Category 
Adjusted Relative Risk 

(95% C.I.) p-Value] 
All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

1.01 (0.69,1.48) 

0.88 (0.46,1.68) 
1.23 (0.49,3.08) 
1.05(0.61,1.80) 

0.940 

0.694 
0.656 
0.856 

(c) MODEL 2: RANCH HANDS - INITIAL DIOXIN - UNADJUSTED 

'-^0:^^St$^ß »1 Dioxin Category Summ l^?St^ tistics v4< -,:;;:;; r't';]:; -f! :t!:5;'; ^ v Analysis.;Results for Log2 (InitialDioxin)3    : 

■>:£rö4^P^ ..Abnormal,: .:  v1'./; ;:|i!3 
Low 
Medium 
High 

157 
162 
153 

13 (8.3) 
9 (5.6) 

.     8 (5.2) 

0.86(0.63,1.17)                         0.331 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(d) MODEL 2: RANCH HANDS - INITIAL DIOXIN - ADJUSTED 

Analysis Results for Log2 (Initial Dioxin) 

p-Value 
464 0.75(0.53,1.08) 0.110 

Relative risk for a twofold increase in initial dioxin. 
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Table 11-19.   Analysis of Cranial Nerve Index (Continued) 

(e)-MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - ÜN^^ÜSTED 

Dioxin Category 
;iNuj^'er:;(:%);: 
i  Abnormal 

Est. Relative Risk: 
(95%:oxy ab p-Value 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,207 

371 
236 
236 
472 

68 (5.6) 

25 (6.7) 
19(8.1) 
11(4.7) 
30 (6.4) 

1.27 (0.79,2.05) 
1.45 (0.86,2.47) 
0.78(0.41,1.51) 
1.07(0.68,1.69) 

0.329 
0.166 
0.469 
0.776 

a Relative risk and confidence interval relative to Comparisons. 
Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - ADJUSTED 

Dioxin Category 
Adjusted Relative Risk 

p-Value 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,189 

366 
232 
232 
464 

1.20 (0.72,2.02) 
1.29(0.74,2.24) 
0.60(0.30,1.22) 
0.88 (0.54,1.43) 

0.484 
0.369 
0.158 
0.604 

Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand):  1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(g) MODEL 4f RANCH HANDS -i9mmo%m IMAPO 
:- ■:. i?87:Dipsin:Categöry^SjUinim itS.ÄiöW! i§§! iÖÄ 

Dioxin .^iti:ä^^^^;-;^l 
Number (%) 

Low 
Medium 
High 

280 
282 
281 

18 (6.4) 
21 (7.5) 
16 (5.7) 

0.93 (0.77,1.13)                             0.462 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 
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Table 11-19.   Analysis of Cranial Nerve Index (Continued) 

(h) MODEL 4: RANCH HANDS - 1987 DIOXIN..- ADJUSTED 

;■'.:.';■-■             Analysis Results for Log2 (1987 Dioxin'+ 1) 

p-Value 
830                                             0.88(0.71,1.10) 0.254 

a Relative risk for a twofold increase in 1987 dioxin. 

11.2.2.3  Physical Examination Variables - Musculoskeletal and Vertebral Column Function 

11.2.2.3.1 Neck Range of Motion 

From the Model 1 unadjusted and adjusted analyses of neck range of motion, differences between Ranch 
Hands and Comparisons were significant across all occupations and within enlisted flyers (Table 
ll-20(a,b): Est. RR=1.33, p=0.016, Adj. RR=1.35, p=0.015, respectively, for all occupations combined; 
Est. RR=2.03, p=0.009; Adj. RR=1.97, p=0.016, respectively, for enlisted flyers). Both contrasts showed 
more Ranch Hands than Comparisons with a restricted neck range of motion. All other Model 1 
contrasts were nonsignificant (Table 1 l-20(a,b): p>0.12 for each remaining contrast). 

Table 11-20. Analysis of Neck Range of Motion 

(a) MODEL 1: RANCH HANDS VS. COMPARISONS - UNADJUSTED 

'.;; Category:'    '' :       Group     .   ' ■    n  •;;; .■■':'■        A bnorinal ':.-.   ■ ; ■' ■■ (95%:-.CX)' :" V: p-Value 
All Ranch Hand 

Comparison 
866 

1,249 
165 (19.1) 
188 (15.1) 

1.33 (1.06,1.67) 0.016 

Officer Ranch Hand 
Comparison 

340 
493 

70 (20.6) 
81 (16.4) 

1.32(0.92,1.88) 0.126 

Enlisted Flyer Ranch Hand 
Comparison 

151 
187 

41 (27.2) 
29 (15.5) 

2.03 (1.19,3.46) 0.009 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

375 
569 

54 (14.4) 
78(13.7) 

1.06(0.73,1.54) 0.764 

; (b); MODEL ■!;! RANCH HANDS VS. COMPARISONS - ADJUSTED S^MSSSSSSSSy 

''.:::... ■: Occupational Category^--.^ 
Adjusted Relative Risk 

SSy;MM^^0tS:S-S:-:S p-Value 
All 1.35(1.06,1.72) 0.015 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

1.31 (0.90,1.89) 
1.97(1.13,3.42) 
1.16(0.78,1.71) 

0.153 
0.016 
0.466 
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Table 11-20.   Analysis of Neck Range of Motion (Continued) 

(c) MODEL 2: RANCH HANDS- -INITIAL DIOXIN-UNADJUSTED 

Initial Dioxin Categorj Summary Statistics Analysis Results for Lo§2 (Initial Dioxin)" 
Initial 
Dioxin l£:£'^Si^'S 

Number <%)   .    '■. ' 
Abnormal 

Estimated Relative Risk 
/:■■ ■   ■'   <95%CX),V .:     '  -: ..   ''       :  p-Value   : 

Low 
Medium 
High 

160 
162 
157 

38 (23.8) 
39(24.1) 
26 (16.6) 

0.85(0.72,1.02)                       0.069 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(d) MODEL 2: RANCH HANDS - INITIAL DIOXIN - ADJUSTED 

Analysis Results for Log> (Initial Dioxin) 

Adjusted Relative Risk . '.; 

471 0.91 (0.74,1.13) 
p-Value 

0.411 

Relative risk for a twofold increase in initial dioxin. 

(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - UNADJUSTED 

""'   Dioxin Category '.■;;■ ''S'WyM^^y:-^^: 
• ..-■;' Number (%)' ■  ;.. 

abnormal 
Est. Relative Risk 

■■■■■■'-■] :V(9S%;C;i;)ab.:": ■■,-.■■ "-: |::^:V|'f:;::p^^^üe 
Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH 

1,211 

380 
239 
240 
479 

180 (14.9) 

60 (15.8) 
56 (23.4) 
47 (19.6) 

103(21.5) 

1.16(0.84,1.60) 
1.73 (1.23,2.43) 
1.31 (0.91,1.87) 
1.50(1.15,1.97) 

0.366 
0.002 
0.142 
0.003 

a Relative risk and confidence interval relative to Comparisons. 
Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 11-20.   Analysis of Neck Range of Motion (Continued) 

(6 MODEL 3; RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - .ADJUSTED 

Dioxin Category ^Q
;
M^->;'-;—^'K':>t:-^:v 

Adjusted Relative Risk 
.     .(95%CX)a    : •      p-Valüe 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,193 

375 
235 
236 
471 

1.12(0.80,1.57) 
1.60(1.12,2.29) 
1.55 (1.05,2.29) 
1.57(1.18,2.11) 

0.523 
0.010 
0.028 
0.002 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison:  1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(g) MODEL 4« ^3i|if^^^!i^:%||^^ö^ M8$^ 
1987/Dioxin Category Suirarnary Statistics ;///;/;/: >/';i 

Dioxin 
/v/z//^ . ■:     Estimated Relative Risk                             ■'■:■■; ■ ■"■/.:■" )' 

■^|;::::;/::;;/pW 

Low 

Medium 
High 

287                48 (16.7) 
287                 60 (20.9) 

285                  55 (19.3) 

1.03(0.92,1.15)                               0.632 

Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(h) MODEL 4: RANCH HANDS - 1987 DIOXIN - ADJUSTED 

r^': -;::;::/-':; ;•;:" :;:r''/:i: f;';K: Oft/ ■-:/■':'';/;^; ?1 ■^-;. /:S?//;/>:/0:' f ■;- li' '■: ^;/;x/:::: -:^/:;;/:;, ■' /:i;/' ■:/ 'V^';; -iÄiiäly ^i s;/Reäitil^::: ^it/'IpÖgi; I:/<:|i 98:7f |3^oxii^:;^/^l:;;:;/^ /;:i /; :>;; / ^>"S;^;^f;-/? ■:"' -/ '■ '^: ■ /-^; ■'!; ■:- :=; :'-l 

■;/■ ■;:; /;:_;'^; /:;r ^ j>:. _:
; ^ r: >"^ 0/- -:: :-f-;■ ;i 4 -:;: ■' -i:.-^H.h -i:: :-> :'■ 0 ;r -/: 

;?i:: / ^ I" ;i: /"■ ■;::/-::/--=;;;' '^i i:/K::/:: i:-? Jr:- -::"::::; 5: - ^ / ^ -: l^. i ■: -:: t ;L:y: -3-: ■ -^";=■' ^:'=; J"/.- >^Mätl ita^fjeii: aR/^l st^S ^e^: 3fe is 1<":/'" ^ /■: J _/" /■;; - ■:/ ''=^: ^:-1 i p :-;:;:CE; rf=■- r/;' -:/ f::;/
[ ^1 -: J ::1::- ■ "^/■/I;"-:;::= ^ /=; ■' / ^ li/ /=■" /^ ^:" i' ^:=^ ^ -'-' := 

        n (95% C.I.)a  p-Value 

 846 1.09(0.94,1.26) 0.267 

Relative risk for a twofold increase in 1987 dioxin. 

The unadjusted Model 2 analysis displayed a marginally significant inverse association between neck 
range of motion and initial dioxin (Table 1 1-20(c): Est. RR=0.85, p=0.069). After adjustment for 
covariates, the association was nonsignificant (Table 1 l-20(d): p=0.411). 

Both the unadjusted and adjusted Model 3 analyses of neck range of motion displayed a significant 
difference between Ranch Hands in the low dioxin category and Comparisons (Table ll-20(e,f): 
Est. RR=1.73, p=0.002 and Adj. RR=L60, p=0.010) and between Ranch Hands in the low plus high 
dioxin category and Comparisons (Table 1 l-20(e,f): Est. RR=1.50, p=0.003 and Adj. RR=1.57, 
p=0.002). In addition, the adjusted contrast between Ranch Hands in the high category and Comparisons 
was significant (Table 1 l-20(f): Adj. RR=1.55> p=0.028). All significant contrasts showed more Ranch 

11-66 



Hands than Comparisons with neck range of motion abnormalities. Other Model 3 contrasts, as well as 
the Model 4 analyses of neck range of motion, were nonsignificant (Table 1 l-20(e~h): p>0.14 for each 
remaining analysis). 

11.2.2.4  Physical Examination Variables - Peripheral Nerve Status 

11.2.2.4.1 Pinprick 

A marginally significant difference between Ranch Hands in the high dioxin category and Comparisons 
was found in the Model 3 unadjusted analysis of pinprick, showing more Ranch Hands than Comparisons 
with a pinprick abnormality (Table ll-21(e): Est. RR=1.64, p-0.062). After adjustment for covariates, 
the difference was nonsignificant (Table 11-21(f): p=0.126). All other analysis results from Models 1 
through 4 for pinprick were nonsignificant (Table 11-21 (a-h): p>0.11 for each remaining analysis). 

Table 11-21. Analysis of Pinprick 

|g);:M§Ö||f'- !g!^ 
Occupational 

Category jj=rt;-:^i|^:[0^öi«]^^ ;-^ ^j" ^;/;^: *'5vfa)-*p Abnormal 
: ^  Est ■RelativeRisk 

p-Vahie 
All 

Officer 

Enlisted Flyer 

Enlisted 
Groundcrew 

Ranch Band 
Comparison 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

822 
1,185 

322 
469 

145 
182 

355 
534 

57  (6.9) 
67   (5.7) 

20   (6.2) 
22   (4.7) 

19(13.1) 
14   (7.7) 

18   (5.1) 
31   (5.8) 

1.24(0.86,1.79) 

1.35 (0.72,2.51) 

1.81 (0.87,3.75) 

0.87(0.48,1.57) 

0.244 

0.350 

0.110 

0.638 

(b)MqDELlj RANCH HANDS VS. COMPARISONS- ADJUSTED 

:          Occupational Category 
Adjusted Relative Risk 

p-Value 
All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

1.19 (0.81,1.76) 

1.28 (0.67,2.43) 
1.81 (0.84,3.89) 
0.85(0.45,1.60) 

0.368 

0.451 
0.131 
0.618 

;i::>(c||gjg^l| RANCH HANDS - liiMIAijiHii 
;::-'Ä Analysis Results for Log, '/(Initial -Dioxin)0 '.. ■ 

WWWMMM:M^MMM~: 

Estimated Relative Risk 
p-Value ■ 

Low 
Medium 
High 

152 
151 
150 

11(7.2) 
13 (8.6) 
12 (8.0) 

1.10(0.86,1.41) 0.460 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 
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Table 11-21.   Analysis of Pinprick (Continued) 

(d) MODEL 2: RANCH HANDS \ -INITIAL DIOXIN-ADJUSTED 

;   y:$:'P>: ppj^py ;> ;=\;: vI-1-?:-:;■.?■; £<F£:£';;'v j 

Analysis Results for Log2 (Initial Dioxin) 

,■ '-'ÄaJüStM!;fektive;Risk;- /: .  ; . :i::.                 .■■'.'-P'C■:.. . :'■■: - ...    ■ -::;■' ■-p              ^ ^:; := 

445 1.29(0.92,1.81)                                                  0.134 

a Relative risk for a twofold increase in initial dioxin. 

■■(e) MODEL 3:RANCHHANDS AND COMPARISONS BY DIOXIN CATEGORY-U 

^ :  ■ ■ ::Dioxin'Categorj' ■:.'■■' '_'":'y      n   \ 

Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH 

1,149 

362 
226 
227 
453 

63 (5.5) 

19 (5.3) 
15 (6.6) 
21 (9.3) 
36 (8.0) 

1.03(0.61,1.76) 
1.20(0.67,2.15) 
1.64(0.98,2.76) 
1.40(0.91,2.16) 

0.900 
0.542 
0.062 
0.123 

a Relative risk and confidence interval relative to Comparisons. 
Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(OM0DEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY-ADJUSTED 

W!;:}:£ jjßfifc^ ,   '-v:fA-;;■}?'£\PM-WPPP;ASS 9&Cat)*'''■%piWMy#S'^Mw'k.p^alüe;'?<j 

0.716 
0.868 
0.126 

,  0.410 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,132 

357 
222 
223 
445 

1.11(0.63,1.95) 
0.95(0.51,1.77) 
1.55 (0.88,2.73) 
1.21 (0.77,1.93) 
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Table 11-21.   Analysis of Pinprick (Continued) 

:;::|g);]VIQf^^ -UNADJUSTED 

1987 Dioxin Category Summary Statistics Analysis Results for Log2 (1987 Dioxin + 1) 

Dioxin                     n                    Abnormal 
'■.'■■' . Estimated Relative Risk 

p-Value 
Low                          272                 15 (5.5) 
Medium                    275                 16 (5.8) 
High                           268                  24 (9.0) 

1.15 (0.96,1.37) 0.137 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(h) MODEL4: RANCH HANDS- 1987 DIOXIN »ADJUSTED.      ;,:.. •-, 

;;;::;;: B; ■ ■ :--:S- *::r:;;vS|: - ■ |;S|SS3x:i;:i:: ffii: r--f ii ^i ^Sf: 1:-:-3;"° ■;;; -S :S:";
::" ^ - ^i-'^ ;;.&:;:;:: i g 4; ■; ;:K v l"SS Si: v^cSS:^;'- C:lli^i; i |:"r ;v;.v;: S: -■' ^:i:"': s.:' _■;:;:;;: ■;:■;.-■ it i;i;;:. ■-:;■'-; ■ l>:g: '■:.:;::; ;-i -;:; p-Value         ... 

802                                           1.12(0.88,1.42) 0.345 

a Relative risk for a twofold increase in 1987 dioxin. 

11.2.2.4.2 Light Touch 

All results from the analyses of light touch from Models 1 through 4 were nonsignificant (Table 
1 l-22(a~h): p>0.16 for each analysis). 

Table 11-22. Analysis of Light Touch 

(a) MODELT: T^CHTip^ 

Occupational 
Hi ^:G^<n^j:M;^:x -.i &&*!&K&A0?MS^Abnormal;:■?   '■         {''■ ^^SW^^W-W p-Value 

All Ranch Hand 
Comparison 

822                  38(4.6)                 1.23(0.79,1.91) 
1,185                    45 (3.8) 

0.363 

Officer Ranch Hand 
Comparison 

322                   15 (4.7)                  1.71 (0.80,3.65) 
469                   13 (2.8) 

0.163 

Enlisted Flyer Ranch Hand 
Comparison 

145                   12 (8.3)                  1.55 (0.65,3.70) 
182                   10(5.5) 

0.322 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

355                   11(3.1)                 0.74(0.36,1.55) 
534                   22(4.1) 

0.432 

!;.-(b):MODELT: MlSiiiifÄ 

M^'fMil^^i^s^ örialCategörV;;'.. . ■" iiSf!«^ p-yälüe--. 
All 1.13 (0.71,1.81) 0.597 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

1.67 (0.77,3.61) 
1.40(0.56,3.50) 
0.67(0.31,1.47) 

0.193 
0.470 
0.321 
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Table 11-22.   Analysis of Light Touch (Continued) 

(c) MODEL 2: RANCH HANDS-INITIAL DIOXIN-UNADJUSTED 

Initial Dioxin Category Summary Statistics Analysis Results for Log2 (Initial Dioxin)8 

Initial 
Dioxin 

?-}K: W-M.        v ;:;::;-Äratier.(^):;:: J 
n ;.:■.                   .■.Abnormal:  ' 

Estimated Relative Risk: 
(95%:C.I.)h: :■ :■                      p-Value          .' 

Low 
Medium 
High 

152                           9 (5.9) 
151                           7(4,6) 
150                          7 (4.7) 

0.92(0.66,1.28)                       0.616 

Adjusted for percent body fat at the time of the blood measurement of dioxin. 
Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(d) MODEL 2: RANCH HANDS -INITIAL DIOXIN-ADJUSTED 

?:';:v;^:::3-^:;;<^:' :■::;;:;■:;■ v::;--.ir'/^-^f■■-!■-^'K'::^>:^;;':■ :;i>■;.;■?:;:;:;::;-;1.:1.:':;;:;;^■:::■ '-■::::^'':=^^n^^istKesuItp;^fpir>(2<3i:g2";^liaiiitfci.:X>ipadn));i::;^.::{;'::|:.-;;::r;>:;';--v-:-;::J!: 

W-mM. ■■. i #l;:? Mm-M; - 'im ■ WW& £'k ---0^' i-Aojuste^^feläiiye'Risfc MM: ;-E": ■ = ^ %':;:-;- :& ä - H \p !v£ k 
Ic:; ■ ■:■': ^J:;; ■:;:' -: :■: v.;::'.: tH;: ;:::^:^;;-::;^ *i;f:^ -' :i V;1;; ;^v ^f:. - s;::: v;-;--::^': ■:^;=;:;;::-: ';;■;■;■::- :■'; r; :i-:■::;;:::: ■- ;■■:■' ■:;■;:;■:: ::=:" ::^;" ^:^S;:^fe ■ :tö;ii^:: :■ /:::::;-■::-:L- '§:■'- ^::-';:;:;-;1::-,:;:;::' ^ ■ l :-■■:;;'::; ■ -:;; v-:: H ^;>^ -^:" ■: -■ i ^;: v-\ ■: ■;:--;: p-Vaiue 

445                                       1.01 (0.65,1.59) 0.956 

a Relative risk for a twofold increase in initial dioxin. 

(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY ™,UNApjUSTEI>;.: ...-.■; 

;| :■!";;;: > "-;;:::::= i:|^::.r;;:: |:' ::v;:.; •> ^ j ;|b' fp >:;g:   ;'^; :|:<|:y ;:■;;:■ ^ | ^l;;:/; r;?: >;r:^ :;=(:!): ^ :f ;■: ;P'; |v: j J; :;::!f^)miMl* :;C^ )V;g:-vj;; t J;: V; v: ;■ ■ ^;: ;■;::^ ^t^lK^Mrt^;;ÄfeP':;:r- i;:i 
Dioxin Category   ':■•■■■':  ',■;':  ■  n     ;  : •;;;         Abnormal                      .  (95% CX)ab ■: v■■',-.' '              p-Value 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,149 

362 
226 
227 
453 

43 (3.7) 

13 (3.6) 
12 (5.3) 
11(4.9) 
23(5.1) 

1.01 (0.54,1.92) 
1.42(0.74,2.74) 
1.25 (0.63,2.46) 
1.33 (0.79,2.24) 

0.965 
0.295 
0.528 
0.283 

a Relative risk and confidence interval relative to Comparisons. 
Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand):  1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 11-22.   Analysis of Light Touch (Continued) 

(f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - ADJUSTED 

Dioxin Category 
Adjusted Relative Risk 

.; (95% CX)a ■ p-Value 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,132 

357 
222 
223 
445 

1.07(0.54,2.10) 
1.12(0.55,2.27) 
1.09(0.53,2.26) 
1.11(0.64,1.93) 

0.852 
0.751 
0.808 
0.718 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt; Initial Dioxin > 94 ppt. 

(g)MODEL4; RANCH HANDS -1987 DIOXIN ;gpf$I^ 
^^^ 'Statistics   ; :'•■ B;(i|:^ 

,       DlOxhl : ^^I'^M^i^'''-^:.': 
Number: (.■%) .;: 

Abnormal 
; ■ i • %;M$d mst^>MM^^0^^:'M - .  .  . £ ■'"■■■■'      :■■■ ■    PM-M^:. 

Low 
Medium 
High 

272 
275 
268 

11(4.0) 
12 (4.4) 
13 (4.9) 

1.02(0.81,1.28)                               0.865 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

/..(h)MCH>EL'4^ 

WSP^^V^^^kkkP^yP:^:- 
802                                              1.01 (0.75,1.36) 0.940 

a Relative risk for a twofold increase in 1987 dioxin. 

11.2.2.4.3 Muscle Status 

Both the unadjusted and adjusted Model 1 analyses of muscle status displayed a marginally significant 
difference between Ranch Hands and Comparisons (Table 1 l-23(a,b): Est. RR=1.54, p=0.064 and 
Adj. RR=1.50, p=0.094). The contrast of Ranch Hand and Comparison enlisted groundcrew revealed a 
marginally significant result in the unadjusted analysis and a significant result in the adjusted analysis 
(Table ll-23(a,b): Est. RR=2.06, p=0.062 and Adj. RR=2.24, p=0.046). Both contrasts showed more 
Ranch Hands than Comparisons with a muscle status abnormality. All other Model 1 contrasts, as well 
as the Model 2 analysis of muscle status, were nonsignificant (Table 1 l-23(a-d): p>0.23 for each 
remaining Model 1 contrast and each Model 2 analysis). 
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Table 11-23. Analysis of Muscle Status 

(a) MODEL 1: RANCH HANDS VS. COMPARISONS - UNADJUSTED 

Occupational 
Category Group ■'"Abnormal...: 

Est Relative Risk 
p-Value 

All Ranch Hand 
Comparison 

866 
1,248 

39 (4.5) 
37(3.0) 

1.54(0.98,2.44) 0.064 

Officer Ranch Hand 
Comparison 

340 
493 

13 (3.8) 
18(3.7) 

1.05(0.51,2.17) 0.897 

Enlisted Flyer Ranch Hand 
Comparison 

151 
187 

10(6.6) 
7 (3.7) 

1.82(0.68,4.91) 0.235 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

375 
568 

16 (4.3) 
12(2.1) 

2.06 (0.97,4.42) 0.062 

(b) MODEL 1: RANCH HANDS VS. COMPARISONS - ADJUSTED 

Occupational Category 
Adjusted Relative Risk 

p-Value I 
All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

1.50 (0.93,2.40) 

0.98 (0.47,2.05) 
1.72(0.63,4.70) 
2.24(1.01,4.93) 

0.094 

0.960 
0.289 
0.046 

(c) MODEL 2: RANCH HANDS - INITIAL DIOXIN - UNADJUSTED 

m^M^MlM al Dioxin Category Summary Statistics i§M#Analys.iä;i&e3ul!tt;fe^                                  :';.-.' . ; 

Iiiitial 
Dioxin :*:^'f-l^'i?)&^l^-^ Abnormal \ ' ■''.; -:';;:; 

Estimated Relative Risk            . :.   . .             ■; ..    .. 

Low 
Medium 
High 

160 
162 
157 

10(6.3) 
9 (5.6) 
5 (3.2) 

0.87(0.62,1.23)                        0.418 

Adjusted for percent body fat at the time of the blood measurement of dioxin. 
Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(d) MODEL 2: RANCH HANDS - INITIAL DIOXIN - ADJUSTED 

Analysis Results for Log2 (Initial Dioxin) 

;p-Valüe; 
471 0.95(0.64,1.41) 0.792 

Relative risk for a twofold increase in initial dioxin. 
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Table 11-23.   Analysis of Muscle Status (Continued) 

:(^M<P>Efc^ 

Dioxin Category 
,Nüitiher;;(%)i 

Abnormal ■.'! 
Est Relative Risk 

(95% cxf^ ;: ip-Value 1 
Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH 

1,210 

380 
239 
240 
479 

35 (2.9) 

14 (3.7) 
14 (5.9) 
10 (4.2) 
24 (5.0) 

1.23 (0.65,2.31) 
2.11(1.12,3.99) 
1.52(0.74,3.12) 
1.79(1.05,3.06) 

0.530 
0.021 
0.254 
0.033 

a- Relative risk and confidence interval relative to Comparisons. 
Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY -ADJUSTED 

'■:'.■:.'.■'■'-:- Dioxin Category %'X.v :^';iXh;:r'!!;v^'Jv'-£■"■;! 

.' .;':■■.';'. Adjusted Relative Risk. ■    ..'.:;.;.: ,: .- 
p-Value 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,192 

375 
235 
236 
471 

1.22 (0.63,2.35) 
1.90(0.98,3.66) 
1.58 (0.73,3.39) 
1.73(0.99,3.04) 

0.550 
0.056 
0.242 
0.056 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison:  1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand):  1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(g) MODEL 4: RANCH HANDS 

oxin Category Suminarj 

-1987 DIOXIN SplflTO 
8111IÄÄ l$tltisli^iifiifi Analysis Results for Log2 (1987 Dioxin + 1) 

iMSW&iM Number (%) J^li&tö                       '& M. ['B/? WS< d:lLi: 1 i W:M:M 
•':^'^|^Min0 '|^lnäi||^f:|l wS^^^fMM lillil 
Low 287 10 (3.5) 1.02(0.82,1.27)                                0.863 
Medium 287 15 (5.2) 
High 285 13 (4.6) 

Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

11-73 



Table 11-23.   Analysis of Muscle Status (Continued) 

.(h) MODEL 4: RANCH HANDS - 1987DIOXIN-ADJUSTED 

.'.■■'"               Analysis Results for Log2 ::(IÖ87;;I)loxiri + 1) ':;:.:: £ 

\:1:11 ll/.l                          ^'M:^!^wiM^ß\^f^0^U' 1     ;::"1'/Illlll 
p-Value 

846                                           0.98 (0.76,1.27) 0.897 

a Relative risk for a twofold increase in 1987 dioxin. 

The Model 3 unadjusted analysis revealed significantly more Ranch Hands in the low dioxin category 
with an abnormal muscle status than Comparisons (Table 11-23(e): Est RR=2.11, p=0.021). 
Significantly more Ranch Hands in the low plus high dioxin category than Comparisons also had an 
abnormal muscle status (Table 1 l-23(e): Est. RR=L79, p=0.033). Both contrasts were marginally 
significant in the adjusted analysis (Table 11-23(f): Adj. RR=1.90, p=0.056 for the low dioxin category 
contrast; and Adj. RR=1.73, p=0.056 for the low plus high dioxin category contrast). All other Model 3 
contrasts, as well as the Model 4 analysis results, were nonsignificant (Table 1 l-23(e-h): p>0.24 for 
each remaining analysis). 

11.2.2.4.4 Patellar Reflex 

The Model 1 analysis of the patellar reflex revealed a marginally significant difference between Ranch 
Hands and Comparison enlisted flyers in both the unadjusted and adjusted analyses (Table ll-24(a,b): 
Est. RR=0.17, p=0.100 and Adj. RR=0.16, p=0.089). The prevalence of a patellar reflex abnormality 
was higher among Comparisons than Ranch Hands. All other Model 1 contrasts were nonsignificant 
(Table ll-24(a,b): p>0.40 for each remaining Model 1 contrast). 

Table 11-24. Analysis of Patellar Reflex 

■:(a)-MODEL,!; (iA^M^ 
Occupational ;■-1;;;=:-: -;::. ■:::; :=!■=■ ■>r:- > ^: r: ?" v -^ ^ :r--r ■::;^;.: :;.^r-> v].^-;;;;;;::;: ;;!'i^T»Jtiiil>^e r"' Ü^^^fe^^; ;■" ■ ;H - -■ v' ■:;-J" ■ i: ^. -: -;;; -.: v ;3E^s*^]-: iÄL«5l iaÄ7Sf^e:;::3Ri sfeii". v ^;; i- \; ;r :^ - ":=>"i 

■::;: ■ ;;i;/; -: ^ai^gpry:;' ;f ^ ? . Group" >: V ;V;:: lltt/Vjl::l: 1: '^W^^^^^M^^ 11 k 11 :'l?t ?jfc$Pß $ 111' -;■ 1 f--\ .. p-Value ■ 

All Ranch Hand 865                  24 (2.8)                 0.99 (0.58,1.67) 0.962 
Comparison 1,246                  35(2.8) 

Officer Ranch Hand 340                   12(3.5)                  1.09(0.51,2.34) 0.823 
Comparison 493                   16 (3.3) 

Enlisted Flyer Ranch Hand 151                     1(0.7)                 0.17(0.02,1.40) 0.100 
Comparison 186                    7(3.8) 

Enlisted Ranch Hand 374                   11(2.9)                  1.40(0.61,3.21) 0.425 
Groundcrew Comparison 567                   12(2.1) 
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Table 11-24.   Analysis of Patelfar Reflex (Continued) 

(b) MODEL 1: RANCH HANDS VS. COMPARISONS - ADJUSTED 

Occupational Category 
Adjusted Relative Risk 

:■■:"'■: m%i;cx); : \ p-Value 
All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

0.97(0.56,1.67) 

1.05 (0.48,2.29) 
0.16 (0.02,1.32) 
1.43 (0.61,3.34) 

0.910 

0.901 
0.089 
0.408 

(e) MODEL 2: RANCH HANDS- INITIAL DIOXIN-UNADJUSTED 

•                      Initla^^^^^ Analysis Results for Log2 (Initial Dioxin)0   .. 

Initial 
Dioxin 

.■'■ Estimated Relative Risk 

Low 
Medium 
High 

159                         5 (3.1) 
162                          3 (1.9) 
157                          7 (4.5) 

1.18 (0.82,1.71)                       0.374 

Adjusted for percent body fat at the time of the blood measurement of dioxin. 
Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >15.2 ppt. 

(d) MODEL 2: RANCH HANDS - INITIAL DIOXIN - ADJUSTED 

Analysis Results for Log* (Initial Dioxin) 

!;: .Adjusted:Relative Risk^;v:' :  .     :i 
p-Value 

470 1.81 (1.10,2.99) 0.019 

Relative risk for a twofold increase in initial dioxin. 

*e)MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - UNADJUSTED 

Dioxin Category 
Number (%) Est. Relative Risk 

p-Value 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,209 

380 
238 
240 
478 

33 (2.7) 

9 (2.4) 
7 (2.9) 
8 (3.3) 

15 (3.1) 

0.91 (0.43,1.93) 
1.06(0.46,2.44) 
1.17(0.53,2.58) 
1.12(0.60,2.08) 

0.812 
0.882 
0.693 
0.727 

a Relative risk and confidence interval relative to Comparisons. 
Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand):  1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

11-75 



Table 11-24.   Analysis of Patellar Reflex (Continued) 

'(f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY -ADJUSTED 

..     Adjusted Relative Risk . 
.     Dioxin Category      ■ :/:   n . - (95% CX)a . p-Value 

0.742 
0.737 
0.446 

,  0.778 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand):  1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH 

1,191 

375 
234 
236 
470 

0.88(0.40,1.91) 
0.86 (0.37,2.02) 
1.39 (0.60,3.26) 
1.10(0.57,2.10) 

Cg)MODEL4: RANCH HANDS -1987 DIOXIN -UNADJUSTED    ;'.'.■;,:.;:,;..'■■;.":. 

: .:..:..\:.;. 1987.Dioxin.CätegolySümmary^Statistics;;.:; ■.:;,: ■:; Analysis Results for Log? (1987 Dioxin. + 1). :■■_ 

\X0!SSSM:%^:^ Abnormal 
Low 
Medium 
High 

287 
286 
285 

8 (2.8) 
7 (2.5) 
9 (3.2) 

1.08 (0.83,1.42)                               0.568 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(h) MODEL 4: RANCH HANDS - 1987 DIOXIN - ADJUSTED 

Analysis Results forLogz (1987Dioxin>'lJ\; ;.:v^->"'V::: ''■■ !''':::-.- --.'^ 

 845 1.15(0.80,1.64) 0.447 

Relative risk for a twofold increase in 1987 dioxin. 

The unadjusted Model 2 analysis of patellar reflex was nonsignificant (Table ll-24(c): p=0.374). After 
adjustment for covariates, a significant positive association between patellar reflex and initial dioxin was 
revealed (Table ll-24(d): Adj. RR=1.81, p^0.019). As initial dioxin increased in Ranch Hands, the 
prevalence of an abnormal patellar reflex increased. 

All results from the analyses of patellar reflex from Models 3 and 4 were nonsignificant (Table 
1 l-24(e-h): p>0.44 for each Model 3 and 4 analysis). 
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11.2.2.4.5 Achilles Reflex 

The Model 2 adjusted analysis revealed a marginally significant association between an abnormal 
Achilles reflex and initial dioxin (Table 11-25 (d): Adj. RR=1.22, p=0.075). The marginally significant 
result indicates that Achilles reflex abnormalities increased in Ranch Hands as the initial dioxin levels 
increased. All other analysis results for Achilles reflex from Models 1 through 4 were nonsignificant 
(Table ll-25(a-h): p>0.15 for each analysis). 

Table 11-25. Analysis of Achilles Reflex 

;M:MOI)ELl;:; 

Occupational 
'■■■■] Category.-.:; Group 

Number (%) 
^nbriiäl:; 

Est. Relative Risk 
:   :;.(95%CX)   . ] p- Value \ 

All Ranch Hand 865 153 (17.7) 1.10 (0.88,1.39) 0.410 
Comparison 1,244 203 (16.3) 

Officer Ranch Hand 340 61 (19.7) 1.22(0.86,1.75) 0.267 
Comparison 491 82 (16.7) 

Enlisted Flyer Ranch Hand 151 30 (19.9) 1.00(0.58,1.71) 0.995 
Comparison 186 37 (19.9) 

Enlisted Ranch Hand 374 56 (15.0) 1.01 (0.70,1.46) 0.947 
Groundcrew Comparison 567 84(14.8) 

mmomL i: RANCH HANDS VS. COMPAIUSONS^^JUSTED 

Occupational Category 
Adjusted Relative Risk 

p-Value 

All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

1.07 (0.84,1.37) 

1.17(0.80,1.70) 
0.91 (0.51,1.60) 
1.05(0.71,1.55) 

0.594 

0.413 
0.737 
0.815 

(c) MODEL 2: RANCH HANDS - -^|I^Iil<^ 
:    .. ■ Initial Dioxin Category Summary Statistics'■{'/■;''■'. J--: AnalysisResults for^ Logs (Initial Dioxin)0 

Low                         160 
Medium                      162 
High                            157 

29 (18.1) 
31(19.1) 
33(21.0) 

1.04(0.87,1.23)                        0.688 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 
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Table 11-25.   Analysis of Achilles Reflex (Continued) 

(d) MODEL 2: RANCH HANDS - INITIALIHOXIN ~ ADJUSTED 

[Analysis Results for Log2 (Initial Dioxin) 

I   Adjusted Relative Risk 
| ;■ ■■;.', {95%c.i.)a V .::--:V./:=..■. ...■ .v.,.:..'" ;.'\';.;P-vaiue 

471 1.22(0.98,1.51)  0.075 

Relative risk for a twofold increase in initial dioxin. 

(e)MQDEL3r RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY;r UNADJUSTED 

:'■;.-DioxinCategory: ■■ n;/ .Abnormal (95% CX)ab. p-Value■ 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,206 

379 
239 
240 
479 

197 (16.3) 

57 (15.0) 
46 (19.3) 
47 (19.6) 
93 (19.4) 

0.99(0.72,1.37) 
1.20(0.84,1.71) 
1.16(0.81,1.65) 
1.18(0.89,1.55) 

0.963 
0.325 
0.425 
0.247 

a Relative risk and confidence interval relative to Comparisons. 
Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH - Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(f) MODEL 3r RANCH HANDS AND COMI^JRK 

?£?WWtfx^^^^^yp:^$:M&$ f-W??%'.PP'M. -Mä'$:l;S'-feE^M(0!$$Q3$\'-%-i{i'W^-^.'S ■ ä#--W-'?"■'i?p-YalueyI ;= 5 
Comparison 1,188 

Background RH 374 0.96(0.68,1.35) 0.811 
LowRH 235 0.97(0.66,1.42) 0.880 
HighRH 236 1.32(0.89,1.95) 0.168 
Low plus High RH 471 1.13(0.84,1.52) 0.416 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 11-25.   Analysis of Achilles Reflex (Continued) 

(g) MODEL 4: RANCH HANDS - 1987 DIOXIN güN^ 

1987 Dioxin Category Summary Statistics Analysis Results for Log2 (i987 Dioxin + 1) 

Dioxin 
jig     W^m^r^iM^M .   Estimated Relative Risk ■' 

■ .-   ■ ': (95 %C.I.)a    ..:                 ...    P- Value    ' .       §| 

Low 
Medium 
High 

286 44 (15.4) 
287 49(17.1) 
285                 57 (20.0) 

1.07 (0.95,1.21)                                0.250 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9~19.6 ppt; High = >19.6 ppt. 

(h)MODEL 4: RANCHHANDS - 1987DIOXIN -ADJUSTED  : ; 

|.i Wi -p. p f M;£ß&: 'i'3 fp^^KlMjm: ':jH;'       -■;:':':4:Aajusteci ^Relative Risk..::    >v: C Wp ?s-üi 
p'lpi I ^iv/p-^alüe;;,.;;;;:;-1 £■;;; J j:;; -ö/i]:: 

845                                              1.12 (0.96,1.31) 0.157 

a Relative risk for a twofold increase in 1987 dioxin. 

11.2.2.4.6 Biceps Reflex 

A significant increase of Ranch Hands in the low dioxin category relative to Comparisons was found 
from the unadjusted Model 3 analysis of the biceps reflex (Table 1 l-26(e): Est. RR=2.88, p=0.029). The 
result was marginally significant in the adjusted analysis (Table 11-26(f): Adj. RR=2.52, p=0.064). All 
other Model 3 contrasts, as well as all other analysis results from Models 1, 2, and 4, were nonsignificant 
(Table 1 l-26(a-h): p>0.12 for all remaining analyses). 

Table 11-26. Analysis of Biceps Reflex 

m MÖ0EL 1: RANCH HANDS VS. COMPARISONS 4- ÜNAMUSTED 
Occupational M^M^ujaä^:i^W:i ;f:-W 

Category ^■li^;>0j^ßll;ilr>y ̂ MMwi'SM M :| ^Mfy^^^S^MM C;f|;i^ p-Vahie 

All Ranch Band 866 12(1.4) 1.45 (0.65,3.24) 0.369 
Comparison 1,248 12 (1.0) 

Officer Ranch Hand 340 5 (1.5) 1.21 (0.37,4.00) 0.753 
Comparison 493 6(1.2) 

Enlisted Flyer Ranch Hand 151 2(1.3) 1.24(0.17,8.92) 0.830 
Comparison 187 2(1.1) 

Enlisted Ranch Hand 375 5 (1.3) 1.91 (0.51,7.14) 0.339 
Groundcrew Comparison 568 4 (0.7) 
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Table 11-26.   Analysis of Biceps Reflex (Continued) 

(b) MODEL 1: RANCH HANDS; VS.. COMPARISONS -ADJUSTED 

Occupational Category 
Adjusted Relative Risk': 

p-Value 
All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

1.31 (0.57,3.05) 

1.13 (0.33,3.80) 
1.34(0.18,9.89) 
1.61 (0.39,6.58) 

0.527 

0.848 
0.776 
0.509 

(c) MODEL 2: RANCH HANDS - INITIAL DIOXIN - UNADJUSTED 

;.:;'-;;;.; ■-'.initial; Dioxn ' Analysis Results for Log2 (Initial Dioxin)0. ■ ■ ■■ 

Low 
Medium 
High 

160                         3(1.9) 
162                           6 (3.7) 
157                           1 (0.6) 

0.72 (0.41,1.24)                        0.203 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

471 0.87 (0.44,1.70) 0.675 

a Relative risk for a twofold increase in initial dioxin. 

(e) MODEL 3; RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY -UNADJUSTED1,' 

''''': Dioxin' Category .'■ ■:. SvO;lv i-;M:'U: v.p.-Value:"■■ ;. : 

Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH 

1,210 

380 
239 
240 
479 

12(1.0) 

2 (0.5)                     0.61 (0.14,2.77) 
7(2.9)                     2.88(1.12,7.44) 
3(1.3)                    1.10(0.30,3.96) 

10(2.1)                      1.78(0.73,4.35) 

0.524 
0.029 
0.887 
0.209 

a Relative risk and confidence interval relative to Comparisons. 
Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 11-26.   Analysis of Biceps Reflex (Continued) 

■(f) MODEL3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY- ADJUSTED 

':x'i.i:::'/? ;:;;| ;i;■#:"":;':;'?-:.:'lÄ^IJüsted^Relätlve< Risk'-!|';:^-£.:O . '': /'X |.<: £ 
^;; -: .DiQXittCategoty "> <; ">;'^ V   ': \ jr.-y ■■ ■r - ■ //;B (95% CX)a /   I\ ^ ] r<-    ';>       p-Value 
Comparison 1,192 

Background RH 375 0.27(0.03,2.13) 0.213 
LowRH 235 2.52(0.95,6.70) 0.064 
HighRH 236 1.37(0.35,5.29) 0.651 
Low plus High RH 471 1.85(0.73,4.69) 0.193 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(g) MODEL 4: RANCH HANDS -1987DIOXIN ̂ •UNäDJUSTEIT^ 
1987 Dioxin Category Suimnar r^t^st^XiMMi Analysis Resultsfor Log2 (1987 Dioxin + 1)   , 

Dioxin ■&.:M:XK->i0^.^y::T:k 
Number (%•)'..■!■ ■■:' 

Abnormal       : 
Low 
Medium 
High 

287 
287 
285 

0 (0.0) 
8 (2.8) 
4(1.4) 

1.16(0.80,1.68)                              0.437 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9~19.6 ppt; High = >19.6 ppt. 

(h)MODEL4: RANCH HANDS -1987 DIOXIN-ADJUSTED 

B- ".BCBl>^alue X-L! ' %:M ¥s 
846                                           1.52(0.89,2.61) 0.120 

a Relative risk for a twofold increase in 1987 dioxin. 

11.2.2.4.7 BabinskiReflex 

All analysis results from Models 1 through 3 for Babinski reflex were nonsignificant (Table ll-27(a-f): 
p>0.23 for each analysis). The result from the unadjusted Model 4 analysis of Babinski reflex was 
marginally significant and inverse in direction (Table 11-27(g): Est. RR=0.58, p=0.056). After 
adjustment for covariates, the association between Babinski reflex and the 1987 dioxin levels was 
nonsignificant (Table ll-27(h): p=0.223). 
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Table 11-27. Analysis of Babinski Reflex 

(a) MODEL 1: RANCH HANDS VS. COMPARISONS - UNADJUSTED 

Occupational 
Category Group 

t.IM:\       '^ "■ . -:Number:(%):   ■            Est:'Relative Risk 
n         ■           Abnormal                    .-(9S%iCX) ; ' p-Value 

All 

Officer 

Enlisted Flyer 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

866                   8(0.9)                0.88(0.36,2.14) 
1,246                  13 (1.0) 

340                    3(0.9)                2.18(0.36,13.12) 
492                    2 (0.4) 

151                     1(0.7)                 0.40(0.04,3.93) 
185                     3 (1.6) 

375                    4(1.1)                 0.76(0.23,2.53) 
569                     8(1.4) 

0.785 

0.394 

0.435 

0.650 

(b)MpDELl: RANCH HANDS VS.COMPARISONS- ADJUSTED 

Occupational Category 
.   i]*$S;: -I -;:Aajti^ted'ReiätifeJüsi;.5->'::;.3:M-W-■■;'■ ^-'&^■%$ 

j-Value 

All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

0.81 (0.31,2.10) 

2.16(0.35,13.17) 
0.36 (0.04,3.59) 
0.64(0.16,2.51) 

0.666 

0.403 
0.385 
0.526 

WM^m^m^M :-R^CH;:(ifN0S- -INITIAL DIOXIN-UNADJUSTED 

Initial Dioxin Category Sum )Ölg^;Stätisß Analysis Results'for Logs (Initial Dioxin)3 

Initial 
Dioxin M'&^:^M^%'^ '^■;:r-;|^'iiÄlinWmäl-':'' 3 ■- '$.&■; • i 

..;;' '-I^Un^ited/Re]ätiye:Iäsk''   ■ 
p-Value ; 

Low 
Medium 
High 

160 
162 
157 

1 (0.6) 
0 (0.0) 
1 (0.6) 

0.89 (0.28,2.86) 0.848 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

is$i$i^ 

X'Aß^!:ip|™Ü^Ä^::li: &   ^ ■ 
476                                          1.08 (0.34,3.42) 0.896 

a Relative risk for a twofold increase in initial dioxin. 

Note: Results are not adjusted for race, occupation, insecticide exposure, industrial chemicals exposure, and diabetic 
class because of the sparse number of Ranch Hands with an abnormal Babinski reflex. 
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Table 11-27.   Analysis of Babinski Reflex (Continued) 

m MODEL 3: RANCH HANDS MöGOMI^iaSONSB^ DIOXIN CATEGORY% UNADJUSTED 

Dioxin Category   ;.        ■%. . n :    Abnormal    : (95.%':CX)ab:;.'.   . p-Value j 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,208 

380 
239 
240 
479 

11(0.9) 

5(1.3) 
1 (0.4) 
1 (0.4) 
2 (0.4) 

1.48(0.50,4.33) 
0.46 (0.06,3.55) 
0.45 (0.06,3.50) 
0.45(0.10,2.05) 

0.477 
0.452 
0.444 
0.303 

a Relative risk and confidence interval relative to Comparisons. 
Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand):  1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY -ADJUSTED 

Dioxin Category fW:B%^:M¥MM^}^'^: 
\\"■';■   ; Adjusted Relative Risk;;■ \"":■■'■:.' ''.-.'..'. 

: p-Value     ■ 

Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH 

1,190 

375 
235 
236 
471 

1.53 (0.45,5.14) 
0.38 (0.05,3.05) 
0.41 (0.05,3.33) 
0.40(0.08,1.85) 

0.496 
0.364 
0.405 
0.239 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand):  1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High. (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(g) MODEL 4; RANCH HANDS 

n Category Summarj 

- 1987 DIOXIN Bl|NADjySTED^ 

|p|:||l^||p^| ^^^ÖiC|i^|:?j| SfiRKSÄ^ 
M:WWtXm Number (%) ^ll-f^Sttriialed 
i^y^fi^^M^SAW. ;^SiySll||i|||:iPfSI Abnormal lljiglÄ 
Low 287 5 (1.7) 0.58 (0.32,1.03)                               0.056 
Medium 287 1 (0.4) 
High 285 1 (0.4) 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

11-83 



Table 11-27.   Analysis of Babinski Reflex (Continued) 

(h) MODEL 4: RANCH HANDS -1987 DIOXIN - ADJUSTED 

Analysis Results for Log2(1987 Dioxin + 1) 

Adjusted Relative Risk 

 853 0.65 (0.33,1.29) 0.223  

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Results are not adjusted for diabetic class because of the sparse number of Ranch Hands with an abnormal 
Babinski reflex. 

11.2.2A.8 Polyneuropathy Severity Index 

The results from the Model 1 unadjusted analysis of the polyneuropathy severity index revealed a 
significant difference between Ranch Hands and Comparisons in the percentage of participants with a 
moderate polyneuropathy severity index (Table ll-28(a): Est. RR=2.37, p=0.015). A marginally 
significant difference between Ranch Hand and Comparison enlisted flyers in the percentage of 
participants with a moderate polyneuropathy severity index also was observed (Table 1 l-28(a): Est. 
RR=4.54, p=0.062). Results were consistent in the adjusted analysis for both contrasts (Table 11-28(b): 
Adj. RR=2.32, p=0.020 for all occupations combined; Adj.RR=4.13, p=0.083 for enlisted flyers). All 
other Model 1 contrasts performed were nonsignificant (Table ll-28(a,b): p>0.11 for each remaining 
Model 1 contrast). 

The Model 2 adjusted analysis revealed a significant positive association between a moderate 
polyneuropathy severity index and initial dioxin (Table 1 l-28(d): Adj. RR=1.52, p=0.042). All other 
Model 2 results were nonsignificant (Table 1 l-28(c,d): p>0.16 for the remaining Model 2 analyses 
results). 

The Model 3 unadjusted analysis of the polyneuropathy severity index displayed several significant 
associations between categorized dioxin and a moderate polyneuropathy severity index. The contrasts of 
Ranch Hands in the low, high, and low plus high dioxin categories versus Comparisons each were 
significant and displayed more Ranch Hands than Comparisons with a moderate polyneuropathy severity 
index (Table 1 l-28(e): Est. RR=2.76, p=0.032; Est. RR=2.64, p=0.042; and Est. RR=2.70, p=0.011, 
respectively). The results remained significant in the adjusted analysis for the contrast of Comparisons 
with Ranch Hands in the high and the low plus high dioxin categories, and was marginally significant for 
the contrast of Ranch Hands in the low dioxin category with Comparisons (Table 11-28(f): 
Adj. RR=3.06, p=0.024; Adj. RR=2.68, p=0.014; and Adj. RR=2.35, p=0.079, respectively). The 
background Ranch Hand contrast was nonsignificant in both the unadjusted and adjusted analyses (Table 
10-28(e): p>0.61 for each contrast). 

11-84 



OO 

Table 11-28. Analysis of Polyneuropathy Severity Index 

Iß) MODEL 1: RANCH HANDS VS. COMPARISONS - UNADJUSTED 

Moderate vs. None/Mild ■ Severe vs. None/Mild 

ISIIS'^tÄ^Mfel lllllnlS-:! iilliiiiiiii Moderate |;il!Se^eieil 
IliSiSlMäiitSS 

p-Value p-Value 
All Ranch Hand 

Comparison 
821 

1,182 
796(97,0) 

1,168 (98.8) 
21 (2.6) 
13 (hi) 

4(0.5) 
I (0.1) 

2.37(1.18,4.76) 0.015 5.87(0.65,52.61) 0.114 

Officer Ranch Hand 
Comparison 

322 
468 

312(96.9) 
462 (98.7) 

1 (2.2) 
6(1.3) 

3 (0.9) 
0 (0.0) 

1.73 (0.58^.19) 0.330 - 0.130 

Enlisted Flyer Ranch Hand 
Comparison 

145 
181 

138 (95.2) 
179 (98.9) 

7 (4.8) 
2(1.1) 

0 (0.0) 
0 (0.0) 

4.54 (0.93,22.20) 0.062 - - 

Enlisted Groundcrew Ranch Hand 
Comparison 

354 
533 

346 (97.7) 
527 (98.9) 

7 (2.0) 
5 (0.9) 

1 (0.3) 
1 (0.2) 

2.13(0.67,6.77) 0.199 1.52(0.09,24.45) 0.766 

a P-value determined using a chi-square test with continuity correction because of the sparse number of participants with a severe polyneuropathy severity 
index. 
—: Results not presented because of the sparse number of participants with a severe polyneuropathy severity index. 



Table 11-28.   Analysis of Poly neuropathy Severity Index (Continued) 

(b) MODEL 1: RANCH HANDS VS. COMPARISONS - ADJUSTED 

Occupational 
Cateeorv 

Moderate vs. None/Mild Severe vs. NoneAlild 

Adj. Relative Risk 
p-Value 

Adj. Relative Risk 

—: Results not presented because of the sparse number of participants with a severe polyneuropathy severity index. 

•Väiltii 

All 2.32 (1.14,4.73) 0.020 5.44 (0.59,50.52) 0.136 

Officer 1.72(0.57,5.24) 0.338 - - 

Enlisted Flyer 4.13 (0.83,20.52) 0.083 - - 

Enlisted Groundcrew 2.16(0.67,7.01) 0.200 1.64(0.09,29.24) 0.738 

00 

Note: Results are not adjusted for diabetic class because of the sparse number of participants with a moderate or severe polyneuropathy 
severity index. Results for all occupations combined also are not adjusted for occupation because of the sparse number of participants with 
a moderate or severe polyneuropathy severity index. 



Table 11-28.   Analysis of Polyneuropathy Severity Index (Continued) 

i 
oo 

(c) MODEL 2: RANCH HANDS - INITIAL DIOXIN - UNADJUSTED 

PlillliÄ Moderate vs. None/Mild Severe vs. None/Mild 

IlllSitSs 
i'^lliläifegp^ll llSinlllil; SlSiie/Aiiid %;}'■: #:i&8Ä ■■■iMM^e^^^iMi^T ■m&i&sM(Mi$S& S;K^^üei^Mi< ^^(^^^j0!^§; p-Value 

Low 152 146(96.1) 4(2.6) 2(1.3) 1.29 (0.90,1.87) 0.168 0.68 (0.23,1.98) 0.476 

Medium 151 147 (97.4) 4 (2.7) 0 (0.0) 

High 150 143 (95.3) 6(4.0) 1 (0.7) 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

j'(pMÖ©EL;^ v"--; 
IlllllfllS 

Severe vs. None/Mild 

Adj. Relative Ri? 

p- Value! 
Adj. Relative Risk 

p-Value 
450 1.52(1.02,2.28) 0.042 0.87 (0.24,3.20) 0.832 

Relative risk for a twofold increase in initial dioxin. 

Note: Results are not adjusted for occupation and diabetic class because of the sparse number of Ranch Hands with a moderate or severe 
polyneuropathy severity index. 



Table 11-28.   Analysis of Polyneuropathy Severity Index (Continued) 

oo 
00 

(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - UNADTUSTED 

Dioxin Category 

!S!l!i!ISB 

None/Mild Moderate 

Moderate vs. None/Mild 

p-Value 

Severe vs. None/Mild 

Est Relative RisJ Est. Relative Risk 

a Relative risk and confidence interval relative to Comparisons. 
Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

p-Valu« 
Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH 

1,146 

361 
226 
227 
453 

1,132 (98.8) 

355 (98.3) 
217 (96.0) 
219 (96.5) 
436 (96.3) 

13(1.1) 

5 (1.4) 
7(3.1) 
7(3.1) 

14(3.1) 

1 (0.1) 

1 (0.3) 
2 (0.9) 
1 (0.4) 
3 (0.7) 

1.30(0.46,3.71) 
2.76 (1.09,7.02) 
2.64 (1.03,6.73) 
2.70(1.26,5,81) 

0.619 
0.032 
0.042 
0.011 

3.03 (0.19,49.25) 
10.54(0.95,116.83) 
5.41 (0.33,87.73) 
7.54 (0.75,75.71) 

0.435 
0.055 
0.235 
0.086 



Table 11-28.   Analysis of Polyneuropathy Severity Index (Continued) 

i) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY ADJUSTED 

Relative risk and confidence interval relative to Comparisons. 

Severe vs. None/Mild 

W^Mi^^ßMM0M^^^^^M ̂ S^Mi^SEM&E. •,".- :ä"::,:';'.''.■■.(95%.ei)6'.:■';;.:' ffi--"t ;^;^ipill^l^^^:I||^K: 
;:;:;■ '\:.:Lj^AajÄlativefRisk:'.':;,i'' ■""'" 
lM::l|lB p-Value 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,145 

358 
225 
225 
450 

1.29(0.45,3.70) 
2.35 (0.90,6.09) 
3.06(1.16,8.11) 
2.68 (1.22,5.90) 

0.641 
0.079 
0.024 
0.014 

2.59 (0.15,43.89) 
7.43 (0.62,89.56) 

9.83(0.52,186.07) 
8.55 (0.77,94.34) 

0.511 
0.114 
0.128 
0.080 

CO 

Note: RH = Ranch Hand 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

Results are not adjusted for occupation and diabetic class because of the sparse number of participants with a moderate or severe 
polyneuropathy severity index. 
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Table 11-28.   Analysis of Polyneuropathy Severity Index (Continued) 

(g) MODEL 4: RANCH HANDS - 1987 DIOXIN - UNADJUSTED 

SllfilflM 

Low 271       267 (98.5) 
Moderate 

Tust' 
Severe 

Moderate vs. None/Mild Severe vs. None/Mild 

BiäiÄSBPBIil p-Value 
Est Relative Risk 

Medium          275        266(96.7) 6(2.2) 

High 268        258 (96.3) 9 (3.4) 

0 (0.0) 

3(1.1) 

1 (0-4) 

1.38(1.04,1.84) 0.024 1.13(0.59,2.15) 
p-Yaliie; 

0.717 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

äj#j^^ --ADJUSTEP:- u:. ^'^'-^^ ^:-:.>>l ?. J:.) 

flliitllliÄ Severe vs. None/Mild 

"sol" 

Adj. Relative Risk 

1.51 (1.09,2.09) 
p-Value! 

Adj. Relative Risk 
! V.Y95%.CX>.ai......J p-Value 

0.013 1.48(0.62,3.50) 0.376 

Relative risk for a twofold increase in 1987 dioxin. 

Note: Results are not adjusted for occupation and diabetic class because of the sparse number of Ranch Hands with a moderate or severe 
polyneuropathy severity index. 



The Model 3 unadjusted analysis of participants with a severe polyneuropathy severity index showed a 
marginally significant difference between Ranch Hands in the low dioxin category and Comparisons, and 
between Ranch Hands in the low plus high dioxin category and Comparisons (Table 11-28(e): 
Est. RR= 10.54, p=0.055 and Est. RR=7.54, p=0.086, respectively). The contrast of Ranch Hands in the 
low plus high dioxin category remained marginally significant in the adjusted analysis (Table 11-28(0: 
Adj. RR=8.55, p=0.080). All other Model 3 contrasts of participants with a severe polyneuropathy 
severity index were nonsignificant (Table 1 l-28(e,f): p>0.11 for each remaining contrast). 

The results from the Model 4 analysis of the polyneuropathy severity index were significant in both the 
unadjusted and adjusted analyses, showing a positive association between the percentage of Ranch Hands 
with a moderate polyneuropathy severity index and 1987 dioxin (Table 1 l-28(g,h): Est. RR=1.38, 
p=0.024 for the unadjusted analysis; and Adj. RR=L51, p=0.013 for the adjusted analysis). The 
association between 1987 dioxin and a severe polyneuropathy severity index was nonsignificant (Table 
1 l-28(g,h): p>0.37 for both the unadjusted and adjusted analyses). 

11.2,2.4.9 Polyneuropathy Prevalence Index 

All analysis results contrasting Ranch Hands and Comparisons on the polyneuropathy prevalence index 
in Models 1 and 3 were nonsignificant (Table 1 l-29(a,b,e,f): p>0.20 for each Model 1 and 3 contrast). 

Table 11-29. Analysis of Polyneuropathy Prevalence Index 

(ä)MODELl: |p|3^^ 
Occupational 

Group lv-:i::/cMn^;:S §11 r;;:'-;^tupri^:;';"W$>% % % f'§I^M^M^:$M. ■   p- Value 

All Ranch Hand 
Comparison 

821 
1,183 

130 (15.8)                 1.06 (0.83,1.35) 
179 (15.1) 

0.668 

Officer Ranch Hand 
Comparison 

322 
468 

55(17.1)                  1.08(0.74,1.58) 
75 (16.0) 

0.694 

Enlisted Flyer Ranch Hand 
Comparison 

145 
182 

29(20.0)                0.92(0.53,1.57) 
39(21.4) 

0.752 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

354 
533 

46(13.0)                  1.08(0.72,1.61) 
65 (12.2) 

0.725 

:Xb),IVfOI)EL:l:; isii^^ 
Occupational Category     ; ; p-Value 

All 0.99(0.76,1.28) 0.923 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

1.02(0.68,1.51) 
0.86(0.48,1.52) 
1.03(0.67,1.59) 

0.941 
0.601 
0.877 
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Table 11-29.   Analysis of Polyneuropathy Prevalence Index (Continued) 

,.M:MOpEL2:-RAN(^;HANPS 

Initial Dioxin. Category Summary Statistics Analysis Results for Log2 (Initial Dioxin)3 

Initial 
Dioxin n     -;  .'      :          Abnormal            ; ' 

Estimated Relative Risk 

Low 
Medium 
High 

152                        23(15.1) 
151                        28(18.5) 
150                        29 (19.3) 

1.09(0.91,1.31)                       0.344 

Adjusted for percent body fat at the time of the blood measurement of dioxin. 
Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(d) MODEL 2: RANCH HANDS - INITIAL DIOXIN - ADJUSTED 

Analysis Results for Log2 (Initial Dioxin) 

I'-. Adjusted Relative Risk ■ >::..:: -i 
p-Valued 

445 1.30(1.03,1.65) 0.029 

Relative risk for a twofold increase in initial dioxin. 

mM®W£&&i RANCH HANDS AND COMPARISONS B^IJIOXIN <^TEGOR¥ - UNADJUSTED 

■Dioxin Category! 
Number (%) 
iAbttormal 

Est Relative Risk 
::p-Value| 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,147 

361 
226 
227 
453 

175 (15.3) 

47 (13.0) 
38(16.8) 
42(18.5) 
80(17.7) 

0.89(0.63,1.27) 
1.10(0.75,1.62) 
1.18(0.81,1.72) 
1.14(0.85,1.53) 

0.530 
0.618 
0.376 
0.370 

a Relative risk and confidence interval relative to Comparisons. 
Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand):  1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 11-29.   Analysis of Polyneuropathy Prevalence Index (Continued) 

(f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY ADJUSTED 

Dioxin Category ^M/-??^U^vO- 
Adjusted Relative Risk 

p-Value 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,130 

356 
222 
223 
445 

0.83 (0.57,1.20) 
0.86(0.57,1.30) 
1.31 (0.86,1.98) 
1.06(0.77,1.46) 

0.315 
0.484 
0.206 
0.708 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(g) MODEL 4: RANCH HANDS -1987DIOXIN !PSi!M?P^;Mfi^fiK 
1987 Dioxin Category Summar f'St^^^c^-^M^ ■'■ ■     : ■■ ■ .' ■ :;; ^3^y^;RlB^l^ ;:fOT;=fci<)gä: (!!!iB^ 

:.         Dioxin ;WW-$'X-^ifJ'~-^^ 
Number ■(%).■  : 

Abnormal 
Estimated Relative Risk 

|;:-^:';i:-■ i;;-;J^alufe;';>-! '■>;'■'.:;'^'%-\ 

Low 
Medium 
High 

211 
275 
268 

39 (14.4) 
38 (13.8) 
50(18.7) 

1.09(0.96,1.24) 0.198 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(h) MODEL 4: RANCH HANDS - 1987 DIOXIN - ADJUSTED 

Analysis Results for Log2 (1987 Dioxin + 1) 

; .■'-.■'.  .; '.'■'!'AdjustedRelative;Risk   ;    . \ ■;,; 
p-Value 

801 1.16(0.98,1.37) 0.080 

Relative risk for a twofold increase in 1987 dioxin. 

The Model 2 unadjusted analysis of the polyneuropathy prevalence index was nonsignificant (Table 
11-29(c): p=0.344). After adjustment for covariates, the association between the polyneuropathy 
prevalence index and initial dioxin was positive and significant (Table 1 l-29(d): Adj. RR=1.30, 
p=0.029).   Similarly, the Model 4 unadjusted analysis was nonsignificant (Table ll-29(g): p=0.198, but 
the association between the polyneuropathy prevalence index and 1987 dioxin was marginally significant 
in the adjusted analysis (Table ll-29(h): Adj. RR=1.16, p=0.080). 

11.2.2A. 10  Multiple Polyneuropathy Index 

The difference in the multiple polyneuropathy index between Ranch Hands and Comparisons was 
significant and showed more Ranch Hands than Comparisons with an abnormal multiple polyneuropathy 
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index (Table 11-30(a): Est. RR=1.58, p-0.046). After adjustment for covariates, the difference became 
marginally significant (Table ll-30(b): Adj. RR=1.51, p=0.092). All other Mode! 1 contrasts were 
nonsignificant (Table ll-30(a,b): p>0.15 for all remaining Model 1 contrasts). 

Table 11-30. Analysis of Multiple Polyneuropathy Index 

(a) MODEL 1: RANCH HANDS VS. COMPARISONS •-UNADJUSTED 

Occupational 
Category 'Group; 

Number.(%); 
Abnormal:: 

Est Relative Risk 
p-Value 

All 

Officer 

Enlisted Flyer 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

821 
1,183 

322 
468 

145 
182 

354 
533 

41 (5.0) 
38 (3.2) 

16 (5.0) 
17 (3.6) 

13 (9.0) 
9(5.0) 

12 (3.4) 
12 (2.3) 

1.58 (1.01,2.49) 

1.39(0.69,2.79) 

1.89(0.79,4.56) 

1.52 (0.68,3.43) 

0.046 

0.358 

0.155 

0.309 

(b) MODEL 1: RANCH HANDS VS. COMPARISONS - ADJUSTED 

Occupational Category 
Adjusted Relative Risk 

(95% C.I.) p-Value 
All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

1.51 (0.94,2.45) 

1.44 (0.69,2.98) 
1.77 (0.69,4.56) 
1.43 (0.60,3.39) 

0.092 

0.330 
0.234 
0.421 

f^^äOumm RANCH HANDS -INITIALDIOXIN -UNADJUSTED 

Initial Dioxii i Category Summary Statistics §.: ^äititfä^^                                                                                       ;;;        \ 
:.;.-•'■■••--. Initial;':;/./' 

■ Dioxin .   n                "'■■'. '■■ ;;Ainormal ■:' ■  ■: ■"..'■■ ■' 
Low 
Medium 
High 

152                          6 (4.0) 
151                           8(5.3) 
150                         11(7.3) 

1.30(0.98,1.73)                        0.076 

Adjusted for percent body fat at the time of the blood measurement of dioxin. 
Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 
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Table 11-30.   Analysis of Multiple Polyneuropathy Index (Continued) 

(d)MODEL2: RANCH HANDS -INITIAL DIOXIN- ADJUSTED 

:\(.r''-':^..|/^::w:^A:;';;:;il;^^ 

. Analysis Results for togi;; 

Adjusted Relative Risk 
:■     .(95% C.I.)* ■•.■■':,.'1 

(Initial Dioxin) 

p^afe 

445 1.85 (1.20,2.87) 0.004 

a Relative risk for ' a twofold increase in initial dioxin. 

(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY -UNADJUSTED 

. Dioxin..Category            ;■_";■■;■  n Abnormal  ■; 
.    ■    Est. Relative Risk     ; 

\;-: ■. ■ ...   :'(95%CJ.)flb.; ;■     : p-Value 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,147 

361 
226 
227 
453 

36(3.1) 

14 (3.9) 
10 (4.4) 
15 (6.6) 
25 (5.5) 

1.29(0.68,2.43) 
1.42(0.69,2.90) 
2.12(1.14,3.95) 
1.73(1.02,2.94) 

0.432 
0.340 
0.018 
0.042 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

./(f) MODEL 3r RANCH HANDS AND COMPARISONS BY DIOXm CATEGORY-ADJUSTED 

0.366 
0.914 
0.016 
 0.165 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand):  1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,130 

356 
222 
223 
445 

L37 (0.69,2.72) 
0.96(0.44,2.10) 
2.38(1.18,4.82) 
1.51 (0.84,2.71) 
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Table 11-30.   Analysis of Multiple Polyneuropathy Index (Continued) 

(g)MODEL4: RANCH HANDS -1987 DIOXIN i$$^ 
1987 Dioxin Category Summary Statistics Analysis Results for Log2 (1987 Dioxin + 1) 

1987 
Dioxin Wf^MX<^W:\:'y^A Abnornial 

Estimated Relative Risk                              .            %.^'^P:::[ 

Low 
Medium 
High 

271 
275 
268 

11(4.1) 
10 (3.6) 
18(6.7) 

1.19(0.96,1.46)                             0.110 

Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(h) MODEL 4r RANCH HANDS- 1987 DIOXIN-ADJUSTED1 

Analysis:'Resülts:forXog2:Xl987Dioxin + l) "';." ■'■::] 

 801 1.29 (0.95,1.76) 0.101 

Relative risk for a twofold increase in 1987 dioxin. 

The Model 2 unadjusted analysis displayed a marginally significant positive association between the 
multiple polyneuropathy index and initial dioxin (Table 11-30(c): Est. RR=1.30, p=0.076). After 
adjustment for covariates, the association became significant (Table 1 l-30(d): Adj. RR=1.85, p=0.004). 

A significant difference between Ranch Hands in the high dioxin category and Comparisons was found 
from the Model 3 unadjusted and adjusted analyses of the multiple polyneuropathy index (Table 
1 l-30(e,f): Est. RR=2.12, p=0.018 and Adj. RR=2.38, p=0.016, respectively).   The difference was also 
significant for the unadjusted contrast of Ranch Hands in the low plus high dioxin category with 
Comparisons (Table ll-30(e): Est. RR=1.73, p=0.042). This contrast was nonsignificant in the adjusted 
analysis (Table 1 1-30(f): p=0.165). The other Model 3 contrasts were nonsignificant in both the 
unadjusted and adjusted analyses as were the results from the analyses of Model 4 (Table 1 l-30(e-h): 
p>0.10 for each remaining Model 3 contrast and Model 4 analyses). 

11.2.2.4.11   Confirmed Polyneuropathy Indicator 

Differences between Ranch Hands and Comparisons were marginally significant for several contrasts 
from the Model 1 unadjusted analysis of the confirmed polyneuropathy indicator. For all contrasts, 
Ranch Hands showed a higher percentage of participants with an abnormal confirmed polyneuropathy 
indicator than did Comparisons. The difference was marginally significant when examined across all 
occupations (Table ll-31(a): Est. RR=2.30, p=0.082), for enlisted flyers (Table ll-31(a): p=0.079), and 
for enlisted groundcrew (Table 11-31(a): Est. RR=7.62, p=0.064). After adjustment for covariates, the 
results were marginally significant for the analysis across all occupations and for enlisted groundcrew 
(Table ll-31(b): Adj. RR=2.35, p=0.082; and Adj. RR=8.59, p=0.054, respectively). The analysis of the 
confirmed polyneuropathy indicator was nonsignificant for officers for both the unadjusted and adjusted 
analyses (Table ll-31(a,b): p=0.381 and p=0.414, respectively). 
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Table 11-31. Analysis of Confirmed Polyneuropathy Indicator 

|{a)-;lVpD£M 
Occupational 

Category Group 
Number (%). 

, Abnormal 
Est Relative Risk 

(95%C.L)  :■■"] p- Value j 
All Ranch Hand 

Comparison 
811 

1,176 
U (L4) 
7(0.6) 

2.30 (0.89,5.95) 0.082 

Officer Ranch Hand 
Comparison 

318 
468 

2 (0.6) 
6(1.3) 

0.49(0.10,2.43) 0.381 

Enlisted Flyer Ranch Hand 
Comparison 

142 
180 

4 (2.8) 
0 (0.0) 

—  ■ 0.079a 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

351 
528 

5(1-4) 
1 (0.2) 

7.62 (0.89,65.47) 0.064 

P-value determined using a chi-square test with continuity correction because of the sparse number of participants 
with an abnormal confirmed polyneuropathy indicator. 
—: Results not presented because of the sparse number of participants with an abnormal confirmed polyneuropathy 
indicator. 

(b) MODEL 1: RANCH HANDS VS. COMPARISONS £ ADJUSTED 

Occupational Category 
Adjusted Relative Risk 

p-Values 
All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

2.35 (0.88,6.22) 

0.51 (0.10,2.59) 

8.59 (0.97,76.27) 

0.082 

0.414 

0.054 

--: Results not presented because of the sparse number of participants with an abnormal confirmed polyneuropathy 
indicator. 

Note: Results are not adjusted for diabetic class because of the sparse number of participants with an abnormal 
confirmed polyneuropathy indicator. 

(c) MODEL 2: RANCH HANDS - INITIAL DIOXIN;- UNAMÜSTEß 

: v^:'. r-.Ov.Initial -Dioxin Gate spy Summ: t^S^li^töBl:i^^l;lyM : <:Änäiy£&Resul&^                                         :    ■ 

;ÖM 
Low 
Medium 
High 

150 
150 
147 

2(13) 
2(1.3) 
5 (3.4) 

1.63(1.05,2.53)                         0.033 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 
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Table 11-31.   Analysis of Confirmed Polyneuropathy Indicator (Continued) 

(d) MODEL 2: RANCH HANDS ™MIIMLMOXIN» ADJUSTEDi 

Analysis Results lor Logi- (Initial Dioxin); 

■;':...■ (95:% CI.)a. ■ " t ? ^ '^ , ■" ■ j till p-Value 
444 1.98(1.19,3.29) 0.008 

Relative risk for a twofold increase in initial dioxin. 

Note: Results are not adjusted for occupation, industrial chemicals exposure, degreasing chemicals exposure, and 
diabetic class because of the sparse number of Ranch Hands with an abnormal confirmed polyneuropathy indicator. 

;; (e>i MODEL: 3* RANCH HANDS ^Ä^^-KOM^&M$om^Mowi. CATEGORY; - UNADJUSTED : 

■Diokin'Category; 
;Number;(%); 

Abnormal 
Est Relative Risk 

(95%C.I.)ab p-Value 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,141 

358 
224 
223 
447 

7 (0.6) 

2 (0.6) 
3(1.3) 
6(2.7) 
9 (2.0) 

1.06(0.22,5.16) 
2.08 (0.53,8.17) 
3.89(1.28,11.86) 
2.85 (1.02,7.97) 

0.944 
0.293 
0.017 
0.047 

a Relative risk and confidence interval relative to Comparisons. 
Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison:  1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(f)MODEL 3: RANCH HANDS AND COMPARISONS B¥DIOXIN CATEGORY-ADJUSTED 

Dioxin Category 
Adjusted Relative Risk 

p-Value 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,138 

355 
223 
221 
444 

0.99 (0.20,4.97) 
1.56(0.38,6.40) 

6.04(1.63,22.42) 
3.06(1.02,9.23) 

0.988 
0.536 
0.007 
0.047 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

Results are not adjusted for diabetic class because of the sparse number of participants with an abnormal 
confirmed polyneuropathy indicator. 
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Table 11-31.   Analysis of Confirmed Polyneuropathy Indicator (Continued) 

(g) MODEL 4: RANCH HANDS - 1987 DIOXIN i$$^ 
1987-.Dioxin Category Summary Statistics Analysis Results for Log2 (1987 Dioxin + 1) 

Dioxin : .■'. . ' ■ n '"':•'■■'■:.        ■■ Abnormal 
Estimated Relative Risk 

Low 
Medium 
High 

270 1 (0.4) 
271 3(1.1) 
264                    7 (2.7) 

1.80(1.26,2.58)                             0.002 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(h) MODEL 4: RANCH HANDS - 1987 DIOXIN - ADJUSTED 

: Analysis Results for Lög2 (1987 Dioxin + 1)' 

jp-Value 

799 2.21 (1.24,3-96) 0.003 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Results are not adjusted for diabetic class because of the sparse number of Ranch Hands with an abnormal 
confirmed polyneuropathy indicator. 

Both the unadjusted and adjusted analyses from Model 2 displayed a significant positive association 
between the confirmed polyneuropathy indicator and initial dioxin (Table ll~31(c,d): Est. RR=L63, 
p=0.033, and Adj. RR=1.98, p=0.008). 

In the unadjusted Model 3 analysis, significant results were found for the contrast of Ranch Hands in the 
high dioxin category and Ranch Hands in the low plus high dioxin category with Comparisons. The 
prevalence of an abnormal confirmed polyneuropathy indicator for Ranch Hands in the high dioxin 
category was significantly greater than for Comparisons (Table ll-31(e,f): Est. RR=3,89, p=0.017 and 
Adj. RR=6.04, p=0.007). The contrast of Ranch Hands from the low plus high dioxin category with 
Comparisons also was significant in both unadjusted and adjusted analyses (Table ll-31(e,f): Est. 
RR=2.85, p=0.047 and Adj. RR=3.06, p=0.047). All other Model 3 contrasts were nonsignificant (Table 
1 l-31(e,f): p>0.29 for each remaining Model 3 contrast). 

Both the unadjusted and adjusted analyses of Model 4 displayed a significant positive association 
between the confirmed polyneuropathy indicator and the 1987 dioxin levels (Table 1 l-31(g,h): 
Est. RR=1.80, p=0.002 and Adj. RR=2.21, p=0.003). As 1987 dioxin increased, the prevalence of an 
abnormal confirmed polyneuropathy indicator increased. 

11.2.2.5   Physical Examination Variables - CNS Coordination Processes 

11.2.2.5.1  Tremor 

All results from the analyses of tremor from Models 1 through 4 were nonsignificant (Table 1 l-32(a-h): 
p>0.19 for each analysis). 
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Table 11-32. Analysis of Tremor 

. (a) MODEL 1: .mN^Hil^ 
Occupational 

,;' Category:' Group i i:'.. ri .;  ■' '.         Abnormal ■i '. ■■::'        .  ■. (95 % C.'L)' -: p-Value 

All Ranch Hand 
Comparison 

866                  60 (6.9)                 0.95 (0.68,1.33) 
1249                  91 (7.3) 

0.753 

Officer Ranch Hand 
Comparison 

340                 22(6.5)                 1.11(0.62,1.96) 
493                   29 (5.9) 

0.728 

Enlisted Flyer Ranch Hand 
Comparison 

151                    15(9.9)                  1.26(0.60,2.68) 
187                   15 (8.0) 

0.540 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

375                   23(6.1)                 0.73(0.43,1.22) 
569                   47 (8.3) 

0.224 

;,(b);lVlC)PELI: ;RiNß§M 

Occupational Category 
;-»-: ':>%:-;.ft: A^u^                                 :-::': \ n\ - i!¥; s; ;|: W;- '^-- W* VM '^S? 

All 0.90(0.64,1.28)                                          0.564 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

1.06(0.59,1.89)                                           0.850 
1.14 (0.53,2.44)                                           0.734 
0.72(0.42,1.21)                                           0.212 

(c) MODEL 2: RANCH HANDS- -INITIäL:PIQXIN-;;UNADJUSTED;,:-V;\y;-::;.-;v;':r^-:::;v;;. :\.;:. ;■■■-: . 
Initial Dioxin Category 'Sunmiary-iStatisti^^ ■;'■"•:■>.■'.;■ Analysis-Resultsfor^Lbg2:(Initial:Dioxin)8;; ;■  ; . 

Initial 
Dioxin JiM§B/i:M});M^ 

^i|:l^ 
■■■.Abnormal .:;■; 

::i3-;::ÄÖinatfed'.-^el 

Low 
Medium 

High 

160 
162 
157 

11(6.9) 
10(6.2) 

9 (5.7) 

1.02(0.77,1.36)                         0.869 

Adjusted for percent body fat at the time of the blood measurement of dioxin. 
Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(d) MODEL 2: RANCH HANDS - INITIAL DIOXIN - ADJUSTED 

Analysis Results for Logz (Initial Dioxin) 

BlIlüsfiiÄ 

471 1.02(0.73,1.44) 
p-Value 

0.893 

Relative risk for a twofold increase in initial dioxin. 
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Table 11-32.   Analysis of Tremor (Continued) 

(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - UNADJUSTED 

Dioxin Category 
Number (%) 

Abnormal 
Est. Relative Risk 

(95% C.I.)8 p-Value; 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,211 

380 
239 
240 
479 

90 (7.4) 

30 (7.9) 
14 (5.9) 
16 (6.7) 
30 (6.3) 

1.05 (0.68,1.62) 
0.78 (0.43,1.39) 
0.90(0.52,1.57) 
0.84(0.55,1.29) 

0.821 
0.396 
0.713 
0.417 

a Relative risk and confidence interval relative to Comparisons. 
Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison:  1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(I) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - ADJUSTED; 

Dioxin Category 
Adjusted Relative Risk 

p-Value 
Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH 

1,193 

375 
235 
236 
471 

1.11(0.71,1.74) 
0.71 (0.39,1.28) 
0.79(0.44,1.40) 
0.75 (0.48,1.16) 

0.659 
0.248 
0.420 
0.194 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison:  1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand):  1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand):  1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

;(g);MODEL"4;: RANCH HANDS -1987 DIOXIN aiilgM 
|::|;;^ |i|:|^ <|^jg^ji;^ 

;WMM^M:&!-vM^M:M 
Number (%) 

:':\;-::::;:;;:.;: >:;:>■"]:;.. ;'|jp J^aliig;;;.:::;; ■;::■:; \ ;■/:;;;.:;";;;:;/;l; c I; 

Low 
Medium 
High 

287 
287 
285 

23 (8.0) 
21 (7.3) 
16(5.6) 

0.94 (0.79,1.13) 0.527 

Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 
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Table 11-32.   Analysis of Tremor (Continued) 

(fa) MODEL 4: RANCH HANDS -1987 DIOXIN - ADJUSTED 

:"■■'- -;'   :;:>                       '-■■'.,>.: ■■'■.■'.■::      ■':.':?''-vM^jjÄ;jl&ij^                         |)ibxiii+. 1);j 

Adjusted Relativ« JRisk     ; 
p-Value 

846                                           0.93 (0.75,1-14) 0.478 

a Relative risk for a twofold increase in 1987 dioxin. 

11.2.2.5.2 Coordination 

All results from the analyses of coordination from Models 1 through 4 were nonsignificant (Table 
1 l-33(a-h): p>0.11 for each analysis). 

Table 11-33. Analysis of Coordination 

(a)MODELl: RANCH HANDS-VS.-COMPARISONS»UNADJUSTED 

Occupational 
:jv:;-::|:.!^0^uj>;^l p-Value 

All 

Officer 

Enlisted Flyer 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

866                 19(2.2)                0.88(0.49,1.57) 
1,247                   31 (2.5) 

340                   10 (2.9)                  1.84 (0.72,4.70) 
493                     8(1.6) 

151                     1(0.7)                  0.30(0.03,2.74) 
186                    4 (2.2) 

375                     8(2.1)                  0.63(0.27,1.45) 
568                   19 (3.4) 

0.663 

0.205 

0.288 

0.279 

(b)MODELl: RANCH HANDS VS. COMPARISONS - ADJUSTED 

Occupational Category 
~MI:;:;vv:^^^te'ä!Relätive:>Sfc]MM^ £;. M'^-- $MM-. M:^ 

p-Value 
All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

0.86 (0.48,1.56) 

1.65 (0.64,4.26) 
0.28 (0.03,2.58) 
0.64(0.27,1.50) 

0.622 

0.302 
0.263 
0.305 

(c)MODEL2: RANCH-HANDS- - INITIAL DIOXIN - UNADJUSTED         M 

:i.:;!'-Mv^^^^ '■■ .^^V^^ÄnalysiS'Resultäfor. 'Eiöj^ , (Initial Dioxin}3 

WfM^M;WMMMM§ fMMlä^MiMä^§MMM:M- 
Estimated Relative Risk 

p-Value. 
Low 
Medium 
High 

160 
162 
157 

2(1.3) 
4 (2.5) 
1 (0.6) 

0.90 (0.49,1.65) 0.735 

Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low - 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 
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Table 11-33.   Analysis of Coordination (Continued) 

(d) MODEL 2: RANCH HANDS - INITIAL DIOXIN - ADJUSTED 

Analysis Results for Log2 (Initial Dioxin) 
ft ..;. -^':'M   .   ■ :■'"■ '^Ädjuit^%^\küy0\RjM. .■■•■■ :■.'■'. ■    ftft; ■ ■ 

• • ^ K^ n   ::. .y>-^ V-    -     > :    (95%c.i.)a      .    ;: p-Value 
471 1.18(0.62,2.24) 0.632 

a Relative risk for a twofold increase in initial dioxin. 

Note: Results are not adjusted for occupation because of the sparse number of participants with abnormal 
coordination. 

? m'^OM&m RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - -UNADJUSTED 

Dioxin Category p-Value 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,209                    30(2.5) 

380                    12(3.2)                    1.33(0.67,2.65) 
239 4(1.7)                    0.66(0.23,1.90) 
240 3(1.3)                   0.48(0.15,1.59) 
479                      7(1.5)                    0.56(0.24,1.30) 

0.412 
0.443 
0.231 
0.181 

Relative risk and confidence interval relative to Comparisons. 
Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand):  1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - ADJUSTED 

Dioxin Category 
Adjusted Relative Risk 

(95% CD" 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,191 

375 
235 
236 
471 

1.46(0.71,3.01) 
0.61 (0.21,1.79) 
0.42(0.12,1.42) 
0.51 (0.22,1.19) 

iprValiie: 

0.298 
0.371 
0.161 
0.117 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 11-33.   Analysis of Coordination (Continued) 

(g) MODEL 4: RANCH HANDS -1987 DIOXIN &&31^ 

1987 Dioxin Category Summary Statistics i Analysis Results for Log2 (1987 Dioxin +1) 

Dioxin 
:■;•'- ::0 -: -';/;';;; > :wi';}.:: K:Nümpr -{$}fi:- M 

n                    Abnormal 

Low 

Medium 
High 

287                   8 (2.8) 
287                   7 (2.4) 
285                     4(1.4) 

0.81(0.58,1.13)                              0.211 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(h) MODEL 4: RANCH HANDS -1987 DIO^N^ADJUSTEp^^^ ^    ^^ ^^^^ ^^ 

Analysis Results for Log2 (1987 Dioxin + 1) 

■■1:1 P. WM}MP>M'M;M ■■£ \\ 'M^Wm;:'^     ■£     *i ; ^ &^|&8j^                        - ^ .■ :$ ## K££i£$; 
% t f.!! vi- I^IHSÄ^ v^l. -:' ^V:irB:t- x' 

846                                             0.83 (0.57,1.21) 0.330 

a Relative risk for a twofold increase in 1987 dioxin. 

11.2.2.5.3 Romberg Sign 

All results from the analyses of Romberg sign from Models 1 through 4 were nonsignificant (Table 
ll-34(a-h): p>0.12 for each analysis). 

Table 11-34. Analysis of Romberg Sign 

(a) MODEL 1: ii^fiiB 
Occupational :&£>V -M^M^^m^W^iM: -U-M': ? ^;^Sß^)äaJ8^0^sfcK^i =: 

;:: Category. '/■'.'" ;.. .Group.;':--: 
l:^ilrln:HS ■v,' p-Value"'■:' 

All Ranch Hand 866                  7(0.8)                   1.44(0.50,4.13) 0.494 
Comparison 1,248                   7 (0.6) 

Officer Ranch Hand 340                   5(1.5)                  3.66(0.71,19.00) 0.122 
Comparison 493                  2 (0.4) 

Enlisted Flyer Ranch Hand 151                  0(0.0) 0.999a 

Comparison 186                  1 (0.5) 

Enlisted Ranch Hand 375                   2(0.5)                   0.76(0.14,4.16) 0.749 
Groundcrew Comparison 569                   4 (0.7) 

P-value determined using a chi-square test with continuity correction because of the sparse number of participants 
with an abnormal Romberg sign. 
—: Results not presented because of the sparse number of participants with an abnormal Romberg sign. 
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Table 11-34,   Analysis of Romberg Sign (Continued) 

(b) MODEL 1: RANCH HANDS VS, COMPARISONS -ADJUSTED 

Occupational Category 
Adjusted Relative Risk 

AU 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

1.35 (0.47,4.03)                                           0.553 

3.37(0.64,17.73)                                          0.151 

0.73(0.13,4.07)                                           0.719 

(c) MODEL 2: RA1VCH-; HANDS - -INITIAL DIOXIN-UNADJUSTED 

"■; ImtialDipxm C^tegö                                       .::' '■: ./Analysis Results.forLog2 (Initial Dioxin)3 ; 

££;;'. Öiokin::;.; ;';£■;.■ f:f •'-;;' < ■■£ ' |^^& 1   :::;:';:(;; 
Number (%) 

■ ■.    Abnormal   :.. ' ■ '.."_■■" 
Estimated Relative Risk         '            ■               - ■ 

Low                            160 

Medium                      162 
High                              157 

0 (0.0) 
1 (0.6) 
1 (0.6) 

1.27 (0.48,3.35)                       0.638 

Adjusted for percent body fat at the time of the blood measurement of dioxin. 
Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(d) MODEL 2r RANCH HANDS - INITIAL DIOXIN -ADJUSTED       [ 

;';i':;. \::v;:;;ii;. >;c'';:?: v:>; {: :.;.|;,;;; ;^:;;:; :;:-|:-;:;::'v:.:;;/:";; ^;-:--;::^:;;-;::;:- ;.;<;: v;!;-;-;;?- J;/^'! i- v:;::':|;::;;'i; Äii^Iy siä ;Ri^s^tö';;feiF=^3Bog2'' ^initial;: Dioki ^;:: ■ ;l 

S::S®'S p-Value 
476 1.65(0.61,4.45) 0.350 

a Relative risk for a twofold increase in initial dioxin. 

Note: Results are not adjusted for race, occupation, insecticide exposure, and diabetic class because of the sparse 
number of participants with an abnormal Romberg sign. 

(e) MODEL 3; RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY -UNADJUSTED    I..':;i! 

Dioxin Category   ■'•■' 
SIS 

l:^MMZ%'iP^^^^M:W'B 
Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH 

1,210                    7 (0.6) 

380                    5(1.3)                     2.52(0.78,8.10) 
239 1 (0.4)                     0.70 (0.09,5.74) 
240 1 (0.4)                     0.66 (0.08,5.43) 
479                     2(0.4)                     0.68(0.14,3.31) 

0.121 
0.741 
0.699 
0.633 

a Relative risk and confidence interval relative to Comparisons. 
Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand):  1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 11-34.   Analysis of Romberg Sign (Continued) 

(f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - ADJUSTED 

Dioxin Category 
Adjusted Relative Risk 

p-Value; 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,192 

375 
235 
236 
471 

2.54 (0.74,8.72) 
0.63 (0.08,5.24) 
0.63 (0.07,5.49) 
0.63(0.13,3.11) 

0.138 
0.667 
0.672 
0.567 

Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(g)MODEL 4: RANCH HANDS -1987DIOXIN ̂ 'UNADJUSTED; i^-M::^:'^                            ■'. >y"l i 
^Sg:^^M^§G ategory Summar; /^SßtM^^0:^^M V:..;;•'. ^ 

Dioxin y^:M:;^WifM%''\ 
Number (%);■ ;■; 

Abnormal 

Low 
Medium 
High 

287 
287 
285 

3(1.1) 
2 (0.7) 
2 (0.7) 

0.88(0.52,1.50)                               0.642 

Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

;i(h|Ä 

iM -\S^Äjäti^:i;; WM--M^^. 
846                                             0.95 (0.52,1.73) 0.860 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Results are not adjusted for race and occupation because of the sparse number of participants with an 
abnormal Romberg sign. 

11.2,2.5.4 Gait 

The adjusted Model 1 analysis of gait displayed a marginally significant increase in the prevalence of an 
abnormal gait for Ranch Hand enlisted groundcrew relative to Comparison enlisted groundcrew (Table 
11-35(b): Adj. RR=1.79, p=0.090). All other results from the analysis of gait for Models 1 through 4 
were nonsignificant (Table ll-35(a-h): p>0.11 for all remaining analyses). 
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Table 11-35. Analysis of Gait 

(a) MODEL 1: RANCH fiANDSVS, COMPARISONS - UNADJUSTED 

Occupational 
Category. . ' Group n 

v..,: Number (.%) '', 
Abnormal 

Est: Relative Risk 
p-Value 

All 

Officer 

Enlisted Flyer 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

866 
1,249 

340 
493 

151 
187 

375 
569 

50(5.8) 
57 (4.6) 

19 (5.6) 
26 (5.3) 

11 (7.3) 
11(5.9) 

20 (5.3) 
20 (3.5) 

1.28(0.87,1.89) 

1.06(0.58,1.95) 

1.26 (0.53,2.98) 

1.55 (0.82,2.92) 

0.214 

0.844 

0.604 

0.178 

,(b):MOpEL.;:b :;::ifiCM 

^^ 
Adjusted Relative Risk 

ÄaiüS; 
All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

1.26(0.83,1.89) 

1.01 (0.54,1.89) 
1.05 (0.43,2.59) 
1.79(0.91,3.49) 

0.275 

0.972 
0.911 
0.090 

(c) MODEL 2: '-RANCH-^HA-NDS.- - INITIAL DIQX^-UNADJUSTED 

Initial Dioxin Category Summary Statistics Analysis Results for Log^ ..(Initial Dioxin)8 

^MM^^$:'MrW^MM^ 
Estimated Relative Risk 

?:|t;4:'f-l(95Ä p-Value 
Low 
Medium 
High 

160 
162 
157 

8 (5.0) 
11(6.8) 

7 (4.5) 

1.00(0.74,1.35) 0.998 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
Relative risk for a twofold increase in initial dioxin. 

Note: Low ~ 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(d) MODEL 2: RANCH HANDS - INITIAL DIOXIN - ADJUSTED 

Analysis Results for Log2 (Initial Dioxin) 

Ill^ulMiSel 
p-Value 

471 1.12(0.79,1.60) 0.530 

a Relative risk for a twofold increase in initial dioxin. 
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Table 11-35.   Analysis of Gait (Continued) 

(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - UNADJUSTED 

■¥ -| ;|. ;:■■■.; S        MK&: W&$.       kWW^^^M^M-^4?    4: £ EsiM|^ K4 v 4 S: i Ü "M, 
Dioxin Category n_ Abnormal (95% CX)a^.J';: p-Value 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,211 

380 
239 
240 
479 

55 (4.5) 

23 (6.1) 
11(4.6) 
15 (6.3) 
26 (5.4) 

1.50(0.91,2.49) 
0.98(0.51,1.91) 
1.28(0.71,2.32) 
1.12(0.69,1.83) 

0.115 
0.963 
0.414 
0.640 

a Relative risk and confidence interval relative to Comparisons. 
Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH - Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(T) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATE^ 

Comparison 1,193 

Background RH 375 1.52(0.90,2.59) 0.121 
LowRH 235 0.77(0.38,1.57) 0.479 
HighRH                                          236                            1.44(0.76,2.74) 0.262 
Low plus High RH 471 1.06(0.63,1.78) 0.832 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(g)MODEL II ̂ pSGH^HANDS gllfiDig^ j.£jpfAD^^                                                ;v':\:;;.V: •■>.;:■;';;; 

iliSiKii oxin Category Summary Statistics igtl^^ 

?tHl^v!?Hä lllljllll 
Low 
Medium 
High 

287 
287 
285 

17 (5.9) 
15 (5.2) 
17 (6.0) 

1.00(0.83,1.22)                             0.966 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High - >19.6 ppt. 
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Table 11-35.   Analysis of Gait (Continued) 

(h) MODEL 4: RANCH HANDS-1987 DIOXIN-ADJUSTED 

.  ,   Analysis Results for Logs (1987 Dioxin + 1) ; 

. ■■ ■ ' ; i. . ^^ifete^/Kelatlye^Eisk: ■; •         : ' ■ 
p-Value 

846                                           0.99 (0.78,1.25) 0.905 

a Relative risk for a twofold increase in 1987 dioxin. 

11.2.2.5.5 CNS Index 

All results from the analyses of the CNS index from Models 1 through 4 were nonsignificant (Table 
1 l-36(a-h): p>0.10 for each analysis). 

Table 11-36. Analysis of CNS Index 

(a)MODELl: RANCH HANDS VS. COMPARISONS - UNADJUSTED 

Occupational 
'■'.'':' Ü.Category/";■■■' Group hr':VOl£"i% 

Number (%)                 Es't Relative Risk 
|:ifg p-Va!ue 

All Ranch Hand 
Comparison 

866 
1,248 

107 (12.4)                 1.05 (0.80,1.37) 
148 (11.9) 

0.731 

Officer Ranch Hand 
Comparison 

340 
493 

39(11.5)                  1.08(0.69,1.67) 
53 (10.8) 

0.745 

Enlisted Flyer Ranch Hand 
Comparison 

151 
187 

24(15.9)                  1.07(0.59,1.94) 
28 (15.0) 

0.816 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

375 
568 

44(11.7)                  0.99(0.66,1.49) 
67(11.8) 

0.977 

(b) MODEL!: RANCH HANDS VS COMPARISONS -ADJUSTED                           j 

Occupational Category p-Value ■! 
All 0.99(0.75,1.31) 0.957 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

1.01 (0.64,1.58) 
0.92(0.50,1.70) 
1.01 (0.67,1.54) 

0.975 
0.799 
0.950 
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Table 11 -36.   Analysis of CNS Index (Continued) 

(c) MODEL 2: 3RAISICH HANDS - INITIAL DIOXIN-UNADJUSTED 

•             Initial Dioxin Category Summary Statistics Analysis Results for L0g2 (Initial Dioxin)3 

Estimated Relative Risk 
'.'.■.'■ (?5% CJ#  ;         .'.■■.;■ ■■■   p-Value   : 

Low                            160                        18(11.3) 
Medium                      162                        21 (13.0) 
High                            157                         15   (9.6) 

1.00(0.81,1.24)                         0.976 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(d) MODEL 2JRANGH HANDS - INITIAL DIOXIN -ADJUSTED 

Analysis Results for Log> (Initial Dioxin) 

i.;■■ Ä^üsteä-ilRelatiye Risk-: :' ■'""   •;:'' h%' 1 
^iS|;l:|;|#i::i;i)!-:;S p-VaIue| 

471 1.03(0.80,1.33) 0.840 

Relative risk for a twofold increase in initial dioxin. 

(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - UNADJUSTED 

Dioxin Category 
Number (%) 
Abnormal 

Est. Relative Risk 
■:.(95%-CX)ali\"v: p-Value: 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,210 

380 
239 
240 
479 

146(12.1) 

52 (13.7) 
24 (10.0) 
30 (12.5) 
54(11.3) 

1.18(0.84,1.66) 
0.81 (0.51,1.28) 
1.02(0.67,1.56) 
0.91 (0.65,1.27) 

0.339 
0.363 
0.923 
0.576 

a Relative risk and confidence interval relative to Comparisons. 
Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 11-36.   Analysis of CNS Index (Continued) 

:(f) MODEL3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - ADJUSTED 

;•:■';":';    Dioxin Category ■■■-. ;Viiv V^- ■■■■"?'■■! 
Adjusted Relative Risk 
;        (95% CX)a _.;■;:; p-Value 

Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH 

1,192 

375 
235 
236 
471 

1.24(0.86,1.77) 
0.67 (0.42,1.09) 
0.94(0.60,1.47) 
0.80(0.56,1.13) 

0.249 
0.105 
0.789 
0.205 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison:  1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand):  1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

1987 Dioxin Category.Summary Statistics :.";;:> f:t:l;;:j:f ;j 

d:-!- -^^-"S             :E^=- Abnormal 
Low 
Medium 
High 

287 
287 
285 

39 (13.6) 
35 (12.2) 
32(11.2) 

0.97(0.84,1.12)                               0.672 

Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(h) MODEL 4: RANCH HANDS -1987 DIOXIN - ADJUSTED 

Analysis Results for Lbg2 (1987 Dioxin +1) I 

■Adjusted Relative Risk; ■ 
p-Vaiue; 

846 0.94(0.80,1.10) 0.443 

Relative risk for a twofold increase in 1987 dioxin. 

11.2.3   Longitudinal Analysis 

Longitudinal analyses were conducted on two indices—the cranial nerve function index and the CNS 
index—to examine whether changes across time differed with respect to group membership (Model 1), 
initial dioxin (Model 2), and categorized dioxin (Model 3). Model 4 was not examined in longitudinal 
analyses because 1987 dioxin, the measure of exposure in these models, changes over time and is not 
available for all participants for 1985 or 1997. For both indices, the longitudinal analyses investigated 
the differences between the 1985 follow-up examination and the 1997 follow-up examination, because 
Scripps Clinic conducted both of the neurological examinations. A different clinic performed the 
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neurological examinations for the 1982 baseline study, and the prevalence of abnormalities was much 
higher for the neurological parameters in 1982, suggesting a different method of examination. 

The longitudinal analyses for all of these variables investigated the difference between the 1985 
examination and the 1997 examination. These analyses were used to investigate the temporal effects of 
dioxin during the 12-year period between 1985 and 1997. Participants considered abnormal in 1985 were 
not included in the analyses because they were already abnormal before this period. Consequently, only 
participants considered normal at the 1985 examination (i.e., a normal index) were considered to be at 
risk when the effects of dioxin over this period of time were explored. The rate of abnormalities under 
this restriction approximates an incidence rate between 1985 and 1997. That is, an incidence rate is a 
measure of the rate at which people without a condition develop the condition during a specified period 
of time (44). Summary statistics are provided for reference purposes for the 1987 and 1992 
examinations. All three models were adjusted for age; Models 2 and 3 also were adjusted for the 
percentage of body fat at the time of the blood measurement of dioxin. 

11.2.3.1  Physical Examination Variables 

11.2.3.1.1 Cranial Nerve Index 

The longitudinal analysis of the cranial nerve index was based on participants with a normal index in 
1985. All results from the Model 1 analysis indicate no significant difference between Ranch Hands and 
Comparisons (Table 11-37(a): p>0.61 for each contrast). 

Table 11-37. Longitudinal Analysis of Cranial Nerve Index 

::-(a)'.MODEL-I; 'RANCH HANDS VS.: COMPARISONS ; /.' , ;'. A 

Occupational 
■'• . Category ■■..' \ 

Number (%) Abnormal/(n) 
     :.. Examination   '. 

Group 1985 1987 iift&sl :1997:;: 

All Ranch Hand 30(3.7) 35 (4.5) 39 (5.0) 55 (6.9) 
(802) (777) (777) (802) 

Comparison 21 (2.0) ■  43(4.2) 31 (3.1) 59 (5.6) 
(1,048) d>018) (1,014) (1,048) 

Officer Ranch Hand 8 (2.6) 11(3.6) 13 (4.3) 17 (5.5) 
(308) (302) (301) (308) 

Comparison 7(1.7) 11(2.7) 16(4.0) 23 (5.6) 
(414) (403) (404) (414) 

Enlisted Flyer Ranch Hand 5(3.4) 7 (4.9) 5 (3.5) 13 (8.9) 
(146) (143) (142) (146) 

Comparison 1 (0.6) 7 (4.7) 3 (2.0) 8(5.1) 
(156) (150) (154) (156) 

Enlisted Groundcrew Ranch Hand 17 (4.9) 17(5.1) 21 (6.3) 25 (7.2) 
(348) (332) (334) (348) 

Comparison 13 (2.7) 25 (5.4) 12 (2.6) 28 (5.9) 
(478) (465) (456) (478) 
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Table 11-37.   Longitudinal Analysis of Cranial Nerve Index (Continued) 

■■/.,/.    Normal in 1985 

Adj. Relative Risk Occupational Number (%) 
Category Group . nan 1997 Abnormal in 1997 ■■'■■  (95%'CX)a    .: p-Valuea 

All Ranch Hand 772 41 (5.3) 1.05(0.69,1.59) 0.836 
Comparison 1,027 52 (5.1) 

Officer Ranch Hand 300 16 (5.3) 1.20(0.60,2.39) 0.613 
Comparison 407 18 (4.4) 

Enlisted Flyer Ranch Hand 141 9 (6.4) 1.23(0.46,3.28) 0.684 
Comparison 155 8 (5.2) 

Enlisted Ranch Hand 331 16 (4.8) 0.89(0.47,1.68) 0.710 
Groundcrew Comparison 465 26 (5.6) 

a Relative risk, confidence interval, and p-values are in reference to a contrast of 1985 and 1997 results; results 
adjusted for age in 1997. 

Note: Summary statistics for 1987 are provided for reference purposes for participants who attended the 1985, 1987, 
and 1997 examinations. Summary statistics for 1992 are provided for reference purposes for participants who 
attended the 1985, 1992, and 1997 examinations. Statistical analyses are based only on participants with a normal 
cranial nerve index in 1985 (see Chapter 7, Statistical Methods). 

(b) MODEL 2: RANCH HANDS & METIAß BW>XiN 

Number (%) Abnormal/(n) 
-;;■■■■.      Examination ■■] 

Initial Dioxin BM^iM^Ü0i:-\ i;ISIll/|^£8SÄl 8i'|:|0i;f^if-S-S] BXM^MBtMr- 
Low 3 (2.0) 6(4.1) 9 (6.3) 13 (8.8) 

(148) (147) (142) (148) 
Medium 5 (3.1) 10 (6.5) 4 (2.6) 9(5.7) 

(159) (154) (155) (159) 
High 5 (3.4) 5 (3.6) 9 (6.4) 7 (4.8) 

(146) (140) (141) (146) 

:.:'''':-■v^'']j!utiäli)loxiIiCategpl,; ' Summary Statistics Analysis'Results for Log2 (InitialDioxin)3 ■■.".';.■..:;;:;;- 

NöjNnaJ :B^§MMiM$MM 

W&iiiM97i 
.:^r;N^m^r;(^)-.:;:'---':;::\: 

Low 
Medium 
High 

145 
154 
141 

12 (8.3) 
5 (3.3) 
4 (2.8) 

0.66(0.42,1.03)                         0.049 

Adjusted for percent body fat at the time of the blood measurement of dioxin and age in 1997. 
Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

Summary statistics for 1987 are provided for reference purposes for participants who attended the 1985, 1987, 
and 1997 examinations. Summary statistics for 1992 are provided for reference purposes for participants who 
attended the 1985, 1992, and 1997 examinations. Statistical analyses are based only on participants with a 
normal cranial nerve index in 1985 (see Chapter 7, Statistical Methods). 
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Table 11-37.   Longitudinal Analysis of Cranial Nerve Index (Continued) 

(c) MODEL 3r RANCH HANDS AND COMPARISONS 

v:■;=::;;:::;-:v;    'i^ß:'^%^.■}:>($<'f: .'■';v^i;^;-;-.^    ,=-:-::;M"-Ä£$Unibeir(%)lAbnoiTiiat(h);--;'!.;■:■;;'■■;                                         ::':
:
;-■•:; 

Dioxin Category mnms^m^r^t :.|Spili|ipii;i|g.;!::^:^ tffWW^^&^W 1997 

Comparison 

Background RH 

LowRH 

High RH 

Low plus High RH 

20 (2.0) 
(1,019) 

17 (5.0) 
(343) 

7(3.1) 
(224) 

6 (2.6) 
(229) 

13 (2.9) 
(453) 

43 (4.3) 
(991) 

14 (4.2) 
(330) 

13 (5.9) 
(220) 

8 (3.6) 
(221) 

21 (4.8) 
(441) 

30 (3.0) 
(987) 

17(5.1) 
(333) 

12 (5.6) 
(215) 

10 (4.5) 
(223) 

22 (5.0) 
(438) 

56 (5.5) 
(1,019) 

25 (7.3) 
(343) 

19 (8.5) 
(224) 

10 (4.4) 
(229) 

29 (6.4) 
(453) 

^;.U .|:;?J g:;;; :::>;::j; Jr-:;:;;
::; :;r,.;;.-::: ^^X^D^:;!*!; ;1             :>^; ^ j;:: v|;; fl^ ^;; :J: i;;:;:;;;.;;;::;:.:

:;; 

:    Adj. Relative Risk 
v(95%CX)ab    . J

:
;   Dioxin Category. ..-..v ■";:r-;n.m 1997 „ ;■■     ■ Abnormal in 1997 ;:'■:■■"; p-Valueb 

Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH 

999 

326 
217 
223 
440 

50 (5.0) 

19 (5.8) 
15 (6.9) 
6 (2.7) 

21 (4.8) 

1.21 (0.70,2.10) 
1.29(0.71,2.35) 
0.54(0.23,1.29) 
0.83(0.47,1.47) 

0.496 
0.410 
0.167 
0.522 

a Relative risk and confidence interval relative to Comparisons. 
Adjusted for percent body fat at the time of the blood measurement of dioxin and age in 1997. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin >10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin >10 ppt, Initial Dioxin > 94 ppt. 

Summary statistics for 1987 are provided for reference purposes for participants who attended the 1985,1987, 
and 1997 examinations. Summary statistics for 1992 are provided for reference purposes for participants who 
attended the 1985, 1992, and 1997 examinations. Statistical analyses are based only on participants with a 
normal cranial nerve index in 1985 (see Chapter 7, Statistical Methods). 

The Model 2 longitudinal analysis revealed an inverse significant relation between initial dioxin and the 
cranial nerve index (Table ll-37(b): Adj. RR=0.66, p=0.049). As initial dioxin increased, the 
prevalence of an abnormal cranial nerve index decreased. 

All results from the Model 3 longitudinal analysis of cranial nerve index were nonsignificant (Table 11- 
37(c): p>0.16 for each Model 3 contrast). 
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11.2.3.1.2 CNS Index 

Based on participants with a normal CNS index in 1985, all results from the longitudinal analysis of the 
CNS index for Models 1 through 3 were nonsignificant (Table 1 l-38(a-c): p>0.20 for each analysis). 

Table 11-38. Longitudinal Analysis of CNS Index 

(a) MODEL 1: RANCH HANPSVS; COMPARISONS 

Occupational 
L Category ■■ ■) 

Number (%) Abnormal/(n> 
Examination 

Group *9$5: 1987 119921 1997 
All Ranch Hand 29 (3.5) 44 (5.5) 39 (4.9) 105 (12.7) 

(826) (805) (804) (826) 
Comparison 27(2.6) 45 (4.4) 50 (4.8) 128 (12.1) 

(1,060) (1,034) (1,033) (1,060) 

Officer Ranch Hand 7 (2.2) 10 (3.2) 15 (4.8) 38(11.8) 
(322) (316) (316) (322) 

Comparison 5 (1.2) 17 (4.2) 24 (5.8) 47(11.2) 
(420) (410) (413) (420) 

Enlisted Flyer Ranch Hand 7 (4.8) 6 (4.2) 8 (5.6) 24 (16.4) 
(146) (143) (144) (146) 

Comparison 7 (4.4) 5 (3.2) 2(1.3) 21 (13.2) 
(159) (155) (157) (159) 

Enlisted Groundcrew     Ranch Hand 15 (4.2) 28(8.1) 16 (4.7) 43 (12.0) 
(358) (346) (344) (358) 

Comparison 15(3.1) 23 (4.9) 24 (5.2) 60(12.5) 
(481) (469) (463) (481)      . 

:,..'■ Normal 'inl985= ':>■;.■; ; 

Adj. Relative Risk Occupational    ■ ■; : Number (%) 
7ijk ^;gC^%$s%} -:;:■;; ^ ^ Group n in 1997      ^, abnormal in 1997 :^::f;|J|||||i^:g|||=l p-Valuea 

All Ranch Hand 797 90(11.3) 1.05 (0.78,1.42) 0.725 
Comparison 1,033 111 (10.8) 

Officer Ranch Hand 315 34 (10.8) 0.99(0.61,1.59) 0.955 
Comparison 415 45 (10.8) 

Enlisted Flyer Ranch Hand 139 21(15.1) 1.59 (0.78,3.24) 0.201 
Comparison 152 15   (9.9) 

Enlisted Ranch Hand 343 35 (10.2) 0.95(0.60,1.51) 0.835 
Groundcrew Comparison 466 51 (10.9) 

a Relative risk, confidence interval, and p-values are in reference to a contrast of 1982 and 1997 results; results 
adjusted for age in 1997. 

Note: Summary statistics for 1987 are provided for reference purposes for participants who attended the 1985, 1987, 
and 1997 examinations. Summary statistics for 1992 are provided for reference purposes for participants who 
attended the 1985,1992, and 1997 examinations. Statistical analyses are based only on participants with a normal 
CNS index in 1985 (see Chapter 7, Statistical Methods). 
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Table 11-38.   Longitudinal Analysis of CNS Index (Continued) 

(b)MODEL2::RAHC^ ■    ; ■ 

•.'••■••'.'•'•■•-•':• , v^ 

Initial Dioxin WM^sMMM ̂ W$£W0&Wi£- 1992 1997 
Low 1 (4.6) 4 (2.6) 6(4.1) 18(11.8) 

(153) (153) (148) (153) 
Medium .   4(2.5) 8 (5.1) 8 (5.2) 21 (13.2) 

(159) (156) (155) (159) 
High 4 (2.7) 10(6.8) 4(2.7) 15 (9.9) 

(151) (147) (147) (151) 

Initial Dioxin Category Summary Statistics Analysis Results for Log2 (Initial Dioxin)*' 

Normalin 1985'."■. ; '■ :C;';\ 

^Initial 
P£i|£än#|§ Abnormal in 1997 

.:':' ■ .;:Ääj.;Relatiye;'Risfc;' : ■'.:;:          ';.';--;;':' 

Low 
Medium 
High 

146 
155 
147 

15 (10.3) 
20 (12.9) 
14   (9.5) 

1.13 (0.89,1.42)                         0.319 

a Adjusted for percent body fat at the time of the blood measurement of dioxin and age in 1997. 
Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

Summary statistics for 1987 are provided for reference purposes for participants who attended the 1985, 1987, 
and 1997 examinations. Summary statistics for 1992 are provided for reference purposes for participants who 
attended the 1985, 1992, and 1997 examinations. Statistical analyses are based only on participants with a 
normal CNS index in 1985 (see Chapter 1, Statistical Methods). 

(c) MODEL 3* R^ 

;::;;lJiiö^ fMM$^^?3M 
Comparison 26 (2.5) 44 (4.4) 49 (4.9) 126 (12.2) 

(1,031) (1,007) (1,006) (1,031) 

Background RH 14 (3.9) 21 (6.1) 20 (5.8) 50 (14.0) 
(357) (343) (348) (357) 

LowRH 7(3.1) 6 (2.6) 9(4.1) 24 (10.5) 
(229) (227) (221) (229) 

HighRH 8 (3.4) 16 (7.0) 9 (3.9) 30 (12.8) 
(234) (229) (229) (234) 

Low plus High RH 15 (3.2) 22 (4.8) 18(4.0) 54(11.7) 
(463) (456) (450) (463) 
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Table 11-38.   Longitudinal Analysis of CNS Index (Continued) 

:^ä:%^:"  /....Normal in 1985 

Adj. Relative Risk 
■ ■    : .(95%"CX)ab" ■'       ".; Dioxin .Category n in 1997 

A± '■    Number (%) ;: .     - i 
Abnormal in 1997 p-Valueb. 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,005 

343 
222 
226 
448 

110(11.0) 

40(11.7) 
21   (9.5) 
28 (12.4) 
49 (10.9) 

1.07 (0.72,1.58) 
0.76 (0.46,1.25) 
1.31 (0.83,2.06) 
1.00(0.69,1.44) 

0.749 
0.279 
0.244 
0.999 

a Relative risk and confidence interval relative to Comparisons. 
Adjusted for percent body fat at the time of the blood measurement of dioxin and age in 1997. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin >10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin >10 ppt, Initial Dioxin > 94 ppt. 

Summary statistics for 1987 are provided for reference purposes for participants who attended the 1985, 1987, 
and 1997 examinations. Summary statistics for 1992 are provided for reference purposes for participants who 
attended the 1985, 1992, and 1997 examinations. Statistical analyses are based only on participants with a 
normal CNS index in 1985 (see Chapter 7, Statistical Methods). 

11.3    DISCUSSION 

The data analyzed in the neurological assessment can be relied upon to detect the presence, if not the 
cause, of neurological disease, including disorders of the peripheral nervous system. CNS, cranial, and 
peripheral nerve variables examined can provide specific clues to the anatomical site of neurological 
lesions and clarify the need for additional diagnostic studies. Pertinent to the current study, the 
neurological examination is highly sensitive in detecting the presence of peripheral neuropathy, a 
suspected clinical condition related to herbicide exposure. 

In clinical practice, it is convenient to divide the neurological assessment into examinations of the 
peripheral and cranial nerves. The motor and sensory peripheral nerve variables and the cranial nerve 
variables examined provide highly specific clues to the anatomic site of neurological lesions and clarify 
which additional diagnostic studies would be most helpful in establishing a diagnosis. As indices of CNS 
function, tremor and coordination are less specific and more subject to individual variation in the absence 
of underlying neurological disease. Tremor, for example, may occur as a benign familial trait, may be 
reflective of alcohol withdrawal, or may be a marker of extra-pyramidal motor system disease as in 
Parkinson's syndrome. The Romberg sign may signal a lesion in the cerebellum but is more often 
indicative of impaired position sense in the lower extremities or of inner ear disease. Finally, the mental 
status examination is of obvious importance in the CNS assessment and, as in previous AFHS 
examinations, extensive psychometric studies were conducted and are reported in Chapter 12, 
Psychology Assessment. 

Analysis of inflammatory diseases confirmed by a medical records review found a significant excess 
among Ranch Hands (n=7 or 0.8%) relative to Comparisons (n=l or 0.1%). Of the seven Ranch Hands 
with inflammatory diseases, three (42.9%) had meningitis caused by bacterial infections. The single 
Comparison with an inflammatory disease had encephalitis of unknown cause, suggesting that this 
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finding is unrelated to herbicide or dioxin exposure. Consistent with the 1987 and 1992 examinations, 
Ranch Hands with low and high levels of categorized dioxin were more likely than Comparisons to 
develop other neurological disorders, although the associations were not significant after adjustment for 
covariates. Similar results were noted with respect to 1987 serum dioxin levels. Although the 
prevalence of peripheral neurological disorders established by a medical records review was similar in 
Ranch Hands and Comparisons (21.8% and 19.3%, respectively), there was evidence for an association 
with dioxin levels in two of the models. Ranch Hands in the low plus high dioxin category were at 
significantly greater risk than Comparisons (25.1% versus 19.3%, respectively), a contrast that remained 
marginally significant after adjustment for covariates. Further, in both the unadjusted and adjusted 
analyses, a significant positive association was noted between the occurrence of peripheral disorders and 
1987 dioxin levels. 

With one exception, no significant associations were noted in the analyses of any of the directly 
measured physical examination variables. Ranch Hands were significantly more likely than Comparisons 
to develop restricted range of motion at the neck, a common occurrence in any aging population and one 
that is usually related to osteoarthritis of the cervical spine rather than any primary neurological cause. 
Across occupational strata, the contrast was significant only in the enlisted flyer category. Ranch Hands 
with low and high levels of categorized dioxin were at significantly greater risk for the development of 
restricted neck range of motion. 

Only one of the analyses of peripheral motor and sensory nerve function yielded significant group 
differences. By inspection and palpation, Ranch Hands were more likely than Comparisons to have 
abnormalities of muscle mass (4.5% versus 3.0%, respectively) particularly in the enlisted groundcrew 
occupational category (4.3% versus 2.1%), even after adjustment for covariates. In none of the 
individual analyses was there any significant associations with 1987 serum dioxin levels, nor were any 
group differences detected in the analyses of CNS coordination variables. 

Significant group differences were found in three of the four composite polyneuropathy indices described 
earlier in this chapter. Ranch Hands were significantly more likely than Comparisons to have 
abnormalities in the confirmed polyneuropathy index (1.4% versus 0.6%), the polyneuropathy severity 
index of moderate degree (2.6% versus 1.1%), and the multiple polyneuropathy index (5.0% versus 
3.2%). In each case, Ranch Hands in the high dioxin category were at a significantly greater risk for 
abnormal scores than Comparisons; the prevalence of abnormalities increased as initial dioxin increased. 

Longitudinal analyses conducted during 12 years of observation yielded no significant differences 
between the Ranch Hand and Comparison cohorts, nor was there any evidence for dose responses with 
respect to either initial or 1987 dioxin levels. 

Dependent variable-covariate analyses confirmed associations with age and diabetes that are well 
established. Diabetes was by far the strongest covariate and significantly associated with neurological 
disease historically, on physical examination, and as assessed by all of the composite indices. 
Associations with alcohol were sporadic and less prominent than during previous AFHS examinations. 

In summary, in contrast to previous examinations, the history of neurological disease now appears 
significantly greater in Ranch Hands than Comparisons historically (diseases of inflammatory origin and 
peripheral disorders), on physical examination (restriction of range of motion), and as reflected in several 
of the composite indices described above. Further, the associations of neck range of motion with 
categorized dioxin and a history of peripheral disorders with 1987 dioxin provide evidence of an 
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association of neurological disease with prior exposure to dioxin. The results of the analysis of the 
polyneuropathy indices also provide support of an association between dioxin and neurological disease. 

11.4   SUMMARY 

Four neurological disorders, which were verified by a medical records review, and extensive physical 
examination data on cranial nerve function, peripheral nerve status, and CNS coordination processes 
were analyzed in the neurological assessment. Each endpoint was examined for a significant association, 
both unadjusted and adjusted for covariates, with group (Model 1), initial dioxin (Model 2), categorized 
dioxin (Model 3), and 1987 dioxin levels (Model 4). Summaries of the Model 1 through 4 analyses are 
tabled and discussed below, with emphasis on significant findings from the adjusted analysis. 

11.4.1   Modell: Group Analysis 

The prevalence of inflammatory diseases, a restricted neck range of motion, and a moderate 
polyneuropathy severity index was significantly greater for Ranch Hands than for Comparisons when 
combining all occupations. Significantly more Comparisons than Ranch Hands had an abnormal light 
reaction. Other neurological disorders, the multiple polyneuropathy index, the confirmed polyneuropathy 
index, and muscle status showed a marginally significant increase in all Ranch Hands relative to 
Comparisons. No significant differences were observed between Ranch Hand and Comparison officers. 
The neck range of motion and moderate polyneuropathy severity index results were significant or 
marginally significant in the contrast of Ranch Hand and Comparison enlisted flyers. The confirmed 
polyneuropathy indicator and muscle status results were significant or marginally significant in the 
enlisted groundcrew. Table 11-39 displays the Model 1 results of all unadjusted and adjusted analyses. 

Table 11-39, Summary of Group Analysis • (Model 1) for Neurology Variables (Ranch Hands vs. 
Comparisons) 

fi;|f|K 
;#S :v W^W3M&& W W. :;'..■' Enlisted 

%;-:;;-'$'■?>'$I:^^M^l^^^SiM^^k^m^ 4     :W4 ■'■■:; ^l--;:-:r::';-:: ".';..■ .Officer ■■'/'; !?r :;Ä ;|^F|yJirii;; Sftf': ; .Groundcrew, 

Medical Records 
Inflammatory Diseases +0.006 NS NS NS 
Hereditary and Degenerative Diseases NS NS NS ns 
Peripheral Disorders NS NS NS NS 
Other Neurological Disorders NS* NS NS NS 
Physical Examination 
Smell NS ns NS* NS 
Visual Fields ns ns ns ns 
Light Reaction -0.007 ns ns ns 
Ocular Movement NS ns NS NS 
Facial Sensation NS NS ns NS 
Jaw Clench NS NS — — 
Smile NS ns NS NS 
Palpebral Fissure ns ns NS NS 
Balance NS NS ns ns 
Speech ns ns ns ns 
Tongue Position Relative to Midline NS NS __ „ 

Palate and Uvula Movement NS NS ~ ~ 
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Table 11-39.   Summary of Group Analysis (Model 1) for Neurology Variables (Ranch 
Hands vs. Comparisons) (Continued) 

?;K;?Ät(Ä 
Enlisted Enlisted 

I; ''-k-M'h ~i' i- &?M ^^^l^-itij & :!'■ '.■ ■ ■ i: ■ '-■:■ i3SA \$xW^wS^0&S\ Officer Flyer Groiindcrew 

Cranial Nerve Index NS ns NS NS 
Neck Range of Motion +0.016 NS +0.009 NS 
Pinprick NS NS NS ns 
Light Touch NS NS NS ns 
Muscle Status NS* NS NS NS* 
Patellar Reflex ns NS ns* NS 
Achilles Reflex NS NS NS NS 
Biceps Reflex NS NS NS NS 
Babinski Reflex ns NS ns ns 
Polyneuropathy Severity Index 

Moderate vs. None/Mild +0.015 NS NS* NS 
Severe vs. None/Mild NS NS — NS 

Polyneuropathy Prevalence Index NS NS ns NS 
Multiple Polyneuropathy Index +0.046 NS NS NS 
Confirmed Polyneuropathy Indicator NS* ns NS* NS* 
Tremor ns NS NS ns 
Coordination ns NS ns ns 
Romberg Sign NS NS ns ns 
Gait NS NS NS NS 
CNS Index NS NS NS ns 

Note: NSorns: Not significant (p>0.10). 
NS* or ns*: Marginally significant (0.05<p<0.10). 
+: Relative risk > 1.00. 
-: Relative risk < 1.00. 
—: Analysis not performed because of the sparse number of participants with an abnormality. 

P-value given if p<0.05. 

A capital "NS" denotes a relative risk of 1.00 or greater. A lowercase "ns" denotes a relative risk less than 
1.00. 

..'''■' ■:' t-J-Eniisited ■ ■ 
M^!^^^^ m-§M^SimM:m l;|p;j;:;;:#fficei WßmM&M^i^f0yf^^ Groimdcrew 

Medical Records 
Inflammatory Diseases +0.002 ~ — NS 
Hereditary and Degenerative Diseases NS NS NS ns 
Peripheral Disorders NS NS ns NS 
Other Neurological Disorders NS* NS NS NS 
Physical Examination 
Smell NS ns NS NS 
Visual Fields ns „ ns ns 
Light Reaction -0.010 __ ns - 
Ocular Movement NS ns NS NS 
Facial Sensation NS NS „. — 
Jaw Clench __ _. __ __ 

Smile NS ns — NS 
Palpebral Fissure ns ns ns ns 
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Table 11-39.   Summary of Group Analysis (Model 1) for Neurology Variables (Ranch 
Hands vs. Comparisons) (Continued) 

ADJUSTED r:;v.i:;v ;■■'.•:■•;•::•;■':■ 

Enlisted Enlisted 
;;.; ■:;"; >:; y;l         ;:-: ^';t:;> %' ^^Vari^bl^ % >■                  ;■'.{ •; ;| ■; ■ ■M^&M$M+W& Officer..     ■ :■ Flyer Groundcrew 

Balance NS NS — ns 
Speech ns ns __ ns 
Tongue Position Relative to Midline — — — „ 

Palate and Uvula Movement __ __ __ — 
Cranial Nerve Index NS ns NS NS 
Neck Range of Motion +0.015 NS +0.016 NS 
Pinprick NS NS NS ns 
Light Touch NS NS NS ns 
Muscle Status NS* ns NS +0.046 
Patellar Reflex ns NS ns* NS 
Achilles Reflex NS NS ns NS 
Biceps Reflex NS NS NS NS 
Babinski Reflex ns NS ns ns 
Polyneuropathy Severity Index 

Moderate vs. None/Mild +0.020 NS NS* NS 
Severe vs. None/Mild NS ~ — NS 

Polyneuropathy Prevalence Index ns NS ns NS 
Multiple Polyneuropathy Index NS* NS NS NS 
Confirmed Polyneuropathy Indicator NS* ns — NS* 
Tremor ns NS NS ns 
Coordination ns NS ns ns 
Romberg Sign NS NS — ns 
Gait NS NS NS NS* 
CNS Index ns NS ns NS 

Note: NSorns: Not significant (p>0.10). 
NS*orns*: Marginally significant (0.05<p<0.10). 
+: Relative risk > 1.00. 
-: Relative risk < 1.00. 
—: Analysis not performed because of the sparse number of participants with an abnormality. 

P-value given if p<0.05. 

A capital "NS" denotes a relative risk of 1.00 or greater. A lowercase "ns" denotes a relative risk less than 
1.00. 

11.4.2  Model 2: Initial Dioxin Analysis 

Table 11-40 summarizes the results from the Model 2 analyses. Several positive and significant 
associations between the neurological variables and initial dioxin were found in adjusted analyses. In 
assessing the cranial nerve function, abnormal visual fields increased as initial dioxin increased. The 
assessment of measures of peripheral nerve status showed a significant or marginally significant positive 
association between initial dioxin and the patellar and Achilles reflexes. An association between all four 
polyneuropathy indices and dioxin was observed. The moderate classification of the polyneuropathy 
severity index, the polyneuropathy prevalence index, the multiple polyneuropathy index, and the 
confirmed polyneuropathy indicator were all significant and positively associated with initial dioxin. 
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Table 11-40. Summary of Initial Dioxin Analysis (Model 2) for Neurology Variables 
(Ranch Hands Only) 

Variable Unadjusted Adjusted 

Medical Records 
Inflammatory Diseases 
Hereditary and Degenerative Diseases 
Peripheral Disorders 
Other Neurological Disorders 
Physical Examination 
Smell 
Visual Fields 
Light Reaction 
Ocular Movement 
Facial Sensation 
Jaw Clench 
Smile 
Palpebral Fissure 
Balance 
Speech 
Tongue Position Relative to Midline 
Palate and Uvula Movement 
Cranial Nerve Index 
Neck Range of Motion 
Pinprick 
Light Touch 
Muscle Status 
Patellar Reflex 
Achilles Reflex 
Biceps Reflex 
Babinski Reflex 
Polyneuropathy Severity Index 

Moderate vs. None/Mild 
Severe vs. None/Mild 

Polyneuropathy Prevalence Index 
Multiple Polyneuropathy Index 
Confirmed Polyneuropathy Indicator 
Tremor 
Coordination 
Romberg Sign 
Gait 
CNS Index 

NS 
NS 
NS 
NS 

ns 
+0.040 

ns 
ns 
ns 
NS 
NS 
NS 
ns 
ns 
ns 
ns 

ns* 
NS 
ns 
ns 
NS 
NS 
ns 
ns 

NS 
ns 
NS 

NS* 
+0.033 

NS 
ns 

NS 
NS 
NS 

ns 
NS 
NS 
ns 

ns 
+0.049 

ns 
ns 
ns 
NS 
NS 
NS 
ns* 
ns 
ns 
ns 
ns 
NS 
NS 
ns 

+0.019 
NS* 
ns 
NS 

+0.042 
ns 

+0.029 
+0.004 
+0.008 

NS 
NS 
NS 
NS 
NS 

Note: NS or ns: Not significant (p>0.10). 
NS*orns*: Marginally significant (0.05<p<0.10). 
+: Relative risk >1.00. 
--: Analysis not performed because of the sparse number of participants with an abnormality. 

P-value given if p<0.05. 

A capital "NS" denotes a relative risk of 1.00 or greater. A lowercase "ns" denotes a relative risk less than 
1.00. 
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11.4.3   Model 3: Categorized Dioxin Analysis 

Results from the Model 3 analyses of the neurology variables are presented in Table 11-41. Each 
significant or marginally significant result from the Model 3 adjusted analyses displayed more Ranch 
Hands than Comparisons with a neurological abnormality. The adjusted analysis of inflammatory 
diseases displayed significant results for all levels of categorized dioxin. Results for peripheral disorders 
showed a marginally significant increased prevalence in the low plus high Ranch Hand dioxin category 
after adjustment for covariates. Neck range of motion was significantly greater for Ranch Hands in the 
low, high, and low plus high dioxin categories than for Comparisons. An increased prevalence of an 
abnormal muscle status was observed in the low and low plus high Ranch Hand dioxin categories. A 
marginally significant increase in an abnormal biceps reflex also was found for Ranch Hands in the low 
dioxin category. The polyneuropathy severity index showed an increase in the moderate classification of 
severity for Ranch Hands in the low, high, and low plus high dioxin categories. An increase in the severe 
classification of the polyneuropathy index was found for Ranch Hands in the low plus high dioxin 
category. Significant results also were found for Ranch Hands in the high dioxin category for the 
multiple polyneuropathy index and the confirmed polyneuropathy indicator. The prevalence of an 
abnormal confirmed polyneuropathy indicator was significantly greater for the low plus high Ranch Hand 
dioxin category than for Comparisons. 

Table 11-41. Summary of Categorized Dioxin Analysis (Model 3) for Neurology Variables (Ranch 
Hands vs. Comparisons) 

■SööH-äÄ 
Background h^MBM^i--%^-^-B SlSiffigpllog Low plus High 

-   Ranch Hands ;,: Ranch Hands Ranch Hands Ranch Hands 
:WlM:';^ vs. Comparisons  ; I vs.Comparisons    • vs. Comparisons : ;■: vs. Comparisons. 

Medical Records 
Inflammatory Diseases NS* NS* NS* +0.035 
Hereditary and Degenerative Diseases NS NS NS NS 
Peripheral Disorders ns +0.033 NS* +0.014 
Other Neurological Disorders ns +0.023 +0.005 +0.001 
Physical Examination 
Smell NS NS NS NS 
Visual Fields ns ns ns ns 
Light Reaction ns ns ns ns* 
Ocular Movement ns NS NS NS 
Facial Sensation NS NS ns NS 
Jaw Clench NS NS __ NS 
Smile NS NS • NS NS 
Palpebral Fissure NS ns ns ns 
Balance NS ns ns ns 
Speech ns NS ns ns 
Tongue Position Relative to Midline NS NS — NS 
Palate and Uvula Movement — NS __ NS 
Cranial Nerve Index NS NS ns NS 
Neck Range of Motion NS +0.002 NS +0.003 
Pinprick NS NS NS* NS 
Light Touch NS NS NS NS 
Muscle Status NS +0.021 NS +0.033 
Patellar Reflex ns NS NS NS 
Achilles Reflex ns NS NS NS 
Biceps Reflex . ns +0.029 NS NS 
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Table 11-41.   Summary of Categorized Dioxin Analysis (Model 3) for Neurology Variables 
(Ranch Hands vs. Comparisons) (Continued) 

. '1 ]':X)mB^mM:;;:; •■■:■'   . 1 

Background '   ' :.■   -Low '.'■.■.'.-1 ;               ;                       High                     ^ Low plus High 
Ranch Hands Ranch Hands Ranch Hands Ranch Hands 

.Variable ;   .:; vs. Comparisons 1 vs. Comparisons  1 vs. Comparisons vs. Comparisons 
Babinski Reflex NS ns ns ns 
Polyneuropathy Severity Index 

Moderate vs. None/Mild NS +0.032 +0.042 +0.011 
Severe vs. None/Mild NS NS* NS NS* 

Polyneuropathy Prevalence Index ns NS NS NS 
Multiple Polyneuropathy Index NS NS +0.018 +0.042 
Confirmed Polyneuropathy Indicator NS NS +0.017 +0.047 
Tremor NS ns ns ns 
Coordination NS ns ns ns 
Romberg Sign NS ns ns ns 
Gait NS ns NS NS 
CNS Index NS ns NS ns 

Note: NS or ns: Not significant (p>0.10). 
NS*orns*: Marginally significant (0.05<p<0.10). 
+: Relative risk >1.00. 
—: Analysis not performed because of the sparse number of participants with an abnormality. 

P-value given if p<0.05. 

A capital "NS" denotes a relative risk of 1.00 or greater. A lowercase "ns" denotes a relative risk less than 
1.00. 

-tlitfsl 
Background t#:Mt^$k&%^A:~M ii-r':\*B^P:A-i Low plus High 
Ranch Hands Ranch Hands Ranch Hands Ranch Hands 

vsz -y^^ßi-xW                 W.t %$'}'M; ::—i:"; vs. Comparisons vs. Comparisons vvs.-■Comparisons;: vs. Comparisons 

Medical Records 
Inflammatory Diseases +0.029 +0.035 +0.047 +0.024 
Hereditary and Degenerative Diseases NS ns NS ns 
Peripheral Disorders ns NS NS NS* 
Other Neurological Disorders NS NS NS NS 
Physical Examination 
Smell NS NS ns NS 
Visual Fields ns __ ns __ 

Light Reaction ns -- -- — 

Ocular Movement NS NS NS NS 
Facial Sensation NS NS ~ __ 

Jaw Clench — — __ _. 

Smile NS NS NS NS 
Palpebral Fissure ns ns ns ns 
Balance NS ns ns ns 
Speech NS NS — — 

Tongue Position Relative to Midline — — — — 

Palate and Uvula Movement __       
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Table 11-41.    Summary of Categorized Dioxin Analysis (Model 3) for Neurology Variables 
(Ranch Hands vs. Comparisons) (Continued) 

I: g":: :j;: ■ ■ ::H} b;': ^:^= :=.ri:;;         D^^F^^C^KÖ \: f:; -:;' ■ - g: :■ J.;. -=g;,
:;;.. ■::: g.. ] 

g :- Background 1;: 4^^.": :i/ tjäw^!v ^ ::-;^:--i:'-^ 
;-:Y;H%-\/;,: Low plus High 

Ranch Hands Ranch Hands Ranch Hands Ranch Hands 
. | • ^0$gUi}£: |; ■ P $$riä$fef '--% ■ g-         iv.:§rSä vs. Comparisons vs. Comparisons^; vs. Comparisons vs. Comparisons 

Cranial Nerve Index NS NS ns ns 
Neck Range of Motion NS +0.010 +0.028 +0.002 
Pinprick NS ns NS NS 
Light Touch NS NS NS NS 
Muscle Status NS NS* NS NS* 
Patellar Reflex ns ns NS NS 
Achilles Reflex ns ns NS NS 
Biceps Reflex ns NS* NS NS 
Babinski Reflex NS ns ns ns 
Polyneuropathy Severity Index 

Moderate vs. None/Mild NS NS* +0.024 +0.014 
Severe vs. None/Mild NS NS NS NS* 

Polyneuropathy Prevalence Index ns ns NS NS 
Multiple Polyneuropathy Index NS ns +0.016 NS 
Confirmed Polyneuropathy Indicator ns NS +0.007 +0.047 
Tremor NS ns ns ns 
Coordination NS ns ns ns 
Romberg Sign NS ns ns ns 
Gait NS ns NS NS 
CNS Index NS ns ns ns 

Note: NSorns: Not significant (p>0.10). 
NS*: Marginally significant (0.05<p<0.10). 
+: Relative risk > 1.00. 
—: Analysis not performed because of the sparse number of participants with an abnormality. 

P-value given if p<0.05. 

A capital "NS" denotes a relative risk of 1.00 or greater. A lowercase "ns" denotes a relative risk less than 
1.00. 
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11.4.4   Model 4: 1987 Dioxin Analysis 

Significant positive associations were found between 1987 dioxin and peripheral disorders, the moderate 
classification of the polyneuropathy severity index, and the confirmed polyneuropathy indicator. A 
marginally significant positive association between the polyneuropathy prevalence index and 1987 dioxin 
was found. Complete Model 4 analysis results are presented in Table 11-42. 

Table 11-42. Summary of 1987 Dioxin Analysis (Model 4) for Neurology Variables (Ranch 
Hands Only) 

Medical Records 
Inflammatory Diseases ns ns 
Hereditary and Degenerative Diseases ns ns 
Peripheral Disorders +0.010 +0.011 
Other Neurological Disorders +0.038 ns 
Physical Examination 
Smell ns ns 
Visual Fields NS NS 
Light Reaction ns ns 
Ocular Movement NS ns 
Facial Sensation ns ns 
Jaw Clench ns NS 
Smile NS ns 
Palpebral Fissure NS NS 
Balance ns ns 
Speech ns ns 
Tongue Position Relative to Midline ns NS 
Palate and Uvula Movement NS NS 
Cranial Nerve Index ns ns 
Neck Range of Motion NS NS 
Pinprick NS NS 
Light Touch NS NS 
Muscle Status NS ns 
Patellar Reflex NS NS 
Achilles Reflex NS NS 
Biceps Reflex NS NS 
Babinski Reflex ns* ns 
Polyneuropathy Severity Index 

Moderate vs. None/Mild +0.024 +0.013 
Severe vs. None/Mild NS NS 

Polyneuropathy Prevalence Index NS NS* 
Multiple Polyneuropathy Index NS NS 
Confirmed Polyneuropathy Indicator +0.002 +0.003 
Tremor ns ns 
Coordination ns ns 
Romberg Sign ns ns 
Gait NS ns 
CNS Index ns ns 
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Table 11-42.    Summary of 1987 Dioxin Analysis (Mode! 4) for Neurology Variables (Ranch 
Hands Only) (Continued) 

Note: NSorns: Not significant (p>0.10). 
NS* or ns*: Marginally significant (0.05<p<0.10). 
+: Relative risk > 1.00. 

P-value given if p<0.05. 

A capital "NS" denotes a relative risk of 1.00 or greater. A lowercase "ns*' denotes a relative risk less than 
1.00. 

11.5   CONCLUSION 

Four neurological disorders and extensive physical examination data on cranial nerve function, 
peripheral nerve status, and CNS coordination processes were analyzed in the neurological assessment. 
Inflammatory diseases verified by a medical records review found a significant excess among Ranch 
Hands (n=7) relative to Comparisons (n=l); however, three of the seven Ranch Hand diseases were 
caused by bacterial infections, suggesting that this finding is unrelated to herbicide or dioxin exposure. 
Peripheral disorders, as verified by a medical records review, increased in Ranch Hands as levels of 1987 
dioxin increased. Neck range of motion abnormalities were increased in Ranch Hands relative to 
Comparisons in terms of both a group designation and categorized dioxin levels. The increase in 
abnormalities for Ranch Hands relative to Comparisons was noted in enlisted flyers. An increase in the 
risk of an abnormal muscle status was observed in Ranch Hand enlisted groundcrew. A significant 
association between initial dioxin and both visual field and patellar reflex abnormalities was observed. 
Indices of polyneuropathy showed an increase in the prevalence of abnormality in Ranch Hands relative 
to Comparisons and a positive association with initial and 1987 dioxin levels. The clinical importance of 
the increased risk of polyneuropathy is uncertain due to the small number of affected veterans. 

In summary, although a common etiology in these findings is not apparent, a statistically significant 
increase in neurological disease appears in Ranch Hands historically, on physical examination, and as 
reflected in several of the composite polyneuropathy indices. Further, the associations of neck range of 
motion abnormalities with categorized dioxin and a history of peripheral disorders with 1987 dioxin 
provide evidence of an association of neurological disease with elevated dioxin levels. The results of the 
analysis of the polyneuropathy indices also provide support of an association between elevated dioxin 
levels and neurological disease; however, the clinical importance of this finding is uncertain. 

11-127 



REFERENCES  

1. Mohammad, F. K., and V. E. V. St. Omer. 1986. Behavioral and developmental effects in rats 
following in utero exposure to 2,4-D/2,4,5~T mixture. Neurobehavioral Toxicology and 
Teratology 8:551-60. 

2. Mohammad, F. K., and V. E. V. St. Omer. 1988. Behavioral and neurochemical alterations in rats 
prenatally exposed to 2,4-dichlorophenoxyacetate (2,4-D) and 2,4,5-trichlorophenoxyacetate 
(2,4,5-T) mixture. Teratology 37:515. 

3. St. Omer, V. E. V., and F. K. Mohammad.  1987. Ontogeny of swimming behavior and brain 
catecholamine turnover in rats prenatally exposed to a mixture of 2,4-D and 2,4,5-T. 
Neuropharmacology 26:1351 -8. 

4. Kim, C, S., R. F. Keizer, and J. B. Pritchard. 1988. 2,4-dichlorophenoxyacetic acid intoxication 
increases its accumulation within the brain. Brain Research 440:216-26. 

5. Schulze, G. E., and J. A. Dougherty. 1988. Neurobehavioral toxicity of 2,4-D-n-butyI ester (2,4-D 
ester): Tolerance and lack of cross-tolerance. Neurotoxicology and Teratology 10:75-9. 

6. Schulze, G. E., and J. A. Dougherty.  1988. Neurobehavioral toxicity and tolerance to the herbicide 
2,4-dichlorophenoxy acetic and acid-n-butyl ester (2,4-D ester). Fundamental and Applied 
Toxicology 10:413-24. 

7. Sirkka, U., R. Pohjanvirta, S. A. Nieminen, J. Tuomisto, and P. Yiitalo. 1992. Acute neurobehavioral 
effects of 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) in Han/Wistar rats. Pharmacology and 
Toxicology 71:284-8. 

8. Pohjanvirta, R., L. Tuomisto, and J. Tuomisto.  1989. The central nervous system may be involved in 
TCDD toxicity. Toxicology 58:167-74. 

9. Silbergeld, E. K., and S. R. Max.  1986. Neuromuscular targets for the action of 2,3,7,8-TCDD. 
Abstract of a paper presented at the 6th International Symposium on Chlorinated Dioxins and 
Related Compounds, September 16-19, Fukuoka, Japan. 

10. Grahmann, F., D. Claus, H. Grehl, and B. Neundorf er. 1993. Electrophysiologic evidence for a 
toxic polyneuropathy in rats after exposure to 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD). 
Journal of the Neurological Sciences 115(1) :71-5. 

11. Grehl, H., F. Grahmann, D. Claus, and B. Neundorfer. 1993. Histologie evidence for a toxic 
polyneuropathy due to exposure to 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) in rats. Acta 
Neurologica Scandinavica 88:354-7. 

12. Mattsson, J. L., and D. L. Eisenbrandt.  1990. The improbable association between the herbicide 
2,4-D and polyneuropathy. Biomedical and Environmental Sciences 3:43-51. 

13. Seabury, J. H.  1963. Toxicity of 2,4-dichlorophenoxyacetic acid. Archives of Environmental 
Health 7:202-9. 

14. Klawans, H. L. 1987. Dystonia and tremor following exposure to 2,3,7,8-tetrachlorodibenzo-p- 
dioxin. Movement Disorders 2:255-61. 

15. Oliver, R. M. 1975. Toxic effects of 2,3,7,8-tetrachlorodibenzo-l,4-dioxin in laboratory workers. 
British Journal of Industrial Medicine 32:49-53. 

11-128 



16. Singer, R., M. Moses, J. Valciukas, R. Ulis, and I. J. Selikoff. 1982. Nerve conduction velocity 
studies of workers employed in the manufacture of phenoxy herbicides. Environmental Research 
29:297-311. 

17. Moses, M., R. Ulis, K. D. Crow, J. Thornton, A. Fischbein, H. A. Anderson, and I. J. Selikoff. 
1984. Health status of workers with past exposure to 2,3,7,8-tetrachlorodibenzo-p-dioxin in the 
manufacture of 2,4,5-trichlorophenoxyacetic acid: Comparison of findings with and without 
chloracne. American Journal of Industrial Medicine 5:161-82. 

18. Suskind, R. R., and V. S. Hertzberg. 1984. Human health effects of 2,4,5-T and its toxic 
contaminants. Journal of the American Medical Association 251:2372-80. 

19. Pazderova-Vejlupkova, J., M. Nemcova, J. Pickova, L. Jirasek, and E. Lukas. 1981. The 
development and prognosis of chronic intoxication by tetrachlorodibenzo-p-dioxin in men. 
Archives of Environmental Health 36:5-11. 

20. Sweeney, M. H., M. A. Fingerhut, J. C. Arezzo, R. W. Hornung, and L. B. Connally. 1993. 
Peripheral neuropathy after occupational exposure to 2,3,7,8-tetrachlorodibenzo-p-dioxin 
(TCDD). American Journal of Industrial Medicine 23:845-58. 

21. Cheng, W. N., P. J. Coenraads, Z. H. Hao, and G. F. Liu. 1993. A health survey of workers in the 
pentachlorophenol section of a chemical manufacturing plant. American Journal of Industrial 
Medicine 24:81-92. 

22. Webb, K. B., R. G. Evans, P. A. Stehr, and S. M. Ayres. 1987. Pilot study on health effects of 
environmental 2,3,7,8-TCDD in Missouri. American Journal of Industrial Medicine 11:685-91. 

23. Webb, K. B., R. G. Evans, A. P. Knutsen, S. T. Roodman, D. W. Roberts, W. F. Schramm, B. B. 
Gibson, J. S. Andrews Jr., L. L, Needham, and D. G. Patterson.  1989. Medical evaluation of 
subjects with known body levels of 2,3,7,8-tetrachlorodibenzo-p-dioxin. Journal of Toxicology 
and Environmental Health 28:183-93. 

24. Hoffman, R. E., P. A. Stehr-Green, K. B. Webb, R. G. Evans, A. P. Knutsen, W. F. Schramm, B. B. 
Gibson, and K. K. Steinberg.  1986. Health effects of long-term exposure to 2,3,7,8- 
tetrachlorodibenzo-p-dioxin. Journal of the American Medical Association 225:2031-8. 

25. Stehr, P. A., G. Stein, H. Falk, E. Sampson, S. J. Smith, K. Steinberg, K. Webb, S. Ayres, W. F. 
Schramm, H. D. Donnell, and W. B. Gedney. 1986. A pilot epidemiologic study of possible 
health effects associated with 2,3,7,8-tetrachlorodibenzo-p-dioxin contaminations in Missouri. 
Archives of Environmental Health 41:16-22. 

26. Stehr-Green, P. A., J. S. Andrews Jr., R. E. Hoffman, K. B. Webb, and W. F. Schramm.  1988. An 
overview of the Missouri dioxin studies. Archives of Environmental Health 43:174-7. 

27. Filippini, G., B. Bordo, P. Crenna, N. Massetto, M. Musicco, and R. Boeri. 1981. Relationship 
between clinical and electrophysiological findings and indicators of heavy exposure to 2,3,7,8- 
tetrachlorodibenzo-dioxin. Scandinavian Journal of Work, Environment and Health 7:257-62. 

28. Bertazzi, P. A. 1991. Long-term effects of chemical disasters. Lessons and results from Seveso. 
Science of the Total Environment 196(l-2):5-20. 

29. Boeri, R., B. Bordo, P. Crenna, G. Filippini, M. Massetto, and A. Zecchini. 1978. Preliminary 
results of a neurological investigation of the population exposed to TCDD in the Seveso region. 
Rivista di Patologia Nervosa e Mentale 99:111-28. 

11-129 



30. Barbieri, S., C Pirovano, G. Scarlato, P. Tarchini, A. Zappa, and M. Maranzana. 1988. Long-term 
effects of 2,3,7,8-tetrachlorodibenzo-p-dioxin on the peripheral nervous system. Clinical and 
neurophysiological controlled study on subjects with chloracne from the Seveso area. 
Neuroepidemiology 1:29-37. 

31. Zober, A., M. G. Ott, and P. Messerer.  1994. Morbidity foliowup study of BASF employees 
exposed to 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) after a 1953 chemical reactor incident. 
Occupational and Environmental Medicine 51:479-86. 

32. Assennato, G., D. Cervino, E. A. Emmett, G. Longo, and F. Merlo. 1989. Followup of subjects who 
developed chloracne following TCDD exposure at Seveso. American Journal of Industrial 
Medicine 16:119-25. 

33. Morcarelli, P., A. Marocchi, P. Brambilla, P. Gerthoux, C. Beretta, L. Colombo, M. Bertona, 
C. Sarto, P. Tramacere, A. Mondonico, C. Crespi, S. Signorini, and R. Brivio.  1992. Human 
data derived from the Seveso accident, relevance for human risk assessment. Toxic Substances 
Journal 12(2-4): 151-73. 

34. Stellman, S. D., J. M. Stellman, and J. F. Sommer Jr.  1988. Health and reproductive outcomes 
among American Legionnaires in relation to combat and herbicide exposure in Vietnam. 
Environmental Research 47:150-74. 

35. United States Centers for Disease Control. 1988. Health status of Vietnam veterans. H Physical 
health. Journal of the American Medical Association 259:2708-14, 

36. Lathrop, G. D., W. H. Wolfe, R. A. Albanese, and P. M. Moynahan. 1984. The Air Force Health 
Study: An epidemiologic investigation of health effects in Air Force personnel following 
exposure to herbicides: Baseline Morbidity Study Results. NTIS: AD A-l38-340. United 
States Air Force School of Aerospace Medicine, Brooks Air Force Base, Texas. 

37. Lathrop, G. D., S. G. Machado, T. G. Karrison, W. D. Grubbs, W. F. Thomas, W. H. Wolfe, J. E. 
Michalek, J. C. Miner, and M. R. Peterson. 1987. The Air Force Health Study: An 
epidemiologic investigation of health effects in Air Force personnel following exposure to 
herbicides: First followup examination results. NTIS: AD A 188262. United States Air Force 
School of Aerospace Medicine, Brooks Air Force Base, Texas. 

38. Thomas, W. F., W. D. Grubbs, T. G. Karrison, M. B. Lustik, R. H. Roegner, D. E. Williams, W. H. 
Wolfe, J. E. Michalek, J. C. Miner, and R. W. Ogershok.  1990. An epidemiologic investigation 
of health effects in Air Force personnel following exposure to herbicides: I. 1987 followup 
examination results, May 1987 to January 1990. NTIS: AD A 222 573. United States Air Force 
School of Aerospace Medicine, Human Systems Division (AFSC), Brooks Air Force Base, 
Texas. 

39. Grubbs, W. D., W. H. Wolfe, J. E. Michalek, D. E. Williams, M. B. Lustik, A, S. Brockman, S. C. 
Henderson, F, R. Burnett, R. G. Land, D. J. Osborne, V. K. Rocconi, M. E. Schreiber, J. C. 
Miner, G. L. Henriksen, and J. A. Swaby. 1995. The Air Force Health Study: An epidemiologic 
investigation of health effects in Air Force personnel following exposure to herbicides: Final 
Report. 1992 Followup Examination Results. NTIS: AD A 304 306, 304 308-316. United 
States Air Force School of Aerospace Medicine, Brooks Air Force Base, Texas. 

11-130 



40. Roegner, R. H., W. D. Grubbs, M. B. Lustik, A. S. Brockman, S. C. Henderson, D. E. Williams, 
W. H. Wolfe, J. E. Michalek, and J. C. Miner. 1991. The Air Force Health Study: An 
epidemiologic investigation of health effects in Air Force personnel following exposure to 
herbicides. Serum dioxin analysis of 1987 examination results. NTIS: AD A 237 516-24. 
United States Air Force School of Aerospace Medicine, Brooks Air Force Base, Texas. 

41. Institute of Medicine.  1999. Veterans and Agent Orange: Update 1998. National Academy Press: 
Washington, DC. 

42. Gerr, F., D. Hershman, and R. Letz. 1990. Vibrotactile threshold measurement for detecting 
neurotoxicity: reliability and determination of age- and height-standardized normative values. 
Archives of Environmental Health 45:148-54. 

43. Michalek, J. E., J. L. Pirkle, S. P. Caudill, R. C. Tripathi, D. G. Patterson Jr., and L. L. Needham. 
1996. Pharmacokinetics of TCDD in Veterans of Operation Ranch Hand:  10-year Followup. 
Journal of Toxicology and Environmental Health 47:209-20. 

44. Mausner, J. S., and A. K. Bahn.  1974. Epidemiology - An Introductory Text Philadelphia: W. B. 
Saunders Company. 

11-131 



Table of Contents 

12    PSYCHOLOGICAL ASSESSMENT 12-1 

12.1 INTRODUCTION 12-1 

12.1.1 Background 12-1 
12.1.2 Summary of Previous Analyses of the Air Force Health Study 12-2 

12.1.2.1 1982 Baseline Study Summary Results 12-2 
12.1.2.2 1985 Follow-up Study Summary Results 12-3 
12.1.2.3 1987 Follow-up Study Summary Results 12-4 
12.1.2.4 Serum Dioxin Analysis of 1987 Follow-up Study Summary Results 12-5 
12.1.2.5 1992 Follow-up Study Summary Results 12-5 

12.1.3 Parameters forthe 1997 Psychological Assessment 12-5 
12.1.3.1 Dependent Variables 12-5 

12.1.3.1.1 Medical Records Data 12-5 
12.1.3.1.2 Physical Examination Data 12-6 

12.1.3.2 Covariates 12-6 
12.1.4 Statistical Methods 12-7 

12.2 RESULTS 12-10 

12.2.1 Dependent Variable-Covariate Associations 12-10 
12.2.2 Exposure Analysis 12-14 

12.2.2.1 Medical Records Variables 12-15 
12.2.2.1.1 Psychoses 12-15 
12.2.2.1.2 Alcohol Dependence 12-17 
12.2.2.1.3 Drug Dependence 12-19 
12.2.2.1.4 Anxiety 12-22 
12.2.2.1.5 Other Neuroses 12-25 

12.2.2.2 Psychological Examination Variables 12-27 
12.2.2.2.1 SCL-90-R Anxiety 12-28 
12.2.2.2.2 SCL-90-R Depression 12-31 
12.2.2.2.3 SCL-90-R Hostility 12-34 
12.2.2.2.4 SCL-90-R Interpersonal Sensitivity 12-36 
12.2.2.2.5 SCL-90-R Obsessive-Compulsive Behavior 12-39 
12.2.2.2.6 SCL-90-R Paranoid Ideation 12-42 
12.2.2.2.7 SCL-90-R Phobic Anxiety 12-45 
12.2.2.2.8 SCL-90-R Psychoticism 12-48 
12.2.2.2.9 SCL-90-R Somatization 12-51 
12.2.2.2.10 SCL-90-R Global Severity Index (GSI) 12-54 
12.2.2.2.11 SCL-90-R Positive Symptom Total (PST) 12-57 
12.2.2.2.12 SCL-90-R Positive Symptom Distress Index (PSDI) 12-59 

12.3 DISCUSSION 12-62 

12.4 SUMMARY 12-63 

12.4.1 Model 1: Group Analysis 12-63 
12.4.2 Model 2: Initial Dioxin Analysis 12-65 
12.4.3 Model 3: Categorized Dioxin Analysis 12-65 
12.4.4 Model 4: 1987 Dioxin Level Analysis 12-67 

12.5 CONCLUSION 12-68 

REFERENCES 12-69 

12-i 



List of Tables 

Table 12-1. Statistical Analysis for the Psychological Assessment 12-7 

Table 12-2. Number of Participants Excluded or with Missing Data for the Psychological 
Assessment 12-9 

Table 12-3. Analysis of Psychoses 12-15 

Table 12-4. Analysis of Alcohol Dependence 12-17 

Table 12-5. Analysis of Drug Dependence 12-19 

Table 12-6. Analysis of Anxiety 12-22 

Table 12-7. Analysis of Other Neuroses 12-25 

Table 12-8. Analysis of SCL-90-R Anxiety 12-28 

Table 12-9. Analysis of SCL-90-R Depression 12-31 

Table 12-10. Analysis of SCL-90-R Hostility 12-34 

Table 12-11. Analysis of SCL-90-R Interpersonal Sensitivity 12-37 

Table 12-12. Analysis of SCL-90-R Obsessive-Compulsive Behavior 12-40 

Table 12-13. Analysis of SCL-90-R Paranoid Ideation 12-42 

Table 12-14. Analysis of SCL-90-R Phobic Anxiety 12-45 

Table 12-15. Analysis of SCL-90-R Psychoticism 12-48 

Table 12-16. Analysis of SCL-90-R Somatization 12-51 

Table 12-17. Analysis of SCL-90-R Global Severity Index (GSI) 12-54 

Table 12-18. Analysis of SCL-90-R Positive Symptom Total (PST) 12-57 

Table 12-19. Analysis of SCL-90-R Positive Symptom Distress Index (PSDI) 12-60 

Table 12-20. Summary of Group Analysis (Model 1) for Psychological Variables 
(Ranch Hands vs. Comparisons) 12-63 

Table 12-21. Summary of Initial Dioxin Analysis (Model 2) for Psychological Variables 
(Ranch Hands Only) 12-65 

Table 12-22. Summary of Categorized Dioxin Analysis (Model 3) for Psychological Variables 
(Ranch Hands vs. Comparisons) 12-66 

Table 12-23. Summary of 1987 Dioxin Analysis (Model 4) for Psychological Variables 
(Ranch Hands Only) 12-67 

12-ii 



12   PSYCHOLOGICAL ASSESSMENT 

12.1    INTRODUCTION 

12.1.1   Background 

Signs of dioxin toxicity in animals (e.g., lethargy, stupor, poor coordination, lack of feeding, and 
agitation) have been observed in multiple studies in many species and have been attributed to the 
"wasting syndrome" of multi-organ toxicity rather than to primary central nervous system (CNS) 
involvement (1). Pharmacokinetic studies in rats (2), mice (3), and monkeys (4) have demonstrated that 
the blood brain barrier is relatively impermeable to dioxin, and experimental animal studies, therefore, 
provide little insight into the potential neuropsychological consequences of dioxin in humans. 

In rats exposed to high doses of dioxin (1,000 micrograms intraperitoneally), only slight differences were 
noted in spontaneous motor activity and maze performance relative to controls (5). A more recent study 
from the same laboratory found no neurobehavioral impairment in rats given a sublethal dose of dioxin 
sufficient to cause the wasting syndrome (6). Experiments in monkeys have documented subtle 
behavioral dysfunction and cognitive impairment consequent to dioxin exposure in utero (7-10). 

Using chloracne as a marker for high-level dioxin exposure, early studies of industrial chemical workers 
provided the first suggestion of associated psychological effects. Studies shortly after a Nitro, West 
Virginia, accident in 1949 documented nervousness, fatigue, irritability, cold intolerance, and decreased 
libido in many of the workers with chloracne. Most of these symptoms resolved over a 4-year period (11, 
12). Two follow-up studies of expanded plant cohorts in 1979 noted a strong association between the 
occurrence of chloracne and insomnia (13, 14). 

Other industrial-based studies reported a wide range of acute and subacute symptoms associated with 
exposure to chlorophenols. In addition to those cited above, impotence, reduced emotional responses, 
sensory deficits, reading difficulties, memory loss, and emotional instability have been described (15-20). 
Employing the Minnesota Multiphasic Personality Inventory (MMPI), one early study of chemical 
production workers found an association between the development of chloracne and hypomania and a 
significantly increased incidence of personality disorders in those most heavily exposed (19). Another 
report described marked personality changes in two of three chemists involved in the synthesis of dioxin 
(20). Yet another study of 55 Czechoslovakian workers found a significant incidence of anxiety and 
depression and of dementia associated with encephalopathy (7 percent) and neurasthenia (75 percent). 
Over a 10-year follow-up period, all symptoms of anxiety and depression had resolved (18). 

Neuropsychiatric testing was included in the medical evaluations reported in two studies of 155 trailer 
park residents exposed to dioxin by contaminated soil in Quail Run, Missouri (21, 22). Relative to 
controls, exposed subjects had variations from the normal in the tension or anxiety and anger or hostility 
scales of the Profile of Mood States Inventory as well as in the vocabulary subtest of the Wechsler Adult 
Intelligence Scale (WAIS). No significant group differences in cognitive function were noted and, given 
the confounding role of the situational stress associated with exposure, the abnormalities noted could not 
be attributed to dioxin. 

As one of the few epidemiological studies in humans to incorporate serum dioxin data into psychometric 
analyses, the National Institute for Occupational Safety and Health's study of chemical plant workers 
deserves special mention (23). This cross-sectional study of 281 workers in two industrial plants 
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investigated the association between exposure to chemicals (including dioxin) and symptoms of 
depression revealed by a battery of psychological screening tests (the Beck Depression Inventory and the 
depression subscale of the Symptom Checklist-90-Revised [SCL-90-R]). The mean serum dioxin level in 
the exposed cohort was 220 parts per trillion (ppt) versus 6 ppt in referents. By both scales, the 
prevalence of depression was comparable in each group. Of interest and consistent with numerous other 
reports, the self-perception of dioxin exposure was significantly associated with depressive symptoms, 
although the mean serum dioxin level in those thought to have been exposed (43 ppt) was significantly 
lower than that in the group reporting no such exposure (116 ppt). 

The association between psychological symptoms and reported herbicide exposure during military service 
in Vietnam has been the subject of numerous studies. In one Veterans' Administration study of 153 
veterans, a subgroup of 58 subjects reporting moderate to high herbicide exposure was compared to the 
remaining 95 patients reporting no or minimal exposure. After covariate adjustment, the self-reported 
exposed group had scores on the MMPI that indicated depression, poor morale, organic symptoms, family 
problems, and hypomania (24). Similar conclusions were reached in a more recent study of 7,924 United 
States Army veterans whose reported exposure to herbicides was a powerful predictor of a broad 
spectrum of negative mental and physical health outcomes (25). 

Another large-scale study of 6,810 Vietnam veterans who belong to the American Legion found that, 
although perceived exposure to herbicides could not independently predict psychosocial outcomes, it was 
associated with such outcomes when combined with combat, indicating that a synergistic effect may have 
occurred (26). 

Further evidence that service in Vietnam may be associated with psychological morbidity independent of 
exposure to herbicides is presented in the Vietnam Experience Study, conducted by the United States 
Centers for Disease Control and Prevention (27). This report, which included comprehensive 
psychological testing but did not include serum dioxin measurements, revealed an increased incidence of 
psychological dysfunction related to service in Vietnam, including depression (4.5 percent of Vietnam 
veterans versus 3.2 percent in non-Vietnam veterans), anxiety (4.9 percent versus 3.2 percent, 
respectively), and alcohol abuse or dependence (13.7 percent versus 9.2 percent, respectively). 

Prior reports of the Air Force Health Study (AFHS) have revealed few statistically significant differences 
in the psychological indices between the Ranch Hand and Comparison cohorts (28-30). In the 1987 
examinations, Ranch Hands demonstrated a greater level of depression, manifested more physical 
complaints (somatization), and felt more health-related anxiety than Comparisons (30). 

12.1.2   Summary of Previous Analyses of the Air Force Health Study 

12.1.2.1   1982 Baseline Study Summary Results 

An extensive battery of psychological parameters was assessed on all participants during the 1982 
baseline questionnaire and as part of the physical examination process. There were no questionnaire 
differences for past history of emotional or psychological illnesses between the Ranch Hand and 
Comparison groups. For the psychological indices of fatigue, anger, erosion of skills, anxiety, and 
severity of depression (as determined by a modification of the Diagnostic Interview Schedule), no group 
differences were detected among the college-educated Ranch Hands. For the high school-educated 
stratum, Ranch Hands demonstrated significantly more fatigue, anger, erosion of skills, and anxiety. An 
unadjusted analysis of reported depression showed significantly more depression in the Ranch Hands, as 
did the isolation index adjusted for educational level. 
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At the time of the physical examination, additional data were collected with the Cornell Index (CI) and 
the MMPL The CNS functional testing was conducted by a modified Halstead-Reitan Battery (HRB) and 
intelligence was measured by the WAIS. 

The CI showed a significant increase in psychophysiological symptoms in the high school-educated 
Ranch Hands. MMPI results in the high school-educated participants showed Ranch Hand mean values 
significantly increased in the scales of denial, hypochondria, masculinity-femininity, and mania- 
hypomania as contrasted to the college-educated participants. The social introversion scale was 
significantly decreased in the college-educated Ranch Hands. The effect of education was influential 
(p<0.01) in all scales of the MMPI. None of the self-reported data, including those from the in-home 
questionnaire, was adjusted for possible group differences in post-traumatic stress disorder (PTSD) or 
combat experience and intensity. 

Performance testing by the HRB showed no neuropsychiatric impairment in the Ranch Hands in contrast 
to the results of the self-administered MMPI and the CI. The effect of education on the HRB testing was 
strong (p<0.0001). WAIS intelligence scores revealed group similarities in the full-scale and verbal and 
performance scales. As expected, the intelligence quotient (IQ) of college graduates was significantly 
higher than the IQ of high school graduates. 

12.1.2.2   1985 Follow-up Study Summary Results 

Two of the psychological tests (MMPI, HRB) conducted at the 1982 baseline examination were repeated 
at the first follow-up examination in 1985. An updated history of mental and emotional disorders and 
combat experience in Vietnam also was obtained on all participants. An indicator of PTSD was derived 
from a new MMPI subscale and was used for covariate adjustments of non-MMPI psychological data. 
The Cornell Medical Index (CMI) was substituted for the CI in the 1985 psychological assessment. 
Questionnaire data (verified by a medical records review) for the lifetime events of psychotic illness, 
alcohol dependence, anxiety, or other neuroses disclosed no significant differences between groups for 
these conditions. 

The group distributions for the 14 MMPI variables, each stratified by the three occupational categories, 
were examined. Two of the 42 tests approached statistical significance (psychopathic deviate for enlisted 
flyers and mania/hypomania for officers). Ranch Hand enlisted flyers had a lower mean than Comparison 
enlisted flyers, and Ranch Hand officers had a higher mean than Comparison officers. The group 
distributions of the total CMI score were similarly contrasted, with separate analyses performed with 
stratification by the five covariates of age, race, occupation, education, and current alcohol drinking 
status. For one stratum of each of these covariates (born in or after 1942, non-Black, enlisted 
groundcrew, high school education, and current alcohol drinker), a significant difference in the 
distribution of the Ranch Hand and Comparison scores was found. In all cases for the CMI, the Ranch 
Hand mean was greater than the Comparison mean. 

The unadjusted analyses showed a significant difference for the MMPI scales of denial (p<0.001) and 
masculinity-femininity (p=0.017), the total CMI (p<0.001), and the Section A-H area subscore (p=0.003). 
A marginally significant difference was observed for the MMPI scales of hysteria (p=0.067) and social 
introversion (p=0.069). Comparisons had a greater percentage of abnormal scores for the denial and 
masculinity-femininity scales, whereas Ranch Hands showed adverse findings for the total CMI, the 
Section A-H area subscore, hysteria, and social introversion. 

The adjusted analyses were generally similar to the unadjusted analyses with respect to group differences. 
The MMPI scales of denial and masculinity-femininity were statistically significant in both the adjusted 
and unadjusted analyses, where Comparisons showed an adverse effect over Ranch Hands. The A-H 
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subscore of the CMI (suggesting diffuse medical problems) also was significant, where Ranch Hands had 
higher mean scores than Comparisons, suggesting that Ranch Hands had more illness. The M-R subscore 
of the CMI, a broad indicator of emotional health, was not statistically different between the two groups. 

The HRB impairment index, a measure of CNS functional integrity, did not differ significantly between 
the Ranch Hand and Comparison groups. Strong covariates in the adjusted analysis were age, race, and 
education. 

Because of alternate statistical models and slightly different psychological testing parameters, a direct 
contrast between the psychological results of the baseline and 1985 follow-up examinations was not 
always possible. Several broad patterns were observed: the discordance between distributional tests and 
results from traditional statistical models of the MMPI variables was noted with data from both 
examinations; there was a narrowing of group differences at the 1985 follow-up examination for most 
variables, either by a decrease in Ranch Hand reporting or by an increase in Comparison reporting; and as 
at the baseline examination, functional CNS testing, as measured by the HRB impairment index, showed 
no group differences and did not support an organic basis for differences in self-reported 
symptomatology. The longitudinal analysis of two MMPI scales—depression and denial—showed a 
significant reversal of depression seen at the baseline examination in the high school-educated Ranch 
Hands, The number of depression abnormalities decreased in Ranch Hands and increased in 
Comparisons. 

The determination of PTSD in both Air Force cohorts by a relatively new MMPI scale showed a 
prevalence rate of less than 1 percent. This low rate was strongly influenced by characteristics of the 
study population (e.g., age, education, and military occupation). 

In conclusion, significant test results were present in both groups or were noted in specific subgroups of a 
covariate. Educational level, age, and alcohol use showed strong effects on the psychological scales and 
scores in this psychological assessment. Tests of the CNS by the HRB demonstrated a similar prevalence 
of abnormality in both groups. Ranch Hands exhibited an increased mean A-H subscore of the CMI, 
suggesting they had more illness than Comparisons. 

12.1.23  1987 Follow-up Study Summary Results 

The psychological assessment was based on verified psychological disorders, reported sleep disorders, 
and two clinical psychological tests, the SCL-90-R and the Millon Clinical Multiaxial Inventory (MCMI). 
The verified data on lifetime psychological disorders showed no group differences for psychoses, drug 
dependence, and anxiety. Marginally more Ranch Hands than Comparisons had a verified history of 
alcohol dependence and other neuroses based on unadjusted analyses. The Ranch Hands reported 
experiencing great or disabling fatigue during the day and talking in their sleep more frequently than the 
Comparisons. No group differences were detected in the other 13 sleep disorder variables in the 
unadjusted analyses. Although no significant differences between the Ranch Hands and the Comparisons 
were found in the unadjusted analyses of the 12 SCL-90-R variables, the Ranch Hands had marginally 
more abnormalities than the Comparisons for depression, somatization, and an index of the general 
severity of symptoms. The results of the unadjusted analyses of the MCMI scores revealed that the Ranch 
Hands had significantly higher mean antisocial and paranoid scores than the Comparisons. Marginally 
significant differences were identified on the narcissistic and psychotic delusion scores, where the mean 
score of the Ranch Hands exceeded that of the Comparisons. After adjustment for the covariates, a 
significant increase in the Ranch Hand mean remained on the narcissistic score. The Comparisons had a 
significantly higher mean dependent score than the Ranch Hands. 
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12.1.2.4 Serum Dioxin Analysis of 1987 Follow-up Study Summary Results 

In general, the results of the analyses of the verified psychological disorders, reported sleep disorders, and 
the SCL-90-R variables did not reveal significant associations with initial dioxin or current dioxin and 
time since tour of duty or find significant differences among the four current dioxin categories. In 
contrast, several of the analyses of the MCMI variables displayed significant results. There was a lack of 
consistency across similar variables included in the SCL-90-R, MCMI, and reported information. In 
conclusion, the body burden of dioxin did not appear to be related to psychological or 
psychophysiological disorders. 

12.1.2.5 1992 Follow-up Study Summary Results 

The psychological assessment was based on verified psychological disorders and the SCL-90-R. 
Differences in the SCL-90-R inventory variables were found between Ranch Hand and Comparison 
groups. Variables revealing significant or marginally significant differences in adjusted analyses were 
other neuroses, SCL-90-R anxiety, SCL-90-R hostility, SCL-90-R obsessive-compulsive behavior, 
SCL-90-R paranoid ideation, SCL-90-R somatization, and SCL-90-R global severity index. These 
differences were observed when combining participants across all occupations. All significant results 
showed a greater percentage of Ranch Hands than Comparisons that had a history of other neuroses or 
high (adverse) SCL-90-R scores. Many unadjusted analyses of the psychological endpoints showed 
associations with dioxin, but the results became nonsignificant when the analyses were adjusted for 
relevant covariates. 

A marginally significant association between initial dioxin and the prevalence of high SCL-90-R 
psychoticism scores was observed in adjusted analyses, with the percentage of high SCL-90-R 
psychoticism scores increasing as initial dioxin increased. The same pattern and marginally significant 
association was observed with initial dioxin and high SCL-90-R global severity index scores. Most of the 
significant results in the adjusted analysis of the association between the psychological endpoints and 
categorized dioxin were from the contrasts of Ranch Hands in the background dioxin category with 
Comparisons. These differences between Ranch Hands in the background dioxin category and 
Comparisons were found in the analysis of the SCL-90-R obsessive-compulsive behavior, paranoid 
ideation, and somatization scores. The analysis also revealed that Ranch Hands in the background 
category had a larger percentage of high SCL-90-R scores than did Comparisons. The adjusted analysis 
of categorized dioxin also showed a significant increase in the percentage of Ranch Hands in the high 
dioxin category with a high SCL-90-R anxiety score over Comparisons. In the analyses of current dioxin, 
a significant inverse association between whole weight current dioxin, adjusted for total Iipids, and a 
history of alcohol dependence was observed. 

12.1.3   Parameters for the 1997 Psychological Assessment 

12.1.3.1  Dependent Variables 

Data collected through the SCL-90-R were used in the psychological assessment (31). In addition, 
psychological disorders, as verified through a medical records review, were used to supplement the 
psychological evaluation for the 1997 follow-up. 

12.1.3.1.1 Medical Records Data 

At the health interview during the 1997 examination, each participant was asked whether he had a mental 
or emotional disorder since the date of his last interview. Reported disorders for which treatment was 
obtained were subsequently verified by a review of medical records. Information on verified 
psychological disorders from the 1997 examination was combined with information on verified disorders 
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from the baseline and 1985, 1987, and 1992 follow-up examinations, and a series of dependent variables 
regarding verified history of psychological disorders was created. In particular, the verified histories of 
psychoses (International Classification of Diseases, 9th revision, Clinical Modification [ICD-9-CM] 
codes 290.0-298.9), alcohol dependence (ICD-9-CM codes 303.00-303.93), drug dependence (ICD-9- 
CM codes 304.00-304.93), anxiety (ICD-9-CM codes 300.00-300.09), and other neuroses (ICD-9-CM 
codes 300.10-302.9, 305.00-305.03,305.20-309.9, and 311) were studied. 

Participants with a verified pre-Southeast Asia (SEA) history of a psychological disorder were excluded 
from the analyses pertaining to that disorder. In addition, participants who tested positive for the human 
immunodeficiency virus (HIV) were excluded from all analyses of these variables. 

12.1.3.1.2 Physical Examination Data 

The SCL-90-R, used by the AFHS at the 1987 and 1992 follow-up examinations, was used again in the 
psychological assessment. The SCL-90-R is a multidimensional self-reported symptom inventory that 
measures symptomatic psychological distress in terms of nine primary symptom dimensions. The nine 
dimensions are anxiety, depression, hostility, interpersonal sensitivity, obsessive-compulsive behavior, 
paranoid ideation, phobic anxiety, psychoticism, and somatization. Each participant was asked to respond 
to 90 questions in terms of the following 5-point scale: 0=not at all, l=a little bit, 2=moderately, 3=quite 
a bit, and 4=extremely. Responses were grouped into the nine primary symptom categories, and a raw 
score for a participant for a category was determined by adding the scores of the answered questions in 
that category and dividing by the number of answered questions in that category. The raw scores were 
then converted to T-scores (reference scores for a given population norm) for analysis. 

The SCL-90-R also measures distress using three global indices: global severity index (GSI), positive 
symptom total (PST), and positive symptom distress index (PSDI). The GSI is defined as the sum of the 
scores of all answered questions divided by the number of answered questions on the entire test. This 
index combines information on the number of symptoms and the intensity of distress. The PST is the 
number of questions to which the participant responds positively (i.e., on the 5-point scale, responses 1,2, 
3, or 4). The PSDI is determined by adding the scores of all answered questions and dividing by the PST. 
This index describes the intensity of the positive symptoms. Each of these indices also was converted to a 
T-score. 

The T-scores for the nine primary symptom dimensions and the three global indices were then classified 
as high or normal, where high was defined as a T-score of 63 or greater. All participants were included in 
the analyses of the nine primary symptom dimensions and the three global indices of distress, including 
those participants who responded "not at all" to all 90 questions. Participants who tested positive for HIV 
were excluded from the analysis of the SCL-90-R variables. 

12.1.3.2  Covariates 

Covariates examined in the adjusted statistical analyses of the psychological assessment included age, 
race, military occupation, education level (high school, college), current alcohol use (drinks/day), lifetime 
alcohol history (drink-years), current total household income, current employment (yes, no), current 
marital status (married, not married), and current parental status (currently having a child under the age of 
18: yes, no). Age, race, and military occupation were determined from military records. Current total 
household income information was collected in the questionnaire in categories with $5,000 increments, 
between $5,000 and $100,000. The midpoint of each category was used as the current total household 
income, with $102,500 used for the $100,000 or more category. Educational level, current employment, 
current parental status, and current marital status were all based on self-reported information from the 
questionnaire. 
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Lifetime alcohol history was based on information from the 1997 questionnaire and combined with 
similar information gathered at the 1987 and 1992 follow-up examinations. Each participant was asked 
about his drinking patterns throughout his lifetime. When a participant's drinking patterns changed, he 
was asked to describe how his alcohol consumption differed and the duration of time that the drinking 
pattern lasted. The participant's average daily alcohol consumption was determined for each of the 
reported drinking pattern periods throughout his lifetime, and an estimate of the corresponding total 
number of drink-years was derived. One drink-year was the equivalent of drinking 1.5 ounces of an 80- 
proof alcoholic beverage, one 12-ounce beer, or one 5-ounce glass of wine per day for 1 year. Current 
alcohol use was based on the average number of drinks per day during the month prior to completing the 
questionnaire. These alcohol covariates were not used in adjusted analyses of alcohol dependence. 

The covariates current total household income, current employment, current marital status, and current 
parental status were used in the analysis of dependent variables based on medical records data (psychoses, 
alcohol dependence, drug dependence, anxiety, and other neuroses). Although these dependent variables 
capture a history of the condition, and the covariates described above were based on the current status of a 
participant's life, the covariates were used as surrogate information to describe the participant's life 
experience. In addition, lifetime alcohol history was used as a covariate for these dependent variables, 
but current alcohol use was not used. Current alcohol use reflected a participant's alcohol use only in the 
month prior to the physical examination. The lifetime alcohol history covariate was used to investigate 
the cumulative lifetime effects of alcohol use. 

12.1.4   Statistical Methods 

Table 12-1 summarizes the statistical analyses performed for the 1997 psychological assessment. The 
first part of this table lists the dependent variables analyzed, data source, data form, cutpoints, covariates, 
and statistical analysis methods. The second part of this table provides a description of covariates 
examined. A covariate was used in its continuous form whenever possible for all adjusted analyses; if the 
covariate is inherently discrete (e.g., military occupation), or if a categorized form was needed to develop 
measures of association with the dependent variables, the covariate was categorized as shown in Table 
12-1. Table 12-2 provides a summary of the number of participants with missing dependent variable and 
covariate data. In addition, the number of participants excluded because of medical conditions is given. 

Table 12-1. Statistical Analysis for the Psychological Assessment 

Dependent Variables 

Statistical 
mM^MDiimm ililii Analysis and 

:; r::;? ;;?:;■;; p !K OP:S^^ 3Pia Jbl ^ ^|Ö jm.l^::;::=:=:: <: fi ^;|: ? y^BM0um^-M H;;:iSö^;||| av.-Gutpoinfs;.;.. ■ I Covariates" Exclusions'5 ^^KlMÄliÄ^vr 
rsycnoses MK-V D Yes 

No 
(1) (a) U:LR 

A:LR 

Alcohol Dependence MR-V D Yes 
No 

(2) (a) U:LR 
A:LR 

Drug Dependence MR-V D Yes 
No 

(1) (a) U:LR,CS 
A:LR 

Anxiety MR-V D Yes 
No 

(1) (a) U:LR 
A:LR 

Other Neuroses MR-V D Yes 
No 

(1) (a) U:LR 
A:LR 
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Table 12-1.   Statistical Analysis for the Psychological Assessment (Continued) 

Variable (Units) 
Data 

Source 
Data | 
Form Cutpoinis      .j Covariates3 Exclusions15 

Statistical 
Analysis and 

Methods 

SCL-90-R Anxiety PE D High: T>63 
Normal: T<63 

(3) (b) U:LR 
A:LR 

SCL-90-R Depression PE D High: T>63 
Normal: T<63 

(3) (b) U:LR 
A:LR 

SCL-90-R Hostility PE D High: T>63 
Normal: T<63 

(3) (b) U:LR 
A:LR 

SCL-90-R Interpersonal 
Sensitivity 

PE D High: T>63 
Normal: T<63 

(3) (b) U:LR 
A:LR 

SCL-90-R 
Obsessive-Compulsive Behavior 

PE D High: T>63 
Normal: T<63 

(3) (b) U:LR 
A:LR 

SCL-90-R Paranoid Ideation PE D High: T>63 
Normal: T<63 

(3) (b) U:LR 
A:LR 

SCL-90-R Phobic Anxiety 

SCL-90-R Psychoticism 

PE 

PE 

D 

D 

High: T>63 
Normal: T<63 

High: T>63 
Normal: T<63 

(3) 

(3) 

(b) 

(b) 

U:LR 
A:LR 
U:LR 
A:LR 

SCL-90-R Somatization PE D High: T>63 
Normal: T<63 

(3) (b) U:LR 
A:LR 

SCL-90-R Global 
Severity Index (GSI) 

PE D High: T>63 
Normal: T<63 

(3) (b) U:LR 
A:LR 

SCL-90-R Positive 
Symptom Total (PST) 

PE D High: T>63 
Normal: T<63 

(3) (b) U:LR 
A:LR 

SCL-90-R Positive 
Symptom Distress Index (PSDI) 

PE D High: T>63 
Normal: T<63 

(3) (b) U:LR 
A:LR 

aCovariates: 
(1): age, race, military occupation, education, lifetime alcohol history, current total household income, current 
employment, current marital status, current parental status. 
(2): age, race, military occupation, education, current total household income, current employment, current marital 
status, current parental status. 
(3): age, race, military occupation, education, current alcohol use, lifetime alcohol history, current total household 
income, current employment, current marital status, current parental status. 

Exclusions: 
(a): participants with a pre-SEA history of the disorder, participants testing positive for HIV. 
(b): participants testing positive for HIV. 

Covariates 

Age (years) 

Race 

Occupation 

Variable (Units) Data Source       Data Form    Cutpoints 

MIL 

MIL 

MIL 

)/C Born > 1942 
Born<1942 

D Black 
Non-Black 

D Officer 
Enlisted Flyer 
Enlisted Groundcrew 
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Table 12-1,   Statistical Analysis for the Psychological Assessment (Continued) 

Variable (Units) Data Source       Data Form    Gutpoints \ 

Education 

Current Alcohol Use (drinks/day) 

Lifetime Alcohol History (drink-years) 

Current Total Household Income (dollars) 

Current Employment 

Current Marital Status 

Current Parental Status 

Abbreviations 

Data Source: 

Data Form: 

Q-SR 

Q-SR 

D 

D/C 

College 
High School 

0-1 
>l-4 
>4 

Q-SR D/C 0 
>0-40 
>40 

Q-SR D/C <$65,000 
>$65,000 

Q-SR D Yes 
No 

Q-SR D Married 
Not Married 

Q-SR D Child <18 ye 
No child <18 years old 

MIL: Air Force military records 
MR-V: Medical records (verified) 
PE: 1997 Psychological examination 
Q-SR: Health questionnaires (self-reported) 

D: Discrete analysis only 
D/C: Appropriate form for analysis (either discrete or continuous) 

Statistical Analysis: U: Unadjusted analysis 
A: Adjusted analysis 

Statistical Methods: CS: Chi-square contingency table analysis (continuity-adjusted) 
LR: Logistic regression analysis 

Table 12-2. Number of Participants Excluded 
Assessment 

or with Missing Data for the Psychological 

^^feSf^^lrl^l (Ranch Hands Only) •/' -Categorized Dioxin' ■■ 

;s^;^.';;:;: ■;'; i;;: ;|;|!;v^-:-;?:;|^:f; :;.JV^^äMe::.; ^V^-S^^CJvl^lilllJIi 
Ranch 

-Hand ||;^o^^söu:;|:; IflllHÄä^;^ AR! 
•■■■■Ranch.----/.' -I 
SÄni|;fi Comparison 

SCL-90-R Categories and 
Indices 
Education 
Current Alcohol Use 
Lifetime Alcohol History 

DEP 

COV 
COV 
COV 

1 

1 
1 
6 

0 

0 
0 
2 

1 

0 
0 
3 

l 

l 
l 
6 

l 

l 
l 
6 

0 

0 
0 
1 
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Table 12-2.    Number of Participants Excluded 
Assessment (Continued) 

or with Missing Data for the Psychological 

: Group *":'■"'■& .:i-''ß'-:: 

Dioxin 
(Ranch Hands Only) ] Categorized Dioxin y 

'i.%':%■'%::;:'-£'- 'Variable:1$ ■:■';-K;£;: ■;:■    !■■:;;■';Ös&£;;i 
Ranch; 
Hand; r Comparison Initial 1987      | 

Ranch 
Hand Comparison 

Current Total Household                COV 
Income 

9 15 4 9 9 14 

Current Employment                     COV 
Current Marital Status                    COV 
Current Parental Status                  COV 
Pre-SEA Alcohol Dependence       EXC 
Pre-SEA Anxiety                           EXC 
Pre-SEA Other Neuroses                EXC 
HIV Positive                                  EXC 

1 
1 
1 
0 
4 

12 
3 

0 
0 
0 
1 
3 
9 
2 

0 
0 
0 
0 
2 
5 
3 

1 
1 
1 
0 
4 

12 
3 

1 
1 
1 
0 
4 

12 
3 

0 
0 
0 
1 
3 
9 
2 

Note:   DEP = Dependent variable. 
COV = Covariate. 
EXC = Exclusion. 
870 Ranch Hands and 1,251 Comparisons. 
482 Ranch Hands for initial dioxin; 863 Ranch Hands for 1987 dioxin. 
863 Ranch Hands and 1,213 Comparisons for categorized dioxin. 

12.2   RESULTS 

12.2.1   Dependent Variable-Covariate Associations 

The psychological dependent variables were tested for significant association with each of the covariates 
used within the adjusted analyses. The results are presented in Appendix F, Table F-4. These 
associations are pairwise between the dependent variable and the covariate and are not adjusted for any 
other covariates. Participants with a verified pre-SEA history of a psychological disorder were excluded 
from the analyses pertaining to that disorder. In addition, participants who tested positive for HIV were 
excluded from all analyses. A brief summary of the pattern of dependent variable-covariate associations 
is contained in the following paragraphs. This brief description is followed by a more detailed description 
of significant covariate associations with each dependent variable. 

The psychological dependent variables each displayed significant associations with several of the 
covariates. For each significant association with age, the greater percentage of high SCL-90-R scores was 
among the younger participants. Race was found marginally significant with only two of the dependent 
variables, drug dependence and SCL-90-R paranoid ideation. Each association displayed the greater 
percentage of high scores among the Black participants. Occupation showed a significant association 
with all dependent variables except drug dependence. Officers consistently displayed the lowest 
percentage of psychological problems. Associations with education generally were significant. Each 
association displayed the higher prevalence of a psychological disorder or the greater percentage of high 
SCL-90-R scores among participants with only a high school education. 

Current alcohol use was significantly or marginally significantly associated with most of the psychology 
dependent variables. For each association, the largest percentage of high SCL-90-R scores was among 
the heaviest current drinkers (in terms of drinks per day), followed by the lightest current drinkers. The 
results were similar for lifetime alcohol history. Current total household income and current marital 
status were significantly associated with most of the psychological dependent variables. Each of these 
associations for both covariates displayed a greater percentage of abnormalities among participants with a 
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lower income or among unmarried participants. A significant association with current employment was 
found for alcohol dependence and SCL-90-R somatization. Unemployed participants had a greater 
percentage of alcohol dependence and high somatization scores than did employed participants. The 
current parental status covariate was significantly associated with alcohol dependence. A larger 
percentage of participants with no child less than 18 years old had a history of alcohol dependence than 
participants with a child less than 18 years old. 

A significant association between a history of psychoses and occupation (p=0.032) was found. Enlisted 
flyers displayed the highest proportion of history of psychoses (5.0%). Psychoses was also significantly 
associated with current total household income (p=0.010) and current marital status (p=0,001). The 
prevalence of psychoses decreased as income rose and was increased among unmarried participants 
(7.8%). 

A history of alcohol dependence was significantly associated with occupation (p=0.014). The highest 
percentage of participants with alcohol dependence was among enlisted flyers (8.9%), followed by 
enlisted groundcrew (7.9%) and officers (4.9%). Current total household income also displayed a 
significant association with alcohol dependence (p=0.001). Participants with lower incomes were 
dependent on alcohol more often than those participants with higher incomes (8.8% vs. 5.0%). In 
addition, alcohol dependence was significantly associated with current employment (p=0.039), current 
marital status (p=0.001), and current parental status (p=0.009). The higher prevalence of alcohol 
dependence history was among those participants not currently employed (8.5%), not currently married 
(14.4%), or those without a child under the age of 18 (7.5%). 

Current marital status was the only covariate found significantly associated with a history of drug 
dependence (p=0.008). The higher percentage of drug dependence was among participants who were 
currently unmarried (1.1%). 

A history of anxiety showed significant associations with occupation (p=0.001), education (p=0.001), 
current total household income (p=0.001), and current marital status (p=0.001). Enlisted groundcrew 
showed the highest percentage of anxiety (33.9%), followed by enlisted flyers (30.9%) and officers 
(17.3%). Participants with only a high school education, in the lower income category, or who were not 
married had the higher percentages of anxiety (31.3%, 32.8%, and 34.0%, respectively). 

Tests of association between covariates and a history of other neuroses revealed several significant 
results. The association with occupation (p=0.001) showed that enlisted flyers had the highest proportion 
of other neuroses (61.4%), followed by enlisted groundcrew (60.1%) and officers (43.7%). Education 
also displayed a significant association with other neuroses (p=0.001). Participants with only a high 
school education displayed the higher percentage of other neuroses (60.9%). The significant lifetime 
alcohol history association (p=0.001) showed 62.8 percent of the heaviest drinkers (in terms of drink- 
years) with other neuroses, followed by 50.9 percent of participants who did not drink, and 50.2 percent 
in the moderate lifetime drinking category. The association with current total household income 
(p=0.001) showed that the percentage of participants with other neuroses decreased as the income level 
increased. The association with current marital status found 62.9 percent of unmarried participants with 
history of other neuroses, compared to 51.9 percent of those married (p=0.001). 

The SCL-90-R anxiety scores were significantly associated with occupation (p~0.001), education, 
(p=0.001), lifetime alcohol history (p=0.009), current total household income (p=0.001), and current 
marital status (p=0.028). The enlisted groundcrew stratum displayed the largest percentage of 
participants with a high SCL-90-R anxiety score (14.3%), followed by enlisted flyers (13.4%) and 
officers (5.0%). High SCL-90-R anxiety scores were greater among high school-educated participants 
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(14.1%) compared to those who were college-educated (7.5%). High anxiety scores were most prevalent 
in the heaviest lifetime drinkers (13.7%), followed by non-drinkers (11.0%) and moderate lifetime 
drinkers (9.1%). Participants in the lower income category and those not married displayed the greater 
percentages of high SCL-90-R anxiety scores (14.5% and 13.8%, respectively). 

The significant covariate associations with the SCL-90-R depression score were found with age 
(p=0.040), occupation (p=0.001), education (p=0.001), current alcohol use (p=0.023), lifetime alcohol use 
(p=0.001), current total household income (p=0.001), and current marital status (p=0.002). High 
depression scores were more prevalent among younger participants (16.8%) and greatest among the 
enlisted groundcrew (19.3%). High school-educated participants displayed more high depression scores 
(19.4%) than college-educated participants (11.2%). Participants currently drinking the most had the 
largest percentage of high depression scores (28.0%). Similarly, participants with a lifetime history of 
drinking the most had largest percentage of high SCL-90-R depression scores (19.4%). The percentage of 
high SCL-90-R depression scores decreased as income level increased. The significant association with 
current marital status showed more high depression scores among unmarried participants (20.3%). 

SCL-90-R hostility scores were significantly associated with age (p=0.038), occupation (p=0.001), 
education (p=0.001), current alcohol use (p=0.024), lifetime alcohol use (p=0.004), and current total 
household income (p=0.001). The prevalence of high SCL-90-R hostility scores decreased as age 
increased and was greatest for enlisted groundcrew (11.2%). High hostility scores were more prevalent 
among high school-educated participants (11.3%) than among college-educated participants (5.4%). 
Analysis of current alcohol use showed that the heaviest drinkers had the largest prevalence of high 
hostility scores (18.0%). The percentage of high hostility scores increased as the number of drink-years 
increased within the examination of lifetime alcohol history (3.4%, 7.4%, and 10.9% for non-drinkers, 
moderate drinkers, and heavy drinkers, respectively). The association with current total household 
income showed the greater percentage of high hostility scores among participants in the lower income 
category (10.6%). 

Association tests between the SCL-90-R interpersonal sensitivity scores and age, occupation, education, 
current total household income, and current marital status were each significant (p=0.020, p=0.001, 
p=0.001, p=0.001, and p=0.023, respectively). Of the younger participants, 17.3 percent had high 
interpersonal sensitivity scores, compared to 13.6 percent for the older participants. The percentage of 
high scores was largest for enlisted groundcrew and enlisted flyers (20.4% and 19.0%, respectively). 
Participants with at most a high school education had almost twice the percentage of high SCL-90-R 
interpersonal sensitivity scores than college-educated participants (20.4% vs. 10.8%). Examination of 
current total household income and current marital status showed the greater percentages of high 
interpersonal sensitivity scores among participants in the lower income category (20.0%) and among 
those who were not married (19.2%). 

SCL-90-R obsessive-compulsive behavior scores were significantly associated with occupation 
(p=0.001), education (p=0.001), lifetime alcohol history (p=0.002), and current total household income 
(p=0.001). Enlisted flyers displayed the greatest prevalence of high obsessive-compulsive scores 
(20.5%). Participants with at most a high school education had the greater percentage of high scores 
(19.7%), compared to college-educated participants (11.8%). Participants who were the heaviest lifetime 
drinkers displayed the largest proportion of high obsessive-compulsive behavior scores (19.8%). The 
association with current total household income showed the larger percentage of high SCL-90-R 
obsessive-compulsive scores among participants with lower incomes (20.8%), compared to 9.8 percent 
for participants with higher incomes. 
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Age, occupation, education, current total household income, and current marital status were each 
significantly associated with the SCL-90-R paranoid ideation (p=0.001, p=0.001, p=0.001, p=0.001, and 
p=0.002, respectively). Younger participants had a greater prevalence of high paranoid ideation scores 
(9.0%) than older participants (5.2%). The proportion of high paranoid ideation scores was largest for 
enlisted groundcrew (10.4%). High school-educated participants exhibited the larger proportion of high 
paranoid ideation scores (9.7%), as did participants with lower incomes (9.7%) and unmarried 
participants (10.8%). 

Significant covariate associations with SCL-90-R phobic anxiety and SCL-90-R psychoticism were 
similar and included age (p=0.005 and p=0.025, respectively), occupation (p=0.001 for each), education 
(p=0.001 for each), lifetime alcohol history (p=0.014 and p=0.004, respectively), and current total 
household income (p=0.001 for each). Current marital status was also significantly associated with 
psychoticism (p=0.001). The percentage of high scores for both variables was higher among younger 
participants (12.4% and 15.6%, respectively) and highest among enlisted groundcrew (14.4% and 18.3%, 
respectively). High school-educated participants displayed the greater prevalence of high scores for both 
variables (14.5% and 17.1%, respectively). In addition, percentages of high scores increased for each 
variable as lifetime drinking increased. Participants with lower incomes displayed the greater proportion 
of high scores for each variable (14.1% and 18.1%, respectively). The percentage of high SCL-90-R 
psychoticism scores was increased among unmarried participants (19.2%). 

Covariate association tests with SCL-90-R somatization were significant for occupation (p=0.001), 
education (p=0.001), current alcohol use (p=0.037), current total household income (p=0.001), and 
current employment (p=0.020). The percentage of high SCL-90-R somatization scores was greatest 
among enlisted flyers (25.2%), followed by enlisted groundcrew (21.0%) and officers (7.3%). 
Participants with at most a high school education displayed the greater proportion of high somatization 
scores (22.3%) compared to college-educated participants (11.2%). The prevalence of high somatization 
scores was greatest for the heaviest current drinkers (20.0%) and smallest for moderate drinkers (11.9%). 
Examination of current total household income and current employment revealed a greater proportion of 
high somatization scores among the lower income earners (21.8%) and among unemployed participants 
(18.9%). 

Association tests with the SCL-90-R GSI were significant for age (p=0.048), occupation (p=0.001), 
education (p=0.001), current alcohol use (p=0.017), lifetime alcohol use (p=0.001), current total 
household income (p=0.001), and current marital status (p=0.016). Younger participants displayed the 
greater percentage of high GSI scores (16.6%), as did enlisted groundcrew (20.1%). The percentage of 
high GSI scores was also larger among participants with at most a high school education (19.2%) 
compared to college-educated participants (11.1%). The greatest percentage of high GSI scores was 
among the heaviest current drinkers (28.0%), as well as among the heaviest lifetime drinkers (19.5%). 
High GSI scores were more prevalent among participants in the lower income bracket (19.9%) and among 
the unmarried participants (19.0%). 

Occupation, education, lifetime alcohol use, and current total household income each displayed 
significant associations with the SCL-90-R PST scores (p=0.001, p=0.001, p=0.002, and p=0.001, 
respectively). The percentages of high PST scores for enlisted groundcrew, enlisted flyers, and officers 
were 20.9 percent, 20.2 percent, and 8.5 percent, respectively. High school-educated participants 
displayed a larger percentage of high scores (20.8%) than did college-educated participants (11.7%). The 
prevalence of high SCL-90-R PST scores was greatest among the heaviest lifetime drinkers (20.3%). 
Participants in the lower income category showed the larger percentage of high SCL-90-R PST scores 
(21.0%). 

The SCL-90-R PSDI displayed significant covariate associations with occupation (p=0.001), education 
(p=0.001), current alcohol use (p=0.030), and current total household income (p=0.012). High PSDI 
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scores were more prevalent among enlisted groundcrew and enlisted flyers (9.5% for each) than among 
officers (3.7%). Participants with at most a high school education displayed the greater percentage of 
high SCL-90-R PSDI scores (9.5%), and the heaviest current drinkers showed the highest percentage 
(12.0%). The prevalence of high SCL-90-R PSDI scores was greatest for participants with lower incomes 
(8.7%). 

12.2.2   Exposure Analysis 

The following section presents results of the statistical analyses of the dependent variables shown in 
Table 12-1. Dependent variables were derived from a medical records review and verification of self- 
reported psychological conditions and the psychological examination portion of the 1997 follow-up 
examination. 

Four models were examined for each dependent variable given in Table 12-1. The analyses of these 
models are presented below. Further details on dioxin and the modeling strategy are found in Chapters 2 
and 7, respectively. These analyses were performed both unadjusted and adjusted for relevant covariates. 
Model 1 examined the relation between the dependent variable and group (i.e., Ranch Hand or 
Comparison). In this model, exposure was defined as "yes" for Ranch Hands and "no" for Comparisons 
without regard to the magnitude of the exposure. As an attempt to quantify exposure, three contrasts of 
Ranch Hands and Comparisons were performed along with the overall Ranch Hand versus Comparison 
contrast. These three contrasts compared Ranch Hands and Comparisons within each occupational 
category (i.e., officers, enlisted flyers, and enlisted groundcrew). As described in previous reports and 
Table 2-8, the average levels of exposure to dioxin were highest for enlisted groundcrew, followed by 
enlisted flyers, then officers. 

Model 2 explored the relation between the dependent variable and an extrapolated initial dioxin measure 
for Ranch Hands who had a 1987 dioxin measurement greater than 10 ppt. If a participant did not have a 
1987 dioxin level, the 1992 level was used to estimate the initial dioxin level. If a participant did not have 
a 1987 or a 1992 dioxin level, the 1997 level was used to estimate the initial dioxin level. A statistical 
adjustment for the percentage of body fat at the time of the participant's blood measurement of dioxin 
was included in this model to account for body-fat-related differences in elimination rate (32). 

Model 3 divided the Ranch Hands examined in Model 2 into two categories based on their initial dioxin 
measures. These two categories are referred to as "low Ranch Hand" and "high Ranch Hand." Two 
additional categories, Ranch Hands with 1987 serum dioxin levels at or below 10 ppt and Comparisons 
with 1987 serum dioxin levels at or below 10 ppt, were formed and included in the model. Ranch Hands 
with 1987 serum dioxin levels at or below 10 ppt are referred to as the "background Ranch Hand" 
category. Dioxin levels in 1992 were used if the 1987 level was not available, and dioxin levels in 1997 
were used if the 1987 and 1992 levels were not available. These four categories—Comparisons, 
background Ranch Hands, low Ranch Hands, and high Ranch Hands—were used in Model 3 analyses. 
The relation between the dependent variable in each of the three Ranch Hand categories and the 
dependent variable in the Comparison category was examined. A fourth contrast, exploring the relation 
of the dependent variable in the combined low and high Ranch Hand categories relative to Comparisons, 
also was conducted. This combination is referred to in the tables as the "low plus high Ranch Hand" 
category. As in Model 2, a statistical adjustment for the percentage of body fat at the time of the 
participant's blood measurement of dioxin was included in this model. 

Model 4 examined the relation between the dependent variable and 1987 lipid-adjusted dioxin levels in all 
Ranch Hands with a dioxin measurement. If a participant did not have a 1987 dioxin measurement, the 
1992 measurement was used to determine the dioxin level. If a participant did not have a 1987 or a 1992 
dioxin measurement, the 1997 measurement was used to determine the dioxin level. 
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12.2,2.1  Medical Records Variables 

12.2.2.1.1 Psychoses 

All results from the analyses of a history of psychoses (Models 1 through 4) were nonsignificant, both 
unadjusted and adjusted for covariates (Table 12-3(a-h): p>0.23 for each analysis). 

Table 12-3. Analysis of Psychoses 

(a) MODEL 1: RANCH HANDS VS. COMPARISONS- UNADJUSTED 

Occupational 
;;f;; 7::^o^|i:;:§;:!:-;::: ;;£|Jtf:i; p-Value 

All 

Officer 

Enlisted Flyer 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

867 
1,249 

341 
493 

151 
187 

375 
569 

34(3.9) 
48 (3.8) 

9 (2.6) 
12 (2.4) 

10 (6.6) 
7 (3.7) 

15 (4.0) 
29(5.1) 

1.02 (0.65,1.60) 

1.09 (0.45,2.61) 

1.82(0.68,4.91) 

0.78(0.41,1.47) 

0.927 

0.853 

0.235 

0.435 

(b) MODEL 1: flfii;^ 

Occupational Category '■'; 
Adjusted Relative Risk 

W:M-MiBMMW:B p-Value 
All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

1.03 (0.65,1.63) 

1.12(0.47,2.71) 
1.85 (0.68,5.04) 
0.76(0.40,1.47) 

0.905 

0.796 
0.230 
0.423 

(c)MODEL2: ijRÄNCHjHiMÖSI, -miTIAL DIOXINS UNADJUSTED 

Initial Dioxin Gate^ Analysis Results for Log2 ■(Initial Dioxin)8.■:.::  ■ . 

.7 ]:y.: Initial^ .'r'' 
B-l^ivM^M^M^ 

Estimated Relative Risk 
p-Value 

Low 
Medium 
High 

160 
162 
157 

10 (6.3) 
7 (4.3) 
7 (4.5) 

0.90(0.65,1.24) 0.501 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

n (95%CX)a p-Value 
472 0.82 (0 55 1 23) 0 33ft 

Relative risk for a twofold increase in initial dioxin. 
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Table 12-3.   Analysis of Psychoses (Continued) 

(e) MODEL 3: RANCH^ANDS ^ 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,211 

381 
239 
240 
479 

47 (3.9) 

10 (2.6) 
12 (5.0) 
12 (5.0) 
24 (5.0) 

0.71 (0.35,1.43) 
1.29 (0.67,2.47) 
1.23(0.64,2.36) 
1.26(0.76,2.09) 

0.339 
0.447 
0.535 
0.373 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < lOppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY ^ADJUSTED;-:.'.:, 

, ;:->       DioxiniGM^ofy^ \;'..:  :. :^M^^MWM\%;'^''}: 

Adjusted Relative Risk          ;   ■• 
'.■■':-;. pWalue"" ;..        . '• 

Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH 

1,196 

374 
236 
236 
472 

0.85 (0.41,1.73) 
1.42(0.73,2.77) 
0.90(0.45,1.80) 
1.13(0.67,1.91) 

0.648 
0.297 
0.759 
0.647 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison:  1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand):  1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(g) MODEL 4: RANCH HANDS -1987 DIOXIN ̂ .;p$Äi>j^^ 

1987 Dioxin Category Summary ̂ "MSäSj^KSJIlip SlllPl;^ 
1987 

^MtM^iMMMk 
Number (%) 
lliftliilll 

iltiÖÖm^^ 

Low 
Medium 
High 

288 
287 
285 

9 (3.1) 
12 (4.2) 
13 (4.6) 

1.11(0.89,1.39)                              0.368 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

12-16 



Table 12-3.   Analysis of Psychoses (Continued) 

(h) MODEL 4: RANCH HANDS - 1987 DIOXIN - ADJUSTED 

Analysis Results for Log2 (1987 Dioxin + l)j 

Adjusted Relative Risk 
p-Value: 

846                                           1.08(0.84,1.40) 0.550 
a Relative risk for a twofold increase in 1987 dioxin. 

12.2.2.1.2 Alcohol Dependence 

All unadjusted and adjusted results from the analysis of alcohol dependence were nonsignificant for 
Models 1 through 4 (Table 12-4(a-h): p>0.30 for each analysis). 

Table 12-4. Analysis of Alcohol Dependence 

(a) MODEL It RANCH HANDS VS. COMPARISONS - UNADJUSTED 

Occupational 
■">t; '^:5 >::i'' ::o|^0«p;^- ■::; -?;:; ;_J :;■: ■: ^SM~r\%W- 

'S- 5::-Es^!RelätiMRisl<: -h% 
p-Value 

All Ranch Hand 
Comparison 

867 
1,248 

62 (7.2) 
83(6.7) 

1.08 (0.77,1.52) 0.655 

Officer Ranch Hand 
Comparison 

341 
493 

15 (4.4) 
26 (5.3) 

0.83 (0.43,1.58) 0.566 

Enlisted Flyer Ranch Hand 
Comparison 

151 
187 

14 (9.3) 
16 (8.6) 

1.09 (0.52,2.32) 0.818 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

375 
568 

33 (8.8) 
41 (7.2) 

1.24 (0.77,2.00) 0.377 

(b) MODEL 1: RANCH HANDS VS. COMPARISONS - ADJUSTED 

Occupational Category 
Adjusted Relative Risk 

p-Value- 
All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

1.04(0.74,1.48) 

0.82(0.43,1.58) 
0.94 (0.43,2.04) 
1.25(0.76,2.03) 

0.816 

0.557 
0.871 
0.377 

(c) MODEL 2: RANCH HANDS - INITIAL DIOXIN - UNADJUSTED 

;4^§Mt^!Ä Analysis Results for Log2 (Initial Dioxin)11 

^if;!;^ :;;I:PlKlN^^ ;■;4: :W^MäitM^ä^0M^SW%--f&£'(:W-?X? i '-S% K 
^E^:;I5Pl0^tf^*^^l:O^^) Sn:^mM;MM MmM:Mt^Wi:MßBiä:i f :1;:;:; j;;-!:;: - J|;::; ;■ ;:s <^ir,^:^||ii>^::;:::;; ■;.; -;; :;f "■::■■: ^ ::r i:^4> ;;;.;:■ ;:v-::;:. :v^; ::> R^#^«^e;:- :;;;:■ :::;^;:v :j;-s -;.:; 

Low 160 14 (8.8) 1.04(0.81,1.34)                         0.747 
Medium 162 10 (6.2) 
High 157 14 (8.9) 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 
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Table 12-4.   Analysis of Alcohol Dependence (Continued) 

(d) MODEL t% RANCH HANDS - INITIAL DIOXIN ~ ADJUSTED 

Arialysis.Results.for Log2 (Initial Dioxin) '/•■.'.'".'■..'' 
$■:. r: A4) u^tetf Relative >3ÖSkr'.:4St.' #::;;::-:;: -    '"■■.: :& ^ 11' ^^iiv^ ■:- - :^"" ■ -:: ^ 

 475 1.04(0.77,1.42)  0.790  

a Relative risk for a twofold increase in initial dioxin. 

Note: Results are not adjusted for parental status because of the sparse number of participants with alcohol 
dependence. 

(e) MODEL 3: RANCH HANDS AND COMPARISONS BY| DIOXIN CATEGORY) -UNADJUSTED 

.■;:I.Dioxin-Category. :' p:^i^:^m:X':^'vM :  p-Value 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,210 

381 
239 
240 
479 

80 (6.6) 

24 (6.3) 
18 (7.5) 
20 (8.3) 
38 (7.9) 

0.93(0.58,1.50) 
1.16(0.68,1.97) 
1.31(0.78,2.18) 
1.23(0.82,1.84) 

0.767 
0.594 
0.307 
0.316 

a Relative risk and confidence interval relative to Comparisons. 
Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY |^il§iRiKiWI::^l 

:;::':        Dioxin Category :'-.■'.''■[ W:S^?:t^'M-:4:ri':!i Px ^"?^i^ip^\taüTiieT;"'; 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,196 

376 
237 
238 
475 

1.04(0.63,1.69) 
1.11(0.64,1.91) 
1.01 (0.58,1.73) 
1.05(0.69,1.60) 

0.888 
0.714 
0.985 
0.802 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 12-4.   Analysis of Alcohol Dependence (Continued) 

(g)MQpEL4: RANCH HANDS -1987 DIOXIN ;^|$si^^ 
1987 Dioxin Category Summary Statistics Analysis Results for Lqg2 (1987 Dioxin + 1) 

1987 
Dioxin i%'"K%'}:^:^§}-i::t:p\ 

Number (%)   . ■    Estimated Relative Risk :' 

Low 
Medium 
High 

288 
287 
285 

16 (5.6) 
24 (8.4) 

22 (7.7) 

1.07(0.90,1.28)                                0.420 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

:^f§^ 

-tv; ■ &¥ ;;p->VaJÜe £ -x^t}. :W ^3;. 

851                                            0.99(0.82,1.20) 0.898 

3 Relative risk for a twofold increase in 1987 dioxin. 

12.2.2.1.3 Drug Dependence 

Only a small percentage of participants had a verified drug dependence; consequently, analysis of drug 
dependence was limited. All analyses performed for Models 1, 3, and 4 indicated no differences among 
Ranch Hands and Comparisons and no association between dioxin levels and a history of drug 
dependence (Table 12-5(a-b,e-h): p>0.15 for all analyses). No Ranch Hands with extrapolated initial 
dioxin levels (Model 2) had a drug dependence. 

Table 12-5. Analysis of Drug Dependence 

(a)MODELl: |§t^H:^^ 

Occupational 
■'■:"'   'Category;.■■".'■ %:W^M^o§pMfMm 0c-jiff^i§i§§_ ■; ■: p-Value. ■ 

All Ranch Hand 
Comparison 

867 
1,249 

2 (0.2)                  0.72 (0.13,3.94) 
4(0.3) 

0.700 

Officer Ranch Hand 
Comparison 

341 
493 

0 (0.0) 
1 (0.2) 

0.999a 

Enlisted Flyer Ranch Hand 
Comparison 

151 
187 

0 (0.0) 
0 (0.0) 

— 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

375 
569 

2(0.5)                    1.01(0.17,6.08) 
3 (0.5) 

0.990 

a P-value determined using a chi-square test with continuity correction because of the sparse number of participants 
with drug dependence. 
—: Results not presented because of the sparse number of participants with drug dependence. 
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Table 12-5.   Analysis of Drug Dependence (Continued) 

(b) MODEL 1: RANCH HANDS VS. COMPARISONS - ADJUSTED 

Occupational Category 
Adjusted Relative Risk; 

;   ;'.;■.'■ {95% C.I.) p-Value] 

All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

0.58(0.09,3.74) 

0.78(0.11,5.56) 

0.553 

0.802 

—: Results not presented because of the sparse number of participants with drug dependence. 

Note: Results are not adjusted for current employment because of the sparse number of participants with drug 
dependence; in addition, results for all occupational categories combined not adjusted for occupation. 

i^ßj^^ßmlB. l^NCHH^ -INITIAL DIOXIN-UNADJUSTED 

InitialDioxin Category Summary Statistics .■■■■.; :.'^An^ila^^                                                            '..[;■ ■'; 
:..'... ■■:'.Initial':'■;■=.''.. 

iS^^^lftv^^v^vr^f 
■■I - ::fötimäte<i::felätive::Risl£- <": t ■ £'-;?; ■               %ß s"':r' > ~M 

Low 
Medium 
High 

160 
162 
157 

0 (0.0) 
0 (0.0) 
0 (0.0) 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
--: Results not presented because of the sparse number of participants with drug dependence. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

::(«;MQPEL^  ■;■:■;; ..;.'-;..;.:'^' :;■:■: 
Analysis Results for Log2 (Initial Dioxin) 

Adjusted Relative Risk 
p-Valuei 

—: Results not presented because of the sparse number of participants with drug dependence. 
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Table 12-5.   Analysis of Drug Dependence (Continued) 

^($:$j^ -UNADJUSTED 

Dioxin Category ^€-^:^Mi^:l''\^ 
.■■■■  Number:(%) Est Relative Risk 

(95%CX)ab;::. ■ p-Value 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,211 

381 
239 
240 
479 

4 (0.3) 

2 (0.5) 
0 (0.0) 
0 (0.0) 
0 (0.0) 

1.32(0.24,7.34) 0.749 
0.830c 

0.828c 

0.481c 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 
c P-value determined using a chi-square test with continuity correction because of the sparse number of participants 
with drug dependence. 
--: Results not presented because of the sparse number of participants with drug dependence. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand):  1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - ADJUSTED 

Dioxin Category 
Adjusted Relative Risk 

p-Value | 
Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH 

1,196 

374 
236 
236 
472 

1.37(0.19,9.67) 0.755 

a Relative risk and confidence interval relative to Comparisons. 
—: Results not presented because of the sparse number of participants with drug dependence. 

Note: RH = Ranch Hand. 

Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

Results are not adjusted for current employment or occupation because of the sparse number of participants 
with drug dependence. 

(g) MODEL 'M RANCH HANDS -1987 DIOXIN gjflliDfÄ 
:M:.-:0!B^^M& ategory Summary Statistics i§||ö 

I'MMMM 
Low 

Medium 
High 

288 
287 
285 

2 (0.7) 
0 (0.0) 
0 (0.0) 

0.46(0.16,1.34)                               0.155 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 
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Table 12-5.   Analysis of Drug Dependence (Continued) 

(h) MODEL 4: RANCH HANDS ~ 1987 DIOXIN -ADJUSTED 

Analysis Results for tog2 (1987 Dioxin + 1) 

■ ■''■'•' :r.   . . ■Adjusted-Relative:RisM'  : . : ;- ■■ 1 |l:I 

846 0.45(0.10,2.11) 0.226 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Results are not adjusted for race, occupation, current employment, current marital status, and current parental 
-status because of the sparse number of participants with drug dependence. 

12.2.2.1 A Anxiety 

The unadjusted and adjusted analysis results for a history of anxiety were nonsignificant for both Models 
1 and 2 (Table 12-6(a-d): p>0.30 for each analysis). 

Table 12-6. Analysis of Anxiety 

(a) MODEL 1: RANCH HANDS VS. COMPARISONS - UNADJUSTED 

Occupational '■■'; 
0B^f^^^M^::^ ̂r'i>^%M';iM 

,Es$;:ReIative:Risk 
.p-Value. 

All Ranch Hand 
Comparison 

863 
1,246 

232 (26.9) 
334(26.8) 

1.00 (0.83,1.22) 0.969 

Officer Ranch Hand 
Comparison 

340 
493 

56 (16.5) 
88 (17.9) 

0.91 (0.63,1.31) 0.605 

Enlisted Flyer Ranch Hand 
Comparison 

150 
187 

48 (32.0) 
56 (30.0) 

1.10(0.69,1.75) 0.685 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

373 
566 

128 (34.3) 
190(33.6) 

1.03(0.78,1.36) 0.813 

(b) MODEL!: g^l^cHäill^ 

Occupy 
Adjusted Relative Risk 

i:T';;C;;'; ■-;■: ■;:;?::;':: j;^ :<J;; ;;:::K-:i:[";;:: [J =v;^-H;:;: ;|>-!Vältie - ';::;| 

All 1.00(0.82,1.23) 0.979 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

0.93 (0.64,1.35) 
1.01 (0.63,1.63) 
1.04(0.79,1.38) 

0.709 
0.953 

'     0.776 
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Table 12-6.   Analysis of Anxiety (Continued) 

(c) MODEL 2: v|^PE|i||i^p^ir -INITIAL DIOXIN -UNADJUSTED 

Initial Dioxin Category Summary Statistics Analysis Results for Log2 (Initial Dioxin)3 

Initial 
;■ Dioxin ^^■$>^::^:;: ^:A'^S 

'Number (%) :        ■ Estimated Relative Risk 

Low 
Medium 
High 

159 
162 
156 

41 (25.8) 
55 (34.0) 
47 (30.1) 

1.07(0.92,1.24)                         0.360 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(d) MODEL 2: ; RANCH HANDS - -INITIAL DIOXIN -ADJUSTED 

^:M0W^W]-^v-' 

Analysis Results for Log2 (Initial Dioxin) 

p-Valiie 

470 0.91 (0.76,1.09) 0.302 

a Relative risk for a twofold increase in initial dioxin. 

:;;:|SM|^li:i!^ RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY -UNADJUSTED 

...;\   Dioxin Category       ' :■ '■;     ■ n 
Risk;,': 

:. p-Value   ... 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,208 

379 
238 
239 
477 

328 (27.2) 

86 (22.7) 
70 (29.4) 
73 (30.5) 

143 (30.0) 

0.78(0.60,1.03) 
1.12(0.82,1.52) 
1.18(0.87,1.60) 
1.15 (0.91,1.45) 

0.083 
0.473 
0.279 
0.240 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand):  1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 12-6.   Analysis of Anxiety (Continued) 

(f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - ADJUSTED 

Dioxin Category n (95%: CX)* : p-Value 

0.902 
0.343 
0.225 
 0.857 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison:  1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,194 

372 
235 
235 
470 

0.98(0.74,1.31) 
1.17(0.85,1.60) 
0.82(0.59,1.13) 
0.98(0.77,1.25) 

(g) MODEL 4r RANCH HANDS -1987 DIOXIN 1$$$^ 
. .:;:.: 1987 Dioxin Category Sunimary Statistics  ;: ;'."■■;'■■ '■'■■'■ ^l&Ö^ys^^                                                     : 

ß:^^'^ß>Mß^>'M 
Number (%) '; •■■ 

Low 
Medium 
High 

286 
286 
284 

62(21.7) 
76 (26.6) 
91 (32.0) 

1.14(1.03,1.26)                               0.011 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(h) MODEL 4: RANCH HANDS - 1987 DIOXIN - ADJUSTED 

Analysis Results for Log2 (1987 Dioxin + 1) 

Adjusted Relative Risk 
;l>r-;::iv;^ ,.\ .'^Välue 

842                                             0.95(0.84,1.07) 0.368 

a Relative risk for a twofold increase in 1987 dioxin. 

The Model 3 unadjusted analysis revealed marginally significantly more Comparisons than Ranch Hands 
with anxiety (Table 12-6(e): p=0.083, Est. RR=0.78). After adjustment for covariates, the difference was 
nonsignificant (Table 12-6(f): p=0.902). All other Model 3 contrasts were nonsignificant (Table 
12-6(e,f): p>0.22). 

A significant positive association between 1987 dioxin levels and anxiety was found from the unadjusted 
Model 4 analysis (Table 12-6(g): p=0.011, Est. RR=1.14). Similar to Model 3 results, the association 
was nonsignificant after covariate adjustment (Table 12-6(h): p=0.368). 
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12.2.2.1.5 Other Neuroses 

The Model 1 unadjusted analysis of a history of other neuroses showed a marginally significant difference 
between Ranch Hands and Comparisons within the officer stratum (Table 12-7(a): p=0.099, 
Est. RR=0.79). This difference became nonsignificant after adjustment for covariates (Table 12-7(b): 
p=0.127, Adj. RR=0.80). A significant difference within the enlisted groundcrew stratum was seen for 
both the unadjusted and adjusted contrasts (Table 12-7(a,b): p=0.021, Est. RR=L38; p=0.011, 
Adj. RR=L44, respectively). For Ranch Hand enlisted groundcrew, 64.7 percent had other neuroses, as 
compared to 57.1 percent of Comparison enlisted groundcrew. All other Model 1 contrasts were 
nonsignificant (Table 12-7(a,b): p>0.43). 

Table 12-7. Analysis of Other Neuroses 

::,(a);MO0EL^l:;;RANCH;HA 

Occupational 
Category ;Grpup| 

Est. Relative Risk 
p-Value 

All Ranch Hand 
Comparison 

855 
1,240 

467(54.6) 
660 (53.2) 

1.06 (0.89,1.26) 0.529 

Officer Ranch Hand 
Comparison 

338 
491 

136 (40.2) 
226 (46.0) 

0.79(0.60,1.05) 0.099 

Enlisted Flyer Ranch Hand 
Comparison 

149 
185 

93 (62.4) 
112(60.5) 

1.08(0.69,1.69) 0.726 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

368 
564 

238 (64.7) 
322 (57.1) 

1.38(1.05,1.80) 0.021 

(b) MODEL 1: RANCH HANDS VS. COMPARISONS - ADJUSTED 

Occupation;!] Category 
Adjusted Relative Risk 

p-Valuej 
All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

1.08 (0.90,1.29) 

0.80(0.60,1.07) 
1.04(0.66,1.65) 
1.44(1.09,1.91) 

0.434 

0.127 
0.857 
0.011 

(c) MODEL 2: RANCH HANDS - INITIAL DIOXIN - UNADJUSTED 

N-^M il^SÄ&^I^^SIPS^ Analysis Results for L Og2 (Initial Dioxin)3 

^n^^^'*^;;Sl^i 
..:. .Estimated ■ I&lative Risk 

p-Value 

Low 
Medium 
High 

158 
161 
155 

90 (57.0) 
104 (64.6) 
98 (63.2) 

1.02(0.89,1.18) 0.743 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 
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Table 12-7.   Analysis of Other Neuroses (Continued) 

(d) MODEL 2: RANCH HANDS -INITIAL DIOXIN - ADJUSTED 

~ ^'y^^/W^'-'-y'-^^^J.^ 

.: ..Analysis Results for Log2 (Initial Dioxin)'.: ■: 
Adjusted Relative Risk 

467 0.88(0.74,1.05)                                                  0.164 

a Relative risk for a twofold increase in initial dioxin. 

(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - UNADJUSTED 

Dioxin Category           j 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,202                637 (53.0) 

374                 170(45.5)                   0.75(0.60,0.95)                       0.018 
237                 143(60.3)                    1.34(1.01,1.79)                       0.041 
237                 149(62.9)                    1.48(1.11,1.97)                       0.008 
474                 292(61.6)                    1.41(1.13,1.75)                       0.002 

Relative risk and confidence interval relative to Comparisons. 
Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand):  1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

0 MODEL'3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY ^ADJUSTED 

;'  Dioxin-Category .. MM'yM^TiMMMM^ 
Adjusted Relative flMsjfc ■ ..'. '■■■?■■.'■!; ■: * 

TMy :.|pf Yaliie: '■■■ M - ^- -M '--'o 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,187 

367 
234 
233 
467 

0.89(0.69,1.14) 
1.37(1.02,1.84) 
1.18(0.87,1.61) 
1.27(1.01,1.60) 

0.368 
0.036 
0.286 
0.038 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 12-7.   Analysis of Other Neuroses (Continued) 

(g) MODEL 4: RANCH HANDS -1987 DIOXIN g&ici^^ 
1987 Dioxin Category Summary Statistics Analysis Results for Lpg2 (1987 Dioxin + 1) 

Dioxin '■^^■SffiKÖS^-^;':ft 
Number (%) ^   Estimated Relative Risk 

Low 
Medium 
High 

282 
284 
282 

127 (45.0) 
152 (53.5) 
183(64.9) 

1.20(1,09,1.32)                             <0.001 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(h) MODEL 4: RANCH HANDS -1987 DIOXIN - ADJUSTED 

Analysis^ Results, for Logs- (1987 Dioxin + 1)  ' ] 

!S:::l;:;ll;/;i:.:iÄ^ 
 834 1.02(0.91,1.14) 0.763 

Relative risk for a twofold increase in 1987 dioxin. 

Model 2 analyses of other neuroses were nonsignificant, both unadjusted and adjusted for covariates 
(Table 12~7(c,d): p>0.16 for each analysis). 

Each contrast of Ranch Hands with Comparisons in the unadjusted Model 3 analysis of other neuroses 
was significant (Table 12-7(e): p=0.018, Est. RR=0.75, for the Ranch Hand background dioxin category 
contrast; p=0.041, Est. RR=1.34, for the Ranch Hand low dioxin category contrast; p=0.008, Est. 
RR=1.48, for the Ranch Hand high dioxin category contrast; p=0.002, Est. RR=1.41, for the contrast of 
Ranch Hands in the combined low and high dioxin categories with Comparisons). Except for Ranch 
Hands in the background category, a higher proportion of Ranch Hands had other neuroses than did 
Comparisons. Results remained significant in the adjusted analysis of Ranch Hands in the low dioxin 
category (Table 12-7(f): p=0.036, Adj. RR=L37) and the adjusted analysis of Ranch Hands in the 
combined low and high dioxin categories (Table 12-7(f): p=0.038, Adj. RR=1.27). The remaining 
adjusted analyses were nonsignificant (Table 12-7(f): p>0.28). 

The Model 4 unadjusted analysis of other neuroses revealed a significant positive association between 
1987 dioxin levels and other neuroses (Table 12-7(g): p<0.001, Est. RR=1.20). After accounting for 
covariates, the association was nonsignificant (Table 12-7(h): p=0.763). 

12.2.2.2  Psychological Examination Variables 

The 12 variables contained in this section are derived from the SCL-90-R. These 12 variables consist of 
nine primary symptom disease categories and three global indices of distress. A short description, which 
has been taken from the SCL-90-R reference manual (31), of each of the primary symptom disease 
categories and global indices of distress is given before the description of the results of the statistical 
analyses. The function of each of these global measures of the SCL-90-R, the GSI, the PSDI, and the 
PST, is to communicate in a single score the level or depth of the individual's psychopathology. 
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Seven items are a part of the SCL-90-R, which are not subsumed under any of the primary symptom 
dimensions; these symptoms actually "load" on several of the dimensions but are not unique to any of 
them. These seven items are having a poor appetite, overeating, having trouble falling asleep, awakening 
in the early morning, experiencing restless or disturbed sleep, thinking of death or dying, and feeling 
guilty. While in this sense they violate one of the statistical criteria for inclusion in the test, they are a 
part of the item set because they are clinically important. These items contribute to the global scores on 
the SCL-90-R and are intended to be used configurally. Thus, a high depression score with "early 
morning awakening" and "poor appetite" may mean something quite different from a similar score with 
these symptoms absent. By the same token, the presence of conscious "feelings of guilt" is an important 
clinical indicator that communicates important information to the clinician. The additional items are not 
scored collectively as a dimension but are summed into.the global scores. 

72.2.2.2.1 SCL-90-R Anxiety 

The anxiety dimension is composed of a set of symptoms and signs that are associated clinically with 
high levels of manifest anxiety. General signs such as nervousness, tension, and trembling are included in 
the definition, as are panic attacks and feelings of terror. Cognitive components involving feelings of 
apprehension and dread, and some of the somatic correlates of anxiety, also are included as dimensional 
components. The symptoms comprising the anxiety dimension are experiencing nervousness or shakiness 
inside, trembling, being suddenly scared for no reason, feeling fearful, experiencing heart pounding or 
racing, feeling tense and keyed up, having spells of terror and panic, feeling so restless you couldn't sit 
still, feeling that something bad is going to happen, and experiencing frightening thoughts and images. 

The Model 1 unadjusted analysis of SCL-90-R anxiety revealed no significant differences between Ranch 
Hands and Comparisons when examined across all occupations or within each occupational stratum 
(Table 12-8(a): p>0.10 for each contrast). When covariates were entered into the Model 1 analysis, a 
marginally significant difference was found for enlisted flyers (Table 12-8(b): p=0.073, Adj. RR=0.53). 
High SCL-90-R anxiety scores were more prevalent among Comparison enlisted flyers than Ranch Hand 
enlisted flyers (16.0% vs. 10.0%). 

Table 12-8. Analysis of SCL-90-R Anxiety 

(a) MODEL I; ISIS!^ 
Occupatiorial 

': ; ■■ 'Category. ::. ■■ ''^MW^0>WMS^fA p-Value 
All Ranch Hand 

Comparison 
866                82  (9.5) 

1,249               140 (11.2) 
0.83 (0.62,1.10) 0.197 

Officer Ranch Hand 
Comparison 

341                  14   (4.1) 
493                 28   (5.7) 

0.71 (0.37,1.37) 0.309 

Enlisted Flyer Ranch Hand 
Comparison 

150                 15 (10.0) 
187                 30 (16.0) 

0.58(0.30,1.13) 0.108 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

375                 53 (14.1) 
569                 82 (14.4) 

0.98(0.67,1.42) 0.905 
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Table 12-8.   Analysis of SCL-90-R Anxiety (Continued) 

(b) MODEL 1: RANCH HANDS VS. COMI>ARISONS -ADJUSTED 

Occupational Category 
Adjusted Relative Risk 
r;:V;;;;(95%CX):: ; 

All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

0.85(0.63,1.14) 

0.75 (0.39,1.46) 
0.53 (0.27,1.06) 
1.02(0.70,1.50) 

p-Value 

0.267 

0.400 
0.073 
0.904 

(c) MODEL 2: RANCH HANDS - INITIAL DIOXIN - UNADJUSTED 

Initial Dioxin Category Summary Statistics Analysis Results for Log2 (Initial Dioxin)3 

Dioxin 
■Estimated Relative Risk 

r "¥y:::::f;; ■■;;:■■-;-■; ■;-" ■ ■:; C^S^i v^;^i:^>^";:;;;-1:;-;; ^:;';:   -;;; :■':;:; >' \;;; ■ ■■; :■' >::;; E»--Val *ie;'; -::;;;
: _;; >: ^.; ■:;; :;■;-; 

Low 
Medium 
High 

160 19(11.9) 
161 19(11.8) 
157                         17 (10.8) 

0.98(0.79,1.21)                         0.847 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(d) MODEL 2: RANCH HANDS -INITIAL DIOXIN --ADJUSTED 

:;>;E1E =ij^Miu^ 
471                                          0.73(0.57,0.95) 0.016 

a Relative risk for a twofold increase in initial dioxin. 

(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY -UNADJUSTED 

:'S:-I:4 ■ ■= P-S^alÜe;;1' 

Comparison                            1,211                 133 (11.0) 

Background RH                        381                   27   (7.1)                   0.65(0.42,1.00) 
LowRH                                    239                   26(10.9)                   0.98(0.63,1.53) 
HighRH                                    239                   29(12.1)                    1.07(0.70,1.65) 
Low plus High RH                    478                   55(11.5)                    1.02(0.73,1.43) 

0.051 
0.919 
0.756 
0.895 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 12-8.   Analysis of SCL~90~R Anxiety (Continued) 

(f) MODEL 3: RANCH HANDS AND; COMPARISONS BY DIOXIN CATEGORY - ADJUSTED 

Dioxin Category 
Adjusted Relative Risk 

■.: ■■'■ :.(95%.CX)3;-     . -j p-Value j 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,196 

374 
236 
235 
471 

0.86(0.55,1.35) 
1.09(0.69,1.73) 
0.76(0.48,1.20) 
0.91 (0.64,1.29) 

0.506 
0.717 
0.237 
0.595 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(g)MODEL4: RANCH HANDS -1987 DIOXIN -UNADJUSTED 

sil'iiPilsiial Category Sumn« ji^-S;taiistt<s"::;>;ä:;^:;|;i|' Analysis Results for Logj (1987 Dioxin + 1) 

:^WM::M:.~ 
Number (%) 

:'-;':High".f.;-:: 
£$B .ESÖM                                  ; - iS- W::$%- :M!M::1 :M:W$- ■£■. 

Low 
Medium 
High 

288 
287 
284 

19  (6.6) 
30 (10.5) 
33(11.6) 

1.15(0.99,1.34)                               0.065 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(h) MODEL 4: RANCH HANDS - 1987 DIOXIN - ADJUSTED 

Analysis Results for Log2 (1987 Dioxin + 1) 

., -Adjusted:Relative Risk:  ; 
S % i ]'mm M l';>; f * £#$; ¥ 3f # ¥¥>;¥ t; WM " |V^ :$B^SMß^p & %.\k, M-%& 1 ¥ ~M;; f fen ;-| ;;;fi- yalüefe fe l;>fe:S fe '■: !-i'^ 

845                                              0.96(0.81,1.13) 0.619 

a Relative risk for a twofold increase in 1987 dioxin. 

Similar to Model 1, the result from the Model 2 unadjusted analysis of SCL-90-R anxiety was 
nonsignificant (Table 12-8(c): p=0.847). The adjusted analysis revealed a significant association 
between initial dioxin and the prevalence of high SCL-90-R anxiety scores (Table 12-8(d): p=0.016, Adj. 
RR=0.73). As initial dioxin increased, the prevalence of high SCL-90-R anxiety scores decreased. 

The unadjusted Model 3 analysis revealed a marginally significant difference in the prevalence of high 
SCL-90-R anxiety scores among Ranch Hands in the background category (7.1%) and Comparisons 
(11.0%) (Table 12-8(e): p=0.051, Est. RR=0.65). Results were nonsignificant after adjustment for 
covariates (Table 12-8(f): p=0.506). Other Model 3 contrasts were nonsignificant (Table 12-8(e,f): 
p>0.23 for each contrast). 
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The unadjusted analysis of Model 4 revealed a marginally significant positive association between the 
1987 dioxin levels and the prevalence of high SCL-90-R anxiety scores (Table 12-8(g): p=0.065, 
Est. RR=1.15). The results were nonsignificant after covariate adjustment (Table 12-8(h): p-0.619). 

12.2.2.2.2 SCL-90-R Depression 

The symptoms of the depression dimension reflect a broad range of the manifestations of clinical 
depression. Symptoms of dysphoric mood and affect are represented, as are signs of withdrawal of life 
interest, lack of motivation, and loss of vital energy. In addition, feelings of hopelessness, thoughts of 
suicide, and other cognitive and somatic correlates of depression are included. The symptoms comprising 
the depression dimension are losing sexual interest or pleasure, feeling low in energy or slowed down, 
thinking of ending your life, crying easily, feeling trapped or caught, blaming yourself for things, feeling 
lonely, feeling blue, worrying too much about things, feeling no interest in things, feeling hopeless about 
the future, feeling everything is an effort, and feeling worthless. 

Both the unadjusted and adjusted analyses revealed a marginally significant difference in the prevalence 
of high SCL-90-R depression scores between Ranch Hands (13.3%) and Comparisons (16.1%) when 
examined across all occupations (Table 12-9(a,b): p=0.073, Est. RR=0.80; p=0.077, Adj. RR=0.79, 
respectively). In addition, a significant difference was found within the enlisted flyer stratum in both the 
unadjusted and adjusted analyses (Table 12-9(a,b): p=0.038, Est. RR=0.53; p=0.013, Adj. RR=0.45, 
respectively). The prevalence of high SCL-90-R depression scores was higher among Comparisons 
(21.4%) than Ranch Hands (12.7%) for this occupation. All remaining Model 1 contrasts, as well as the 
Model 2 analyses, were nonsignificant (Table 12-9(a-d): p>0.13). 

Table 12-9. Analysis of SCL-90-R Depression 

(a) MODEL 1: RANCH HANDS .VS.. COMPARISONS -UNADJUSTED 

Occupational 
'Group. %}yp.'^M p-Value 

AH 

Officer 

Enlisted Flyer 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

866 
1,249 

341 
493 

150 
187 

375 
569 

115 (13.3)                 0.80 (0.62,1.02) 
201 (16.1) 

28   (8.2)                 0.85(0.52,1.39) 
47   (9.5) 

19 (12.7)                0.53 (0.29,0.97) 
40(21.4) 

68(18.1)                0.88(0.63,1.23) 
114(20.0) 

0.073 

0.512 

0.038 

0.469 

(b) MODEL 1: liMii^^ 

B;f:s:;t"pÖ^^ 

All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

0.79(0.61,1.03)                                        0.077 

0.89(0.54,1.46)                                        0.642 
0.45 (0.24,0.84)                                           0.013 
0.90(0.64,1.28)                                           0.562 
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Table 12-9.   Analysis of SCL-90-R Depression (Continued) 

(c) MODEL 2: RANCH HANDS -INITIAL DIOXIN - UNADJUSTED 

Initial Dioxin Category Summary Statistics Analysis Results for Log2 (Initial Dioxin)a 

Dioxin 
Estimated Relative Risk '■ 

■   (95% CJ^.   '■..                    p-Value 

Low 
Medium 
High 

160 22 (13.8) 
161 23 (14.3) 
157                         26 (16.6) 

1.10(0.91,1.32)                       0.345 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

■    Analysis Results for Log2 (Initial Dioxin); 

$-f■■ )>'<l:lS;#S"'K&M ffiS-h %;W:&? 
Adjusted Relative Risk   ■. 

p-Value 

471 0.84(0.67,1.06) 0.138 

a Relative risk for a twofold increase in initial dioxin. 

(e)MOPEL3: RANCH HANDS AND gOMPAllISONS BY DIOXIN CATEGORY -UNADJUSTED 

■.        JOiöxin Category ,. ■. ;: i;H;ri; ■!;i. ':*       ]-% -0 pf>:::H*g|* - J ^J4£:K ;i 

:; ■ $ ;Est-iReföävÄsl£:;>:,t.:: 
p-VaJue   , 

Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH 

1,211 

381 
239 
239 
478 

194 (16.0) 

43(11.3) 
30 (12.6) 
41 (17.2) 
71 (14.9) 

0.70(0.49,1.00) 
0.74(0.49,1.12) 
1.03 (0.71,1.50) 
0.88(0.65,1.18) 

0.052 
0.156 
0.862 
0.383 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 12-9.   Analysis of SCL-90-R Depression (Continued) 

;p;M^ -ADJUSTED 

:: Dioxin Category.;;. ¥9^-S:'^$--&^W. 
Adjusted Relative Risk 

p.- Value 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,196 

374 
236 
235 
471 

0.88(0.60,1.27) 
0.78 (0.51,1.20) 
0.74(0.49,1.11) 
0.76(0.55,1.04) 

0.485 
0.256 
0.142 
0.087 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand):  1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand):  1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(g) MODEL 4: RANCH HANDS -1987 DIOXIN '-UNADJUSTED; .. 

1987 Dioxin Category Summary KvS^'fisä^^.^lV'^ '.;;.;.'■; -' Analysis-Resuits-fbr ^ 

. Dioxin WMM^M^MMM^Mk High   :;;>;';'; 
Low 
Medium 
High 

288 
287 
284 

29(10.1) 
38 (13.2) 
47 (16.6) 

1.15(1.01,1.31)                               0.040 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(h) MODEL 4: RANCH HANDS - 1987 DIOXIN - ADJUSTED 

Analysis Results for Log2 (1987 Dioxin + 1) 

Adjusted Relative^isk 
'tW '<& ? M- WMWM % WM>. i£Sft™ ■ -:. H ''! C^MB(9$^£^iMa :S? '^: ,;K ~^:M ^t/^PW^^H W.     'MA f '■■('■fv:- 

845                                              0.97(0.84,1.13) 0.712 

a Relative risk for a twofold increase in 1987 dioxin. 

The unadjusted Model 3 analysis revealed a marginally significant difference in the prevalence of high 
SCL-90-R depression scores among Ranch Hands in the background category (11.3%) and Comparisons 
(16.0%) (Table 12-9(e): p=0.052, Est. RR=0.70). All other unadjusted contrasts were nonsignificant 
(Table 12-9(e): p>0.15). The Model 3 adjusted analysis revealed a marginally significant difference 
among Ranch Hands in the combined low and high dioxin categories and Comparisons (Table 12-9(g): 
p=0.087, Adj. RR=0.76). The remaining adjusted contrasts were nonsignificant (Table 12-9(f): p>0.14). 

A significant positive association between the 1987 dioxin levels and the prevalence of a high SCL-90-R 
depression score was found from the unadjusted analysis of Model 4 (Table 12-9(g): p=0.040, 
Est. RR=1.15). The association was nonsignificant after adjustments for covariates (Table 12-9(h): 
p=0.712). 
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12,2.2,2.3 SCL-90-R Hostility 

The hostility dimension reflects thoughts, feelings, or actions that are characteristic of the negative affect 
state of anger. The selection of items includes all three modes of manifestation and reflects qualities such 
as aggression, irritability, rage, and resentment. The symptoms comprising the hostility dimension are 
feeling easily annoyed or irritated; having uncontrollable temper outbursts; having urges to beat, injure, or 
harm someone; having urges to break or smash things; getting into frequent arguments; and shouting or 
throwing things. 

The analysis of SCL-90-R hostility showed no significant results for Models 1 and 2 (Table 12-10(a-d): 
p>0.12 for each analysis). 

Table 12-10. Analysis of SCL-90-R Hostility 

(a) MODEL 1: RANCH HANDS VS. COMPARISONS - UNADJUSTED 

Occupational 
!;!■ Category 7J Group 

Number (%)! 
High 

Est. Relative Risk 
p-Value 

All Ranch Hand 
Comparison 

866 
1,249 

61   (7,0) 
111   (8.9) 

0.78 (0,56,1,08) 0.124 

Officer Ranch Hand 
Comparison 

341 
493 

11   (3.2) 
23   (4.7) 

0.68(0.33,1.42) 0.304 

Enlisted Flyer Ranch Hand 
Comparison 

150 
187 

11   (7.3) 
21 (11.2) 

0.63 (0.29,1.34) 0.228 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

375 
569 

39 (10.4) 
67(11.8) 

0.87(0.57,1.32) 0.513 

(b) MODEL 1: RANCH HANDS VS. COMPARISONS - ADJUSTED 

Occupational Category 
Adjusted Relative Risk 

All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

0,81 (0.58,1,13) 

0.71 (0.34,1.49) 
0.66(0.30,1.45) 
0.90(0.59,1.39) 

I p-Value I 

0,217 

0.367 
0.301 
0.642 

(c) MODEL 2:: RANCH HANDS - -^lltf^ 
'''•"'       vi'"V;;.:;lnit ial Dioxin Category iSjini^ Analysis Results for Log2 (Initial Dioxin)3 

initial 
Dioxiii '■$:$§f§:ß ;:V§;'v; •; ;i^-;!l ^-rV^ttite'- ;t':c -^.;

;; ;■ ^; ■! i' - 

Low 
Medium 
High 

160 
161 
157 

12 (7.5) 
12 (7.5) 
15 (9.6) 

1.12(0.88,1.42) 0.377 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 
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Table 12-10.   Analysis of SCL-90-R Hostility (Continued) 

(d) MODEL 2: RANCH HANDS - INITIAL DIOXIN - ADJUSTED 

Analysis Results for Log2 (Initial Dioxin); 

Adj listed Relative Risk 
K. yy;:- %% X'ip^ypX: ̂ i}f:::^^ p-Value 

411 0.94(0.71,1.25) 0.692 

a Relative risk for a twofold increase in initial dioxin. 

(e)MODEL3:j |jg||!^ -UNADJUSTED 

Dioxin Category ^^ 

Comparison 1,211 107(8.8) 

Background RH                        381                   22(5.8)                     0.66(0.41,1.07) 0.090 
LowRH                                    239                   16(6.7)                     0.73(0.42,1.26) 0.261 
HighRH                                    239                   23(9.6)                     1.05(0.65,1.70) 0.828 
Low plus High RH 478 39 (8.2) 0.88(0.60,1.30) 0.512 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY -ADJUSTED 

Comparison 1,196 

Background RH 374 0.86 (0.52,1.40) 0.536 
LowRH 236 0.80(0.46,1.40) 0.440 
HighRH                                           235                           0.84(0.51,1.38) 0.488 
Low plus High RH 471 0.82(0.55,1.22) 0.333 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 12-10.   Analysis of SCL-90-R Hostility (Continued) 

(g) MODEL 4: ^lll^lpNIjS -1987 DIOXIN iig^lj^ 

1987 Dioxin 'CategorySummary Statistics Analysis Results tor Log2 (1987 Dioxin + 1) 

Dioxin Ki-:^'^^;;S:S-^/;^ 
iNÄber^)'"'!^- 

High 
Estimated Relative Risk 

;;■::"'.; :
:'":^:; -;■::. ;=;; ;;v. -^.S^;: ^i^^|; "-i;; J; ■;;:■:':=::h>;;:;:::';_.":::: ■;:'-;:"; ■::; -:::; ■■ ■ y: -;'_::" ■■■-1- ■;:=■; "^ Value,:.; ^. -;;".; -:;; I _; y;.; j; ■ - ;'f V; 

Low 
Medium 
High 

288 
287 
284 

16 (5.6) 
19 (6.6) 
26 (9.2) 

1.19(1.01,1.41)                              0.045 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9~19.6 ppt; High = >19.6 ppt 

:;|g;;|lg^ 

H': ^Sol^*?^^;          ''■? '>% 
845                                              1.01 (0.84,1.23) 0.889 

a Relative risk for a twofold increase in 1987 dioxin. 

A marginally significant difference in the prevalence of high SCL-90-R hostility scores was found among 
Ranch Hands in the background dioxin category (5.8%) and Comparisons (8.8%) from the Model 3 
unadjusted analysis (Table 12~10(e): p=0.090, Est. RR=0.66). After adjustment for covariates, the 
difference was nonsignificant (Table 12-10(f): p=0.536), as well as all other Model 3 contrasts (Table 
12-10(e,f): p>0.26 for all remaining contrasts). 

The Model 4 unadjusted analysis showed a significant positive association between the 1987 dioxin levels 
and the prevalence of high SCL-90-R hostility scores (Table 12-10(g): p=0.045, Est. RR=1.19). After 
covariates were included in the model, the association was nonsignificant (Table 12-10(h): p=0.889). 

12.2.2.2.4 SCL-90-R Interpersonal Sensitivity 

The interpersonal sensitivity dimension focuses on feelings of personal inadequacy and inferiority, 
particularly in comparison with others. Self-deprecation, feelings of uneasiness, and marked discomfort 
during interpersonal interactions are characteristic manifestations of this syndrome. In addition, 
individuals with high scores on interpersonal sensitivity report acute self-consciousness and negative 
expectations concerning the communications and interpersonal behaviors with others. The symptoms 
comprising the interpersonal sensitivity dimension are feeling critical of others, feeling shy or uneasy 
with the opposite sex, having feelings easily hurt, feeling others do not understand or are unsympathetic 
to, feeling that people are unfriendly or dislike you, feeling inferior to others, feeling uneasy when people 
are watching or talking about you, feeling very self-conscious with others, and feeling uncomfortable 
about eating or drinking in public. 

The Model 1 unadjusted analysis of SCL-90-R interpersonal sensitivity revealed marginally significant 
differences between Ranch Hands and Comparisons examined across all occupational strata and within 
the enlisted flyer stratum (Table 12-11(a): p=0.066, Est. RR=0.80; p=0.072, Est. RR=0.59, respectively). 
The results remained marginally significant for the contrast of Ranch Hands and Comparisons across all 
occupations in the adjusted analysis and became significant for the enlisted flyer contrast (Table 12-11(b): 
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p=0.070, Adj. RR=0.79; p=0.029, Adj. RR=0.52, respectively). Both contrasts showed that Comparisons 
had an increased prevalence of high SCL-90-R interpersonal sensitivity scores over Ranch Hands (16.4% 
vs. 13.5% for all occupations combined and 22.5% vs. 14.7% for enlisted flyers). All other Model 1 
contrasts were nonsignificant (Table 12-ll(a,b): p>0.27 for all remaining contrasts). 

Table 12-11. Analysis of SCL-90-R Interpersonal Sensitivity 

(a) MODEL 1: RANCH HANDS VS. COMPARISONS - UNADJUSTED 

Occupational 
;:: -Category;".! Group 

Number (%): 
;>,■; High    J 

Est Relative Risk 
r".'/(95%CX)   _;■'■; p-Value 

All Ranch Hand 
Comparison 

866 
1,249 

117(13.5) 
205 (16.4) 

0.80(0.62,1.02) 0.066 

Officer Ranch Hand 
Comparison 

341 
493 

25   (7.3) 
40   (8.1) 

0.90(0.53,1.51) 0.679 

Enlisted Flyer Ranch Hand 
Comparison 

150 
187 

22 (14.7) 
42 (22.5) 

0.59(0.34,1.05) 0.072 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

375 
569 

70 (18.7) 
123 (21.6) 

0.83(0.60,1.15) 0.272 

(b)MÖDELl: RANCH H^ 

Occupational Category 
Adjusted Relative Risk 

p-Value 

All 0.79(0.61,1.02) 0.070 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

0.93 (0.55,1.56) 
0.52 (0.28,0.93) 
0.86(0.61,1.20) 

0.772 
0.029 
0.366 

(c) MODEL jiji; RANCH HANDS - INITIAL DIOXIN - UNADJUSTED 

Initial Dioxii l Category Summary Statistics Analysis Results for Log2 (Initial Dioxin)? 

Initial 
Dioxin 

Number (%) 

Low 
Medium 
High 

160 27 (16.9) 
161 26(16.2) 
157                         26(16.6) 

0.98(0.81,1.18)                       0.798 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(d) MODEL 2: RANCH HANDS - INITIAL DIOXIN - ADJUSTED 

p-Value 
471 0.78 (0.62,0.97} 0 09A 

Relative risk for a twofold increase in initial dioxin. 
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Table 12-11.   Analysis of SCL-90-R Interpersonal Sensitivity (Continued) 

(e) MODEL 3: BRANCH HANDS AND COMPARISONS BY DIOXIN ;€4TB^|tW^;WÄ3PJf0S^.; 

'M:■:■:v '   x'        ;S %.'fä&b&<(WM ':\ ->:.     ■■!:MkttReiäöveRisit:^■:■ ■       . 7'"■ ''"■ ;; 
.     Dioxin Category ;;V;\ n /      High,:; : {9S% CX)ab'.';": p-Value 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,211 

381 
239 
239 
478 

198 (16.4) 

37   (9.7) 
36(15.1) 
43 (18.0) 
79 (16.5) 

0.57 (0.39,0.83) 
0.90(0.61,1.32) 
1.08(0.75,1.56) 
0.99(0.74,1.31) 

0.003 
0.586 
0.672 
0.923 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - ADJUSTED 

wMi t 'pio^^ätejß^^^M^ MS- ''$:   .-;o.' M-: 3 - - ;5 \ 5 -I;- M - MM M' W£0WQ&A*' ■ MMM'.. M^Mk S '^ £■ :'"# j^aiup- '1 
Comparison 1,196 

Background RH                             374                         0.73 (0.49,1.07) 0.110 
LowRH                                           236                           0.92(0.62,1.38) 0.698 
HighRH                                          235                           0.77(0.53,1.14)                                  0.190 
Low plus High RH 471 0.84(0.63,1.14) 0.270 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(g) MODEL 4: RANCH HANDS -1987 DIOXIN SUNADJUSfTTO:: ^ ;;, 

:-|-;||::f;;:S IllgjiflX lIlliiliÄ 
MflM0mWM 

:MMM^MM:MMMi' (95% CX)a 
■S" 3; S:^l MM'-* J^^^^MMM §'; ^" 

Low 
Medium 
High 

288 
287 
284 

28  (9,7) 
39 (13.6) 
49 (17.3) 

1.12(0.98,1.28) 0.090 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 
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Table 12-11.   Analysis of SCL-90-R Interpersonal Sensitivity (Continued) 

(h) MODEL 4: RANCH HANDS - 1987 DIOXIN - ADJUSTED 

Analysis Results fbr Log2 (1987 Dioxin+1) 
Adjusted Relative Risk 

 845 0.95(0.82,1.10) 0.511 

Relative risk for a twofold increase in 1987 dioxin. 

The Model 2 unadjusted analysis of the association between initial dioxin and SCL-90-R interpersonal 
sensitivity scores was nonsignificant (Table 12-11(c): p=0.798). After adjustment for covariates, the 
association became significant (Table 12-11(d): p=0.026, Adj. RR=0.78). The prevalence of high SCL- 
90-R interpersonal sensitivity scores decreased as initial dioxin increased. 

A significant difference between Ranch Hands in the background dioxin category and Comparisons was 
found from the unadjusted Model 3 analysis of SCL-90-R interpersonal sensitivity (Table 12-11(e): 
p=0.003, Est. RR=0.57). The prevalence of high SCL-90-R scores was greater among Comparisons 
(16.4%) than among Ranch Hands in the background dioxin category (9.7%). All other Model 3 
unadjusted contrasts, as well as all adjusted contrasts, were nonsignificant (Table 12-1 l(e,f): p>0.11 for 
all remaining contrasts). 

The result from the Model 4 unadjusted analysis of SCL-90-R interpersonal sensitivity was marginally 
significant, indicating a positive association with the 1987 dioxin levels (Table 12-11(g): p=0.090, 
Est. RR=1.12). After adjustment for covariates, the result became nonsignificant (Table 12-11(h): 
p=0.511). 

12.2.2.2.$ SCL-90-R Obsessive-Compulsive Behavior 

The obsessive-compulsive dimension reflects symptoms that are highly identified with the standard 
clinical syndrome of the same name. This measure focuses on thoughts, impulses, and actions that are 
experienced as unremitting and irresistible by the individual but are of an ego-alien or unwanted nature. 
Behaviors and experiences of a more general cognitive performance attenuation also are included in this 
measure. The symptoms comprising the obsessive-compulsive dimension are experiencing repeated 
unpleasant thoughts that won't leave the mind, having trouble remembering things, worrying about 
sloppiness or carelessness, feeling blocked in getting things done, having to do things very slowly to 
ensure correctness, having to check and double-check what is done, having difficulty making decisions, 
having mind go blank, having trouble concentrating, and having to repeat the same actions (e.g., touching, 
counting, washing). 

All Model 1 and 2 analyses of SCL-90-R obsessive-compulsive behavior were nonsignificant, both 
unadjusted and adjusted for covariates (Table 12-12(a-d): p>0.12 for each analysis). 
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Table 12-12. Analysis of SCL-90-R Obsessive-Compulsive Behavior 

(a* MODEL 1: RANCH HANDS VS. COMPARISONS- UNADJUSTED 

Occupational 
Category:-.A- 'mW^&<^:&'¥^ %'^ty:M^^'^:^ v.-;';.r:;'High:- ;/;;m 

Est, Relative Risk 
., ■:  . (95.%C,h)  . ;. p-Value 

All Ranch Hand 
Comparison 

866 
1,249 

121 (14.0) 
205 (16.4) 

0.83 (0.65,1.06) 0.125 

Officer Ranch Hand 
Comparison 

341 
493 

30   (8.8) 
47   (9.5) 

0.92(0.57,1.48) 0.718 

Enlisted Flyer Ranch Hand 
Comparison 

150 
187 

28 (18.7) 
41 (21.9) 

0.82(0.48,1.40) 0.462 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

375 
569 

63 (16.8) 
117(20.6) 

0.78(0.56,1.09) 0.150 

(b) MODEL 1: RANCH HANDS VS. COMPARISONS - ADJUSTED 

Occupational Category 
Adjusted Relative Risk 

All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

0.83 (0.65,1.07) 

0.95 (0.58,1.54) 
0.77 (0.44,1.35) 
0.81 (0.57,1.14) 

p-Value; 

0.157 

0.824 
0.365 
0.225 

(c) MODEL t. RANCH HANDS - -INITIAL DIOXIN -»UNADJUSTED 

Initial; Dioxi n Category Summary Statistics.;. : ■Analysis Result's for Log2 (Initial Dioxin)3 

Initial 
,    .Dioxin ■ W'W0yB:\^ 

■ Estimated Relative Risk : 

[L W^S^^Mi^'^iZ'- 
Low 
Medium 
High 

160 
161 
157 

26(16.3) 
27 (16.8) 
24 (15.3) 

1.02 (0.85,1.23) 0.854 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

!-(d):MQPJEt^ 

Analysis Results for Log2 (Initial Dioxin) 

lÄyüstÖ^ 

All 0.89(0.71,1.11) 

p-Vaiu< 

0.286 

Relative risk for a twofold increase in initial dioxin. 

12-40 



Table 12-12,   Analysis of SCL-90-R Obsessive-Compulsive Behavior (Continued) 

:;;feO$^ f;]toÄpJSml^;;:'':>;:;:;:.;: 

Dioxin Category p-Vaiue 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,211                198(16.4) 

381                 43(11.3)                  0.68(0.48,0.97) 
239                 38(15.9)                  0.96(0.65,1.40) 
239                   39(16.3)                   0.96(0.66,1.40) 
478                   77(16.1)                   0.96(0.72,1.28) 

0.032 
0.821 
0.831 
0.773 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note:    RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand):  1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY -ADJUSTED 

Dioxin Category ^i;;^^|-;:^|.^-;.,:äS 
Adjusted Relative Risk 

■^x^^^^Äv^:^;^ -: r -i: y 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,196 

374 
236 
235 
471 

0.84(0.58,1.21) 
1.01 (0.68,1.50) 
0.72(0.48,1.07) 
0.85(0.63,1.15) 

0.340 
0.948 
0.103 
0.298 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand):  1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(g) MODEL 4: RANCH HANDS -1987 DIOXIN iilll^IMM^ 

U M;mi^l^W^Wi^^ Summary ̂ S^1$|Ö<i|l^-I;:$i? ffIMIÄ 

v:l;''|:fl-:'xä;;|: llpilllll 
Low 
Medium 
High 

288 
287 
284 

30 (10.4) 
42 (14.6) 
48 (16.9) 

1.13(1.00,1.29)                              0.058 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 
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Table 12-12.   Analysis of SCL-90-R Obsessive-Compulsive Behavior (Continued) 

(h) MODEL 4: RANCH HANDS -1987 DIOXIN - ADJUSTED 

Analysis Results for Log2 (1987 Dioxin +1) J 

Adjusted Relative Risk 

 845 1.00(0.87,1.16) 0.964 

Relative risk for a twofold increase in 1987 dioxin. 

The Model 3 unadjusted analysis of SCL-90-R obsessive-compulsive behavior revealed a significant 
difference in the prevalence of high SCL-90-R scores between Ranch Hands in the background category 
(11.3%) and Comparisons (16.4%) (Table 12-12(e): p=0.032, Est. RR=0.68). The result was 
nonsignificant after adjustment for covariates (Table 12-12(f): p=0,340). All other Model 3 contrasts 
were also nonsignificant (Table 12-12(e,f): p>0.10 for all other contrasts). 

A marginally significant positive association was found between the 1987 dioxin levels and the 
prevalence of high SCL-90-R obsessive-compulsive behavior scores from the unadjusted Model 4 
analysis (Table 12-12(g): p=0.058, Est. RR=1.13). After adjustment for covariates, the association was 
nonsignificant (Table 12-12(h): p=0.964). 

12.2.2.2.6 SCL-90-R Paranoid Ideation 

The present dimension represents paranoid behavior fundamentally as a disordered mode of thinking. 
The cardinal characteristics of projective thought, hostility, suspiciousness, grandiosity, centrality, fear of 
loss of autonomy, and delusions are viewed as primary reflections of this disorder; item selection was 
oriented toward representing this conceptualization. The symptoms comprising the paranoid ideation 
dimension are feeling others are to blame for most of your troubles, feeling that most people cannot be 
trusted, feeling that you are watched or talked about by others, having ideas and beliefs that others do not 
share, not receiving proper credit from others for your achievements, and feeling that people will take 
advantage of you if you let them. 

All results from the Model 1 and 2 analyses of SCL-90-R paranoid ideation were nonsignificant (Table 
12-13(a-d): p>0.19 for each examination). 

Table 12-13. Analysis of SCL-90-R Paranoid Ideation 

(a) MODEL 1: RANCH HANDS VS. COMPARISONS - UNADJUSTED 

Occupational 
%-§ßM^^tx^0^MM;i i^iMBMM^^^ 

' '■ ■ ÄtlRelätiveRist '■{■'"■'M 
:■■ .-'V-p-Value ■':"■■.; 

All Ranch Hand 
Comparison 

866 
1,249 

57  (6.6) 
89  (7.1) 

0.92 (0.65,1.30) 0.627 

Officer Ranch Hand 
Comparison 

341 
493 

8   (2.4) 
15   (3.0) 

0.77(0.32,1.83) 0.547 

Enlisted Flyer Ranch Hand 
Comparison 

150 
187 

8   (5.3) 
17   (9.1) 

0.56(0.24,1.34) 0.196 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

375 
569 

41 (10.9) 
57 (10.0) 

1.10(0.72,1.69) 0.652 
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Table 12-13.   Analysis of SCL-90-R Paranoid Ideation (Continued) 

Occupational Category; 
Adjusted Relative Risk 

.; ' ;(?5%-;C.I.) 

All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

0.98(0.68,1.40) 

0.84 (0.35,2.03) 
0.56(0.23,1.37) 
1.17(0.76,1.81) 

p-Value 

0.898 

0.698 
0.206 
0.479 

(c) MODEL 2r RANCH HAN^^^ 

Initial Dioxin Category Summary Statistics Analysis Results for Log2 (Initial Dioxin)3 

m ::i:; I-Initial w$ j ;g SM fiPSSi ]tf: S. %Mi*^M$$. P&^§ 

Low                            160                          8   (5,0) 
Medium                      161                         15   (9.3) 
High                            157                         16 (10.2) 

1.16 (0.91,1.47)                        0.227 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(d) MODEL 2: RANCH HANDS -INITIAL DIOXIN-ADJUSTED 

p-Yahie     .    ""■•;: 

471                                       0.88(0.66,1.17) 0.374 

a Relative risk for a twofold increase in initial dioxin. 

(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY -UNADJUSTED 

i--;' 1: '-.§M :?; %P" Y^Ufe ^; 

Comparison                           1,211                  85   (7.0) 

Background RH                        381                   17   (4.5)                   0.65(0.38,1.10) 
LowRH                                    239                   13   (5.4)                   0.75(0.41,1.38) 
HighRH                                   239                   26(10.9)                    1.56(0.98,2.48) 
Low plus High RH                    478                   39   (8.2)                    1.08(0.72,1.64) 

o.no 
0.357 
0.062 
0.703 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 12-13.   Analysis of SCL-90-R Paranoid Ideation (Continued) 

(f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - -ADJUSTED 

Dioxin Category C^ffi'v:^^LÄPä-;:-:.'S^: 
Adjusted Relative Risk 

p-Value 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,196 

374 
236 
235 
471 

0.90(0.51,1.57) 
0.87(0.47,1.61) 
1.16(0.71,1.89) 
1.00(0.65,1.54) 

0.702 
0.657 
0.559 
0.990 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(g) MODEL M RANCH HANDS - 1987 DIOXK £Pä$Ä 
yV-''19ä7Di oxin Category Summary Statistics :::!;   ; ;=;;";;;:;: j:,;:;:;; ^ ixiatiy' ssi s:; R €^^üL|is 1 ¥&           <[ -t^^^" ßMl Ox i iriL -^ ;b|L 5 ^ t - =; ="   : ^ i; ^= 

.■:--;.: ;■■-'Dioxin'■'■ 

Low 
Medium 
High 

288                 14  (4.9) 
287                  13   (4.5) 
284                  29 (10.2) 

1.21 (1.02,1.45)                               0.032 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium - >7.9-19.6 ppt; High = >19.6 ppt. 

(h) MODEL 4: RANCH HANDS - 1987 DIOXIN - ADJUSTED 

Analysis Results for Log2 (1987 Dioxin + 1) 

MM 1: '£ ::i ' ■ ■ ? A^üMeä'föläti ve:;Äisk::-- -^ '-:i:j:':-- ^M 
p-Value 

845 1.00(0.82,1.20) 0.960 

Relative risk for a twofold increase in 1987 dioxin. 

The Model 3 unadjusted analysis of SCL-90-R paranoid ideation revealed a marginally significant 
difference in the prevalence of high SCL-90-R scores among Ranch Hands in the high dioxin category 
(10.9%) and Comparisons (7.0%) (Table 1243(e): p=0.062, Est RR=1.56). All other unadjusted 
contrasts were nonsignificant (Table 12-13(e): p>0.11). After covariate adjustment, all results were 
nonsignificant (Table 12-13(f): p>0.55 for each adjusted contrast). 

A significant positive association between the prevalence of high SCL-90-R paranoid ideation scores and 
the 1987 dioxin levels was found in the Model 4 unadjusted analysis (Table 12-13(g): p=0.032, 
Est. RR=1.21). The result was nonsignificant after adjustment for covariates (Table 12-13(h): p=0.960). 
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12222 J SCL-90-R Phobic Anxiety 

Phobic anxiety is defined as a persistent fear response to a specific person, place, object, or situation that 
is characterized as being irrational and disproportionate to the stimulus and which leads to avoidance or 
escape behavior. The items of the present dimension focus on the more pathognomonic and disruptive 
manifestations of phobic behavior. The symptoms comprising the phobic anxiety dimension are feeling 
afraid in open spaces or on the street; feeling afraid to go out of the house alone; feeling afraid to travel 
on buses, subways, or trains; having to avoid certain things, places, or activities because they are 
frightening; feeling uneasy in crowds, such as while shopping or at a movie; feeling nervous when left 
alone; and feeling afraid of fainting in public. 

The Model 1 unadjusted and adjusted analyses of the officer stratum revealed that Comparisons had a 
marginally significant higher prevalence of high SCL-90-R phobic anxiety scores than Ranch Hands 
(5.7% vs. 2.9%) (Table 12-14(a,b): p=0.066, Est. RR=0.50; p=0.090, Adj. RR=0.53, respectively). All 
other Model 1 contrasts were nonsignificant (Table 12-14(a,b): p>0.13 for all remaining contrasts). 

Table 12-14. Analysis of SCL-90-R Phobic Anxiety 

(a) MODEL 1: IgiiiH;^^^ 
Occupatipnal 1 L%S#:;Miimbfi^X^)-^:---::'   :--'■--;7Elfc;Relätivl:Mifefe~W:\vv?M\ 

'■■'■,'.. Category/ ■■''■{ ;;;::;: :■;;:■:": ^; 7 ^ö^üp^S;;'. '^;- ■; i^: ■:; i':^^-^M^'% ;-■: ^' -■;::::;;;: A;;::;;: ":^::PK:; K*iigt|''- ;l:;:;';."- ■:■ 7 ■ :'■ ^:;::-'':- ^;;.: ■'-::::-:- ^i:;-;:::- '^^^S^^ic^^v ■!-;-:;:.■;":;;- ■ ::>:; ;;;> ^:;t:'. ■;->:; -1 ■■ p^Value ■ 

All Ranch Hand 866 85  (9.8)                 0.93(0.70,124) 0.615 
Comparison 1,249 131 (10.5) 

Officer Ranch Hand 341 10  (2.9)                 0.50(0.24,1.05) 0.066 
Comparison 493 28   (5.7) 

Enlisted Flyer Ranch Hand 150 15(10.0)                 0.66(0.34,1.29) 0.223 
Comparison 187 27 (14.4) 

Enlisted Ranch Hand 375 60(16.0)                  1.24(0.86,1.78) 0.258 
Groundcrew Comparison 569 76 (13.4) 

(b) MODEL 1: i$8l$Ä 
;$^uiÄ8R^^ 

Occupational Category yg§|§;:^ 
All 0.92(0.68,124)                                        0.570 

Officer 0.53(0.25,1.11)                                            0.090 
Enlisted Flyer 0.59(0.29,1.18)                                        0.136 
Enlisted Groundcrew 1.24(0.85,1.81)                                           0.270 
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Table 12-14.   Analysis of SCL-90-R Phobic Anxiety (Continued) 

(c)MODEL 2: RANCH HANDS -INITIAL DIOXIN - UNADJUSTED 

Initial Dioxin Category Summary Statistics Analysis Results for Log2 (Initial Dioxin)0 

Initial 
V^Ä^tH'^r-: 

Number (%) {'.:. Estimated Relative Risk 

Low 
Medium 
High 

160 
161 
157 

17 (10.6) 
19(11.8) 
26 (16.6) 

1.18(0.97,1.44)                        0.100 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

■: .;(d) MODEL 2: RANCH J^ANDS-INITIAL DIOXIN - AD JUSTED   :.:^- 

:■ '':k:-:l{:'.:::W'4%'-^M:M-'-M '% W>M~ 

■../ Analysis Results 'lor .Log2 ■■ (Initial Dioxin.)   ; ■■;.:.. 

-::^^lüteft::;;S^ 
471 0.89(0.70,1.12) 0.315 

a Relative risk for a twofold increase in initial dioxin. 

(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY -UNADJUSTED 

Dioxin Category ■ ■. ";:-r;;Li=l --;t;:;sLh; ft.ft'v;/^: J;ft"'jpi^lVaLi[u^ ^.ft;!; ^-h, - V^O^'" .^ 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,211                 126(10.4) 

381                   22   (5.8)                   0.53(0.33,0.85) 
239                  25(10.5)                    1.00(0.64,1.58) 
239                  37(15.5)                    1.57(1.05,2.33) 
478                   62(13.0)                    1.25(0.90,1.74) 

0.009 
0.986 
0.027 
0.177 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 12-14.   Analysis of SCL-90-R Phobic Anxiety (Continued) 

:';0;M^ -ADJUSTED 

Dioxin Category f:''■■ Z)yI~M ■■*--. ■£::: $'M 
Adjusted Relative Risk 

.p-Value 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,196 

374 
236 
235 
471 

0.65(0.40,1.06) 
1.04(0.65,1.67) 
1.11(0.72,1.70) 
1.07(0.76,1.52) 

0.086 
0.872 
0.647 
0.694 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(g) MODEL 4: RANCH HANDS -1987 DIOXIN fe$tÄ 
^0$^0^ßMf ategory Sumruarj 'Statistics   '■.'■:■■":■ : MWSM: ^Äö^^ResiÄ^                                       ■:   '      ■ 

Dioxin [^^MiBß^&\B[ 
Number {%) 
."."High;:■'.; -r'; 

Estimated Relative Risk 

Low 
Medium 
High 

288 
287 
284 

15  (5.2) 
27   (9.4) 
42 (14.8) 

1.28(1.11,1.48)                                0.001 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

__       n (95% C.I.)a ^____ p-Value; 
845 1.03(0.88,1.21) 0.727 

a Relative risk for a twofold increase in 1987 dioxin. 

The unadjusted Model 2 analysis revealed a marginally significant positive association between initial 
dioxin and the prevalence of high SCL-90-R phobic anxiety scores (Table 12-14(c): p=0.100, 
Est. RR=1.18). After adjustment for covariates, the association was nonsignificant (Table 12-14(d): 
p=0.315,Adj.RR=0.89). 

Significant differences among Comparisons and Ranch Hands in both the background and high dioxin 
categories were found from the unadjusted Model 3 analysis of SCL-90-R phobic anxiety (Table 
12-14(e): p=0.009, Est. RR=0.53; p=0.027, Est. RR=L57, respectively). Higher SCL-90-R phobic 
anxiety scores were more prevalent among Comparisons than Ranch Hands in the background dioxin 
category (10.4% vs. 5.8%), Higher phobic anxiety scores were more prevalent among Ranch Hands in 
the high dioxin category than Comparisons (15.5% vs. 10.4%). Results were marginally significant for 
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the adjusted Ranch Hand background dioxin category contrast with Comparisons and nonsignificant for 
the adjusted contrast of Ranch Hands in the high dioxin category with Comparisons (Table 12-14(f): 
p=0.086, Adj. RR=0.65; p=0.647, respectively). All other Model 3 contrasts were nonsignificant (Table 
12-14(e,f): p>0.17 for all remaining contrasts). 

The results from the Model 4 unadjusted analysis revealed a significant positive association between the 
1987 dioxin levels and the SCL-90-R phobic anxiety scores (Table 12-14(g): p=0.001, Est. RR=1.28). 
The association was nonsignificant after adjustment for covariates (Table 12-14(h): p=0.727). 

12.2.2.2.8 SCL-90-R Psychoticism 

The psychoticism scale was developed in a fashion to represent the construct as a continuous dimension 
of human experience. Items indicative of a withdrawn, isolated, schizoid lifestyle were included, as were 
first-rank symptoms of schizophrenia, such as hallucinations and thought-broadcasting. The symptoms 
comprising the psychoticism dimension are having the idea that someone else can control your thoughts, 
hearing voices that other people do not hear, believing that other people are aware of your private 
thoughts, having thoughts that are not your own, feeling lonely even when you are with people, having 
thoughts about sex that bother you a lot, believing that you should be punished for your sins, thinking that 
something serious is wrong with your body, never feeling close to another person, and thinking that 
something is wrong with your mind. 

The contrast combining all occupations from the Model 1 unadjusted analysis of SCL-90-R psychoticism 
revealed a marginally significant difference in the prevalence of higher scores (Table 12-15(a): p=0.084, 
Est. RR=0.80). The prevalence of high psychoticism scores was greater for Comparisons than for Ranch 
Hands (14.7% vs. 12.1%). The results were nonsignificant in the adjusted analysis, as well as for all other 
Model 1 contrasts (Table 12-15(a,b): p>0.11 for all remaining contrasts). 

Table 12-15. Analysis of SCL-90-R Psychoticism 

(a) MODEL 1: RANCH HANDS VS. COMPARISONS - UNADJUSTED 

: Occupational V..^ 
§M]:00^g^I^;t'M l

: .;••; ■■''Group ■■ : ' ' J l££>£^Ä-£ "■/-;;%?;^:--"i^':V'i^''-.'....; WM@$M§&Mt p-Value 
All Ranch Hand 

Comparison 
866 

1,249 
105 (12.1) 
184(14.7) 

0.80 (0.62,1.03) 0.084 

Officer Ranch Hand 
Comparison 

341 
493 

21   (6.2) 
45   (9.1) 

0.65(0.38,1.12) 0,121 

Enlisted Flyer Ranch Hand 
Comparison 

150 
187 

19 (12.7) 
31 (16.6) 

0.73(0.39,1.35) 0.317 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

375 
569 

65 (17.3) 
108 (19.0) 

0.90(0.64,1.26) 0.522 

(b) MODEL 1: RANCH HANDS VS. COMPARISONS - ADJUSTED 

:-'\'^'Occupations 
Adjusted Relative Risk 

(95% C.I.) p-Value 
All 0.81 (0.62,1.06) 0.116 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

0.68(0.39,1.17) 
0.67 (0.36,1.27) 
0.92(0.65,1.31) 

0.162 
0.223 
0.651 
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Table 12-15.   Analysis of SCL-90-R Psychoticism (Continued) 

(c) MODEL 2: ;!Ä^^|Mb^ - INITIAL DIOXIN -UNADJUSTED;     .;...::;',. 

Initial Dioxin Category Summary Statistics , Analysis Results for Log2 (Initial Dioxin)3   ' 

Initial 
s  Dioxin   '-',,■ ̂;^H;V^^r^'^'^^:^^ 

Number (%) Estimated Relative Risk 

Low 
Medium 
High 

160 
161 
157 

20(12.5) 
26 (16.2) 
25 (15.9) 

1.19(0.99,1.44)                       0.065 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

I<t>flf^ 

^pÄftffle§:;-':-';'ty 1^;   ;v ■,>: ■■ i^ 
471                                       0.98(0.78,1.22) 0.838 

a Relative risk for a twofold increase in initial dioxin. 

(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY »UNADJUSTED 

C|.S f ■ |:S;-;^^attieJüf 
Comparison                            1,211                 176 (14.5) 

Background RH                        381                   33   (8.7)                   0.58(0.39,0.86) 
LowRH                                    239                  28(11.7)                   0.77(0.51,1.18) 
HighRH                                    239                  43(18.0)                    1.25(0.86,1.81) 
Low plus High RH                    478                   71 (14.9)                   0.98 (0.73,1.33) 

0.006 
0.237 
0.235 
0.914 

Relative risk and confidence interval relative to Comparisons. 
Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand):  1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 12-15,   Analysis of SCL-90-R Psychoticism (Continued) 

(f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - ADJUSTED 

.::
;; ]}■}-':_:i:"-:i:       'f1*::/>:ff.%^y^:.f;):,~->:^■■^■■';vj;;&%^&4$iMe&Relative RiskÄ-£.:■:■>;■■;?i^;;:'H ^.-i" ■'/>■- ->''\:>; 

Dioxm Category   ^    ;\-^ 

Comparison 1,196 

Background RH                               374                           0.71(0.47,1.07) 0.104 
LowRH                                           236                           0.83(0.53,1.28) 0.394 
HighRH                                          235                           0.95(0.64,1.40)                                  0.786 
Low plus High RH 471 0.88(0.65,1.21) 0.447 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(g)MODEL 4: ^MlCBÄllJs'- -1987 DIOXIN gjj(^ 
WWWwmC ategory SummaryStatistics: -\ ';'■;.:  ■;■'.;:/ .'.:Analysis;Results1 for/.Log2::(l?8 

Dioxin ■|:fe'£tt;r< 

Number (%) ■ 
';'High;.::--;.:::; 

Low 
Medium 
High 

288 
287 
284 

24  (8.3) 
30 (10.5) 
50 (17.6) 

1.24(1.08,1.42)                                0.002 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(h) MODEL4: RANCH HANDS -1987 DIOXIN-ADJUSTED 

'0K '§ §f jp-^ltie; ;v v \ ^:i^::'; >;' 

845                                              1.06 (0.91,1.23) 0.484 

a Relative risk for a twofold increase in 1987 dioxin. 

The Model 2 unadjusted analysis revealed a marginally significant positive association between initial 
dioxin and SCL-90-R psychoticism scores (Table 12-15(c): p=0.065, Est. RR=1.19). After adjustment 
for covariates, the association was nonsignificant (Table 1245(d): p-0.838). 

A significant difference in the prevalence of high SCL-90-R psychoticism scores was found in the 
unadjusted Model 3 analysis between Ranch Hands in the background category (8.7%) and Comparisons 
(14.5%) (Table 12-15(e): p=0.006, Est. RR=0.58). Results became nonsignificant after covariate 
adjustment (Table 12-15(f): p=0.104). All other Model 3 contrasts were nonsignificant (Table 
12-15(e,f): p>0.23 for all remaining contrasts). 
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The positive association between the 1987 dioxin levels and the SCL-90-R psychoticism scores was 
significant in the Model 4 unadjusted analysis (Table 12-15(g): p=0.002, Est. RR=1.24). The result 
became nonsignificant after covariate adjustment (Table 12-15(h): p=0.484). 

12.2.2.2.9 SCL-90-R Somatization 

The somatization dimension reflects distress arising from perceptions of bodily dysfunction. Complaints 
focusing on cardiovascular, gastrointestinal, respiratory, and other systems with strong autonomic 
mediation are included. Headaches, pain, and discomfort of the gross musculature and additional somatic 
equivalents of anxiety are components of the definition. These symptoms and signs have all been 
demonstrated to have high prevalence in disorders demonstrated to have a functional etiology, although 
all may be reflections of true physical disease. The symptoms comprising the somatization dimension are 
headaches, faintness or dizziness, pains in heart or chest, pains in lower back, nausea or upset stomach, 
soreness of muscles, trouble getting breath, hot or cold spells, numbness or tingling in parts of body, lump 
in throat, weakness in parts of body, and heavy feelings in arms or legs. 

All Model 1 unadjusted and adjusted results from the analysis of SCL-90-R somatization were 
nonsignificant (Table 12-16(a,b): p>0.13 for each contrast). 

Table 12-16. Analysis of SCL-90-R Somatization 

All Ranch Hand 866 143(16.5) 1.03(0.82,1.30) 0.797 
Comparison 1,249 201 (16.1) 

Officer Ranch Hand 341 25   (7.3) 1.00(0.59,1.71) 0.987 
Comparison 493 36   (7.3) 

Enlisted Flyer      Ranch Hand 150 33(22.0) 0.73(0.44,1.21) 0.223 
Comparison 187 52 (27.8) 

Enlisted               Ranch Hand               375                 85(22.7)                  1.18(0.86,1.62)                   0.300 
Groundcrew        Comparison 569 113 (19.9)  

■(b) MODEL 1: RANCH HANDS VS. COMPARISONS - ADJUSTED 

All 1.02 (0.80,1.31) 0.847 

Officer 1.02(0.60,1.74) 0.948 
Enlisted Flyer 0.67 (0.40,1.13) 0.133 
Enlisted Groundcrew 1.22(0.88,1.70)  0.232 
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Table 12-16.   Analysis of SCL-90-R Somatization (Continued) 

(^MOÖEl<2; RANCH HANDS - -JMTIALDIOXIN-UNADJUSTED^ 

Initial Dipsin Category Summary Statistics Analysis Results for Log2 (Initial Dioxin)3 

Initial 
Dioxin '^^^n-':^ 

''. ■:■ ■   Number {%)            . Estimated Relative Risk 
(9S%CX)b:                            p-Value 

Low 
Medium 
High 

160 
161 
157 

34 (21.3) 
33 (20.5) 
31 (19.8) 

0.98 (0.83,1.17)                         0.840 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt 

(ä) MODEL li RANCH HANDS -INITIAL DIOXIN-ADJUSTED 

p-Value V- 

471                                          0.76(0.62,0.94) 0.010 

3 Relative risk for a twofold increase in initial dioxin. 

(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY ™ UNADJUSTED 

■■::,  :■ Dioxin Category ■'-. :|';^;0;F'^i-:^% 
Est Relative Risk 

;>;': \; p-iValpe::::; :; ; :|; "i; t 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,211 

381 
239 
239 
478 

194 (16.0) 

44(11.6) 
48(20.1) 
50 (20.9) 
98 (20.5) 

0.71 (0.50,1.01) 
1.31 (0.92,1.86) 
1.34(0.95,1.91) 
1.33(1.01,1.74) 

0.056 
0.136 
0.098 
0.042 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 12-16.   Analysis of SCL-90-R Somatization (Continued) 

;:^|i!i^ -ADJUSTED 

Dioxin Category % S'-ri-ir^ ]M ■■!•: ':%\% 
". :.■ Adjusted Relative Risk 

p-Value 
Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH 

1,196 

374 
236 
235 
471 

0.92(0.63,1.34) 
1.36(0.93,1.97) 
0.92(0.63,1.33) 
1.11(0.84,1.48) 

0.669 
0.108 
0.643 
0.457 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison:  1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(g)MÖDEL4r RANCH HANDS "1987 DIOXIN -UNADJUSTED 

'   1987 Dioxin Category Summary Statistics',;.. ;• Analysis Results for Log2 ;;(1987Dioxin + 1);...:..': 

■G;::M:Bsü 
:.             p-Value : 

Low 
Medium 
High 

288                 30 (10.4) 
287                 51 (17.8) 
284                  61 (21.5) 

1.16(1.03,1.31) 0.013 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(h)MOp^^ 

;:;: -?;■:: %% '*W$$M W&?TM;^&:1 ^;&&i&.:-? ]'-'M; ~^;::E-J A^äjÜsted '(Relative .Risk'. \}.; '■ h -~7'''-§ii; £&$ 
:i;            p-Value "": V    , 

845                                              0.95(0.83,1.09) 0.458 

a Relative risk for a twofold increase in 1987 dioxin. 

The unadjusted analysis of the association between initial dioxin (Model 2) and the prevalence of 
SCL-90-R somatization showed no significant results (Table 12-16(c): p=0.840). After adjustment for 
covariates, the association became significant and negative (Table 12-16(d): p=0.010, Adj. RR=0.76). 
As initial dioxin increased, the prevalence of high somatization scores decreased. 

The unadjusted Model 3 analysis revealed a marginally significant difference in the prevalence of high 
SCL-90-R somatization scores between Ranch Hands in the background dioxin category (11.6%) and 
Comparisons (16.0%) (Table 12-16(e): p=0.056, Est. RR=0.71). Results were also marginally significant 
for the Ranch Hands in the high dioxin category contrast, where more Ranch Hands (20.9%) than 
Comparisons (16.0%) had a high somatization score (Table 12-16(e): p=0.098, Est. RR=1.34). Similarly, 
results were significant for the low and high dioxin categories combined, where more Ranch Hands 
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(20.5%) had a high somatization score than did Comparisons (16.0%) (Table 12-16(e): p=0.042, 
Est. RR=1.33). All contrasts were nonsignificant when adjusted for covariates (Table 12~16(f): p>0.10). 

The Model 4 unadjusted analysis revealed a significant positive association between the 1987 dioxin 
levels and the prevalence of SCL-90-R somatization scores (Table 12-16(g): p=0.013, Est. RR=1.16). 
The result was nonsignificant after covariate adjustment (Table 12-16(h): p=0.458). 

12.2,2.2.10  SCL-90-R Global Severity Index (GS1) 

The GSI represents the best single indicator of the current level or depth of the disorder and should be 
used in most instances where a single summary measure is required. The GSI combines information on 
numbers of symptoms and intensity of perceived distress. 

A marginally significant difference between Ranch Hand and Comparison enlisted flyers was found from 
the Model 1 unadjusted and adjusted analyses of SCL-90-R GSI (Table 12-17(a,b): p=0.091, 
Est. RR=0.61; p=0.066, Adj. RR=0.57, respectively). More Comparison enlisted flyers (21.9%) than 
Ranch Hand enlisted flyers (14.7%) displayed high GSI scores. All other Model 1 contrasts and each 
Model 2 analysis were nonsignificant (Table 12~17(a-d): p>0.15 for each analysis). 

Table 12-17. Analysis of SCL-90-R Global Severity Index (GSI) 

(a) MODEL It RANCH HANDS VS. COMPARISONS - UNADJUSTED 

Occupational 
|g;^;g-i)i|^^^ivvj;| S'¥&$M.??i 

Number (%) Est-Relative Risk;. ,':       .. ; 
p-Value ' 

All Ranch Hand 
Comparison 

866 
1,249 

118 (13.6) 
195 (15.6) 

0.85(0.67,1.09) 0.204 

Officer Ranch Hand 
Comparison 

341 
493 

23   (6.7) 
37   (7.5) 

0.89(0.52,1.53) 0.676 

Enlisted Flyer Ranch Hand 
Comparison 

150 
187 

22 (14.7) 
41 (21.9) 

0.61 (0.35,1.08) 0.091 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

375 
569 

73 (19.5) 
117(20.6) 

0.93(0.67,1.29) 0.681 

(b) MODEL 1: lÄiSlii^ 

■■'■'■■ ■Oceupaiii pnäl Category 
Adjusted Relative Risk 

: i;-::> v;ip ■, ■::;:;:;-; ■^j:L:- -;;: ;:^ ll;.^ ■ :H:|^^-:::;;^::: ■;;■:;;;:■;:::; p^^^ttiie;::;: 
::.;s 

All 0.87(0.67,1.13) 0.285 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

0.93(0.54,1.61) 
0.57(0.32,1.04) 
0.97(0.70,1.36) 

0.805 
0.066 
0.876 
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Table 12-17.   Analysis of SCL-90-R Global Severity Index (GSI) (Continued) 

:;:;(e);M0BEt:2i: RANCH HANDS.- -fipiifÄl^ 
Initial DioxinCategory Summary Statistics Analysis Results for Log2 (Initial Dioxin)0 

Initial 
Dioxin ■i:l:vft;^*:i'Ä^;v!^?Al-Ä High 

Estimated Relative Risk 
■■:    .       (95% C.hf          ■■■;'"     ;   p-Value       11 

Low 
Medium 
High 

160 
161 
157 

23 (14.4) 
30 (18.6) 
29 (18.5) 

1.08(0.90,1.29)                        0.415 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(d)MODEL2x RANCH HANDS -INITIAL DIOXIN ™ ADJUSTED 

ijp^äijie :§ WJ-y ~$SM t 

471                                          0.86(0.69,1.06) 0.157 

a Relative risk for a twofold increase in initial dioxin. 

11^^ ^PNADJUSTED 

Number (%)                   Est. Relative Risk 
!;K;;:^:^ 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,211 

381 
239 
239 
478 

185 (15.3) 

35   (9.2) 
35 (14.6) 
47 (19.7) 
82 (17.2) 

0.59 (0.40,0.87) 
0.94(0.63,1.39) 
1.30(0.91,1.86) 
1.10(0.83,1.47) 

0.007 
0.754 
0.153 
0.500 

a Relative risk and confidence interval relative to Comparisons. 
Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 12-17.   Analysis of SCL-90-R Global Severity Index (GSI) (Continued) 

(f) MODEL.3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY- ADJUSTED! 

'■y i;s>:> :^J £:■■■;■: >''■:ü ^'.       r: \■v::''';;!:.'<r ';=-■*":-:!■■'■:   :?'>S^^;':/;i::^Adjüsteä':iÄeIätive;Risk:;'^T.;^- -    --.j;j-| |i|| 
■Dioxin Category    ■ n     ' -(95% CX)a     ; p-Value    j 

0.200 
0.877 
0.711 
 0.897 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison:  1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand):  1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH 

1,196 

374 
236 
235 
471 

0.77(0.51,1.15) 
1.03(0.69,1.55) 
0.93(0.64,1.36) 
0.98(0.73,1.32) 

(g)MODEL :4x. RANCH HANDS - 1987 DIOXIN $|(|$Ö^^ 
i987DioxinC ategory Summary Statistics ..   ..:   ':■;.':Analysis Resiilte:for-Log2-;(19S7Dioxin.+ 1):; '     -;' 

WK0MW- 
Dioxin 

ifii^tifnateflM 

Low 
Medium 
High 

288                23   (8.0) 
287                 38 (13.2) 
284                 56 (19.7) 

1.24(1.09,1.41)                               0.001 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low - <7.9 ppt; Medium - >7.9-19.6 ppt; High = >19.6 ppt. 

(h) MODEL 4: RANCH HANDS »1987 DIOXIN-AD JUSTED    ■■;'.: 

':i$&\^:^W;^S-\PEM:^Ms;w^0.#[M>y0;:i'}Mxü:"iA^'ü^ä;:feläöv^;.läsk-;i:;. -;-'%■'S%;:i;S-% 
:VS; \:^:g-^lue:|';;;-^ '^      :;i;\ y'r: 

845                                              1.04(0.90,1.21) 0.555 

a Relative risk for a twofold increase in 1987 dioxin. 

The unadjusted analysis of Model 3 revealed an increased prevalence of high SCL-90-R GSI scores 
among Comparisons (15.3%) than among Ranch Hands in the background category (9.2%) (Table 
12-17(e): p=0.007, Est. RR=0.59). Analysis of this contrast when adjusted for covariates was 
nonsignificant (p=0.200), as were all other Model 3 contrasts (Table 12-17(f): p>0.15 for all other 
contrasts). 

Examination of the association between 1987 dioxin levels and the prevalence of high SCL-90-R GSI 
scores revealed a significant positive result (Table 12-17(g): p=0.001, Est. RR-1.24). The prevalence of 
high GSI scores increased as 1987 dioxin levels increased. The adjusted analysis was nonsignificant 
(Table 1247(h): p=0.555). 
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12.2.2.2.11   SCL-90-R Positive Symptom Total (PST) 

The PST is simply a count of the number of symptoms the participant reports as experiencing to any 
degree. When used configurally in conjunction with the GSI, information on style of response and 
numbers of symptoms endorsed can be helpful in appreciating the clinical picture. 

The results from both the unadjusted and adjusted Model 1 analyses of SCL-90-R PST across all 
occupations showed a marginally significant difference between Ranch Hands and Comparisons (Table 
12~18(a,b): p=0.076, Est. RR=0.81; p=0.083, Adj. RR=0.80, respectively). The prevalence of high 
SCL-90-R PST scores was greater among Comparisons (17.1%) than among Ranch Hands (14.2%). All 
other Model 1 contrasts were nonsignificant (Table 12-18(a,b): p>0.16 for all remaining contrasts). 

Table 12-18. Analysis of SCL-90-R Positive Symptom Total (PST) 

(a) MODEL 1: RANCH HANDS VS. COMPARISONS - UNADJUSTED 

Occupational 
S:IS^Äil*^S'K3 -.'!:; '.■>. :»'.-■ '.;.■■; 

:■  ' .Est:RelatiVe;Risk':::;;V 
p-Valüe 

All Ranch Hand 
Comparison 

866 
1,249 

123 (14.2) 
213 (17.1) 

0.81 (0.63,1.02) 0.076 

Officer Ranch Hand 
Comparison 

341 
493 

25   (7.3) 
46   (9.3) 

0.77 (0.46,1.28) 0.310 

Enlisted Flyer Ranch Hand 
Comparison 

150 
187 

26 (17.3) 
42 (22.5) 

0.72 (0.42,1.25) 0.245 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

375 
569 

72 (19.2) 
125(22.0) 

0.84(0.61,1.17) 0.306 

(b) MODEL 1: RANCH HANDS VS. COMPARISONS - ADJUSTED 

Occupational Category 
Adjusted Relative Risk 

jp- Value! 
All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

0.80(0.62,1.03) 

0.80(0.48,1.33) 
0.67 (0.38,1.18) 
0.86(0.61,1.20) 

0.083 

0.382 
0.168 
0.365 

(c) MODEL 2: 3i|i^ 
Initial Dioxin Category Summary Statistics Analysis Results for Log2 (Initial Dioxin)* 

it;;Illstim^ 
|||:||-::|;|;(?|H 

Low 
Medium 
High 

160 23 (14.4) 
161 34(21.1) 
157                         28 (17.8) 

1.04(0.87,1.25)                          0 647 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low - 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 
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Table 12-18.   Analysis of SCL-90-R Positive Symptom Total (PST) (Continued) 

..(d) MODEL 2: RANCH HANDS - INITIAL DIOXIN -ADJUSTED 

:;i;:::;;;: -;': - '.■■'■   ;: ■■ • '   ;': x   ■: % - '^"rWirii          . ■--&<ij listed - ^elativfe Risk Ji 

(Initial Dioxin) 

Vr-^^l/t^Xi-^'XW>[■■;■■'£ -^r/X■ ipfValüe; '^'AZ     :;::./IffBfj 
471                                          0.82 (0.66,1.02) 0.067 

a Relative risk for a twofold increase in initial dioxin. 

(e) MODEL 3t RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY ^ UNADJUSTED 

:-'f.;.:- .-:. .X95%:G.I.)^h-;;-:':: ■_ _:/;----   '    ;--p-Valiie   "     ■;. 
Comparison                            1,211                 204(16.9) 

Background RH                       381                  36  (9.5) 
LowRH                                    239                  40(16.7) 
HighRH                                    239                  45(18.8) 
Low plus High RH                    478                   85 (17.8) 

0.54 (0.37,0.78)                       0.001 
0.98(0.68,1.42)                       0.921 
1.10(0.77,1.58)                      0.604 
1.04(0.79,1.37)                       0.790 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand):  1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

| (f) MODEL 3s RANCHTIANDS AND COMPARISONS BY DIOXIN CAT^ 

Comparison 1,196 

Background RH                               374                           0.67 (0.45,0.99)                                  0.045 
LowRH                                           236                           1.04(0.71,1.54) Q.830 
HighRH                                              235                             0.78(0.53,1.15) 0.209 
Low plus High RH 471 0.90(0.67,1.21) 0.496 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 12-18.   Analysis of SCL-90-R Positive Symptom Total (PST) (Continued) 

"(g) MODEL 4: RANCH HANDS -1987 DIOXIN -UNADJUSTED.   ■■.'.'■'.■■':■■.'-.'■''■.' JISBi 
■   1987 Dioxin Category Summary Statistics    '•■;. ....   Analysis Results for Log2. (1987 Dioxin +1) 

Dioxin ^■^;/^;^.^rf'vr:^:^'Kf-'?; 

Number (%) 
High . ::(95%CX)a   :■■";/:                           p-Value 

Low 
Medium 
High 

288 
287 
284 

26  (9.0) 
37 (12.9) 
58 (20.4) 

1.22(1.07,1.38)                                0.003 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9~19.6 ppt; High = >19.6 ppt. 

(h) MODEL 4: RANCH HANDS -1987 DIOXIN-AD JUSTED 

Analysis Results for Log2 (1987 Dioxin + 1) 

:$"i;'i; B;: ]pWj$ü$ 4;: '■■ ^ 

845                                              1.02(0.89,1.18) 0.764 

a Relative risk for a twofold increase in 1987 dioxin. 

The association between initial dioxin and SCL-90-R PST was nonsignificant in the Model 2 unadjusted 
analysis but marginally significant in the adjusted analysis (Table 12~18(c,d): p=0.647, Est. RR=1.04; 
p=0.067, Adj. RR=0.82, for the unadjusted and adjusted analyses, respectively). After adjustment, PST 
scores decreased with initial dioxin. 

The unadjusted and adjusted results from the Model 3 analysis of SCL-90-R PST displayed a significant 
difference in the prevalence of high SCL-90-R PST scores between Ranch Hands in the background 
category (9.5%) and Comparisons (16.9%) (Table 12-18(e,f): p=0.001, Est. RR=0.54; p=0.045, 
Adj. RR=0.67, respectively). All other Model 3 contrasts were nonsignificant (Table 12-18(e,f): p>0.20 
for all remaining contrasts). 

The Model 4 unadjusted analysis showed a significant positive association between 1987 dioxin levels 
and the prevalence of high SCL-90-R PST scores (Table 12-18(g): p=0.003, Est. RR=1.22). After 
adjustment for covariates, the association was nonsignificant (Table 12-18(h): p=0.764). 

12.22.2.12   SCL-90-R Positive Symptom Distress Index (PSD1) 

The PSDI is a pure intensity measure, in a sense, "corrected" for numbers of symptoms. It functions 
primarily as a measure of response style in the sense of communicating whether the patient is 
"augmenting" or "attenuating" symptomatic distress in his style of reporting his disorder. 

All results from the analysis of SCL-90-R PSDI were nonsignificant for Models 1, 2, and 4 (Table 
12-19(a-d,g-h): p>0.10 for each Model 1, 2, and 4 analysis). 
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Table 12-19. Analysis of SCL-90-R Positive Symptom Distress Index (PSDI) 

^>MQDEfc I: ^NCIiH^NpS VS. COMPARISONS ^UNADJUSTED:| 

Occupational 
: ■':Category... ; Group: 

;;Niiitiber'(:^):i 
High 

Est Relative Risk 
(95% C.L) p-Value 

All Ranch Hand 
Comparison 

866 
1,249 

69   (8.0) 
84  (6.7) 

1.20 (0.86,1.67) 0.280 

Officer Ranch Hand 
Comparison 

341 
493 

14   (4.1) 
17   (3.5) 

1.20(0.58,2.47) 0.622 

Enlisted Flyer Ranch Hand 
Comparison 

150 
187 

13   (8.7) 
19(10.2) 

0.84(0.40,1.76) 0.642 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

375 
569 

42(11.2) 
48   (8.4) 

1.37(0.88,2.12) 0.158 

(b) MODEL 1: RANCH HANDS VS. COMPARISONS - ADJUSTED 

Occupational Category 
Adjusted Relative Risk 

p-Value 

All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

1.20 (0.86,1.69) 

1.29(0.62,2.68) 
0.78(0.36,1.66) 
1.37(0.88,2.12) 

0.283 

0.495 
0.513 
0.165 

r:(c):MOPEL 2;:
:
?RA]NCH'm^ 

:
:: :;;;■:• ■■:/';:;v/TriJt ial Dioxin Category Summary Statistics Analysis Results for Log2 (Initial Dioxin)3 

Initial 
Dioxin > 

■•'■■.-Estimated"Relativ^JÜsk;:; ;■".•■ ':.■ '=■ ■ :.               .' ■■   ■',. 
(95%C.I.)b                             p-Value 

Low 
Medium 
High 

160 14  (8.8) 
161 20(12.4) 
157                         13   (8.3) 

1.00(0.79,1.26)                        0.992 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(d) MODEL 2: RANCH HANDS - INITIAL DIOXIN - ADJUSTED 

Analysis Results for Log2 (Initial Dioxin) 

■p-Value] 

471 0.80(0.61,1.05) 0.107 

Relative risk for a twofold increase in initial dioxin. 
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Table 12-19.   Analysis of SCL-90-R Positive Symptom Distress Index (PSDt) (Continued) 

.'(e) MODEL -3:"RANCH RANDS AND COMPARISONS BY DIOXIN CATEGORY - -UNADJUSTED 

Dioxin-Category: 
f-- ^ t-i $ l-ll::liiiberiljf ;!■ *     ; ^ ■:: ■ Est^ieiäitiV^ :Risfc::;; ■? 

p-Value 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,211                   78   (6.4) 

381                   22   (5.8)                   0.90(0.55,1.47) 
239                   19   (8.0)                    1.25(0.74,2.11) 
239                   28(11.7)                    1.91(1.21,3.02) 
478                   47   (9.8)                    1.55(1.05,2.27) 

0.671 
0.399 
0.006 
0.026 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

Cf) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - ADJUSTED 

0.572 
0.325 
0.191 
 0.143 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand):  1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,196 

374 
236 
235 
471 

1.16(0.70,1.92) 
1.31 (0.77,2.23) 
1.38(0.85,2.23) 
1.34(0.91,1.99) 

| (g)MÖDEL .4: RANCH HANDS -1987 DIOXIN IIISIM 
llllllllfi oxin Category Summary ̂ ^^pti^i|||:'§| !!!!;€.'t^ 
llllllilil: 

W^&^w^^M^^M 
Number (%) 

iiilSW 
Low 
Medium 
High 

288 
287 
284 

16  (5.6) 
21   (7.3) 
32(11.3) 

1.13(0.97,1.33)                                0.130 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9~19.6 ppt; High = >19.6 ppt. 
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Table 12-19.   Analysis of SCL-90-R Positive Symptom Distress Index (PSDI) (Continued) 

.(h) MODEL 4: RANCHHANDS -1987 DIOXIN -ADJUSTED 

:   AnalysisResults for Log2 (1987 Dioxin + 1) 

■ ..' ' '        '....■-.' ■: ;: ■. ■   ?■>:■                 x[   Adjusted Relative Risk      ;:■■ .  ■..■■ -:. 
p-Value 

845                                           0.96(0.81,1.15) 0.675 

a Relative risk for a twofold increase in 1987 dioxin. 

The unadjusted Model 3 analysis revealed significant differences between Comparisons and Ranch Hands 
in both the high dioxin category and the low and high dioxin categories combined (Table 12-19(e): 
p=0.006, Est. RR=1.91; p=0.026, Est. RR=1.55, respectively). Both contrasts found more Ranch Hands 
(11.7% and 9.8%, respectively) than Comparisons (6.4%) with a high SCL-90-R PSDI score. Each 
contrast was nonsignificant in the adjusted analysis, as were all other Model 3 contrasts (Table 12-19(0: 
p>0.14 for all other contrasts). 

12.3    DISCUSSION 

Neuropsychiatric symptoms are encountered commonly in clinical practice and challenge the primary 
care physician to distinguish those that reflect primary psychological disorders from those secondary to an 
underlying medical condition. Anxiety and depression, for example, are frequently associated with 
organic illness, whether established or perceived, and often complicate both accurate diagnosis and 
response to therapy. 

In behavioral medical practice, standardized interview protocols and testing instruments are well 
established in the assessment of emotional status and cognitive function. The psychological assessment 
protocols used in the baseline and 1985 follow-up examinations included the WAIS, the MMPI, the CI, 
and the CML The negative reaction of participants to the burdensome length and repetition of these 
instruments led to the introduction at the 1987 examinations of the more economical SCL-90-R and the 
MCMI. 

In their published reviews of the world's literature, Veterans and Agent Orange (33, 34), The Institute of 
Medicine concluded that there was insufficient evidence to link herbicide exposure with neuropsychiatric 
and cognitive disorders. Among the most important methodological limitations cited was the possibility 
that a true psychological effect may be below the power of epidemiological studies to detect, particularly 
given the time lapse between exposure and testing. Other limitations include the confounding by the 
effects of combat stress and, as noted above in the introduction to the psychological assessment, the 
significant association of psychological symptoms with the self-perception of exposure. 

Analyses of the 1997 psychometric data yielded few significant results, most of which were limited to 
diagnoses established by a medical records review. Although the overall prevalence of the five diagnoses 
was similar in each cohort, "other neuroses" occurred significantly more often in Ranch Hand enlisted 
groundcrew than in Comparisons (64.7% vs. 57.1%), becoming even more significant after adjustment for 
covariates. Evidence for a dioxin effect was noted in Model 3 as "other neuroses" occurred significantly 
more often in Ranch Hands in the high and low initial serum dioxin categories relative to Comparisons in 
both the unadjusted and adjusted analyses. Further, with respect to 1987 serum dioxin levels, a dose- 
response pattern was noted with a prevalence of 45.0 percent, 53.5 percent, and 64.9 percent, respectively, 
in the low, medium, and high dioxin categories. After adjustment for covariates, the effect was no longer 
significant. 

12-62 



In contrast to the 1992 examination results noted above, analyses of the SCL-90-R indices yielded no 
significant group or occupational differences between the Ranch Hand and Comparison cohorts, nor were 
there any significant associations with either the extrapolated initial or 1987 serum dioxin levels. 

12.4   SUMMARY 

Five psychological disorders verified by a medical records review and 12 measures from the SCL-90-R 
inventory were examined in the psychology assessment. The SCL-90-R consisted of nine primary 
symptom dimensions and three broad indices of psychological distress. Each endpoint was examined for 
a significant association, both unadjusted and adjusted for covariates, with group (Model 1), initial dioxin 
(Model 2), categorized dioxin (Model 3), and the 1987 dioxin levels (Model 4). 

12.4.1   Model 1: Group Analysis 

Differences between Ranch Hands and Comparisons were examined, both across all occupations and 
within each occupational stratum, for the psychology endpoints described above. The results are 
summarized and presented in Table 12-20. In enlisted groundcrew, a significantly greater percentage of 
Ranch Hands than Comparisons had a history of other neuroses for both the unadjusted and adjusted 
analyses. Other variables displaying either significant or marginally significant results from the 
SCL-90-R were anxiety, depression, interpersonal sensitivity, phobic anxiety, global severity index, and 
positive symptom total. These results were found from the analysis combining all occupations or from 
the officer or enlisted flyer strata. The analyses showed a greater percentage of Comparisons than Ranch 
Hands with high SCL-90-R scores. 

Table 12-20. Summary of Group Analysis (Model 1) for Psychological Variables (Ranch Hands vs. 
Comparisons) 

Bl:':fÄ 

5f^''7|^iäsifeÄ^j J ^^|:'B5l Enlisted 
&All?;£""i'■ ¥'i;'   )f:-;VäiiäÖIe:^:1 ■ |:::l:; W%U   %-W%' WSMMSdm '■'--Officer ':^§^E$ly$i^W¥W¥i Groundcrew 

Medical Records 
Psychoses NS NS NS ns 
Alcohol Dependence NS ns NS NS 
Drug Dependence ns ns __ NS 
Anxiety NS ns NS NS 
Other Neuroses NS ns* NS +0.021 
Psychological Examination (SCL-90-R) 
Anxiety ns ns ns ns 
Depression ns* ns -0.038 ns 
Hostility ns ns ns ns 
Interpersonal Sensitivity ns* ns ns* ns 
Obsessive-Compulsive Behavior ns ns ns ns 
Paranoid Ideation ns ns ns NS 
Phobic Anxiety ns ns* ns NS 
Psychoticism ns* ns ns ns 
Somatization NS NS ns NS 
Global Severity Index (GSI) ns ns ns* ns 
Positive Symptom Total (PST) ns* ns ns ns 
Positive Symptom Distress Index (PSDI) NS NS ns NS 
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Table 12-20.   Summary of Group Analysis (Model 1) for Psychological Variables (Ranch 
Hands vs. Comparisons) (Continued) 

Note: NSorns: Not significant (p>0.10). 
ns*: Marginally significant (0.05<p<0.10). 
+: Relative risk > 1.00. 
-: Relative risk < 1.00. 
--: Analysis not performed because of the sparse number of participants with a drug dependence. 

P-value given if p<0.05. 

A capital "NS" denotes a relative risk of 1.00. A lowercase "ns" denotes relative risk less than 1.00. 

M0ßM^ 
.  .Enlisted   : Enlisted 

- W Wf/$$: :Mc P^'^MiixM^M-m^^:        ::?^CÄ ■ ;:-'-i WS-§M^M::i Officer ̂ -M'v-W-^M-My^ Groundcrew 
Medical Records 
Psychoses NS NS NS ns 
Alcohol Dependence NS ns ns NS 
Drug Dependence ns - __ ns 
Anxiety NS ns NS NS 
Other Neuroses NS ns NS +0.011 
Psychological Examination (SCL-90-R) 
Anxiety ns ns ns* NS 
Depression ns* ns -0.013 ns 
Hostility ns ns ns ns 
Interpersonal Sensitivity ns* ns -0.029 ns 
Obsessive-Compulsive Behavior ns ns ns ns 
Paranoid Ideation ns ns ns NS 
Phobic Anxiety ns ns* ns NS 
Psychoticism ns ns ns ns 
Somatization NS NS ns NS 
Global Severity Index (GSI) ns ns ns* ns 
Positive Symptom Total (PST) ns* ns ns ns 
Positive Symptom Distress Index (PSDI) NS NS ns NS 

Note: NSorns: Not significant (p>0.10). 
ns*: Marginally significant (0.05<p<0.10). 
+: Relative risk > 1.00. 
-: Relative risk < 1.00. 
--: Analysis not performed because of the sparse number of participants with a drug dependence. 

P-value given if p<0.05. 

A capital "NS" denotes a relative risk of 1.00. A lowercase "ns" denotes relative risk less than 1.00. 
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12,4,2    Model 2: Initial Dioxin Analysis 

Associations between initial dioxin and each psychological endpoint were examined. The unadjusted 
analyses displayed only two marginally significant associations, both of which indicated more high 
SCL-90-R scores as initial dioxin increased. The association became nonsignificant in the adjusted 
analysis. Adjusted analyses of SCL-90-R anxiety, interpersonal sensitivity, and somatization revealed 
significant associations with initial dioxin, but high SCL-90-R scores decreased as initial dioxin 
increased. A marginally significant association was found between initial dioxin and the SCL-90-R 
positive symptom total, but high positive symptom total scores decreased as initial dioxin increased. The 
results of the initial dioxin analyses are shown in Table 12-21. 

Table 12-21. Summary of Initial Dioxin Analysis (Model 2) for Psychological Variables (Ranch 
Hands Only) 

 Variable '        Unadjusted      ; Adjusted         ' 
Medical Records 
Psychoses ns ns 
Alcohol Dependence NS NS 
Drug Dependence 
Anxiety NS ns 
Other Neuroses NS ns 
Psychological Examination (SCL-90-R) 
Anxiety ns -0.016 
Depression NS ns 
Hostility NS ns 
Interpersonal Sensitivity ns -0.026 
Obsessive-Compulsive Behavior NS ns 
Paranoid Ideation NS ns 
Phobic Anxiety NS* ns 
Psychoticism NS* ns 
Somatization ns -0.010 
Global Severity Index (GSI) NS ns 
Positive Symptom Total (PST) NS ns* 
Positive Symptom Distress Index (PSDI) NS ns  

Note: NSorns: Not significant (p>0.10). 
NS* or ns*: Marginally significant (0.05<p<0.10). 
-: Relative risk < 1.00. 
--: Analysis not performed because of the sparse number of participants with a drug dependence. 

P-value given if p<0.05. 

A capital "NS" denotes a relative risk of 1.00. A lowercase "ns" denotes relative risk less than 1.00. 

12.4.3   Model 3: Categorized Dioxin Analysis 

Differences between Ranch Hands, categorized by dioxin levels, and Comparisons in the history of 
psychological disorders and the prevalence of high SCL-90-R scores were examined. A summary of the 
analyses is given in Table 12-22. Several significant and marginally significant results were found from 
the unadjusted analysis within each categorization of dioxin. Each result became nonsignificant after 
covariate adjustment, except for the analyses of other neuroses and SCL-90-R positive symptom total. In 
addition, the significant result from the unadjusted analysis of SCL-90-R phobic anxiety, which found a 
larger percentage of Comparisons than background Ranch Hands with high scores, became marginally 
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significant in the adjusted analysis. Ranch Hands in the low dioxin category and the low and high dioxin 
categories combined displayed a significantly higher prevalence of other neuroses than Comparisons in 
both the unadjusted and adjusted analyses. For the adjusted analysis of the SCL-90-R positive symptom 
total, a significant difference between Ranch Hands in the background category and Comparisons was 
found where Comparisons had the greater percentage of high SCL-90-R T-scores. 

Table 12-22. Summary of Categorized Dioxin Analysis (Model 3) for Psychological Variables 
(Ranch Hands vs. Comparisons) 

',"■., ■,;::. :' ÜNADJÜSTEI) ^ ■ •■■ .    :f 

■'. .; ■ Background ' $'lül^J^^'^-'^M -;•;' -.^wlghV' ':.';■■ Low plus High 
Ranch Hands ^;l Ranch Hands Ranch Hands Ranch Hands 

;> £; ;:U:;;;V;^                                                        i;;; ■,. ] ■ 'pt : ' • ■-': vsiCo^arisOns'; i ys?| Comparisons ; :;ys.''Comparisons: ; vs. Comparisons 

Medical Records 
Psychoses ns NS NS NS 
Alcohol Dependence ns NS NS NS 
Drug Dependence NS ns ns ns 
Anxiety ns* NS NS NS 
Other Neuroses -0.018 +0.041 +0.008 +0.002 

Psychological Examination 
(SCL-90-R) 
Anxiety ns* ns NS NS 
Depression ns* ns NS ns 
Hostility ns* ns NS ns 
Interpersonal Sensitivity -0.003 ns NS ns 
Obsessive-Compulsive Behavior -0.032 ns ns ns 
Paranoid Ideation ns ns NS* NS 
Phobic Anxiety -0.009 NS +0.027 NS 
Psychoticism -0.006 ns NS ns 
Somatization ns* NS NS* +0.042 
Global Severity Index (GSI) -0.007 ns NS NS 
Positive Symptom Total (PST) -0.001 ns NS NS 
Positive Symptom Distress Index ns NS +0.006 +0.026 
(PSDI) 

Note: NS or ns: Not significant (p>0.10). 
NS* or ns*: Marginally significant (0.05<p<0.10). 
+: Relative risk >1.00. 
-: Relative risk < 1.00. 

P-value given if p<0.05. 

A capital "NS" denotes a relative risk of 1.00 or greater. A lowercase ' 'ns" denotes relative risk less than 
1.00. 

fi':-■:■;■•■■ ::;.v-:;. ..ADjtpTEÖ:--;-;;:.'::;■:;'.■:Sj 

i:i^Ä 'MMMM'S^W^^ 'i::i;<Ji:'-;i'v::0ffigh'::;':'r:-1 Low plus High 
|;|vi|:^ Ranch Hands Ranch Hands Ranch Hands 

y-:-^f-;M 1: ^V(^k: ä'^; ^IC^y^liÖip'KC^B'a^ ^p|il% v^- vs. Comparisons vs. Comparisons vs. Comparisons 

Medical Records 
Psychoses ns NS ns NS 
Alcohol Dependence NS NS NS NS 
Drug Dependence NS _. ~ - 
Anxiety ns NS ns ns 
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Table 12-22.   Summary of Categorized Dioxin Analysis (Model 3) for Psychological 
Variables (Ranch Hands vs. Comparisons) (Continued) 

. ;:   ;       .:;.; ?;" ADJUSTED;. ■'-....• / 

Background m:y;M>hom-~' V&$ WM^MMMM Low plus High 
Ranch Hands Ranch Hands Ranch Hands Ranch Hands 

X-'^i-.;;;"'-;-l'#.:::: iVäriäfele:-^^ £■:;A|-:; ;f :;U vs. Comparisons vs. Comparisons vs. Comparisons vs. Comparisons 

Other Neuroses ns +0.036 NS +0.038 

Psychological Examination 
(SCL-90-R) 
Anxiety ns NS ns ns 
Interpersonal Sensitivity ns ns ns ns 
Obsessive-Compulsive Behavior ns NS ns ns 
Paranoid Ideation ns ns NS NS 
Phobic Anxiety ns* NS NS NS 
Psychoticism ns ns ns ns 
Somatization ns NS ns NS 
Global Severity Index (GSI) ns NS ns ns 
Positive Symptom Total (PST) -0.045 NS ns ns 
Positive Symptom Distress Index NS NS NS NS 
(PSDI) 

Note: NSorns: Not significant (p>0.10). 
ns*: Marginally significant (0.05<p<0.10). 
+: Relative risk >1.00. 
-: Relative risk < 1.00. 
—: Analysis not performed because of the sparse number of participants with a drug dependence. 

P-value given if p<0.05. 

A capital "NS" denotes a relative risk of 1.00. A lowercase "ns" denotes relative risk less than 1.00. 

12.4.4   Model 4:  1987 Dioxin Level Analysis 

The relation between the 1987 dioxin levels and the psychological endpoints was examined. Unadjusted 
analyses revealed significant or marginally significant associations for a history of anxiety and other 
neuroses and for most of the SCL-90-R measures. These associations indicated that disorders or high 
SCL-90-R scores increased as 1987 dioxin increased. After adjustment for covariates, all results became 
nonsignificant. A summary of the analyses is given in Table 12-23. 

Table 12-23. Summary of 1987 Dioxin Analysis (Model 4) for Psychological Variables (Ranch 
Hands Only) 

?!;!;;:■ :^ |l^<v^f:-^(jQÄ^J3^^äi^ 

Medical Records 
Psychoses NS 
Alcohol Dependence NS 
Drug Dependence ns 
Anxiety +0.011 
Other Neuroses +<0.001 
Psychological Examination (SCL-90-R) 
Anxiety NS* 
Interpersonal Sensitivity NS* 
Obsessive-Compulsive Behavior NS* 

NS 
ns 
ns 
ns 
NS 

ns 
ns 

NS 
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Table 12-23.    Summary of 1987 Dioxin Analyses (Model 4) for Psychological Variables 
(Ranch Hands Only) (Continued) 

/:. :.   Variable .;
:. .   ■';:' Unadjusted Adjusted 

Paranoid Ideation +0.032 NS 
Phobic Anxiety +0.001 NS 
Psychoticism +0.002 NS 
Somatization +0.013 ns 
Global Severity Index (GSI) +0.001 NS 
Positive Symptom Total (PST) +0.003 NS 
Positive Symptom Distress Index (PSDI) NS ns 

Note: NSorns: Not significant (p>0.10). 
NS*: Marginally significant (0.05<p<0.10). 
+: Relative risk > 1.00. 

P-value given if p<0.05. 

A capital "NS" denotes a relative risk of 1.00. A lowercase "ns" denotes relative risk less than 1.00. 

12.5   CONCLUSION 

Five psychological disorders, which were verified by a medical records review, and 12 measures from the 
SCL-90-R inventory were examined in the psychology assessment. The SCL-90-R consisted of nine 
primary symptom dimensions and three broad indices of psychological distress. In enlisted groundcrew, 
a significantly greater percentage of Ranch Hands than Comparisons had a history of other neuroses for 
both the unadjusted analyses and the analyses adjusted for covariates. All other adjusted analyses of 
Ranch Hands versus Comparisons that were significant showed a greater percentage of Comparisons than 
Ranch Hands with high SCL-90-R scores. 

Associations between initial dioxin and the psychological endpoints in the analyses adjusted for 
covariates were either nonsignificant or revealed a significant decrease in high SCL-90-R scores as initial 
dioxin increased. 

Differences in the history of psychological disorders and the prevalence of high SCL-90-R scores were 
examined between Comparisons and Ranch Hands categorized by dioxin levels. Ranch Hands in the low 
dioxin category and the low and high dioxin categories combined displayed a significantly higher 
prevalence of other neuroses than Comparisons in both the unadjusted and adjusted analyses. 

The relation between the 1987 dioxin levels and the psychological endpoints was examined; all results 
were nonsignificant. 

In conclusion, Ranch Hand veterans exhibited a significantly increased prevalence of other neuroses 
among enlisted groundcrew, the occupation with the highest dioxin levels and, presumably, the greatest 
herbicide exposure. Consistent increases in the prevalence of other neuroses with dioxin levels were 
found. No consistent relation was found between any SCL-90-R score and any measure of herbicide or 
dioxin exposure. The relation between other neuroses and herbicide exposure and dioxin levels will be 
described in greater detail in a separate report. 
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13  GASTROINTESTINAL ASSESSMENT 

13.1    INTRODUCTION 

13,1.1   Background 

In contrast with the wealth of dioxin research data available in animal models, there is relatively little 
information about the effects of 2,3,7,8-tetrachlorodibenzo-p-dioxin (dioxin) on the human digestive 
system. Although the pharmacokinetics of orally ingested dioxin in a human volunteer have been 
reported (1), the pathologic lesions that have been studied in animals (gastric metaplasia with ulceration 
and ileitis) have not been described in human populations, in which the principal route of exposure has 
been transcutaneous. Further, in two reports of extreme phenoxyherbicide toxicity by ingestion in three 
humans, the primary target organs were the central nervous system with associated coma and the 
musculoskeletal system with rhabdomyolysis and renal failure, rather than the digestive system (2, 3). 

The digestive system and, particularly, the liver (4-9) and stomach (5, 10-14) have been clearly defined 
as target organs for dioxin toxicity in numerous laboratory animals. Dioxin ingested by rodents (15-20) 
and adult monkeys (21) is absorbed by the intestinal lymphatics, transported by chylomicrons in the 
enterohepatic, and preferentially stored in adipose tissue and the liver. Hepatotoxic manifestations, which 
appear to be dose- and time-dependent, include cellular hypertrophy, parenchymal necrosis (principally 
centrilobular), fatty degeneration, and the production of altered hepatic foci, a microscopic precursor in 
hepatic carcinogenesis (9, 22-24). Chronic feeding studies have confirmed the role of dioxin as a hepatic 
carcinogen in rats (25, 26) and mice (27). Gastric endpoints have been the subject of several reports that 
have focused on histologic changes (5,12, 13) and endocrine secretory abnormalities (10, 11, 28) 
associated with dioxin toxicity. 

A host of hepatic biochemical reactions related to dioxin toxicity has been studied, including lipid 
peroxidation (29-33), hepatic prostaglandin synthetase activity (34), and inhibition of glutathione 
peroxidase (30). Results from several lines of biochemical investigation have created a bridge between 
animal and human studies including research into lipid (33, 35-37) and porphyrin metabolism (38-41). 
In rats, dioxin has been shown to increase the activity of glucuronyl transferase (42), an observation that 
led to the use of urinary d-glucaric acid as a marker for dioxin exposure in several human epidemiological 
studies (43^47). The most recent of these, and the only one to include serum dioxin levels, found no 
correlation between this index and the body burden of dioxin (47). 

In published occupational and environmental studies, acid peptic disease is the only digestive disorder 
intrinsic to the gastrointestinal tract that has been examined in relation to dioxin exposure. The finding of 
an increased cumulative incidence of ulcer disease reported in two studies (48, 49) was not confirmed in 
others (47, 50). In the only occupational study to include serum dioxin levels, the cumulative incidence 
of gastritis, ulcer disease, and gastrointestinal hemorrhage was similar in exposed workers (mean serum 
dioxin of 220 picograms [pg] per gram of lipid) and controls (mean of 7 pg per gram of lipid) (47). 

Numerous occupational and environmental studies have reported abnormally elevated liver enzymes in 
association with exposure to dioxin, although in most cases there was no other clinical evidence for 
underlying liver disease (47-54). In longer-term follow-up studies, abnormalities noted at the time of 
acute exposure resolved over time (46, 54-57). In two environmental contamination studies conducted in 
1984-85 at Quail Run (46) and in 1983 at Times Beach (58), Missouri, there was no evidence for hepatic 
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enzyme elevations in association with exposure to dioxin. In the 1987-88 National Institute of 
Occupational Safety and Health study (47), the prevalence of an abnormally elevated liver enzyme 
gamma glutamyl transferase (GGT) was significantly higher in the exposed cohort, but the association 
was noted only in those with significant alcohol consumption and did not appear directly related to the 
body burden of dioxin. Three recently published occupational studies found no significant association 
between elevated hepatic enzymes and serum dioxin levels (59-61). 

Several reports of Vietnam veterans have focused on the potential association of hepatic disease with 
herbicide exposure. In one retrospective cohort study, in which the self-reporting of a rash during or after 
duty in Vietnam was used as a surrogate for dioxin exposure, an increased prevalence of liver enzyme 
abnormalities was noted but was attributed to prior viral hepatitis and alcohol consumption (62). 
Similarly, chronic alcoholism contributed to increased mortality from digestive diseases (cirrhosis and 
peptic ulcer) in a study of United States Army Chemical Corps veterans (63). Finally, in the most recent 
reports of the Air Force Health Study (AFHS), which have included serum dioxin levels in the analyses, 
there has been no increase in the prevalence of biologically meaningful hepatic or digestive disease in the 
Ranch Hand versus the Comparison cohorts (64,65), although GGT and alanine aminotransferase (ALT) 
have been found to increase with dioxin body burden in Ranch Hand veterans. For example, GGT was 
significantly increased in the high dioxin category at the 1992 follow-up examination. 

13.1.2   Summary of Previous Analyses of the Air Force Health Study 

13.1.2.1 1982 Baseline Study Summary Results 

The 1982 AFHS examination included an extensive evaluation of hepatic status by questionnaire, 
physical examination, and laboratory testing. The questionnaire elicited data on liver conditions, liver 
disease, and symptoms compatible with porphyria cutanea tarda (PCT), as well as detailed information on 
PCT risk factors (e.g., alcohol consumption, chemical exposures). The physical examination measured 
hepatomegaly, or enlarged liver, when present and determined liver function and porphyrin patterns by a 
comprehensive battery of 12 laboratory tests. 

The questionnaire showed that Ranch Hands reported more miscellaneous liver conditions (verified by a 
medical records review) and more skin changes compatible with PCT than their Comparisons. Although 
the reported skin changes were statistically significant, no cases of PCT were diagnosed at examination in 
either cohort. 

Ranch Hands had significantly higher GGT and lactic dehydrogenase (LDH) means and lower cholesterol 
means; no differences were found for bilirubin or alkaline phosphatase means. There were no significant 
group differences in uroporphyrin, coproporphyrin, or d-aminolevulinic acid levels, nor did any test set 
support a diagnosis of PCT. 

A comprehensive hepatic evaluation did not reveal any consistent pattern of significant liver damage in 
the Ranch Hand group. 

13.1.2.2 1985 Follow-up Study Summary Results 

The 1985 AFHS examination continued the emphasis on hepatic function and expanded the porphyrin test 
battery to six assays. The interval questionnaire revealed sparse reporting of liver disorders from 1982 to 
1985. Reported liver diseases were verified by medical records, and these data were added to the verified 
baseline history to assess possible lifetime differences. No significant differences were found. 
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The physical examination disclosed a marginally significant increase of hepatomegaly in the Ranch Hand 
group. Emphasis was placed on nine laboratory test variables measuring liver functions: aspartate 
aminotransferase (AST), ALT, GGT, alkaline phosphatase, total and direct bilirubin, LDH, cholesterol, 
and triglycerides. In addition, uroporphyrin and coproporphyrin measurements were obtained to assess 
the likelihood of PCT. 

Only four variables produced differences of any note. The results showed a significantly lower mean 
ALT level, a greater mean alkaline phosphatase level, a lower mean uroporphyrin level, and a marginally 
significant greater mean coproporphyrin level in Ranch Hands. The risk of alkaline phosphatase 
abnormality was marginally significantly increased in Ranch Hands. 

Overall, the 1985 follow-up examination laboratory data showed no adverse clinical or exposure patterns. 
The continuous statistical tests detected significant mean shifts that were not mirrored by the discrete 
tests. These findings were generally consistent with the 1982 baseline examination data. Slight 
differences in analytic results probably were due to the use of more fully adjusted models for the 1985 
follow-up examination data. 

Interval reporting of PCT-like symptoms of skin patches, bruises, and sensitivity was significantly 
increased in Ranch Hands. When these historic data were contrasted to both uroporphyrin and 
coproporphyrin abnormalities, no correlation was apparent, nor were there any significant group 
differences. The likelihood of bona fide PCT among Ranch Hands appeared to be remote. 

13.1.2.3 1987 Follow-up Study Summary Results 

Overall, the gastrointestinal assessment did not find the health of the Ranch Hand group to be 
significantly different from that of the Comparison group. Group differences based on verified historical 
data from the questionnaire were not significant for eight categories of liver disease. No significant group 
difference was found for past or present occurrence of peptic ulcers. The prevalence of hepatomegaly 
diagnosed at the physical examination also was not significantly different between the two groups. The 
only significant finding from the laboratory examination variables was that Ranch Hands had a higher 
mean alkaline phosphatase than Comparisons, also noted at the 1985 follow-up examination. Group 
differences for the other laboratory variables (AST, ALT, GGT, total bilirubin, direct bilirubin, LDH, 
cholesterol, high-density lipoprotein [HDL], cholesterol-HDL ratio, triglycerides, and creatine 
phosphokinase) were not significant. 

13.1.2.4 Serum Dioxin Analysis of 1987 Follow-up Study Summary Results 

The 1987 serum dioxin analyses did not show a significant association with any of the verified historical 
liver disorder variables. The analyses of the laboratory variables detected significant associations 
between dioxin (current and estimated initial) and lipid-related health indices such as cholesterol, HDL 
cholesterol, the cholesterol-HDL ratio, and triglycerides. These findings were consistent with significant 
associations seen for fat-related variables in other clinical assessments, such as the body fat results in the 
general health assessment and the diabetes and glucose results noted in the endocrine assessment, and 
may represent a dioxin mediated alteration of biochemical processes. 

13.1.2.5 1992 Follow-up Study Summary Results 

The gastrointestinal assessment found isolated significant differences between Ranch Hands and 
Comparisons, but overall, the health of the two groups did not differ substantially. The serum dioxin 
analyses indicated that estimated initial dioxin generally was not associated with historical liver disorders 
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or current laboratory measurements. The analyses did reveal that current dioxin levels were often highly 
associated with lipid-related health indices, such as cholesterol, HDL cholesterol, the cholesterol-HDL 
ratio, and triglycerides, as well as with some of the hepatic enzymes (ALT and GGT) and proteins. These 
seemingly discordant results may have been explained in part because the initial dioxin analyses adjusted 
for differential half-life elimination related to body fat, while no adjustment was made in the analyses of 
current dioxin. These significant findings may have been the result of a subclinical dioxin effect on lipid 
metabolism. 

13.1.3   Parameters for the 1997 Gastrointestinal Assessment 

13.1.3.1  Dependent Variables 

Questionnaire, physical examination, and laboratory data were used in the gastrointestinal assessment. 
The questionnaire data were organized by International Classification of Diseases, 9th Revision, Clinical 
Modification (ICD-9-CM) medical coding categories. 

13.1.3.1.1 Medical Records Data 

During the 1997 health interview, each study participant was asked about the occurrence of hepatitis, 
jaundice, cirrhosis, enlarged liver, and other liver conditions. This self-reported information was elicited 
in the questionnaire and combined with information from the baseline, 1985, 1987, and 1992 follow-up 
examinations and verified by a medical records review. The verified results were grouped into eight 
categories of disorders for analysis: uncharacterized hepatitis (non-A, non-B, non-C, and non-D), 
jaundice (unspecified, not of the newborn), acute necrosis of the liver, chronic liver disease and cirrhosis 
(alcohol-related and non-alcohol-related cirrhosis were analyzed separately), liver abscess and sequelae of 
chronic liver disease, enlarged liver (hepatomegaly), and other disorders of the liver. The purpose of the 
uncharacterized hepatitis (non-A, non-B, non-C, and non-D) category was to define a category that was 
neither clearly A nor B nor C nor D, so that liver disease misdiagnosed as "viral hepatitis" could be 
detected. This approach to historical hepatitis created a group of cases that could have been chemically 
induced. The following ICD-9-CM codes were used for these disorders: uncharacterized hepatitis 
(ICD-9-CM codes 070.49,070.59, 070.6, 070.9, 571.40, 571.41, 571.49, and 573.3), jaundice (ICD-9-CM 
code 782.4), acute necrosis of the liver (ICD-9-CM code 570), alcohol-related chronic liver disease and 
cirrhosis (ICD-9-CM codes 571.0-571.3), non-alcohol-related chronic liver disease and cirrhosis 
(ICD-9-CM codes 571.40-571.9), liver abscess and sequelae of chronic liver disease (ICD-9-CM codes 
572.0-572.4, 572.8), enlarged liver (ICD-9-CM code 789.1), and other disorders of the liver (ICD-9-CM 
codes 573.0-573.9,790.4,790.5, and 794.8). 

For each condition, participants with a pre-Southeast Asia (SEA) diagnosis were excluded from the 
analysis. Also, the analysis of alcohol-related chronic liver disease and cirrhosis excluded participants 
with zero lifetime alcohol history because nondrinkers were not at risk for alcohol-related liver disease. 

13.1.3.1.2 Physical Examination Data 

One variable from the 1997 physical examination, current hepatomegaly, was analyzed in the 
gastrointestinal assessment. This variable was coded as "yes" or "no." Participants whose blood 
contained hepatitis B surface antigen or hepatitis C antibodies were excluded from the analysis of current 
hepatomegaly to account for the effects of these viruses on chronic hepatic disease. 
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13.1.3.1.3     Labo ratory Examination Data 

The 1997 examination emphasized the evaluation of laboratory data through the analysis of 29 
measurements. These laboratory variables were AST (U/l), ALT (U/l), GGT (U/l), alkaline phosphatase 
(U/l), total bilirubin (mg/dl), direct bilirubin (mg/dl), LDH (U/l), cholesterol (mg/dl), HDL (mg/dl), 
cholesterol-HDL ratio, triglycerides (mg/dl), creatine phosphokinase (U/l), serum amylase (U/l), 
antibodies for hepatitis A, serological evidence of prior hepatitis B infection (positive hepatitis B core 
antibody), current hepatitis B (positive hepatitis B surface antigen), antibodies for hepatitis C, antibodies 
for hepatitis D, stool hemoccult, and 10 components (in mg/dl) in a protein profile (prealbumin, albumin, 
a-l-acid glycoprotein, a-1-antitrypsin, oc-2-macroglobulin, apolipoprotein B, C3 complement, C4 
complement, haptoglobin, and transferrin). IgA, IgG, and IgM were also part of this profile, but they 
were analyzed in the immunologic assessment (see Chapter 17). 

All assays for the 1997 gastrointestinal assessment were performed by Scripps Clinic. Dade RxL® 
equipment was used to quantify AST, ALT, GGT, alkaline phosphatase, total bilirubin, direct bilirubin, 
LDH, cholesterol, HDL, triglycerides, creatine phosphokinase, serum amylase, and albumin. The 
Beckman Array Protein System® quantified all components of the protein profile except albumin. 

Abbott Commander® equipment was used to determine the presence or absence of antibodies of hepatitis 
A, serological evidence of prior hepatitis B infection, current hepatitis B, and antibodies of hepatitis C. 
Abbott Quantum® equipment was used to determine the presence or absence of hepatitis D antibodies. 
Hepatitis D testing was performed only on participants who showed serological evidence of prior hepatitis 
B infection or current hepatitis B, as determined by a positive hepatitis B surface antigen. 

All laboratory variables were analyzed in both continuous and discrete forms except for direct bilirubin, 
antibodies for hepatitis A, serological evidence of present or prior hepatitis B infection, current hepatitis 
B, antibodies for hepatitis C, antibodies for hepatitis D, and stool hemoccult, which were analyzed only in 
discrete form. Direct bilirubin was analyzed only in its discrete form because there were few distinct 
measurements, precluding a meaningful continuous analysis. 

Participants whose blood contained hepatitis B surface antigen, hepatitis C antibodies, or hepatitis D 
antibodies were excluded from the analysis of all laboratory variables except antibodies for hepatitis A, 
serological evidence of prior hepatitis B infection, current hepatitis B, antibodies for hepatitis C, and 
antibodies for hepatitis D. Participants with body temperatures greater than or equal to 100° Fahrenheit 
also were excluded from the analysis of these variables. For the five hepatitis variables, no participants 
were excluded. Attempts were made to determine, from a medical records review, which occurrences of 
the types of hepatitis described above were pre-SEA, but the date of hepatitis onset was not available for 
the majority of participants. Consequently, all occurrences of hepatitis are included in these variables. 

13.1.3.2  Covariates 

Statistical analyses of all medical records variables were adjusted for age, race, military occupation, 
lifetime alcohol history, lifetime industrial chemical exposure, and lifetime degreasing chemical exposure. 

Statistical analyses of the physical examination variable and all of the laboratory variables except alkaline 
phosphatase and a-1-antitrypsin were adjusted for age, race, military occupation, current alcohol use, 
lifetime alcohol history, lifetime industrial chemical exposure, and lifetime industrial chemical exposure. 
Wine consumption showed a strong negative association with alkaline phosphatase in the 1985, 1987, and 
1992 follow-up examinations. The negative association persisted in the 1992 and 1997 follow-up 
examination data; therefore, current wine consumption and lifetime wine history replaced current alcohol 
use and lifetime alcohol history as covariates in the adjusted analyses of alkaline phosphatase. Current 
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wine consumption also replaced current alcohol use in the adjusted analysis of a-1-antitrypsin based on 
covariate associations in the 1997 follow-up examination data, which showed that a-1-antitrypsin was 
highly associated with current wine consumption but not associated with current alcohol use. 

Age, race, and military occupation were determined from military records. Lifetime alcohol (or wine) 
history was based on information from the 1997 questionnaire and combined with similar information 
gathered at the 1987 and 1992 follow-up examinations. Each participant was asked about his drinking 
patterns throughout his lifetime. When a participant's drinking patterns changed, he was asked to 
describe how his alcohol consumption differed and the duration of time that the drinking pattern lasted. 
The participant's average daily alcohol consumption was determined for each of the reported drinking 
pattern periods throughout his lifetime, and an estimate of the corresponding total number of drink-years 
was derived. One drink-year was the equivalent of drinking 1.5 ounces of an 80-proof alcoholic 
beverage, one 12~ounce beer, or one 5-ounce glass of wine per day for 1 year. Current alcohol use (or 
wine consumption) was based on the average number of drinks per day during the month prior to 
completing the questionnaire. 

The participants' lifetime exposures through 1992 to degreasing and industrial chemicals were updated 
with information reported in the 1997 questionnaire. 

Age, current alcohol use (or wine consumption), and lifetime alcohol (or wine) history were treated as 
continuous variables wherever possible for all adjusted analyses. Degreasing chemical exposure and 
industrial chemical exposure were categorized as "yes" or "no" for all analyses. 

13.1.4   Statistical Methods 

Table 13-1 summarizes the statistical analysis performed for the gastrointestinal assessment. The first 
part of this table lists the dependent variables analyzed, source of the data, form of the data (discrete or 
continuous), cutpoints, covariates, and statistical methods. The second part of this table provides a further 
description of the covariates examined. A covariate was used in its continuous form whenever possible 
for all adjusted analyses; if the covariate was inherently discrete (e.g., military occupation), or if a 
categorized form was needed to develop measures of association with the dependent variables, the 
covariate was categorized as shown in Table 13-1. 

Cutpoints for cholesterol are age-dependent. Consequently, normal and abnormal levels were constructed 
according to a participant's laboratory value and age at the physical examination. The age-specific 
cutpoints are listed in Table 13-1, and the reference ages for these cutpoints are given in parentheses 
following the cutpoints. 

Table 13-1. Statistical Analysis for the Gastrointestinal Assessment 

Dependent Variables 

l^PlftjÄ 
MR-V 

MR-V 

iiii^ii^ifö&ÄpÄ'i rtl^&yärJiäli^l Exclusions'* 

Statistical 
Analysis and 

Uncharacterized 
Hepatitis 
Jaundice (Unspecified) 

D 

D 

Yes 
No 
Yes 
No 

(1) 

(1) 

(a) 

(a) 

U:LR 
A:LR 

U:LR,CS 
A:LR 
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Table 13-1.   Statistical Ana lysis for the Gastrointestinal Assessment (Continued) 

Variable (Units) '.: -I 

:  Data ' ; 
Source l 

Data 
Form :; Cutpoints :   Covariate$a Exclusions15 

Statistical 
■   Analysis and . 

Methods 
Acute Necrosis of the 
Liver 

MR-V D Yes 
No 

(1) (a) — 

Chronic Liver Disease 
and Cirrhosis 
(Alcohol-related) 

MR-V D Yes 
No 

(1) (b) U:LR 
A:LR 

Chronic Liver Disease 
and Cirrhosis (Non- 
alcohol-related) 

MR-V D Yes 
No 

(1) (a) U:LR 
A:LR 

Liver Abscess and 
Sequelae of Chronic 
Liver Disease 

MR-V D Yes 
No 

(1) (a) U:LR,CS 
A:LR 

Enlarged Liver 
(Hepatomegaly) 

MR-V D Yes 
No 

(1) (a) U:LR 
A:LR 

Other Disorders of the 
Liver 

MR-V D Yes 
No 

(1)   . (a) U:LR 
A:LR 

Current Hepatomegaly PE D Yes 
No 

(2) (c) U:LR,CS 
A:LR 

AST (U/l) LAB D/C High: >37 
Normal: <37 

(2) (d) U:LR,GLM 
A:LR,GLM 
L:LR,GLM 

ALT (U/l) LAB D/C High: >65 
Normal: <65 

(2) (d) U:LR,GLM 
A:LR,GLM 
L:LR,GLM 

GOT (U/l) LAB D/C High: >85 
Normal: <85 

(2) (d) U:LR>GLM 
A:LR,GLM 
L:LR,GLM 

Alkaline Phosphatase 
(U/l) 

LAB D/C High: >136 
Normal: <136 

(3) (d) U:LR,GLM 
A:LR,GLM 

Total Bilirubin 
(mg/dl) 

LAB D/C High: >1.0 
Normal: <1.0 

(2) (d) U:LR,GLM 
A:LR,GLM 

Direct Bilirubin 
(mg/dl) 

LAB D High: >0.3 
Normal: <0.3 

(2) (d) U:LR,CS 
A:LR 

Lactic Dehydrogenase 
(LDH) (U/l) 

LAB D/C High: >190 
Normal: <190 

(2) (d) U:LR,GLM 
A:LR,GLM 

Cholesterol 
(mg/dl) 

LAB D/C High: 
>260 (Age 45-49) 
>250 (Age >50) 

Normal: 
<260 (Age 45-49) 

<250 (Age >50) 

(2) (d) U:LR,GLM 
A:LR,GLM 
L:LR,GLM 

HDL Cholesterol 
(mg/dl) 

LAB D/C Low: <32 
Normal: >32 

(2) (d) U:LR,GLM 
A:LR,GLM 
L:LR,GLM 

Cholesterol-HDL 
Ratio 

LAB D/C High: >5 
Normal: <5 

(2) (d) U:LR,GLM 
A:LR,GLM 
L:LR,GLM 
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Table 13-1.   Statistical Analysis for the Gastrointestinal Assessment (Continued) 

Statistical 
"■Data:   | Data 1 Analysis and 

;    Variable (Units) ■  : ;   Source-1 Form i Outpoints : Covariatesa:; Exclusions'5 Methods 
Triglycerides (mg/dl) LAB D/C High: >200 

Normal: <200 
(2) (d) U:LR,GLM 

A:LR,GLM 
L:LR,GLM 

Creatine LAB D/C High: >232 (2) (d) U:LR,GLM 
Phosphokinase (U/l) Normal: <232 A:LR,GLM 
Serum Amylase (U/l) LAB D/C High: >115 

Normal: <115 
(2) (d) U:LR,GLM 

A:LR,GLM 
Antibodies for LAB D Yes (2) None U:LR 
Hepatitis A No A:LR 
Serological Evidence LAB D Yes (2) (e) U:LR 
of Prior Hepatitis B No A:LR 
Infection 

Current Hepatitis B LAB D Yes 
No 

(2) None U:LR,CS 
A:LR 

Antibodies for LAB D Yes (2) None U:LR 
Hepatitis C No A:LR 
Antibodies for LAB D Yes (2) None   
Hepatitis D No 
Stool Hemoccult LAB D Yes 

No 
(2) (d) U:LR 

A:LR 
Protein Profile: LAB D/C Low: <18 (2) (d) U:LR,GLM 
Prealbumin (mg/dl) Normal: >18 A:LR,GLM 
Protein Profile: LAB D/C Low: <3,350 (2) (d) U:LR,CS,GLM 
Albumin (mg/dl) Normal: >3,350 A:LR,GLM 
Protein Profile: LAB D/C High: >125 (2) (d) U:LR,GLM 
a-1-Acid Normal: <125 A:LR,GLM 
Glycoprotein (mg/dl) 

Protein Profile: LAB D/C Abnormal Low: <93 (4) (d) U:PR,CS,GLM 
a-1-Antitrypsin Normal: 93-224 A:PR,GLM 
(mg/dl) Abnormal High: >224 
Protein Profile: LAB D/C High: >293 (2) (d) U:LR,GLM 
a-2-Macroglobulin Normal: <293 A:LR,GLM 
(mg/dl) 

Protein Profile: LAB D/C High: >109 (2) (d) U:LR,GLM 
Apolipoprotein B Normal: <109 A:LR,GLM 
(mg/dl) 

Protein Profile: LAB D/C Low: <85 (2) (d) U:LR,GLM 
C3 Complement Normal: >85 A:LR,GLM 
(mg/dl) 

Protein Profile: LAB D/C Low: <12 (2) (d) U:LR,CS,GLM 
C4 Complement Normal: >12 A:LR,GLM 
(mg/dl) 

Protein Profile: LAB D/C High: >163 (2) (d) U:LR,GLM 
Haptoglobin (mg/dl) Normal: <163 A:LR,GLM 
Protein Profile: LAB D/C Low: <212 (2) (d) U:LR,GLM 
Transferrin (mg/dl) Normal: >212 A:LR,GLM 
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Table 13-1.   Statistical Analysis for the Gastrointestinal Assessment (Continued) 

aCovariates: 
(1): age, race, military occupation, lifetime alcohol history, industrial chemical exposure, degreasing chemical 
exposure. 
(2): age, race, military occupation, current alcohol use, lifetime alcohol history, industrial chemical exposure, 
degreasing chemical exposure. 
(3): age, race, military occupation, current wine consumption, lifetime wine history, industrial chemical exposure, 
degreasing chemical exposure. 
(4): age, race, military occupation, current wine consumption, lifetime alcohol history, industrial chemical 
exposure, degreasing chemical exposure. 

Exclusions: 
(a): participants with a pre-SEA history of the disorder. 
(b): participants with a pre-SEA history of the disorder, participants with no lifetime alcohol history. 
(c): participants whose blood contained hepatitis B surface antigen, hepatitis C antibodies, or hepatitis D antibodies. 
(d): participants whose blood contained hepatitis B surface antigen, hepatitis C antibodies, or hepatitis D antibodies, 
participants with body temperatures greater than or equal to 100° Fahrenheit. 
(e): participants who had received the hepatitis B vaccine. 

Covariates 

Variable (Units) 
! -Data ; - 
Source 

Data 
.Form ■■. Wi\; r :;■- &^^                      Xti :> 

MIL D/C Born>1942 
Born < 1942 

MIL D Black 
Non-Black 

MIL D Officer 
Enlisted Flyer 
Enlisted Groundcrew 

Q-SR D/C 0-1 
>l-4 
>4 

Q-SR D/C 0 
>0-40 
>40 

Q-SR D/C 0 
>0 

Q-SR D/C 0 
>0 

Q-SR D Yes 
No 

Q-SR D Yes 
No 

Age (years) 

Race 

Occupation 

Current Alcohol Use (drinks/day) 

Lifetime Alcohol History (drink-years) 

Current Wine Consumption (drinks of wine/day) 

Lifetime Wine History (drink-years of wine) 

Industrial Chemical Exposure 

Degreasing Chemical Exposure 

Abbreviations 

Data Source: LAB: 1997 laboratory results 
MIL: Air Force military records 
MR-V: Medical records (verified) 
PE: 1997 physical examination 
Q-SR: Health questionnaires (self-reported) 
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Table 13-1.   Statistical Analysis for the Gastrointestinal Assessment (Continued) 

Data Form: D: Discrete analysis only 
D/C: Discrete and continuous analysis for dependent variables; appropriate form for analysis 

(either discrete or continuous) for covariates 

Statistical Analysis: U: Unadjusted analysis 
A: Adjusted analysis 
L: Longitudinal analysis 

Statistical Methods: CS: Chi-square contingency table analysis (continuity-adjusted) 
GLM: General linear models analysis 
LR: Logistic regression analysis 
PR: Polytomous logistic regression analysis 

Table 13-2 provides a summary of the number of participants with missing dependent variable and 
covariate data. In addition, the number of participants excluded because of medical conditions is given. 

Table 13-2. Number of Participants Excluded or with Missing Data for the Gastrointestinal 
Assessment 

Variable 
Lactic Dehydrogenase 
HDL 
Cholesterol-HDL Ratio 
Triglycerides 
Antibodies for Hepatitis A 
Serological Evidence of Prior 
Hepatitis B Infection 
Stool Hemoccult 
Current Alcohol Use 
Lifetime Alcohol History 
Current Wine Consumption 
Lifetime Wine History 
Pre-SEA Jaundice 
Pre-SEA Chronic Liver Disease 
and Cirrhosis (Alcohol-related) 
No Lifetime Alcohol History 
Pre-SEA Chronic Liver Disease 
and Cirrhosis (Non-alcohol- 
related) 
Pre-SEA Enlarged Liver 
Pre-SEA Other Liver Disorders 
Body Temperature >100° 
Fahrenheit at the Time of the 
Physical Exam 
Hepatitis B Surface Antigen 
(Current Hepatitis B) 

Group! (Ranch Hands Only) Categorized Dioxin 

Variable Ranch Ranch 
. .;=:-;;üse-•;■-.- Hand Comparison Initial Split! v|ÄÄ Comparison 

DEP 0 2 0 0 0 2 
DEP 1 1 1 1 1 
DEP 1 1 1 1 1 
DEP 1 0 0 1 1 0 
DEP 0 0 0 0 1 
DEP 0 0 0 0 1 

DEP 27 35 13 25 25 32 
COV 1 0 0 1 1 0 
COV 6 2 3 6 6 1 
COV 1 0 0 1 1 0 
COV 4 2 2 4 4 1 
EXC 24 32 13 24 24 31 
EXC 1 4 1 1 1 4 

EXC 54 64 34 54 54 62 
EXC 0 1 0 0 0 1 

EXC 1 2 1 1 1 2 
EXC 4 11 1 4 4 11 
EXC 1 0 1 1 1 0 

EXC 
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Table 13-2,  Number of Participants Excluded or with Missing Data for the 
Gastrointestinal Assessment (Continued) 

Variable 

Group 
Dioxin 

(Ranch Hands Only) Categorized Dioxin 

Variable 
Ranch 
Hand     Comparison Initial 1987   j 

Ranch 
Hand     Comparison 

Antibodies for Hepatitis C 
Antibodies for Hepatitis D 
Vaccinated for Hepatitis B 

EXC 
EXC 
EXC 

9              18 
1                0 
1                 1 

4 
1 
1 

9 
1 
1 

9             17 
1                0 
1                1 

Note:   DEP = Dependent variable. 
COV = Covariate. 
EXC = Exclusion. 
870 Ranch Hands and 1,251 Comparisons. 
482 Ranch Hands for initial dioxin; 863 Ranch Hands for 1987 dioxin. 
863 Ranch Hands and 1,213 Comparisons for categorized dioxin. 

13.1.4.1  Longitudinal Analysis 

The longitudinal analysis of the gastrointestinal assessment examined seven laboratory variables (AST, 
ALT, GGT, cholesterol, HDL cholesterol, the cholesterol-HDL ratio, and triglycerides). Each variable 
was analyzed in both its continuous and discrete forms. These longitudinal analyses were used to assess 
any relation between herbicide exposure or dioxin levels and hepatic changes across time. 

13.2   RESULTS 

13.2.1   Dependent Variable-Covariate Associations 

Covariate tests of association were performed to examine the relation between the covariates used in the 
adjusted analyses and the dependent variables. These associations are pairwise between the dependent 
variable and the covariate and are not adjusted for any other covariates. Appendix Table F-5 provides 
summary results of these analyses, including correlation coefficients (r), percents abnormal, means, and 
p-values to test the statistical significance of the associations. Statistically significant (p<0.05) 
associations are discussed below. 

13.2.1.1  Medical Records Variables 

The association between a history of uncharacterized hepatitis and lifetime alcohol consumption was 
significant (p=0.010). Uncharacterized hepatitis decreased as lifetime alcohol consumption increased. 

Tests of covariate association showed race (p=0.025), lifetime alcohol history (p=0.001), and industrial 
chemical exposure (p=0.024) to be significantly associated with alcohol-related chronic liver disease. 
Black participants had a higher prevalence of alcohol-related chronic liver disease than non-Blacks 
(9.5% vs. 4.5%). The percentage of participants with chronic liver disease increased as lifetime alcohol 
consumption increased. Participants who reported exposure to industrial chemicals had a higher 
percentage of alcohol-related chronic liver disease (5.6%) than participants who did not report exposure 
(3.3%). 

Non-alcohol-related chronic liver disease was significantly associated with lifetime alcohol history 
(p=0.011). Moderate drinkers (in terms of drink-years) had the highest percentage of non-alcohol-related 
chronic liver disease (1.8%), followed by nondrinkers (1.7%) and heavier drinkers (0.2%). 
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The percentage of participants with enlarged livers increased with age (p=0.038) and lifetime alcohol 
history (p=0.001). 

Other liver disorders were significantly associated with race (p=0.001) and lifetime alcohol history 
(p=0.043). The prevalence of other liver disorders was greater for Blacks (43.0%) than for non-Blacks 
(25.6%). The percentage of participants with a history of other liver disorders increased as drinking 
increased. 

13.2.1.2 Laboratory Examination Variables 

AST in its continuous form increased with current alcohol use (p<0.001) and lifetime alcohol history 
(p=0,002). Dichotomized AST showed an increase in the percentage of high AST levels as current 
alcohol use increased (p=0.001). 

ALT in its discrete form was significantly associated with age (p<0.001) and occupation (p=0.009). 
Younger participants had a larger percentage of high ALT values than did older participants (10.0% vs. 
5.4%). Enlisted flyers had the highest percentage of high ALT values (10.1%), followed by enlisted 
groundcrew (8.2%), then officers (5.4%). ALT in its continuous form significantly decreased with age 
(p<0.001) and increased with current alcohol use (p=0.009). 

For GGT in its continuous form, tests of covariate association were significant for age (p<0.001), race 
(p=0.012), occupation (p=0.026), current alcohol use (p<0.001), and lifetime alcohol history (p<0.001). 
Levels of GGT decreased with age. Black participants showed significantly higher mean GGT levels than 
non-Blacks (48.65 U/l versus 42.70 U/l). Enlisted flyers had the highest mean GGT levels (44.91 U/l), 
followed by the enlisted groundcrew (43.87 U/l) and officers (41.38 U/l). GGT levels increased with 
current alcohol use and lifetime alcohol history. Tests of covariate association for GGT in its discrete 
form showed similar results, except that race was not significantly associated with the discrete form of 
GGT. 

Alkaline phosphatase in its continuous form was significantly associated with occupation (p<0.001), 
current wine consumption (p<0.001), and lifetime wine history (p<0.001). Mean alkaline phosphatase 
levels decreased with current wine consumption and lifetime wine history. Enlisted flyers had the highest 
mean alkaline phosphatase level (83.60 U/I), followed by enlisted groundcrew (82.29 U/l) and officers 
(77.43 U/l). 

Total bilirubin in its continuous form increased with age (p=0.005) and current alcohol use (p<0.001). 
Occupation (p=0.001) and degreasing chemical exposure (p=0.020) also were associated significantly 
with total bilirubin in its continuous form. Officers showed the highest mean total bilirubin level (0.544 
mg/dl), followed by enlisted flyers (0.502 mg/dl) and enlisted groundcrew (0.504 mg/dl). Participants 
who reported exposure to degreasing chemicals had a higher mean total bilirubin level (0.536 mg/dl) than 
did those who did not report exposure (0.510 mg/dl). Results of the test for discretized total bilirubin 
revealed a significant association with current alcohol use (p=0.023). Participants who were currently 
moderate drinkers (in terms of drinks per day) had the lowest prevalence of high total bilirubin values 
(5.4%), followed by those who were lighter drinkers (5.7%) and those who were heavier drinkers 
(15.2%). The percentage of participants with high direct bilirubin levels increased with current alcohol 
use (p=0.004) and lifetime drinking history (p=0.013). 

Lactic dehydrogenase in its continuous form increased with age (p<0.001). 
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Tests of covariate association for cholesterol in its continuous form showed a significant association with 
age (p=0.025), occupation (p=0.004), and current alcohol use (p<0.001). Cholesterol levels decreased 
with age and increased with current alcohol use. Enlisted flyers had the highest mean cholesterol levels 
(215.7 mg/dl), followed by the enlisted groundcrew (212.9 mg/dl) and officers (208.5 mg/dl). 

Cholesterol in its discretized form showed significant associations with current alcohol use (p=0.009) and 
lifetime alcohol history (p=0.047). Participants who were moderate drinkers had the highest prevalence 
of high cholesterol levels (19.8%), followed by heavier drinkers (19.6%) and participants who were 
lighter drinkers (13.7%). The percentage of participants with high cholesterol levels increased with 
lifetime alcohol history. 

HDL cholesterol in its continuous form increased with current alcohol use (p<0.001) and lifetime alcohol 
history (p<0.001). Race (p=0.002), occupation (p<0.001), industrial chemical exposure (p=0.005), and 
degreasing chemical exposure (p=0.001) also were associated significantly with HDL cholesterol. Black 
participants had higher mean HDL cholesterol levels than non-Blacks (48.17 mg/dl vs. 44.70 mg/dl). 
Officers had higher mean HDL cholesterol levels (46.67 mg/dl), followed by enlisted flyers (44.24 mg/dl) 
and enlisted groundcrew (43.59 mg/dl). Participants who reported exposure to industrial chemicals had 
lower mean HDL cholesterol levels (44.33 mg/dl) than those who did not report exposure (45.81 mg/dl). 
Similarly, participants who reported exposure to degreasing chemicals had lower mean HDL cholesterol 
levels (44.25 mg/dl) than those who did not report exposure (46.07 mg/dl). 

Tests of covariate association for HDL cholesterol in its discrete form showed similar results. Significant 
covariates were occupation (p=0.002), current alcohol use (p=0.001), lifetime alcohol history (p=0.001), 
industrial chemical exposure (p=0.028), and degreasing chemical exposure (p=0.023). Race was not 
significantly associated with HDL cholesterol in its discrete form. Enlisted flyers had the highest 
percentage of low HDL cholesterol levels (10.2%), followed by the enlisted groundcrew (9.1%) and 
officers (5.2%). Participants who were currently light drinkers had the highest percentage of low HDL 
cholesterol levels (9.0%), followed by heavier drinkers (4.3%) and moderate drinkers (2.4%). The 
prevalence of low HDL cholesterol levels decreased as lifetime alcohol consumption increased. In each 
of the analyses of industrial chemical exposure and degreasing chemical exposure, participants who 
reported exposure had a higher percentage of low HDL cholesterol levels. 

The cholesterol-HDL ratio in its continuous form decreased with age (p=0.003), current alcohol use 
(p<0.001), and lifetime alcohol history (p<0.001). Significant associations also were found with race 
(p=0.011), occupation (p<0.001), industrial chemical exposure (p<0.001), and degreasing chemical 
exposure (p<0.001). Non-Blacks had a higher mean cholesterol-HDL ratio than Blacks (4.69 vs. 4.39). 
Enlisted groundcrew had the highest mean cholesterol-HDL ratio (4.85), followed by enlisted flyers 
(4.84) and officers (4.43). For both industrial chemical exposure and degreasing chemical exposure 
covariates, participants who reported exposure had higher mean cholesterol-HDL ratios. 

The tests of covariate association for the cholesterol-HDL ratio in its discrete form showed similar results. 
Younger participants had a higher prevalence of high cholesterol-HDL ratios than did the older 
participants (44.5% vs. 38.7%, p=0.008). Non-Blacks had a larger percentage of high cholesterol-HDL 
ratios than Blacks (42.0% vs. 28.3%, p=0.004). Occupation was significantly associated with the discrete 
form of the cholesterol-HDL ratio (p=0.001). Enlisted groundcrew had the highest prevalence of low 
cholesterol-HDL ratios (48.2%), followed by enlisted flyers (43.4%) and officers (32.6%). The 
percentage of participants with high cholesterol-HDL ratios decreased with increased current alcohol use 
(p=0.001) and increased lifetime alcohol history (p=0.001). For both industrial chemical exposure and 
degreasing chemical exposure covariates, participants who reported exposure had higher percentages of 
high cholesterol-HDL ratios (p=0.001 for both covariates). 

13-13 



Triglycerides in its continuous form significantly decreased with age (p=0.001). Significant associations 
with race (p<0.001), occupation (p<0.001), industrial chemical exposure (p=0.013), and degreasing 
chemical exposure (p=0.002) also were revealed. Non-Black participants had a higher mean triglycerides 
level than Blacks (123.5 mg/dl vs. 93.0 mg/dl). Enlisted flyers had the highest mean triglycerides level 
(131.3 mg/dl), followed by enlisted groundcrew (126.1 mg/dl) and officers (113.0 mg/dl). Participants 
who reported exposure to industrial chemicals had higher mean triglyceride levels than those who did not 
report exposure (124.9 mg/dl vs. 116.4 mg/dl). Similarly, participants who reported exposure to 
degreasing chemicals had higher mean triglyceride levels (125.6 mg/dl) than those who did not report 
exposure (114.7 mg/dl). 

The tests of covariate association for triglycerides in its discrete form showed significant associations 
with age (p=0.003), race (p=0.001), occupation (p=0.002), industrial chemical exposure (p=0.035), and 
degreasing chemical exposure (p=0.012). The prevalence of high triglyceride levels was higher among 
the younger participants than the older participants (24.0% vs. 18.6%). Non-Blacks had a larger 
percentage of high triglycerides than Blacks (21.8% vs. 6.7%). Enlisted flyers had the highest percentage 
of high triglyceride levels (24.2%), followed by the enlisted groundcrew (23.2%) and officers (17.1%). 
For both industrial chemical exposure and degreasing chemical exposure covariates, participants who 
reported exposure had higher percentages of high triglyceride levels. 

Creatine phosphokinase in its continuous form significantly decreased with age (p<0.001) and current 
alcohol use (p=0.013). Also significant were race (p<0.001) and occupation (p=0.038). Black 
participants had a higher mean creatine phosphokinase level than non-Blacks (195.9 U/l vs. 102.0 U/l). 
Enlisted groundcrew had the highest mean creatine phosphokinase levels (109.2 U/l), followed by officers 
(104.9 U/l), then enlisted flyers (99.2 U/l). 

Tests of covariate association for creatine phosphokinase in its discrete form showed a significant 
association with age (p=0.006), race (p=0.001), and current alcohol use (p=0.018). Younger participants 
had a larger percentage of high creatine phosphokinase values than did the older participants (11.0% vs. 
7.4%). Black participants had a larger percentage of high creatine phosphokinase values than non-Blacks 
(34.2% vs. 7.1%). Participants who were currently heavier drinkers had the highest prevalence of high 
creatine phosphokinase values (10.9%), followed by lighter drinkers (9.7%) and moderate drinkers 
(5.1%). 

Serum amylase in its continuous form showed significant associations with race (p<0.001) and current 
alcohol use (p=0.001). Blacks had a higher mean serum amylase level (72.71 U/l) than non-Blacks 
(56.04 U/l). Serum amylase levels decreased as current alcohol use increased. The discrete form of 
serum amylase was significantly associated with race (p=0.001). Blacks had a larger percentage of high 
serum amylase values than non-Blacks (10.8% vs. 2.5%). 

Tests of covariate association for the presence of antibodies for hepatitis A showed significant 
associations with age (p=0.001), race (p=0.012), occupation (p=0.001), and lifetime alcohol history 
(p=0.001). A higher percentage of the older participants had hepatitis A antibodies (40.9%) than the 
younger participants (23.5%). Black participants had a higher prevalence of hepatitis A antibodies than 
did non-Black participants (43.8% vs. 32.5%). Enlisted flyers had the highest percentage of participants 
with antibodies for hepatitis A (47.3%), followed by enlisted groundcrew (33.6%) and officers (27.0%). 
The highest percentage of positive results for hepatitis A antibodies was among nondrinkers (45.8%), 
followed by heavy lifetime drinkers (35.9%) and moderate lifetime drinkers (30.9%). 

Evidence of prior hepatitis B infection was significantly associated with race (p=0.001), occupation 
(p=0.001), and lifetime alcohol history (p=0.001). Black participants had a higher percentage of prior 
hepatitis B infections than non-Blacks (26.8% vs. 10.7%). Enlisted flyers had the highest percentage of 
prior hepatitis B infections (16.6%), followed by enlisted groundcrew (14.9%) and officers (6.0%). The 
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percentage of participants with serological evidence of prior hepatitis B infections increased with lifetime 
alcohol consumption. 

Current hepatitis B was significantly associated with race (p=0.001) and current alcohol use (p=0.002). 
Black participants had a higher percentage of positive current hepatitis B results than did non-Black 
participants (1.6% vs. 0.1%). Participants who were currently heavier drinkers had the highest prevalence 
of current hepatitis B (2.0%), followed by lighter drinkers (0.1%) and moderate drinkers (0,0%). 

The presence of hepatitis C antibodies was significantly associated with race (p=0.002), occupation 
(p=0.024), current alcohol use (p=0.004), and industrial chemical exposure (p=0.022). Black participants 
had a higher percentage of positive hepatitis C results than non-Blacks (4.7% vs. 1.1%). Enlisted 
groundcrew had the highest prevalence of positive results for hepatitis C antibodies (2.0%), followed by 
enlisted flyers (0.9%) and officers (0.6%). Participants who were currently heavier drinkers had the 
highest percentage of positive hepatitis C results (6.0%), followed by lighter drinkers (1.2%) and 
moderate drinkers (0.5%). Participants who reported exposure to industrial chemicals had a higher 
percentage of positive hepatitis C results than did participants who did not report exposure (1.7% vs. 
0.5%). 

The results of the tests of covariate association for stool hemoccult revealed that age and industrial 
chemical exposure were statistically significant (p=0.006 and p=0.021, respectively). Older participants 
had a higher percentage of positive stool hemoccult results (5.1%) than did the younger participants 
(2.6%). Participants who did not report exposure to industrial chemicals had a higher prevalence of 
positive stool hemoccult results (5.4%) than did those who reported exposure (3.2%). 

Prealbumin in its continuous form significantly decreased with age (p<0.001) and increased with current 
alcohol use (p<0.001). Covariate association tests for discretized prealbumin revealed significant 
associations with current alcohol use (p=0.003) and lifetime alcohol history (p=0.003). The prevalence of 
low prealbumin levels increased with current alcohol use. Heavy lifetime drinkers had a higher 
prevalence of low prealbumin levels (2.3%), followed by nondrinkers (1.7%) and moderate lifetime 
drinkers (0.6%). 

Albumin in its continuous form was significantly associated with age (p<0.001) and degreasing chemical 
exposure (p=0.017). Albumin was inversely associated with age, and participants who reported exposure 
to degreasing chemicals had a lower mean albumin level than those who did not report exposure (4,185.8 
mg/dl vs. 4,222.3 mg/dl). Dichotomized albumin was only significantly associated with current alcohol 
use (p=0.047). The percentage of participants with low albumin levels increased with current alcohol use. 

Tests of covariate association for a-1-acid glycoprotein in its continuous form showed significant 
associations with occupation (p<0.001), current alcohol use (p<0.001), and lifetime alcohol history 
(p<0.001). Levels of oc-1-acid glycoprotein increased with current alcohol use and lifetime alcohol 
history. Enlisted groundcrew had the highest mean a-1-acid glycoprotein level (86.34 mg/dl), followed 
by enlisted flyers (85.71 mg/dl) and officers (81.68 mg/dl). 

The discrete form of ot-1-acid glycoprotein was significantly associated with current alcohol use 
(p=0.003). The prevalence of high a-1-acid glycoprotein values increased as current alcohol use 
increased. 

The continuous form of a-1-antitrypsin increased with age (p<0.001) and lifetime alcohol history 
(p=0.001) and decreased with current wine consumption (p<0.001). Race (p=0.006), occupation 
(p<0.001), industrial chemical exposure (p=0.001), and degreasing chemical exposure (p=0.023) also 
were significant. Non-Black participants had a higher mean cc-1-antitrypsin level than did Black 
participants (148.3 mg/dl vs. 141.8 mg/dl). Enlisted flyers had the highest mean a-1-antitrypsin level 
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(153.0 mg/dl), followed by the enlisted groundcrew (150.2 mg/dl) and officers (143.4 mg/dl). In both 
industrial chemical exposure and degreasing chemical exposure, participants who reported exposure had 
higher mean a-1-antitrypsin levels. 

The trichotomous form of a-1-antitrypsin was significantly associated with occupation (p=0.022), 
industrial chemical exposure (p=0.037), and current wine consumption (p=0.031). Officers had the 
highest percentage of abnormally low a-1-antitrypsin levels (2.3%), followed by enlisted groundcrew 
(0.9%) and enlisted flyers (0.6%). Enlisted flyers and enlisted groundcrew each had 0.9 percent 
abnormally high a-1-antitrypsin values, followed by officers with 0.2 percent abnormally high 
a-1-antitrypsin values. Participants who did not report exposure to industrial chemicals had a higher 
percentage of abnormally low a-1-antitrypsin levels (2.1%), as well as a higher percentage of abnormally 
high a-1-antitrypsin levels (0.9%) than participants who reported exposure to industrial chemicals (0.9 
percent abnormally low and 0.5 percent abnormally high). Participants who currently drank wine had a 
higher percentage of abnormally low a-1-antitrypsin values than those who did not drink wine (1.9% vs. 
1.0%). Participants who currently did not drink wine had a higher percentage of abnormally high 
a-1-antitrypsin values than did those who currently did drink wine (0.9% vs. 0.2%). 

The continuous form of cc-2-macroglobulin increased with age (p<0.001) and decreased with current 
alcohol use (p=0.031). Race and occupation were associated significantly with a-2-macroglobulin 
(p<0.001 and p=0.013, respectively). Non-Black participants had a higher mean a-2-macroglobulin level 
than did Black participants (172.2 mg/dl vs. 152.1 mg/dl). Enlisted flyers had the highest mean 
a-2-macroglobulin level (177.2 mg/dl), followed by officers (170.8 mg/dl) and enlisted groundcrew 
(169.0 mg/dl). 

Tests of covariate association for discretized a-2-macroglobulin found significant covariate associations 
with age and lifetime alcohol history (p=0.001 each). The prevalence of high a-2-macroglobulin levels 
increased with age. Nondrinkers had the highest percentage of high oc-1-macroglobulin levels, followed 
by heavy drinkers and moderate lifetime drinkers (9.3%, 3,3%, and 2.9%, respectively). 

In its continuous form, tests of covariate association showed apolipoprotein B levels significantly 
decreased with age (p=0.023). Occupation also was associated significantly with apolipoprotein B 
(p<0.001). Enlisted flyers had the highest mean apolipoprotein B level (114.3 mg/dl), followed by the 
enlisted groundcrew (112.4 mg/dl) and officers (108.3 mg/dl). Apolipoprotein B in its discrete form 
showed a significant covariate association with occupation (p=0.004). Enlisted flyers had the highest 
prevalence of high apolipoprotein B values (56.1%), followed by enlisted groundcrew (53.7%) and 
officers (47.1%). 

C3 complement in its continuous form decreased with age (p=0.027), current alcohol use (p<0.001), and 
lifetime alcohol history (p=0.034). Race (p=0.002), occupation (p<0.001), industrial chemical exposure 
(p<0.001), and degreasing chemical exposure (p<0.001) also were associated significantly with C3 
complement. Non-Black participants had a lower mean C3 complement level than Black participants 
(118.4 mg/dl vs. 124.0 mg/dl). Officers had the lowest mean C3 complement level (114.7 mg/dl), 
followed by enlisted flyers (120.5 mg/dl) and enlisted groundcrew (121.6 mg/dl). For each of the 
industrial chemical exposure and degreasing chemical exposure covariates, participants who did not 
report exposure had lower mean C3 complement levels. 

Current alcohol use was significantly associated with C3 complement in its discrete form (p=0.001). 
Participants who were currently moderate drinkers had the highest percentage of low C3 complement 
values (4.6%), followed by lighter drinkers (1.6%) and heavier drinkers (0.0%). 
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Tests of covariate association showed C4 complement in its continuous form to be significantly 
associated with race (p<0.001), occupation (p<0.001), and industrial chemical exposure (p=0.029). 
Non-Black participants had a lower mean C4 complement level than Black participants (25.65 mg/dl vs. 
29.00 mg/dl). Officers had the lowest mean C4 complement level (25.21 mg/dl), followed by enlisted 
flyers (25.95 mg/dl) and enlisted groundcrew (26.35 mg/dl). Participants who did not report exposure to 
industrial chemicals had a lower mean C4 complement level than those who reported exposure (25.51 
mg/dl vs. 26.02 mg/dl). 

C4 complement in its discrete form was significantly associated with degreasing chemical exposure 
(p=0.031). Participants who did not report exposure had a higher prevalence of low C4 complement 
values (0.5%) than those who reported exposure (0.0%). 

In its continuous form, tests of covariate association showed haptoglobin levels increased significantly 
with current alcohol use and lifetime alcohol history (p=0.013 and p<0.001, respectively). Occupation, 
industrial chemical exposure, and degreasing chemical exposure also were associated significantly with 
haptoglobin (p<0.001, p=0.013, and p=0.001, respectively). Enlisted flyers had the highest mean 
haptoglobin level (142.0 mg/dl), followed by enlisted groundcrew (136.3 mg/dl) and officers (118.7 
mg/dl). In each of the industrial chemical exposure and degreasing chemical exposure covariates, 
participants who reported exposure had higher mean haptoglobin levels. 

In its discrete form, tests of covariate association for haptoglobin showed similar results to the continuous 
analysis. Significant covariates were occupation (p=0.001), current alcohol use (p=0.005), lifetime 
alcohol history (p=0.018), industrial chemical exposure (p=0.010), and degreasing chemical exposure 
(p=0.003). Enlisted flyers had the highest percentage of high haptoglobin levels (36.1%), followed by 
enlisted groundcrew (33.8%) and officers (22.9%). The prevalence of high haptoglobin levels increased 
with current alcohol use. Heavy lifetime drinkers had the largest percentage of high haptoglobin values 
(34.2%), followed by nondrinkers (30.5%) and moderate lifetime drinkers (27.8%). In each of the 
analyses of industrial chemical exposure and degreasing chemical exposure, participants who reported 
exposure had a larger percentage of high haptoglobin levels. 

Transferrin in its continuous form significantly decreased with age (p=0.022) and increased with current 
alcohol use (p=0.022). Also significantly associated with transferrin were race (p<0.001) and degreasing 
chemical exposure (p=0.009). Black participants had a lower mean transferrin level than non-Blacks 
(237.8 mg/dl vs. 251.7 mg/dl). Participants who reported exposure to degreasing chemicals had a lower 
mean transferrin level than those who were exposed (248.2 mg/dl vs. 252.4 mg/dl). 

Tests of covariate association for discretized transferrin showed age and race to be significantly 
associated with transferrin (p=0.043 and p=0.001, respectively). Older participants had a higher 
prevalence of low transferrin levels than did younger participants (11.0% vs. 8.2%). Blacks had a higher 
percentage of low transferrin levels than non-Blacks (20.8% vs. 9.1%). 

13.2.2  Exposure Analysis 

The following section presents results of the statistical analyses of the dependent variables shown in 
Table 13-1. Dependent variables were derived from a medical records review and verification of self- 
reported gastrointestinal conditions, a 1997 physical examination determination of hepatomegaly, and 
numerous laboratory measurements conducted at the 1997 follow-up examination. 

Four models were examined for each dependent variable given in Table 13-1. The analyses of these 
models are presented below. Further details on dioxin and the modeling strategy are found in Chapters 2 
and 7, respectively. These analyses were performed both unadjusted and adjusted for relevant covariates. 
Model 1 examined the relation between the dependent variable and group (i.e., Ranch Hand or 
Comparison). In this model, exposure was defined as "yes" for Ranch Hands and "no" for Comparisons 
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without regard to the magnitude of the exposure. As an attempt to quantify exposure, three contrasts of 
Ranch Hands and Comparisons were performed along with the overall Ranch Hand versus Comparison 
contrast. These three contrasts compared Ranch Hands and Comparisons within each occupational 
category (i.e., officers, enlisted flyers, and enlisted groundcrew). As described in previous reports, the 
average levels of exposure to dioxin were highest for enlisted groundcrew, followed by enlisted flyers, 
then officers. 

Model 2 explored the relation between the dependent variable and an extrapolated initial dioxin measure 
for Ranch Hands who had a 1987 dioxin measurement greater than 10 parts per trillion (ppt). If a 
participant did not have a 1987 dioxin level, the 1992 level was used to estimate the initial dioxin level. If 
a participant did not have a 1987 or a 1992 dioxin level, the 1997 level was used to estimate the initial 
dioxin level. A statistical adjustment for the percentage of body fat at the time of the participant's blood 
measurement of dioxin was included in this model to account for body-fat-related differences in 
elimination rate (66). 

Model 3 divided the Ranch Hands examined in Model 2 into two categories based on their initial dioxin 
measures. These two categories are referred to as "low Ranch Hand" and "high Ranch Hand." Two 
additional categories, Ranch Hands with 1987 serum dioxin levels at or below 10 ppt and Comparisons 
with 1987 serum dioxin levels at or below 10 ppt, were formed and included in the model. Ranch Hands 
with 1987 serum dioxin levels at or below 10 ppt are referred to as the "background Ranch Hand" 
category. Dioxin levels in 1992 were used if the 1987 level was not available, and dioxin levels in 1997 
were used if the 1987 and 1992 levels were not available. These four categories—Comparisons, 
background Ranch Hands, low Ranch Hands, and high Ranch Hands—were used in Model 3 analyses. 
The relation between the dependent variable in each of the three Ranch Hand categories and the 
dependent variable in the Comparison category was examined. A fourth contrast, exploring the relation 
of the dependent variable in the combined low and high Ranch Hand categories relative to Comparisons, 
also was conducted. This combination is referred to in the tables as the "low plus high Ranch Hand" 
category. As in Model 2, a statistical adjustment for the percentage of body fat at the time of the 
participant's blood measurement of dioxin was included in this model. 

Model 4 examined the relation between the dependent variable and 1987 lipid-adjusted dioxin levels in all 
Ranch Hands with a dioxin measurement. If a participant did not have a 1987 dioxin measurement, the 
1992 measurement was used to determine the dioxin level. If a participant did not have a 1987 or a 1992 
dioxin measurement, the 1997 measurement was used to determine the dioxin level. 

13.2.2.1  Medical Records Variables 

] 3.2.2.1A      Uncharacterized Hepatitis 

All unadjusted and adjusted analyses of the appearance of uncharacterized hepatitis for Models 1 through 
4 were nonsignificant (Table 13-3(a-h): p>0.18 for all analyses). 
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Table 13-3. Analysis of Uncharacterized Hepatitis 

MMODEIi lj RANCH HANDS VS. COMPARISONS - UNADJUSTED* 

Occupational 
s ;- Category   ■':; Group'] 

Est. Relative Risk 
L.;,;.:<95%;CX)^ ;

:; p-Value 
All Ranch Hand 

Comparison 
863 

1,244 
17 (2.0) 
21 (1.7) 

1.17(0.61,2.23) 0.634 

Officer Ranch Hand 
Comparison 

338 
488 

5(1.5) 
7 (1.4) 

1.03 (0.32,3.28) 0.958 

Enlisted Flyer Ranch Hand 
Comparison 

151 
187 

4(2.6) 
3 (1.6) 

1.67 (0.37,7.57) 0.507 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

374 
569 

8(2.1) 
11(1.9) 

1.11(0.44,2.78) 0.826 

(b) MODEL 1: RANCH HANDS VS. COMPARISONS - ADJUSTED 

Occupational Category 
Adjusted Relative Risk 

p-Value 

All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

1.18(0.62,2.26) 

1.05(0.33,3.35) 
1.62(0.35,7.40) 
1.13(0.45,2.85) 

0.617 

0.935 
0.533 
0.795 

(c) MODEL 2: RANCH HANDS - INITIAL DIOXIN - UNADJUSTED 

(S;:;^ l Category Su mmary Statistics      '.':.''■;■;■,. Analysis Results for Log2 (Initial Dioxin)0 

\§U>0':M 
?V;":Estfinäted:-R^^ 

Low 
Medium 
High 

158 
161 
159 

3 (1.9) 
3 (1.9) 
3 (1.9) 

1.10(0.67,1.80)                         0.705 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

b- Value] 

475 1.02(0.58,1.79) 0.936 
a Relative risk for a twofold increase in initial dioxin. 

Note: Results are not adjusted for race, industrial chemical exposure, and degreasing chemical exposure because of 
the sparse number of Ranch Hands with uncharacterized hepatitis. 
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Table 13-3,   Analysis of Uncharacterized Hepatitis (Continued) 

;;:(^^ -UNADJUSTED 

Dioxin Category ^■'■';^|Y;>V^n+;;;_\;:;!:::v''i 
Number'■"( %)       .. 

.     ..    (95%-'€X)ab    '': ;; p-Value 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,206 

378 
237 
241 
478 

21 (1.7) 

8 (2.1) 
4(1.7) 
5(2.1) 
9(1.9) 

1.27 (0.56,2.92) 
0.96 (0.33,2.82) 
1.15(0.43,3.10) 
1.05 (0.48,2.32) 

0.568 
0.938 
0.779 
0.902 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand):  1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

Dioxin Category 
Adjusted Relative Risk 

L::'::^''i95%CJ.)*.::V;:-v1 p-Value 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,205 

375 
236 
239 
475 

1.39(0.59,3.27) 
1.00(0.34,2.97) 
1.04(0.38,2.89) 
1.02(0.46,2.28) 

0.450 
0.999 
0.932 
0.957 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand):  1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(g) MODEL 4: RANCHHANDS -1987 DIOXIN ;igNAM|S||i:| 
1987 Dioxin Category Summarj lp§iffsftlP-j l||l lllplll; ili^ilÄ                                                     1 'Si WM 

§M0mi0:Mi&W:M lllipfilll!! 
Low 
Medium 
High 

287 
283 
286 

6(2.1) 
5(1.8) 
6 (2.1) 

0.86(0.61,1.21)                                0.377 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 
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Table 13-3,   Analysis of Uncharacterized Hepatitis (Continued) 

(h) MODEL 4: RANCH HANDS -1987 DIOXIN »ADJUSTED 

ÄiiäsIysis:Resultsfi)rLog2 (1987Dioxin+ 1) 

'  '...   Adjusted Relative Risk 
p-Value 

850                                             0.78(0.55,1.12) 0.184 
a Relative risk for a twofold increase in 1987 dioxin. 

13.2.2.1.2      Jaundice (Unspecified) 

The unadjusted Model 1 analysis revealed a significant overall group difference in the percentage of 
individuals with jaundice (Table 13-4(a): Est. RR-0.49, p=0.025). The percentage of Ranch Hands with 
jaundice was 1,4 percent versus 2.9 percent of the Comparisons. After stratifying by occupation, 
marginally significant differences were seen between Ranch Hand and Comparison officers, as well as 
enlisted groundcrew (Table 13-4(a): Est. RR=0.45, p-0.091; Est. RR=0.30, p=0.057, respectively). The 
percentage of officers and enlisted groundcrew with jaundice was higher among the Comparisons than the 
Ranch Hands. 

Table 13-4. Analysis of Jaundice (Unspecified) 

_^_ ____ __ 

35 (2.9) 
6(1.8) 0.45(0.18,1.14) 0.091 

19 (4.0) 

3 (2.0) 3.70 (0.38,35.9) 0.260 
1 (0.6) 
3 (0.8) 0.30 (0.09,1.04) 0.057 

15 (2.7)  

MMQDEOrM 

All Ranch Hand 846 
Comparison 1,219 

Officer Ranch Hand 329 
Comparison 478 

Enlisted Flyer Ranch Hand 149 
Comparison 181 

Enlisted Ranch Hand 368 
Groundcrew Comparison 560 

All 0.49(0.25,0.96) 0.028 

Officer 0.46(0.18,1.17) 0.103 
Enlisted Flyer 3.47 (0.36,33.8) 0.284 
Enlisted Groundcrew 0.29(0.08,1.03)  0.055 
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Table 13-4.   Analysis of Jaundice (Unspecified) (Continued) 

li^MQOmii RANCH HANDS - -INITIAL DIOXIN-UNADJUSTED 

Initial Dioxin Category Summary Statistics Analysis Results for Log2 (Initial Dioxin)3 

Initial 
Dioxin ^•;^t;;''^^'lv^NV ^^; 

'   Number'■■(%)■■ %         '. '■■ Estimated Relative Risk ■  ; 

Low 
Medium 
High 

154 
160 
155 

0 (0.0) 
1 (0.6) 
0 (0.0) 

1.03(0.21,5.02)                         0.973 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(d) MODEL 2: RANCH HANDS - -INITIAL DIOXIN-ADJUSTED 

:'^::-:^:!:-'-ä'';:*:l^ 

Analysis Results for Logs (Initial Dioxin) 

.; ■ ikajtiiÄitöä'Miä^#föÄ&' • •    ■    ■  ■              - 
;*:&S. }p-VÄ&£' :£W-'-'--': !'<■!--> 

466 1.01 (0.20,5.08) 0.995 
a Relative risk for a twofold increase in initial dioxin. 

Note: Results are adjusted only for percent body fat at the time of the blood measurement of dioxin and lifetime 
alcohol history because of the sparse number of Ranch Hands with jaundice. 

te) MODEL 3rIlANC»H^ 

Dioxin Category 
Number (%) Est Relative Risk 

I.' (95%-C.I,)ab:-::^ p-Value; 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,182 

370 
232 
237 
469 

34 (2.9) 

11(3.0) 
0 (0.0) 
1 (0.4) 
1 (0.2) 

1.05(0.52,2.11) 

0.14(0.02,1.04) 

0.890 
0.017c 

0.055 
0.001° 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 
c P-value determined using a chi-square test with continuity correction because of the sparse number of Ranch 

Hands with unspecified jaundice. 
--: Results not presented because of the sparse number of Ranch Hands with unspecified jaundice. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 13-4.   Analysis of Jaundice (Unspecified) (Continued) 

(f) MODEL 3r.RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - ADJUSTED 

jijl 1 ''■■■:"'iY       :';; '■■ ':v ;:i:: i'   .      ;' ■   -:f^>:>    ''; <--:?-:'';':vr-K i:'Jv; :-^.'■=:. I• '>■ &$ «sted;Relative ljislt;;^v:"- S:£; ■ <. --;>v;;: ■':."% fill1 

0.988 

0.075 

a Relative risk and confidence interval relative to Comparisons. 
—: Results not presented because of the sparse number of Ranch Hands with unspecified jaundice. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,181 

367 
231 
235 
466 

0.99 (0.49,2.03) 

0.16(0.02,1.20) 

(g) MODEL 4t RANCH HANDS -1987 DIOXIN -UNADJUSTED.'■; 

1987 Dioxin C ategory Summary ̂ Sta^Ö^v^-;;j\|- ■ .  . :      \ Analysis Results -for I^^(i:987:-pioiin;+-pj ^''■;'':v'■■''.'; ■ 
;:'■■■■;■1987 

Dioxin/; ^WW^'^:'^-^ *\ 
Number (%). ::v 

Low 
Medium 
High 

281 
276 
282 

8 (2.8) 
3(1.1) 
1 (0.4) 

0.44 (0.28,0.69)                              <0.001 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(h) MODEL 4: RANCH HANDS - 1987 DIOXIN - ADJUSTED 

 833 0.39 (0.24,0.65) <0.001 

Relative risk for a twofold increase in 1987 dioxin. 

After covariate adjustment, the overall group difference remained significant (Table 13-4(b): 
Adj. RR=0.49, p=0.028). Stratifying by occupation revealed a marginally significant difference between 
Ranch Hands and Comparisons among the enlisted groundcrew (Table 13-4(b): Adj. RR=0,29, p=0.055). 

Only one Ranch Hand had an extrapolated initial dioxin value. The Model 2 unadjusted analysis of 
jaundice was not significant (Table 13-4(c): p=0.973), nor was the adjusted analysis (Table 13-4(d): 
p=0.995). 

The Model 3 unadjusted and adjusted analyses of jaundice each revealed a marginally significant 
difference between Ranch Hands in the high dioxin category and Comparisons (Table 13-4(e,f): 
Est. RR=0.14, p=0.055, for the unadjusted analysis; Adj. RR=0.16, p=0.075, for the adjusted analysis). 
The percentage of Ranch Hands in the high dioxin category with jaundice was 0.4 percent versus 2.9 
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percent among the Comparisons. There were no Ranch Hands in the low dioxin category. Unadjusted 
chi-square tests of association revealed a significantly smaller percentage of Ranch Hands in the low 
dioxin category with jaundice than Comparisons (Table 13-4(e): p=0.017). A significantly smaller 
percentage of Ranch Hands in the low and high dioxin categories combined also had jaundice than did 
Comparisons (Table 13-4(e): p=0.001). 

The unadjusted and adjusted Model 4 analyses revealed a significant relation between 1987 dioxin and 
jaundice (Table 13-4(g,h): Est RR=0.44, jxO.001; Adj. RR=0.39, p<0.001, respectively). The 
percentages of participants with jaundice in the low, medium, and high 1987 dioxin categories were 2.8, 
1.1, and 0.4, respectively. 

13.2.2.1.3 Acute Necrosis of the Liver 

Only one participant had an acute necrosis of the liver. The participant was a non-Black, Comparison 
officer. Further statistical analysis was not performed. 

13.2.2.1.4 Chronic Liver Disease and Cirrhosis (Alcohol-related) 

All unadjusted and adjusted analyses of alcohol-related chronic liver disease and cirrhosis were 
nonsignificant (Table 13-5(a-h): p>0.22 for all analyses). 

Table 13-5. Analysis of Chronic Liver Disease and Cirrhosis (Alcohol-related) 

Occupational i 
:     :'. Category".' j ;;;^|.;::^ ^'^M^^M;:M Yes                             (95% C.I.) p-Value    :■ 
All Ranch Hand 

Comparison 
815 

1,183 
39 (4.8)                   1.01 (0.67,1.54) 
56(4.7) 

0.958 

Officer Ranch Hand 
Comparison 

326 
472 

15(4.6)                    1.58(0.75,3.32) 
14 (3.0) 

0.229 

Enlisted Flyer Ranch Hand 
Comparison 

138 
180 

7 (5.1)                   0.75 (0.29,1.95) 
12 (6.7) 

0.553 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

351 
531 

17 (4.8)                   0.85 (0.46,1.57) 
30 (5.6) 

0.602 

(b) MODEL 1: 11$$^ 

li'l-.l^r^lQ^^atjl] ö;^i;Cafegör^llfi;!;| 

All 0.93 (0.60,1.45)                                           0.762 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

1.50(0.71,3.19)                                        0.290 
0.70(0.26,1.88)                                           0.474 
0.75(0.39,1.45)                                           0.390 
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Table 13-5.  Analysis of Chronic Liver Disease and Cirrhosis (Alcohol-related) 
(Continued) 

(c) MODEL 2: 30*^ - INITIAL DIOXIN-UNADJUSTED 

■ ■ •■ Initial Dioxin Category Summary' Statistics ■'. Analysis Results for Log2 (Initial Dioxin)3 

I 
.-.   Dioxin.   ■' :. ^^;-^r:;:>i;: j<r;-ia;ir' :<-.VA?:^ ^-' ;■-:": "[- 

Wv Camber: ^%)"| §'I & Estimated Relative Risk              ^       : 

Low 
Medium 
High 

152 
151 
144 

1 (4.6) 
8 (5.3) 
8 (5.6) 

1.06(0.78,1.45)                       0.708 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin.' 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

^WMOD^^ 

D-Valüe.: 

444                                          1.06(0.72,1.57) 0.765 
a Relative risk for a twofold increase in initial dioxin. 

gp:^I^ -UNADJUSTED 

f--A":;-; 'ß .^l'sIp^aiÄÄ': 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,147 

361 
226 
221 
447 

54 (4.7) 

16(4.4) 
11 (4.9) 
12 (5.4) 
23(5.1) 

0.97(0.55,1.73) 
1.02(0.53,1.99) 
1.12(0.59,2.14) 
1.07(0.65,1.77) 

0.924 
0.946 
0.725 
0.788 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 13-5.  Analysis of Chronic Liver Disease and Cirrhosis (Alcohol-related) 
(Continued) 

(f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - ADJUSTED 

:' ;■ ;:^ijipxln' Category '■■",■■'■ ̂v-"l;iH;0^:Sv'^§^S:^ 
Adjusted Relative Risk 

'p-Value 
Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH 

1,146 

358 
225 
219 
444 

1.03(0.56,1.90) 
0.95 (0.48,1.91) 
0.88(0.43,1.81) 
0.92(0.54,1.57) 

0.914 
0.894 
0.734 
0.755 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison:  1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(g) MODEL 4: RANCH HANDS-1987 DIOXIN -UNADJUSTED, .:: "■..;;::. 

./■..': 1987. Dioxin Category-'Sühi^ry-Sta&tics.--'.'. !:'--v.^ ■ :■ .Analysis Resultefor I/Ogj i[ft^i|||^ftäM§8SSl:: 
iljftjlf^ 

% -Fif^sm;-^ £ ;■;;;:-;| ■' ~'M^% WPM'.%.    I;; M:^ Yes; i^M'M 
Estimated Relative Risk 

%:^\:
;;:: ';;v/:;p-^^Ufe"; % %% 

Low                            273                  12 (4.4) 
Medium                      269                  15 (5.6) 
High                            266                  12(4.5) 

1.10(0.89,1.37) 0.368 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; Hig h = >19.6ppt. 

(h) MODEL 4: RANCH HANDS -1987--DIOXIN -ADJUSTED/.    .:'.■';.■'■...';.■/■.'::■ 

-     :mr:k W^MtMv£'% &■& ¥M§^M%.$ -:;£ ;££'?f
; % Mäjüs1te;&:ReIativei:Risk• >).       '^%^MMB:-« 

giss?® [j::-:;M.. jp^alufe; 'V;:-:\ vj: '$:%/^r :U;} 

802                                              1.09 (0.84,1.41) 0.506 
a Relative risk for a twofold increase in 1987 dioxin. 

13.2.2.1.5      Chronic Liver Disease and Cirrhosis (Non-alcohol-related) 

All results from analysis of non-alcohol-related chronic liver disease and cirrhosis were nonsignificant 
(Table 13-6(a-h): p>0.21 for all analyses). 
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Table 13-6. Analysis of Chronic Liver Disease and Cirrhosis (Non-alcohol-related) 

(a) MODEL 1: RANCH HANDS VS COMPARISONS -UNADJUSTED 

Occupational 
Category Group :'U:::^^MT~:l'-[^" 

'>:;#v:^inber"(^)^ :\:';; Esfc Relative Risk  .. 
p-Value 

All Ranch Hand 
Comparison 

870 
1,250 

14(1.6) 
14(1.1) 

1.44(0.68,3.04) 0.336 

Officer Ranch Hand 
Comparison 

341 
493 

5 (1.5) 
3 (0.6) 

2.43(0.58,10,18) 0.226 

Enlisted Flyer Ranch Hand 
Comparison 

151 
187 

2(1.3) 
3 (1.6) 

0.82(0.14,4.99) 0.832 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

378 
570 

7 (1.9) 
8(1.4) 

1.33(0.48,3.69) 0.589 

(b) MODEL 1: RANCH HANDS VS. COMPARISONS - ADJUSTED 

Occupational Category 
Adjusted Relative Risk 

p-Value 
All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

1.43 (0.68,3.03) 

2.47 (0.58,10.52) 
0.77(0.13,4.71) 
1.32(0.47,3.69) 

0.348 

0.219 
0.777 
0.598 

(c) MODEL 2* RANCH HANDS - tffiB3@^^ 

'.:■';> ;\.::v'"'V;:'Init ial Dioxin Category Sttif^a%:;:St^.sjtic|'.:" WM ■;:..'■ ; ■ ^AnälysiS;;!^ 

Initial 
Dioxin 't^$&X^Xi;:$- 

Low 
Medium 
High 

160 
162 
160 

2(1.3) 
4 (2.5) 
2(1.3) 

1.02(0.61,1.70)                         0.949 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

~(ä)^iölp^ 

p-Value 
479 1 04 (0 61 1 761 0.897 

a Relative risk for a twofold increase in initial dioxin. 

Note: Results are not adjusted for race because of the sparse number of Ranch Hands with a history of non-alcohol- 
related chronic liver disease and cirrhosis. 
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Table 13-6. Analysis of Chronic Liver Disease and Cirrhosis (Non-alcohol-related) 
(Continued) 

f:^e};^ -UNADJUSTED 

Dioxin Category .^^E^;tt^4:^£ 
H^#;^Numi^ 

'/■,'Yes.;.-  : ;    (95%\CX)ab: . ■■ ;■■' p-Value 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,212 

381 
239 
243 
482 

14(1.2) 

6 (1.6) 
3 (1.3) 
5 (2.1) 
8(L7) 

1.64 (0.62,4.34) 
1.01 (0.29,3.58) 
1.52 (0.53,4.32) 
1.24 (0.50,3.06) 

0.321 
0.986 
0.433 
0.639 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - ADJUSTED 

: ;;SS": :-'SS' ;SS:I' "SS^: :';J: IS^^lScS^S^^S::;; !| ;;:|S:iS;::S<Sl ^:'S S: :S:   :;':^5S::::: :S;^;;": - £:?;^S:CS; S-S' S;;S;:^ :;;S :i;:::Ä^ ^#<i -:^^^ti^^lKl'S:;S:|': S;'> ;i;SJS::S:'|S?:SI'S-''S^ Sv;C.SSS' LS:::'';':: -1 
S;i;#Ä^ 
Comparison 1,211 

Background RH                               378                           1.89(0.68,5.25) 0.223 
LowRH                                           238                            1.15(0.32,4.12) 0.829 
HighRH                                           241                            1.37(0.47,4.00) 0.568 
Low plus High RH 479 1.26(0.51,3.12) 0.625 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand):  1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(g) MODEL 4: RANCH HANDS -1987 DIOXIN ■-j^tojusr^^                                S ./■■"Vv.V 
1987 Dioxin Category Summar ̂ ^i^<s|||fill SSISSIä 

f:|;y;;;v;£^^n;| ~%W^?M^iMM§M^M 
|ÄKi(Ä)ISl:' 
wg^ggggi 

Low 
Medium 
High 

288 
287 
288 

4(1.4) 
4(1.4) 
6(2.1) 

1.05(0.73,1.49)                               0 803 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9~19.6 ppt; High = >19.6 ppt. 
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Table 13-6.  Analysis of Chronic Liver Disease and Cirrhosis (Non-alcohol-related) 
(Continued) 

(h) MODEL 4: RANCH HANDS^ 1^87 DIOXIN - ADJUSTED 

Analysis Results fr>rLog2 (1987 Dioxin;* 1) 

:".: : •       [%: ^ Adjusted-Relatiyfe':&isk:;;::: :,; •-". ■. ■'. 
• ■;;';■■ :■■■?-:".;.   (95% CX)* .::"-) ;;'.;:■';:' •;;. ■;■    "p^üe 

 857 1.02(0.68,1.54) 0.920 

Relative risk for a twofold increase in 1987 dioxin. 

13.2.2.1.6      Liver Abscess and Sequelae of Chronic Liver Disease 

A sparse number of abnormalities restricted the analysis of liver abscess and sequelae of chronic liver 
disease. One non-Black, Ranch Hand enlisted groundcrew and one non-Black, Comparison officer were 
noted to have a liver abscess and sequelae of chronic liver disease. No significant relations with dioxin 
were noted in any of the Models 1 through 4 analyses (Table 13-7(a-h): p>0.16 for all analyses 
performed). 

Table 13-7. Analysis of Liver Abscess and Sequelae of Chronic Liver Disease 

(a) MODEL 1: RANCH HANDS VS. COMPARISONS - UNADJUSTED 

./Occupational'.:;: 
.:/   -Category;   -i ...Group..;;'..'.: l-W^MMM<:^:4 

;: ■.   -'Number (%)..'.  : ■' ■ Est- Relative;IÜsk'' - ■'::'■ ■; 
p-Value 

All Ranch Hand 
Comparison 

870 
1,251 

1(0.1) 
1 (0.1) 

1.44(0.09,23.03) 0.798 

Officer Ranch Hand 
Comparison 

341 
494 

0 (0.0) 
1 (0.2) 

- 0.999a 

Enlisted Flyer Ranch Hand 
Comparison 

151 
187 

0 (0.0) 
0 (0.0) 

-- - 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

378 
570 

1 (0.3) 
0 (0.0) 

- 0.836a 

a P-value determined using a chi-square test with continuity correction because of the sparse number of participants 
with a history of a liver abscess and sequelae of chronic liver disease. 
—: Results not presented because of the sparse number of participants with a liver abscess and sequelae of chronic 
liver disease. 

(b) MODEL 1: RANCH HANDS VS. COMPARISONS - ADJUSTED 

l;;|^ 

All 1.45(0.09,23.24) 0.795 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

-: Results not presented because of the sparse number of participants with a liver abscess and sequelae of chronic 
liver disease. 

Note: Results are not adjusted for race and occupation because of the sparse number of participants with a liver 
abscess and sequelae of chronic liver disease. 
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Table 13-7. Analysis of Liver Abscess and Sequelae of Chronic Liver Disease 
(Continued) 

(c) MODEL 2: RANCH HANDS -INITIAL DIOXIN-UNAD JUSTED ■,.,; :- ■;.';...     II» 

Initial Dioxin Category Summary Statistics Analysis Results for Log2 (Initial Dioxin)'1 

: Initial 
-■.Dioxin  . -Wi-^:^^S-xWWi 

-^Amtier ^ ■■'• Estimated Relative Risk 
:■■.'■':. (95% CJ.)^.   ; .    ::      "     •.     p-Value    : 

Low 
Medium 
High 

160 
162 
160 

0 (0.0) 
0(0.0) 
1 (0.6) 

1.99(0.64,6.25)                       0.277 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(d)MODEL2: RANCH HANDS-INITIAL DIOXIN-ADJUSTED 

^^^iW:WWh:~n^ 

!;:&M\ %;: (;3#^^                                                              1" WS. -SB 
\:WSBs/f^ "£ ii; B^S>: i Äfljustea Ä^ä^*e:ws^L---!.':      St- ■-. S ■. "SW BBl BBB-} 

p-Value        .; J::: ■/.;■'._..' 
479 2.09(0.61,7.19) 0.277 

Note: Results are adjusted only for percent body fat at the time of the blood measurement of dioxin, age, and 
lifetime alcohol history because of the sparse number of Ranch Hands with a liver abscess and sequelae of chronic 
liver disease. 

(e) MODEL 3: $^$^$$K^^ -UNADJUSTED    ; 

■  ■'■ Ip^Value/!". '■ .'  '. ■ \ 
Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH 

1,213 

381 
239 
243 
482 

1 (0-1) 

0 (0.0) 
0 (0.0) 
1 (0.4) 
1 (0.2) 

5.44 (0.33,89.44) 

0.999c 

0.999c 

0.236 
0.999c 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 
c P- value determined using a chi-square test with continuity correction because of the sparse number of Ranch 
Hands with a liver abscess and sequelae of chronic liver disease. 
--: Results not presented because of the sparse number of Ranch Hands with a liver abscess and sequelae of chronic 
liver disease. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 13-7,  Analysis of Liver Abscess and Sequelae of Chronic Liver Disease 
(Continued) 

(f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - ADJUSTED 

i-Dioxin. Category: 
Adjusted Relative Risk 

'-.:.   <95.%C.I.Y;    ,,'J p-Value; 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,212 

378 
238 
241 
479 

7.76 (0.38,158.28) 0.183 

—: Analyses not performed because of the sparse number of Ranch Hands with a liver abscess and sequelae of 
chronic liver disease. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand):  1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

Results are not adjusted for race and occupation because of the sparse number of Ranch Hands with a liver 
abscess and sequelae of chronic liver disease. 

(g) MODEL 4: RANCH HANDS -1987 DIOXIN ;§l$$ö^^ 
WSlMfM oxin Category Summary ''Statistics':--;.- :.'■■..:■.; |;M^ 

'^M^ WM'E:W:S'-'"M: 
Number(.%).; ■ ■. 
v;; -;Yes'..:,.; V1: 

ll^Önpe^ 

Low 
Medium 
High 

288 
287 
288 

0 (0.0) 
0 (0.0) 

1 (0.3) 

2.30(0.71,7.43)                               0.162 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium - >7.9-19.6 ppt; High = >19.6 ppt. 

(h) MODEL 4: RANCH HANDS - 1987 DIOXIN - ADJUSTED 

Analysis Results for Log2 (1987 Dioxin + 1) 

p-Vaiue; 

857 2.05 (0.68,6.15) 0.212 

Note: Results are adjusted only for age and lifetime alcohol history because of the sparse number of Ranch Hands 
with a liver abscess and sequelae of chronic liver disease. 

13.2.2.1.7     Enlarged Liver (Hepatomegaly) 

The unadjusted and adjusted Model 1 analyses of the prevalence of enlarged liver revealed no group 
differences when combining all occupations (Table 13-8(a,b): p>0.33 for each analysis). After 
stratifying by occupation, a marginally significant difference was seen between Ranch Hand and 
Comparison enlisted groundcrew (Table 13-8(a,b): Est. RR=0.30, p=0.056; Adj. RR=0.29, p=0.057, 
respectively). Among the enlisted groundcrew, 0.8 percent of the Ranch Hands had an enlarged liver 
versus 2.6 percent of the Comparisons. No significant results were seen in the Model 2, Model 3, or 
Model 4 analyses (Table 13-8(c~h): p>0.15 for all analyses). 
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Table 13-8. Analysis of Enlarged Liver (Hepatomegaly) 

:: (a) MODEL 1; RANCH HAWS VS.; COMPARISONS -UNADJUSTED: 

(b) MODEL 1: RANCH HANDS VS. COMPARISONS - ADJUSTED 

Occupational 
Category Group 3Jrri^;WÄ;t^ ■■■■:-■■■■   :\ :YesK:-: 

-   Est. Relative Risk 
:(95%VJ.r    ' p-Value 

All Ranch Hand 
Comparison 

869 
1,249 

14 (1.6) 
27(22) 

0.74(0.39,1.42) 0.361 

Officer Ranch Hand 
Comparison 

341 
492 

5(1.5) 
9(1.8) 

0.80 (0.27,2.40) 0.689 

Enlisted Flyer Ranch Hand 
Comparison 

151 
187 

6 (4.0) 
3(1.6) 

2.54(0.62,10.32) 0.193 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

377 
570 

3 (0.8) 
15 (2.6) 

0.30(0.09,1.03) 0.056 

Occupational Category 
Adjusted Relative Risk 

p-Value 
All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

0.73 (0.38,1.41) 

0.78 (0.26,2.36) 
2.53 (0.62,10.38) 
0.29(0.08,1.03) 

0.339 

0.662 
0.198 
0.057 

(c) MODEL ■2* RANCH HANDS - -iigfii^ 
Initial Dioxin Category Summary Statistics "■■'.. Analysis^Results-for Log-2 (Initial Dioxin)3 

Initial 
Dioxin '>W-;'Mi'^ 

;!v:^Numi3^ . ■■■  Estimated Relative-Risk'' ■: 

Low 
Medium 
High 

160 
162 
159 

2(1.3) 
4 (2.5) 
2(1.3) 

0.96(0.56,1.65)                       0.880 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low - 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(d) MODEL 2: RANCH HANDS - INITIAL DIOXIN - ADJUSTED 

Analysis Results for Log2 (Initial Dioxin) 

p-Value 
478 0.91 (0.46,1.80) 0.790 

Relative risk for a twofold increase in initial dioxin. 

Note: Results are not adjusted for race because of the sparse number of Ranch Hands with a history of an enlarged 
liver. 
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Table 13-8.   Analysis of Enlarged Liver (Hepatomegaly) (Continued) 

(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - -UNADJUSTED   ] 

Dioxin Category ■ :^)\X]\:^:%%:^ 

■.''■ ■;Niimber-i%)':'■■'■■'■■ 
';'■:,'   .-.'•,Y.es ;;■'::'• : 

Est Relative Risk 
(95%eX)ab p-Value 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,211 

381 
239 
242 
481 

26(2.1) 

6(1.6) 
2 (0.8) 
6 (2.5) 
8(L7) 

0.75(0.31,1.86) 
0.38(0.09,1.62) 
1.12(0.46,2.78) 
0.66(0.27,1.61) 

0.540 
0.191 
0.798 
0.357 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison:  1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 

Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(p MODEL 3: RANCH i^NDS AND COMPARISONS BY DIOX^ -ADJUSTED 

.■"■ Dioxin Category ^;V;V;.A:;R^:^;;-;|;^;^!|^ 
'■■:,   ': Adjusted Relative Risk ■'..' 

■ p-Value  . 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,210 

378 
238 
240 
478 

0.80 (0.32,2.01) 
0.35 (0.08,1.51) 
1.09(0.42,2.79) 
0.62(0.25,1.54) 

0.630 
0.159 
0.864 
0.302 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison:  1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand):  1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand):  1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(g) MODEL 4: RANCH HANDS -1987 DIOXIN ̂ »■UNADJUSTED .;:- -..v-'; 

=V,;;^yvl?S7:piokiri:Cattgöry- Summary fjSta^StiCsiyi-i; !| &; Analysis Results:fdr Log3 (1987 Dioxin+ 1) 

;:::vj:\ WiMI^ 

Low 
Medium 
High 

zoo 
287 
287 

4 (1.4) 
4(1.4) 
6(2.1) 

0.94(0.65,1.35)                               0.731 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 
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Table 13-8.   Analysis of Enlarged Liver (Hepatomegaly) (Continued) 

(h) MODEL 4t RANCH HANDS -1987 DIOXIN - ADJUSTED 

Analysis Results forLog2 (1987 Dioxin + 1) 

.      Adjusted Relative Risk 

 856_ 0.93 (0.60,1.46) 0.753 

Relative risk for a twofold increase in 1987 dioxin. 

13.2.2.1.8      Other Liver Disorders 

Both the unadjusted and adjusted Model 1 analyses revealed marginally significant differences between 
Ranch Hands and Comparisons over all occupations (Table 13-9(a,b): Est. RR=d.20, p=0.067; 
Adj. RR=1.19, p=0.090, respectively). The percentage of Ranch Hands with other liver disorders was 
28.8 versus 25.2 for Comparisons. Stratifying by occupation revealed a marginally significant difference 
between Ranch Hands and Comparisons within the enlisted groundcrew stratum for both the unadjusted 
and adjusted analyses (Table 13~9(a,b): Est. RR=1.32, p=0.062; Adj. RR=1.31, p=0.073, respectively). 
Of the enlisted groundcrew Ranch Hands, 30.8 percent had other liver disorders versus 25.2 percent of the 
Comparisons. 

Table 13-9. Analysis of Other Liver Disorders 

(a) MODEL 1: RANCH HANDS VS. COMPARISONS - UNADJUSTED 

Occupational 
^^;bSSc^iSliv;B& p[%/^ml:^ ■   p-Value .;.-.;. 

AU Ranch Hand 
Comparison 

866 
1,240 

249 (28.8) 
312 (25.2) 

1.20(0.99,1.46) 0.067 

Officer Ranch Hand 
Comparison 

338 
486 

93 (27.5) 
121 (24.9) 

1.15(0.84,1,57) 0.399 

Enlisted Flyer Ranch Hand 
Comparison 

151 
187 

40 (26.5) 
48 (25.7) 

1.04(0.64,1.70) 0.864 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

377 
567 

116(30.8) 
143 (25.2) 

1.32(0.99,1.76) 0.062 

(b)MO0ELl: RANCH HANDS VS. COMPARISONS - ADJTJSTEE $;iWiSSMSXM^M$^ 

Occupational Category 
Adjusted Relative Risk 

'^^^^Mi^'iBMä^MMp^'i 
All 1.19 (0.97,1.45) 0.090 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

1.15(0.83,1.57) 
0.98 (0.60,1.61) 
1.31 (0.98,1.75) 

0.400 
0.933 
0.073 
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Table 13-9.   Analysis of Other Liver Disorders (Continued) 

(c)M0DEI|2: RANCH HANDS - 

Dioxin Category Sun 

3333^33~-'-3i:
:33 

-INITIALDIOXIN-UNADJUSTED 

Initial mary Statistics Analysis Results for Log2 (Initial Dioxin)8 

Initial 
Dioxin 

Number (%) Estimated Relative Risk 
:■■  .".     '  (95^X)b.::'!- ■■■■-..■. p-Value  ■'       .' 

Low 
Medium 
High 

159 
162 
160 

39 (24.5) 
53 (32.7) 
55 (34.4) 

1.12(0.97,1.30)                       0.119 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(d)MOI)EL2t RANCH HANDS ~ miTIAL DIOXIN »-ADJUSTED 

33333333^M>3^333'33 

Analysis Results for Log2 (Initial Dioxin):.;.:.. 
'3:n 3. :MÄäj#teSÄfeöyfeöÄSsk 3,■■■■"£33: > 333333:   3333: 

p-Vaiufe33   ;>v33 3^ 
478 1.23(1.03,1.47) 0.022 

a Relative risk for a twofold increase in initial dioxin. 

(e)MOI>EL3r RANCH HANDS ANI> COMPARISONS BY DIOXIN CATEGORY -UNADJUSTED 

Dioxin Category 
333 W 33 M W:3MBM^ri0^)3i W- i --33 :Esfc ÄiiiäöyfeÄisi';$l 

p-Value 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,202                299(24.9) 

378                   99(26.2)                    1.15(0.88,1.50) 
238                  64(26.9)                    1.09(0.80,1.50) 
243                   83(34.2)                    1.49(1.10,2.00) 
481                 147(30.6)                    1.28(1.01,1.62) 

0.318 
0.578 
0.009 
0.042 

Relative risk and confidence interval relative to Comparisons. 
Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: Current Dioxin < 10 ppt. 
Background (Ranch Hand): Current Dioxin < 10 ppt. 
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

!(ß;PÖtöÄ -ADJUSTED 

f;:::;;l-;^ W3333W333333: 33W^0033 333. - 
Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH 

1,201 

375 
237 
241 
478 

1.13(0.86,1.49) 
1.05(0.76,1.45) 
1.52(1.11,2.08) 
1.27(1.00,1.62) 

0.371 
0.757 
0.009 
0.055 

Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: Current Dioxin < 10 ppt. 
Background (Ranch Hand): Current Dioxin < 10 ppt. 
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 13-9.   Analysis of Other Liver Disorders (Continued) 

(g) MODEL 4: WGHpp -1987 DIOXIN -UNADJUSTED 

1987 Dioxin 'Category Summary Statistics '..'-;..::■■:■ ; Analysis Results for Log2 (1987 Dioxin + 1) 

Dioxin ■:.M^j?l^;iih^;^S^ 
Number (%) Estimated Relative Risk   .; 

Low 
Medium 
High 

286 
285 
288 

73 (25.5) 
76 (26.7) 
97 (33.7) 

1.10(1.00,1.22)                                0.055 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = < 7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(h) MODEL 4: RANCH HANDS -1987 DIOXIN - ADJUSTED 

Analysis Results for Log2 (1987 Dioxin + 1) 

Adjusted Relative Risk 
^Value- 

853 
a Relative risk for a twofold increase in 1987 dioxin. 

1.11(0.99,1.25) 0.077 

The unadjusted Model 2 analysis did not reveal a significant association between initial dioxin and other 
liver disorders (Table 13-9(c): p=0.119). After adjusting for covariates, the results became significant 
(Table 13-9(d): Adj. RR=1.23, p=0.022). The percentages of other liver disorders in the low, medium, 
and high initial dioxin categories were 24.5, 32.7, and 34.4, respectively. 

The unadjusted Model 3 analysis of other liver disorders revealed significant differences between Ranch 
Hands in the high dioxin category and Comparisons, as well as between Ranch Hands in the low and high 
dioxin categories combined and Comparisons (Table 13-9(e): Est. RR=1.49, p=0.009; Est. RR=1.28, 
p=0.042, respectively). The same contrasts were significant after adjusting for covariates (Table 13-9(f): 
Adj. RR=1.52, p=0.009, for Ranch Hands in the high dioxin category versus Comparisons; Adj. RR=1.27, 
p=0.055, for Ranch Hands in the low and high dioxin categories combined versus Comparisons). The 
percentages of other liver disorders among Ranch Hands in the high dioxin category, Ranch Hands in the 
low and high dioxin categories combined, and Comparisons were 34.2, 30.6, and 24.9, respectively. 

Both the unadjusted and adjusted Model 4 analyses revealed marginally significant positive associations 
between 1987 dioxin and other liver disorders (Table 13-9(g,h): Est. RR=1.10, p=0.055; Adj. RR=1.11, 
p=0.077, respectively). The percentages of other liver disorders in the low, medium, and high 1987 
dioxin categories were 25.5, 26.7, and 33.7, respectively. 

13.2.2.2  Physical Examination Variables 

13.2.2.2.1    Current Hepatomegaly 

All unadjusted and adjusted analyses of current hepatomegaly, as assessed by a physician at the 1997 
physical examination, were nonsignificant for Models 1 through 4 (Table 13-10: p>0.10 for each 
analysis). 
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Table 13-10. Analysis of Current Hepatomegaly 

;(a) MODEL Ir^ 

Occupational 
...  Category V ^^^^^ß:W:'4 %:hv:M ^'W 

Number (%) Est. Relative Risk   :: 
;;:;4;;;'::^ p-Value 

All Ranch Hand 
Comparison 

860 
1,231 

10 (1.2) 
7(0.6) 

2.06(0.78,5.43) 0.141 

Officer Ranch Hand 
Comparison 

340 
490 

4(1.2) 
2(0.4) 

2.90(0.53,15.95) 0.220 

Enlisted Flyer Ranch Hand 
Comparison 

150 
185 

2(1.3) 
0 (0.0) 

- 0.389a 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

370 
556 

4(1.1) 
5 (0.9) 

1.20(0.32,4.51) 0.783 

a P-value determined using a chi-square test with continuity correction because of the sparse number of participants 
with current hepatomegaly. 
-: Results not presented because of the sparse number of participants with current hepatomegaly. 

£ §;gp £|'': ; J-j-;,|;i§f; WSMM ^WßJM §s ■.fi:; 'ir%       .5 ''MM S3; Si; S: ;!■ pyälu|;- ■-; ?       3>;;: 
All 2.13 (0.80,5.67) 0.127 

Officer 3.17(0.57,17.56) 0.187 
Enlisted Flyer 
Enlisted Groundcrew 1.18(0.31,4.51) 0.805  

—: Results not presented because of the sparse number of participants with current hepatomegaly. 

Note: Results are not adjusted for race because of the sparse number of participants with current hepatomegaly. 

(c) MODEL 2: RANCH HANDS - -INITIAL DIOXIN- UNADJUSTED^ 

Jä^ll^äfiaii ial Dioxin Category Summary Statistics ■;■:.;;.; Analysis Results förl^g^^ 

Initial 
W3MMii:wtX~m-. Yes (95%C.I.)b                               p-Value 

Low 
Medium 
High 

158 
159 
160 

3 (1.9) 
3(1.9) 
1 (0.6) 

0.69(0.36,1.31)                       0.223 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(d) MODEL 2: RANCH HANDS - INITIAL DIOXIN - ADJUSTED 

 474 0.66(0.30,1.45) 0.279  
a Relative risk for a twofold increase in initial dioxin. 

Note: Results are not adjusted for race because of the sparse number of participants with current hepatomegaly. 
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Table 13-10.   Analysis of Current Hepatomegaly (Continued) 

:;;(e).;M^DEt;;;aid -UNADJUSTED 

Dioxin Category :;;;-:(: ^nj;:;j-.:;%£ 
Number (%)  ■■ .. 

.',;.; :'(95%"C.L)ab
:."'. p-Value 

Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH 

1,194 

376 
236 
241 
477 

7 (0.6) 

3 (0.8) 
3 (1.3) 
4(1.7) 
7(1.5). 

1.53(0.39,5.99) 
2.10(0.54,8.23) 
2.58 (0.74,8.97) 
2.33 (0.80,6.76) 

0.543 
0.284 
0.136 
0.119 

Relative risk and confidence interval relative to Comparisons. 
Adjusted for percent body fat at the time of the blood measurement of diöxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(f) MODEL 3: RANCH HANDS AND COMPARISONS BY DJOXrN CATEGORY - -ADJUSTED 

.  .      Dioxin Category ;: ^^^^'^^^;w-;S-^-;: 

Adjusted Relative Risk 
?% -;I?:|^-^aJu^i fj!       p.::::: '■■£ 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,193 

374 
235 
239 
474 

1.64(0.40,6.69) 
2.26 (0.57,9.01) 
2.62 (0.70,9.84) 
2.44 (0.82,7.24) 

0.489 
0.247 
0.154 
0.109 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 

Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

Results are not adjusted for race because of the sparse number of participants with current hepatomegaly. 

(g) MODEL 4: RANCH HANDS - 1987 DIOXIN ig^ÄDjÜSI^                                                                                                                                 :'":'_ 

1987 Dioxin Category Summar; j:Ml|§^|||l|| ftll-lw 

WM^M^^MM^'^ 
Number (%) 
llliSilllil iiilli 

Low 
Medium 
High 

283 
285 
285 

3(1.1) 
3(1.1) 
4 (1.4) 

1.04(0.69,1.58)                                0 R*tt 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9~19.6 ppt; High = >19.6 ppt. 
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Table 13-10.   Analysis of Current Hepatomegaly (Continued) 

Hf MODEL 4: RANCH HANDS - 1987 DIOXIN..- ADJUSTED . 1 

Analysis Results for Log2 (1987 Dioxin + 1): 

Adjusted Relative, Risk 

848 1.05(0.64,1.74) 0.838 
a Relative risk for a twofold increase in 1987 dioxin. 

Note: Results are not adjusted for race because of the sparse number of participants with current hepatomegaly. 

13.2.2.3 Laboratory Examination Variables 

13.2.2.3.1      AST (Continuous) 

Model 1 showed no significant difference in mean AST levels between Ranch Hands and Comparisons in 
either the unadjusted or adjusted analysis (Table 13-1 l(a,b): p>0.44 for all contrasts). The unadjusted 
and adjusted analyses for Model 2 did not reveal any significant relations between initial dioxin and AST 
levels (Table 13-1 l(c,d): p>0.49 in both analyses). 

Table 13-11. Analysis of AST (U/l) (Continuous) 

;;(a);MÖbEL:^ 

Occupational 
Category Group] Mean3 

Difference of Means 

All Ranch Hand 859 23.01 0.13 - 0.705 
Comparison 1,231 22.88 

Officer Ranch Hand 340 23.40 0.06-- 0.914 
Comparison 490 23.34 

Enlisted Flyer Ranch Hand 150 22.17 -0.32 -- 0.696 
Comparison 185 22.48 

Enlisted Ranch Hand 369 22.99 0.39 -- 0.447 
Groundcrew Comparison 556 22.60 

a Transformed from natural logarithm scale. 
b Difference of means after transformation to original scale; confidence interval on difference of means not 
presented because analysis was performed on natural logarithm scale. 
c P-value is based on difference of means on natural logarithm scale. 
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Table 13-11.   Analysis of AST (U/l) (Continuous) (Continued) 

\^^^%W.^^^^^^ä%^M COMPARISONS- ADJUSTED 

Occupational 
Group '\:;>;#'^nf Adj'Meaii 

Difference of :;Aaj,: Meaj$svv£ 
p-Valuec , 

All Ranch Hand 
Comparison 

854 
1,229 

23.36 
23.17 

0.18-- 0.597 

Officer Ranch Hand 
Comparison 

340 
489 

23.88 
23.80 

0.08 - 0.885 

Enlisted Flyer Ranch Hand 
Comparison 

148 
184 

22.79 
22.87 

-0.09 - 0.916 

Enlisted Groundcrew Ranch Hand 
Comparison 

366 
556 

23.32 
22.95 

0.37 - 0.470 

a Transformed from natural logarithm scale. 
Difference of means after transformation to original scale; confidence interval on difference of means not 

presented because analysis was performed on natural logarithm scale. 
c P-value is based on difference of means on natural logarithm scale. 

;;(c)^0DEL:^:\:RAN0H;iBEANDS -.INITIAL'DIOXIN™ UNADJUSTED-.;'';- :^:: ■"■:.   y  .;v; .; ■. ■ ,= 

;;|piÄ Summary iStamdticiSl;^-: ;^^M:^^. : Analysis Results for ;t'6g2/(iiütial::i>]px]n)1>-'   ■-■. 

Iiiitial Dioxin fV-^#MWM f$$e^; §^ßM&im^&. 
Low 

Medium 

High 

158 

159 

159 

23.39 

23.71 

23.43 

23.50 

23.72 

23.32 

0.011           0.003(0.012)                0.813 

a Transformed from natural logarithm scale. 
Adjusted for percent body fat at the time of the blood measurement of dioxin. 

c Slope and standard error based on natural logarithm of AST versus log2 (initial dioxin). 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

|;(a);MODEL2r;RA 

Initial Dioxin C ategory Sumniar i Statistics Analysis Results for Log2 (Initial Dioxin) 

Initial Dioxin 'W¥M^Mi;M:^-:^'; Adj.Mean8; • 

Low 
Medium 
High 

158 
158 
157 

24.16 
25.53 
24.99 

0.057                     0.010 (0.014)             0.493 

a Transformed from natural logarithm scale. 
Slope and standard error based on natural logarithm of AST versus log2 (initial dioxin). 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 
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Table 13-11.   Analysis of AST (U/l) (Continuous) (Continued) 

;;;%)^ 

Pioxi n Category ■: Z'rii: -;;Z :i Z' -'.-: ui :M|ainf; st Adj.Meanab 

Difference of Adj. Mean 
vs. Comparisons 

.; ;      ,(95%.CXf.  . ■■:..       p-Valued 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,194                 22.85 

376                 22.34 
236                 23.45 
240                 23.56 
476                 23.51 

22.84 

22.54 
23.39 
23.36 
23.37 

-0.30-                  0.501 
0.55 --                  0.306 
0.52 -                  0.334 
0.53»                    0.193 

a Transformed from natural logarithm scale. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 
c Difference of means after transformation to original scale; confidence interval on difference of means not presented 
because analysis was performed on natural logarithm scale. 

P-value is based on difference of means on natural logarithm scale. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - ADJUSTED 

Dioxin Catesorv Adj. Mean" 

Difference of Adj. Mean 
!' ":: vs. Comparisons'■: 

'■'■ '\-:(95.%::C.L)b'.. Z p-Value* 
Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH 

1,193 

374 
235 
238 
473 

23.23 

22.76 
23.93 
24.17 
24.05 

Transformed from natural logarithm scale. 

-0.47 - 
0.70 - 
0.94- 
0.82- 

0.305 
0.207 
0.100 
0.055 

Difference of means after transformation to original scale; confidence interval on difference of means not presented 
because analysis was performed on natural logarithm scale. 
c P-value is based on difference of means on natural logarithm scale. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(g) MODEL 4: RAP 

Jategor) 

gJÄf -1987 DIOXIN - flNiRMTEDB 
:||;|i|||j^P [>xin ( * Summary Statistics £lt!l8äi$^ 

19S7r>ioxih iiüilÄüiil ZZ-Zft?.- Z■':";■ rfZZ(S|dii;EiTor)tiV:^-"':'.': ,'PrVaIue V' ' 
Low 
Medium 
High 

283 
285 
284 

22.29 
23.30 
23.38 

0.005                  0.017 (0.008)               0.033 

Transformed from natural logarithm scale. 
b Slope and standard error based on natural logarithm of AST versus log2 (1987 dioxin + 1). 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 
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Table 13-11.   Analysis of AST (U/l) (Continuous) (Continued) 

(h) MODEL 4: *iBpIG»HANÖSi- -1987 DIOXIN - -ADJUSTED          .;.:...,..,.:..;  ■ 

1987 Dioxin Category Siimmary Statistics Analysis Results for Log2 (1987 Dioxin'+'!).'■ 
1987 

Dioxin ?.':^'^^^M&3'&* V  Adj..Mean*"-:'; 
Adjusted Slope 

R2 '   '.           ■     (Std. Error}*1    .           p-Value ' : 

Low 
Medium 
High 

283 
283 
281 

22.72 
24.06 
24.66 

0.036                 0.028 (0.009)              0.002 

Transformed from natural logarithm scale. 
b Slope and standard error based on natural logarithm of AST versus log2 (1987 dioxin + 1). 

Note: Low = <7.9 ppt; Medium - >7.9-19.6 ppt; High = >19.6 ppt. 

The Model 3 unadjusted analysis of AST showed no significant difference between any of the Ranch 
Hand categories and the Comparison group (Table 13-11(e): p>0.19 for all contrasts). After covariate 
adjustment, a marginally significant difference between the mean AST of Ranch Hands in the high dioxin 
category and the Comparison mean was revealed (Table 13-11(f): difference of adjusted means=0.94 U/l, 
p=0.100). The adjusted mean levels of AST for Ranch Hands in the high dioxin category and the 
Comparison group were 24.17 U/l and 23.23 U/l, respectively. A marginally significant difference 
between Ranch Hands in the low and high dioxin categories combined and the Comparisons also was 
seen after covariate adjustment (Table 13-11(f): difference of adjusted means=0.82 U/l; p=0.055). The 
adjusted mean levels of AST for Ranch Hands in the low and high dioxin categories combined and the 
Comparison group were 24.05 U/l and 23.23 U/l, respectively. 

In Model 4, the unadjusted analysis found a significant positive association between AST in its 
continuous form and 1987 dioxin levels (Table 13-11(g): slope=0.017, p=0.033). The adjusted Model 4 
analysis revealed a significant association between AST levels and 1987 dioxin levels (Table 13-11(h): 
adjusted slope=0.028, p=0.002). The adjusted mean AST levels in the low, medium, and high 1987 
dioxin categories were 22.72 U/l, 24.06 U/l, and 24.66 U/l, respectively. 

132232     AST (Discrete) 

The unadjusted and adjusted Model 1 analyses did not show a significant group difference in the 
percentage of individuals with high AST levels (Table 13-12(a,b): p>0.25 for all contrasts). 

Table 13-12. Analysis of AST (Discrete) 

Occupational 

Ranch Hand 
Comparison 

^^;iKÄMi:lfS 
;':'::\::

;;MtMa^iTC;Risk';'-v'V:'-: 

.; p-Value     .. 
All 859 

1,231 
63 (7.3) 
82 (6.7) 

hll (0.79,1.56) 0.552 

Officer Ranch Hand 
Comparison 

340 
490 

24(7.1) 
32 (6.5) 

1.09(0.63,1.88) 0.765 

Enlisted Flyer Ranch Hand 
Comparison 

150 
185 

10 (6.7) 
16 (8.6) 

0.75 (0.33,1.72) 0.501 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

369 
556 

29 (7.9) 
34(6.1) 

1.31 (0.78,2,19) 0.304 
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Table 13-12.   Analysis of AST (Discrete) (Continued) 

(b) MODEL 1: RANCH-HANDS VS. COMPARISONS-ADJUSTED 

A/:ä::<)ccüpatiö!ial: Category■':;'.'::::        -::)" v£#":         <§.': ; :(?S%■SfeSfef ■ ö -   .:::' ■ '-; ■;£             W& 5\ '; p-Value. 

A//                                                                    1.14(0.81,1.61) 

Officer                                                                 1.09(0.63,1.89) 
Enlisted Flyer                                                      0.84 (0.36,1.92) 
Enlisted Groundcrew                                           1.35 (0.81,2.28) 

0.448 

0.763 
0.671 
0.252 

(c) MODEL 2r RANCH HA^ 

Initial Dioxin Category Summary Statistics ■■■" ■■;.-' '.;' J^$yAJ$^^                               -Öioxiil)^     . 

Estimated Relative Risk 
;::i; i. | %-pMp^Mm- 7!. 

Low                            158                         11   (7.0)    • 
Medium                      159                        20 (12.6) 
High                            159                         14   (8.8) 

1.08(0.86,1.36) 0.498 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(d) MODEL 2: RANCH HANDS -INimL DIOXIN-ADJUSTED 

"l^Mue^: b; :$b: a £ Mv.i: I s 

473                                       1.13(0.86,1.50) 0.380 
a Relative risk for a twofold increase in initial dioxin. 

(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY -UNADJUSTED 

'!'■■■■.;:.:Dioxin Category. ■-. . IMS&'Wb&W^-b^ '•:■ "ftv:ffi#ft;ft':ft;;. i#§ :■ l-V ap-Valü^ ;i|:V ■ [ 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,194 

376 
236 
240 
476 

79  (6.6) 

17   (4.5) 
19  (8.1) 
26 (10.8) 
45   (9.5) 

0.72(0.42,1.24) 
1.21 (0.72,2.04) 
1.60(1.00,2.56) 
1.39 (0.95,2.05) 

0.241 
0.476 
0.051 
0.094 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 13-12.   Analysis of AST (Discrete) (Continued) 

(f) MODE&3; RANCT*^ CATEGORY--ADJUSTED 

Adjusted Relative Risk 
Dioxin Category ^ :   n (<>$<%, CX)a p-Value 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,193 

374 
235 
238 
473 

0.70(0.40,1.22) 
1.28(0.75,2.18) 
1.79(1.08,2.96) 
1.51 (1.02,2.26) 

0.212 
0.360 
0,024 
0.041 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 

Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand):  1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(g) MODEL M RANCH HANDS -1987 DIOXIN -UNADJUSTED.;- '\.:i>-:S-\d--5. 

$§&;^]i^ n Category Summary Statistics : V:-:  ^.- ■ ^Analysis Resute^ 

Dioxin W^Mf^WMi^'^-^. 
Low 
Medium 
High 

283 
285 
284 

11(3.9) 
23(8.1) 
28 (9.9) 

1.26(1.06,1.48)                                0.008 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(K)MODEL 4: RAN€H HANDS - 1987 DIOXIN - ADJUSTED 

Analysis.Resulfefor Logi; (1987 Dioxin +1);>--;:.:V/;':'■!■;■   :; ::  :-"; 

 847 1.38(1.12,1.71) 0.002 

Relative risk for a twofold increase in 1987 dioxin. 

In Model 2, neither the unadjusted nor adjusted analyses showed significant associations between AST 
and initial dioxin (Table 13-12(c,d): p>0.38 for both analyses). 

The unadjusted Model 3 analysis of AST in its discrete form revealed two marginally significant 
contrasts: Ranch Hands in the high dioxin category versus Comparisons and Ranch Hands in the low and 
high dioxin categories combined versus Comparisons (Table 13-12(e): Est. RR=1.60, p=0.051; 
Est. RR=1.39, p=0.094, respectively). Similarly, the adjusted analysis showed a significant difference 
between Ranch Hands in the high dioxin category and Comparisons (Table 13-12(f): Adj. RR=1.79, 
p=0.024), as well as between the Ranch Hands in the low and high dioxin categories combined and 
Comparisons (Adj. RR=1.51, p=0.041). The percentages of individuals with high levels of AST among 
the Ranch Hands in the high dioxin category, Ranch Hands in the low and high dioxin categories 
combined, and Comparisons were 10.8, 9.5, and 6.6, respectively. 
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The unadjusted analysis for Model 4 showed a significant association between AST in its discrete form 
and 1987 dioxin (Table 13-12(g): Est. RR=L26, p=0.008). Similarly, the adjusted analysis revealed 
significant results (Adj. RR=1.38, p=0.002). The percentages of participants with high AST levels in the 
low, medium, and high 1987 dioxin categories were 3.9, 8.1, and 9.9, respectively. 

13.2.2.3.3    ALT (Continuous) 

All Model 1 and 2 analyses of ALT in its continuous form showed nonsignificant results (Table 13-13(a-d): 
p>0.19 for each analysis). 

Table 13-13. Analysis of ALT (U/l) (Continuous) 

(a) MODEL 1: RANCH HANDS VS. COMPARISONS - UNADJUSTED 

Occupational 
:.■.;. Category ■■ ■ ■ Groups ..Mean*! 

All Ranch Hand 859 42.58 
Comparison 1,231 42.45 

Officer Ranch Hand 340 42.21 
Comparison 490 41.79 

Enlisted Flyer Ranch Hand 150 41.21 
Comparison 185 42.59 

Enlisted Ranch Hand 369 43.50 
Groundcrew Comparison 556 42.99 

0.13 -- 

0.42 

-1.38 

0.51 

0.803 

0.613 

0.290 

0.537 

a Transformed from natural logarithm scale. 
Difference of means after transformation to original scale; confidence interval on difference of means not 

presented because analysis was performed on natural logarithm scale. 
c P-value is based on difference of means on natural logarithm scale. 

■(b) MODEL 1: RANCH HAN0S VS. COMPAltfi^r^ ^ AKTOSTED 

Occupational 
Category: "-\ Group! 

All 

Officer 

Enlisted Flyer 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

854 
1,229 

340 
489 

148 
184 

366 
556 

Dm erence of Adj. Means 
Adj.;Meana j gMMl&^MSMl 

42.29 0.20- 
42.09 

42.75 0.61 -- 
42.14 

41.72 -1.12- 
42.84 

41.96 0.30 -- 
41.66 

p-Value0 ■ 

0.707 

0.460 

0.386 

0.698 

a Transformed from natural logarithm scale. 
Difference of means after transformation to original scale; confidence interval on difference of means not 

presented because analysis was performed on natural logarithm scale. 
c P-value is based on difference of means on natural logarithm scale. 
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Table 13-13.   Analysis of ALT (U/l) (Continuous) (Continued) 

(c) MODEL 2: RANCH HANDS - INITIAL DIOXIN ^UNADJUSTED 

Initial Dioxin Category Summary Statistics Analysis Results for Log2 (Initial Dioxin)b 

Initial Dioxin                n ■  . Mean8.' ■'■ Adj\Meanab ;"R2 ;      . ■    (Std. Error)0                 p-Value 
Low                            158 
Medium                     159 
High                            159 

42.39 
44.97 
45.02 

42,65 
45.00 
44.72 

0.036          0.013(0.010)               0.199 

a Transformed from natural logarithm scale. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 
c Slope and standard error based on natural logarithm of ALT versus log2 (initial dioxin). 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. . 

(d) MODEL 2: RANCH HANDS - -INITIAL DIOXIN- IPJüS^^ 
Initial Diox .n'^te^rjj^ntt^r; ̂ St^|ist|^E:p; %:-1 .; ■■■■■■. • ■■.:' ^Analysis ;R^                                                  ■'■■'' 

Initial Dioxin '{'^y^M'-M-^mm^M-- Mli;||eaii^:'|| 
Low 
Medium 
High 

158 
158 
157 

44.34 
47.03 
46.08 

0.094                      0.011(0.012)              0.357 

a Transformed from natural logarithm scale. 
Slope and standard error based on natural logarithm of ALT versus log2 (initial dioxin). 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(e)MQDEL3: ÄANCHHÄND 

Dioxin Cate gÖjr^§:|;:M MMWi-ümM" m;MMm^K :-'--'Ä4j';:Meanab-; 

Difference of Adj. Mean 
.VVs^-Comparisons:" 

...p-Value11 ;:; 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,194 

376 
236 
240 
476 

42.41 

40.74 
43.32 
44.91 
44.12 

42.37 

41.32 
43.14 
44.27 
43.71 

-1.05- 
0.77 » 
1.90- 
1.34 -- 

0.129 
0.368 
0.027 
0.041 

a Transformed from natural logarithm scale. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 
c Difference of means after transformation to original scale; confidence interval on difference of means not presented 
because analysis was performed on natural logarithm scale. 

P-value is based on difference of means on natural logarithm scale. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand):  1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 13-13.   Analysis of ALT (U/l) (Continuous) (Continued) 

(f)MODEL3: RANCH! IANDS ANDCOIV tPARISONS BY DIOXIN CATEGORY - ADJUSTED 

Dioxin Category . Adj. Mean* 

Difference of Adj. Mean 
vs. Comparisons 

■■; -.(95% C.I.)b': p-Valuec 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,193 

374 
235 
238 
473 

42.21 

41.31 
43.65 
43.62 
43.63 

-0.90" 
1.44 - 
1.41 - 
1.42- 

0.192 
0.084 
0.098 
0.026 

Transformed from natural logarithm scale. 
Difference of means after transformation to original scale; confidence interval on difference of means not presented 

because analysis was performed on natural logarithm scale. 
c P-value is based on difference of means on natural logarithm scale. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand):  1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(g) MODEL 4: RANCH HANDS - -1987 DIOXIN #i!i$!^ 
■■;-.   1987 Dioxin CategorySiimms try Statistics''■.■ Analysis Results tor Log2 (1987 Dioxin +1)  ; 

.    1987 Dioxin i^^^^^^U^A^>:^i\ii. §^§mä^^iii 
Low 
Medium 
High 

283 
285 
284 

41.17 
41.87 
44.82 

0.023                  0.029 (0.007)            <0.001 

Transformed from natural logarithm scale. 
Slope and standard error based on natural logarithm of ALT versus log2 (1987 dioxin + 1). 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(h) MODEL 4: RANCH HANDS - -1987 DIOXIN ll^t^ 
||!vg||Öl»PÄ >xin C Category Summary Statistics '■P',:"V:

:;v'. Analysis Results for ^ 

w^^&MyWut :^;A|Äii|;:S 

Low 
Medium 
High 

283 
283 
281 

40.98 
42.50 
45.28 

0,079                  0.033 (0.007)            <0 001 

a Transformed from natural logarithm scale. 
b Slope and standard error based on natural logarithm of ALT versus log2 (1987 dioxin + 1). 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 
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The unadjusted Model 3 analysis of ALT revealed two significant contrasts: Ranch Hands in the high 
dioxin category versus Comparisons and Ranch Hands in the low and high dioxin categories combined 
versus Comparisons (Table 13-13(e): difference of means=1.90 U/l, p=0.027; difference of means=1.34 
U/l, p=0.041, respectively). 

After covariate adjustment, the Model 3 analysis of ALT revealed marginally significant differences 
between the adjusted mean of Ranch Hands in the low dioxin category and the Comparison adjusted mean 
(Table 13-13(f): difference of adjusted means=L44 U/l, p=0.084) and between the adjusted mean of 
Ranch Hands in the high dioxin category and the Comparison adjusted mean (difference of adjusted 
means=L41 U/l, p=0.098). Ranch Hands in the low and high dioxin categories combined also were 
significantly different from the Comparisons in the adjusted analysis (difference of adjusted means=1.42 
U/l, p=0.026). Ranch Hands in the low and high dioxin categories combined had higher mean ALT levels 
(43.65 U/l and 43.62 U/l) than did the Comparisons (42.21 U/l). 

The unadjusted and adjusted analyses for Model 4 each showed significant positive associations between 
ALT in its continuous form and 1987 dioxin (Table 13-13(g,h): slope=0.029, p<0.001, unadjusted; 
slope=0.033, p<0.001, adjusted). The adjusted mean ALT levels in the low, medium, and high 1987 
dioxin categories were 40.98 U/l, 42.50 U/l, and 45.28 U/l, respectively. 

13.2.23A     ALT (Discrete) 

The Model 1 analyses of ALT in its discrete form revealed no significant differences between Ranch 
Hands and Comparisons when examined across all occupations and within each occupation (Table 
13-14(a,b): p>0.13 for each contrast). 

Table 13-14. Analysis of ALT (Discrete) 

(a) MODEL 1: RANCH HANDS VS. COMPARISONS - UNADJUSTED 

Occupational H 
■ :Category ''■','■■' \ Group.■■■... ;   ■; ̂ £^3:iti:^-\ p-Value 

All Ranch Hand 
Comparison 

859 
1,231 

68  (7.9)                 U3 (0.81,1.57) 
87  (7.1) 

0.468 

Officer Ranch Hand 
Comparison 

340 
490 

23   (6.8)                  1.54(0.85,2.82) 
22  (4.5) 

0.157 

Enlisted Flyer Ranch Hand 
Comparison 

150 
185 

15(10.0)                 0.97(0.48,1.98) 
19 (10.3) 

0.935 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

369 
556 

30  (8.1)                0.98(0.61,1.59) 
46   (8.3) 

0.938 

(b) MODEL 1: |&i|H;ei^ 

^^Wm^§cn^sM >^l^äitegöiälw£'l 
j||ljp$ö 

All 1.12 (0.80,1.57)                                        0.495 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

1.58(0.86,2.89)                                         0.138 
0.97 (0.46,2.01)                                           0.927 
0.97(0.60,1.57)                                           0.889 
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Table 13-14.   Analysis of ALT (Discrete) (Continued) 

(c) MODEL 2: RANCH HANDS -INITIAL DIOXIN -UNADJUSTED 

Initial Dioxin Category Summary Statistics Analysis Results for Log2 (Initial Dioxin)0 

Initial 
Dioxin 

Estimated Relative Risk 
(9S%:CX)b;. .;''■■■             .    p-Value 

Low 
Medium 
High 

158 10  (6.3) 
159 21 (13.2) 
159                         19(11.9) 

1.17(0.95,1.45)                        0.140 

Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(d)MODEL^ 

W'XM^M'^M&WMiMtM 

■ v;. Analysis; Results for Log2 '(Initial Dioxin);'. ■:. 
;v::K;;-#:#.   #s;;AdjustetlJMMte^MsUsm \ 'i■ v      £%Q'&ä ;;>\-&',&* £ 

-p-'Müe^;:;^^ 
473 1.32(1.00,1.73) 0.049 

a Relative risk for a twofold increase in initial dioxin. 

(e) MODEL 3r^NCH HANDS AND C -UNADJUSTED 

^f;^^ ~$M :&: $: s::P."ftalu^; W R;i* 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,194                 85  (7.1) 

376                   17   (4.5)                   0.67(0.39,1.15) 
236                  20   (8.5)                    1.18(0.71,1.97) 
240                  30(12.5)                    1.74(1.11,2.71) 
476                  50(10.5)                    1.43(0.99,2.08) 

0.145 
0.522 
0.015 
0.058 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand):  1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand):  1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

©MODEL3: RANCH;HANDS 

Dioxin Category 
Adjusted Relative Risk 

p-Value 
Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH 

1,193 

374 
235 
238 
473 

0.71 (0.41,1.23) 
1.30(0.77,2.18) 
1.53(0.95,2.45) 
1.41 (0.96,2.07) 

0.223 
0.323 
0.080 
0.079 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 13-14.   Analysis of ALT (Discrete) (Continued) 

(g) MODEL 4: RANCH HANDS - 1987 DIOXIN -UNADJUSTED ' 

1987 Dioxin Category -Summary Statistics Analysis Results for Log2 (1987 Dioxin + 1) . 

Estimated Relative Risk 
;:'■'..  (95% C.Lf    ■';. p-Value 

Low                          283               15  (5.3) 
Medium                    285               18   (6.3) 
High                           284                34 (12.0) 

1.33(1.13,1.56) 0.001 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(h) MODEL 4: RANCH HANDS - 1987 DIOXIN -ADJUSTED   ,. .'-;.;;':.■;. V 

■$£ff. C:& XXX'X £y-ZX:?*;: XWX'1%:^ -' -\X^X \^^:fM^M^MeisM^e^^'!:; ^:XXtX:M^ ;■'■■?." -' 
ISES^^iÖ^^':'':■;XM:      ■ f- ■:, 

847                                              1.48 (1.20,1.83) <0.001 

Relative risk for a twofold increase in 1987 dioxin. 

The association between initial dioxin and ALT examined in the unadjusted Model 2 analysis revealed 
nonsignificant results (Table 13-14(c): p=0.140). After covariate adjustment, a significant association 
was revealed (Table 1344(d): Adj. RR=1.32, p=0.049). The percentages of high ALT levels in the low, 
medium, and high initial dioxin categories were 6.3, 13.2, and 11.9, respectively. 

The unadjusted Model 3 analysis of ALT in its discrete form revealed two significant contrasts: Ranch 
Hands in the high dioxin category versus Comparisons and Ranch Hands in the low and high dioxin 
categories combined versus Comparisons (Table 13-14(e): Est. RR=L74, p=0.015; Est. RR=L43, 
p=0.058, respectively). The percentages of individuals with high ALT levels among Ranch Hands in the 
high dioxin category, Ranch Hands in the low and high dioxin categories combined, and Comparisons 
were 12.5, 10.5, and 7.1, respectively. The same two contrasts were marginally significant after adjusting 
for covariates (Table 1344(f): Adj. RR=1.53, p=0.080; Adj. RR=1.41, p=0.079). 

The Model 4 unadjusted and adjusted analyses each revealed a significant association between 1987 
dioxin and ALT in its discrete form (Table 13-14(g,h): Est. RR=1.33, p=0.001; Adj. RR=1.48, p<0.001). 
The percentages of participants with high ALT values in the low, medium, and high 1987 dioxin 
categories were 5.3, 6.3, and 12.0, respectively. 

13.2.2.3.5      GGT (Continuous) 

All analysis results from Models 1 and 2 of GGT were nonsignificant (Table 13-15(a-d): p>0.22 for each 
analysis). The unadjusted Model 3 analysis of GGT revealed significant differences between Ranch 
Hands in the high dioxin category and Comparisons, as well as between Ranch Hands in the low and high 
dioxin categories combined and Comparisons (Table 13-15(e): difference of means=5.17 U/l, p=0.003; 
difference of means=3.46 U/l, p=0.007, respectively). The same contrasts were significant after adjusting 
for covariates (Table 13-15(f): difference of adjusted means=5.00 U/l, p=0.006, for Ranch Hands in the 
high dioxin category versus Comparisons; difference of adjusted means=3.71 U/l, p-0.006, for Ranch 
Hands in the low and high dioxin categories combined versus Comparisons). The adjusted mean GGT 
levels for Ranch Hands in the high dioxin category, Ranch Hands in the low and high dioxin categories 
combined, and Comparisons were 50.40 U/l, 49.11 U/l, and 45.40 U/I, respectively. 
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A significant association was revealed between GGT and 1987 dioxin in the Model 4 unadjusted analysis 

(Table 13-15(g): slope=0.040, p=0.002). Similarly, the adjusted analysis found a significant association 

between GGT levels and 1987 dioxin (Table 13-15(h): adjusted slope=0.042, p=0.003). The adjusted 

mean GGT levels were 42.89 U/l for the low dioxin category, 45.65 U/l for the medium dioxin category, 
and 50.85 U/l for the high dioxin category. 

Table 13-15. Analysis of GGT (U/l) (Continuous) 

(a) MODEL 1; MNCH HANDS ¥S. COMPARISONS - UNADJUSTED                             j 

Occupational 
Category I : ':-'-- ;■ Group';:■■'■".   ] }M:^B'^^'/::'^-MM"% 

.  Difference of Means ■ 
;g;l^ean^ p-Value0 

All Ranch Hand 
Comparison 

859 
1,231 

43.62                               1.01 - 
42.61 

0.340 

Officer Ranch Hand 
Comparison 

340 
490 

42.32                            1.57« 
40.74 

0.332 

Enlisted Flyer Ranch Hand 
Comparison 

150 
185 

44.45                           -0.84 -- 
45.29 

0.758 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

369 
556 

44.52                              1.09 -- 
43.44 

0.506 

a Transformed from natural logarithm scale. 
Difference of means after transformation to original scale; confidence interval on difference of means not 

presented because analysis was performed on natural logarithm scale. 
c P-value is based on difference of means on natural logarithm scale. 

(b)MODELl; ? RANCH HANDS VS. COMPARISONS - ADJUSTED 

Occupational ■ ■.' Difference of Adj. Means   .. 
|i^;Gaifejg0^i};s:|2 ̂ fe-^ 1^^11:1^1! \ ; Adj. Mean"    i ;'-::(?S^CyI0 ■'■'■•.'. p-Vaiuec 

All Ranch Hand 
Comparison 

854 
1,229 

46.80 
45.47 

1.33 -- 0.223 

Officer Ranch Hand 
Comparison 

340 
489 

45.24 
43.62 

1.62- 0.331 

Enlisted Flyer Ranch Hand 
Comparison 

148 
184 

48.28 
47.66 

0.62 -- 0.826 

Enlisted Ranch Hand 366 46.67 1.28- 0.439 
Groundcrew Comparison 556 45.39 

a Transformed from natural logarithm scale. 
Difference of means after transformation to original scale; confidence interval on difference of means not 

presented because analysis was performed on natural logarithm scale. 
c P-value is based on difference of means on natural logarithm scale. 
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Table 13-15.   Analysis of GGT (U/l) (Continuous) (Continued) 

Initial Dioxin Category Summary Statistics .    Analysis Results for Log2 (Initial Dioxin)15 ■ 

Initial Dioxin "l'Mt:M..: Mean3 ■ Adj.Meanab    . ':R2              '': (StoVError)0                  p-Value- 
Low 
Medium 
High 

158 
159 
159 

43.87 
48.89 
46.22 

44.19 
48.92 
45.86 

0.013          0.004 (0.019)               0.823 

a Transformed from natural logarithm scale. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 
c Slope and standard error based on natural logarithm of GGT versus log2 (initial dioxin). 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(d)MÖDEL2: RANCH HANDS -INimL'&IÖXlN::r 4MÄf:*^ 
;;■; A;. /-^tiatQiöäu^ Analysis Results for Log2 (Initial Dioxin) 

Initial Dioxin $iffiWM^M-$.:t "^|^a^|:| 
Low 
Medium 
High 

158 
158 
157 

48.46 
52.52 
50.18 

0.097                     0.008 (0.022)             0.709 

a Transformed from natural logarithm scale. 
b Slope and standard error based on natural logarithm of GGT versus log2 (initial dioxin). 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - UNADJUSTED 

Dioxin Category Mean" Adj. Meanab 

Difference of Adj. Mean 
vs. Comparisons 

p~ Valued 
Comparison 1,194 42.26 42.21 

Background RH 376 39.99 40.81 -1.40» 0.296 
LowRH 236 44.27 43.99 1.78 — 0.283 
High RH 240 48.36 47.38 5.17- 0.003 
Low plus High RH 476 46.29 45.67 3.46 - 0.007 

a Transformed from natural logarithm scale. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 
c Difference of means after transformation to original scale; confidence interval on difference of means not presented 
because analysis was performed on natural logarithm scale. 
d P-value is based on difference of means on natural logarithm scale. 

Note: RH = Ranch Hand. 
Comparison:  1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand):  1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 13-15.   Analysis of GGT (U/l) (Continuous) (Continued) 

<f)MODEb3: ÄANCH HANDS AND COMPARISONS BY DIOX3D^XMTEGOÄ¥^ ADJUSTED 

Dioxin Category Adj.Mean^ 

Difference of Adj. Mean 
vs. Comparisons 

;.;;.
:.(95%CX)b   ;.  :p-Value* j 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,193 

374 
235 
238 
473 

45.40 

44.67 
47.84 
50.40 
49.11 

-0.73 -- 
2.43 - 
5.00- 
3.71 - 

0.606 
0.159 
0.006 
0.006 

a Transformed from natural logarithm scale. 
Difference of means after transformation to original scale; confidence interval on difference of means not presented 

because analysis was performed on natural logarithm scale. 
c P-value is based on difference of means on natural logarithm scale. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand):  1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(g) MODEL 4: RANCH HANDS - 1987 DIOXIN - UNADJUSTED 

'::'vf^/:-;i987-:Öioxin'C ategory Summ iry ;:Sta^ticS:#:: '-'-'■"■■■ ; ;:   Analysis ■B& suits for^^I^g2a987 Dioxin+1) 

f'ffi^'M0MMlMM:^ 'M^^M ^iM^'iMmB Wffl§MM- 
Adjusted Slope           '; ';^;   .;   : 

ffgjIIPlir^ 
Low 
Medium 
High 

283 
285 
284 

40.35 
42.53 
47.59 

0.012 0,040(0.013)            0.002 

a Transformed from natural logarithm scale. 
b Slope and standard error based on natural logarithm of GGT versus log2 (1987 dioxin + 1). 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(h) MODEL -4: RANCH HANDS - 1987 DIOXIN - ADJUSTED 

^^■^^s^^^^t 'ategory Sumrru i^ßßtü^^^M%{M^- Jl;;:
v>^|'>!^Ajriä^is Results for. Log2 (1987 Dioxin + 1) '■' 

Dioxin 

283 
283 
281 

%$MM^^S^^M¥§$. ;-^r-,::'/:.:
:y;i'::j 

Adjusted Slope 
;'i ;(Std.:Errö.r)b• '   p-Value 

Low 
Medium 
High 

42.89 
45.65 
50.85 

0.103 0.042(0.014) 0.003 

Transformed from natural logarithm scale. 
Slope and standard error based on natural logarithm of GGT versus log2 (1987 dioxin + 1). 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 
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13.2.2.3.6     GGT (Discrete) 

The unadjusted and adjusted analysis results for Models 1 and 2 showed no significant results (Table 
13-16(a-d): p>0.31 for each analysis). 

A marginally significant difference between Ranch Hands in the low and high dioxin categories combined 
and Comparisons was revealed in both the unadjusted and adjusted Model 3 analyses (Table 13-16(e,f): 
Est RR=1.33, p=0.094, for the unadjusted analysis; Adj. RR=1.38, p=0.065, for the adjusted analysis). 
The percentage of abnormal GGT values among Ranch Hands in the low and high dioxin categories 
combined was 13.0 versus 9.8 among the Comparisons. 

Table 13-16. Analysis of GGT (Discrete) 

(a) MODEL 1: RANCH HANDS VS. COMPARISONS - UNADJUSTED 

Occupational 
I;.;'Category.'': Group 

:;NumlM;t^)::; 

.'//^High'y-; 
All 

Officer 

Enlisted Flyer 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

859 
1,231 

340 
490 

150 
185 

369 
556 

89 (10.4) 
124 (10.1) 

31 (9.1) 
37 (7.6) 

23 (15.3) 
25 (13.5) 

35 (9.5) 
62(11.2) 

Est Relative Risk 
^■^;''(95%;C3L)::'-'j 

1.03 (0.77,1.38) 

1.23 (0.75,2.02) 

1.16(0.63,2.14) 

0.83(0.54,1.29) 

p-ValueJ 

0.831 

0.419 

0.637 

0.419 

|(b> MODEL 1: RANCH HANDS VS. COMPARISONS-ADJUSTED 

Occupational Category 
Adjusted Relative Risk 

All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

1.08 (0.80,1.45) 

1.24(0.75,2.06) 
1.39(0.73,2.65) 
0.86(0.55,1.35) 

p-Valuei 

0.604 

0.399 
0.310 
0.512 

(c) MODEL ■2i il^Gtt;^ 
iKSPSSÄ p|§;|}^ 

(95%C.I.)b                               p-Value 
Low 
Medium 
High 

158 17 (10.8) 
159 28 (17.6) 
159                         17 (10.7) 

1.00(0.81,1.22)                       0.964 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 
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Table 13-16.   Analysis of GGT (Discrete) (Continued) 

:i^mv$^ 

\-^^i'i %.? 'S>^&y-i.^^&x 

■ •'■ ■.■;■■ , Än^sis:R^Mfö^r:Log2' 

Adjusted Relative Risk 

(Initial Dioxin)': 

v"':;::%:x\    [;:.t- \                 r\;t;[|:p-Value"'\i[   ■";::''.% . 

473 1.06(0.82,1.37) 0.669 
a Relative risk for a twofold increase in initial dioxin. 

(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - UNADJUSTED 

Dioxin Category 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,194                117  (9.8) 

376                   25   (6.6) 
236                  29 (12.3) 
240                  33 (13.8) 
476                   62 (13.0) 

0.70(0.45,1.10)                       0.122 
1.27(0.82,1.96)                       0.283 
1.38(0.91,2.10)                       0.127 
1.33(0.95,1.84)                       0.094 

a Relative risk and confidence interval relative to Comparisons. 
Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand):  1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY -ADJUSTED 

Dioxin Category Wkk¥kW^M^Mkf:y- 

: '.^:/-'Adjusted-Relativ 
.. .p"Value. ■• 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,193 

374 
235 
238 
473 

0.77 (0.48,1.23) 
1.42(0.91,2.22) 
1.35(0.86,2.11) 
1.38(0.98,1.95) 

0.273 
0.127 
0.186 
0.065 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

ltg)j|lillllil f^|;i|g|^|^^l8K^^ iSii*ß!isi^ 
1987 Dioxin Category' Summary Statistics liiH 

Low 
Medium 
High 

283 21   (7.4) 
285                  27   (9.5) 
284 39 (13.7) 

1.17(1.01,1.35)                              0.034 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 
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Table 13-16.   Analysis of GGT (Discrete) (Continued) 

(h) MODEL"4; RANCH HANDS r 1987 DIOXIN ™ ADJUSTED j 

Analysis Results for Log2 (1987 Dioxin+ 1)1 

: ?: 4: * I £ :":';■    :^: :i'::
K :*■&     ;>- ::i -£■ ■>: £-::t: :;'>■$ Adjusted;- Relattve^RisIc:.'';: 

p-Value 
847 1.27(1.05,1.53) 0.012 

Relative risk for a twofold increase in 1987 dioxin. 

In Model 4, both unadjusted and adjusted analyses showed significant positive associations with 1987 
dioxin (Table 13-16(g,h): Est. RR=1.17, p=0.034; Adj. RR=1.27, p=0.012, respectively). The 
percentages of high GGT levels in the low, medium, and high 1987 dioxin categories were 7.4, 9.5, and 
13.7, respectively. 

13.2.2.3.7     Alkaline Phosphatase (Continuous) 

Both the unadjusted and adjusted Model 1 analyses of alkaline phosphatase revealed significant overall 
group differences (Table 13-17(a,b): difference of means=2.16 U/I, p=0.024; difference of adjusted 
means=2.32 U/l, p=0.016). The overall adjusted mean alkaline phosphatase values were 82.77 U/l and 
80.46 U/l for Ranch Hands and Comparisons, respectively. After stratifying by occupation, unadjusted 
and adjusted analyses revealed group differences within the enlisted groundcrew stratum (unadjusted: 
difference of means=3.18 U/l, p=0.030; adjusted: difference of adjusted means=3.43 U/l, p=0.021). 
Within the enlisted groundcrew stratum, the Ranch Hands had an adjusted mean alkaline phosphatase of 
85.11 U/l versus 81.68 U/I for the Comparisons. 

Table 13-17. Analysis of Alkaline Phosphatase (U/l) (Continuous) 

(a) MODEL 1: RANCH HANDS VS COMPARISONS-UN AD JUSTED 

Occupational ::i-s4HDiflF#£                      ' '■■'. 
ll^l'lvaWÖry^lcj f^l0ii^i^V^k^^ ^ ■■■iC:y?-:ffiM'':kß?\ kMMMM^kmi (95% C.I.)h Vp-Yaiue*;.'.- 
All Ranch Hand 859 81.81 2.16- 0.024 

Comparison 1,231 79.65 

Officer Ranch Hand 340 78.44 1.70- 0.241 
Comparison 490 76.74 

Enlisted Flyer Ranch Hand 150 83.79 0.34 - 0.889 
Comparison 185 83.45 

Enlisted Ranch Hand 369 84.22 3.18 - 0.030 
Groundcrew Comparison 556 81.04 

a Transformed from natural logarithm scale. 
Difference of means after transformation to original scale; confidence interval on difference of means not 

presented because analysis was performed on natural logarithm scale. 
c P-value is based on difference of means on natural logarithm scale. 
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Table 13-17.   Analysis of Alkaline Phosphatase (U/t) (Continuous) (Continued) 

(b)MODEL1: R^CM HANDS VS. COMPA 

Occupational 
.Category   -i Group; 

Difference of Adj. Means 
^#;Me^ p-Valuec 

All Ranch Hand 856 82.77 2.32 
Comparison 1,229 80.46 

Officer Ranch Hand 340 78.68 1.80 
Comparison 489 76.88 

Enlisted Flyer Ranch Hand 149 84.06 0.58 
Comparison 184 83.47 

Enlisted Ranch Hand 367 85.11 3.43 
Groundcrew Comparison 556 81.68 

0.016 

0.215 

0.811 

0.021 

a Transformed from natural logarithm scale. 
Difference of means after transformation to original scale; confidence interval on difference of means not 

presented because analysis was performed on natural logarithm scale. 
0 P-value is based on difference of means on natural logarithm scale. 

SÄ 
:;■.■   Initial Dioxin Category Summary Statistics :: '■-. .   Analysis ;Resiütsibr,Log2 (Initial Dioxin)b. 

Initial Dioxin f:p#fv;; .     Mean8   ■ fö^iiit|p||| 
Low 
Medium 
High 

158 
159 
159 

81.73 
83.60 
80.51 

81.97 
83.63 
80.25 

0.009         -0.004 (0.009)              0.646 

a Transformed from natural logarithm scale. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 
c Slope and standard error based on natural logarithm of alkaline phosphatase versus log2 (initial dioxin). 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

.....(djMOPEL 2: RANCH HANDS "INITIAL DIOXIN - ADJUSTED ,; .: ; ::,..-.  :    : ■    ■.      :■ j 

■"'--■'■■■■ylniti al Dioxin C at wM Summs ir\ r-:$f0Z$ti&yMjM ';^§:Kl%P^vÄn&, ysis Results. fp&lIqg^Cl^                         '. 

Initial Dioxin n ^M^Mffi V.     :r-:U-\\ 
Low 
Medium 
High 

1 CO 

158 
158 

oU./z 
79.95 
75.04 

0.037 -0.021(0.011)             0.053 

a Transformed from natural logarithm scale. 
b Slope and standard error based on natural logarithm of alkaline phosphatase versus log2 (initial dioxin). 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 
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Table 13-17.   Analysis of Alkaline Phosphatase (U/l) (Continuous) (Continued) 

(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY^^fflj$S$UO< 

Dioxin Category Mean' ^AdjiMean* 

Difference of Adj. Mean 
'vs. Comparisons 

p-Valuel 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,194 

376 
236 
240 
476 

79.58 

81.35 
82.39 
81.50 
81.94 

79.57 

81.50 
82.34 
81.36 
81.85 

1.93- 
2.78 -- 
1.79- 
2.28 -- 

0.130 
0.070 
0.238 
0.051 

a Transformed from natural logarithm scale. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 
c Difference of means after transformation to original scale; confidence interval on difference of means not presented 
because analysis was performed on natural logarithm scale. 

P-value is based on difference of means on natural logarithm scale. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand):  1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - ADJUSTED 

Dioxin Category Adj. Mean" 

Difference of Adj. Mean 
vs. Comparisons      j 

^.':J;rf95.%■'G■;^i)b■■''""'-:..! p-Value- 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,193 

375 
235 
239 
474 

80.38 

83.86 
83.18 
80.32 
81.72 

3.48 - 
2.79 - 

-0.06 - 
1.34- 

0.008 
0.071 
0.967 
0.255 

a Transformed from natural logarithm scale. 
Difference of means after transformation to original scale; confidence interval on difference of means not presented 

because analysis was performed on natural logarithm scale. 
c P-value is based on difference of means on natural logarithm scale. 
Note: RH = Ranch Hand. 

Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(g) MODEL 4: RANCH HANDS - IP^I^^^jiffil^ll^; sg^iiiii: tiiüll -1 
1987 Dioxin Category Summary Statistics If-jjg :+l): v: vV:.': 

l^lllÄ;pi|iili '&MM§MtM- *fei:^j^.=g|S:.; p-Value 
Low 
Medium 
High 

283 
285 
284 

81.36 
81.39 
82.29 

<0.001                -0.004 (0.006) 0.555 

Transformed from natural logarithm scale. 
Slope and standard error based on natural logarithm of alkaline phosphatase versus log2 (1987 dioxin + 1). 

Note: Low = <7.9 ppt; Medium = >7.9~19.6 ppt; High = >19.6 ppt. 
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Table 13-17.   Analysis of Alkaline Phosphatase (U/l) (Continuous) (Continued) 

(h) MODEL 4: RANCH HANDS -1987 DIOXIN -ADJUSTED 

1987 Dioxin Category Summary Statistics Analysis Results for Log2 (1987 Dioxin + 1) 

Adjusted Slope 
R2                        (Std.Error)b               p-Value 

Low                            283                        80.95 
Medium                      284                        80.09 
High                            282                       77.40 

0.042                -0.021 (0.007)            0.003 

a Transformed from natural logarithm scale. 
Slope and standard error based on natural logarithm of alkaline phosphatase versus log2 (1987 dioxin + 1). 

Note: Low = <7.9 ppt; Medium = >7.9~19.6 ppt; High = >19.6 ppt. 

The Model 2 unadjusted analysis of alkaline phosphatase was nonsignificant (Table 13-17(c): p=0.646). 
The adjusted analysis revealed a marginally significant inverse association between alkaline phosphatase 
and initial dioxin (Table 13-17(d): adjusted slope=-0.021, p=0.053). Mean alkaline phosphatase levels 
in the low, medium, and high initial dioxin categories were 80.72 U/l, 79.95 U/l, and 75.04 U/l, 
respectively. 

The unadjusted Model 3 analysis of alkaline phosphatase revealed two marginally significant contrasts: 
Ranch Hands in the low dioxin category versus Comparisons (Table 13-17(e): difference of means=2.78 
U/l, p=0.070) and Ranch Hands in the low and high dioxin categories combined versus Comparisons 
(difference of means=2.28 U/I, p=0.051). The adjusted analysis showed significant differences between 
Ranch Hands in the background dioxin category and Comparisons (Table 13-17(f): difference of adjusted 
means=3.48 U/l, p=0.008), as well as a marginally significant difference between Ranch Hands in the low 
dioxin category and Comparisons (difference of adjusted means=2.79 U/l, p=0.071). Ranch Hands in the 
background and low dioxin categories had higher mean alkaline phosphatase levels than the Comparisons 
(83.86 U/l for the Ranch Hands in the background dioxin category and 83.18 U/l for the Ranch Hands in 
the low dioxin category versus 80.38 U/l for Comparisons). 

The unadjusted analysis of Model 4 showed no significant association between alkaline phosphatase and 
1987 dioxin levels (Table 13-17(g): p=0.555). After covariate adjustment, a significant inverse relation 
was revealed (Table 13-17(h): adjusted slope=-0.021, p=0.003). The adjusted mean alkaline 
phosphatase values in the low, medium, and high 1987 dioxin categories were 80.95 U/l, 80.09 U/I, and 
77.40 U/l, respectively. 

13.2.23.8      Alkaline Phosphatase (Discrete) 

The unadjusted and adjusted Model 1 analyses of alkaline phosphatase in its discrete form showed no 
overall group difference between Ranch Hands and Comparisons (Table 13-18(a,b): p>0.33 for each 
analysis). Stratifying by occupation revealed a marginally significant group difference within the enlisted 
groundcrew stratum for both the unadjusted and adjusted analyses (Table 13-18(a,b): Est. RR=2.30, 
p=0.071; Adj. RR=2.46, p=0.053). The percentage of enlisted groundcrew with high alkaline 
phosphatase levels among the Ranch Hands was 3.3 percent versus 1.4 percent among the Comparisons. 
All analyses for Models 2 and 3 were nonsignificant (Table 13-18(c-f): p>0.10 for each analysis). 
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Table 13-18. Analysis of Alkaline Phosphatase (Discrete) 

:(a) MODEL It RANCH HANDS;VS.; COMPARISONS-MADJUSTED^ 

Occupational 
r- Category   \ Group 

iNümber"^)':: 
I      High 

Est. Relative Risk 
p-Value 

All Ranch Hand 
Comparison 

859 
1,231 

22 (2.6) 
24(1.9) 

1.32(0.74,2.37) 0.352 

Officer Ranch Hand 
Comparison 

340 
490 

4(1.2) 
12 (2.4) 

0.47 (0.15,1.48) 0.200 

Enlisted Flyer Ranch Hand 
Comparison 

150 
185 

6 (4.0) 
4 (2.2) 

1.89(0.52,6.81) 0.333 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

369 
556 

12 (3.3) 
8(1.4) 

2.30(0.93,5.69) 0.071 

(b) MODEL 1: RANCH HANDS VS. COMPARISONS - ADJUSTED 

Occupational Category 
Adjusted Relative Risk 

p-Value 

All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

1.34(0.74,2.42) 

0.45 (0.14,1.41) 
2.03 (0.56,7.40) 
2.46(0.99,6.13) 

0.332 

0.172 
0.284 
0.053 

(c) MODEL 2: RANCH HANDS - INITIAL DIOXIN - UNADJUSTED 

Initial Dioxin Category Summ; ir^L'StatisitiCÄ,::;':;: ':>:)'; ■ ':;^:; ^^:v-:;i^'; ^: :". ■'Analysis Results for Log^ (Initial-Dioxin)* '■ ■. 
Initial 
Dioxin '::ß':::^:M0'M^ ; r'>;:,High;:V\;;v:;':;.',■ 

Low 
Medium 
High 

158 
159 
159 

3 (1.9) 
4 (2.5) 
2(1.3) 

0.99(0.60,1.65)                       0.971 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63~152 ppt; High = >152 ppt. 

MMÖDEL^ 

Analysis Results for Log2 (Initial Dioxin) 

yi-Äo^uffilfiÄ 
(95% C.I.)8 p-Value; 

474 1.04(0.61,1.76) 0.897 
a Relative risk for a twofold increase in initial dioxin. 

Note: Results not adjusted for occupation because of the sparse number of participants with a high alkaline 
phosphatase level. 
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Table 13-18.   Analysis of Alkaline Phosphatase (Discrete) (Continued) 

Dioxin Category 
Number (%) 

%h 
Est Relative Risk 

p-Value 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,194 

376 
236 
240 
476 

21(1.8) 

12 (3.2) 
4(1.7) 
5 (2.1) 
9(1.9) 

1.76(0.85,3.63) 
0.97 (0.33,2.86) 
1.24(0.46,3.33) 
1.10(0.50,2.43) 

0.127 
0.960 
0.670 
0.815 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(f) MODEL 3: RANCH HANDSAW 

Dioxin Category 
Adjusted Relative Risk 

;:;(95%cx)a..;■'. p-Value 
Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH 

1,193 

375 
235 
239 
474 

1.85 (0.88,3.90) 
0.91 (0.31,2.71) 
1.23 (0.44,3.41) 
1.06(0.48,2.37) 

0.104 
0.871 
0.688 
0.883 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(g) MODEL '4: RANCH HANDS -1987 DIOXIN llffil^M'iffiiÄIIP 
■■■ ■'-19S7 Dioxin Category Summary r'0iaßSti^0M.:-;I PM. p!;|::;:;i^ Log2 (1987 Dioxin +1) 

Dioxin PPP§PtiP^SPMP-d 
Number ■(%) 
iSiiHiiiiii 

Estimated Relative Risk 
IllllllÄ^ PPP: W£ffiM$#&??P> 

Low 
Medium 
High 

283 
285 
284 

9(3.2) 
6(2.1) 
6(2.1) 

0.79 (0.58,1.09) 0.144 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(h) MODEL 4: RANCH HANDS - 1987 DIOXIN - ADJUSTED 

lIP:W:§iMS PpPP: ;|^^Ääe':^-yiV>^,:;f';; PP: 

849                                           0.69 (0.50,0.94) 0.020 
a Relative risk for a twofold increase in 1987 dioxin. 
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The Model 4 unadjusted analysis did not show significant results (Table 13-18(g): p=0.144). The 
adjusted analysis revealed a significant inverse relation between alkaline phosphatase and 1987 dioxin 
levels (Table 13-18(h): Adj. RR=0.69, p=0.020). The percentages of abnormal alkaline phosphatase 
values in the low, medium, and high 1987 dioxin categories were 3.2,2.1, and 2.1, respectively. 

13.2.23.9      Total Bilirubin (Continuous) 

All unadjusted and adjusted Model 1 through Model 4 analyses of total bilirubin in its continuous form 
were nonsignificant (Table 13~19(a-h): p>0.36 for each analysis). 

Table 13-19. Analysis of Total Bilirubin (mg/dl) (Continuous) 

(a) MODEL 1: RANCH HANDS VS. COMPARISONS - UNADJUSTED 

''./.Occupational ! 
:; ■■'■" Category-   ;:.i ^;0W^<»^^-:-^:'^: ̂ i^M^y 

W'r.;;■'viÄffÄftc&Öf;3Vleans:i
: \ 

p-Valuec 

All Ranch Hand 
Comparison 

859 
1,231 

0.518                        -0.002" 
0.520 

0.857 

Officer Ranch Hand 
Comparison 

340 
490 

0.546                            0.003 -- 
0.543 

0.887 

Enlisted Flyer Ranch Hand 
Comparison 

150 
185 

0.489                          -0.023 - 
0.513 

0.365 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

369 
556 

0.506                           0.003 - 
0.503 

0.869 

a Transformed from natural logarithm scale. 
Difference of means after transformation to original scale; confidence interval on difference of means not 

presented because analysis was performed on natural logarithm scale. 
0 P-value is based on difference of means on natural logarithm scale. 

Occupational Difference of Adj. Means 
.;    Category...';; ̂ :-^>Gi^Ü^^l^!^ i^vW:^r^)^:M :;y'r 1i-5 Aciji <ivieäö?;: ^" j Igilyyflll^ ■  . p-Vahiec ; ■ 
All Ranch Hand 854 0.511 -0.000 -- 0.963 

Comparison 1,229 0.511 

Officer Ranch Hand 340 0.528 0.000 -- 0.993 
Comparison 489 0.528 

Enlisted Flyer Ranch Hand 148 0.487 -0.018 - 0.482 
Comparison 184 0.505 

Enlisted Ranch Hand 366 0.512 0.006 - 0.727 
Groundcrew Comparison 556 0.507 

a Transformed from natural logarithm scale. 
Difference of means after transformation to original scale; confidence interval on difference of means not 

presented because analysis was performed on natural logarithm scale. 
c P-value is based on difference of means on natural logarithm scale. 
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Table 13-19.   Analysis of Total Bilirubin (mg/dl) (Continuous) (Continued) 

(c) MODEL 2; RANCH. HANDS -INITIAL DIOXIN - UNADJUSTED       ■     : i 

Initial Dioxin Category Summary Statistics Analysis Results for Log2 (Initial Dioxin)1' 

Initial Dioxin 'S^ytrti^ry': . .'  Mean3 . Adj;Meanab 
Wyy£:-yyy'r^;:/;^ :^VK>-::>;

;
.^: ^iiope^-v-:     ^:^l!:^';^:;"'^'".^. ^:'^-^==-;.^.-^ 

R2       .        (Std.Error)c            : ' p-Value ;. 
Low 
Medium 
High 

158 
159 
159 

0.524 
0.503 
0.514 

0.527 
0.503 
0.510 

0.013         -0.014(0.016)              0.368 

a Transformed from natural logarithm scale. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 
c Slope and standard error based on natural logarithm of total bilirubin versus log2 (initial dioxin). 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(d)MODEL2: ;»|^iH;;^Nl>s: -:INIT]A.L-DIPX1N- -;;^^^STED;:;;^^ 

Initial Dioxin Category Summary Statistics -.■:'•■■:.' ,. ;|:Airta^is^ 

Initial Dioxin yifyTy^yw^^yyyyy^ ^CÖ^!^ÄJ^5f|.: 
'M--     ;;'----■ §':y'■::yy.-yywM'yy'VäPI^sibj«M';-y.?%¥?$ yy-y-^ y 

Low 
Medium 
High 

158 
158 
157 

0.522 
0.511 
0.532 

0.038                      0.004 (0.019)              0.822 

a Transformed from natural logarithm scale. 
b Slope and standard error based on natural logarithm of total bilirubin versus log2 (initial dioxin). 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - UNADJUSTED 

Dioxin Category Mean? Adj. Mean** 

Difference of Adj, Mean 
vs. Comparisons ' 

WytMMy£Mfmyy] p-Value"1 

Comparison 1,194 0.520 0.520 

Background RH 376 0.523 0.526 0.006 -- 0.673 
LowRH 236 0.517 0.516 -0.004 » 0.828 
High RH 240 0.510 0.506 -0.014 - 0.418 
Low plus High RH 476 0.513 0.511 -0.009 ~~ 0.500 

a Transformed from natural logarithm scale. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 
c Difference of means after transformation to original scale; confidence interval on difference of means not presented 
because analysis was performed on natural logarithm scale. 
d P-value is based on difference of means on natural logarithm scale. 

Note: RH = Ranch Hand. 
Comparison:  1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 13-19.   Analysis of Total Biiirubin (mg/dl) (Continuous) (Continued) 

(f) MODEL 3: RANCH HANDS AND COMPARISONS BYDIOXm CATEGORY-ADJUSTED 

Dioxin Category' Adj. Mean3 

Difference of Adj. Mean 
vs. Comparisons 

: ;:;:(95:%
:;c.i.)b -:- ; p-Valuel 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,193 

374 
235 
238 
473 

0.517 

0.515 
0.514 
0.520 
0.517 

-0.002 - 0.901 
-0.003 -- 0.884 
0.003 -- 0.861 
0.000 - 0.981 

a Transformed from natural logarithm scale. 
Difference of means after transformation to original scale; confidence interval on difference of means not presented 

because analysis was performed on natural logarithm scale. 
c P-value is based on difference of means on natural logarithm scale. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(g) MODEL 4: ;RAIC8;:HiNPS;:t: 1987 DIOXJuN-UNADJUSTED 

^;M9i;i^^§^0äß^i^ Summary ̂ SMüstic&>;- :..■..;;■:'■ Analysis:Results.forLbg2;(1987Dioxin+1) ,.,.'i . : 

1987 Dioxin C:^:|^;vn=|-;;i :SiäÄft?[Ifi 
:|:f:'ÄJ!il|| •;;;:;U^/^'M^ AÖjWtM:-§löpe;f;:'               ' -: W; > 
||viijS||RJJ^RI: mi -WiM&$!^^i:$. §§i:iP^MM/-i' 

Low 
Medium 
High 

283 
285 
284 

0.526 
0.518 
0.509 

0.001                   -0.007 (0.011)             0.499 

a Transformed from natural logarithm scale. 
b Slope and standard error based on natural logarithm of total biiirubin versus log2 (1987 dioxin + 1). 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(h) MODEL 4: RANCH HANDS - 1987 DIOXIN - ^j0$s^mm&MiM 
1?87 DioxinCategory Sunuiriarj |§j^0^j|^i0^K|]|l \. < / ,;;m 

W^M^MM^M^^M SKüH^liB 
Low 
Medium 
High 

283 
283 
281 

0.521 
0.516 
0.532 

0.023                   0.008(0.012)              0.519 

Transformed from natural logarithm scale. 
Slope and standard error based on natural logarithm of total biiirubin versus log2 (1987 dioxin + 1). 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

13.2.2.3.10    Total Biiirubin (Discrete) 

All analysis results of total biiirubin in its dichotomous form were nonsignificant (Table 13-20(a-h): 
p>0.11 for each analysis). 
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Table 13-20. Analysis of Total Bilirubin (Discrete) 

;.(a) MODEL"i: RANCH HANDS VS. COMPARISONS - UNADJUSTED 

Occupational 
Category    : Group 

■Number (%)■ 
High 

Est Relative Risk 
: ■ (95%-ex)' ' j p-Value' 

All Ranch Hand 
Comparison 

859 
1,231 

46(5.4) 
76(6,2) 

0.86(0.59,1.25) 0.430 

Officer Ranch Hand 
Comparison 

340 
490 

22 (6.5) 
35(7.1) 

0.90(0.52,1.56) 0.707 

Enlisted Flyer Ranch Hand 
Comparison 

150 
185 

8 (5.3) 
9 (4.9) 

1.10(0.41,2.93) 0.846 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

369 
556 

16 (4.3) 
32 (5.8) 

0.74(0.40,1.37) 0.342 

(b) MODEL 1: RANCH HANDS VS. COMPARISONS-- ADJUSTED; 

Occupational Category 
Adjusted Relative Risk 

All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

0.86(0.58,1.25) 

0.90(0.52,1.57) 
1.15(0.43,3.08) 
0.71 (0.38,1.33) 

p-Value 

0.420 

0.723 
0.779 
0.286 

(c) MODEL 2: RANCH HANDS - INITIAL DIOXIN - UNADJUSTED 

Initial Dioxin Category Summary Statistics Analysis Results for Log2 (Initial Dioxin)8 

Low 
Medium 
High 

158 12 (7.6) 
159 5 (3.1) 
159                          7 (4.4) 

0.77(0.54,1.09)                         0.118 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

473 0.75(0.49,1.13) 

Relative risk for a twofold increase in initial dioxin. 

p-Value 

0.154 
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Table 13-20.   Analysis of Total Bilirubin (Discrete) (Continued) 

■■.(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - - UNADJUSTED/.-:
;W 

Dioxin Category -■'■:.]:\ n   .            . .V:.HigIi: '■.'; •. • 
Est. Relative Risk 

(95^CX)ab p- Value 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,194                  74(6.2) 

376                   21 (5.6) 
236                   15 (6.4) 
240                     9 (3.8) 
476                   24 (5.0) 

0.91 (0.55,1.51) 
1.02(0.58,1.81) 
0.58(0.29,1.18) 
0.77(0.47,1.25) 

0.724 
0.940 
0.131 
0.286 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 

Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand):  1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(f) MODEL 3; RANCH HANDS AND COMPARISONS^^^ 

;   Dioxin Category :^Ä^-::;^/^;Sf i^v?'':^ 
■■ -: ■.::;■■.,   Adjusted Relative Risk- :.>.: / 

p-Value f '■ 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,193 

374 
235 
238 
473 

0.88(0.53,1.47) 
1.03(0.58,1.84) 
0.59(0.27,1.27) 
0.78(0.47,1.29) 

0.619 
0.919 
0.175 
0.331 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 

Comparison:  1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

":(g) MODEL 4: RANCH HANDS - 1987 DIOXIN -UNADJUSTED 1 

?i0ffii^iHm^t afcegbry Summ iry Statistics :   :.. v-' ;'- Analysis Results forXog2 (1987 Dioxin + 1) : 

!i||ilif;i 
' ■' ■;. Estimated Relative Risk■:■: -^/v-   .-.    :      ':    :   ..   . 

283 
285 
284 

18(6.4) 
15 (5.3) 
12 (4.2) 

0.89(0.72,1.10)                                0.275 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

.(h) MODEL 4: RANCH HANDS - 1987 DIOXIN - ADJUSTED 

Blltlll^^ 
 847 0.94(0.73,1.21) 0.646 

Relative risk for a twofold increase in 1987 dioxin. 
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13.2.2.3.11    Direct Bilirubin 

In each of the unadjusted and adjusted analyses of Models 1 through 4, no significant associations were 
seen between dioxin and direct bilirubin (Table 13-21(a-h): p>0.19 for each contrast). Because of a 
sparse number of participants with a high direct bilirubin level, the analysis was limited in some of the 
models. 

Table 13-21. Analysis of Direct Bilirubin 

(a) MODEL 1: RANCH HANDS VS. COMPARISONS-UNADJUSTED 

Occupational 
"'■/.   Category;\\ ':;\%^;:^t^^}f^[^v fe|-t£M;:^SvP: ;; --High-'-r..:' 

Est-.Relative.Risk: V 
.;. ■(95%;.e.i.)':.: p-Value 

All Ranch Hand 
Comparison 

859 
1,231 

1 (0.1) 
5(0.4) 

0.29(0.03,2.45) 0.196 

Officer Ranch Hand 
Comparison 

340 
490 

1 (0.3) 
3 (0.6) 

0.48 (0.05,4.62) 0.524 

Enlisted Flyer Ranch Hand 
Comparison 

150 
185 

0 (0.0) 
0 (0.0) 

— — 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

369 
556 

0 (0.0) 
2 (0.4) 

— 0.667a 

a P-value determined using a chi-square test with continuity correction because of the sparse number of participants 
with a high direct bilirubin level. 
—: Results not presented because of the sparse number of participants with a high direct bilirubin level. 

Occupational Category 
Adjusted Relative Risk 

\ p- Value; 
All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

0.32 (0.04,2.82) 

0.50 (0.05,4.90) 

0.254 

0.551 

—: Results not presented because of the sparse number of participants with a high direct bilirubin level. 

Note: Results for analysis across all occupational categories are not adjusted for occupation because of the sparse 
number of participants with a high direct bilirubin level. 

(c) MODEL 2: '>lA^^:i;l||ip|| ll||j^^                                                          ^;r£;tr^:^ 
;ü^^ Analysis Results for Log2 (Initial Dioxin)" 

M§^$^XWiM^Mw 
Ifltltullöi^ 
;iilitiiiiil|i|illl 

Low 
Medium 
High 

158 
159 
159 

0(0.0) 
0 (0.0) 
0 (0.0) 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 
—: Results not presented because of the sparse number of Ranch Hands with a high direct bilirubin level. 

Note; Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 
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Table 13-21.   Analysis of Direct Bilirubin (Continued) 

li^MimwiI:^ RANCH HANDS -INITIAL DIOXIN-ADJUSTED 

*■■ ■\^£W-*y-^ %$& 

Analysis Results for Lf)g2 (Initial Dioxin) 

Adjusted Relative Risk 
p-Value 

__ — ~ 

—: Results not presented because of the sparse number of Ranch Hands with a high direct bilirubin level. 

;.i(e) MODEL'S.:] ÄN^ -UNADJUSTED 

V : .: : Dioxin Category. ■'. ':■'■'.-. ■' ■■:■';■ n  :; [[■■■'/         p-Value 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,194 

376 
236 
240 
476 

5 (0.4) 

1 (0.3) 
0 (0.0) 
0 (0.0) 
0 (0.0) 

0.88(0.10,7.75) 0.906 
0.695c 

0.686c 

0.359c 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 
c P-value determined using a chi-square test with continuity correction because of the sparse number of Ranch 
Hands with a high direct bilirubin level. 

--: Results not presented because of the sparse number of Ranch Hands with a high direct bilirubin level. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand):  1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

1/5; ^fploxui: ^&^^y^%f;&:M---^ % %' %. WJk nS&S^k. t %.S0S, % ;:G;L)8 ;?"   :'t;M-:^- ^M^MM.': & 3 ':piValii6.: ;| ■ f ■■■I':^ 
Comparison 1,193 

Background RH 374 1.09(0.12,10.31) 0.937 
LowRH 235 
HighRH 238 
Low plus High RH 473 -_- --  

a Relative risk and confidence interval relative to Comparisons. 

—: Results not presented because of the sparse number of Ranch Hands with a high direct bilirubin level. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand):  1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

Results are not adjusted for occupation because of the sparse number of Ranch Hands with a high direct 
bilirubin level. 
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Table 13-21.   Analysis of Direct Biliruhin (Continued) 

<g) MODEL 4: ^NCHHANDS -1987 DIOXIN -UNADJUSTED 

1987 Dioxin Category Summary Statistics Analysis Results for Log2 (1987 Dioxin +1) 

1987 
Dioxin '■':. ^£X:iwfäfy%'z0. 

:jtfwnifeer~(&)v.. ■'■' Estimated Relative Risk 
.;..'■ (95% CD* ■'::'■•':::                       p-Value 

Low 
Medium 
High 

283 
285 
284 

0 (0.0) 
1 (0.4) 
0 (0.0) 

0.78(0.18,3.33)                               0.735 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(h) MODEL 4: RANCH HANDS ~ 1987 DIOXIN - ADJUSTED 

- ;■--:i;W:-W:W^¥W:i'. :;-4%^t:^W:kM^/.':;£?'■ \%A'% :>i: Adjusted-Relativeiüsk-rjk£^;   W-^:* ~:k ^ 
p-Value 

847                                              0.79(0.17,3.72) 0.764 
a Relative risk for a twofold increase in 1987 dioxin. 

Note: Results are adjusted only for age and lifetime alcohol history because of the sparse number of Ranch Hands 
with a high direct bilirubin level. 

13.2.2.3.12    Lactic Dehydrogenase (Continuous) 

The unadjusted and adjusted analyses of Models 1 through 4 showed no significant associations between 
dioxin and lactic dehydrogenase in its continuous form (Table 13-22(a-h): p>0.18 for each analysis). 

Table 13-22. Analysis of Lactic Dehydrogenase (U/l) (Continuous) 

(a) MODEL 1: RANCH HANDS VS. COMPARISONS - UNADJUSTED 

Occupational 
[Group I Mean8 

Difference of Means 
p- Value* 

All Ranch Hand 859 154.0 0.3- 0.822 
Comparison 1,229 153.8 

Officer Ranch Hand 340 153.9 -0.5 - 0.799 
Comparison 489 154.4 

Enlisted Flyer Ranch Hand 150 152.3 -0.3 - 0.927 
Comparison 184 152.5 

Enlisted Ranch Hand 369 154.9 1.2- 0.488 
Groundcrew Comparison 556 153.7 

a Transformed from natural logarithm scale. 
b Difference of means after transformation to original scale; confidence interval on difference of means not 
presented because analysis was performed on natural logarithm scale. 
c P-value is based on difference of means on natural logarithm scale. 
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Table 13-22.   Analysis of Lactic Dehydrogenase (U/l) (Continuous) (Continued) 

(b) MODEL 1: RANCH HANDS VS. COMPARISONS - AD^TE!} 

Occupational 
. Category" J Group Adj. Mean- 

Difference of Adj. Means 
(95%CX)b \ \ ;.'p-Vahiec; 

All Ranch Hand 854 155.3 
Comparison 1,227 155.0 

Officer Ranch Hand 340 154.8 
Comparison 488 155.3 

Enlisted Flyer Ranch Hand 148 153.1 
Comparison 183 153.9 

Enlisted Ranch Hand 366 157.8 
Groundcrew Comparison 556 156.3 

0.3- 

-0.6 -- 

-0.8 -- 

1.5-- 

0.790 

0.768 

0.787 

0.397 

a Transformed from natural logarithm scale. 
Difference of means after transformation to original scale; confidence interval on difference of means not 

presented because analysis was performed on natural logarithm scale. 
c P-value is based on difference of means on natural logarithm scale. 

(c) MODEL 2: RANCH HANDS - INITIAL DIOXIN - UNADJUSTED 

Initial Dioxin Category Summary Statistics ■   Analysis 'Results for hog2 (M\tiäl Oioxin)h  . 

Initial Dioxin 3:&3WM v ■ Mean*; Adj. Meanab 
■f ■!■ iv £: - 3. :

:KH 
;S • ^^IflMM;::'' -' W^3MM333^3ü y-%'- '^ M 

R2                 (Std. Error)c                p-Value 
Low 
Medium 
High 

158 
159 
159 

155.7 
152.4 
156.0 

156.0 
152.4 
155.6 

0.009         -0.001 (0.006)             0.908 

a Transformed from natural logarithm scale. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 
c Slope and standard error based on natural logarithm of lactic dehydrogenase versus log2 (initial dioxin). 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(d) MODEL 2: RANCH HANDS - INITIAL DIOXIN - -'ADJUSTED'.';'-;: .:';>'.:';:. -':" ,. ■^i3;\>:;-/-;3^--/'.: 

;■-  Initial Dioxin^Category- Summar y Statistics Analysis Results for hogi (Initial Dioxin)^^^^ ^^^^            ■ 

Initial Dioxin 3T-3f3t^^3M33:3. ̂ IM^II;? 
iii £$kS£r^&3333 -it33: 'S3-;. ?VÄ9|*^I0P^I- W W$W'"yM&:' 13' "'■ 

Low 
Medium 
High 

158 
158 
157 

159.1 
156.8 
160.1 

0.036                     0.000(0.007)             0.979 

a Transformed from natural logarithm scale. 
Slope and standard error based on natural logarithm of lactic dehydrogenase versus log2 (initial dioxin). 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 
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Table 13-22.   Analysis of Lactic Dehydrogenase (U/l) (Continuous) (Continued) 

:.^M€>I>^ 

Dioxin Category n W:-"0^M-i Adj.Meanab 

Difference of Adj. Mean 

...    (95%'CX)C p-Value* 
Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH 

1,192 

376 
236 
240 
476 

153.8 

153.1 
153.9 
155.4 
154.7 

153.7 

154.3 
153.6 
154.1 
153.8 

0.6-- 
-0.1 -- 
0.4- 
0.1« 

0.693 
0.941 
0.816 
0.916 

a Transformed from natural logarithm scale. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 
c Difference of means after transformation to original scale; confidence interval on difference of means not presented 
because analysis was performed on natural logarithm scale. 

P-value is based on difference of means on natural logarithm scale. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(0 MODEL 3-^ 

Dioxin Category vS"^-^ ■?■ ■ ^ji^^:^V>^^- :f^'i; Adj. Mean* 

Difference of'Adj. Mean 7   .:. 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,192 

374 
235 
238 
473 

155.5 

156.1 
155.0 
156.8 
155.9 

0.6 --                        0.737 
-0.5 -                        0.774 

1.3 -                        0.528 
0.4-                        0.812 

a Transformed from natural logarithm scale. 
Difference of means after transformation to original scale; confidence interval on difference of means not presented 

because analysis was performed on natural logarithm scale. 
c P-value is based on difference of means on natural logarithm scale. 

Note: RH - Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand):  1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(g) MODEL 4: RANCH HANDS -0$W:m&mi}^UNADJUSTED -r^\:Z'^:W^\ 
^;:::''/^;Äi^;Öi&in:^ Category Summs Wffipsti)^|||fJ|?||3' ■f!^ 

i;lllllii|llil IM§^^1&;1: :-:^t;^^:i;S;^ 
Low 
Medium 
High 

283 
285 
284 

152.7 
155.3 
153.9 

0.002                  0.005(0.004)             0.211 

a Transformed from natural logarithm scale. 
Slope and standard error based on natural logarithm of lactic dehydrogenase versus log2 (1987 dioxin + 1). 

Note: Low = <7.9 ppt; Medium = >7.9~19.6 ppt; High = >19.6 ppt. 
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Table 13-22.   Analysis of Lactic Dehydrogenase (U/l) (Continuous) (Continued) 

(h) MODEL.4: RANCH HANDS - -1987 DIOXIN -ADJUSTED 

1987 Dioxin Category Summary Statistics Analysis Results for Log2 (1987 Dioxin + 1) 

l;f;i:ii;ii^ 
;;;-:%":;.-:;;:Koxin;;:;;". ■■ Av^'   J'jfif $4i£'-:T:L^:;1;.; Adj. Mean" : 

Adjusted Slope 
R2                .■.;■■:   (Std.Error)b        .    .   p-Value 

Low                            283 
Medium                      283 
High                           281 

154.3 
156.4 
155.4 

0.015                  0.006(0.005)              0.187 

a Transformed from natural logarithm scale. 
Slope and standard error based on natural logarithm of lactic dehydrogenase versus log2 (1987 dioxin + 1). 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

13.2.2.3.13    Lactic Dehydrogenase (Discrete) 

Lactic dehydrogenase in its dichotomized form showed nonsignificant results in all of the Models 1 
through 4 unadjusted and adjusted analyses (Table 13-23(a-h): p>0.21 for each analysis). 

Table 13-23. Analysis of Lactic Dehydrogenase (Discrete) 

(a) MODEL 1: RANCH HANDS VS. COMPARISONS - UNADJUSTED^ 

Occupational 
;.■■■:.':Category ■■■'! WM'$^0^^^:[];^ i:iii<ii-:':i:W;:-i-':; 

:^M^^M«^ri(M^i;-i:i:-:B ;i■ '^ilfcReiaiiye;RisküiH'M:-~Mö 
;iii;S;f;||;M p-Value 

All Ranch Hand 
Comparison 

859 
1,229 

81 (9.4)                 0.89(0.66,1.19) 
129 (10.5) 

0.424 

Officer Ranch Hand 
Comparison 

340 
489 

32   (9.4)                  0.85(0.54,1.36) 
53 (10.8) 

0.506 

Enlisted Flyer Ranch Hand 
Comparison 

150 
184 

13   (8.7)                  1.07(0.49,2.32) 
15   (8.2) 

0.866 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

369 
556 

36   (9.8)                  0.88(0.57,1.35) 
61 (11.0) 

0.555 

(b) MODEL 1: :!I^N£HiH§^ 

tS;8^#li^SBftjl ohal Category 

All 0.90 (0.67,1.21)                                           0.479 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

0.86(0.54,1.37)                                         0.530 
1.03(0.47,2.24)                                            0.945 
0.90(0.58,1.39)                                            0.625 
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Table 13-23.   Analysis of Lactic Dehydrogenase (Discrete) (Continued) 

<c) MODEL 2: RANCH HANDS;-INITIAL DIOXIN -UNADJUSTED 

Initial Dioxin Category Summary Statistics Analysis Results'forLo& (Initial Dioxin)0 

Estimated Relative Risk 
'■     (95%;C.L)b . '■■ :.;.,;.'.; -p-Value    . 

Low                            158                         17 (10.8) 
Medium                      159                         10   (6.3) 
High                            159                         16 (10.1) 

0.96(0.75,1.21)                       0.709 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(d) MODEL 2: RANCH HANDS »INITIAL DIOXIN -»ADJUSTED 

'   ■■■:. ':\]y:-; .;■.■:::;.;: "•'"■":'■■'v ■■="■'■:!  ■ ''■'■■■■ -^Analysis Results'for\Log2:.(Initial Dioxin);; 

flfi?iss^*ii^i' 
Adjusted Relative Risk 

p-Yalue 

473 0.98(0.74,1.30) 0.889 
a Relative risk for a twofold increase in initial dioxin. 

(e) MODEL 3: RANCH BANDS AND C^^ -■pSEADJUSTED. .. \. 

;   Dioxin Category ~§%:^:tn^y> 
•  • -Est.:Reiätive Risk .'■. -: 

p-Value 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,192 

376 
236 
240 
476 

123 (10.3) 

36   (9.6) 
21 (8.9) 
22 (9.2) 
43   (9.0) 

1.05(0.71,1.57) 
0.81 (0.50,1.33) 
0.77(0.47,1.25) 
0.79(0.55,1.15) 

0.794 
0.406 
0.291 
0.214 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand):  1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(f) MODEL 3rMNCH HANDS 

Dioxin Category 
Adjusted Relative Risk 

Rvalue' 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,191 

374 
235 
238 
473 

1.07(0.72,1.61) 
0.80(0.48,1.31) 
0.81 (0.49,1.34) 
0.80(0.55,1.17) 

0.729 
0.366 
0.416 
0.255 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand):  1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 13-23.   Analysis of Lactic Dehydrogenase (Discrete) (Continued) 

(g>MÖppL4r JM^GHflDVNDS -1987 DIOXIN -UNADJUSTED. ■     ':■...,;..;   ^ 

,l$87;I>i6xin Category Summary Statistics Analysis Results for Lpg2 (1987 Dioxin + 1) 

1987 
Dioxin :v;f';'^^;;^;v^' High    ':■■< 

Estimated Relative Risk 

Low 
Medium 
High 

283 
285 
284 

27   (9.5) 
30 (10.5) 
22   (7.7) 

1.00(0.85,1.17)                             0.989 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(h) MODEL 4: RANCH HANDS -1987 DIOXIN-ADJUSTED 

: ■ ■:':.. ':;   p-Value                . ■. 
847                                              1.01 (0.84,1.21) 0.892 

a Relative risk for a twofold increase in 1987 dioxin. 

13.2.2.3.14    Cholesterol (Continuous) 

The Model 1 unadjusted and adjusted analyses showed no significant association between group and 
cholesterol (Table 13-24(a,b): p>0.14 for each analysis). 

Table 13-24. , Analysis of Cholesterol (mg/dl) (Continuous) 

(a)MODELl i&$j$i$^^ 
Occupational .,:: Öiuererice^öf- Means /.   ^ 

<%0;00eg^^i v":;^^:|^;^^;;-;Kä^^>i^::l'::f-':! -:;^' ■■:: :l ^t^-M-r-^Ws :||^;5jfe^;|^;;:|:^: ^^i0^M^^M&'r\ p-Valuec 

All Ranch Hand 859 211.4 -03- 0.838 
Comparison 1,231 211.7 

Officer Ranch Hand 340 206.2 -3.8 -- 0.149 
Comparison 490 210.0 

Enlisted Flyer Ranch Hand 150 215.0 -1.3- 0.760 
Comparison 185 216.3 

Enlisted Ranch Hand 369 214.7 3.0- 0.239 
Groundcrew Comparison 556 211.8 

a Transformed from square root scale. 
Difference of means after transformation to original scale; confidence interval on difference of means not 

presented because analysis was performed on square root scale. 
c P-value is based on difference of means on square root scale. 
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Table 13-24.   Analysis of Cholesterol (mg/dl) (Continuous) (Continued) 

■(b) MODEL 1: RANCH HANDS VS. COMPARISONS - ADJUSTED 

Occupational 
Category Group y'fY^-riLttc:/::^ ...: - Adj.Meana 

Difference öf Adj. Means 
.   (95%C.L)b  .  ./ p-Valuec 

All Ranch Hand 
Comparison 

854 
1,229 

2123 
212.6 

-03- 0.850 

Officer Ranch Hand 
Comparison 

340 
489 

206.6 
210.4 

-3.8 -- 0.141 

Enlisted Flyer Ranch Hand 
Comparison 

148 
184 

215.3 
216.4 

-1.2- 0.781 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

366 
556 

214.6 
211.4 

3.2- 0.197 

a Transformed from square root scale. 
Difference of means after transformation to original scale; confidence interval on difference of means not 

presented because analysis was performed on square root scale. 
c P-value is based on difference of means on square root scale. 

:§Mm®$MM RANCH HANDS -INITIAL DIOXIN -UNADJUSTED 

Initial Dioxin Category Summary Statistics.-:-. '.■'■■■.'■;■ '.'■. Analysis Results for Log2 (Initial Dioxin)b 

Initial Dioxin tf-&V-;.ö*tä^f:T. rBMM : ; .:-Adj.Meaha1?. V '"■''■.. R2   . :        ; (Std.:Error)c. ....  ■ . p-Value  '. 
Low 

Medium 

High 

158 

159 

159 

205.9 

215.1 

217.9 

205.7 

215.1 

218.2 

0.017           0.129 (0.046)              0.005 

a Transformed from square root scale. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 
c Slope and standard error based on square root of cholesterol versus log2 (initial dioxin). 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(d) MODEL 2s RANCH HANDS -INITIAL DIOXIN-ADJUSTED 

Initial Dioxin Category Summa n ̂ S^stfc^.;;^:;^;!^ ; ■'■;:f JV|/:| ^                                                                   '■■''■■:'.,.: '     '. ;: 

Initial Dioxin WfMM^ iiili^i^fiil 
Low 
Medium 
High 

158 
158 
157 

209.0 
215.9 
217.4 

0.044                      0.083(0.054)              0.122 

a Transformed from square root scale. 
b Slope and standard error based on square root of cholesterol versus Iog2 (initial dioxin). 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 
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Table 13-24,   Analysis of Cholesterol (mg/dl) (Continuous) (Continued) 

*M$$^^ 

Dioxin Category "f^f K *^-:"                            ! :- ■.,.   Mean0   ...; •:   Ädj.Meanab 

Difference of Adj. Mean 
vs. Comparisons 

.,     (95%CX)C  :              p-Valued 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,194 

376 
236 
240 
476 

211.7 

209.4 
209.1 
216.8 
213.0 

211.7 

208.8 
209.3 
217.4 
213.4 

-2.9--                    0.183 
-2.4-                    0.351 

5.7 -                    0.032 
1.7-                     0.422 

a Transformed from square root scale. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 
c Difference of means after transformation to original scale; confidence interval on difference of means not presented 
because analysis was performed on square root scale. 

P-value is based on difference of means on square root scale. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - ADJUSTED 

Dioxin Category Adj. Mean1! 

Difference of Adj. Mean 
■' vs. ':£omj^ns(>hs '■. 

p-Value'i 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,193 

374 
235 
238 
473 

212.9 

211.0 
210.6 
217.3 
214.0 

-1.9- 0.392 
-2.3 - 0.389 
4.4- 0.115 
1.1- 0.616 

Transformed from square root scale. 
Difference of means after transformation to original scale; confidence interval on difference of means not presented 

because analysis was performed on square root scale. 
c P-value is based on difference of means on square root scale. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand):  1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(g) MODEL 4: RANCH HANDS - 1987 DIOXIN - - UNADJUSTED 

ISlüÄBi oxin Category Summary Statistics piMÄ Results fprkfog£(i^ 

';v:.a987:Üioxin';i| 11S1Ä WMSMIKM •i:(S.t;d.' Error)1* ■. '■:'  ..". pVValue 
Low 
Medium 
High 

283 210.9 
285                       206.6 
284 216.6 

0.008 0.077 (0.030)           0.009 

a Transformed from square root scale. 
Slope and standard error based on square root of cholesterol versus log2 (1987 dioxin + 1). 

Note: Low = <7.9 ppt; Medium = >7.9~19.6 ppt; High = >19.6 ppt. 
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Table 13-24.   Analysis of Cholesterol (mg/dl) (Continuous) (Continued) 

(h) MODEL 4: RANGHHA.NDS- -1987 DIOXIN- -ADJUSTED.   .                   ',                    '■•.■■.■'! 

1987 Dioxin .Category Summary Statistics Analysis Results for Log2 (1987 Dioxin + 1) 

Dioxin M'~-f/-'W\^ ... Adj. Mean8,.:' 
Adjusted Slope 

R2               :.      (Std: Error)'*    ;■       p-Value : 

Low 
Medium 
High 

283 
283 
281 

214.9 
209.6 
216.8 

0.023                0.046(0.034)           0.178 

a Transformed from square root scale. 
Slope and standard error based on square root of cholesterol versus log2 (1987 dioxin + 1). 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

The unadjusted Model 2 analysis revealed a significant positive association between initial dioxin and 
cholesterol (Table 13-24(c): slope=0.129, p=0.005). After covariate adjustment, the relation became 
nonsignificant (Table 13-24(d): p=0.122). 

A significant difference between Ranch Hands in the high dioxin category and Comparisons was found in 
the unadjusted Model 3 analysis of cholesterol (Table 13~24(e): difference of means=5.7 mg/dl, 
p=0.032). The adjusted analysis revealed no significant contrasts (Table 13-24(f): p>0.11 for each 
contrast). 

Model 4 unadjusted analysis results showed a significant association between 1987 dioxin and cholesterol 
in its continuous form (Table 13-24(g): slope=0.077, p=0.009). The adjusted analysis results were 
nonsignificant (Table 13-24(h): p=0.178). 

13.2.2.3.15    Cholesterol (Discrete) 

No significant difference between Ranch Hands and Comparisons was revealed in either the unadjusted or 
adjusted Model 1 analysis of cholesterol (Table 13-25(a,b): p>0.16 for each contrast). 

Table 13-25. Analysis of Cholesterol (Discrete) 

(a) MODEL 1: RANCH HANDS VsTcOMPARISONS - UNADJUSTED 

Oceupatäoöal 
.;:: Category :' WM^&v^^M-Mi W&'^M^Mim- p-Value ■ 

All Ranch Hand 
Comparison 

859 
1,231 

130 (15.1) 
182 (14.8) 

1.03(0.81,1.31) 0.826 

Officer Ranch Hand 
Comparison 

340 
490 

39(11.5) 
68 (13.9) 

0.80 (0.53,1.22) 0.310 

Enlisted Flyer Ranch Hand 
Comparison 

150 
185 

22 (14.7) 
28(15.1) 

0.96(0.53,1.77) 0.905 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

369 
556 

69(18.7) 
86(15.5) 

1.26(0.89,1.78) 0.198 
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Table 13-25.   Analysis of Cholesterol (Discrete) (Continued) 

(b) MODEL!: RANCH HANDS VS. COMPARISONS-ADJUSTED 

Occupational Category 
Adjusted Relative Risk 

I ;:.; ':(9s% ei.),: .    : p-Value 
All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

1.04(0.82,1.34) 

0.80(0.53,1.23) 
1.00(0.54,1.83) 
1.28(0.90,1.82) 

0.726 

0.312 
0.993 
0.167 

(c) MODEL 2: RANCH HANDS -INITIALDIOXIN -UNADJUSTED 

initial Dioxin Category Summary Statistics Analysis Results lor Log2 (Initial Dioxin)3 

Initial 
■Dioxin.:

: 
Estimated Relative Risk 

Low 
Medium 
High 

158 19 (12.0) 
159 31 (19.5) 
159                         32(20.1) 

1.21 (1.01,1.45)                        0,036 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt 

(d) MODEL 2J RANCH HANDS -INITIAL DIOXIN-ADJUSTED 

>-fi - V'M't MMMMMWi' # WMBM M ■- r''M'^': :<- & ::A^uste^ReIati.,ve •Risfei;-: M' 0   ':;; i £ ■ *:-* - fr-Q M Mw MM 
p-Value            ■..   ..:■ \.  ' 

473                                          1.23(0.99,1.52) 0.062 
a Relative risk for a twofold increase in initial dioxin. 

:;-:;{eJ^ ;g:tÄiJPSTED|g^ 

-t'^'^ 
g;^!!^ ":_ --;.^V::;l;;i ;;;■>";;:;■-, >;>;;X^rp^^^ti€t;:;:

:;:
:.;::;; ;,_■:=; "V ;■: :J;' 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,194 

376 
236 
240 
476 

177 (14.8) 

48 (12.8) 
34 (14.4) 
48 (20.0) 
82(17.2) 

0.80(0.56,1.12) 
0.98(0.66,1.46) 
1.51 (1.06,2.16) 
1.22(0.91,1.63) 

0.195 
0.915 
0.023 
0.183 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 13-25.   Analysis of Cholesterol (Discrete) (Continued) 

(f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - -ADJUSTED 

" ■' ::'ßi(«lii::CategÖi^::.:; }^:^tMy/:<^ p-Value 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,193 

374 
235 
238 
473 

0.85 (0.60,1.21) 
1.01 (0.68,1.51) 
1.41 (0.97,2.04) 
1.19(0.89,1.60) 

0.379 
0.964 
0.071 
0.240 

a Relative risk and confidence interval relative to Comparisons. 
Note: RH = Ranch Hand. 

Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(g) MODEL :4: RANCH HANDS - 1987 DIOXIN :^;UNADJW^ 

1987 Dioxin Category Summary Statistics :■'■■■' ■ ■:;: - •■ ■■:; 
: '■". Analysis Results for Log2 (1987 Dioxin + 1)   ... '■'■        ; ■ 

Dioxin .;■ 
Number (%) 

Low 
Medium 
High 

283 40(14.1) 
285                 32(11.2) 
284 58 (20.4) 

1.15(1.02,1.30)                               0.025 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(fa) MQDEL 4: RANCH HANDS -1987 DIOXIN - ADJUSOCEI* 

Analysis Results for Log3 (1987 Dioxin + fyi.-- \X'-:^-'.- ''^^y' :'\^;% 

(95% C.I.)a p-Value 
847 1.08(0.93,1.24)  0.312 

Relative risk for a twofold increase in 1987 dioxin. 

The unadjusted Model 2 analysis found a significant association between cholesterol and initial dioxin 
(Table 13-25(c): Est. RR=1.21, p=0.036). Similarly, the adjusted Model 2 analysis was marginally 
significant (Table 13-25(d): Adj. RR=1.23, p=0.062). The percentages of participants with high 
cholesterol levels in the low, medium, and high initial dioxin categories were 12.0, 19.5, and 20.1, 
respectively. 

The Model 3 unadjusted analysis of cholesterol revealed a significant difference between Ranch Hands in 
the high dioxin category and Comparisons (Table 13-25(e): Est. RR=1.51, p=0.023) and a marginally 
significant difference in the adjusted analysis (Table 13-25(f): Adj. RR=1.41, p=0.071). The percentage 
of Ranch Hands in the high dioxin category was 20.0 versus 14.8 in the Comparison category. 

The Model 4 unadjusted analysis showed a significant relation between 1987 dioxin and cholesterol level 
(Table 13-25(g): Est. RR=1.15, p=0.025). After adjusting for covariates, the results became 
nonsignificant (Table 13-25(h): p=0.312). 
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13.2.23.16    HDL Cholesterol (Continuous) 

The unadjusted Model 1 analysis of HDL cholesterol showed no group difference between Ranch Hands 
and Comparisons (Table 13-26(a): p>0.24 for each analysis). Although the adjusted analysis showed no 
overall group difference, stratifying by occupation revealed a marginally significant difference between 
Ranch Hands and Comparisons among the enlisted flyer stratum (Table 13-26(b): difference of 
means=2.29 mg/dl, p=0.078). The adjusted mean HDL cholesterol level for enlisted flyers in the Ranch 
Hand group was 47.56 mg/dl versus 45.28 mg/dl for the enlisted flyers in the Comparison group. Models 
2 and 3 unadjusted and adjusted analyses showed no significant relations between dioxin and HDL 
cholesterol (Table 13~26(c-f): p>0.13 for each analysis). 

The unadjusted Model 4 analysis revealed a significant association between 1987 dioxin and HDL 
cholesterol (Table 13~26(g): slope=~0.023, p<0.001). Similarly, the adjusted Model 4 analysis results 
were significant (Table 13-26(h): adjusted slope=-0.014, p=0.037). Both analyses showed a decrease in 
HDL cholesterol levels as 1987 dioxin increased. The adjusted mean HDL cholesterol levels were 49.22 
mg/dl, 46.80 mg/dl, and 46.31 mg/dl in the low, medium, and high 1987 dioxin categories, respectively. 

Table 13-26. Analysis of HDL Cholesterol (mg/dl) (Continuous) 

(a) MODEL 1; RANCH HANDS VS. COMPARISONS - UNADJUSTED 

Occupational 
Category Group Mead* 

'Difference of Means  ■■■'.. I 

All Ranch Hand 858 44.97 0.13 - 0.805 
Comparison 1,230 44.84 

Officer Ranch Hand 340 46.64 -0.04 - 0.965 
Comparison 489 46.68 

Enlisted Flyer Ranch Hand 149 45.07 1.49 - 0.240 
Comparison 185 43.58 

Enlisted Ranch Hand 369 43.44 -0.25 -- 0.739 
Groundcrew Comparison 556 43.69 

a Transformed from natural logarithm scale. 
Difference of means after transformation to original scale; confidence interval on difference of means not 

presented because analysis was performed on natural logarithm scale. 
c P-value is based on difference of means on natural logarithm scale. 

\(b):M:ODEL:l:| RANCH HANDS VS;^ 

Occupational •::J::.::Di£fe] rence of Adj. Means 
Z:^;>y;0^^^^-^M Group K|^|$^^ßf|(v;|l^i |||;^ 'w^^ß^MM^MM "     p-Value0 ; '.: 

All Ranch Hand 
Comparison 

853 
1,228 

47.08 
46.81 

0.28» 0.600 

Officer Ranch Hand 
Comparison 

340 
488 

48.76 
48.86 

-0.10- 0.907 

Enlisted Flyer Ranch Hand 
Comparison 

147 
184 

47.56 
45.28 

2.29 - 0.078 

Enlisted Ranch Hand 366 45.68 -0.13 -- 0.866 
Groundcrew Comparison 556 45.81 

a Transformed from natural logarithm scale. 
Difference of means after transformation to original scale; confidence interval on difference of means 

presented because analysis was performed on natural logarithm scale. 
c P-value is based on difference of means on natural logarithm scale. 

not 
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Table 13-26.   Analysis of HDL Cholesterol (mg/dl) (Continuous) (Continued) 

l($M0pE$#i :RÄNqJrip^^ 

Initial Dioxin Category Summary Statistics Analysis Results for Log2 (Initial Dioxin)b 

Initial Dioxin ^7%^fu^:X::S Mean* - ■AdjvMeanab / R2  ..            (Std.Error)c            .. p-Value 
Low 
Medium 
High 

157 
159 
159 

45.03 
43.33 
43.32 

44.73 
43.30 
43.64 

0.053         -0.009(0.009)              0.312 

a Transformed from natural logarithm scale. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 
c Slope and standard error based on natural logarithm of HDL cholesterol versus log2 (initial dioxin). 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(d}MODEL2: fcANCH HANDS -INITIALDIOXIN- f$aöft$s^^ 
Initial Dioxin Category Summary Statistics Analysis Results for Log2 (Initial Dioxin) 

Initial Dioxin S;^5^Ä^^fSv?'/ Adj. Mean* ;;  "      :.....'R2 ..'..'   .   . '':;       (Std.Errorf              p-Valm 
Low 
Medium 
High 

157 
158 
157 

46.09 
44.96 
46.38 

0.132                     0.005(0.010)             0.625 

a Transformed from natural logarithm scale. 
b Slope and standard error based on natural logarithm of HDL cholesterol versus log2 (initial dioxin). 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(e) MODEL 3- RANCH HANDS AN^^ 

Dioxin Category MIÜ Adj. Mean9 

Difference of Adj. Mean 

tl|lft£§l§£^ 
comparison 1   1 Ol A A  H< 44./J A A nc\ 44. ly 

Background RH 376 46.34 45.54 0.75 - 0.269 
LowRH 235 44.98 45.23 0.44» 0.585 
High RH 240 42.83 43.58 -1.21 - 0.130 
Low plus High RH 475 43.88 44.39 -0.40 - 0.519 

a Transformed from natural logarithm scale. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 
c Difference of means after transformation to original scale; confidence interval on difference of means not presented 
because analysis was performed on natural logarithm scale. 
d P-value is based on difference of means on natural logarithm scale. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand):  1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 13-26.   Analysis of HDL Cholesterol (mg/dl) (Continuous) (Continued) 

(f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY -ADJUSTED 

Dioxin Category^ |:AdJ,;Meän'i 

Difference of Adj. Mean 
''■''. vs. Comparisons 

. v.:....(95%CX)b     :: p-Value«; 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,192 

374 
234 
238 
472 

46.77 

47.11 0.34 - 0.628 
47.10 0.33 - 0.687 
46.77 0.00- 0.999 
46.93 0.16-- 0.795 

a Transformed from natural logarithm scale. 
Difference of means after transformation to original scale; confidence interval on difference of means not presented 

because analysis was performed on natural logarithm scale. 
c P-value is based on difference of means on natural logarithm scale. 

Note: RH = Ranch Hand. 
Comparison:  1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand):  1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

g)f||^IS®Äil Category Summary Statistics; :■ ■'•/■. .   . Analysis-Results :for..Log2 (1987 Dioxin +1)  ; 

1987 Dioxin %MM/W^^E:M^ Illi^^lfgS 
Low 
Medium 
High 

283 
284 
284 

47,12 
44.60 
43.23 

0.016                 -0,023 (0.006)            <0.001 

a Transformed from natural logarithm scale. 
b Slope and standard error based on natural logarithm of HDL cholesterol versus log2 (1987 dioxin + 1). 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(h) MODEL M RANCH HANDS - -*9f|lMÖi^ 

WMß^MMMMtöt ategory $tiw^^ Analysis Results for Log2 (1987 Dioxin + 1) 

:■;■.'': Dioxin -: ;:;|||| |v:;A|j^^'e|^l:M R2                         (Std.Error)b                p-Value 

| 

283 
282 
281 

49.22 
46.80 
46.31 

0.081                  -0.014(0.007)             0.037 

a Transformed from natural logarithm scale. 
b Slope and standard error based on natural logarithm of HDL cholesterol versus log2 (1987 dioxin + 1). 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

13.2.2.3.17   HDL Cholesterol (Discrete) 

All Model 1 analyses of HDL cholesterol in its discrete form were nonsignificant (Table 13-27(a,b): 
p>0.42 for each analysis). 
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The association between initial dioxin and HDL cholesterol examined in the unadjusted Model 2 analysis 
revealed nonsignificant results (Table 13-27(c): p=0.249). After adjusting for covariates, a significant 
association was shown (Table 13-27(d): Adj. RR=0.72, p=0.029). The percentages of low HDL 
cholesterol levels in the low, medium, and high initial dioxin categories were 8.3, 10.1, and 5.7, 
respectively. 

Table 13-27. Analysis of HDL Cholesterol (Discrete) 

(a) MODEL 1: RANCH HANDS VS. COMPARISONS - UNADJUSTED 

Occupational 
■ Category . j Group; 

Number <%) Est. Relative Risk: 
(95% C.I.) 

All 

Officer 

Enlisted Flyer 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

858 
1,230 

340 
489 

149 
185 

369 
556 

71 
90 

19 
24 

(8.3) 
(7.3) 

(5.6) 
(4.9) 

16 (10.7) 
18   (9.7) 

36 
48 

(9.8) 
(8.7) 

1.14 (0.83,1.58) 

1.15(0.62,2.13) 

1.12(0.55,2.27) 

1.14(0.73,1.80) 

.(b) MODEL 1: RANCH HANDS VS. COMPARISONS - ADJUSTED 

Occupational Category 
Adjusted Relative Risk 

(95% C.I.) p-Value 
All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

1.13 (0.81,1.57) 

1.15 (0.62,2.15) 
0.98 (0.47,2.04) 
1.18(0.74,1.87) 

0.473 

0.650 
0.957 
0.483 

p-Value 

0.421 

0.664 

0.762 

0.561 

(c) MODEL 2: RANCH HANDS - INITIAL DIOXIN - UNADJUSTED 

\  \'-'- ^■;//->^-iiüti^Wpxin.-Cate gory Summ, ̂ ^Siai^^W^M^yM ;'...,.:   Analysis ResultS:förIjOg2,0[nitiaI'Diöxin)a /'.,.. : 

Initial 
Dioxin \mM~^W- 

Low 
Medium 
High 

157 
159 
159 

13   (8.3) 
16 (10.1) 
9  (5.7) 

0.86(0.66,1.12)                        0.249 

Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63~152 ppt; High = >152 ppt. 

Cd) MODEL 2: RANCH HANDS - INITIAL DIOXIN - ADJUSTED 

Analysis Results for Log2 (Initial Dioxin) 

412 0.72 (0.53,0.98) 

Relative risk for a twofold increase in initial dioxin. 

p-Value 

0.029 
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Table 13-27.   Analysis of HDL Cholesterol (Discrete) (Continued) 

|:-i$:|l^ -UNADJUSTED 

Dioxin Category n 
...Number:(%)    . Est Relative Risk 

:   (9S%:-C.L)ab:::-\ ; ; p-Value 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,193 

376 
235 
240 
475 

88 (7.4) 

33 (8.8) 
19(8.1) 
19 (7.9) 
38 (8.0) 

1.35(0.88,2.05) 
1.07(0.64,1.80) 
0.98(0.58,1.65) 
1.02(0.69,1.53) 

0.170 
0.798 
0.937 
0.910 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand):  1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(f) MODEL 3r RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - ADJUSTED 1 

Dioxin Category 
Adjusted Relative Risk 
.;;.

:::(?5%c.i.)a   ■;;';; p-Value 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,192 

374 
234 
238 
472 

1.57(1.00,2.45) 
1.09(0.64,1.84) 
0.80(0.47,1.37) 
0.93 (0.62,1.40) 

0.049 
0.761 
0.416 
0.731 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison:  1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand):  1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

■(g) MODEL 4t: ^^tBJ$^^i^0^^ll^i^ .-UNADJUSTED;. '■;::.■:;.;. 

!:   ,■ ■ . ■ 1987:Diox ■.'■■■■ ¥<i- '■;:::AnMlysiS;:Eesiiil|s^foit" tog2..(i9S7 Dioxin:+; 1),,';'"; ■ .>;" . 

';■■ -:, :Estiniate.d;-Relative Risk:,', 
¥M' P" t".      M':M#MMM:k '0M{: 'P. -'"'•'"; 

Low 
Medium 
High 

283 23(8.1) 
284 27 (9.5) 
284                  21 (7.4) 

0.92(0.78,1.09) 0.349 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High - >19.6 ppt. 

(h) MODEL 4: RANCH HANDS - 1987 DIOXIN - ADJUSTED 

Analysis Results for Log2 (1987 Dioxin + I) 

-;.&' | >f I;}M3PM$IM^ t ':B:M 
846                                           0.82(0.68,0.98) 0.029 

a Relative risk for a twofold increase in 1987 dioxin. 
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The unadjusted Model 3 analysis of HDL cholesterol did not show any of the Ranch Hand categories to 
be significantly different from the Comparison group (Table 13-27(e): p>0.17 for all contrasts). In the 
adjusted analysis, a significant difference between Comparisons and Ranch Hands in the background 
dioxin category was revealed (Table 13-27(f): Adj. RR=1.57, p=0.049). The percentage of low HDL 
cholesterol values among Ranch Hands in the background dioxin category was 8.8 percent versus 7.4 
percent for Comparisons. 

The unadjusted Model 4 analysis showed nonsignificant results (Table 13-27(g): p=0.349). After 
covariate adjustment, a significant inverse relation between HDL cholesterol and 1987 dioxin level was 
shown (Table 13-27(h): Adj. RR=0.82> p=0.029). The percentages of low HDL cholesterol values in the 
low, medium, and high 1987 dioxin categories were 8.1, 9.5, and 7.4, respectively. 

13.2.2.3.18    Cholesterol-HDL Ratio (Continuous) 

The unadjusted Model 1 analysis of the cholesterol-HDL ratio did not disclose a significant difference 
between Ranch Hands and Comparisons (Table 13-28(a): p>0.15 for all contrasts). The adjusted analysis 
showed no significant difference between Ranch Hands and Comparisons combined across all 
occupations. Stratifying the analysis by occupation revealed a marginally significant group difference for 
the enlisted flyers (Table 13-28(b): difference of adjusted means~-0.27, p=0.051). Within the enlisted 
flyer stratum, the mean cholesterol-HDL ratio was lower for the Ranch Hands than for the Comparisons 
(4.49 versus 4.76). 

Table 13-28. Analysis of Cholesterol-HDL Ratio (Continuous) 

'^{a):MODELl>m 

Occupational 
Category Group Mean* 

Difference of Means 

All Ranch Hand 858 4.66 -0.02 -- 0.723 
Comparison 1,230 4.68 

Officer Ranch Hand 340 4.39 -0.07 - 0.425 
Comparison 489 4.46 

Enlisted Flyer Ranch Hand 149 4.72 -0.21 - 0.155 
Comparison 185 4.93 

Enlisted Ranch Hand 369 4.90 0.10- 0.282 
Groundcrew Comparison 556 4.81 

a Transformed from natural logarithm scale. 
b Difference of means after transformation to original scale; confidence interval on difference of means not 
presented because analysis was performed on natural logarithm scale. 
c P-value is based on difference of means on natural logarithm scale. 
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Table 13-28.   Analysis of Cholesterol-HDL Ratio (Continuous) (Continued) 

.(b) MODEL 1: ':RA&CHM^ 

Occupational 
!'_.;''■;<_! Category Group ':•;-'.>.;:;. ^tt-'.^v:-; ,'..Adj. Mean8 

Difference of Adj. Means 
(95% C.I.)b p-Valuec 

A// Ranch Hand 
Comparison 

553 
1,228 

44* 
4.52 

-0.03 - 0.546 

Officer Ranch Hand 
Comparison 

340 
488 

4.21 
4.27 

-0.06 - 0.446 

Enlisted Flyer Ranch Hand 
Comparison 

147 
184 

4.49 
4.76 

-0.27 - 0.051 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

366 
556 

4.67 
4.58 

0.08 - 0.316 

a Transformed from natural logarithm scale. 
b Difference of means after transformation to original scale; confidence interval on difference of means not 
presented because analysis was performed on natural logarithm scale. 
c P-value is based on difference of means on natural logarithm scale. 

(c)MÖDEL2: RANCH HANDS -INITIAL DIOXIN-UNADJUSTED 

Initial Dioxin Category Summarj Stai ÖSÖ^i;--^^:^-;^ ■'•■. Analysis Results for Logs:(Inltial Dioxin)11 ■■■:.'.' 

Initial Dioxin W^Wt-WP^M' "Mean* i;^|t^|a§|:f:; 
&?;.C;r-y'K' i■'  £ lM:;;'■ ^'SlopeWri'il 13',.¥3:$$-^>¥.£:YM-'O 
M%^-'I ISWißW5:lMr)c:;;:{f;£Sf :# ■ :p^aiu^v;:'fe 

Low 

Medium 

High 

157 

159 

159 

4.52 

4.92 

4.99 

4.55 

4.93 

4.96 

0.055           0.028 (0.009)                0.003 

a Transformed from natural logarithm scale. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 
0 Slope and standard error based on natural logarithm of cholesterol-HDL ratio versus log2 (initial dioxin). 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

vXdVMODEL-2: ./RANCH HAND  :>._;.::;■.;./: r..:I 

:>'i^:^^':;:i:;Initi* I Dioxin Category StinÄiou jr^-$w6s^ti.c|i'^-^!^^ /::v \ .:';'.:';.■■: ;: Analysis Resu^ 

Initial Di oxin                n tg-;i^^Äl'il iB'ii-iS 
B 

157 
158 
157 

4.49 
4.77 
4.66 

0 118                      0.007 (0.011)              0.499 

a Transformed from natural logarithm scale. 
b Slope and standard error based on natural logarithm of cholesterol-HDL ratio versus log2 (initial dioxin). 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 
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Table 13-28.   Analysis of Cholesterol-HDL Ratio (Continuous) (Continued) 

■(e) MODEL 3; RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - UNADJUSTED 

Dioxin Category mm |Adj.Meanab 

Difference of Adj. Mean 
vs. Comparisons 

P-Valued 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,193 

376 
235 
240 
475 

4.69 

4.49 
4.60 
5.02 
4.81 

4.69 

4.55 
4.58 
4.95 
4.76 

-0.14- 
-0.11- 
0.26- 
0.07 - 

0.068 
0.220 
0.005 
0.282 

a Transformed from natural logarithm scale. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 
c Difference of means after transformation to original scale; confidence interval on difference of means not presented 
because analysis was performed on natural logarithm scale. 
d P-value is based on difference of means on natural logarithm scale. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 

Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand):  1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

■■(*) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY-ADJUS 

Dioxin Category Adj. Mean8 

Difference of Adj. Mean 
•'■.■■-' vs. Comparisons'...■."'■'.■.{ 

p-Valuec 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,192 

374 
234 
238 
472 

4.52 

4.45 
4.43 
4.61 
4.52 

-0.07 - 0.352 
-0.09 - 0.289 
0.09 -- 0.290 
0.00 - 0.978 

a Transformed from natural logarithm scale. 
Difference of means after transformation to original scale; confidence interval on difference of means not presented 

because analysis was performed on natural logarithm scale. 
c P-value is based on difference of means on natural logarithm scale. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(g) MODEL 4: RANCH HANDS iii$^^ 
M3MAMM^MXWMM&^§^ Summt ̂ ^liSK^lilllS^ Analysis Results for Log2 (1987 Dioxin +1) 

1987Dibxin ;^WM^M^^ 3S|iiÄiiii9i 
Low 
Medium 
High 

283 
284 
284 

4.44 
4.59 
4.97 

0,030                  0.033 (0.007)            <0.001 

a Transformed from natural logarithm scale. 
b Slope and standard error based on natural logarithm of cholesterol-HDL ratio versus log2 (1987 dioxin + 1). 

Note: Low = <7.9 ppt; Medium = >7.9~19.6 ppt; High = >19.6 ppt. 
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Table 13-28.   Analysis of Cholesterol-HDL Ratio (Continuous) (Continued) 

(h) MODEL 4: RANCH.HANDS'- -1987 DIOXIN-ADJUSTED 

■.     1987 Dioxin Category Summary Statistics    '. Analysis Resultstor Log2 (1987 Dioxin + 1)   ' ■: 

Dioxin V:WM^'W^^:^?¥ti" Adj. Mean® 
Adjusted Slope 

.;::.; R2   ;-S : :'- ■'.: (Std.;Error)b::.'■ .     :   p-Value     . 
Low 
Medium 
High 

283 
282 
281 

4.34 
4.44 
4.65 

0.074                   0.021 (0.007)               0.006 

a Transformed from natural logarithm scale. 
b Slope and standard error based on natural logarithm of cholesterol-HDL ratio versus log2 (1987 dioxin + 1). 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

A significant association between initial dioxin and the cholesterol-HDL ratio was seen in the Model 2 
unadjusted analysis (Table 13-28(c): slope=0.028, p=0.003). The adjusted analysis results were 
nonsignificant (Table 13-28(d): p=0.499). 

The unadjusted Model 3 analysis revealed significant differences between Ranch Hands in the 
background category and Comparisons, as well as between Ranch Hands in the high dioxin category and 
Comparisons (Table 13-28(e): difference of means=-0.14, p=0.068; difference of means=0.26, p=0.005, 
respectively). The adjusted Model 3 analysis did not show any of the Ranch Hand categories to be 
significantly different from the Comparison group (Table 13-28(f): p>0.28 for each analysis). 

Both the unadjusted and adjusted Model 4 analyses revealed significant positive associations between 
1987 dioxin and the cholesterol-HDL ratio (Table 13-28(g,h): slope=0.033, p<0.001, for unadjusted 
analysis; adjusted slope=0.021, p=0.006, for adjusted analysis). The mean cholesterol-HDL ratio values 
after covariate adjustment in the low, medium, and high 1987 dioxin categories were 4.34,4.44, and 4.65, 
respectively. 

132.23,19    Cholesterol-HDL Ratio (Discrete) 

The unadjusted Model 1 analysis of the cholesterol-HDL ratio in its dichotomized form did not reveal a 
significant difference between Ranch Hands and Comparisons overall or stratified by occupation (Table 
13-29(a): p>0.13 for all unadjusted contrasts). No significant overall group difference was found 
between all Ranch Hands and Comparisons in the adjusted analysis. After stratifying the adjusted 
analysis by occupation, a marginally significant group difference among the enlisted flyers was revealed 
(Table 13-29(b): Adj. RR=0.67, p=0.075). The percentage of Ranch Hand enlisted flyers with high 
cholesterol-HDL ratios was 38.9 percent versus 47.0 percent for Comparison enlisted flyers. 
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Table 13-29. Analysis of Cholesterol-HDL Ratio (Discrete) 

(a); MODEL. 1: RANCH/HANDS VS. COMPARISONS - UNADJUSTEDj 

Occupational 
^Category . Group ■;■; :ö-::'': 

Number■(%)■' 
; ;(95%;CX)  ; pi Value 

All Ranch Hand 
Comparison 

858 
1,230 

356(413) 
5ö5 («./; 

1.02 (0.85,1.22) 0.843 

Officer Ranch Hand 
Comparison 

340 
489 

114(33.5) 
156(31.9) 

1.08(0.80,1.45) 0.623 

Enlisted Flyer Ranch Hand 
Comparison 

149 
'      185 

58 (38.9) 
87 (47.0) 

0.72(0.46,1.11) 0.138 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

369 
556 

184 (49.9) 
262 (47.1) 

1.12(0.86,1.45) 0.414 

(b) MODEL 1: RANCH HANDS VS. COMPARISONS - ADJUSTED 

Occupational Category 
Adjusted Relative Risk 

All 

Officer    - 

Enlisted Flyer 
Enlisted Groundcrew 

1.01 (0.85,1.22) 

1.09(0.81,1.47) 
0.67(0.43,1.04) 
1.11(0.85,1.45) 

p-Value 

0.878 

0.563 
0.075 
0.436 

(c) MODEL 2: RANCH HANDS - INITIAL DIOXIN - UNADJUSTED^ 

^IäSSöS^ al Dioxin Category Summary Statistics [■/-} Analysis Results for Log> (Initial Dioxin)" 

Initial 
Dioxin ■::M:X-::■■■■■■■':) ;;V":'vV:'High:V;\:r.':.':;-'-:, (95% C.I.)b                               p-Value 

Low 
Medium 
High 

157                        54 (34.4) 
159                        77 (48.4) 
159                         85 (53.5) 

1.25 (1.09,1.45)                         0.002 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

^TMÖD^^ 

472 1.08(0.91,1.28) 

p-Value 

0.378 
a Relative risk for a twofold increase in initial dioxin. 

13-89 



Table 13-29.   Analysis of Cholesterol-HDL Ratio (Discrete) (Continued) 

f;^Jä$$j$^ -UNADJUSTED 

Dioxin Category-:". r&^ijiyX High ':   (95%cx)ab •': pr Value 
Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH 

1,193 

376 
235 
240 
475 

492(41.2) 

136 (36.2) 
86 (36.6) 

130(54.2) 
216 (45.5) 

0.88(0.69,1.13) 
0.80(0.60,1.07) 
1.57(1.18,2.08) 
1.12(0.90,1.40) 

0.321 
0.135 
0.002 
0.295 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

Dioxin Category n (95% C.I.)" p-Value 

0.982 
0.221 
0.133 
 0.849 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,192 

374 
234 
238 
472 

1.00(0.77,1.28) 
0.83(0.61,1.12) 
1.26(0.93,1.69) 
1.02(0.82,1.28) 

(g) MODEL W: RANCH HANDS -1987 DIOXIN SÄÖ^ 
1987 Dioxin Category Sümmari ̂ S^öltt^^lfeSli^ IIM^ 

pioxin WM^MMü-MMZ'M^-- 
IfiSS^tinm 

Low 
Medium 
High 

283 
284 
284 

104 (36.7) 
98 (34.5) 

150 (52.8) 

1.22(1.11,1.34)                               <0.001 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9~19.6 ppt; High = >19.6 ppt. 
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Table 13-29.   Analysis of Cholesterol-HDL Ratio (Discrete) (Continued) 

'■'(h) MODEL 4: RANCH HANDS -1987 DIOXIN-ADJUSTED 

Analysis Results for Log2 (1987 Dioxin + 1) .'. 

|{V^f :v:: x^ ■: "iM::; -       i'\ £& £::£ ■ ■                   ■#: i^AdJusied": Reläii vetRiälc ='!■■': 
p- Value 

846                                              1.13(1-01,1.26) 0.025 
a Relative risk for a twofold increase in 1987 dioxin. 

A significant positive association between the cholesterol-HDL ratio and initial dioxin was shown in the 
unadjusted Model 2 analysis (Table 13-29(c): Est. RR=1.25, p=0.002). After adjustment for covariates, 
the analysis results were nonsignificant (Table 13-29(d): p=0.378). 

The Model 3 unadjusted analysis of the cholesterol-HDL ratio revealed a significant difference between 
Ranch Hands in the high dioxin category and Comparisons (Table 13-29(e): Est. RR=L57, p=0.002). All 
contrasts between the Ranch Hand categories and Comparisons were nonsignificant in the adjusted 
analysis (Table 13-29(f): p>0.13 for each contrast). 

The unadjusted and adjusted Model 4 analyses each revealed a significant relation between 1987 dioxin 
and cholesterol-HDL ratio (Table 13-29(g,h): Est. RR=1.22, p<0.001, for the unadjusted analysis; Adj. 
RR=1.13, p=0.025, for the adjusted analysis). The percentages of participants with high cholesterol-HDL 
ratios in the low, medium, and high 1987 dioxin categories were 36.7, 34.5, and 52.8, respectively. 

13.2.2.3.20    Triglycerides (Continuous) 

No significant associations with dioxin were shown in all Model 1 and 2 analyses (Table 13-30(a-d): 
p>0.10 for each analysis). 

The unadjusted Model 3 analysis showed a significant difference between Ranch Hands in the high dioxin 
category and Comparisons, as well as between Ranch Hands in the low and high dioxin categories 
combined and Comparisons (Table 13-30(e): difference of means=20.1 mg/dl, p<0.001; difference of 
means=9.4 mg/dl, p=0.023, respectively). 

Table 13-30. J Analysis of Triglycerides i (mg/dl) (Continuous) 

(a) MODEL! : RANCH HANDS VS. COMPARISONS - UNADJUSTED 

Occupational 
HM^iii^Q^^^iy i:;;:>ll|l|iJ|P| iiiiliiiffliiilSSi 

Difference of Means 

SiliÄiliiBlSSiil KSÖ^MÄ*§vB 
All Ranch Hand 

Comparison 
858 

1,231 
122.8 
120.7 

2.1- 0.539 

Officer Ranch Hand 
Comparison 

339 
490 

114.9 
111.7 

3.2- 0.523 

Enlisted Flyer Ranch Hand 
Comparison 

150 
185 

123.9 
137.7 

-13.8 - 0.122 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

369 
556 

130.0 
123.6 

6.4- 0.230 

a Transformed from natural logarithm scale. 
Difference of means after transformation to original scale; confidence interval on difference of means not 

presented because analysis was performed on natural logarithm scale. 
c P-value is based on difference of means on natural logarithm scale. 
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Table 13-30.   Analysis of Triglycerides (mg/dl) (Continuous) (Continued) 

(b) MODEL 1: ;R$!!^^ 

Occupational 
Category Group ^:^rj&^% -Z . ■'.':Adj.'Mean*   ;. 

Difference of Adj. Means 
.  . ■ ,(95%■C.I.)b ■ p-VaIuec 

All Ranch Hand 
Comparison 

853 
1,229 

107.4 
105.6 

1.8- 0.546 

Officer Ranch Hand 
Comparison 

339 
489 

100.3 
97.1 

3.2- 0.458 

Enlisted Flyer Ranch Hand 
Comparison 

148 
184 

107.0 
119.5 

-12.4 - 0.109 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

366 
556 

110.5 
105.2 

5.3- 0.239 

a Transformed from natural logarithm scale. 
Difference of means after transformation to original scale; confidence interval on difference of means not 

presented because analysis was performed on natural logarithm scale. 
c P-value is based on difference of means on natural logarithm scale. 

."■': Initial Dioxin Category Summary StMs^)MP(0% '•■ Analysis-Results, for Log2
: (liiitial Dioxin)1?  : 

: 

Initial Dioxin ^M^-'P-M^ ' .-Mean*: 'Qß^^MmMX. 
Low 
Medium 
High 

158 
159 
159 

117.3 
141.9 
141.0 

118.6 
142.0 
139.4 

0.025           0.033 (0.023)                0.140 

a Transformed from natural logarithm scale. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 
0 Slope and standard error based on natural logarithm of triglycerides versus log2 (initial dioxin). 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

<d) MODEL 2: RANCH HANDS - - INITIAL DIOXIN - -ÄDJÜSIM)^^ 

Initial Dioxin Category Summa rj ̂ :SMä^ties||i;i^K ...'.   ■;.'■ AnalysisResulfe.forLpg^ 

Initial Dioxin [-^ß^MüMW^z^3-': Adj^Mean^:^;v 
Low 
Medium 
High 

158 
158 
157 

106.9 
123.9 
118.4 

0,055                      0.006 (0.027)              0.830 

a Transformed from natural logarithm scale. 
Slope and standard error based on natural logarithm of triglycerides versus log2 (initial dioxin). 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 
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Table 13-30.   Analysis of Triglycerides (mg/dl) (Continuous) (Continued) 

(e) MODEL 3; ÄANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - UNADJUSTED 

Dioxin Category JMeäna
: A4J.Meanj 

: Difference of Adj. Mean 
ys. Comparisons 

:.;:;.:.. 195% cx)c' p-Vahie? 
Comparison 1,194 120.6 120.3 

Background RH 375 110.3 114.5 -5.8 - 0.172 
LowRH 236 121.0 119.7 -0.6- 0.897 
High RH 240 145.8 140.4 20.1 - <0.001 
Low plus High RH 476 132.9 129.7 9.4- 0.023 

a Transformed from natural logarithm scale. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 
c Difference of means after transformation to original scale; confidence interval on difference of means not presented 
because analysis was performed on natural logarithm scale. 
d P-value is based on difference of means on natural logarithm scale. 

Note: RH = Ranch Hand. 
Comparison:  1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand):  1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY-ADJUSTED 

.   '.■•■:■ Dioxin Category '.' ■' ; ?fM^%W&£--&%M£ :f ^;V   ■:-;.vAl(j;;:-.Rifeön 

.; Diff^eii'ce;'of:-A:dj;;Mean/' 
vs.Comparisons      ; -■' 

p-Va!uec 

Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH 

1,193 

373 
235 
238 
473 

105.9 

103.2 
107.0 
118.2 
112.5 

-2.7 - 
1.1- 

12.3 -- 
6.6« 

0.483 
0.820 
0.013 
0.070 

a Transformed from natural logarithm scale. 
Difference of means after transformation to original scale; confidence interval on difference of means not presented 

because analysis was performed on natural logarithm scale. 
c P-value is based on difference of means on natural logarithm scale. 

Note: RH - Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

■:::(g);M0Ö|L:
:4i' lliicifi^ßsi 1987 DIOXIN - fiiiii^ 

^i$3^ Suuura try Statistics :ri^-:;;
:'&^ 

1987Diöxiri W^W^tM^'M ^n\';';-;Meääa;.i:;:o:'?; $KPi:ÄBl   W!&B%:SIlt|lMr|öW; 1 :;& |-'ft::ptVäjöe: ■ :f 
Low 
Medium 
High 

282 
285 
284 

109.2 
118.3 
141.9 

0.028                 0.072 (0.015)            <0.001 

a Transformed from natural logarithm scale. 
b Slope and standard error based on natural logarithm of triglycerides versus log2 (1987 dioxin + 1). 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 
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Table 13-30.   Analysis of Triglycerides (mg/dl) (Continuous) (Continued) 

(h) MODEL 4: RANCH HANDS - 1987 DIOXIN-< ADJUSTED 

1987 Dioxin Category Summary Statistics Analysis Results for Log2 (1987 Dioxin +1) 

1987 
Dioxin ■^K^:|:'^I'-:S/IS-?S ;-■'Adj.-Mean8 ■■ 

\M              (\ £: ■;'■:::;   %.::A<Jjüste^d::;SlopeW-k '•:::
;' 

■  . ; .;R2    .       .        ;: (Std. Error)0               p-Value 
Low 
Medium 
High 

282 
283 
281 

96.3 
105.7 
122.9 

0.041                 0.063 (0.017)             <0.001 

a Transformed from natural logarithm scale. 
b Slope and standard error based on natural logarithm of triglycerides versus log2 (1987 dioxin + 1). 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

The adjusted Model 3 analysis of triglycerides revealed the same two significant contrasts: Ranch Hands 
in the high dioxin category versus Comparisons (Table 13-30(f): difference of adjusted means=12.3 
mg/dl, p=0.013) and Ranch Hands in the low and high dioxin categories combined versus Comparisons 
(difference of adjusted means=6.6 mg/dl, p=0.070). The adjusted mean levels of triglycerides for Ranch 
Hands in the high dioxin category, Ranch Hands in the low and high dioxin categories combined, and 
Comparisons were 118.2 mg/dl, 112.5 mg/dl, and 105.9 mg/dl, respectively. 

The Model 4 unadjusted and adjusted analyses both showed significant relations between 1987 dioxin and 
triglycerides (Table 13~30(g,h): slope=0.072, p<0.001, for the unadjusted analysis; adjusted slope=0.063, 
p<0.001, for the adjusted analysis). The adjusted mean triglyceride levels in the low, medium, and high 
1987 dioxin categories were 96.3 mg/dl, 105.7 mg/dl, and 122.9 mg/dl, respectively. 

13.2.2.3.21    Triglycerides (Discrete) 

The unadjusted and adjusted Model 1 analyses of triglycerides in their discrete form showed no overall 
group differences (Table 13-31(a,b): p>0.31 for each analysis). After stratifying by occupation, 
significant group differences were noted within the enlisted groundcrew stratum for both the unadjusted 
and adjusted analyses (Table 13-31(a,b): Est. RR=1.36, p=0.052; Adj. RR=1.37, p=0.047, respectively). 
Among the enlisted groundcrew, 26.6 percent of the Ranch Hands had high triglyceride levels versus 21.0 
percent of the Comparisons. 

Table 13-31. Analysis of Triglycerides (Discrete) 

(a) MODEL 1: RANCH HANDS VS. COMPARISONS - UNADJUSTED 

Occupational 
ll^IB^Ifiii|iil|l^l $:MMWiffM§:: p-Value 

All Ranch Hand 
Comparison 

858 
1,231 

188(21.9) 
250 (20.3) 

1.10(0.89,136) 0377 

Officer Ranch Hand 
Comparison 

339 
490 

60 (17.7) 
82 (16.7) 

1.07(0.74,1.54) 0.717 

Enlisted Flyer Ranch Hand 
Comparison 

150 
185 

30 (20.0) 
51 (27.6) 

0.66(0.39,1.10) 0.109 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

369 
556 

98 (26.6) 
117(21.0) 

1.36(1.00,1.85) 0.052 
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Table 13-31.   Analysis of Triglycerides (Discrete) (Continued) 

(b) MODEL 1: RANCH HANDS.VS. COMPARISONS-ADJUSTED 

OccupatiörialCategory 
Adjusted Relative Risk 

I. '.:';'. {95% C.L)     ;. p-Value [ 
All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

1.12 (0.90,1.39) 

1.10(0.76,1.58) 
0.66(0.39,1.12) 
1.37 (1.00,1.88) 

0.318 

0.628 
0.123 
0.047 

(c) MODEL 2: i;|^Ni%Ij^ -INITIAL DIOXIN-UNADJUSTED 

';,/■ Initial Dioxin Category Summary Statistics; .;'.;' Analysis Results for Log2(Initial-Dioxin)0.' ■; '. 

Initial 
:. Dioxin - ■ ^:ii.:

;'■:;■■ :^:
:;-,:^;■:■ .n   ^-:.::.;^'^'r;- ^-'■:";■:;.■ 

Estimated Relative Risk                 ■ .: „.'   . 
'-,'■ :■■ ■■;' (95%CX)b:. /;,..■:; :;;.p-vaiue;.     . 

Low 
Medium 
High 

158 
159 
159 

37 (23.4) 
45 (28.3) 
49 (30.8) 

1.09(0.94,1.27)                        0.275 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

gdj^ 

;£-lMwl;/:;r;:;-V 

473                                          0.96(0.80,1,15) 0.690 
a Relative risk for a twofold increase in initial dioxin. 

(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY fiigj^i^ii^i^s. 

i;^:];;;;:^;;;^ 

Comparison                            1,194                240 (20.1) 

Background RH                        375                   53(14.1)                   0.72(0.52,1.00) 
LowRH                                    236                   54(22.9)                    1.15(0.82,1.62) 
HighRH                                   240                   77(32.1)                    1.74(1.27,2.37) 
Low plus High RH                    476                 131 (27.5)                    1.42 (1.10,1.82) 

0.051 
0.411 

<0.001 
0.006 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand):  1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 13-31.   Analysis of Triglycerides (Discrete) (Continued) 

(f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - ADJUSTED 

Dioxin Category n (95%CÄ,f : ■'.    p-Value    | 

0.161 
0.215 
0.009 

         0.012 
a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison:  1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH 

1,193 

373 
235 
238 
473 

0.79(0.56,1.10) 
1.24(0.88,1.76) 
1.55(1.12,2.15) 
1.39(1.07,1.80) 

(g) MODEL 4: RANCH HANDS -1987 DIOXIN gtj^AjR^^ 
1987 Dioxin Category Summary Statistics V. '■ ■ 'T ■■ ■^;if&ri^M&^^                                                1) .: ■ '■' ~P 

^;?BrKM:-^^'^^-^' 
Number (%) Estimated Relative Risk 

Low 
Medium 
High 

282 
285 
284 

41 (14.5) 
58 (20.4) 
85 (29.9) 

1.29(1.16,1.44)                              <0.001 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(h) MODEL 4: RANCH HANDS - 1987 DIOXIN - ADJUSTED 

Analysis^Resultefpr;Log2;(1987;.biöxm;+ 1)'■ :■ \PV-'\^\:[':^\ ::''■':: :] 

846 1.23(1.09,1.40) 0.001 

Relative risk for a twofold increase in 1987 dioxin. 

The Model 2 unadjusted and adjusted analyses showed no significant association between initial dioxin 
and triglycerides (Table 13-31(c,d): p>0.27 for each analysis). The unadjusted Model 3 analysis of 
triglycerides revealed Ranch Hands in the background dioxin category, Ranch Hands in the high dioxin 
category, and Ranch Hands in the low and high dioxin categories combined each to be significantly 
different from the Comparisons (Table 13-31(e): Est. RR=0.72, p=0.051, for the background dioxin 
category contrast; Est. RR=1.74, p<0.001, for the high dioxin category contrast; and Est. RR=1.42, 
p=0.006, for the low and high dioxin categories combined contrast). The adjusted Model 3 analysis 
showed a significant difference between Ranch Hands in the high dioxin category and Comparisons 
(Table 13-31(f): Adj. RR=1,55, p=0.009), as well as a significant difference between Ranch Hands in the 
low and high dioxin categories combined and Comparisons (Adj. RR=1.39, p=0.012). The percentages of 
individuals with high triglyceride levels among Ranch Hands in the high dioxin category, Ranch Hands in 
the low and high dioxin categories combined, and Comparisons were 32.1, 27.5, and 20.1, respectively. 
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The unadjusted and adjusted Model 4 analyses each revealed a significant association between 

triglycerides and 1987 dioxin levels (Table 13-31(g,h): Est. RR=1.29, p<0.001, for the unadjusted 

analysis; Adj. RR=1.23, p=0.001, for the adjusted analysis). The percentages of participants with high 

levels of triglycerides in the low, medium, and high 1987 dioxin categories were 14.5, 20.4, and 29.9, 
respectively. 

13.2.2.3.22    Creatine Phosphokinase (Continuous) 

All unadjusted and adjusted analyses in Models 1 through 3 showed no significant associations between 

dioxin and creatine phosphokinase (Table 13-32(a-f): p>0.50 for each analysis). 

Table 13-32. Analysis of Creatine Phosphokinase (U/l) (Continuous) 

(a) MODEL 1: ll#i$^ 

Occupational 

[:^;fev^;^rouipf iTi ?:'-^ ^'-'^!'" '., ■'"■ :.t-h:! "■. ~\'y"l : :::y;:: ■_ J-; ^l^lliep >;; ■-v:;:;; 

All Ranch Hand 
Comparison 

859 
1,231 

1063                              0.8 - 
105.5 

0.791 

Officer Ranch Hand 
Comparison 

340 
490 

105.8                               1.4- 
104.3 

0.748 

Enlisted Flyer Ranch Hand 
Comparison 

150 
185 

97.2                            -3.8 -- 
101.0 

0.562 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

369 
556 

110.8                              2.6- 
108.2 

0.565 

a Transformed from natural logarithm scale. 
Difference of means after transformation to original scale; confidence interval on difference of means not 

presented because analysis was performed on natural logarithm scale. 
c P-value is based on difference of means on natural logarithm scale. 

Occupational 
I-V Category,: 1 I Group! 

All Ranch Hand 854 140.3 0.9 
Comparison 1,229 139.4 

Officer Ranch Hand 340 147.7 2.4 
Comparison 489 145.3 

Enlisted Flyer Ranch Hand 148 131.5 -4.9 
Comparison 184 136.4 

Enlisted Ranch Hand 366 140.2 1.8 
Groundcrew Comparison 556 138.3 

0.809 

0.696 

0.568 

0.736 

a Transformed from natural logarithm scale. 
Difference of means after transformation to original scale; confidence interval on difference of means not 

presented because analysis was performed on natural logarithm scale. 
c P-value is based on difference of means on natural logarithm scale. 
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Table 13-32.   Analysis of Creatine Phosphokinase (U/l) (Continuous) (Continued) 

(c) MODEL 2t RANCH HANDS -IMTIÄL DIOXIN -UNADJUSTED 

Initial Dioxin Category Summary Statistics Analysis Results for Log2 (Initial Dioxin)'1 

Initial Dioxin 'iYri-:i'Ä^&-I Mearia ,Adj.Meanab   ' 
W:-'' ■       Y::■ -:"'-:-■ YY: "iSiöpe::l:':';v":.;' 

..   R2
         ■ ■ .:(Std.:Error)c ;:            p-Value    ' 

Low 
Medium 
High 

158 
159 
159 

111.8 
104.0 
112.0 

112.7 
104.1 
111.1 

0.013          0.005 (0.021)               0.800 

a Transformed from natural logarithm scale. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 
c Slope and standard error based on natural logarithm of creatine phosphokinase versus log2 (initial dioxin). 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = > 152 ppt. 

(d) MODEL 2r RANCH HANDS - INITIAL DIOXIN g^jMTED:;:^ 

Initial Dioxin Category Summary Statistics Analysis Results for Log2 (Initial Dioxin) 

Initial Dioxin                n                   Adj.Meana 
IYYY-: v Y >MY YY      ' '■<:' ■<>■ YYW'§#. - i:;^-Ä|tj'.::Sföpe:': Y YM-YYY" Y-E Y]-. f. YYS:M 
■;5:;::H:;;|:;><:^;:;f;.  :;;:R^^";:;V,;:;':;;

:;r;;;:;;■:-;;;;.:■-■ ;^;-:H;---^B;;;::;:i(
;<;^tpJ^^ö^>^i;^:;::5::H-:::;;:;::::;/

::
:V

:::■ ;=:^values-;^>'.":;; 

Low                           158                  149.8 
Medium                       158                    139.9 
High                            157                    143.6 

0.121                     -0.004(0.023)             0.871 

a Transformed from natural logarithm scale. 
b Slope and standard error based on natural logarithm of creatine phosphokinase versus log2 (initial dioxin). 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(c) MODEL.3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - UNADJUSTED 

Dioxin Category ;Mcan* Adj.Meanab 

Difference of Adj. Mean 

(95%CX)C p-Valued 

Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH 

1,194 

376 
236 
240 
476 

105.6 

102.7 
109.1 
109.3 
109.2 

105.4 

105.6 
108.2 
106.3 
107.2 

0.2- 
2.8- 
0.9- 
1.8- 

0.961 
0.547 
0.843 
0.602 

a Transformed from natural logarithm scale. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 
c Difference of means after transformation to original scale; confidence interval on difference of means not presented 
because analysis was performed on natural logarithm scale. 
d P-value is based on difference of means on natural logarithm scale. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 13-32.   Analysis of Creatine Phosphokinase (U/l) (Continuous) (Continued) 

■^^^iig^ 

Dioxiii Category ^-:^-::f^!V" =^ '^: 'JnL^i--^'^.-''-:v- -"■"' Adj. Mean* . 

Difference of Adj. Mean 
'■ vs. Comparisons. . 

'■■:"; : :(95%;CX)-, ■:     . . p-Valuec 

Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH 

1,193 

374 
235 
238 
473 

140.2 

139.5 
142.6 
143.8 
143.2 

-0.7 - 
2.4- 
3.6- 
3.0- 

0.889 
0.679 
0.549 
0.503 

a Transformed from natural logarithm scale. 
Difference of means after transformation to original scale; confidence interval on difference of means not presented 

because analysis was performed on natural logarithm scale. 
c P-value is based on difference of means on natural logarithm scale. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(g) MODEL 4: RANCH HANDS- i$$^ 
■■•'.   -./'■;;;1987-.bibxineakgoi^ Summary ̂ S^stjcsSI'ÄS ;■ ■■..';.':■■■.. AnalysisResultsibrLog2 (1987 Dioxin +1)         : ■ ■■ .'. 

1987 Dioxin \W^:^pti;--U: W'^0&Mgl:i "'- .;•;• vR2-/ ;.       >'''^7':(StaV^wr)b; "■-.:" ^7''^p-Value "■ \. 
Low 
Medium 
High 

283 
285 
284 

99.8 
110.6 
108.7 

0.004                   0.024 (0.014)              0.084 

a Transformed from natural logarithm scale. 
b Slope and standard error based on natural logarithm of creatine phosphokinase versus log2 (1987 dioxin + 1). 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(h) MODEL 4: ■:l^^I&M>iS;- -1987 DIOXIN™, 4PBä$^^ 

1987 Dioxin Category Summary Statistics Analysis Results for Log2 (1987 Dioxin + 1) 

pf/PiMM^M ;;;.;A<ii^.fö^;:S:-I;;: R2                          (Std. Error)*                p-Value 

Low 
Medium 
High 

283 
283 
281 

126.6 
141.1 
143.2 

0.091                   0.039(0.015)             0.011 

a Transformed from natural logarithm scale. 
b Slope and standard error based on natural logarithm of creatine phosphokinase versus log2 (1987 dioxin + 1). 

Note: Low = <7.9 ppt; Medium = >7.9~19.6 ppt; High = >19.6 ppt. 

The unadjusted and adjusted Model 4 analyses each showed a positive relation between 1987 dioxin and 
creatine phosphokinase, with the unadjusted slope marginally significant and the adjusted slope 
significant (Table 13-32(g,h): slope=0.024, p=0.084; adjusted slope=0.039, p=0.011). The adjusted 
mean creatine phosphokinase levels in the low, medium, and high 1987 dioxin categories were 126.6 U/I, 
141.1 U/I, and 143.2 U/l, respectively. 
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13,2.2.3.23    Creatine Phosphokinase (Discrete) 

All analyses of high creatine phosphokinase levels in Models 1 through 3 were nonsignificant (Table 
13-33(a-f): p>0.21 for each analysis). 

Table 13-33. Analysis of Creatine Phosphokinase (Discrete) 

(a) MODEL 1: RANCH HANDS VS; GÖM&ffiföONS- 

Occupational 
{:;: ::?;r:x;|6^.Üg:.v;-':: ■■;;'vv,4^:^iJ>:>^ 

':v-:; : Esti rKeläWelRiS t 

All Ranch Hand 
Comparison 

859 
1,231 

72 (8.4) 
115 (9.3) 

0.89(0.65,1.21) 

Officer Ranch Hand 
Comparison 

340 
490 

26   (7.6) 
44   (9.0) 

0.84(0.51,1.39) 

Enlisted Flyer Ranch Hand 
Comparison 

150 
185 

7   (4.7) 
15   (8.1) 

0.55 (0.22,1.40) 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

369 
556 

39 (10.6) 
56(10.1) 

1.06 (0.69,1.62) 

p-Value 

0.448 

0.497 

0.212 

0.807 

(b) MODEL 1: RANCH HANDS VS. COMPARISONS - ADJUSTED 

Occupational Category 
Adjusted Relative Risk 

All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

0.87(0.63,1.20) 

0.84(0.50,1.41) 
0.55(0.21,1.41) 
1.00(0.63,1.58) 

ip-Value- 

0.390 

0.519 
0.210 
0.998 

(c) MODEL 2« i^ifH:^ 
Initial '■     Analysis Results for LogiXIÜätial Dioxin)0'.:'/; ... 

Dioxin 

Low 
Medium 
High 

158 16(10.1) 
159 12   (7.5) 
159                         17 (10.7) 

1.05 (0.83,1.32)                       0.698 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

■(d) MODEL 2: RANCH HANDS - INITIAL DIOXIN - ADJUSTED 

Analysis Results for Log2 (Initial Dioxin) 

473 1.09(0.82,1.45) 
|'P-VaUie 

0.542 

Relative risk for a twofold increase in initial dioxin. 
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Table 13-33.   Analysis of Creatine Phosphokinase (Discrete) (Continued) 

(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - UNADJUSTED 

Dioxin Category 
■■X:                   A ■' : Number.:(%)  :. ■VI ^   .^mtMeiaMeMMl.V 

p-Value 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,194                 111   (9.3) 

376                 26   (6.9)                  0.81(0.51,1.26) 
236                  20  (8.5)                   0.87(0.53,1.44) 
240                  25 (10.4)                    1.03 (0.65,1.64) 
476                  45   (9.5)                   0.95(0.66,1.37) 

0.345 
0.599 
0.905 
0.781 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand):  1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY ADJUSTED 

:;:;;";;'-::;:;: v;!^ ::;:;30i^ in;^^i0^ J^;s:::;;': ;:.;;:;v:i :i: 'W<Mtä-%M%'i:k -httä 
., Adjusted Relative Risk- "-V: 

^ -A ;g"::?E;"^Sl.i*^' ^ :>^ 1 ^;:    :--'' ■' ^' ;i;:: 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,193 

374 
235 
238 
473 

0.75(0.46,1.20) 
0.80(0.47,1.35) 
1.20(0.73,1.98) 
0.98(0.67,1.45) 

0.227 
0.402 
0.465 
0.923 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand):  1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(g) MODEL it RANCH HANDS - 1987 DIOXIN ;§#fpl}j^^ 

1987 Dioxin C ategory Summary Statistics :■:■■■■ Y ■.;■: ;::;   Analysis Results forXog2 (1987 Dioxin + 1)                 - 

Dioxin 
Low 
Medium 
High 

283 17 (6.0) 
285                 26(9.1) 
284 28 (9.9) 

1.14(0.97,1.33)                               0.123 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(h) MODEL 4; RANCH HANDS ~1987 DIOXIN - ADJUSTED 

Analysis Results for Log2 (1987 Dioxin + 1) 

p-Value 
847 1.22(1.00,1.49) 0.043 

Relative risk for a twofold increase in 1987 dioxin. 
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The unadjusted Model 4 analysis results were nonsignificant (Table 13-33(g): p=0.123). After adjusting 
for covariates, a significant relation between creatine phosphokinase in its dichotomous form and 1987 
dioxin was revealed (Table 13-33(h): Adj. RR=1.22, p=0.043). The percentages of participants with high 
levels of creatine phosphokinase in the low, medium, and high 1987 dioxin categories were 6.0, 9.1, and 
9.9, respectively. 

13.2.2.3.24    Serum Amylase (Continuous) 

The unadjusted and adjusted Model 1 analyses of serum amylase did not show a significant overall group 
difference between Ranch Hands and Comparisons (Table 13-34(a,b): p>0.92 for each analysis). 
Stratifying the analyses by occupation revealed a significant group difference among the officers in both 
the unadjusted and adjusted analyses (Table 13-34(a,b): difference of means=-2.98 U/l, p=0.048, for the 
unadjusted analysis; difference of adjusted means=-3.50 U/l, p=0.037, for the adjusted analysis). The 
adjusted mean serum amylase level among the officers in the Ranch Hand group was 61.86 U/l versus 
65.36 U/l among the officers in the Comparison group. 

The results from the unadjusted Model 2 analysis revealed a marginally significant inverse association 
between serum amylase and initial dioxin (Table 13-34(c): slope=-0.024, p=0.070). Similarly, after 
covariate adjustment, a marginally significant inverse association between serum amylase and initial 
dioxin was present (Table 13-34(d): adjusted slope=-0.029, p=0.060). The adjusted mean serum 
amylase levels in the low, medium, and high initial dioxin categories were 67.45 U/l, 64.22 U/l, and 64.25 
U/l, respectively. 

Table 13-34. Analysis of Serum Amylase (U/l) (Continuous) 

Occupational 
r 'Category; 1 Group Mean8 

: Difference of Means : 

All Ranch Hand 859 56.92 
Comparison 1,231 56.85 

Officer Ranch Hand 340 54.88 
Comparison 490 57.86 

Enlisted Flyer Ranch Hand 150 58.46 
Comparison 185 55.91 

Enlisted Ranch Hand 369 58.23 
Groundcrew Comparison 556 56.29 

0.07- 

-2.98 -- 

2.55 

1.95 - 

0.942 

0.048 

0.284 

0.182 

a Transformed from natural logarithm scale. 
Difference of means after transformation to original scale; confidence interval on difference of means not 

presented because analysis was performed on natural logarithm scale. 
c P-value is based on difference of means on natural logarithm scale. 
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Table 13-34.   Analysis of Serum Amy läse (U/l) (Continuous) (Continued) 

(b) MODEL 1: RANCH HANDS VS. COMPARISONS »ADJUSTED 

Occupational 
Category •;■■ Group : £:fe:'^^:^'S /   Adj.Meana   • 

Difference of Adj. Means 
p-Value0 

All Ranch Hand 
Comparison 

854 
1,229 

63.65 
63.74 

-0.09- 0.929 

Officer Ranch Hand 
Comparison 

340 
489 

61.86 
65.36 

-3.50 ~ 0.037 

Enlisted Flyer Ranch Hand 
Comparison 

148 
184 

65.17 
62.44 

2.73 -- 0.301 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

366 
556 

64.84 
62.86 

1.98 — 0.218 

a Transformed from natural logarithm scale. 
b Difference of means after transformation to original scale; confidence interval on difference of means not 
presented because analysis was performed on natural logarithm scale. 
c P-value is based on difference of means on natural logarithm scale. 

ViM^^MM^ RANCH HANDS »INITML DIO^QN - UNADJUSTED 

:   Imtial Dioxin Category Summary Statistics Analysis Results for Log2 (Init al Dioxin)^ 

Initial Dioxin f/-:;:i\
:'^iWMK:{ Mean3          Adj. Mean*b p-Value 

Low 

Medium 

High 

158 

159 

159 

59.22            58.66 

55.89             55.83 

55.54             56.13 

0.052         -0.024 (0.013) 0.070 

a Transformed from natural logarithm scale. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 
c Slope and standard error based on natural logarithm of serum amylase versus log2 (initial dioxin). 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(d) MODEL 2: RANCH HANDS - -INITIAL DIOXIN - -ADJUSTED:,'}-: 

InitialDa oxi n Category Summary Statistics Analysis Results for Logs (Inin^ Dioxin) 

Initial Dioxin l:M-rl:^:itßM^^^-':l'^ Adj. Mean8 
Jpl:!!:=';! N T y: vif- Ü-"! ^;:":/'::' :;^:} ■:.:'!:!:':::: ,;::"::^ -['! :r;:-}:'! I:.;:^^-;!:^1^=^^:^i^-: A^I-SS1öJE»^^

:
M>

;
 -^^ t:=';R.n:;^ \r::-y}^-:^;1';-:;; ':"r:^r; ^i:^:^!/ \ ■ J 

Low 
Medium 
High 

158 
158 
157 

67 45 

64.22 
64.25 

0.125                       -0 029 CO 015^              0.060 

a Transformed from natural logarithm scale. 
b Slope and standard error based on natural logarithm of serum amylase versus log2 (initial dioxin). 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 
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Table 13-34.   Analysis of Serum Amylase (U/l) (Continuous) (Continued) 

'■(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - UNADJUSTED) 

Dioxin Category l Mean8 Adj, Mean3 

Difference of Adj. Mean 
vs. Comparisons 

p-Valueti 

Comparison 1,194 56.82 56.88 

Background RH 376 57.03 55.87 -1.01 -- 0.419 
LowRH 236 60.17 60.54 3.66 -- 0.019 
HighRH 240 53.78 54.89 -1.99- 0.178 
Low plus High RH 476 56.86 57.63 0.75 - 0.523 

a Transformed from natural logarithm scale. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 
c Difference of means after transformation to original scale; confidence interval on difference of means not presented 
because analysis was performed on natural logarithm scale. 
d P-value is based on difference of means on natural logarithm scale. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand):  1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(f) MODEL 3V RANCH HANDS AND COMPÄpSÖNS BY DIOXIN CATEGORY - ADJUSTED 

■i■'; :Öif^rfcnce;:(if$^;fMeafi: 1; ■ ^  :":.■....; kk^TM-. 
h.$-%- :'Ä:^Si:;ßömpä^b'ws:^B: --M^v^U-- s-^f'^M?: 

:; ■ ■'.'■ ^^ J^^cö^^äC^ t^gofcy ;^^: :Sf i' ■ ^ o j§:::'> % W-vMn^-;£% :v.: &M§: 1 1 iAM*M^^^k ^ >:g:%l$gM^ 
Comparison 1,193                          63.45 

Background RH 374                            62.33 -1.12-                      0.427 
LowRH 235                            66.45 3.00-                      0.078 
HighRH 238                            61.31 -2.14"                      0.205 
Low plus High RH 473                            63.82 0.37 -                         0.774 

a Transformed from natural logarithm scale. 
b Difference of means after transformation to original scale; confidence interval on difference of means not presented 
because analysis was performed on natural logarithm scale. 
c P-value is based on difference of means on natural logarithm scale. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

13-104 



Table 13-34.   Analysis of Serum Amylase (U/l) (Continuous) (Continued) 

^:^mDEL§t .KANCHltANDS- -1987 DIOXIN- UNADJUSTED 

1987 Dioxin Category Summary Statistics Analysis Results for tog2 (1987 Dioxin+1) 

1987 Dioxin &'%£:?#-SMHl^M -rvSÄM^H:^-:gi; :     ' ■ .   R2    . . . ■:   :'    •' (Std. Error)b;   '           p-Value    ■ 
Low 

Medium 

High 

283 
285 
284 

57.84 
57.77 

55.23 

0.005                  -0.019 (0.009)             0.035 

a Transformed from natural logarithm scale. 
b Slope and standard error based on natural logarithm of serum amylase versus logs (1987 dioxin + 1). 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(h) MODEL ■'Mi RANCH HANDS - 1987 DIOXIN-ADJUSTED 

W^M:zM^^^^M^$^§ Summar y Statistics ?.:]■■■;■;■■   Analysis Results for Log2 (1987 Dioxin'+: 1).  .; 

Dipxin ':W^%:':::-:WS§- ^i^^iä^l^Sls 
Low 
Medium 
High 

283 
283 
281 

68.24 

66.40 
62.16 

0.063                 -0.030 (0.010)            0.003 

a Transformed from natural logarithm scale. 
b Slope and standard error based on natural logarithm of serum amylase versus log2 (1987 dioxin + 1). 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

The unadjusted Model 3 analysis revealed a significant difference in mean serum amylase levels between 
Ranch Hands in the low dioxin category and Comparisons (Table 13-34(e): difference of means=3.66 
U/l, p=0.019). The adjusted results showed a marginally significant difference between Ranch Hands in 
the low dioxin category and Comparisons (Table 13-34(f): difference of adjusted means-3.00 U/l, 
p=0.078). The adjusted mean serum amylase level for Ranch Hands in the low dioxin category was 66.45 
U/l versus 63.45 U/l for Comparisons. 

Both the unadjusted and adjusted Model 4 analyses showed serum amylase to be significantly inversely 
associated with 1987 dioxin (Table 13-34(g,h): slope=-0.019, p=0.035; adjusted slope=-0.030, 
p=0.003). The adjusted mean serum amylase levels in the low, medium, and high 1987 dioxin categories 
were 68.24 U/l, 66.40 U/l, and 62.16 U/l, respectively. 

13.2.2.3.25    Serum Amylase (Discrete) 

The unadjusted and adjusted Model 1 analyses revealed no significant overall group difference in the 
percentage of individuals with high serum amylase levels (Table 13-35(a,b): p>0.73 for each analysis). 
In both the unadjusted and adjusted analyses, stratifying by occupation revealed marginally significant 
reduction in risk among the Ranch Hand officers (Table 13-35(a,b): Est. RR=0.45, p=0.067, for the 
unadjusted analysis; Adj. RR=0.43, p=0.058, for the adjusted analysis). Among the officers in the Ranch 
Hand group, 2.1 percent had high serum amylase levels versus 4.5 percent of officers in the Comparison 
group. All analyses of Models 2, 3, and 4 showed no significant associations between serum amylase and 
dioxin (Table 13~35(c~h): p>0.11 for each analysis). 
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Table 13-35. Analysis of Serum Amylase (Discrete) 

(a) MODEL lr RANCH HANDS VS, COMPARISONS - UNADJUSTED 

Occupational 
i,   Category. •'! Group 

! Number (%): 

High 
Est. Relative Risk 

(95% C.I.) 
All                      Ranch Hand 859 

Comparison 1,231 

Officer                Ranch Hand 340 
Comparison 490 

Enlisted Flyer      Ranch Hand 150 
Comparison 185 

Enlisted               Ranch Hand 369 
Groundcrew        Comparison 556 

25 (2.9) 
38 (3.1) 

1 (2.1) 
22 (4.5) 

4 (2.7) 
3 (1.6) 

14 (3.8) 
13 (2.3) 

0.94 (0.56,1.57) 

0.45(0.19,1.06) 

1.66(0.37,7.54) 

1.65 (0.77,3.55) 

(b) MODEL 1: RANCH HANDS VS. COMPARISONS - ADJUSTED 

Occupational Category 
Adjusted Relative Risk 

p-Value 
All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

0.91 (0.54,1.54) 

0.43(0.18,1.03) 
1.66(0.36,7.69) 
1.60(0.73,3.50) 

0.733 

0.058 
0.514 
0.240 

p-Value] 

0.816 

0.067 

0.510 

0.202 

(c) MODEL w RANCH HANDS- $M^^ 
■Vv;:;■;.:■; :-.ini tial Dioxin Category Summary Statistics     ; Analysis Results for Log2 (Initial Dioxin)3 

Initial 
: Dioxin M'^M&W-^^Mt 

Low 
Medium 
High 

158 
159 
159 

7 (4.4) 
5 (3.1) 
5 (3.1) 

0.86 (0.58,1.29)                         0.458 

Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

Analysis Results for Log2 (Initial Dioxin) j 

l>iä^Üs%o*3RelM Pi ■ > ¥^--^r:M 

473 1.04(0.63,1.71) 

Relative risk for a twofold increase in initial dioxin. 

;p|^ali*e; 
0.884 
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Table 13-35.   Analysis of Serum Amyfase (Discrete) (Continued) 

(e) JMOPEL3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY- UNADJUSTED 

Dioxin Category 
;:N«niber^%:);: 

High 
Est. Relative Risk 

:   :(95%C.L)ab' i;| p-Value 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,194 

376 
236 
240 
476 

38 (3.2) 

8 (2.1) 
11(4.7) 
6(2.5) 

17 (3.6) 

0.61 (0.28,1.32) 
1.51 (0.76,3.01) 
0.84 (0.35,2.02) 
1.13(0.62,2.06) 

0.210 
0.236 
0.697 
0.701 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand):  1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

Dioxin Category 
Adjusted Relative Risk 

p-Value 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,193 

374 
235 
238 
473 

0.53 (0.24,1.16) 
1.37(0.67,2.77) 
1.02(0.41,2.59) 
1.18(0.63,2.21) 

0.112 
0.387 
0.959 
0.602 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand):  1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

■ ;(g)'MöpEE;;4:7^ 

MS^i^S^M ategory Summ: iry Statistics IBS 

$-X^Mb 
Low 
Medium 
High 

283 
285 
284 

7 (2.5) 
10(3.5) 

8 (2.8) 

0.93 (0.70,1.22)                               0.590 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9~19.6 ppt; High = >19.6 ppt. 
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Table 13-35.   Analysis of Serum Amylase (Discrete) (Continued) 

:^MQP]^:4P:m^m, HANDS ~ 1987 DIOXIN - ADJUSTED 

Analysis Results tor Log2 (1987 Dioxin + 1) 

..-Adjusted Relative Risk 

847 0.93 (0.68,1.26) 

Relative risk for a twofold increase in 1987 dioxin. 

p-Value 

0.623 

13,2.23.26    Antibodies for Hepatitis A 

All unadjusted and adjusted analyses in Models 1 through 4 showed no significant associations between 
dioxin and the presence of antibodies for hepatitis A (Table 13~36(a-h): p>0.12 for each analysis). 

Table 13-36. Analysis of Antibodies for Hepatitis A 

(a) MODEL 3: RANCH HANDS VS. COMPARISONS - UNADJUSTED 

Occupational 
■■', .Category- ;■.; Group; 

Number (%')■ Est Relative-Risk 
p-Value 

All Ranch Hand 
Comparison 

870 
1,250 

283 (32.5) 
421 (33.7) 

0.95(0.79,1.14) 0.580 

Officer Ranch Hand 
Comparison 

341 
493 

92 (27.0) 
133 (27.0) 

1.00(0.73,1.36) 0.999 

Enlisted Flyer Ranch Hand 
Comparison 

151 
187 

74 (49.0) 
86 (46.0) 

1.13(0.73,1.73) 0.581 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

378 
570 

117(31.0) 
202 (35.4) 

0.82(0.62,1.08) 0.153 

(b) MODEL 1: RANCH HANDS VS. COMPARISONS - ADJUSTED 

Occupational Category 
Adjusted Relative Risk 

p-Value 

All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

0.93(0.76,1.12) 

0.95 (0.68,131) 
1.07(0.69,1.68) 
0.85 (0.64,1.14) 

0.434 

0.739 
0.754 
0.285 

(c) MODEL 2: lilN^ 
;H;f-1-Ä lÄltÄ 

■■Dioxin1:; 

Low 
Medium 
High 

160                      57 (35.6) 
162                        54 (33.3) 

160                      57 (35.6) 

0.98(0.85,1.14)                       0.830 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 
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Table 13-36.   Analysis of Antibodies for Hepatitis A (Continued) 

(d)MODEL2: RANCH HANDS. -INITIAL DIOXIN- ADJUSTED 

^fP^:W:i-^M'::^ 

: Analysis Results for Logi 

Adjusted Relative Risk 

(Initial Dioxin)r.:;. 

p-Value 

479 1.02(0.86,1.22) 0.813 
a Relative risk for a twofold increase in initial dioxin. 

(e) MODEL 3: RANCHHANDS AND COMPARISONS BY DIOXIN CATEGORY -UNADJUSTED 

'MP ::t>V^^:^^^^MS^-j-              %0^\ 
%;:Esk Relative 'Ms& '■$■■% 

p-Value 
Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH 

1,212. 

381 
239 
243 
482 

405 (33.4) 

112(29.4) 
84(35.1) 
84 (34.6) 

168 (34.9) 

0.84 (0.65,1.08) 
1.08(0.80,1.44) 
1.04 (0.78,1.39) 
1.06(0.85,1.32) 

0.175 
0.619 
0.784 
0.615 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(f) MODEt 3; RANCH HiiNDS AND COMPARISONS BY DIOXIN CATEGORY -ADJUSTED 

Comparison 1,211 

Background RH 378 0.92(0.70,1.21) 0.561 
LowRH 238 0.92(0.67,1.25) 0.577 
HighRH 241 0.96(0.70,1.32) 0.787 
Low plus High RH 479 0.94(0.74,1.19) 0.588 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(g) MODEL 4: RANCH HANDS -1987 DIOXIN ̂ ■j|N^ 

1987 Dioxin Category Summary Statistics IftpÄ^ ^^|^^ngg^|||H^|; 

-?;?;;;:':.;;;:;r :■ :;r^ ^C^p^^aliXe      :\ J;lN:;;;;;;v;;;:'; .v:^ 

Low 
Medium 
High 

288                 81 (28.1) 
287 103 (35.9) 
288 96 (33.3) 

1.08(0.98,1.19) 0.125 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

13-109 



Table 13-36.   Analysis of Antibodies for Hepatitis A (Continued) 

(h) MODEL 4: RANCH HANDS -1987 DIOXIN -ADJUSTED 

Analysis Results for Log2 (1987 Dioxin +'l) 

Adjusted Relative Risk '•■■' 

857 1.06(0.94,1.19)  0.346 

Relative risk for a twofold increase in 1987 dioxin. 

13.2.23.27    Evidence of Prior Hepatitis B 

The unadjusted Model 1 analysis of serological evidence of prior hepatitis B revealed a significant overall 
group difference between Ranch Hands and Comparisons (Table 13-37(a): Est. RR=0.62, p=0.001). 
After stratifying by occupation, a significant difference between Ranch Hands and Comparisons was seen 
within each occupational stratum (Table 13-37(a): Est. RR=0.49, p=0.031, for officers; Est. RR=0.58, 
p=0.079, for enlisted flyers; and Est. RR=0.66, p=0.035, for enlisted groundcrew). In each stratum, the 
percentage of participants with evidence of prior hepatitis B was greater for Comparisons than for Ranch 
Hands. 

Table 13-37. Analysis of Evidence of Prior Hepatitis B 

Category Group n Yes (95% C.I.) p-Value 

77  (8.9) 0.62(0.46,0.82) 0.001 
170 (13.6) 

13   (3.8) 0.49(0.26,0.94) 0.031 
37   (7.5) 

19 (12.6) 0.58 (0.32,1.06) 0.079 
37 (19.8) 

45 (11.9) 0.66 (0.45,0.97) 0.035 
96 (16.9)  

All Ranch Hand 869 
Comparison 1,249 

Officer Ranch Hand 340 
Comparison 494 

Enlisted Flyer Ranch Hand 151 
Comparison 187 

Enlisted Ranch Hand 378 
Groundcrew Comparison 568 

(b.) MODEL 1: RANCH HANDS VS. TO 

All 0.59 (0.44,0.80) <0.001 

Officer 0.47 (0.25,0.91) 0.024 
Enlisted Flyer 0.58(0.31,1.07) 0.079 
Enlisted Groundcrew p.66 (0.44,0.97) 0.035 
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Table 13-37.   Analysis of Evidence of Prior Hepatitis B (Continued) 

(c) MODEL 2: RANCH HANDS-INITIALDIOXIN-UNADJUSTED 

Initial Dioxin Category Summary Statistics Analysis Results for Log2 (InitialDioxin)0 

Initial 
Dioxin 

Estimated Relative Risk 
lllll';.- .(95%'C.i.)b; ■ ;          ;-. p-vaiue- ;■■■':- 

Low 
Medium 
High 

159 17 (10.7) 
162                         14   (8.6) 
160 22(13.8) 

1.06(0.86,1.31)                       0.588 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(d) MODEL 2: RANCH HANDS - -INITIAL DIOXp -ADJUSTED 

!SÄ3;SSv£vi|^ 

Analysis Results for Log; 

Adjusted Relative Risk 

(Initial Dioxin)   : 

p-Value 
478 0.95(0.74,1.22) 0.669 

a Relative risk for a twofold increase in initial dioxin. 

iÖH^pgjH^ RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY -UNADJUSTED;- 

Dioxin Category WM^'r^ :f:|;;::;;;;B 
'         ' Est.' Relative Risk : ■ '"■' 

p-Value 
Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH 

1,211 

381 
238 
243 
481 

166 (13.7) 

23   (6.0) 
26 (10.9) 
27(11.1) 
53(11.0) 

0.42 (0.27,0.66) 
0.76(0.49,1.18) 
0.76(0.49,1.17) 
0.76 (0.55,1.06) 

<0.001 
0.229 
0.214 
0.105 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand):  1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(f) MODEL 3r RANCH HAr^S AND COM 

Dioxin Category L!n"1 
Adjusted Relative Risk 

p-Yalue 
Comoarison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1 210 

378 
237 
241 
478 

0.50(0.31,0.80) 
0.71 (0.45,1.12) 
0.59 (0.37,0.92) 
0.65 (0.46,0.91) 

0.004 
0.143 
0.021 
0.012 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand):  1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 13-37.   Analysis of Evidence of Prior Hepatitis B (Continued) 

(g) MODEL 4: RANCH HANDS -1987 DIOXIN -UNADJUSTED 

■.:.'' 1987 Dioxin Category Summary Statistics .. : ' -.;■' Analysis Results for Log2 (1987 Dioxin + 1) 

Dioxin ;;BIBW^>^CB^;^ 
Number (%) : : 
:;  . Yes' 

Estimated Relative Risk 

Low 
Medium 
High 

288 
286 
288 

14   (4.9) 
27   (9.4) 
35 (12.2) 

1.20(1.03,1.40)                                0.023 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(h)jVlOD^^ 

jBSBfe $|S$uCj vf' f W: B W- 3:£ 
856                                            1.06(0.89,1.25) 0.531 

Relative risk for a twofold increase in 1987 dioxin. 

The adjusted Model 1 analysis mirrored the unadjusted analysis. Significant differences were seen 
between all Ranch Hands and Comparisons (Table 13-37(b): Adj. RR=0.59, p<0.001) and within each 
occupational stratum (Table 13-37(b): Adj. RR=0.47, p=0.024, for officers; Adj. RR=0.58, p=0.079, for 
enlisted flyers; and Adj. RR=0.66, p=0.035, for enlisted groundcrew). Both the unadjusted and adjusted 
Model 2 analyses revealed no relation between prior hepatitis B and initial dioxin (Table 13-37(c,d): 
p>0.58 for each analysis). 

The unadjusted Model 3 analysis revealed a significant difference in prior hepatitis B between Ranch 
Hands in the background dioxin category and Comparisons (Table 13-37(e): Est. RR=0.42, p<0.001). 
The adjusted results showed a significant difference between Ranch Hands in the background dioxin 
category and Comparisons (Table 13-37(f): Adj. RR=0.50, p=0.004), as well as differences between 
Ranch Hands in the high dioxin category and Comparisons and Ranch Hands in the low and high dioxin 
categories combined and Comparisons (Table 13-37(f): Adj. RR=0.59, p=0.021; Adj. RR=0.65, p=0.012, 
respectively). The percentages of participants with evidence of prior hepatitis B were 6.0 in the 
background dioxin category, 11.1 in the high dioxin category, 11.0 in the low and high dioxin categories 
combined, and 13.7 in the Comparison category. 

The unadjusted Model 4 analysis revealed a significant relation between evidence of prior hepatitis B and 
1987 dioxin (Table 13-37(g): Est. RR=1.20, p=0.023). After adjusting for covariates, the relation 
became nonsignificant (Table 13-37(h): p=0.531). 

13.2.2.3.28    Current Hepatitis B 

All unadjusted and adjusted analyses of current hepatitis B for Models 1 through 4 were nonsignificant 
(Table 13-38(a,b): p>0.45 for each analysis). 
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Table 13-38. Analysis of Current Hepatitis B 

(a) MODEL' 1; RANCH HANDS VS. COMPARISONS - UNADJUSTED: 

Occupational 
: : Category : Group; 

■ Number'(%); Est Relative Risk 
(95% CX) p-Value 

All Ranch Hand 
Comparison 

870 
1,251 

1 (0.1) 
2 (0.2) 

0.72 (0.07,7.94) 

Officer Ranch Hand 
Comparison 

341 
494 

0 (0.0) 
0 (0.0) 

— 

Enlisted Flyer Ranch Hand 
Comparison 

151 
187 

0 (0.0) 
0 (0.0) 

-- 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

378 
570 

1 (0.3) 
2 (0.4) 

0.75 (0.07,8.34) 

0.784 

0.817 

—: Results not presented because of the sparse number of participants with current hepatitis B. 

(b) MODEL 1: RANCH HANDS VS. COMPARISONS - ADJUSTED 

Occupational Category 
Adjusted Relative Risk 

p-Value 
All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

0.56 (0.05,6.93) 

0.68 (0.06,8.27) 

0.646 

0.762 

--: Results not presented because of the sparse number of participants with current hepatitis B. 

Note: Results for analysis across all occupational categories are not adjusted for occupation because of the sparse 
number of participants with current hepatitis B. 

(c) MODEL 2: RANCH HANDS - INITL4L DIOXIN - UNADJUSTED 

II^^^ Analysis Results forTirOga (Initial Dioxin)8 

n                                   Yes 
|;l^tiinate^ 

Low 
Medium 
High 

160                            0 (0.0) 
162                         1 (0.6) 
160                          0 (0.0) 

0.99(0.17,5.76)                         0.987 

3 Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

;;;ll-;tÄ 

p-Value 
479 0.39 (0.02,9.42) 

Relative risk for a twofold increase in initial dioxin. 

0.497 

Note: Results are adjusted only for percent body fat at the time of the blood measurement of dioxin, age, and 
lifetime alcohol history because of the sparse number of Ranch Hands with current hepatitis B. 
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Table 13-38.   Analysis of Current Hepatitis B (Continued) 

^;$0^ -UNADJUSTED 

Dioxin Category -:-: •iö;-:''- v^1= 
Est Relative Risk 

:     (95%;;e.L)ab p-Value 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,213 

381 
239 
243 
482 

2 (0.2) 

0(0.0) 
1 (0.4) 
0 (0.0) 
1 (0.2) 

2.52 (0.23,27.92) 
0.999c 

0.453 
0.999c 

0.999c 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 
c P-value determined using a chi-square test with continuity correction because of the sparse number of Ranch 
Hands with current hepatitis B. 
--: Results not presented because of the sparse number of Ranch Hands with current hepatitis B. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

•MISS WM§0sW. :l"; &v- i-t'l";l;f     W\ ::'v iWM:$:% i-M;<m M :&^^^^ää^^^^^M:W^ ;:^M W I !>: WWWW fW^'wW:-:\ 1 

Comparison 1,212 

Background RH 378 
LowRH 238 1.94(0.14,26.64) 0.622 
HighRH 241 
Low plus High RH 479 -_- --  

a Relative risk and confidence interval relative to Comparisons. 
--: Results not presented because of the sparse number of Ranch Hands with current hepatitis B. 

Note: RH = Ranch Hand. 
Comparison:  1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

Results are not adjusted for occupation because of the sparse number of Ranch Hands with current hepatitis B. 

(g)MOjDEL 16 RANCH HANDS -1987 DIOXIN gÜNApJÜSTED- '.;;;^;!::^;':;:;:^f^:<;\-,:;;.;':  .;,/;.:::.:"-.';::./'--:;;; 
;-::;.v:\- 

siMlä$^iM^Mt ategory Sumraar ̂ ^^ll^läMIJ ';;|;;;l::[|i:; ;f;;::;^:|J;:-1:^ S^^äJy^^:::R^liWS )SR^| iSiÖg^-; ^S*ä^;l>iol£ iiä:::it*-:;l)';-^ ■ •-::';;=l0: :^-:^:;' ■::''::-:i':';!: 

llilllili^ii 
:s^ti§ß;lM0^:§ 

Low 
Medium 
High 

288 
287 
288 

0 (0.0) 
0 (0.0) 
1 (0.3) 

1.37 (0.41,4.55)                                0.617 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 
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Table 13-38.   Analysis of Current Hepatitis B (Continued) 

(IJ) MODEL 4: RANCH HANDS ~1987 DIOXIN -ADJUSTED 

..AnalysisResults for Log2 (1987 Dioxin+1)./.. |||f| 

Adjusted Relative Risk 
_n  (95% CX)a p-Value 

857 1.33 (0^6.59)b ^—— 0.719 
a Relative risk for a twofold increase in 1987 dioxin. 

Note: Results are not adjusted for race, occupation, industrial chemical exposure, and degreasing chemical exposure 
because of the sparse number of Ranch Hands with current hepatitis B. 

13.2.2.3.29    Antibodies for Hepatitis C 

No significant associations were seen between dioxin and hepatitis C for all unadjusted and adjusted 
analyses in Models 1 through 4 (Table 13-39(a-h): p>0.13). 

Table 13-39. Analysis of Antibodies for Hepatitis C 

£($#iöp^ 

All Ranch Hand 
Comparison 

870 
1,251 

9(1.0) 
18(1.4) 

0.72 (0.32,1.60) 0.408 

Officer Ranch Hand 
Comparison 

341 
494 

1 (0.3) 
4 (0.8) 

0.36 (0.04,3.24) 0.362 

Enlisted Flyer Ranch Hand 
Comparison 

151 
187 

1 (0.7) 
2(1.1) 

0.62 (0.06,6.87) 0.694 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

378 
570 

7 (1.9) 
12(2.1) 

0.88 (0.34,2.25) 0.785 

r(b) MODELJ.;: ?ip^ 

ftj;;ftfti  ■,j!'pce^äÖ^^i'C|teioi^ft:;.. V ■! p-Value 
All 0.63 (0.27,1.47) 0.274 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

0.36 (0.04,3,27) 
0.61 (0.05,6.87) 
0.73(0.27,1.98) 

0.367 
0.690 
0.532 
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Table 13-39.   Analysis of Antibodies for Hepatitis C (Continued) 

(c) MODEL 2: RANCH HANDS -INITLiL DIOXIN™ UNADJUSTED 

Initial Dioxin Category Siimmary Statistics Analysis Results for Log2 (Initial Dioxin)* 

Initial 
Dioxin ■:;!y-^:J:;;;ri:^f^^:Cf%J: 

Estimated Relative Risk 
.(95%,CX)b

:    ::                    .. p-Value 

Low 
Medium 
High 

160 
162 

160 

2(1.3) 
2(1.2) 
0 (0.0) 

0.61 (0.24,1.60)                       0.271 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(d) MODEL 2: RANCH HANDS -INITIAL DIOXIN-ADJUSTED 

^^^^V:^"ii^?i.JÄ^^^ :K^1^T ^■:1wl?'|]"^-v^ '-^ ^" 

Analysis Results for Log2 ■, (Initial Dioxin)" : 

Adjusted Relative Risk 
;;;|:;P^;;;^ ; £ ■;;:..-:'- :^yätü#.! ■ ?::}     ::::>;L- :M%:. 

479 0.63 (0.23,1.75) 0.344 
a Relative risk for a twofold increase in initial dioxin. 

Note: Results are not adjusted for occupation, industrial chemical exposure, and degreasing chemical exposure 
because of the sparse number of Ranch Hands with antibodies for hepatitis C. 

(e)MODEL3- RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY -UNADJUSTED ;.;■; ; 

Dioxin Category .'■■■'. r j-f ^;;;:; -; ■::=;-; ";;"-■ ^^lin-:;;''"r:^ -;:^;' v:'■ ^ SI;;;;:« % 0f> ;r 5 :c|ip-^a|ue; ::i:;':^; % ■;-;;;:; 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,213 

381 
239 
243 
482 

17 (1.4) 

5 (1.3)                     0.89 (0.32,2.44) 
2(0.8)                     0.60(0.14,2.62) 
2 (0.8)                     0.61 (0.14,2.67) 
4(0.8)                     0.61(0.20,1.81) 

0.819 
0.497 
0.512 
0.369 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison:  1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 13-39.   Analysis of Antibodies for Hepatitis C (Continued) 

['W0&PMM ADJUSTED 

Dioxin Category ^'.J ;.n^-> 
Adjusted Relative Risk  ■ 

p-Value 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,212 

378 
238 
241 
479 

0.87 (0.28,2.73) 
0.54 (0.12,2.40) 
0.50(0.11,2.23) 
0.52(0.17,1.57) 

0.816 
0.415 
0.359 
0.243 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(g) MODEL 4: RANCH HANDS -1987 DIOXIN ̂ ^M03^m>^ SilmOii 
^1987 Diositt Category Summary Statistics ■■■■■,'■■■ '■    ■ ■' ^Analysis Resillt^^r^Ogyi (l?87I>iöxin + I) 

Estimated Relative Risk 
(95% C.I.)* B;;/M;;;^;^ 

Low                            288                   5(1.7) 
Medium                      287                   2 (0.7) 
High                            288                   2 (0.7) 

0.69(0.42,1.14) 0.139 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; Hig h = >19.6ppt. 

(h)MODEl 4: RANCH HANDS -1987 DIOXIN ig^OTsop'^ 
Analysis Results1 for.Log2 ■ (1987 Dioxin +'I)j 

\-:.-':.    Adjusted Relative Risk •    : • ;..■;; 
K;8^ ;.;-:;;: _ '^ :::;;';:-::-f!: ?;-:';::;:';| <: :;:i; Sl';:';'p-^^tife^l;'<-; ^: ^;:: :;:;;V-1;::>::' j:.;v'":;;: -"v-;,: :;i; 

857                                              0.67(0.40,1.14) 0.141 
a Relative risk for a twofold increase in 1987 dioxin. 

13.2.2.3.30 Antibodies for Hepatitis D 

Only one participant had positive results for hepatitis D antibodies. He was a Black Ranch Hand in the 
enlisted groundcrew occupational stratum. No further analyses were performed. 

13.2.2.3.31 Stool Hemoccult 

All unadjusted and adjusted analyses of stool hemoccult for Models 1 through 4 were nonsignificant 
(Table 13-40(a-h): p>0.17 for each analysis). 
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Table 13-40. Analysis of Stool Hemoccult 

(a) MODEL I: RANCH HANDS VS. COMPARISONS-UNADJUSTED 

Occupational 
:;   '  Category.:. : Group ^^■-'■Ä^ 

:. : , ■■/: Number (%)   :: Est. Relative Risk 
p-Value 

All Ranch Hand 
Comparison 

834 
1,196 

29(3.5) 
53 (4.4) 

0.78(0.49,1.23) 0.279 

Officer Ranch Hand 
Comparison 

332 
483 

14 (4.2) 
22 (4.6) 

0.92(0.46,1.83) 0.818 

Enlisted Flyer Ranch Hand 
Comparison 

147 
178 

2(1.4) 
7 (3.9) 

0.34(0.07,1.65) 0.179 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

355 
535 

13 (3.7) 
24 (4.5) 

0.81 (0.41,1.61) 0.547 

(b) MODEL 1: RANCH HANM^ 

Occupational Category 
Adjusted Relative Risk 

(95%. C.I.) ;.X    '^::^M^M':£-^^ß^^;> 
All 0.78 (0.49,1.25) 0.301 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

0.90(0.45,1.80) 
0.34(0.07,1.70) 
0.82(0.41,1.64) 

0.774 
0.191 
0.574 

(c) MODEL 2: I^NCH.!IANDS-;INI^ 

■:;^.XC; imh al Dioxin Category Summary Statistics Analysis Resu^ 

Initial 
Dioxin 

Low 
Medium 
High 

156                          4 (2.6) 
156                         11(7.1) 
152                           4(2.6) 

0.85 (0.59,1.24)                       0.390 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

::p-Välüe; 
461 0.97(0.62,1.51) 

Relative risk for a twofold increase in initial dioxin. 

0.880 
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Table 13-40.   Analysis of Stool Hemoccult (Continued) 

l^s^ -UNADJUSTED:. 11 

Dioxin Category p-Value 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,162                 50(4.3) 

365                  10 (2.7) 
232                  11(4.7) 
232                    8 (3.4) 
464                   19(4.1) 

0.68(0.34,1.35) 
1.08(0.55,2.12) 
0.74(0.35,1.59) 
0.90(0.52,1.55) 

0.270 
0.814 
0.443 
0.696 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(D MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - ADJUSTED 

Dioxin Category n .    (95% C.I.)* p-Value 
Comparison 1,161 

Background RH                                363                           0.63(0.31,1.28)                                  0.201 
LowRH                                           231                            1.08(0.55,2.13) 0.822 
HighRH                                           230                           0.86(0.39,1.90) 0.705 
Low plus High RH 461 0.96(0.55,1.68) 0.895 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(g) MODEL m RANCH HANDS -1987 DIOXIN -UNADJUSTED   -^-v.:-; V:'S-\S"::S vV^'" 

ISiiS^II® oxin Category Sumniar fMtäMMM^&ii S!:! ISS ':§^8&ti|j^^ 

^;i^^Äf'IMilfflis 
Number (%) tfl:l;IS&iäieäÖ 

T rvu/ 

Medium 
High 

280 
274 

8 (2.9) 
9 (3.2) 

12 (4.4) 

1.04 (0.81,1.34)                               0.760 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 
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Table 13-40.   Analysis of Stool Hemoccult (Continued) 

(M^mpm 4: RANCH HANDS)-*?$7 DIOXIN-r AD JUSTED 

Analysis Results for Log^ (i5>87^pioxin + 1) 
.::     ■   :;;; = ? -'>;-"               •             .  '-  .■;:;:;    ^'. •' 'i\Adjusted■Relative' Risk": ,'H'       . /:: ; 

p> Value.. 
824                                              1.13 (0.83,1.53) 0.448 

a Relative risk for a twofold increase in 1987 dioxin. 

13.2.2.332    Precdbumin (Continuous) 

The unadjusted and adjusted analyses of prealbumin in its continuous form displayed no significant 
associations with dioxin in any of Models 1 through 4 (Table 13-41(a-h): p>0.38 for each analysis). 

Table 13-41. Analysis of Prealbumin (mg/dl) (Continuous) 

(a) MODEL 1: !;:^^:<|p:;^J^S 

Occupational 
P^ff$^^:M0': Ö>SÄäS£i ̂.v;,? ■; ';;:^;;o: <:.:-;;äfe^i±;v;.;.;:;_-'": ;;=;;; y;;.-;: 

Difference of Means         J 
p-Value 

All Ranch Hand 
Comparison 

859 
1,231 

29.54 
29.61 

-0.07(-0.50,0.37) 0.766 

Officer Ranch Hand 
Comparison 

340 
490 

29.65 
29.87 

-0.22 (-0.92,0.47) 0.532 

Enlisted Flyer Ranch Hand 
Comparison 

150 
185 

29.56 
29.33 

0.23 (-0.85,1.31) 0.679 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

369 
556 

29.44 
29.48 

-0.03 (-0.70,0.63) 0.922 

(b) MODEL 1: RANCH HANDS VS. COMPARISONS - ADJUSTED 

Occupational 
■■...■"Category.   :'; 

Ranch Hand 
Comparison 

854 
1,229 

■,■■■[■■'■ Atfj- Mean. 
' Difference of-Ä3j<Means:. ■' ■ 

,  p-Value 
All 29.66 

29.70 
-0.04 (-0.47,0.39) 0.861 

Officer Ranch Hand 
Comparison 

340 
489 

30.03 
30.20 

-0.17 (-0.86,0.51) 0.621 

Enlisted Flyer Ranch Hand 
Comparison 

148 
184 

30.03 
29.55 

0.48 (-0.59,1.55) 0.382 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

366 
556 

29.10 
29.21 

-0.11 (-0.76,0.54) 0.746 
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Table 13-41.   Analysis of Prealbumin (mg/dl) (Continuous) (Continued) 

(c)MpI>EL 2: RAN^H HANDS - INITIAL DIOXIN - UNADJUSTED 

■  Initial Dioxin''Category Summary Statistics Analysis Results for Log2 (Initial Dioxin) 

Initial Dioxin J^tn^v^iV:; : Mean.   ' . Ädj.Mean3.. 
Low 
Medium 
High 

158 
159 
159 

29.72 
28.77 
29.83 

29.61 
28.76 
29.95 

0.030         -0.041 (0.178)              0.818 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(d) MODEL 2: RANCH HANDS - INITIAL DIOXIN - ;AP^sp:Dt^ 
Initial Diox n Category Summary Statistics .. Analysis Results for pog2(ImtialDioxin) 

Initial Dioxin '»x'M^n^ii Adj. Mean 
Low 
Medium 
High 

158 
158 
157 

29.69 
28.68 
29.77 

0.072                     -0.127 (0.207)             0.538 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - UNADJUSTED 

Difference of Adj. Mean 
;M||;;;ysf^ 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison:  1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

'".■: Dioxin Category : :.: ]-\'0Mß#lßMW ß.:ß$i^^^ßß- Adj.Mean8 'MM^M^MMMm'-M ..  p^Valüe 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,194 

376 
236 
240 
476 

29.61 

29.72 
29.41 
29.47 
29.44 

29.62 

29.53 
29.47 
29.65 
29.56 

-0.09 (-0.67,0.49) 
-0.15 (-0.85,0.54) 

0.03 (-0.66,0.73) 
-0.06 (-0.59,0.47) 

0.760 
0.665 
0.927 
0.825 
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Table 13-41.   Analysis of Prealbumin (mg/dl) (Continuous) (Continued) 

;(*>;P^]EL3: RANCH HANDS A^ COMPARISONS BY DIpX^X^llEGÖm ^ADJUSTED ^ 

Dioxin Category Adj. Mean 

Difference of Adj. Mean 
vs. Comparisons 

p-Value 
Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH 

1,193 

374 
235 
238 
473 

29.65 

29.51 
29.69 
29.72 
29.71 

-0.15 (-0.73,0.44) 
0.04 (-0.65,0.73) 
0.06 (-0.64,0.77) 
0.05 (-0.48,0.58) 

0.626 
0.908 
0.860 
0.847 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

■ ■ ' 1987.':I>Soxin'Category Summary Statistics'■'■■/. '■.-',:■: ;   ;.       Analysis: Results for Log2 (1987 Dioxin +1)        ■''"■■ 

:■;; ■l987Dioxmv::: 0?:^-i;^P^^V:-:V^|'J^; u:;KMean&f 
Low 
Medium 
High 

283 
285 
284 

30.00 
29.28 
29.41 

<0.001                 -0.047(0.124)             0.704 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(h) MODEL m RANCH HANDS - i|9^|)^ 

1987 Dioxin Category''.Summary Statistics -. ■; Analysis Results for Ix>g2 (1987 Dioxin +1)  : 

Dioxin P:^pM^PM'Wi£Wi~: .   Adj. Mean 
Low 
Medium 
High 

283 
283 
281 

29.90 
29.43 
29.35 

0.053                -0.007 (0.140)            0.961 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

13.2.2.3.33    Prealbumin (Discrete) 

The unadjusted and adjusted Model 1 analyses did not disclose a significant overall difference in 
prealbumin levels between Ranch Hands and Comparisons (Table 13-42(a,b): p>0.13 for each analysis). 
After stratifying the unadjusted analysis by occupation, a marginally significant difference between 
Ranch Hands and Comparisons was noted among enlisted groundcrew (Table 13-42(a): Est. RR=3.56, 
p=0.067). Similarly, the stratified adjusted analysis revealed a significant difference between enlisted 
groundcrew Ranch Hands and enlisted groundcrew Comparisons (Table 13-42(b): Adj. RR=4.27, 
p=0.043). The percentage of Ranch Hand enlisted groundcrew with low prealbumin levels was 1.9 
percent versus 0.5 percent of Comparison enlisted groundcrew. 
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Table 13-42. Analysis of Prealbumin (Discrete) 

(a) MODEL 1: RANCH HANDS VS. COMPARISONS - UNADJUSTED 

Occupational 
Category Group 

Number {%) 
Low 

Est, Relative Risk 
(95% C.I,) p-Valuej 

All Ranch Hand 
Comparison 

859 
1,231 

13 (1.5) 
11 (0.9) 

1.70(0.76,3.82) 0.195 

Officer Ranch Hand 
Comparison 

340 
490 

5 (1.5) 
7(1.4) 

1.03 (0.32,3.27) 0.960 

Enlisted Flyer Ranch Hand 
Comparison 

150 
185 

1 (0.7) 
1 (0.5) 

1.23(0.08,19.91) 0.882 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

369 
556 

7 (1.9) 
3 (0.5) 

3.56(0.92,13.87) 0.067 

(b) MODEL 1: ÜANCH HANDS VS. COMPARISONS - ADJUSTED 

Occupational Category 
Adjusted Relative Risk 
r-'-^:::'(9S%c.L);;.:.;'.... : 

All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

1.87 (0.82,4.26) 

1.03 (0.32,3.29) 
1.64(0.09,28.94) 
4.27 (1.05,17.39) 

p-Value 

0.136 

0.962 
0.736 
0.043 

(c) MODEL 2: RANCH HANDS - INITIAL DIOXIN - UNADJUSTED 

= V:;;-\;V^:;';:ftu rial Dioxin Category ;Su tnmary Statistics Analysis Resultsifor Lpg2 (InitialDioxin)3 

::';'.'■ Initial; 
Dioxin ^W-^MM 

1': ■.; K vNu|abets i[$a$^Mx:MW-- 
(95% CX)b                               p-Value 

Low 
Medium 
High 

158 
159 
159 

1 (0.6) 
3(1.9) 
2(1.3) 

1.44(0.84,2.47)                         0.203 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(d) MODEL 2: RANCH HANDS - INITIAL DIOXIN - ADJUSTED 

;M:;;;;;ä^ 

•p- Values 

473 1.76(0.94,3.30) 0.081 
a Relative risk for a twofold increase in initial dioxin. 

Note: Results are not adjusted for occupation because of the sparse number of Ranch Hands with low prealbumin 
levels. 
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Table 13-42.   Analysis of Prealbumin (Discrete) (Continued) 

(e) MODEL 3: RANCH HANDS AND COMPARISONS BYDIOXIN CATEGORY - -UNADJUSTED 

Dioxin Category ■"=^>.vp- .:';>: ;rxt'^;' ■H;^.^'"-^ 
'      Number (%)    : ■   Est. Relative Risk :  : 

::     (95.%:C.L)ab'. p-Value 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,194 

376 
236 
240 
476 

10(0.8) 

6(1.6) 
1 (0.4) 
5 (2.1) 
6(1.3) 

1.94 (0.69,5.41) 
0.50 (0.06,3.95) 
2.50 (0.84,7.42) 
1.13 (0.33,3.90) 

0.207 
0.513 
0.099 
0.849 

Relative risk and confidence interval relative to Comparisons. 
Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY -ADJUSTED 

Dioxin Category '{^"■^-^■^■^^tiv.^^;^;^0?^ 

Adjusted Relative Risk 
p-Value 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,193 

374 
235 
238 
473 

1.74 (0.61,5.01) 
0.49 (0.06,3.93) 

4.34(1.25,15.05) 
1.48(0.41,5.32) 

0.302 
0.506 
0.021 
0.552 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH - Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(g) MODEL 4: RANCH HANDS -1987 DIOXIN -p^AE^USTED^/^ 

;:■;;■: ;\;i9st©ioxi'tt:.S ategory Summarj f;;Siti;i3|i^l!'i||||| flplllllli 
1987 

llittl 
iSÄÖmaMÄ 

Low 
Medium 
High 

283 
285 
284 

4 n 4i 
3(1.1) 
5 (1.8) 

1.02 (0.69,1.49)                              0.931 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 
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Table 13-42.   Analysis of Preafbumin (Discrete) (Continued) 

(h) MODEL 4: RANCH HANDS »1987 DIOXIN -ADJUSTED 

: Jl-^:.;' '           _                   i:: ;$rai Jsi|Im^^i^gz.':Ö.987:Dioxin +1) 

p-Value 

847                                           1.00(0.63,1.60) 0.993 
a Relative risk for a twofold increase in 1987 dioxin. 

No significant relation between prealbumin and initial dioxin was found in the unadjusted Model 2 
analysis (Table 13-42(c): p=0.203). A marginally significant relation was found in the adjusted analysis 
(Table 13-42(d): Adj. RR=L76, p=0.081), indicating an increased prevalence of low prealbumin levels as 
initial dioxin increased. In the Model 3 unadjusted analysis of prealbumin, a marginally significant 
difference was revealed between Ranch Hands in the high dioxin category and the Comparison group 
(Table 13-42(e): Est. RR=2.50, p=0.099). The same contrast was significant in the adjusted analysis 
(Table 13-42(0: Adj. RR=4.34, p=0.021). Of the Ranch Hands in the high dioxin category, 2.1 percent 
had low prealbumin levels versus 0.8 percent of the Comparisons. The Model 4 unadjusted and adjusted 
analyses were nonsignificant (Table 13-42(g,h): p>0.93 for each analysis). 

13.2.2.3.34   Albumin (Continuous) 

All unadjusted and adjusted Model 1 and 2 analyses were nonsignificant (Table 13-43(a-d): p>0.18 for 
each analysis). 

Table 13-43. Analysis of Albumin (mg/dl) (Continuous) 

(a) MODEL 1: RANCH HANDS VS. COMPARISONS r- UNADJtfSOTEDi 

Occupational 
!; -Category -:1 Group Mean 

Difference of Means 
p-Value 

All Ranch Hand 
Comparison 

859 
1,231 

4,195.6 
4,201.2 

-5.6 (-34.9,23.8) 0.709 

Officer Ranch Hand 
Comparison 

340 
490 

4,172.9 
4,204.6 

-31.8 (-78.3,14.8) 0.181 

Enlisted Flyer Ranch Hand 
Comparison 

150 
185 

4,190.0 
4,159.9 

30.1 (-42.4,102.5) 0.416 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

369 
556 

4,218.8 
4,211.9 

7.0 (-37.3,51.2) 0.758 
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Table 13-43.   Analysis of Albumin (mg/dl) (Continuous) (Continued) 

Occupational 
Category    ; Group 

Difference of Adj. Means ] 
;Adj.Mean ;/ ■ ' ■■: (95% CJ.) p-Valuej 

All Ranch Hand 
Comparison 

854 
1,229 

4,180.8 
4,183.8 

-3.0 (-32.1,26.0) 0.837 

Officer Ranch Hand 
Comparison 

340 
489 

4,163.1 
4,192.1 

-28.9 (-74.9,17.1) 0.218 

Enlisted Flyer Ranch Hand 
Comparison 

148 
184 

4,201.9 
4,164.9 

37.0 (-35.0,109.0) 0.314 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

366 
556 

4,190.5 
4,184.7 

5.8 (-38.1,49.6) 0.797 

(c) MODEL 2: RM 

;':■: .^.; .;■.:, :Initi^                                                                 .;."/ Analysis Results for Logi (Initial Dioxin) 

Initial Dioxin ^WiW'&\\ i^>;-:;::;:'?:Me^;:t:;v: :'..Adj.;:Means  ■; 
Low 
Medium 
High 

158 
159 
159 

4,170.0 

4,163.0 

4,221.3 

4,164.4 

4,162.4 

4,227.5 

0.023         13.830 (10.970)             0.208 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(d) MODEL 2: RANCH HANDS - - INITIAL DIOXIN - -;ÄDJÜSTEp:'";.::;;;; • -^V-vbV^':<;>'"■" ■;'-':: ';■•.'/■■'. :■ 

Initial Dioxin Category Summar> r Statistics::..;' ';;; ;■,.■.;; :.^.:'Analysis Results for L^ 

Initial Dioxin ■r^M::l;%-^-\- Adj.Mean; •; v ivS;| l M^-^j&0;          :9-1 vÄ. '-(Siä|:terrÖr)- ■ § t:J :j} f:;'ffi$$uisM: 
Low 
Medium 
High 

158 
158 
157 

4,148.8 
4,133.0 
4,169.0 

0.054                    -1.264 (12.791)            0.921 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High - >152 ppt. 

(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - UNADJUSTED 

Dioxin Category Mean Adj. Mean* 

Difference of Adj. Mean 

b-Valuej 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,194 

376 
236 
240 
476 

4,199.1 

4,212.2 
4,151.7 
4,217.3 
4,184.8 

4,199.7 

4,200.6 
4,155.3 
4,228.9 
4,192.4 

0.9 (-37.7,39.6) 
-44.5   (-90.8,1.8) 

29.2 (-16.9,75.3) 
-7.3 (-42.6,28.0) 

0.962 
0.060 
0.215 
0.685 

a Adjusted for percent body fat at the. time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand):  1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 13-43.   Analysis of Albumin (mg/dl) (Continuous) (Continued) 

(f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY-ADJUSTED 

.   '•■•. Dioxin Category' h '^''i:'-:^r^W-^^ '.■... Adj. Mean ' 

Difference of Adj. Mean 
vs. Comparisons 

p-Value 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,193 

374 
235 
238 
473 

4,183.0 

4,187.9 
4,154.2 
4,200.2 
4,177.3 

5.0 (-34.0,43.9) 
-28.7 (-74.7,17.3) 

17.2 (-30.0,64.4) 
-5.6 (-41.0,29.8) 

0.803 
0.221 
0.476 
0.755 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(g) MODEL 4: RANCH HANDS - -1987 DIOXIN - 4I^äDJ;P^ 

:MMMM:^M^^>^^M^M Snm^ /    . .  .AnalysisJResu^^ 

1987 Dioxin \M^y^:t:WM$ ::'v;:^;J!^M^n^;^; 
Low 
Medium 
High 

283 
285 
284 

4,227.5 
4,153.4 
4,210.1 

<0.001                -2.471 (7.678)             0.748 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(h) MODEL 4: RANCH HANDS - 1987 DIOXIN - -ADJUSTED'.: ,;;     .■>.>;';:                :/^V;S:;',            :;   '■'•'■;.: 

;                1987I)iöX!n Category Summary Stattete , :;
:.;,  , Analysis Results for Log2 (1987 Dioxin + 1)||"''. _. ■ ■.' 

^;\^lyf;Dii^n|"o^- :;'"; ;;=■ >"-;;=■. ;;r;- ■ j;:^:'rii :;--r:^. >^::--::-:>:':[..:::- :-:^::-:: ■ "\:'■ Adj. Mean 
Low 
Medium 
High 

283 
283 
281 

4,223.1 
4,157.9 
4,181.3 

0.040                -11.121(8.711)            0.202 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

The unadjusted Model 3 analysis showed a marginally significant difference between Ranch Hands in the 
low dioxin category and Comparisons (Table 13-43(e): difference of means=-44.5 mg/dl, p=0.060). No 
significant differences were noted in the adjusted Model 3 analysis of albumin (Table 13-43(f): p>0.22 
for each contrast). In the Model 4 unadjusted and adjusted analyses of albumin, no significant 
associations with 1987 dioxin were found (Table 13-43(g,h): p>0.20 for each analysis). 

13.2.2.335    Albumin (Discrete) 

Because of a sparse number of low albumin values among the participants, some analyses were not 
possible. Table 13-44 contains the results of these analyses. Unadjusted chi-square tests of association in 
Model 3 revealed a significantly smaller percentage of Ranch Hands in the low and high dioxin categories 
combined with a low albumin level than Comparisons (Table 13-44(e): p=0.099). All other analyses in 
Models 1 through 4 were nonsignificant (Table 13-44(a-h): p>0.17 for all other analyses). 
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Table 13-44. Analysis of Albumin (Discrete) 

(ä) MODELm RANCH HANDS VS. COMPARISONS - UNADJUSTED 

Occupational .;;■;;./.. :v'.:^-.         . .■ 
Category firpup ;   n  Low (95% C.I.) ;p4tefae 

~ ~~"~     ~~" 3(0.3) 0.43(0.12,1.56) 0.170 
10 (0.8) 

3 (0.9) 1.08 (0.24,4.86) 0.919 
4 (0.8) 

0 (0.0) - 0.999a 

1 (0.5) 

0(0.0) - 0.171a 

5 (0.9) 

All Ranch Hand 859 
Comparison 1,231 

Officer Ranch Hand 340 
Comparison 490 

Enlisted Flyer Ranch Hand 150 
Comparison 185 

Enlisted Ranch Hand 369 
Groundcrew Comparison 556 

a P-value determined using a chi-square test with continuity correction because of the sparse number of participants 
with a low albumin level. 
--: Results not presented because of the sparse number of participants with a low albumin level. 

(b) MODEL 1: RANCH HAI^S VS. COMPARISONS-ADJUST 

 Occupational Category (95% C.I.) p-Value 

Ml 0.45 (0.12,1.65) 0.200 

Officer 1.08 (0.24,4.91) 0.918 
Enlisted Flyer 
Enlisted Groundcrew 

-: Results not presented because of the sparse number of participants with a low albumin level. 

(c) MODEL 2% RANCH HANDS - -;g«§i^ 
Initial Dioxin Category Summary Statistics Analysis Results for Log2 (Initial Dioxin)'1 

Initial 
/■.Dioxin/ ~i:y:^ßt:;M'^'M 

iKlÄi mated iRela^ 
i'fll:!/;^ 

Low 
Medium 
High 

158 
159 
159 

0 (0.0) 
0 (0.0) 
0 (0.0) 

Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 
--: Results not presented because of the sparse number of Ranch Hands with a low albumin level. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

;(d) MODEL 2: RANCH HANDS - INITIAL DIOXIN - ADJUSTED 

Relative risk for a twofold increase in initial dioxin. 
-: Results not presented because of the sparse number of Ranch Hands with a low albumin level 
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Table 13-44.   Analysis of Albumin (Discrete) (Continued) 

(e) MODEL-3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - -UNADJUSTED 

.   Dioxin Category ^■/^.'■^i'-^ih::^^^'^ 

■■■- Number(.%)'.::>:%    ^'^:;3te!^lä|^itiski:t 
p-Value 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,194 

376 
236 
240 
476 

10 (0.8) 

2(0.5)                   0.68(0.15,3.14) 
0 (0.0) 
0 (0.0) 
0 (0.0) 

0.618 
0.325c 

0.318c 

0.099c 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 
0 P- value determined using a chi-square test with continuity correction because of the sparse number of Ranch 
Hands with a low albumin level. 
-: Results not presented because of the sparse number of Ranch Hands with a low albumin level. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

IBiiliiiiiliiiÄ 
Dioxin Category n (95% C.L)a p-Value 

Comparison 1,193 

Background RH 374 0.67(0.14,3.20) 0.611 
LowRH 235 
HighRH 238 
Low plus High RH 473 -- - 

a Relative risk and confidence interval relative to Comparisons. 
--: Results not presented because of the sparse number of Ranch Hands with a low albumin level. 

Note: RH = Ranch Hand. 
Comparison:  1987 Dioxin < 10 ppt. 
Background (Ranch Hand):   1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand):  1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(g) MODEL Wi RANCH HANDS -1987 DIOXIN 8g^|i^liiÄ¥iSS:i 
7;:;;:-v:V.?^987:Öi oxin Category Sumniar; §S.iwusil^f^lllli P:S |Ä ^?SiÄS^Ä^3ii|sili^r ̂ g2;;(1987';Droiin:+:'l)^,;--^ 

Dioxin wWw^0^B?§M'^IM 
Number (%). Estimated Relative Risk 

-:;:K^:;:^'I ■:;-::;;;;■-^; i:'-;^::;";;': ;l';;^'^^aiu:e::. :;H ;:'v.' ;>>:": 

Low 
Medium 
High 

283 
285 
284 

1 (0.4) 
1 (0.4) 
0 (0.0) 

0.68(0.24,1.96) 0.465 
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Table 13-44.   Analysis of Albumin (Discrete) (Continued) 

(fa) MODEL 4: RANCH HANDS - 1987 DIOXINS AßjfUSl!Eb5 

:Analysis;^^t|^r;;Lö^i|i987 Dioxin +1)■■■'-■ %t$■';:  ' 

:';::;"   ' ■■■:;-;;-'- iÄo^ülteä.ReläliVei&isfe=; ■ ■ V^W..   ■ '■:■,'■■.Ü■■     ' ■     I 

 847 Q.52 (0,09,3.01) 0.442  
a Relative risk for a twofold increase in 1987 dioxin. 

Note: Results are not adjusted for race, occupation, and industrial chemical exposure because of the sparse number 
of participants with a low albumin level. 

13.2.2.3.36    a-1-Acid Glycoprotein (Continuous) 

The Model 1 unadjusted and adjusted analyses of cx-1-acid glycoprotein revealed no overall difference 
between Ranch Hands and Comparisons (Table 13-45(a,b): p>0.46 for each analysis). After stratifying 
by occupation, a significant difference between Ranch Hands and Comparisons was discovered among 
the enlisted groundcrew for both the unadjusted and adjusted analyses (Table 13-45(a,b): difference of 
means=2.61 mg/dl, p=0.044, for the unadjusted analysis; difference of adjusted means=2.76 mg/dl, 
p=0.030, for the adjusted analysis). The adjusted mean a-l-acid glycoprotein level among the Ranch 
Hand enlisted groundcrew was 86.86 mg/dl versus 84.10 mg/dl among the Comparison enlisted 
groundcrew. 

The unadjusted Model 2 analysis was not significant (Table 13-45(c): p=0.992). After covariate 
adjustment, a marginally significant inverse relation between a-1-acid glycoprotein and initial dioxin was 
detected (Table 13-45(d): adjusted slope=-0.016, p=0.086). The adjusted mean a-l-acid glycoprotein 
levels in the low, medium, and high initial dioxin categories were 82.09 mg/dl, 83.12 mg/dl, and 79.32 
mg/dl, respectively. 

Table 13-45. Analysis of a-1-Acid Glycoprotein (mg/dl) (Continuous) 

(a) MODEL 1; RANCH HANDS VS. COMPARISONS - UNADJUSTED 

Occupational 
'■.■■Category .;■ 

Ranch Hand 
Comparison 

859 
1,231 

Ä» 
. Difference of Means     .; 

liSü^üKlS 
All 84.65 

84.15 
0.50- 0.550 

Officer Ranch Hand 
Comparison 

340 
490 

80.89 
82.22 

-1.33 -- 0.298 

Enlisted Flyer Ranch Hand 
Comparison 

150 
185 

85.49 
85.88 

-0.38 - 0.855 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

369 
556 

87.92 
85.31 

2.61 - 0.044 

a Transformed from natural logarithm scale. 
Difference of means after transformation to original scale; confidence interval on difference of means not 

presented because analysis was performed on natural logarithm scale. 
c P-value is based on difference of means on natural logarithm scale. 
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Table 13-45.   Analysis of <x-1-Acid Glycoprotein (mg/dl) (Continuous) (Continued) 

(b) MODEL 1: RANCH HANDS VS. COMPARISONS - ADJUSTED 

Occupational 
4*£attgor^43 Group 

■ •::■'■■■■■. ' 4'   ■ = ■" ■%Biflerenc^MA^vMeaiis .;' ;: 

; Adj. Mean* ■':■       ■   ■ (95%Cl.f:-.::.v^ahi^ 
All Ranch Hand 

Comparison 

Officer Ranch Hand 
Comparison 

Enlisted Flyer      Ranch Hand 
Comparison 

Enlisted Ranch Hand 
Groundcrew        Comparison 

854 83.11 0.60- 
1,229 82.51 

340 78.64 -1.43- 
489 80.08 

148 83.83 0.15- 
184 83.68 

366 86.86 2.76 - 
556 84.10 

0.464 

0.248 

0.942 

0.030 

a Transformed from natural logarithm scale. 
Difference of means after transformation to original scale; confidence interval on difference of means not 

presented because analysis was performed on natural logarithm scale. 
c P-value is based on difference of means on natural logarithm scale. 

(c) MODEL 2: RANCH HANDS - INITIAL DIOXIN - UNADJUSTED 

:;;,;.::;vTHitial;I)iöxfn Category Summary Ste^si|i^r^S::^;4;f; .;'   AnalysisResults for Log^ (Initial Dioxin)1'. ■ 

Initial Dioxin 44444<l444444 444MeaM .■^'/Adj.Mean8'''--;; 
44:;B&!! -44:>:;;4444'4444Slopfe4444:4c:V:>:^-:4:::;44:';4'00?■ ■ 4 4;44%\ 
'■.:'4 ■::'.R?•: ■ ■.:' '.     (Std, Error)0    4 ■ ■'.      p-Value  :; "...': 

Low 

Medium 

High 

158 

159 

159 

84.39 

87.88 

85.33 

84.41 

87.88 

85.32 

<0.001         0.000(0.008)               0.992 

Transformed from natural logarithm scale. 
Adjusted for percent body fat at the time of the blood measurement of dioxin. 

c Slope and standard error based on natural logarithm of a-1-acid glycoprotein versus log2 (initial dioxin). 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

■(d) MODEL 2: RANCH HANDS - INITIAL DIOXIN - ADJUSTED;     -:,44- 4c:\J-\':;444c:4,:;;4 
:,44-:-'-:  ;4'-:44;"- 

Initial Dipxm 44414444^ 

Initial Dioxin •4; 4--'::.';ii;-.4,i;^:;i:44:4Adj.:Me^,;4::;.-i
: 

W{~.4444*4414 %4444- 4': 44/4444 4444:ll^^-:S.lbpe'4W0::%(\-1 ?---44:; 44 4-44-4 
:■ 4;.4.       '4-;;R2; ':;'■ 4'' 4 :;44;} ' 4XSä4Errör)v-'':, ■44;:■ p-Value   ' 

Low 

Medium 
High 

158                  82.09 
158                   83.12 
157                   79.32 

0.046                     -0 016 CO 009^             0 086 

a Transformed from natural logarithm scale. 
Slope and standard error based on natural logarithm of a-1-acid glycoprotein versus log2 (initial dioxin). 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 
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Table 13-45.   Analysis of a-1-Acid Glycoprotein (mg/dl) (Continuous) (Continued) 

(©) MQDEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - UNADJUSTED 

Dioxin Category Mean" Adj. Mean* 

Difference of Adj. Mean 
- ^:;vsi::'IÖöüip'änsöiis ■;■ 

..   ; •   (?5% CX)C     ; p-Value* 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,194 

376 
236 
240 
476 

84.28 

83.12 
84.79 
86.92 
85.86 

84.29 

83.02 
84.82 
87.02 
85.92 

-1.27 - 
0.53 -- 
2.73 - 
1.63- 

0.256 
0.692 
0.045 
0.114 

a Transformed from natural logarithm scale. 
Adjusted for percent body fat at the time of the blood measurement of dioxin. 

0 Difference of means after transformation to original scale; confidence interval on difference of means not presented 
because analysis was performed on natural logarithm scale. 

P-value is based on difference of means on natural logarithm scale. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(f) I^ODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY- ADJUSTED 

Dioxin Category l!'€;v^;^JÄpl:^":^l Adj. Mean" 

Difference of Adj. Mean 
■':_■'■'': vs. Comparisons 

p-VaIuec 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,193 

374 
235 
238 
473 

82.72 

82.67 
83.42 
83.78 
83.60 

-0.05 -- 
0.70-- 
1.06» 
0.88 -- 

0.961 
0.600 
0.436 
0.389 

Transformed from natural logarithm scale. 
Difference of means after transformation to original scale; confidence interval on difference of means not presented 

because analysis was performed on natural logarithm scale. 
c P-value is based on difference of means on natural logarithm scale. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(g) MODEL 4: RANCH HANDS $$#fc$^^                                                                    ,v;' '^l -v.1::. :.;;;V 

JJ^ Summ; ̂ ^RlistiislllllJ'^S^ llfi^ 

^:ISt|||;ipiä:i:p 
283 
285 
284 

liÄlilliiiiH: 
Low 
Medium 
High 

83.77 
83.02 
87.18 

0.001                  0.005 (0.005)             0.336 

Transformed from natural logarithm scale. 
Slope and standard error based on natural logarithm of a-1-acid glycoprotein versus log2 (1987 dioxin + 1). 

Note: Low = <7.9 ppt; Medium = >7.9~19.6 ppt; High = >19.6 ppt. 
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Table 13-45.   Analysis of a-1-Acid Glycoprotein (mg/dl) (Continuous) (Continued) 

(h) MODEL 4: RANCH HANDS ^ -1987 DIOXIN-ADJUSTED 

1987 Dioxin Category Summary Statistics analysis Results for Logs (1987 Dioxin +.1) 
1987 

Dioxin äl-vr:;:^^'^'^'^^'^'-!* |;|i^ijw^^ßlSS: 
Adjusted Slope 

■:..' "   :R2'  -. .   ■"'■:   ■V-(Std.Error)b-.        '     p-Valued. 
Low 
Medium 
High 

283 
283 
281 

82.64 
80.92 
81.52 

0.056                -0.012 (0.006)            0.049 

a Transformed from natural logarithm scale. 
Slope and standard error based on natural logarithm of a-1-acid glycoprotein versus log2 (1987 dioxin + 1). 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

In the Model 3 unadjusted analysis of a-l-acid glycoprotein, a significant difference between Ranch 
Hands in the high dioxin category and Comparisons was found (Table 13-45(e): difference of 
means=2.73 mg/dl, p=0.045). The adjusted analysis showed no significant contrasts between each of the 
dioxin categories and Comparisons (Table 13-45(f): p>0.38 for each contrast). 

No significant association between a-l-acid glycoprotein and 1987 dioxin was revealed in the unadjusted 
Model 4 analysis (Table 13-45(g): p=0.336). After covariate adjustment, a significant inverse relation 
was found (Table 13-45(h): adjusted slope=~0.012, p=0.049). The mean a-l-acid glycoprotein levels in 
the low, medium, and high 1987 dioxin categories were 82.64 mg/dl, 80.92 mg/dl, and 81.52 mg/dl, 
respectively. 

13.2.2.3.37    a-l-Acid Glycoprotein (Discrete) 

The unadjusted analysis of a-l-acid glycoprotein in Model 1 did not show a significant group difference 
between Ranch Hands and Comparisons overall or after stratifying by occupation (Table 13-46(a): 
p>0.10 for each contrast). The adjusted analysis revealed a marginally significant difference between 
Ranch Hands and Comparisons among the enlisted groundcrew stratum (Table 13-46(b): Adj. RR=1.86, 
p=0.066). The percentage of Ranch Hand enlisted groundcrew with high a-l-acid glycoprotein levels 
was 5.4 versus 3.2 of Comparison enlisted groundcrew. 

Table 13-46. Analysis of a-1-Acid Glycoprotein (Discrete) 

(a) MODEL 1: RANCH HANDS VS. COMPARISONS - UNADJUSTED 

Occupational 
^lM^i^Sjiii>S^M;; :tBW&^M§mli$- K!^^;i^iäw(|^|^ 

All Ranch Hand 
Comparison 

859 
1,231 

37(4,3) 
40 (3.2) 

1.34(0.85,2.11) 0.209 

Officer Ranch Hand 
Comparison 

340 
490 

8 (2.4) 
15 (3.1) 

0.76 (0.32,1.82) 0.542 

Enlisted Flyer Ranch Hand 
Comparison 

150 
185 

9 (6.0) 
7 (3.8) 

1.62(0.59,4.47) 0.348 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

369 
556 

20 (5.4) 
18(3.2) 

1.71 (0.89,3.28) 0.105 
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Table 13-46.   Analysis of <x-1-Acid Glycoprotein (Discrete) (Continued) 

{b^M^PEL 1: RANCH HANDS VS. COMPARISONS --- ADJUSTED 

Occupational Category. '■':■,:;' .' (95% CX)   ' -:   p-Value 

A« JT.3P (0.88,2.21) 0.163 

Officer 0.73 (0.31,1.76) 0.487 
Enlisted Flyer 1.78 (0.64,4,95) 0.270 
Enlisted Groundcrew 1.86(0.96,3.60)  0.066 

(c) MODEL 2: RANCH HANDS- INITIAL DIOXIN- UNADJUSTED 

Initial 'Dioxin Category Summary Statistics Analysis Results for I^gj (Initial Dioxin)0 

Initial 

Low 
Medium 
High 

158 6 (3.8) 
159 10 (6.3) 
159                          7 (4.4) 

1.00(0.72,1.38)                       0.991 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

iltjiii^ 

SAM p-Value 

473                                          0.92(0.63,1.35) 0.684 
a Relative risk for a twofold increase in initial dioxin. 

(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY -UNADJUSTED 

;;vf;-S;v'^^ 

Comparison                            1,194                   39(3.3) 

Background RH                        376                   13 (3.5)                     1.00 (0.52,1.90) 
LowRH                                    236                   11(4.7)                     1.47(0.74,2.91) 
HighRH                                   240                   12(5.0)                     1.65(0.85,3.21) 
Low plus High RH                    476                   23 (4.8)                      1.56 (0.92,2.64) 

0.992 
0.272 
0.141 
0.101 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 13-46.   Analysis of a-1-Acid Glycoprotein (Discrete) (Continued) 

(f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - -ADJUSTED 

Dioxin Category - :V-:-'ty^-'M ;":■■'i":;':;;i; '-f;'.- 

Adjusted Relative Risk 
p-Value 

Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH 

1,193 

374 
235 
238 
473 

1.12(0.58,2.16) 
1.47 (0.73,2.94) 
1.54(0.77,3.08) 
1.50(0.88,2.58) 

0.745 
0.279 
0.222 
0.138 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 

Comparison: 1987 Dioxin < 10 ppt. 

Background (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand):  1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(g) MODEL 4: RANCH HANDS - 1987 DIOXIN §g^$ip^ 
•;. ■■_■:■'■•■!' 1987.Dioxin.Category:Sümmar^:Statistics'-v..v :-: f:■;';■',:';■'■;■:■•■ Analysis kesülls::Jror-;I^g2^Cl$87 Pioxiii:.+. 1) _ _:: ] ':;. ■. 

1987 Number (%) :& ;-i;'-;-:^timated'-:Relati v&RisK: ''?■ '■^■■t W> z3. ä: M3-3":;:" ^ t % 3, ;%m) 

Low 
Medium 
High 

283 11(3.9) 
285                    9 (3.2) 
284 16 (5.6) 

1.00(0.80,1.25)                             0.986 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(h) MODEL 4: RANCH HANDS - 1987 DIOXIN - ADJUSTED 

Analysis Results; fi>rLog2 (1987 Dioxi n :+:
;t):

:}:-\y:r'.y'3.:-  ]\/r ■^;-':\ 

liißiJiiill 
 847 0.87(0.68,1.11) 0.261 

Relative risk for a twofold increase in 1987 dioxin. 

All unadjusted and adjusted analyses in Models 2 through 4 showed no significant relation between 
dioxin and dichotomized a-l-acid glycoprotein (Table 13-46(c-h): p>0.10 for each analysis). 

13.2.2.3.38    a-1-Antitrypsin (Continuous) 

Both the unadjusted and adjusted Model 1 analyses of a-1-antitrypsin revealed significant overall group 
differences (Table 13-47(a,b): difference of means=3.5 mg/dl, p=0.002; difference of adjusted means=3.6 
mg/dl, p=0.001, respectively). The adjusted mean a-1-antitrypsin level was 146.7 mg/dl for all Ranch 
Hands and 143.1 mg/dl for all Comparisons. After stratifying by occupation, the unadjusted and adjusted 
analyses each showed a significant difference between Ranch Hands and Comparisons among the enlisted 
groundcrew (Table 13-47(a,b): difference of means=5.5 mg/dl, p=0.001, unadjusted; difference of 
adjusted means=5.9 mg/dl, p<0.001, adjusted). In addition, stratifying by occupation in the adjusted 
analysis revealed a marginally significant difference between Ranch Hands and Comparisons within the 
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enlisted flyer stratum (Table 13~47(b): difference of adjusted means=4.7 mg/di, p=0.086). The adjusted 
mean a-1-antitrypsin levels for Ranch Hands and Comparisons in the enlisted flyer stratum were 150.5 
mg/dl and 145.9 mg/dl, respectively. Within the enlisted groundcrew stratum, the adjusted mean 
<x-l~antitrypsin levels were 15L5 mg/dl and 145.6 mg/dl for Ranch Hands and Comparisons, respectively. 

Table 13-47. Analysis of a-1-Antitrypsin (mg/dl) (Continuous) 

(a) MODEL 1; RANCH -HANDS VS. COMPARISONS-IJNäDJÜSTED; 

Occupational 
h:-Category.;. ;1 iGrpupj Mean8 

Difference of Means 
(95% C.I.)b p-Value* 

All 

Officer 

Enlisted Flyer 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

859 
1,231 

340 
490 

150 
185 

369 
556 

150.0 
146.5 

143.9 
143.0 

155.3 
151.1 

153.5 
148.0 

3.5- 

0.9 

4.2-- 

5.5 

0.002 

0.609 

0.136 

0.001 

a Transformed from square root scale. 
Difference of means after transformation to original scale; confidence interval on difference of means not 

presented because analysis was performed on square root scale. 
c P-value is based on difference of means on square root scale. 

(b) MODEL 1: RANCH HANDS VS. COMPARISONS - ADJUSTED 

Occupational Difference of Adj. Means 
■  Category;:"" : \'M:^/^pi^0%^': i^^^ii^^l^ Bliilliiil^ij |:;;;;;^;-g^ 

All Ranch Hand 854 146.7 3.6- 
Comparison 1,229 143.1 

Officer Ranch Hand 340 138.6 0.7- 
Comparison 489 137.9 

Enlisted Flyer Ranch Hand 148 150.5 4.7- 
Comparison 184 145.9 

Enlisted Ranch Hand 366 151.5 5.9- 
Groundcrew Comparison 556 145.6 

p- Value0 

0.001 

0.693 

0.086 

<0.001 

a Transformed from square root scale. 
Difference of means after transformation to original scale; confidence interval on difference of means not 

presented because analysis was performed on square root scale. 
c P-value is based on difference of means on square root scale. 
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Table 13-47.   Analysis of a-1-Antitrypsin (mg/dl) (Continuous) (Continued) 

-;Kc);M0DEL:at RANCH HANDS - INITIAL DIOXIN - UNADJUSTED 

Initial Dioxin Category Summary Statistics Analysis Results for Log2 (Initial Dioxin)'5 

Initial Dioxin ;:; (£■&& r £ ■ ■*;■■';■: -; Wv*^i ■: ■ v :   Adj.;Meanab   ■ '■;::  ,'R2;      '■ (Std.Error/   ..'     p-Value. .'      . 
Low 
Medium 
High 

158 148.4 
159 153.8 
159              151.8 

148.2 
153.7 
152.1 

0.013          0.066 (0.036)               0.071 

Transformed from square root scale. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 
c Slope and standard error based on square root of cc-1-antitrypsin versus log2 (initial dioxin). 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(d) MODEL 2: RANCH HANDS ^iN|TlAIi;bIOXIN- -ADJUSTED,'.,;.. ■.:■' :■;,;;■■   ,;                   .;.     ■;•§> 

Iniu^lbipxin Category Sunimary Statistics Analysis Results for Log2 (Initial Dioxin) 

Initial Dioxin X^M'ä^UM^WM- i^4j^M^a?f':l3 '■;::•■"':".!':'.;•'■ ^;,R2:-./.             :';: /''";(SttLError)15.;-  . :; ■.'  ;p. Value'"': 
Low 
Medium 
High 

158 
158 
157 

145.0 
148.8 
145.6 

0.101                     0.023(0.041)             0.582 

Transformed from square root scale. 
Slope and standard error based on sq 

Note: Low = 27-63 ppt; Medium = >63~152 ppt; High = >152 ppt. 

Slope and standard error based on square root of a-1-antitrypsin versus log2 (initial dioxin). 

;;i(§|^ 

Dioxin Category tS^M:p:W'M^ M^M^M ;^:;Ädj;-MeanäK:- 

Difference of Adj. Mean 
: i vs. Comparisons     & 

p-Value* 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,194 

376 
236 
240 
476 

146.8 

148.0 
148.8 
153.8 
151.3 

146.8 

147.9 
148.9 
154.0 
151.4 

l.i- 
2.1- 
7.2- 
4.6- 

0.470 
0.244 

<0.001 
0.001 

Transformed from square root scale. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 
c Difference of means after transformation to original scale; confidence interval on difference of means not presented 
because analysis was performed on square root scale. 
d P-value is based on difference of means on square root scale. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand):  1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 13-47.   Analysis of a-1-Antitrypsin (mg/dl) (Continuous) (Continued) 

(p MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - ADJUSTED 

Dioxin Cätegöryv' fc;:''^;A--i-'":' ■-:'J'£:i.:s-rv/.i"-" '  .: :'■ Adj. Mfcäii*;':v. 

Difference of Adj. Mean 
vs. Comparisons 
.. ;:{95%'..cx)b 

3.4- 
1.7- 
4.6- 
3.2- 

p-Valuec 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,193 

374 
235 
238 
473 

143.8 

147.2 
145.5 
148.4 
147.0 

0.024 
0.339 
0.011 
0.020 

a Transformed from square root scale. 
Difference of means after transformation to original scale; confidence interval on difference of means not presented 

because analysis was performed on square root scale. 
c P-value is based on difference of means on square root scale. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand):  1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(g) MODEL 4: RANCH HANDS - -1987 DIOXIN - :$K$ä^^ 
:|M|j^ Category Summa try.Statistics;-V;' '."■ Analysis Results for Log2 (1987 Dioxin +1) 

f^M^:&Mm> '$&B;&:^;.£ t!lÄ|iK8iS 
Low 

Medium 
High 

283 

285 
284 

148.3 

148.2 
153.1 

0.003                  0.040(0.025)              0.109 

a Transformed from square root scale. 
b Slope and standard error based on square root of a~l-antitrypsin versus log2 (1987 dioxin + 1). 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(h) MODEL 4; RANCH HANDS - -1987 DIOXIN - ADJUSTED 

:S#Ä!iäÄ;ää< >xin Category Suninu iry Statistics Analysis Results for Log2 (1987 Dioxin + 1) ■...:. 

Dioxin WM^f^-M (::;|^iÖ|i|^^l|| S1ISI1I 
Adjusted Slope                  ;:. ;.■;;;;;:.. 
;'■'■ (Sä;:Ei*orjb ';.'■■'; ;.■      p-Value 

Low 
Medium 
High 

283 
283 
281 

147,?. 
145.2 
145.0 

0.102 -0 047 CO 097^               0 089 

a Transformed from square root scale. 
b Slope and standard error based on square root of a-1-antitrypsin versus log2 (1987 dioxin + 1). 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

The unadjusted Model 2 analysis revealed a marginally significant positive association between 
a-1-antitrypsin and initial dioxin (Table 13-47(c): slope=0.066, p=0.071). After adjusting for covariates, 
the relation became nonsignificant (Table 13-47(d): p=0.582). 

13-138 



The unadjusted Model 3 analysis revealed a marginally significant difference in mean a~l~antitrypsin 
levels between Ranch Hands in the high dioxin category and Comparisons, as well as between Ranch 
Hands in the low and high dioxin categories combined and Comparisons (Table 13-47(e): difference of 
means=7.2 mg/dl, p<0.001; difference of means=4.6 mg/dl, p=0.001, respectively). 

Three significant contrasts were found in the adjusted Model 3 analysis of oc-l-antitrypsin: Ranch Hands 
in the background dioxin category versus Comparisons (Table 13-47(0: difference of adjusted 
means=3.4 mg/dl, p=0.024), Ranch Hands in the high dioxin category versus Comparisons (difference of 
adjusted means=4.6 mg/dl, p=0.011), and Ranch Hands in the low and high dioxin categories combined 
versus Comparisons (difference of adjusted means=3.2 mg/dl, p=0.020). The adjusted mean 
a-1-antitrypsin levels for Ranch Hands in the background dioxin category, Ranch Hands in the high 
dioxin category, Ranch Hands in the low and high dioxin categories combined, and Comparisons were 
147.2 mg/dl, 148.4 mg/dl, 147.0 mg/dl, and 143.8 mg/dl, respectively. 

The unadjusted Model 4 analysis results were nonsignificant (Table 13-47(g): p=0.109). After adjusting 
for covariates, a marginally significant inverse relation between a-1-antitrypsin and 1987 dioxin was seen 
(Table 13-47(g): adjusted slope=-0.047, p=0.089). The adjusted mean a-1-antitrypsin levels in the low, 
medium, and high 1987 dioxin categories were 147.2 mg/dl, 145.2 mg/dl, and 145.0 mg/dl, respectively. 

13.2.2339    a-1-Antitrypsin (Discrete) 

All unadjusted and adjusted results for Models 1 through 4 did not reveal a significant association 
between the percentage of individuals with low a-1-antitrypsin levels and dioxin or between the 
percentage of individuals with high a-1-antitrypsin levels and dioxin (Table 13-48(a-h): p>0.11 for all 
analyses). 

13-139 



o 

Table 13-48. Analysis of g-1-Antitrypsin (Discrete) 

Occupational 
Plllll^iwp-,^;-'-.:.:- |lllPli;:| 

Abnormal 
iH:t^ö^mai ■■::■:; 

Abnormal 
lilillill 

8(0.9) 
5(0.4) 

Est. Relative Risk 
p-Value:: 

Est. Relative Risk 
p-Value 

All Ranch Hand 
Comparison 

859 
1,231 

11(1.3) 
18(1.5) 

840 (97.8) 
1,208 (98.1) 

0.88(0.41,1.87) 0.737 2.30(0.75,7.06) 0.145 

Officer Ranch Hand 
Comparison 

340 
490 

8(2.4) 
11(2.2) 

330 (97.1) 
479 (97.8) 

2(0.6) 
0 (0.0) 

1.06(0.42,2.65) 0.908 - 0.327a 

Enlisted 
Flyer 

Ranch Hand 
Comparison 

150 
185 

1 (0.7) 
1 (0.5) 

148 (98.7) 
182(98.4) 

1 (0.7) 
2(1.1) 

1.23(0.08,19.83) 0.884 0.61 (0.07,5.25) 0.657 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

369 
556 

2(0.5) 
6(1.1) 

362(98.1) 
547 (98.4) 

5(1.4) 
3 (0.5) 

0.50(0.10,2.51) 0.403 2.52 (0.61,10.42) 0.202 

a P-value determined using a chi-square test with continuity correction because of the sparse number of participants with abnormal high a-1- 
antitrypsin levels. 

--: Results not presented because of the sparse number of participants with abnormal high a-1-antitrypsin levels. 

(b) MODEL 1: RANCH HANDS VS. COMPARISONS — ADJUSTED 

Occupational 
Catesorv 

Adj. Relative Risk 
ilÄliSiliiiSS 

abnormal Low vs. Normal Abnormal Hiuh vs. Normal 

Adj. Relative Risk 
p-Value 

All 0.81 (0.37,1.78) 0.606 2.51 (0.80,7.90) 0.116 

Officer 1.10(0.44,2.78) 0.834 - - 

Enlisted Flyer - -- 0.73 (0.08,6.49) 0.778 

Enlisted Groundcrew 0.47(0.10,234) 0.358 2.69(0.63,11.58) 0.183 

—: Results not presented because of the sparse number of participants with abnormal a-1-antitrypsin levels. 

Note: Results are not adjusted for race because of the sparse number of participants with abnormal a-1-antitrypsin levels. 



Table 13-48.   Analysis of a-1-Antitrypsin (Discrete) (Continued) 

^iilPfIIlI!S:llllil 
M:IS:''.'. ;'3Äü0^$i|iRfsflltS;t^:-:?|Og|'-||pÖa|:i0iö)än^'-.'.: •: ■'•'v . '■■■'r'-'-\ 

Abnormal Low vs. Normal Abnormal Hieb vs. Normal 
Initial Dioxin Abnormal Abnormal ISIIISiäiiSiiil :"^föK^aöv¥Siäfc^^;: 

j::#ää6jpry' ■ ■;:■ 11IÄI11I itll§|t§I^p|:|Il^i?; ^|:^;^^iffia|;l^-lii ■■;~'--'i:|öglii.:!V-:c.:'; 
1 (0 6^ 0 X^ fO ^7 1 QO"\ 0 667 

i^l(9§MSMBS& ;P-va lue 
1 C 0 6^ 1 n^ /n ^Q 9 srv\ 0 0' 

Medium 159 2(1.3) 156 (98.1) 1 (0.6) 

High 159 1 (0.6) 157 (98.7) 1 (0.6) 
a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(d) MODEL 2: RANCH HANDS — INITIAL DIOXIN — ADJUSTED 

MIllllMaffi 

473T 

Adj. Relative Risk 

0.75(0.30,1.84) 

p-Value 
Adj. Relative Risl 

abnormal High vs. Normal 

0.526 0.80(0.21,3.00) 0.735 

a Relative risk for a twofold increase in initial dioxin. 

Note: Results are not adjusted for race, occupation, current wine consumption, and degreasing chemical exposure because of the sparse number 
of participants with abnormal oc-1-antitrypsin levels. 



Table 13-48.   Analysis of oc-1-Antitrypsin (Discrete) (Continued) 

(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — UNADJUSTED 

Dioxin Category ;.C:;'v
:ji ;:;■-;-;; 

Abnormal Abnormal 

Abnormal Low vs. Normal 

p-Value 

Abnormal High vs 

Est. Relative Risk 
p-Yalüe 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,194 

376 
236 
240 
476 

17(1.4) 

7 (1.9) 
2 (0.8) 
2 (0.8) 
4 (0.8) 

1,172 (98.2) 

364 (96.8) 
233 (98.7) 
236 (98.3) 
469 (98.5) 

5 (0.4) 

5(1.3) 
1 (0.4) 
2 (0.8) 
3 (0.6) 

1.14(0.47,2.79) 
0.61 (0.14,2.67) 
0.68(0.16,2.98) 
0.65(0.22,1.93) 

0.772 
0.513 
0.610 
0.434 

2.48 (0.70,8.77) 
1.03(0.11,9.33) 

3.49 (0.64,19.06) 
1.91 (0.42,8.72) 

0.158 
0.976 
0.149 
0.404 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

Ü) MODEL 3; RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY 

Comparison 1,193 

Background RH 374 
Low RH 235 
High RH 238 
Low plus High RH 473 

Adj. Relative Risk 

0.78 (0.30,2.01) 
0.76(0.17,3.35) 
1.41 (0.28,7.06) 
1.03(0.32,3.31) 

p-Value 

0.602 
0.712 
0.677 
0.955 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand):  1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand):  1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

ADJUSTED m-v-V- 

;'/■;.■';.   Abnornta IHig i^Sliötitiäp^: 
1       Adj. Relative Risk 

(95% C.I.)a 
■;■':■'■■■ -prValii 

2.76 (0.74,10.35) 0.131 
1.16(0.13,10.62) 0.895 
2.64 (0.43,16.23) 0.295 
1.75 (0.36,8.53) 0.486 

Results are not adjusted for race because of the sparse number of participants with abnormal a-1-antitrypsin levels. 



Table 13-48.   Analysis of a-1-Antitrypsin (Discrete) (Continued) 

g) MODEL 4: RANCH HANDS — 1987 DIOXIN — UNADJUSTED 

Abnormal Low vs. Normal Abnormal High vs. Normal 
1987 Dioxin Abnormal Abnormal Est. Relative Risk iiiiÄaivSäföliii: 

Category iSSnlfli Low iSli1&i^rati|^:# ;;■:,':::V::^'Hlghf'';;; .f.v Wwi0SMS^mSI p-Value p-Value 
Low 283 J (,1.0,) 01A {Qf\ R\ 4(1.4) 0 76 (0 40 110^ 

Medium 285 3(1.1) 280 (98.2) 2 (0.7) 

High 284 3(1.1) 279 (98.2) 2 (0.7) 
a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

h) MODEL 4: RANCH HANDS — 1987 DIOXIN — ADJUSTED 

Analysis Results for Log2 (1987 Dioxin +1] 

Abnormal Hieh vs. Normal 

■>jfl.H 
Adj. Relative Risk 

0.84(0.52,1.37) 
p-Value 

Adj. Relative Risk 
p-Value 

0.486 0.75(0.44,1.29) 0.302 
a Relative risk for a twofold increase in 1987 dioxin. 

Note: Results are not adjusted for race and occupation because of the sparse number of participants with abnormal a-1-antitrypsin levels. 



13.2.2.3.40    a-2-Macro globulin (Continuous) 

All unadjusted and adjusted analyses of Models 1 through 4 showed no significant associations between 
dioxin and a-2-macroglobulin in its continuous form (Table 13~49(a-h): p>0.23 for each analysis). 

Table 13-49. Analysis of a-2-Macroglobulin (mg/dl) (Continuous) 

(a; MODEL It RANCH HANDS VS. COMPARISONS - UNADJUSTED 

Occupational ? 
■■':■:' Category ■'.:] SIS^^^;^?&I \x0;'.^;vi:&M %^:%;:^^aj^^M;^ 

Difference of Means' 
;■■;.   p-Value0   . 

All Ranch Hand 
Comparison 

859 
1231 

170.6 
171.3 

-0.7« 0.726 

Officer Ranch Hand 
Comparison 

340 
490 

170.6 
171.0 

-0.4« 0.901 

Enlisted Flyer Ranch Hand 
Comparison 

150 
185 

177.0 
177.4 

-0.4- 0.935 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

369 
556 

168.1 
169.6 

-1.5- 0.608 

a Transformed from natural logarithm scale. 
Difference of means after transformation to original scale; confidence interval on difference of means not 

presented because analysis was performed on natural logarithm scale. 
c P-value is based on difference of means on natural logarithm scale. 

Occupational Difference of Adj. Means 
'^^M^^^;Wi: Group <t:^.;V^MA''':WM gjfl^iä&egi?ai VS::-^;^ ;>s^ ^^^!^:iär3(öt>s^s^5^^ :: p-Valuec 

All Ranch Hand 854 161.9 -0.9- 0.610 
Comparison 1,229 162.8 

Officer Ranch Hand 340 154.5 -1.2- 0.643 
Comparison 489 155.7 

Enlisted Flyer Ranch Hand 148 163.8 -1.9- 0.664 
Comparison 184 165.7 

Enlisted Ranch Hand 366 167.4 -0.2 - 0.951 
Groundcrew Comparison 556 167.6 

a Transformed from natural logarithm scale. 
Difference of means after transformation to original scale; confidence interval on difference of means not 

presented because analysis was performed on natural logarithm scale. 
c P-value is based on difference of means on natural logarithm scale. 
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Table 13-49.   Analysis of a-2-Macroglobulin (mg/dl) (Continuous) (Continued) 

(c) MODEL 2: RANCH HANDS-INITIAL DIOXIN-UNADJUSTED 

Initial Dioxin Category Summary Statistics      ■   , . Analysis Results for Log2 (Initial Dioxin)b 

Initial Dioxin '■+%)3:t''ii:c^w Mean3 ^Adj.MeanaTy
:
:''; 

£■::;/;:V:;y   .         ■ ■} 2>;;;i
:.'  Slope:;K ■'.' ^:               ■ "--"■; -;'%;; 

;":'  .;XR2 '.:-•:(StdVErrorf    ;    .: .   p-Value 
Low 
Medium 
High 

158 
159 
159 

168.1 
175.3 
167.4 

168.1 
175.3 
167.4 

<0.001        -0.004 (0.009)            0.698 

a Transformed from natural logarithm scale. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 
c Slope and standard error based on natural logarithm of a-2-macroglobulin versus log2 (initial dioxin). 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

lMM@i^m RANCH HANDS -INITIAL DIOXIN- !#i!ffi 
InitialDiox n Category Sumniary-Statis1ics.:-.:;:;.- :     ;   Analysis Results:.for I^g2 (Initial Dioxin) 

Initial Dioxin :^:w4M::M^j Adj^'Mean0"-; ;■;■"■■; 
Low 
Medium 
High 

158 
158 
157 

154.2 
163.5 
161.3 

0.135                     0.009(0.010)             0.368 

a Transformed from natural logarithm scale. 
b Slope and standard error based on natural logarithm of a-2-macrogIobulin versus log2 (initial dioxin). 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(e) MODEL 3t RANCH HANDS AND COMI^RISONS BY DIOXIN CATEGORY 

Dioxin Category Mean3 Adj. Mean* 

Difference of Adj. Mean 

lllÄiiilllS ■Value! 

Comparison 1,194 171.2 171.2 

Background RH 376 170.2 170.2 -1.0- 0.706 
LowRH 236 170.2 170.2 -1.0- 0.747 
HighRH 240 170.2 170.2 -1.0- 0.741 
Low plus High RH 476 170.2 170.2 -1.0- 0.669 

a Transformed from natural logarithm scale. 
fa Adjusted for percent body fat at the time of the blood measurement of dioxin. 
c Difference of means after transformation to original scale; confidence interval on difference of means not presented 
because analysis was performed on natural logarithm scale. 
d P-value is based on difference of means on natural logarithm scale. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 13-49.   Analysis of a-2-Macroglobuün (mg/dl) (Continuous) (Continued) 

(f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - ADJUSTED 

Dioxin Category ä^^^;:^!^^.^-^-'^"^ Ji:|;^^^!Ri«^--:;^'' 

Difference of Adj. Mean 
vs. Comparisons 

. . . (95%CX)b: . p-Va!uec 

Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH 

1,193 

374 
235 
238 
473 

163.2 

162.2 
159.9 
163.3 
161.6 

-1.0- 
-3.3 - 
0.1- 

-1.6- 

0.683 
0.232 
0.959 
0.461 

a Transformed from natural logarithm scale. 
Difference of means after transformation to original scale; confidence interval on difference of means not presented 

because analysis was performed on natural logarithm scale. 
c P-value is based on difference of means on natural logarithm scale. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(g)MOpEL4: ig^fftiplipsif ̂1987:MQ3qN:r füNißip^^ 
wi)§i§i^j&:m oxin Category Summary Statistics Analysis Results for)Lögi (1987 Dioxin+1) 

.■.■1987:Pioxi.n-:.. V-^:MU^^'::^'' '§I^MmWMS.- S :f 1:8:;:; }M 1 m 1 Wi; VS^MS^&M-I M&P^WM ß 
Low 
Medium 
High 

283 
285 
284 

169.9 
170.6 
170.2 

<0.001                -0.004 (0.006)             0.522 

a Transformed from natural logarithm scale. 
Slope and standard error based on natural logarithm of a-2-macroglobulin versus log2 (1987 dioxin + 1). 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(h) MODEL 4: RANeHHANDS- 1987 DIOXIN - |#$ffi^ 

.'■■sJi::ji-'i9p.m oxin Category Summa ̂ ^K^C^ls|;i.^ ;/■ •■;: Analysis Resufe^ 

M'MM^&l-M Adj. Mean8 

Low 
Medium 
High 

283 
283 
281 

162.9 
161.1 
162.8 

0.131                -0.005 (0.006)            0.390 

a Transformed from natural logarithm scale. 
b Slope and standard error based on natural logarithm of a-2-macroglobulin versus log2 (1987 dioxin + 1). 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 
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13.2.2.3,41    a-2-Macroglobulin (Discrete) 

The unadjusted and adjusted Model 1 analyses of a-2-macroglobulin were nonsignificant (Table 
13~50(a,b): p>0.15 for each analysis). The unadjusted Model 2 analysis was not significant (Table 
13-50(c): p=0.254), but the adjusted analysis was marginally significant (Table 13-50(d): Adj. RR=L48, 
p=0.072). 

The unadjusted Model 3 analysis revealed a marginally significant difference in high a-2-macroglobulin 
levels between Ranch Hands in the background dioxin category and Comparisons (Table 13~50(e): Est. 
RR=0.46, p=0.080). The percentage of Ranch Hands in the background category with high 
ct-2-macroglobulin levels was 1.6 versus 3.8 for Comparisons. The same contrast was marginally 
significant in the adjusted Model 3 analysis (Table 13-50(f): Adj. RR=0.45, p=0.079). 

Table 13-50. Analysis of a-2-Macroglobulin (Discrete) 

(a) MODEL 1: RANCH HANDS VS. COMPARISONS - UNADJUSTED; 

Occupational 
<'. ;:Category-;-': Groups 

Number (%) 
High 

Est. Relative Risk 
;p-Value 

All Ranch Hand 
Comparison 

859 
1,231 

24(2.8) 
47(3.8) 

0.72 (0.44,1.19) 0.199 

Officer Ranch Hand 
Comparison 

340 
490 

8 (2.4) 
18(3.7) 

0.63(0.27,1.47) 0.287 

Enlisted Flyer Ranch Hand 
Comparison 

150 
185 

5 (3.3) 
11(5.9) 

0.55 (0.19,1.61) 0.271 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

369 
556 

11(3.0) 
18 (3.2) 

0.92(0.43,1.97) 0.827 

(b) MODEL 1: RANCH HANDS VS. COMPARISONS - ADJUSTED 

Occupational Category 
Adjusted Relative Risk 
S'lllllllllll! p-Value: 

All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

0.70 (0.42,1.16) 

0.59 (0.25,1.40) 
0.46(0.15,1.39) 
1.01 (0.46,2.19) 

0.157 

0.234 
0.169 
0.988 

Note: Results are not adjusted for race because of the sparse number of participants with high a-2-macroglobulin 
levels. 

(c) MODEL M $ÖVBtö^^ 

IBIillllll^fc al Dioxin Category Summary Statistics Analysis Results for Log2 (Initial Dioxin)" 

fl;fiS&mäte^ 
lilflS 

Low 
Medium 
High 

158 2 (1.3) 
159 10 (6.3) 
159                           5 (3.1) 

1.22(0.87,1.71)                         0.254 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 
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Table 13-50.   Analysis of cc-2-Macroglobulin (Discrete) (Continued) 

(d) MODEL 2: RANCH HANDS - INITIAL DIOXIN - AI)JÜSTED 

Analysis Results for L<>g2 (Initial Dioxin) 

r  Adjusted Relative Risk 

 473 1.48(0.96,2.27) 0.072  
a Relative risk for a twofold increase in initial dioxin. 

Note: Results are not adjusted for race because of the sparse number of Ranch Hands with high a-2-macroglobulin 
levels. 

(e) MODEL 3; RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY -4 -UNADJUSTED 

Dioxin Category ;'-; 
Number (%) M Es^';feiä'öye>töst::^; :::;K: 

p-Value 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,194                  45 (3.8) 

376                    6 (1.6) 
236                    7 (3.0) 
240                   10 (4.2) 
476                   17 (3.6) 

0.46(0.19,1.10) 
0.75 (0.33,1.69) 
1.00(0.49,2.03) 
0.87(0.49,1.55) 

0.080 
0.492 
0.999 
0.632 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(f) MODEL 3; RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY -■ADiJUSTED;;..:j 

. v ;     Dioxin Category'VV/':.. ;j iffiiiiBi^iii ^^l^^jp^^ue'^^.^ 
Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH 

1,193 

374 
235 
238 
473 

0.45(0.19,1.10) 
0.61 (0.27,1.40) 
1.09(0.51,2.31) 
0.82(0.45,1.49) 

0.079 
0.246 
0.823 
0.511 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

Results are not adjusted for race because of the sparse number of participants with high a-2-macroglobulin 
levels. 
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Table 13-50.   Analysis of a-2-Macroglobulin (Discrete) (Continued) 

(g) MODEL 4; RANCH HANDS -1987 DIOXIN ■MPKfc^^ 

1987 Dioxin Category Summary Statistics Analysis Results JforLog2 (1987 Dioxin+ 1)  '  ; 

Dioxin I^K^Jß'SMv'lf t;. 
■'■Number (%)■:■ '■ 

Low 
Medium 
High 

283 
285 
284 

3(1.1) 
8 (2.8) 

12 (4.2) 

1.37(1.06,1.77)                                0.020 

Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(h) MODEL 4; RANCH HANDS -1987 DIOXIN -ADJUSTED 

HW&M$'$?£&W£W£W%MW:-:s&k£>< W&$i%«ste^Reiatiye:Risk:''.-::\    - ;:::^ 
p-Valuej 

847 1.50(1.08,2.08) 
Relative risk for a twofold increase in 1987 dioxin. 

0.014 

Note: Results are not adjusted for race because of the sparse number of participants with high a-2-macroglobulin 
levels. 

Both the unadjusted and adjusted Model 4 analyses revealed significant associations between 
<X-2-macroglobulin and 1987 dioxin (Table 13-50(g,h): Est. RR=1.37, p=0.020; Adj. RR=1.50, p=0.014, 
respectively). The percentages of participants with high a-2-macroglobulin values in the low, medium, 
and high 1987 dioxin categories were 1.1, 2.8, and 4.2, respectively. 

13.2.2.3.42    Apolipoprotein B (mg/dl) (Continuous) 

The Model 1 analysis of apolipoprotein B did not show a significant overall difference between Ranch 
Hands and Comparisons in either the unadjusted or adjusted analyses (Table 13-51(a,b): p>0.27 for each 
analysis). After stratifying by occupation, a significant difference between Ranch Hands and 
Comparisons was discovered among the officers in both the unadjusted and adjusted analyses (Table 
13-51 (a,b): difference of means=-3.3 mg/dl, p=0.053, for the unadjusted analysis; difference of adjusted 
means=-3.3 mg/dl, p=0.048, for the adjusted analysis). The adjusted mean apolipoprotein B level among 
the Ranch Hand officers was 105.9 mg/dl versus 109.2 mg/dl among the Comparison officers. 
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Table 13-51. Analysis of Apolipoprotein B (mg/dl) (Continuous) 

(a) MODEL!: RANCH HANDS VS. COMPARISONS-UNADJUSTED 

Occupational 
■' Category   ■ ;P;Group; . '^■<3^:'K-:'-'}tWi:', 

Difference of Mean's 
p-Vahiec 

All Ranch Hand 
Comparison 

859 
1,231 

U0.5                         -IJ - 
11L5 

0.320 

Officer Ranch Hand 
Comparison 

340 
490 

106.4                          -3.3 - 
109.6 

0.053 

Enlisted Flyer Ranch Hand 
Comparison 

150 
185 

113.2                         -2.0» 
115.2 

0.463 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

369 
556 

113.1                            1.2- 
112.0 

0.479 

a Transformed from square root scale. 
Difference of means after transformation to original scale; confidence interval on difference of means not 

presented because analysis was performed on square root scale. 
c P-value is based on difference of means on square root scale. 

(b)MODELl: RANCH HANDS VS. COMPARISONS - ADJUSTED 

Occupational 
v Group tM-&i?ffls¥$'$. IÄ;|ä|jJ=^i^';| 

Difference of Adj. Means 
p-Value0 

All Ranch Hand 
Comparison 

854 
1,229 

110.6 
111.8 

-1.2 -- 0.275 

Officer Ranch Hand 
Comparison 

340 
489 

105.9 
109.2 

-3.3 -- 0.048 

Enlisted Flyer Ranch Hand 
Comparison 

148 
184 

112.9 
115.1 

-2.2 -- 0.413 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

366 
556 

112.6 
111.4 

1.2- 0.457 

a Transformed from square root scale. 
Difference of means after transformation to original scale; confidence interval on difference of means not 

presented because analysis was performed on square root scale. 
c P-value is based on difference of means on square root scale. 

iP^ßEgl;! :;ii!M^ 
:!;1:J^ Summary ̂ ^^P^;f^il;t^'i;ll :1;|ä^ 

Initial Dioxin SSB0^
:
::WM SIBll y&Adi^Sa^'U 

Low 

Medium 

High 

158 

159 

159 

107.1 

113.9 

114.5 

107.0 

113.9 

114.6 

0.014           0.107(0.041)              0.009 

a Transformed from square root scale. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 
c Slope and standard error based on square root of apolipoprotein B versus log2 (initial dioxin). 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 
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Table 13-51.   Analysis of Apolipoprotein B (mg/dl) (Continuous) (Continued) 

(d) MODEL 2; RANCH HANDS -INITIAL DIOXIN - -ADJUSTED ■            '.;'; . .; <■-.: ;:  - ' :~    ,      :fM;. 

Initial Dioxin Category Summary Statistics Analysis Results for Log2 (Initial Dioxin) 

Initial Dioxin ^l:f^^-^^'^:--'::>s Adj. Mean8 
Z^'kM^ f":':                    ':-:■■-■ ^';' £: W.V ::.':-:i':Ädj .'Slope::;; N" <v -t '                         [ >:- #-V ^ 

Low 
Medium 
High 

158 
158 
157 

108.5 
113.8 
113.2 

0.033                     0.061 (0.048)             0.209 

a Transformed from square root scale. 
Slope and standard error based on square root of apolipoprotein B versus log2 (initial dioxin). 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

■■ (e)MODELS::'RANCH HANDS AND-COMPMISQN^ 

| Dioxin Category; -Mean^ Adj. Mean1 

Difference of Adj. Mean 
'■■ ■    vs.: Comparisons ■ ^':;. 

p-Value" 
Comparison 1,194 111.5 111.5 

Background RH 376 108.8 108.8 -2.7 - 0.057 
LowRH 236 108.9 108.9 -2.6 -- 0.131 
High RH 240 114.7 114.6 3.1- 0.073 
Low plus High RH 476 111.8 111.8 0.3« 0.843 

a Transformed from square root scale. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 
c Difference of means after transformation to original scale; confidence interval on difference of means not presented 
because analysis was performed on square root scale, 
d P-value is based on difference of means on square root scale. 

Note: RH - Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand):  1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(f) MODEL 3l MNCH HANDS AND COMPARISONS BY DIOXIN CATEGORY-ADJUSTED 

Dioxin Category Adj. Mean1 

Difference of Adj. Mean 
rl:i^s|^m|$m 

p-Value' 
Comparison 1,193 

Background RH 374 
LowRH 235 
High RH 238 
Low plus High RH 473 

112.0 

110.0 
109.5 
113.6 
111.6 

2.0- 0.170 
2.5- 0.154 
1.6- 0.358 
0.4" 0.761 

a Transformed from square root scale. 
b Difference of means after transformation to original scale; confidence interval on difference of means not presented 
because analysis was performed on square root scale. 
c P-value is based on difference of means on square root scale. 

Note: RH - Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 13-51.   Analysis of Apolipoprotein B (mg/dl) (Continuous) (Continued) 

;;^);ÄI>|L:::4: RANCH HANDS ^IgfmÖ 
1987 Dioxin Category Summ: i^SltÄtiltlCS.'-:"'■■ ■ i -y •■■'■; Analysis Results for Log2 (1987 Dioxin +1) 

1987 Dioxin %^rM^:>M/'M. :'::'j'Mean3.''>..; ■■'-.'■: 

Low 
Medium 
High 

283 
285 
284 

109.2 
108.0 
114.2 

0.011                  0.083(0.027)             0.002 

a Transformed from square root scale. 
b Slope and standard error based on square root of apolipoprotein B versus log2 (1987 dioxin + 1). 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High - >19.6 ppt. 

;:(h);MÖpEB :4i ^R^^lii^l^^g;^ 
iWwSM:lMMÖM§iM£ st^Ö^S^ 1M1Ö 
lllllli9iiii 

:;|l||ilflfliilll|||| 
Low 
Medium 
High 

283                        111.0 
283                       109.0 
281                         112.9 

0.023                   0.046(0.031)              0.142 

a Transformed from square root scale. 
b Slope and standard error based on square root of apolipoprotein B versus log2 (1987 dioxin +1). 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

The unadjusted Model 2 analysis revealed a significant relation between initial dioxin and apolipoprotein 
B (Table 13-51(c): slope=0.107, p=0,009). The adjusted analysis results were not significant (Table 13- 
51(d): p=0.209). 

The unadjusted Model 3 analysis revealed two marginally significant contrasts: Ranch Hands in the 
background dioxin category versus Comparisons and Ranch Hands in the high dioxin category versus 
Comparisons (Table 13-51(e): difference of means=-2.7 mg/dl, p=0.057; difference of means=3.1 mg/dl, 
p=0.073, respectively). After adjusting for covariates, no contrasts were significant (Table 13-51(f): 
p>0.15 for each contrast). 

The Model 4 unadjusted analysis of apolipoprotein B revealed a significant association with 1987 dioxin 
(Table 13-51(g): slope=0.083, p=0.002). The adjusted analysis was nonsignificant (Table 13-51(h): 
p=0.142). 

The reference range between 1992 and 1997 decreased according to the manufacturer's recommendation. 
Consequently, the mean levels shown in Table 13-51 are less than the 1992 mean levels. 

13.2.2.3.43   Apolipoprotein B (Discrete) 

Both the unadjusted and adjusted Model 1 analyses of apolipoprotein B in its dichotomous form revealed 
marginally significant overall group differences (Table 13-52(a,b): Est. RR=0.86, p=0.087; 
Adj. RR=0.85, p=0.073, respectively). After stratifying by occupation, unadjusted and adjusted analyses 
revealed group differences within the enlisted flyer stratum (Table 13-52(a,b): Est. RR=0.55, p=0.007; 
Adj. RR=0.53, p=0.005, respectively). The percentage of participants in the Ranch Hand group with high 
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apolipoprotein B values was 49.2 versus 53.0 for Comparisons. Within the enlisted flyer stratum, 48.0 
percent of the Ranch Hands had high apolipoprotein B values versus 62.7 percent of the Comparisons. 
The unadjusted Model 2 analysis revealed a marginally significant association between apolipoprotein B 
and initial dioxin (Table 13-52(c): Est. RR=1.14, p=0.059). The adjusted analysis showed no significant 
results (Table 13~52(d): p=0.456). 

Table 13-52. Analysis of Apolipoprotein B (Discrete) 

(a) MODEL 1: RANCH HANDS VS. COMPARISONS - UNADJUSTED 

Occupational 
Category Group 

:Number (%) 
■ M Hiefe.;J 

Est. Relative Risk 
p-Value 

All Ranch Hand 
Comparison 

859 
1,231 

423 (49.2) 
653 (53.0) 

0.86(0.72,1.02) 0.087 

Officer Ranch Hand 
Comparison 

340 
490 

149 (43.8) 
242 (49.4) 

0.80(0.61,1.06) 0.114 

Enlisted Flyer Ranch Hand 
Comparison 

150 
185 

72 (48.0) 
116(62.7) 

0.55 (0.35,0.85) 0.007 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

369 
556 

202 (54.7) 
295 (53.1) 

1.07 (0.82,1.39) 0.615 

:(b) MODEL 1: RANCH HANDS VS. COMPARISONS - ADJUSTED 

Occupational Category Adjusted Relative Risk i;p^$ai»e| 

All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

0.85(0.71,1.02) 

0.80(0.61,1.06) 
0.53 (0.34,0.82) 
1.07(0.82,1.40) 

0.073 

0.115 
0.005 
0.603 

(c) MODEL '%\- ̂ ^^^^^^^^^^^^j^^^^^^^^^^^^^^^^^^^^^^^ 

;^|;|^ Analysis Results for Log2 (Initial Dioxin)" 

Dioxin 
Low 
Medium 
High 

158 73 (46.2) 
159 84 (52.8) 
159                         88 (55.3) 

1.14(0.99,1.31)                       0.059 

a Adjusted for percent body fat at the time of the blood measurement of dioxin, 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

"7d)~MODEL 2: RANCH HANDS - INITIAL DIOXIN - ADJUSTED 

Analysis Results for Log2 (Initial Dioxin) 

§:Siofuittl:M 

473 1.06(0.90,1.25) 

I p-Välüej 

0.456 

Relative risk for a twofold increase in initial dioxin. 
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Table 13-52,   Analysis of Apolipoprotein B (Discrete) (Continued) 
______ 

\ Wm&M§ WM9S:\^ßßy- f S: ■ WA !:l;!^ßiI:;!ÄÄi|S)j MwM I ±B Ä£:i^!^*£Ri$l' i ■■ I■£ :-: ■' ■.::. '-iM      ■y$. i 

Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH 

1,194 

376 
236 
240 
476 

636 (53.3) 

174 (46.3) 
113(47.9) 
132 (55.0) 
245(51.5) 

0.75 (0.60,0.95) 
0.81 (0.61,1.07) 
1.08(0.81,1.42) 
0.93 (0.75,1.16) 

0.017 
0.132 
0.606 
0.524 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

IIPflODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - ADJUSTED 

0.79 (0.62,1.00) 0.050 
0.82(0.62,1.09) 0.164 
0.97(0.73,1.30) 0.849 

 0.89(0.72,1.11) 0.305 
a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH 

1,193 

374 
235 
238 
473 

IpÄMÄ %. ̂ ^^M^MS^^^B^I^ :|;|pi|D|jiS|iD 

§§iffllMiWM^^ ategory Summary Statistics Analysis Results for Log2 (1987 Dioxin + I) 

llllllllillllÄW 
Low 
Medium 
High 

283 135 (47.7) 
285                  130(45.6) 
284 154 (54.2) 

1.12(1.02,1.23)                                  0.017 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 
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Table 13-52.   Analysis of Apolipoprotein B (Discrete) (Continued) 

■(h) MODEL 4: RANCH HANDS - 1987 DIOXIN-ADJUSTED 

£.'-:■:kkmkkkkkW^kkWMMÄ:kkWkB:Mkkk^kk;::^?jtÄä"Äelafe^Rist:;- ■:-: k;kkkk 'k'Xk% 

847 1.07(0.96,1.18) 0.242 

Relative risk for a twofold increase in 1987 dioxin. 

Model 3 revealed significant relations between Ranch Hands in the background dioxin category and 
Comparisons for both the unadjusted and adjusted analyses (Table 13~52(e,f): Est. RR=0.75, p=0.017; 
Adj. RR=0.79, p=0.050, respectively). The percentage of high apolipoprotein B values among the Ranch 
Hands in the background dioxin category was 46.3 versus 53.3 for Comparisons. 

The unadjusted Model 4 analysis of apolipoprotein B showed a significant association with 1987 dioxin 
(Table 13-52(g): Est. RR-1.12, p=0.017). After adjusting for covariates, the relation became 
nonsignificant (Table 13-52(h): p=0.242). 

The reference range between 1992 and 1997 decreased according to the manufacturer's recommendation. 
The change may explain partially the decrease in the percentage of participants with high apolipoprotein 
B levels between 1992 and 1997. 

13.2.23.44    C3 Complement (mg/dl) (Continuous) 

The unadjusted and adjusted Model 1 analyses of C3 complement in its continuous form revealed no 
significant group differences (Table 13-53(a,b): p>0.50 for each analysis). 

Table 13-53. Analysis of C3 Complement (mg/dl) (Continuous) 

(a) MODEL 1: RANCH HANDS VS. COMPARISONS - UNÄlJjlJSTEÖ 

Occupational Difference of Means 
k^Mß^M^W^kkk ̂ M&^i^j^jMMM^i kUkkkjikW^kkki 'msM^^mM ;:;;;;::X;::;i;|i;^ | f^^^^i^i^k;'^ 
All Ranch Hand 859 118.9 0.4- 0.640 

Comparison 1,231 118.5 

Officer Ranch Hand 340 114.9 0.3- 0.814 
Comparison 490 114.6 

Enlisted Flyer Ranch Hand 150 120.3 -0.4 - 0.862 
Comparison 185 120.7 

Enlisted Ranch Hand 369 122.1 0.8- 0.537 
Groundcrew Comparison 556 121.3 

a Transformed from natural logarithm scale. 
Difference of means after transformation to original scale; confidence interval on difference of means not 

presented because analysis was performed on natural logarithm scale. 
c P-value is based on difference of means on natural logarithm scale. 
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Table 13-53.   Analysis of C3 Complement (mg/dl) (Continuous) (Continued) 

(b)MODEL!: RANCH HANDS VS. COMPARISONS - ADJUSTED 

Occupational 
./Category   . Group $:!$|jji^ ; Adj.Meai 

Difference of Adj. Means 
p-Valuec 

All Ranch Hand 
Comparison 

854 
1,229 

120.2 
120.0 

0.2- 0.837 

Officer Ranch Hand 
Comparison 

340 
489 

116.5 
116.1 

0.4- 0.765 

Enlisted Flyer Ranch Hand 
Comparison 

148 
184 

120.8 
122.2 

-1.4- 0.505 

Enlisted Groundcrew Ranch Hand 
Comparison 

366 
556 

122.8 
122.3 

0.6- 0.668 

a Transformed from natural logarithm scale. 
Difference of means after transformation to original scale; confidence interval on difference of means not 

presented because analysis was performed on natural logarithm scale. 
c P-value is based on difference of means on natural logarithm scale. 

(c) MODEL 2: RANCH HANDS - INITIAL DIOXIN - UNADJUSTED 

uHl^l^feSMi^ 1 Dioxin Category Summary ■S^tUj^i^;;f^K|0| Analysis Results for Log2 (Initial Dioxin)15 

Initial Dioxin :;M^Ü ||ff&$ii$ ^liilällliliiiil 
Low 
Medium 
High 

158 
159 
159 

118.3 
123.6 
124.0 

118.8 
123.7 
123.4 

0.071          0.012 (0.005)               0.023 

a Transformed from natural logarithm scale. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 
c Slope and standard error based on natural logarithm of C3 complement versus log2 (initial dioxin). 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(d) MODEL 2: RANCH HANDS- - INITIAL DIOXIN - iitJÖ^^ 
...;,:': Initial I>loxiri Category Summan K^Sjij^ii^l^Wss J:S?>:i!i:l-|':ll 

initial Dioxin Wf:M:WMM 2lÖ||Sl^|if||| p-Value ■■■•! 
Low 
Medium 
High 

158 
158 
157 

119.1 
123.9 
122.7 

0.083                     0.009 (0.006) 0.145 

a Transformed from natural logarithm scale. 
Slope and standard error based on natural logarithm of C3 complement versus log2 (initial dioxin). 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 
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Table 13-53.   Analysis of C3 Complement (mg/dl) (Continuous) (Continued) 

(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN GAT^ 

Difference of Adj. Mean 
:;■■■■. vs.'Comparisons . • 

Dioxin Category ^:^$Si^y^^M M^WMiS . .Aaj.Meanab .■ ■ SM^MMO Wi-m .    ,.:p-Valued. ■ 
Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH 

1,194 

376 
236 
240 
476 

118.5 

115.2 
120.0 
123.9 
122.0 

118.5 

116.7 
119.5 
122.3 
120.9 

-1.8 
1.0- 
3.8- 
2.4- 

- 
0.107 
0.399 
0.003 
0.013 

a Transformed from natural logarithm scale. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 
0 Difference of means after transformation to original scale; confidence interval on difference of means not presented 
because analysis was performed on natural logarithm scale. 

P-value is based on difference of means on natural logarithm scale. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

Dioxin Category Adj.Meatf 

'Difference of Adj. Mean 

(91 C.I.)" p*Value' 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,193 

374 
235 
238 
473 

120.1 

119.5 
121.0 
121.8 
121.4 

-0.6 
0.9 
1.7 
1.3 

0.594 
0.518 
0.217 
0.213 

a Transformed from natural logarithm scale. 
Difference of means after transformation to original scale; confidence interval on difference of means not presented 

because analysis was performed on natural logarithm scale. 
c P-value is based on difference of means on natural logarithm scale. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(g) MODEL 4: RANCH HANDS jlM 
ssisisiSHBS^^^^^P Summa ̂ ^ÄÄlillllliif IIIII11Ä 

iiiiiffl^ HSiiSSSli iytliflÄ 
Low                            283 
Medium                      285 
High                            284 

115.1 
117.8 
124.1 

0.040                   0.021 (0.004)             <0.001 

a Transformed from natural logarithm scale. 
b Slope and standard error based on natural logarithm of C3 complement versus log2 (1987 dioxin + 1). 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 
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Table 13-53.   Analysis of C3 Complement (mg/dl) (Continuous) (Continued) 

(h) MODEL 4: RANCH HANDS - -1987 DIOXIN »ADJUSTED 

1987 Dioxin Category Summary ''Statistics ■■:,.'■;■■' ..         Analysis Results for Logz (1987 Dioxin + 1) 

Dioxin ^•':k:^^':^-;?:S;0^:^K ^vi^jilMfeÄil^v'^; 
Low 
Medium 
High 

283 
283 
281 

117.6 
119.6 
124.6 

0.067                  0.017 (0.004)            <0.001 

a Transformed from natural logarithm scale. 
b Slope and standard error based on natural logarithm of C3 complement versus log2 (1987 dioxin + 1). 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt 

A significant relation was found between initial dioxin and C3 complement in the unadjusted Model 2 
analysis (Table 13-53(c): slope=0.012, p=0.023). The adjusted analysis was nonsignificant (Table 
13-53(d): p=0.145). 

The unadjusted Model 3 analysis revealed a significant difference in mean C3 complement levels between 
Ranch Hands in the high dioxin category and Comparisons, as well as between Ranch Hands in the low 
and high dioxin categories combined and Comparisons (Table 13-53(e): difference of means=3.8 mg/dl, 
p=0.003; difference of means=2.4 mg/dl, p=0.013, respectively). The adjusted analysis showed no 
significant differences between any of the Ranch Hand categories and Comparisons (Table 13-53(f): 
p>0.21 for each contrast). 

Both the unadjusted and adjusted Model 4 analyses revealed significant associations between C3 
complement and 1987 dioxin (Table 13-53(g,h): slope=0.021, p<0.001; adjusted slope=0.017, p<0.001, 
respectively). The adjusted mean C3 complement levels in the low, medium, and high 1987 dioxin 
categories were 117.6 mg/dl, 119.6 mg/dl, 124.6 mg/dl, respectively. 

13.2.2.3.45    C3 Complement (Discrete) 

The unadjusted and adjusted Model 1 analyses showed no significant difference in the percentage of low 
C3 complement values between Ranch Hands and Comparisons (Table 13-54(a,b): p>0.19 for each 
analysis). 

Table 13-54. Analysis of C3 Complement (Discrete) 

(a) MODEL 1: RANCH HANDS VS. COMPARISONS - UNADJUSTED 

Occupational 
^8^Ä^ö1iö;|I^IE |;<iil|Ä|||l|l|l ?.J5i^^r^Mue!;^|;:l:':''; 

All Ranch Hand 
Comparison 

859 
1,231 

15(1.7) 
28 (2.3) 

0.76(0.41,1.44) 0.398 

Officer Ranch Hand 
Comparison 

340 
490 

6(1.8) 
14 (2,9) 

0.61 (0.23,1.61) 0.317 

Enlisted Flyer Ranch Hand 
Comparison 

150 
185 

1 (0.7) 
5 (2.7) 

0.24 (0.03,2.09) 0.197 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

369 
556 

8 (2.2) 
9 (1.6) 

1.35 (0.51,3.52) 0.544 
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Table 13-54.   Analysis of C3 Complement (Discrete) (Continued) 

Occupational Category 
Adjusted Relative Risk 

■   :;.::;:(95%.GX);.        : p-Value; 

All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

0.79(0,42,1.50) 

0.62(0.23,1.63) 
0.27 (0.03,2.33) 
1.41 (0.54,3.71) 

0.474 

0.333 
0.233 
0.487 

Note: Results are not adjusted for race because of the sparse number of participants with low C3 complement 
levels. 

(c) MODEL 2: RANCH HANDS - -INITIAL DIOXIN -UNADJUSTEI) 

Initial Dioxin Category Summary-Statistics :;:  ;   . ■:■-■ ■■::':.: ^: ■■. Analysis Results for Logi (Initial Dioxin)0 

M^3M::MMw-^ 
Estimated Relative Risk 

:-;■_ ;:•'J::;;;:; ""Ir:;; JP? ValHe^:1::; JT^:^ ^:';:fc" ? 

Low 
Medium 
High 

158 
159 
159 

1 (0.6) 
1 (0.6) 
1 (0.6) 

1.06(0.45,2.49) 0.898 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

jSM^ 

■ i^fi-iM. P^^Üe;;; % '-WSs^'i: WM' "^:; ;= ? 

473                                          1.01 (0.39,2.62) 0.977 
a Relative risk for a twofold increase in initial dioxin. 

Note: Results are not adjusted for race and occupation because of the sparse number of Ranch Hands with low C3 
complement levels. 

(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY -UNADJUSTED 

!/$i£|Di^^ M'iMWMWMffB ;-;||^;-^ 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,194 

376 
236 
240 
476 

26 (2.2) 

12(3.2)                      1.28(0.63,2.57) 
1(0.4)                     0.20(0.03,1.46) 
2(0.8)                     0.44(0.10,1.86) 
3(0.6)                     0.29(0.08,1.04) 

0.495 
0.111 
0.261 
0.057 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 13-54.   Analysis of C3 Complement (Discrete) (Continued) 

(f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - ADJUSTED 

Dioxin Category 
Adjusted Relative Risk 

p-Value 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,193 

374 
235 
238 
473 

1.25(0.61,2.57) 
0.21 (0.03,1.57) 
0.49(0.11,2.17) 
0.32(0.09,1.16) 

0.536 
0.128 
0.351 
0.083 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

Results are not adjusted for race because of the sparse number of participants with low C3 complement levels. 

(g) MODEL 11 RANCH HANDS -1987 DIOXIN £]üMÖ^ 

1987 Dioxin Category Summary ̂ sS^3^s?S;:lä liiMÄ 

iiSISIUi 
4-^^Mvl^-H->y^': 

;Ä3 

Low 
Medium 
High 

283 
285 
284 

10 (3.5) 
3(1.1) 
2 (0.7) 

0.61(0.41,0.91)                             0.011 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

■(h) MODEL 4: RANCH HANDS -1987 DIOXIN - ADJUSTED 

Analysis' Results- ÄLog2: (1987 Dioxin * l)j 

p-Value 
847 0.57 (0.39,0.84) 0.004 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Results are not adjusted for race because of the sparse number of Ranch Hands with low C3 complement 
levels. 

The Model 2 unadjusted and adjusted analyses results were nonsignificant (Table 13-54(c,d): p>0.89 for 
each analysis). Both the unadjusted and adjusted Model 3 analyses revealed marginally significant 
differences between Ranch Hands in the low and high dioxin categories combined and Comparisons 
(Table 13-54(e,f): Est. RR=0.29, p=0.057; Adj. RR=0.32, p=0.083, respectively). The percentage of low 
C3 complement values for Ranch Hands in the low and high dioxin categories combined was 0.6 versus 
2.2 in the Comparison category. 

The Model 4 unadjusted and adjusted analyses each revealed a significant association between C3 
complement and 1987 dioxin (Table 13-54(g,h): Est. RR=0.61, p=0.011; Adj. RR=0.57, p=0.004, 
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respectively). The percentages of low C3 complement values in the low, medium, and high 1987 dioxin 
categories were 3.5, 1.1, and 0.7, respectively. 

13.2.2,3.46    C4 Complement (Continuous) 

The Model 1 unadjusted analysis of C4 complement showed no overall group differences (Table 
13~55(a,b): p>0.33 for each analysis). Stratifying by occupation revealed a significant difference 
between Ranch Hand and Comparison officers, as well as enlisted flyers (Table 13-55(a): difference of 
means=-0.81 mg/dl, p=0.024, for the officer stratum; difference of means=1.02 mg/dl, p=0.076, for the 
enlisted flyer stratum). After adjusting for covariates, a significant difference between Ranch Hands and 
Comparisons was noted only among the officer stratum (Table 13-55(b): difference of adjusted 
means=-0.90 mg/dl, p=0.017). The adjusted mean C4 complement value for Ranch Hand officers was 
26.02 mg/dl versus 26.91 mg/dl for Comparison officers. 

Table 13-55. Analysis of C4 Complement (mg/dl) (Continuous) 

(a) MODEL 1:  RANCH HANDS VS. COMPARISONS - UNADJUSTED 

Occupational P^'£^ 
(^M;:00&^^;^ |:v::Ä KM'M-MM^M ;;L-;\;M^an^;:;:;, ::;; t;^;;;;;|^ t:^":;y-: ;:-;;-jp-VSlüe^'lV:: #> .>:■; ?";; 
All Ranch Hand 859 25Jl -0,20- 0.395 

Comparison 1,231 25.91 

Officer Ranch Hand 340 24.73 -0.81 -- 0.024 
Comparison 490 25.54 

Enlisted Flyer Ranch Hand 150 26.52 1.02- 0.076 
Comparison 185 25.50 

Enlisted Ranch Hand 369 26.31 -0.06 ~ 0.862 
Groundcrew Comparison 556 26.38 

a Transformed from natural logarithm scale. 
Difference of means after transformation to original scale; confidence interval on difference of means not 

presented because analysis was performed on natural logarithm scale. 
c P-value is based on difference of means on natural logarithm scale. 

:;(b)MOt)EI;;l:i RANCH HANDS VS. COMPARISONS - ADJUSTED 

Occupational 
^th^^':'^'-^^ ;^3r iröia ©^ ^1: ^: -? ^ :.^>; -'! WM&M&MMt |';;;:::|^|;Meai^:;:

;i 
Difference of Adj. Means 

KiSSK*^^'^ä 
All Ranch Hand 

Comparison 
854 

1,229 
26.98 
27.21 

-0.23 -- 0.333 

Officer Ranch Hand 
Comparison 

340 
489 

26.02 
26.91 

-0.90- 0.017 

Enlisted Flyer Ranch Hand 
Comparison 

148 
184 

27.74 
26.77 

0.98 - 0.104 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

366 
556 

27.61 
27.67 

-0.06- 0.876 

a Transformed from natural logarithm scale. 
Difference of means after transformation to original scale; confidence interval on difference of means not 

presented because analysis was performed on natural logarithm scale. 
c P-value is based on difference of means on natural logarithm scale. 
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Table 13-55.   Analysis of C4 Complement (mg/dl) (Continuous) (Continued) 

;._(C)MöDEL;2:;- ...    . i 

Initial Dioxin;:.Category Summary Statistics Analysis Results for.X'pgj (Initial Dioxin)11 

Initial Dioxin \ß:t±;'^it':;- l\>Wi$M^< :Adj;:Meanab.  . 
l"< :"M W K: ^fmßM^ßÄ 

. :-R2\■  .:, ■.: ..(Std.Error)'.'            p-Value 
Low 
Medium 
High 

158 
159 
159 

25.70 
26.43 
26.07 

25.72 
26,43 
26.05 

0.002         -0.003 (0.007)            0.701 

a Transformed from natural logarithm scale. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 
c Slope and standard error based on natural logarithm of C4 complement versus log2 (initial dioxin). 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(d)MÖDEL2: ;iAiföliiiSli- -INITIAL DIOXIN- ̂ $j^ 
Initial Dioxi n Category Suniynäa^lSMÖs'tic^ .-■ ■.': ■. Analysis Results for Logj (Initial Dioxin) 

Initial Dioxin ff?£;0^;3$v ä^;|gaB!:l|S: 
Low 
Medium 
High 

158 
158 
157 

26.58 
27.31 
27.01 

0.019                    -0.004 (0.008)            0.638 

a Transformed from natural logarithm scale. 
Slope and standard error based on natural logarithm of C4 complement versus log2 (initial dioxin). 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

,:(e):MÖDEt:3t;.RÄNCHm 

Dioxin Category Mean* Adj. Mean3 

Difference of Adj. Mean 

p-Value* 
Comparison 1,194 25.91 25.90 

Background RH 376 25.26 25.41 -0.49» 0.109 
Low RH 236 26.07 26.03 0.13» 0.733 
High RH 240 26.06 25.91 0.01 - 0.986 
Low plus High RH 476 26.06 25.97 0.07 - 0.816 

a Transformed from natural logarithm scale. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 
c Difference of means after transformation to original scale; confidence interval on difference of means not presented 
because analysis was performed on natural logarithm scale. 
d P-value is based on difference of means on natural logarithm scale. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand):  1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 13-55.   Analysis of C4 Complement (mg/dl) (Continuous) (Continued) 

(f) MODEL 3: KANGH HANDS AND COMPARISONS BY DIOXIN CÄTJEGQKY - ADJUSTED 

Dioxin Category Adj. Mean3 

Difference of Adj. Mean 

v\-(95^CX)b;;      :: j p-Value6 

Comparison 1,193 27.24 

Background RH 374 26.93 
LowRH 235 27.27 
High RH 238 26.97 
Low plus High RH 473 27.12 

•0.31 - 0.336 
0.03 - 0.942 
-0.27 -- 0.494 
-0.12-- 0.680 

a Transformed from natural logarithm scale. 
b Difference of means after transformation to original scale; confidence interval on difference of means not presented 
because analysis was performed on natural logarithm scale. 
c P-value is based on difference of means on natural logarithm scale. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand):  1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

||i|:|lijpg:|| ;RANCH;ttAM>S~ ijäi^jl^^ 
Iiyf!illil^|il^s|ic "ategory Summai ;E:|ifeöisä^ IIIJII^ 

Q-M&M&mM fÄtlf WiM^SiSSlS R2                        (Std. Error)"               p-Value 

Low 
Medium 
High 

283 
285 
284 

25.10 
25.85 

26.19 

0.004                   0.009 (0.005)              0.070 

a Transformed from natural logarithm scale. 
b Slope and standard error based on natural logarithm of C4 complement versus log2 (1987 dioxin + 1). 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

B|ft^ ategory ;Sü mmar> ^t^ii|^^fpl<-:^^|; Analysis Results for Log2 (1987 Dioxin M^MXW-: 

aSKfl? i^|j||ftji^|||ii|| , p»Value "■■:' 

Low 
Medium 
High 

283 
283 
281 

26.73 
27.16 
27.02 

0.044                   0.001 (0.005) 0 849 

a Transformed from natural logarithm scale. 
b Slope and standard error based on natural logarithm of C4 complement versus log2 (1987 dioxin + 1). 

Note: Low = <7.9 ppt; Medium = >7.9~19.6 ppt; High = >19.6 ppt. 

The unadjusted and adjusted analyses for Models 2 and 3 showed no significant relation between dioxin 
and C4 complement (Table 13-55(c-f): p>0.10 for each analysis). A marginally significant association 
between 1987 dioxin and C4 complement was revealed in the unadjusted Model 4 analysis (Table 
13-55(g): slope=0.009, p=0.070). After covariate adjustment, the adjusted analysis results became 
nonsignificant (Table 13-55(h): p=0.849). 
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13.2.2.3.47    C4 Complement (Discrete) 

Because of a sparse number of low C4 complement values among the participants, some analyses were 
not possible. Table 13-56 contains the results of these analyses. 

Table 13-56. t Analysis of C4 Complement (Discrete) 

IK0!!$§0jb<i f:|Afflj:Ä 
Occupational 

5ffit^^?"v^Öiöl|Jp! :^r¥"fM'%-:i:W. ■'■''■ p-Value  .. . 

All Ranch Hand 
Comparison 

859 
1,231 

2 (0.2)                  1.43 (0.20,10.20) 
2 (0.2) 

0.719 

Officer Ranch Hand 
Comparison 

340 
490 

2 (0.6)                  2.89 (0.26,32.04) 
1 (0.2) 

0.386 

Enlisted Flyer Ranch Hand 
Comparison 

150 
185 

0 (0.0) 
1 (0.5) 

0.999a 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

369 
556 

0 (0.0) 
0 (0.0) 

-- 

a P-value determined using a chi-square test with continuity correction because of the sparse number of participants 
with a low C4 complement level. 
--: Results not presented because of the sparse number of participants with a low C4 complement level. 

Occupational Category 
Adjusted Relative Risk 
WMM$MMM8iBi ;p-y.älüe' 

All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

1.46 (0.20,10.59) 

2.85 (0.26,31.68) 

0.707 

0.394 

—: Results not presented because of the sparse number of participants with a low C4 complement level 

Note: Results for analysis across all occupational categories are not adjusted for race, occupation, and degreasing 
chemical exposure because of the sparse number of participants with a low C4 complement level; results for 
individual occupational categories are not adjusted for race and degreasing chemical exposure because of the sparse 
number of participants with a low C4 complement level. 

M^^bgBM j|i^|i:jiiin?ii llill^ 
Initial Dioxin Category ̂ j^^j^Sjä^8^|||^iffll^| Analysis Results for Log2 (Initial Dioxin)8 

Ifiilll'i:;! JI1Ä 
Low 
Medium 
High 

158 
159 
159 

0 (0.0) 
0 (0.0) 
0 (0.0) 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 
—: Results not presented because of the sparse number of Ranch Hands with a low C4 complement level. 

Note: Low = 27-63 ppt; Medium = >63~152 ppt; High = >152 ppt. 
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Table 13-56.   Analysis of C4 Complement (Discrete) (Continued) 

(d) MODEL 2: RANCH HANDS - INITIAL DIOXIN - ADJUSTED 

Analysis Results for Log2 (Initial Dioxin) • j 

Adjusted Relative Risk 

■: Results not presented because of the sparse number of Ranch Hands with a low C4 complement level. 

(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - UNADJUSTED 

>;- _■;.:'. y:    .^; • -;     ''•■:'■ -■<.:-'•             :. ; '■;..=■;;■ Number. (&)':' '■; .'.;.; V    \/ Est. Relative Risk- ,^ ".;.'^; "■■■.■■•?•:.' 
Dioxin-Category n  Low (95% CX)ah      p-Value 

Comparison 1,194 2 (0.2) 

Background RH                        376                      2(0.5)                  3.46(0.47,25.38)                       0.222 
LowRH                                    236                      0(0.0)                              -- 0.999c 

HighRH                                    240                      0(0.0)                              - 0.999c 

Low plus High RH 476 0 (0.0) -- 0.913° 
a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 
0 P-value determined using a chi-square test with continuity correction because of the sparse number of participants 
with a low C4 complement level. 
--: Results not presented because of the sparse number of Ranch Hands with a low C4 complement level. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - ADJUSTED 

Comparison 1,193 

Background RH 374 2.99 (0.40,22.39) 0.286 
LowRH 235 
HighRH 238 
Low plus High RH 473 -- - 

a Relative risk and confidence interval relative to Comparisons. 
—: Results not presented because of the sparse number of Ranch Hands with a low C4 complement level. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand):  1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

Results are not adjusted for race, occupation, and degreasing chemical exposure because of the sparse number 
of participants with a low C4 complement level. 
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Table 13-56.   Analysis of C4 Complement (Discrete) (Continued) 

(g) MODEL 4: RANCH HANDS -1987 DIOXIN ®N|!iF^ 
1987 Dioxin Category Summary Statistics ■ '•:            Analysis Results for Log2 (1987 Dioxin + 1) 

1987 
.-|;;^^&^ff^^vi;^. 

. ■■ Estimated Relative Risk 

Low 
Medium 
High 

283 
285 
284 

2 (0.7) 
0 (0.0) 
0 (0.0) 

0.32(0.12,0.90)                             0.033 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9~19.6 ppt; High = >19.6 ppt. 

(h) MODEL 4: RANCH HANDS -1987 DIOXIN - ADJUSTED 

A^lpisll^uffi + II ■:;,;;. :iM:iW^M '      ■    \ 

 847 0.26 (0.08,0.86) 0.024  
a Relative risk for a twofold increase in 1987 dioxin. 

Note: Results are not adjusted for race, occupation, industrial chemical exposure, and degreasing chemical exposure 
because of the sparse number of Ranch Hands with a low C4 complement level. 

Unadjusted and adjusted results for Models 1 through 3 revealed no significant associations between C4 
complement in its dichotomous form and dioxin (Table 13-56(a-f): p>0.22 for each contrast). The 
unadjusted and adjusted Model 4 analyses revealed a significant relation between C4 complement and 
1987 dioxin (Table 13-56(g,h): Est. RR=0.32, p=0.033; Adj. RR=0.26, p=0.024, respectively). 

13.2.2.3.48    Haptoglobin (Continuous) 

The unadjusted and adjusted Model 1 analyses of haptoglobin each revealed a significant overall group 
difference (Table 13-57(a,b): difference of means=8.7 mg/dl, p=0.002, for the unadjusted analysis; 
difference of means=8.0 mg/dl, p=0.003, for the adjusted analysis). The adjusted mean haptoglobin 
values for the Ranch Hands were 128.5 mg/dl versus 120.5 mg/dl for the Comparisons. After stratifying 
by occupation, both the unadjusted and adjusted analyses showed a significant difference in mean 
haptoglobin levels between Ranch Hands and Comparisons in the enlisted groundcrew stratum (Table 
13-57(a,b): difference of means=10.2 mg/dl, p=0.016, for the unadjusted analysis; difference of adjusted 
means=9.9 mg/dl, p=0.016, for the adjusted analysis). The adjusted mean haptoglobin level among 
Ranch Hand enlisted groundcrew was 137.4 mg/dl versus 127.4 mg/dl among Comparison enlisted 
groundcrew. 
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Table 13-57. Analysis of Haptoglobin (mg/dl) (Continuous) 

(a) MODEL 1: RANCH HANDS VS. COMPARISONS - UNADJUSTED 

Occupational 
^!';#ll6j^S^S'3? ~-'<P:öM:&: 

;'K;^;fei:&.&"M-M'.i;' -P^-r.   -::Dif$erence-;ofMeans: r<,% ■ 
p-Valuec 

All Ranch Hand 
Comparison 

859 
1,231 

135.2                           8.7- 
126.5 

0.002 

Officer Ranch Hand 
Comparison 

340 
490 

122.4                            6.1 -- 
116.3 

0.140 

Enlisted Flyer Ranch Hand 
Comparison 

150 
185 

147.8                           10.4 - 
137.4 

0.141 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

369 
556 

142.5                           10.2 -- 
132.3 

0.016 

a Transformed from square root scale. 
Difference of means after transformation to original scale; confidence interval on difference of means not 

presented because analysis was performed on square root scale. 
c P-value is based on difference of means on square root scale. 

Occupational Difference of Adj. Means 
^PM;^M^^M-B ;;i: iV;::-"'"^v- ^^Gx*öii3p:^>:. ;-;:E:4:;V ^:::;:' !Ov;:--£-a'^li^ * Adj. Mean' f|#V:J:^ Pl S ;H.^Ö jS^Ä^IiS: S'-^ 
All Ranch Hand 854 128.5 8.0- 0.003 

Comparison 1,229 120.5 

Officer Ranch Hand 340 112.2 5.4- 0.172 
Comparison 489 106.8 

Enlisted Flyer Ranch Hand 148 137.3 9.5™ 0.160 
Comparison 184 127.8 

Enlisted Ranch Hand 366 137.4 9.9- 0.016 
Groundcrew Comparison 556 127.4 

a Transformed from square root scale. 
Difference of means after transformation to original scale; confidence interval on difference of means not 

presented because analysis was performed on square root scale. 
c P-value is based on difference of means on square root scale. 

(c) MODEL 2: RANCH HANDS - INITIAL DIOXIN - UNADJUSTED 

Initial Dioxin Cate gory Summary sj|li^ä^||i^ß|5l'|i l^i^SiSwSlS^s Results for Log2 (Initial Dioxin)6 

7; -.iniHal Dioxin ; :;;,;: IfllflnM ilÄift liiiiÄSiii w&iMSgi 
Low 
Medium 
High 

158 
159 
159 

130.2 
144.4 
140.0 

130.3 
144.5 
139.9 

0.002 0.084 (0.097)              0.387 

Transformed from square root scale. 
Adjusted for percent body fat at the time of the blood measurement of dioxin. 

c Slope and standard error based on square root of haptoglobin versus log2 (initial dioxin). 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 
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Table 13-57,   Analysis of Haptoglobin (mg/dl) (Continuous) (Continued) 

■(d) MODEL 2: RANCH HANDS - INITIAL DIOXIN- -ADJUSTED 

■ V'Initial Dioxin Category Summary Statistics :::''.. Analysis Results for...Lpg2 (Initial Dioxin) 

Initial Dioxin ;';:;':':;:'::_ ■^'-^:':H;;Tn■;:j£::;:;.;; /:;:; v:': v; ^:-":" Adj. Mean11  ; 
'$&'&%.":"::          '4!¥&;??z&&$ Slope :0 

:.■;'  -R2'; :..■::, ■■.■';(Std.Error)b   ... p-Value   . : 

Low 
Medium 
High 

158 
158 
157 

118.8 
124.6 
116.4 

0.066                   -0.087(0.111)            0.433 

Transformed from square root scale. 
Slope and standard error based on sq 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

b Slope and standard error based on square root of haptoglobin versus log2 (initial dioxin). 

(e) MODEL 3: RANCH HANDS ANpCOMPA 

:. ■ Dioxin Category ■'. :Mi>M^MWQ':M j§|!|p||al^|t läS^I^M»^ 
vs."-Comparisons 

::;j:l^K:;-;;:; 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,194 

376 
236 
240 
476 

126.7 

131.3 
134.6 
141.8 
138.2 

126.7 

131.4 
134.5 
141.7 
138.1 

4.7- 
7.8- 

15.0 - 
11.4 - 

0.210 
0.078 
0.001 
0.001 

a Transformed from square root scale. 
Adjusted for percent body fat at the time of the blood measurement of dioxin. 

c Difference of means after transformation to original scale; confidence interval on difference of means not presented 
because analysis was performed on square root scale. 
d P~value is based on difference of means on square root scale. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand):  1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(f) MODEL 3; RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - ADJUSTED 

:;;:Wolm Category ;:■....;:. : W-M'M^MM:iMMSM #^f;jäi#te^^stt§3s^ 

Difference of Adj. Mean 

;.'.;p-¥aluec... 
Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH 

1,193 

374 
235 
238 
473 

120.9 

129.8 
127.5 
128.0 
127.7 

8.9» 
6.6- 
7.1- 
6.8- 

0.014 
0.118 
0.105 
0.036 

Transformed from square root scale. 
Difference of means after transformation to original scale; confidence interval on difference of means not presented 

because analysis was performed on square root scale. 
c P-value is based on difference of means on square root scale. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

13-168 



Table 13-57.   Analysis of Haptoglobin (mg/dl) (Continuous) (Continued) 

(g) MODEL 4: RANCH HANDS - -1987 DIOXIN - |t$*|^^ 
':.;■' 1987 Dioxin Category [0nrtm^y^Si^^0fMM: '■...:.:'.' Analysis Results for Log2 (1987 Dioxin +1)    ■ 

1987 Dioxin ':;fl^'S "vP!;:';^: ^|r::J^pöi^:p^|^ ■'..:.   ;R2;.          . :   ;     (StcLErrorf:':            p-Value 
Low 
Medium 
High 

283 
285 
284 

130.4 
132.6 
142.5 

0.002                 0.074 (0.065)             0.254 

a Transformed from square root scale. 
b Slope and standard error based on square root of haptoglobin versus log2 (1987 dioxin + 1). 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(h)MQDEL .4: ;-:SiNpa:;:|pNDSi 1987 DIOXIN- :.ApiÜpTO 
ä:il':::llÄi^ DxinC Category Summary Statistics Analysis Results for Log2 (1987 Dioxin + 1) 

.."' v;-/.;Dio:xiiv WMW^::^:7:7\ ;[§;^|j;j||e|||||| 
Low 
Medium 
High 

283 
281 

127.4 
125.1 
124.4 

0.055                 -0.116(0.073)             0.114 

a Transformed from square root scale. 
Slope and standard error based on square root of haptoglobin versus Iog2 (1987 dioxin +1). 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

The unadjusted and adjusted Model 2 analyses showed no significant relation between initial dioxin and 
haptoglobin (Table 13~57(c,d): p>0.38 for each analysis). Three significant contrasts were found in the 
unadjusted Model 3 analysis of haptoglobin: Ranch Hands in the low dioxin category versus 
Comparisons (Table 13-57(e): difference of means=7.8 mg/dl, p=0.078), Ranch Hands in the high dioxin 
category versus Comparisons (Table 13-57(e): difference of means=15.0 mg/dl, p=0.001), and Ranch 
Hands in the low and high dioxin categories combined versus Comparisons (Table 13-57(e): difference 
of means=l 1.4 mg/dl, p=0.001). 

After adjusting for covariates, two contrasts were found to be significant in the Model 3 analysis: Ranch 
Hands in the background dioxin category versus Comparisons and Ranch Hands in the low and high 
dioxin categories combined versus Comparisons (Table 13-57(f): difference of adjusted means=8.9 
mg/dl, p=0.014; difference of adjusted means=6.8 mg/dl, p=0.036, respectively). The adjusted mean 
haptoglobin levels for Ranch Hands in the background dioxin category, Ranch Hands in the low and high 
dioxin categories combined, and Comparisons were 129.8 mg/dl, 127.7 mg/dl, and 120.9 mg/dl 
respectively. No significant relation was determined between 1987 dioxin and haptoglobin in either the 
unadjusted or adjusted Model 4 analysis (Table 13-57(g,h): p>0.11 for each analysis), 

13.2.2.3.49    Haptoglobin (Discrete) 

A significant overall group difference was revealed in both the unadjusted and adjusted Model 1 analyses 
of haptoglobin in its discrete form (Table 13-58(a,b): Est. RR=1.26, p=0.017; Adj. RR=1.26, p=0.020, 
respectively). The percentage of Ranch Hands with high haptoglobin levels was 32.7 versus 27.9 for 
Comparisons. After stratifying by occupation, both the unadjusted and adjusted analyses revealed a 
marginally significant difference between Ranch Hands and Comparisons among the enlisted groundcrew 
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(Table 13~58(a,b): Est.RR=L30,p=0.063; Adj. RR=1.31,p=0.061, respectively). The percentage of 
high haptoglobin levels among the Ranch Hand enlisted groundcrew was 37.4 versus 31.5 among the 
Comparison enlisted groundcrew. 

Table 13-58. Analysis of Haptoglobin (Discrete) 

(a) MODEL 1: RANCH HANDS VS. COMPARISONS - UNADJUSTED 

Occupational 
Group ~y'i:M^^';u'\ 

■'=■'■:-'Number '(%)'■■■ 
^;;J:V'HighV:.i:-: p-Value   .: 

All Ranch Hand 
Comparison 

859 
1,231 

281 (32.7) 
343 (27.9) 

1.26(1.04,1.52) 0.017 

Officer Ranch Hand 
Comparison 

340 
490 

84 (24.7) 
106 (21.6) 

1.19(0.86,1.65) 0.300 

Enlisted Flyer Ranch Hand 
Comparison 

150 
185 

59 (39.3) 
62 (33.5) 

1.29(0.82,2.01) 0.271 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

369 
556 

138 (37.4) 
175(31.5) 

1.30(0.99,1.72) 0.063 

■(b) MODEL 1: RANCH HANDS VS. COMPARISONS - ADJUSTED 

Occupational Category 
Adjusted Relative Risk 

All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

1.26(1.04,1.52) 

1.18(0.85,1.64) 
1.27(0.81,2.01) 
1.31 (0.99,1.73) 

ip*Valuej 

0.020 

0.316 
0.295 
0.061 

(c) MODEL 2 : RANCH HANDS- |;Ep^I§Öp^ 
^Wtel^jäiil.? 1 Dioxin Category Summary Statistics .;;■.•■;■ ^./Analysis.R^ 

Dioxin W^M^M^MMMW-':{^M 
Low 
Medium 
High 

158 
159 
159 

49 (31.0) 
57 (35.8) 
58(36.5) 

1.05(0.91,1.21)                       0.506 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

KCd)£^^ 

(95%C.I.r p-Value 
473 0.98 (0.82,1.16) 0.785 

Relative risk for a twofold increase in initial dioxin. 
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Table 13-58,  Analysis of Haptogiobin (Discrete) (Continued) 

(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - UNADJUSTED j 

Dioxin Category    7 , ,;        n     ; .     ■     ; I /High-.. '    .'  .: .. (95%[C^f>:  ■ ,: ■      .       :    p-Value 1 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,194 

376 
236 
240 
476 

337 (28.2) 

115(30.6) 
78 (33.1) 
86 (35.8) 

164 (34.5) 

1.13 (0.88,1.46) 
1.25(0.93,1.69) 
1.41(1.05,1.89) 
1.33(1.06,1.67) 

0.338 
0.140 
0.023 
0.015 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(f) MODEL 3: ^N^H HANDS AND COMPARISONS BY DIOXIN CATEGORY ~ ADJUSTED 

Dioxin Category      n  (95% C.I.)a p-Value 

1.32(1.01,1.72) 0.042 
1.25(0.92,1.69) 0.160 
1.15(0.84,1.56) 0.382 
 1.19(0.95,1.51) 0.136 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand):  1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH 

1,193 

374 
235 
238 
473 

(g) MODEL 4: RANCH HANDS -1987 DIOXIN ::§-;iNÄM^ 
1987 Dioxin Category Summary Statistics ^Ml-^ 

Dioxin WkM[iMM:i&k:M 
Number (%) 

(95%C.l.)a                                    p-Value 
Low 
Medium 
High 

283 
285 
284 

86 (30.4) 
88 (30.9) 

105 (37.0) 

1.03 (0.94,1.14)                                0.509 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(h) MODEL 4: RANCH HANDS - 1987 DIOXIN - ADJUSTED 

Analysis Results for Log2 (1987 Dioxin + 1) 

847 0.91(0.82,1.02) 0.107 
a Relative risk for a twofold increase in 1987 dioxin. 
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No significant relation between initial dioxin and haptoglobin in its discrete form was revealed in either 
the unadjusted or adjusted Model 2 analyses (Table 13-58(c,d): p>0.50 for each analysis). The 
unadjusted Model 3 analysis of haptoglobin revealed significant differences between Ranch Hands and 
Comparisons for Ranch Hands in the high dioxin category and Ranch Hands in the low and high dioxin 
categories combined (Table 13-58(e): Est. RR=1.41, p=0.023; Est. RR=1.33, p^0.015, respectively). 
The adjusted Model 3 analysis showed a significant difference between Ranch Hands in the background 
dioxin category and Comparisons (Table 13-58(f): Adj. RR=1.32, p=0.042). The percentages of high 
haptoglobin values for Ranch Hands in the background dioxin category, Ranch Hands in the high dioxin 
category, Ranch Hands in the low and high dioxin categories combined, and Comparisons were 30.6, 
35.8, 34.5, and 28.2, respectively. The unadjusted and adjusted Model 4 analyses were nonsignificant 
(Table 13-58(g,h): p>0.10 for each analysis). 

13.2.2.3.50    Transferrin (Continuous) 

The unadjusted and adjusted Model 1 analyses each revealed a significant overall group difference in the 
mean levels of transferrin (Table 13-59(a,b): difference of means=3.1 mg/dl, p=0.044, for the unadjusted 
analysis; difference of adjusted means=3.1 mg/dl, p=0.037, for the adjusted analysis). The adjusted mean 
level of transferrin was higher for the Ranch Hands than for the Comparisons (246.2 mg/dl vs. 243.1 
mg/dl). Stratifying by occupation uncovered a marginally significant group difference within the enlisted 
groundcrew stratum in both the unadjusted and adjusted analyses (Table 13-59(a,b): difference of 
means=4.5 mg/dl, p=0.056, for the unadjusted analysis; difference of adjusted means=4.2 mg/dl, p=0.063, 
for the adjusted analysis). The adjusted mean level of transferrin among Ranch Hand enlisted 
groundcrew was 247.1 mg/dl versus 242.9 mg/dl among the Comparison enlisted groundcrew. 

Table 13-59. Analysis of Transferrin (m ig/dl) (Continuous) 

(a) MODEL 1: \^^^^^^^^j^&^^W^^§M^Wi^^Mtö 
Occupational Difference of Means 

"00M0^g^^iM W;ß\^^Ö^§^fM t:WW'&^M tm§::MM^^^&M %WWM^MM^MB§& ̂ ^■■^SÄjß-^ if.^ 
All Ranch Hand 

Comparison 
859 

1,231 
252.7 
249.6 

3.1- 0.044 

Officer Ranch Hand 
Comparison 

340 
490 

250.0 
248.4 

1.6- 0.510 

Enlisted Flyer Ranch Hand 
Comparison 

150 
185 

254.5 
251.5 

3.0- 0.439 

Enlisted Ranch Hand 369 254.5 4.5- 0.056 
Groundcrew Comparison 556 250.0 

a Transformed from natural logarithm scale. 
Difference of means after transformation to original scale; confidence interval on difference of means not 

presented because analysis was performed on natural logarithm scale. 
c P-value is based on difference of means on natural logarithm scale. 
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Table 13-59.   Analysis of Transferrin (Continuous) (mg/dl) (Continued) 

gllg*i^^ .ADJUSTED-.-,:■■'■:■          ■ 

:   'Occupational"'.'./'':' 
'; f;^. {:

:
>A ' ;Cätcgo^.::l '■-■£ ;-:-':;<-- ;--T-;:;.  Group Mi Adj. Mean 

. Difference of Adj. Means 
p-Value0 

A« Ranch Hand 
Comparison 

854 
1,229 

246.2 
243.1 

3.1- 0.037 

Officer Ranch Hand 
Comparison 

340 
489 

243.5 
241.6 

1.9» 0.412 

Enlisted Flyer Ranch Hand 
Comparison 

148 
184 

247.9 
244.8 

3.1- 0.404 

Enlisted Groundcrew Ranch Hand 
Comparison 

366 
556 

247.1 
242.9 

4.2» 0.063 

a Transformed from natural logarithm scale. 
Difference of means after transformation to original scale; confidence interval on difference of means not 

presented because analysis was performed on natural logarithm scale. 
c P-value is based on difference of means on natural logarithm scale. 

S^^MODEta^ 
tipÄllw Summary ÄfeitiSiics : -:^ v'/■ iv": ■; ■ ;■>:S^: =:: Analysis Results for Log2 (Initial Dioxin)* 

Initial Dioxin :%':%'&"nf^y%\ ..;;Mearia: \" 'JA^l;Meaöal5/v' R2                (Std. Error)c .. ■■.:p-Value■■:; 

Low 

Medium 

High 

158 

159 

159 

251.5 

254.8 

255.6 

251.5 

254.8 

255.5 

0.001           0.003 (0.005) 0.594 

a Transformed from natural logarithm scale. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 
c Slope and standard error based on natural logarithm of transferrin versus Iog2 (initial dioxin). 

Note: Low - 27-63 ppt; Medium = >63-152 ppt; High - >152 ppt. 

(d)MODEL2: RANCH HANDS -INITIALDIOXIN- - ADJUSTED:, .v-;.: % .:; ■ -;'. K,;;. 

Initial Dioxin Category Sjanuj^^ .V/.-^ '; .;^^^ 

Initial Dioxin WMMf:^mi il^||ii|||l|l 
Low 
Medium 
High 

158 
158 
157 

247.6 
249.2 
249.2 

0.014                    -0.001 (0.006)            0.798 

a Transformed from natural logarithm scale. 
b Slope and standard error based on natural logarithm of transferrin versus log2 (initial dioxin). 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 
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Table 13-59.  Analysis of Transferrin (Continuous) (mg/di) (Continued) 

(ej MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - UNADJUSTED 

Dioxin Category Mean3; Adj. Mean3 

Difference of Adj. Mean 
vs. Comparisons   ' 

: ,.; :/0(95%-;CJ.)c
:: p-Valuel 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,194 

376 
236 
240 
476 

249.5 

250.9 
251.9 
256.0 
254.0 

249.5 

250.9 
251.9 
255.9 
253.9 

1.4- 
2.4-- 
6.4- 
4.4» 

0.480 
0.328 
0.010 
0.019 

a Transformed from natural logarithm scale. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 
c Difference of means after transformation to original scale; confidence interval on difference of means not presented 
because analysis was performed on natural logarithm scale. 
d P-value is based on difference of means on natural logarithm scale. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(f) MODEL 3: RANCH HANDS AND COMPARISONS B 

Dioxin Category: Adj. Mean0 

Difference of Adj. Mean 
•v&':Comparisons-; -:-i 

p~ Value' 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,193 

374 
235 
238 
473 

243.0 

245.2 
246.1 
247.9 
247.0 

2.2- 0.282 
3.1- 0.200 
4.9- 0.050 
4.0- 0.032 

a Transformed from natural logarithm scale. 
Difference of means after transformation to original scale; confidence interval on difference of means not presented 

because analysis was performed on natural logarithm scale. 
c P-value is based on difference of means on natural logarithm scale. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt 

|||8||3||IHD"«ii» Category Summary iStiliSllllllIJi Analysis Results for Log2 (1987 Dioxin WMiXM 

iff§I^M^äSM ̂ i^Pi^iiifll^^SJ f^MM^&<^MWm p-Value; . 
Low 
Medium 
High 

283 
285 
284 

251.0 
251,4 
255.3 

0.004                   0.005 (0.003) 0.082 

a Transformed from natural logarithm scale. 
b Slope and standard error based on natural logarithm of transferrin versus log2 (1987 dioxin + 1). 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

13-174 



Table 13-59.   Analysis of Transferrin (Continuous) (mg/d!) (Continued) 

(h) MODEL 4: BANGH HANDS - -1987 DIOXIN-ADJUSTED 

■     1987 Dioxin Category Summary Statistics .: Analysis; Results for Log2 (1987 Dioxin + 1) 

Dioxin ^^■^■■A^^^-'lia^^;-- |§^|^#;ff|| ■■'■■ R2     ■    ;:..:;:':;:-';.(Std.Error)b     ;         p-Value 
Low 
Medium 
High 

283 
283 
281 

247.6 
247.8 
249.9 

0.014                  0.003 (0.004)              0.385 

Transformed from natural logarithm scale. 
b Slope and standard error based on natural logarithm of transferrin versus log2 (1987 dioxin + 1). 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

The unadjusted and adjusted Model 2 results were not significant (Table 13-59(c,d): p>0.59 for each 
analysis). The unadjusted Model 3 analysis revealed Ranch Hands in the high dioxin category and Ranch 
Hands in the low and high dioxin categories combined to be significantly different from Comparisons 
(Table 13~59(e): difference of means=6.4 mg/dl, p=0.010; difference of means=4.4 mg/dl, p=0.019, 
respectively). The adjusted analysis revealed the same two contrasts to be significant: Ranch Hands in 
the high dioxin category versus Comparisons and Ranch Hands in the low and high dioxin categories 
combined versus Comparisons (Table 13-59(f): difference of adjusted means=4.9 mg/dl, p=0.050; 
difference of adjusted means=4.0 mg/dl, p=0.032, respectively). The adjusted mean levels of transferrin 
for Ranch Hands in the high dioxin category, Ranch Hands in the low and high dioxin categories 
combined, and Comparisons were 247.9 mg/dl, 247.0 mg/dl, and 243.0 mg/dl, respectively. 

A marginally significant association between 1987 dioxin and transferrin was shown in the unadjusted 
Model 4 analysis (Table 13-59(g): slope=0.005, p=0.082). After covariate adjustment, the results 
became nonsignificant (Table 13-59(h): p=0.385). 

13.2.2.3.51    Transferrin (Discrete) 

Both the unadjusted and adjusted Model 1 analyses of transferrin revealed a significant overall group 
difference between Ranch Hands and Comparisons (Table 13-60(a,b): Est. RR=0.73, p=0.036; 
Adj. RR=0.71, p=0.027, respectively). The percentage of low transferrin values among the Ranch Hands 
was 8.1 versus 10.9 for Comparisons. After stratifying by occupation, both the unadjusted and adjusted 
Model 1 analyses showed marginally significant differences between Ranch Hands and Comparisons 
within the officer stratum (Table 13-60(a,b): Est. RR=0.64, p=0.083; Adj. RR=0.63, p=0.070, 
respectively). The percentage of low transferrin values among Ranch Hand officers was 7.1 versus 10.6 
among Comparison officers. 

13-175 



Table 13-60. Analysis of Transferrin (Discrete) 

(a) MODEL 1: RANCH HANDS VS. COMPARISONS - UNADJUSTED 

Occupational 
■_; '-Category.':; [Group:; 

'Number (%) | 
■ Low:.,;.. 

Est. Relative Risk 
■  (95% C.I.) : : | p-Value 

All 

Officer 

Enlisted Flyer 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

859 
1,231 

340 
490 

150 
185 

369 
556 

70   (&1) 
134 (10.9) 

24   (7.1) 
52 (10.6) 

15 (10.0) 
21 (11.4) 

31   (8.4) 
61 (11.0) 

0.73 (0.54,0.98) 

0.64(0.39,1.06) 

0.87(0.43,1.75) 

0.74(0.47,1.17) 

0.036 

0.083 

0.691 

0.202 

(b) MODEL 1: RANCH HANDS VS. COMPARISONS - ADJUSTED 

Occupational Category 
Adjusted Relative Risk 

p- Value 
All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

0.71 (0.52,0.97) 

0.63(0.38,1.04) 
0.83 (0.41,1.68) 
0.74(0.47,1.18) 

0.027 

0.070 
0.601 
0.208 

(c) MODEL lPf$i|Ä 
iSfllfill'Äi ial Dioxin Category Summary Statistics Analysis Results for Log2 (Initial Dioxin)8 

;>f;:f:;:f;^ 
:"€V-:;^ 

Low 
Medium 
High 

158 15 (9.5) 
159 13 (8.2) 
159                       11(6.9) 

0.99(0.77,1.27)                         0.931 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

■^(d)^ 

Xl};:;:-;!3;;;;;;;C:i::p^SV^Mi^^: :3::-■;;;:;;':r-::::::-: :V:.^-'"^P-.;:;;;:::;;:v'!:/>':;v; 
473                                       0.93(0.69,1.24) 0.615 

Relative risk for a twofold increase in initial dioxin. 
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Table 13-60,   Analysis of Transferrin (Discrete) (Continued) 

;Ke|#iÖD^ 

Dioxin Category 
Est Relative Risk 

p-Value 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,194 

376 
236 
240 
476 

133(11.1) 

31   (8.2) 
23   (9.7) 
16   (6.7) 
39   (8.2) 

0.72(0.48,1.09) 
0.86(0.54,1.37) 
0.57 (0.33,0.97) 
0.70(0.48,1.02) 

0.121 
0.526 
0.039 
0.062 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison:  1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(f> MODEL;3:: RANCH HANDS AND COMPARISONS BY DIOXIN CATEG^ 

Dioxin Category 
Adjusted Relative Risk 

y:i;-l-:(?5%CJ.)V/,.;;;;] p-Value 

Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH 

1,193 

374 
235 
238 
473 

0.73(0.48,1.11) 
0.78(0.49,1.26) 
0.57 (0.32,0.99) 
0.66 (0.45,0.98) 

0.142 
0.311 
0.045 
0.039 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison:  1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(g) MODEL 4: RANCH HANDS - 1987 DIOXIN pffllMllpp-i 
;',-::'   ■'   1987 Dioxin Category :Sunmiary^ f|^-if0^^ 

Dioxin 
Estimated Relative Risk 

fö^s^iis^M^^rc 
Low 
Medium 
High 

283 21 (7.4) 
285                 26(9.1) 
284 23 (8.1) 

1.03(0.88,1.22) 0.710 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

:>(hYKi0:pM 
Analysis Results for Log2 (1987 Dioxin + 1) 

;p-Valuei 

847 1.03(0.85,1.24) 0.785 

Relative risk for a twofold increase in 1987 dioxin. 
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No significant association between initial dioxin and transferrin was found in the unadjusted or adjusted 
Model 2 analyses (Table 13-60(c,d): p>0.61 for each analysis). The unadjusted Model 3 analysis of 
transferrin revealed significant differences between Ranch Hands in the high dioxin category and 
Comparisons, as well as between Ranch Hands in the low and high dioxin categories combined and 
Comparisons (Table 13-60(e): Est. RR=0.57, p=0.039; Est RR=0.70, p=0.062, respectively). The same 
contrasts were significant after adjusting for covariates (Table 13-60(f): Adj. RR=0.57, p=0.045, for 
Ranch Hands in the high dioxin category versus Comparisons; Adj. RR=0.66, p=0.039, for Ranch Hands 
in the low and high dioxin categories combined versus Comparisons). The percentages of low transferrin 
values among Ranch Hands in the high dioxin category, Ranch Hands in the low and high dioxin 
categories combined, and Comparisons were 6.7, 8.2, and 11,1, respectively. The unadjusted and 
adjusted Model 4 analyses were nonsignificant (Table 13-60(g,h): p>0.71 for each analysis). 

13.2.3   Longitudinal Analysis 

Longitudinal analyses were conducted on AST, ALT, GGT, cholesterol, HDL cholesterol, the cholesterol- 
HDL ratio, and triglycerides to examine whether changes across time differed with respect to group 
membership (Model 1), initial dioxin (Model 2), and categorized dioxin (Model 3). Model 4 was not 
examined in longitudinal analyses because 1987 dioxin, the measure of exposure in these models, changes 
over time and is not available for all participants for 1982 or 1997. 

Discrete and continuous analyses were performed for all variables. The longitudinal analyses for all of 
these variables investigated the difference between the 1982 and 1997 examinations. These analyses 
were used to investigate the temporal effects of dioxin during the 15-year period between 1982 and 1997. 

The longitudinal analysis for these variables in their continuous form examined the paired difference 
between the measurements from 1982 and 1997. These paired differences measured the change in these 
variables over time. Each of the three models used in the longitudinal analysis was adjusted for age and 
the dependent variable as measured in 1982 (see Chapter 7, Statistical Methods). 

Participants who were abnormal in 1982 were not included in the longitudinal analysis of discrete 
dependent variables. The purpose of the longitudinal analysis was to examine the effects of dioxin 
exposure across time. Participants who were abnormal in 1982 were not considered to be at risk for 
developing the condition, because the condition already existed at the time of the first collection of data 
for the AFHS (1982). Only participants who were normal at the 1982 examination were considered to be 
at risk for developing the disease; therefore the rate of abnormalities under this restriction approximates 
an incidence rate between 1982 and 1997. That is, an incidence rate is a measure of the rate at which 
people without a condition develop the condition during a specified period of time (67). Summary 
statistics are provided for reference purposes for the 1985,1987, and 1992 examinations. 

The longitudinal analyses of discrete variables examined relative risks at the 1997 examination for 
participants who were classified as normal at the 1982 examination. The adjusted relative risks estimated 
from each of the three models were used to investigate the change in the dependent variable over time. 
All three models were adjusted for age; Models 2 and 3 also were adjusted for the percentage of body fat 
at the time of the blood measurement of dioxin. 

The cutpoints for all of these variables except the cholesterol-HDL ratio differed between examinations. 
The cutpoints changed between examinations because a different laboratory was used to perform the 
analysis or because an upgrade in the equipment used caused a change in the reference values. This 
upgrade in equipment may have affected the mean level or the percent abnormal for the dependent 
variable between examinations. These cutpoints were used for determining abnormal and normal 
classifications for each of the respective examinations and are shown in Table 13-61. 
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Table 13-61. Normal Ranges from Air Force Health Study Examinations for Dependent Variables 
Used in Longitudinal Analysis 

Dependent \i triable ":! Examination 

^W!&MwM WMMf&MWm llf;Kj^|'Ürlrl :       :1987   ■ f    '.';■■   1992    '= 1997 
AST (U/l) <41 <47 <47 <50 <37 
ALT(U/1) <45 <36 <36 <55 <65 
GGT (U/l) <85 <85 <85 <51 <85 
Cholesterol (mg/dl) <240 <250 <250 <250 <260 

(Age <40) (Age<45) (Age<45) (Age<45) (Age<50) 
<265 <260 <260 <260 <250 

(Age >40) (Age 45-69) 
<250 

(Age>70) 

(Age 45-69) 
<250 

(Age>70) 

(Age 45-69) 
<250 

(Age>70) 

(Age>50)a 

HDL(mg/dl) >25 >30 >30 >30 >32 
(Age<50) (Age <40) (Age <40) (Age <40) 

>32 >25 >25 >25 
(Age>50) (Age 40-44) 

>30 
(Age >45) 

(Age 40-44) 
>30 

(Age>45) 

(Age 40-44) 
>30 

(Age>45) 
Triglycerides <150 <320 <320 <320 <200 
(mg/dl) (Age <40) (Age<55) (Age<55) (Age<55) 

<160 <290 <290 <290 
(Age 40-49) (Age 55-64) (Age 55-64) (Age 55-64) 

<190 <260 <260 <260 
(Age >50) (Age >65) (Age>65) (Age >65) 

a Cutpoint lower for cholesterol for older participants per manufacturer's recommendation. 

13.2.3.1  Laboratory Examination Vartables 

13.23.1.1      AST (Continuous) 

The analyses in each of Models 1 through 3 did not reveal a significant association between dioxin and 
the change in mean AST levels between 1982 and 1997 (Table 13-62(a-c): p>0.37 for each analysis). 
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Table 13-62. Longitudinal Analysis of AST (U/l) (Continuous) 

(a) MODEL!: RANCH HANDS VS. COMPARISONS 

Occupational 
Group 

Examination :■.- Exam» 
'■Mean:.   ;: 
Change13 ;.i 

-9.62 

-9.59 

Difference of 
Exam. Mean 

Change 

-0.03 

Category 1982 § 1985 1987   : 1992 1997 

22.99 
(804) 
22.89 
(956) 

p'-VaIucc 

All Ranch Hand 

Comparison 

32.61 
(804) 
32.48 
(956) 

33.33 
(787) 
33.47 
(938) 

25.50 
(778) 
25.34 
(929) 

23.03 
(778) 
23.59 
(933) 

0.859 

Officer Ranch Hand 

Comparison 

32.69 
(309) 
32.86 
(377) 

34.01 
(304) 
33.57 
(371) 

25.85 
(301) 
25.76 
(363) 

23.69 
(300) 
24.00 
(370) 

23.29 
(309) 
23.31 
(377) 

-9.40 

-9.55 

0.15 0.897 

Enlisted 
Flyer 

Ranch Hand 

Comparison 

31.89 
(146) 
33.02 
(142) 

32.24 
(143) 
33.53 
(141) 

24.47 
(141) 
25.10 
(140) 

21.14 
(143) 
23.30 
(138) 

22.19 
(146) 
22.87 
(142) 

-9.69 

-10.16 

0.47 0.710 

Enlisted 
Groundcrew 

Ranch Hand 

Comparison 

32.84 
(349) 
31.98 
(437) 

33.18 
(340) 
33.36 
(426) 

25.63 
(336) 
25.08 
(426) 

23.28 
(335) 
23.32 
(425) 

23.06 
(349) 
22.54 
(437) 

-9.78 

-9.44 

-0.34 0.687 

a Transformed from natural logarithm scale. 
Difference between 1997 and 1982 examination means after transformation to original scale. 

c P-value is based on analysis of natural logarithm of AST; results adjusted for natural logarithm of AST in 1982 and 
age in 1997. 

Note: Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for participants who 
attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided for reference purposes 
for participants who attended the 1982, 1992, and 1997 examinations. 
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Table 13-62.   Longitudinal Analysis of AST (U/l) (Continuous) (Continued) 

(b) MODEL 2: RANCH HANDS - INITIAL DIOXIN 

Initial Dioxin Category Summary Statistics». ■   . Analysis Results for Log2 (Initial Dioxin)13 

uh ■ 

Means/(n) ■ 
Examination Adjusted Slope 

:  ::::(Std.,Error).V                    p-Value Initial Did "1982:;;, ■Hsl98S:-' '      1987 1992 1997 

Low 33.11 34.06 25.46 22.57 23.39 -0.004(0.012)                     0.731 
(151) (147) (150) (146) (151) 

Medium 33.39 34.46 26.08 23.18 23.64 
(156) (154) (152) (152) (156) 

High 33.54 33.33 25.86 23.82 23.56 
(151) (148) (146) (148) (151) 

a Transformed from natural logarithm scale. 
b Results based on difference between natural logarithm of 1997 AST and natural logarithm of 1982 AST versus 
log2 (initial dioxin); results adjusted for percent body fat at the date of the blood measurement of dioxin, natural 
logarithm of 1982 AST, and age in 1997. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for 
participants who attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided 
for reference purposes for participants who attended the 1982, 1992, and 1997 examinations. 

(c)MODEL3: RANCHHANDS AND COMPARISONS BY DIOXIN CATEGORY 

-■Meaha/(h);; ■ ^Difference of' 
■■■:■'''■ Dioxin'   - ' Examination Exam. Mean Exam. Mean 

W;i^»fcg9^ftK ■felÄäl .::.   1985 M'lW^M llÄi- W-^MM ■    Change^;,.;;.. ^Iäfe;^Kaii3ig^^^;:' p-Valuec 

Comparison 32.46 33.50 25.35 23.54 22.87 -9.59 
(929) (913) (903) (907) (929) 

Background 31.70 32.54 25.13 22.78 22.22 »9.48 0.11 0,574 
RH (340) (333) (325) (327) (340) 
LowRH 32.75 34.41 25.59 23.05 23.40 -9.34 0.25 0.373 

(226) (220) (222) (218) (226) 
High RH 33.94 33.51 26.00 23.32 23.65 -10.29 -0.70 0.911 

(232) (229) (226) (228) (232) 
Low plus 33.35 33.95 25.80 23.19 23.53 9.82 -0.23 0.520 
HighRH (458) (449) (448) (446) (458) 

a Transformed from natural logarithm scale. 
b Difference between 1997 and 1982 examination means after transformation to original scale. 
c P-value is based on analysis of natural logarithm of 1997 AST; results adjusted for percent body fat at the date of 
the blood measurement of dioxin, natural logarithm of 1982 AST, and age in 1997. 

Note: RH = Ranch Hand. 
Comparison:  1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for 
participants who attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided 
for reference purposes for participants who attended the 1982,1992, and 1997 examinations. 
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1323.12      AST (Discrete) 

All longitudinal analyses of the participants with high AST levels in 1997 that were normal in 1982 were 
nonsignificant (Table 13-63(a-c): p>0.15 for each analysis). 

Table 13-63. Longitudinal Analysis ; of AST (Discrete) 

|(a|JH|p^ 

occupational  \ 
\wgM:-/"M-ßr^^'gt'^ 

''■:'■.:■■'•       :;Nuraber:(%)':Highy(h: 
Examination 

>'■' ■■■■.', "z"; 

I ■- 9;;V; u - p£ätegöi*y;: £ yg ;l/rJSlÄ::l :U'-;i:985.-:   . ! 
VQI^tf:MiM | 1992 : 1997 .v.; 

All Ranch Hand 

Comparison 

99(12.3) 
(804) 

122 (12.8) 
(956) 

51 (6.5) 
(787) 

70 (7.5) 
(938) 

31 (4.0) 
(778) 

26(2.8) 
(929) 

21 (2.7) 
(778) 

31 (3.3) 
(933) 

60 (7.5) 
(804) 

60 (6.3) 
(956) 

Officer Ranch Hand 

Comparison 

34(11.0) 
(309) 

52(13.8) 
(377) 

24 (7.9) 
(304) 

24 (6.5) 
(371) 

14 (4.7) 
(301) 

13 (3.6) 
(363) 

11(3.7) 
(300) 

14 (3.8) 
(370) 

21 (6.8) 
(309) 

23 (6.1) 
(377) 

Enlisted Flyer Ranch Hand 

Comparison 

16(11.0) 
(146) 

20(14.1) 
(142) 

7 (4.9) 
(143) 

13 (9.2) 
(141) 

4 (2.8) 
(141) 

5 (3.6) 
(140) 

1 (0.7) 
(143) 

6(4.3) 
(138) 

10 (6.8) 
(146) 

12 (8.5) 
(142) 

Enlisted Groundcrew     Ranch Hand 

Comparison 

49 (14.0) 
(349) 

50(11.4) 
(437) 

20 (5.9) 
(340) 

33 (7.7) 
(426) 

13 (3.9) 
(336) 

8 (1.9) 
(426) 

9 (2.7) 
(335) 

11 (2.6) 
(425) 

29 (8.3) 
(349) 

25 (5.7) 
(437) 

;^Jj<!-{f^:;^iiW^n^ in 1982 

e Risk Occupational     j 
^M^0Mi^ga:-m^A ;n1ni9^;:;-;v-:Av 

vINumber (%) j 
^Highinl9971 

Adj. Relativ 

W3:SSWM& l--.p-"Valuea:.'; ■■ 
All Ranch Hand 

Comparison 
705 
834 

35 (5.0) 
37(4.4) 

1.13 (0.70,1.81) 0.614 

Officer 

Enlisted Flyer 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 
Ranch Hand 
Comparison 
Ranch Hand 
Comparison 

275 
325 
130 
122 
300 
387 

11(4.0) 
15 (4.6) 
6 (4.6) 
8 (6.6) 

18 (6.0) 
14 (3.6) 

0.87(0.39,1.93) 

0.69 (0.23,2.05) 

1.68(0.82,3.45) 

0.735 

0.506 

0.153 

a Relative risk, confidence interval, and p-values are in reference to a contrast of 1982 and 1997 results; results 
adjusted for age in 1997. 

Note: Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for participants who 
attended the 1982,1987, and 1997 examinations. Summary statistics for 1992 are provided for reference purposes 
for participants who attended the 1982, 1992, and 1997 examinations. Statistical analyses are based only on 
participants who had a normal AST level in 1982 (see Chapter 7, Statistical Methods). 
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Table 13-63.   Longitudinal Analysis of AST (Discrete) (Continued) 

(b) MODEL 2: :&j^P^3^^Sj^ ̂ ETJ^i|>(0pS:; 

/Number'■(%) High/(n)   \. 
Examination 

Initial Dioxin ^i$t^M^:^M MMW^& j^:f:liiN^IR:IIt:K;^ 1992 1997 
Low 

Medium 

High 

17(11.3) 
(151) 

30 (19.2) 
(156) 

23 (15.2) 
(151) 

11(7.5) 
(147) 

11(7.1) 
(154) 

11(7.4) 
(148) 

6 (4.0) 
(150) 

4 (2.6) 
(152) 

7 (4.8) 
(146) 

4 (2.7) 
(146) 

4 (2.6) 
(152) 

4(2.7) 
(148) 

11(7.3) 
(151) 

20(12.8) 
(156) 

14 (9.3) 
(151) 

:■■;■. Initial ;Dioxm-Category Siimmai7; Statistics V:; Analysis Results for Log2 (Initial Dioxin)3 

■Wi M MMmM^. ferihäl l|^i|;f^;|^ 
. ■■■."■ Adj .iReläti^iüsfö 

Dioxin ninl?97 
Number (%) 
High in 1997 ■,.'p-Value.':' 

Low 
Medium 
High 

134 
126 
128 

6 (4.5) 
11 (8.7) 
9 (7.0) 

1.18(0.87,1.59) 0.297 

a Adjusted for percent body fat at the time of the blood measurement of dioxin and age in 1997. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for 
participants who attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided 
for reference purposes for participants who attended the 1982, 1992, and 1997 examinations. Statistical 
analyses are based only on participants who had a normal AST level in 1982 (see Chapter 7, Statistical 
Methods). 

(c) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY 

Number (%) High/(n) 
Examination : 

Dioxin Category ^ffMM^i^0U S'iSSslKKi ■■.-; = : ''^ '■'■1987;".'-::,'"1ii : y-[:'102^[ 'i'Cy Vo 1997' "v ■ 
Comparison 118(12.7) 69 (7.6) 25 (2.8) 30 (3.3) 59 (6.4) 

(929) (913) (903) (907) (929) 

Background RH 27 (7.9) 18 (5.4) 14 (4.3) 9 (2.8) 14(4.1) 
(340) (333) (325) (327) (340) 

LowRH 26(11.5) 19 (8.6) 9(4.1) 8 (3.7) 19 (8.4) 
(226) (220) (222) (218) (226) 

High RH 44 (19.0) 14 (6.1) 8 (3.5) 4(1.8) 26(11.2) 
(232) (229) (226) (228) (232) 

Low plus High RH 70(15.3) 33 (7.3) 17 (3.8) 12 (2.7) 45 (9.8) 
(458) (449) (448) (446) (458) 
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Table 13-63.   Longitudinal Analysis of AST (Discre te) (Continued) 

' £■%: ü             '.::■$'■ y ":::';-:;K:':";::^^ ^^m^gsi^c^ 

Dioxin Category                  n in 1997 High in 1997 
Adj. Relative Risk ■■':.' j 

:p-VaIueb 

Comparison                              811 

Background RH                       313 
Low RH                                   200 
HighRH                                   188 
Low plus High RH                   388 

37 (4.6) 

8 (2.6) 
12 (6.0) 
14 (7.4) 
26 (6.7) 

0.59(0.27,1.30) 
1.34(0.68,2.63) 
1.58(0.83,3.00) 
1.45(0.86,2.44) 

0.193 
0.395 
0.166 
0.162 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin and age in 1997. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin >10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin >10 ppt, Initial Dioxin > 94 ppt. 

Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for 
participants who attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided 
for reference purposes for participants who attended the 1982,1992, and 1997 examinations. Statistical 
analyses are based only on participants who had a normal AST level in 1982 (see Chapter 7, Statistical 
Methods). 

13.2.3.1.3     ALT (Continuous) 

Models 1 and 2 of the longitudinal analyses of ALT in its continuous form revealed no significant 
association between the change in mean AST levels and dioxin (Table 13-64(a,b): p>0.21). Model 3 
analysis of the change in mean ALT levels between 1982 and 1997 revealed two marginally significant 
contrasts: Ranch Hands in the low dioxin category versus Comparisons and Ranch Hands in the low and 
high dioxin categories combined versus Comparisons (Table 13-64(c): difference of examination mean 
change=1.02 U/l, p=0.054; difference of examination mean change=0.72 U/l, p=0.094, respectively). The 
examination mean changes for Ranch Hands in the low dioxin category, Ranch Hands in the low and high 
dioxin categories combined, and Comparisons were 22.84 U/l, 22.54 U/l, and 21.82 U/l, respectively. 
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Table 13-64. Longitudinal Analysi is of ALT (U/l) (Continuous) 

|M$^^ 

Occupational ■  Examination !/  Exam.':.--1 
;y;^MeW:t; ■■>■! 

Difference of 
Exam. Mean 

- .;.'.Category,;■] ̂ ßSlMräÜ^ß^s 1982  ( 1985 SSÄ-1 1992 f. 1997  ;■; Change"  H .   Change   . 

0.89 

p-Valuec 

A// Ranch Hand 19.84 21.66 20.52 27.12 42.55 22.71 0.214 
(804) (787) (778) (778) (804) 

Comparison 20.38 22.53 20.49 27.91 42.20 21.82 
(956) (938) (929) (933) (956) 

Officer Ranch Hand 19.71 21.96 20.53 27.01 41.93 22.22 0.99 0.295 
(309) (304) (301) (300) (309) 

Comparison 20.32 21.97 20.35 27.39 41.55 21.23 
(377) (371) (363) (370) (377) 

Enlisted Ranch Hand 18.69 20.85 19.83 25.15 41.33 22.63 0.77 0.910 
Flyer (146) (143) (141) (143) (146) 

Comparison 20.59 22.01 19.84 28.03 42.45 21.86 
(142) (141) (140) (138) (142) 

Enlisted Ranch Hand 20.46 21.73 20.79 28.10 43.63 23.17 0.85 0.377 
Groundcrew (349) (340) (336) (335) (349) 

Comparison 20.37 23.20 20.82 28.33 42.69 22.32 
(437) (426) (426) (425) (437) 

a Transformed from natural logarithm scale. 
Difference between 1997 and 1982 examination means after transformation to original scale. 

c P-value is based on analysis of natural logarithm of ALT; results adjusted for natural logarithm of ALT in 1982 
and age in 1997. 

Note: Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for participants who 
attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided for reference purposes 
for participants who attended the 1982, 1992, and 1997 examinations. 
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Table 13-64,   Longitudinal Analysis of ALT (U/l) (Continuous) (Continued) 

(b) MODEL 2: RANCH HANDS - INITIAL DIOXIN 

-Initial Dioxin Category Summary Statistics Analysis Results for Log2 (Initial'Dioxin)1* 

0::i '■':-.:-'-''''■'■:.        W^-'0'- ':0I00:0'0 V(i/Exami^a^ii!;;;;":;:;:    ;:;,:;V:>: Adjusted Slope 
\   ,(Std^Error) .      .               p-Value Initial Dioxin ■1982.. ■. 1985 1987 1992 1997 

Low 20.29 
(151) 

22.08 
(147) 

20.15 
(150) 

26.54 
(146) 

42.36 
(151) 

-0.007 (0.010)                    0.444 

Medium 21.76 24.10 21.94 28.72 44.95 
(156) (154) (152) (152) (156) 

High 22.96 23.82 23.07 30.13 45.27 
(151) (148) (146) (148) (151) 

Transformed from natural logarithm scale. 
b Results based on difference between natural logarithm of 1997 ALT and natural logarithm of 1982 ALT versus 
log2 (initial dioxin); results adjusted for percent body fat at the date of the blood measurement of dioxin, natural 
logarithm of 1982 ALT, and age in 1997. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for 
participants who attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided 
for reference purposes for participants who attended the 1982, 1992, and 1997 examinations. 

(c) MODEL 3; J|4iC^^ 

Dioxin       „ 
.':.;Mean*/(n).'.: 
Examination ■'">;Ditterarice:Öf'. ■ 

"■.-.:   Category■•■'■.";■ fÄii; ii#pi llffiÄlf; iÄlP 1997 ;':;Changeb.;:V. Change ,: p-Value* 
Comparison 20.34 22.49 20.46 27.87 42.16 21.82 

(929) (913) (903) (907) (929) 

Background 17.53 19.62 19.01 25.36 40.39 22.87 1.05 0.751 
RH (340) (33) (325) (327) (340) 
LowRH 20.46 23.08 20.50 27.51 43.30 22.84 1.02 0.054 

(226) (220) (222) (218) (226) 
HighRH 22.86 23.57 22.90 29.36 45.07 22.20 0.38 0.503 

(232) (229) (226) (228) (232) 
Low plus 21.64 23.33 21.67 28.44 44.18 22.54 0.72 0.094 
High RH (458) (449) (448) (446) (458) 

Transformed from natural logarithm scale. 
Difference between 1997 and 1982 examination means after transformation to original scale. 

c P-value is based on analysis of natural logarithm of 1997 ALT; results adjusted for percent body fat at the date of 
the blood measurement of dioxin, natural logarithm of 1982 ALT, and age in 1997. 
Note: RH = Ranch Hand. 

Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for 
participants who attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided 
for reference purposes for participants who attended the 1982, 1992, and 1997 examinations. 
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13.23 JA     ALT (Discrete) 

Examination of Models 1 and 2 of the longitudinal analyses for discretized ALT did not find a significant 
association between dioxin and the percentage of participants with normal ALT values in 1982 and high 
ALT values in 1997 (Table 13-65(a,b): p>0.19 for each analysis). 

Table 13-65. Longitudinal Analysis of ALT (Discrete) 

(a) MODEL 1: RANCH HANDS VS. COMPARISONS 

■'"■■'' ■... • /Nümb'^                              , \""-\ 

C)ccupatiüria ;.-Examination ■[;[■ 
Category $$AMMM§ WM§B85%M WMWM-MMMi &M$ffiM W^BW^

:
'&\ 

All Ranch Hand 59(73) 107(13.6) 92 (11.8) 45(5.8) 65 (8.1) 
804 (787) (778) (778) (804) 

Comparison 67 (7.0) 133 (143) 92 (9.9) 64 (6.9) 68 (7.1) 
(956) (938) (929) (933) (956) 

Officer Ranch Hand 23 (7.4) 46(15.1) 38 (12.6) 19 (6.3) 20 (6.5) 
(309) (304) (301) (300) (309) 

Comparison 26 (6.9) 45(12.1) 39 (10.7) 20 (5.4) 16 (4.2) 
(377) (371) (363) (370) (377) 

Enlisted Flyer Ranch Hand 10 (6.8) 15 (10.5) 14 (9.9) 7 (4.9) 15 (10.3) 
(146) (143) (141) (143) (146) 

Comparison 11(7.7) 19(13.5) 9 (6.4) 11(8.0) 15 (10.6) 
042) (141) (140) (138) (142) 

Enlisted Groundcrew     Ranch Hand 26 (7.4) 46 (13.5) 40(11.9) 19 (5.7) 30 (8.6) 
(349) (340) (336) (335) (349) 

Comparison 30 (6.9) 69 (16.2) 44 (10.3) 33 (7.8) 37 (8.5) 
(437) (426) (426) (425) (437) 

mM^UtMM*M !Pii^.gi3ä 
ÄäHfi1! Occupational Number (%) Hig ;h      Adj. Relath 

^:0:M^^^gff0!;M ̂ ;|;j:;:^ : n in 1??7 mm^§MJim pM:SW&$$M. i)*-:r,-'.\\:=- .- p-Valuea 

All Ranch Hand 745 43 (5.8) 0.92 (0.61,139) 0.690 
Comparison 889 56(63) 

Officer Ranch Hand 286 14 (4.9) 1.53 (0.70,3.39) 0.289 
Comparison 351 12 (3.4) 

Enlisted Flyer Ranch Hand 136 11(8.1) 0.87 (0.37,2.06) 0.749 
Comparison 131 12 (9.2) 

Enlisted Ranch Hand 323 18 (5.6) 0.67(0.37,1.23) 0.195 
Groundcrew Comparison 407 32 (7.9) 

a Relative risk, confidence interval, and p-values are in reference to a contrast of 1982 and 1997 results; results 
adjusted for age in 1997. 

Note: Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for participants who 
attended the 1982,1987, and 1997 examinations. Summary statistics for 1992 are provided for reference purposes 
for participants who attended the 1982,1992, and 1997 examinations. Statistical analyses are based only on 
participants who had a normal ALT level in 1982 (see Chapter 7, Statistical Methods). 
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Table 13-65.   Longitudinal Analysis of ALT (Discrete) (Continued) 

.'(b) MODEL 2: ;Ä^H;:f^^ -INITIAL DIOXIN 

: Number (■%) Higb/(n)' ■' 
■''•;..' Examination   ". , 

Initial Dioxin M%SWMM:E iMM:§M$lW-\ W0XW?-X^M:$'. 1992 1997 

Low 

Medium 

High 

12 (7.9) 
(151) 

10 (6.4) 
(156) 

19 (12.6) 
(151) 

20 (13.6) 
(147) 

21 (13.6) 
(154) 

27(18.2) 
(148) 

11(7.3) 
(150) 

22 (14.5) 
(152) 

22(15.1) 
(146) 

4 (2.7) 
(146) 

13 (8.6) 
(152) 

13 (8.8) 
(148) 

10 (6.6) 
(151) 

21 (13.5) 
(156) 

19 (12.6) 
(151) 

Initial Dioxin Category Siimms iry Statistics ■■■- Analysis Results ft r Log2 (Initi al Dioxin)8 

; J.^ ;:5 -^ü-'-;H^S=:r; ■;:::'::;';s;;> '^|C;:|H0*liiai m&mM-mm 
Adj. Relative Risk 

WMnMfW&MXWA 
/;i:ti^mferv(S)::-:l 

;H!ghinl997 p-Value^ I-.-•''•.'! :'.."■' 
Low 
Medium 
High 

139 
146 
132 

8 (5.8) 
14 (9.6) 
10 (7.6) 

1.05(0.78,1.40) 0.750 

a Adjusted for percent body fat at the time of the blood measurement of dioxin and age in 1997. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for 
participants who attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided 
for reference purposes for participants who attended the 1982, 1992, and 1997 examinations. Statistical 
analyses are based only on participants who had a normal ALT level in 1982 (see Chapter 7, Statistical 
Methods). 

(c) MODEL 3: RANGH HANDS A^ 

Number (%) High/(n) 
IM^ 

Dioxin Category KV?.'-1982;':,:-.;;;;,:■ WMMl^MM "'SMiSW^iSWM gisisisisii WM:MWW0M: 
Comparison 65 (7.0) 129 (14.1) 90 (10.0) 60 (6.6) 67 (7.2) 

(929) (913) (903) (907) (929) 

Background RH 17 (5.0) 38 (11.4) 36(11.1) 14 (4.3) 14(4.1) 
(340) (333) (325) (327) (340) 

LowRH 17 (7.5) 30 (13.6) 21 (9.5) 10 (4.6) 20 (8.8) 
(226) (220) (222) (218) (226) 

HighRH 24 (10.3) 38 (16.6) 34 (15.0) 20 (8.8) 30 (12.9) 
(232) (229) (226) (228) (232) 

Low plus High RH 41 (9.0) 68(15.1) 55 (12.3) 30 (6.7) 50 (10.9) 
(458) (449) (448) (446) (458) 
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Table 13-65.   Longitudinal Analysis of ALT (Discrete) (Continued) 

.■: Normal in u^P^&:wM^ 
Adj. Relative Risk 

(95%CX)sb Dioxin Category ; ■feS3^ ^S?^?®{^ ä^&>:': 
■Number(%)'-..   ..; 
High in 1997        ; p-Valueb 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

864 

323 
209 
208 
417 

56 (6.5) 

10(3.1) 
15 (7.2) 
17 (8.2) 
32 (7.7) 

0.55(0.27,1.10) 
1.23(0.68,2.24) 
1.04(0.59,1.85) 
1.13(0.72,1.79) 

0.089 
0.495 
0.889 
0.591 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin and age in 1997. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin >10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand):  1987 Dioxin >10 ppt, Initial Dioxin > 94 ppt. 

Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for 
participants who attended the 1982,1987, and 1997 examinations. Summary statistics for 1992 are provided 
for reference purposes for participants who attended the 1982, 1992, and 1997 examinations. Statistical 
analyses are based only on participants who had an normal ALT level in 1982 (see Chapter 7, Statistical 
Methods). 

The Model 3 analysis of the percentage of participants with high ALT levels in 1997 and normal ALT 
levels in 1982 revealed a marginally significant difference between Ranch Hands in the background 
dioxin category and Comparisons (Table 13-65(c): Adj. RR=0.55, p=0.089). Of the Comparisons with 
normal ALT levels in 1982, 6.5 percent had high ALT levels in 1997, whereas 3.1 percent of Ranch 
Hands in the background dioxin category with normal ALT levels in 1982 had high ALT levels in 1997. 

13.2.3.1.5      GGT (Continuous) 

The analyses in each of Models 1 through 3 did not reveal a significant association between dioxin and 
the change in mean GGT levels (Table 13-66(a-c): p>0.26 for each analysis). 
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Table 13-66. Longitudinal Analysis of GGT (U/l) (Continuous) 

:j^MG^ 

Occupational 
f^w^ilöiSjp^':^:] 

Examination i  'Exam. ■■ :;j 
Mean 

[ .Change*' "1 

Difference of 
ExanL Mean 

Change km£äteg^S§. 1982   ; 19851 ■ :i5»87;::: 1992 1997 p-Value* 
All Ranch Hand 38.12 31.57 32.05 32.38 43.70 5.57 0.74 0.266 

Comparison 
(804) 
37.44 

(787) 
31.53 

(778) 
31.30 

(778) 
31.61 

(804) 
42.27 4.83 

(955) (937) (928) (932) (955) 

Officer Ranch Hand 36.62 30.88 31.40 31.54 42.13 5.51 0.41 0.567 

Comparison 
(309) 
36.09 

(304) 
30.25 

(301) 
30.70 

(300) 
31.24 

(309) 
41.19 5.10 

(377) (371) (363) (370) (377) 
Enlisted Ranch Hand 38.58 31.70 31.74 30.77 44.65 6.07 1.99 0.698 
Flyer 

Comparison 
(146) 
41.81 

(143) 
34.81 

(141) 
33.64 

(143) 
34.67 

(146) 
45.89 4.08 

(142) (141) (140) (138) (142) 
Enlisted Ranch Hand 39.31 32.13 32.77 33.88 44.73 5.42 0.61 0.442 
Groundcrew 

Comparison 
(349) 
37.28 

(340) 
31.63 

(336) 
31.08 

(335) 
30.99 

(349) 
42.09 4.81 

(436) (425) (425) (424) (436) 
a Transformed from natural logarithm scale. 

Difference between 1997 and 1982 examination means after transformation to original scale. 
c P-value is based on analysis of natural logarithm of GGT; results adjusted for natural logarithm of GGT in 1982 
and age in 1997. 

Note: Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for participants who 
attended the 1982,1987, and 1997 examinations. Summary statistics for 1992 are provided for reference purposes 
for participants who attended the 1982, 1992, and 1997 examinations. 
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Table 13-66.   Longitudinal Analysis of GGT (U/l) (Continuous) (Continued) 

(b) MODEL 2; RANCH HANDS - INITIAL DIOXIN 

Initial Dioxin Category Summary Statistics Analysis Results for Log2 (Initial Dioxin)6 

xiri 

\.Mean7(ri):.
: 

Examination Adjusted Slope 
Initial Dio flMWv wm$:i PiÄft; 1992 1997 ....     (Std, Error)                  \   p-Value 
Low 41.42 

(151) 
33.83 
(147) 

32.52 
(150) 

32.74 
(146) 

43.50 
(151) 

»0.009 (0.017)                    0.579 

Medium 42.17 35.47 36.50 36.72 48.93 
(156) (154) (152) (152) (156) 

High 41.69 33.53 34.54 35.61 46.45 
(151) (148) (146) (148) (151) 

a Transformed from natural logarithm scale. 
b Results based on difference between natural logarithm of 1997 GGT and natural logarithm of 1982 GGT versus 
log2 (initial dioxin); results adjusted for percent body fat at the date of the blood measurement of dioxin, natural 
logarithm of 1982 GGT, and age in 1997. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for 
participants who attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided 
for reference purposes for participants who attended the 1982, 1992, and 1997 examinations. 

:':(c)!MODEL;3: RANCH HANDS A^D COMPARISON 
: -Meana/(n). Difference of 

^Wi:'-'^ Examination Exam. Mean ';'i;^^i^am^;:"Mea1rt:;--'::-'.'' 
^-M::!*M0£i$wMM'; m&MS itMtS' :|l^|||l ilÄP W$Mm Change15 

£;iJ;vfSS p-Valuec 

Comparison 37.10 31.17 30.95 31.19 41.92 4.82 
(928) (912) (902) (906) (928) 

Background 33.22 28.00 28.71 28.90 39.90 6.69 1.87 0.363 
RH (340) (333) (325) (327) (340) 
LowRH 40.41 33.57 32.97 33.56 44.00 3.58 -1.24 0.686 

(226) (220) (222) (218) (226) 
High RH 43.12 34.98 36.05 36.45 48.59 5.48 0.66 0.276 

(232) (229) (226) (228) (232) 
Low plus 41.76 34.28 34.49 35.01 46.27 4.51 -0.31 0.330 
High RH (458) (449) (448) (446) (458) 

a Transformed from natural logarithm scale. 
Difference between 1997 and 1982 examination means after transformation to original scale. 

c P-value is based on analysis of natural logarithm of 1997 GGT; results adjusted for percent body fat at the date of 
the blood measurement of dioxin, natural logarithm of 1982 GGT, and age in 1997. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for 
participants who attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided 
for reference purposes for participants who attended the 1982, 1992, and 1997 examinations. 
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13.2.3.1.6     GGT (Discrete) 

The longitudinal analyses in Models 1 through 3 did not reveal a significant association between the 
change in discretized GGT values and dioxin (Table 13-67(a-c): p>0.10). 

Table 13-67. Longitudinal Analysis of GGT (Discrete) 

- .(a) MODEL.-'!:-:- R&NCH.H&NDS ^VS.: COMPARISONS; .;: 

Occupational 
■:"[ .Category :.--.\ 

Number (%) High/(n) 
 Examination  / 

; Group; i9a2 1985 1987 mm mm 
All Ranch Hand 68 (8.5) 58 (7.4) 57 (7.3) 155 (19.9) 84 (10.4) 

(804) (787) (778) (778) (804) 
Comparison 81 (8.5) 76(8.1) 60 (6.5) 163 (17.5) 94 (9.8) 

(955) (937) (928) (932) (955) 

Officer Ranch Hand 26 (8.4) 21 (6.9) 24 (8.0) 56 (18.7) 27 (8.7) 
(309) (304) (301) (300) (309) 

Comparison 31 (8.2) 27 (7.3) 23 (6.3) 64 (17.3) 32 (8.5) 
(377) (371) (363) (370) (377) 

Enlisted Flyer Ranch Hand 15 (10.3) 11(7.7) 13 (9.2) 25 (17.5) 23 (15.8) 
(146) (143) (141) (143) (146) 

Comparison 16(11.3) 17(12.1) 15 (10.7) 29 (21.0) 21 (14.8) 
(142) (141) (140) (138) (142) 

Enlisted Groundcrew     Ranch Hand 27 (7.7) 26 (7.6) 20 (6.0) 74 (22.1) 34 (9.7) 
(349) (340) (336) (335) (349) 

Comparison 34 (7.8) 32(7.5) 22 (5.2) 70(16.5) 41 (9.4) 
(436) (425) (425) (424) (436) 

;;■ ■ :]''■'■...'. Normal^ in 1982   \ 

Adj. Relative Risk Occupational ..,:■. '.-■■ :".. ;>::-! :Number f%) High] 
Category Group ^W^S® in 1997 MMM:&§& i'dXf- 7 ■'.:;.; V: ; p-Valuea ;■. 

AÜ Ranch Hand 736 48  (6.5) 1.02 (0.69,1.53) 0.909 
Comparison 874 56  (6.4) 

Officer Ranch Hand 283 13   (4.6) 1.01 (0.48,2.14) 0.982 
Comparison 346 16   (4.6) 

Enlisted Flyer Ranch Hand 131 16 (12.2) 1.12(0.52,2.41) 0.768 
Comparison 126 14(11.1) 

Enlisted Ranch Hand 322 19   (5.9) 0.90(0.49,1.66) 0.731 
Groundcrew Comparison 402 26   (6.5) 

a Relative risk, confidence interval, and p-values are in reference to a contrast of 1982 and 1997 results; results 
adjusted for age in 1997. 

Note: Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for participants who 
attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided for reference purposes 
for participants who attended the 1982, 1992, and 1997 examinations. Statistical analyses are based only on 
participants who had a normal GGT level in 1982 (see Chapter 7, Statistical Methods). 
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Table 13-67. Longitudinal Analysis of GGT (Discrete) (Continued) 

(b) MODEL 2: RANCH HANDS - -INITIAL DIOXIN 

Number (%)High/(n) 
Examination 

Initial Dioxin ^^S§?§^^i^Mr iMÖÄ&E ^Ä;!;!^ 1992 1997 
Low 

Medium 

High 

17(11.3) 
151 

15 (9.6) 
(156) 

17(11.3) 
(151) 

12 (8.2) 
(147) 

12 (7.8) 
(154) 

14 (9.5) 
(148) 

10 (6.7) 
(150) 

14 (9.2) 
(152) 

13 (8.9) 
(146) 

26 (17.8) 
(146) 

39 (25.7) 
(152) 

33 (22.3) 
(148) 

16 (10.6) 
(151) 

27 (17.3) 
(156) 

17(11.3) 
(151) 

Initial Dioxin Category'Summary Statistics- ;. Analysis Results for jLog* (Initial Dioxin)8  . . 

^^■^"'It^i'fi^M^^N^feifti^ liiBÄflSlIül 
Adj. Relative Risk 

~W^i^9?K:WM Highiril#7 .p-Value...'. 
Low 
Medium 
High 

134 
141 
134 

8  (6.0) 
19 (13.5) 

8   (6.0) 

1.03(0.78,1.35) 0.860 

a Adjusted for percent body fat at the time of the blood measurement of dioxin and age in 1997. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for 
participants who attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided 
for reference purposes for participants who attended the 1982, 1992, and 1997 examinations. Statistical 
analyses are based only on participants who had a normal GGT level in 1982 (see Chapter 7, Statistical 
Methods). 

|<^;>W^ 

Number (%) High/(n) 
Examination 

Dioxin Category W'X:j"li^:00: ^l:M:0$MS M;MXi<$M7MM^X tSSM^KwS M^MJ^M'M 
Comparison 74 (8.0) 71 (7.8) 55 (6.1) 151 (16.7) 89 (9.6) 

(928) (912) (902) (906) (928) 

Background RH 17 (5.0) 19 (5.7) 19 (5.8) 55 (16.8) 22 (6.5) 
(340) (333) (325) (327) (340) 

LowRH 22 (9.7) 16 (7.3) 15 (6.8) 43 (19.7) 27(11.9) 
(226) (220) (222) (218) (226) 

High RH 27(11.6) 22 (9.6) 22 (9.7) 55(24.1) 33 (14.2) 
(232) (229) (226) (228) (232) 

Low plus High RH 49 (10.7) 38 (8.5) 37 (8.3) 98 (22.0) 60(13.1) 
(458) (449) (448) (446) (458) 
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Table 13-67.   Longitudinal Analysis of GGT (Discrete) (Continued) 

;.;;:;.:;:: ; ■      "'IH:"^rniat'in. fl^;f|^iä'r?;|;PE; 
Adj. Relative Risk 

:.    (95%:CX)ab. Dioxin Category :■    n in 1997 Highml997 .'     P-Valueb 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

854 

323 
204 
205 
409 

55 (6.4) 

12 (3.7) 
15 (7.4) 
20 (9.8) 
35 (8.6) 

0.58(0.31,1.11) 
1.19(0.66,2.16) 
1.46(0.85,2.52) 
1.32(0.84,2.06) 

0.101 
0.569 
0.173 
0.224 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin and age in 1997. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin >10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin >10 ppt, Initial Dioxin > 94 ppt. 

Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for 
participants who attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided 
for reference purposes for participants who attended the 1982, 1992, and 1997 examinations. Statistical 
analyses are based only on participants who had a normal GGT level in 1982 (see Chapter 7, Statistical 
Methods). 

13.23.1.7      Cholesterol (Continuous) 

The Model 1 analysis of the change in mean cholesterol levels did not uncover a significant difference 
between overall Ranch Hands and Comparisons (Table 13-68(a): p=0.877). Stratifying by occupation 
showed marginally significant group differences in the officers and enlisted groundcrew strata (Table 
13-68(a): difference of examination mean change =-3.8 mg/dl, p=0.075, for officers; difference of 
examination mean change=6.5 mg/dl, p=0.082, for enlisted groundcrew). Among the officers, the Ranch 
Hand mean decreased by 6.5 mg/dl between 1982 and 1997 versus a mean decrease of 2.7 mg/dl for 
Comparisons. Among the enlisted groundcrew, the Ranch Hands had a mean increase of 4.0 mg/dl 
between 1982 and 1997 versus a mean decrease of 2.5 mg/dl for Comparisons. Model 2 and 3 analyses 
did not show any significant relations between dioxin and the change in mean cholesterol levels (Table 
13-68(b,c): p>0.12 for each analysis). 
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Table 13-68. Longitudinal Analysis of Cholesterol (mg/dl) (Continuous) 

(a) MODEL 1: RANCH HANDS VS foGW$^M^^MW 

Occupational 

Meah7(n)   ■ 
Examination ■ 

: .:Exäm.;-- 
: Mean 

Difference of 
Exam. Mean     ; 

Category ..-'•■; Group &W$:^ 1985 1 1987 :| 1992 1997 :: Change15 ■. 1 .      Change p-Valuec 

All Ranch Hand 212,3 214.9 216.0 215.9 210.8 -1.5 2.0 0.877 
(804) (787) (778) (778) (804) 

Comparison 215.8 217.2 215.8 216.0 212.4 -3.5 
(956) (938) (929) (933) (956) 

Officer Ranch Hand 212.2 215.4 215.9 214.3 205.7 -6.5 -3.8 0.075 
(309) (304) (301) (300) (309) 

Comparison 213.6 215.2 214.6 213.0 210.8 -2.7 
(377) (371) (363) (370) (377) 

Enlisted Ranch Hand 217.4 220.0 218.6 219.8 213.5 -3.9 4.4 0.838 
Flyer (146) (143) (141) (143) (146) 

Comparison 224.7 222.5 221.8 221.8 216.4 -8.3 
(142) (141) (140) (138) (142) 

Enlisted Ranch Hand 210.3 212.4 214.9 215.8 214.3 4.0 6.5 0.082 
Groundcrew (349) (340) (336) (335) (349) 

Comparison 214.9 217.3 214.9 216.9 212.4 -2.5 
(437) (426) (426) (425) (437) 

a Transformed from square root scale. 
b Difference between 1997 and 1982 examination means after transformation to original scale. 
c P-value is based on analysis of square root of cholesterol; results adjusted for square root of cholesterol in 1982 
and age in 1997. 

Note: Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for participants who 
attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided for reference purposes 
for participants who attended the 1982, 1992, and 1997 examinations. 
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Table 13-68.   Longitudinal Analysis of Cholesterol (mg/dl) (Continuous) (Continued) 

(b) MODEL 2: RANCH HANDS - INITIAI , DIOXIN 

Initial Dioxiii Category Summary Statistics V:.l: Analysis Results for Log2 (JjnMaI;IMoxin)b   • 

sin 

Meana/(n) 
Examination ■ ■■:>  Adjusted Slope    .. 

Initial Dio 1982 ;fli|85i-: 1987 1992 1997 :.'.,-.; (Std, Error) :                     p-Value 

Low 

Medium 

High 

213.4 
(151) 

212.5 
(156) 

218.6 
(151) 

216.4 
(147) 

215.7 
(154) 

219.0 
(148) 

216.9 
(150) 

217.0 
(152) 

219.0 
(146) 

215.5 
(146) 

215.8 
(152) 

220.8 
(148) 

205.6 
(151) 

213.8 
(156) 

217.9 
(151) 

0.063(0.041)                      0.128 

a Transformed from square root scale. 
b Results based on difference between square root of 1997 cholesterol and square root of 1982 cholesterol versus 
log2 (initial dioxin); results adjusted for percent body fat at the date of the blood measurement of dioxin, square root 
of 1982 cholesterol, and age in 1997. 

Note: Low = 27-63 ppt; Medium - >63-152 ppt; High = >152 ppt. 

Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for 
participants who attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided 
for reference purposes for participants who attended the 1982,1992, and 1997 examinations. 

■/(c>M0DEL3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY 

Mean7(n) Difference of 
'^%'r^I)iBiinM^W^ Examination 

Change* fy^w^W&^yM'M f|i-9$tiä ::|ljl|:i! ■T'^i9BV;.:[ 1992 iiiPifl -:
;;p-yalüec-; ■ 

Comparison 215.5 217.2 215.7 215.8 212.3 -3.2 
(929) (913) (903) (907) (929) 

Background 208.9 212.1 214.0 214.1 208.8 -0.1 3.1 0.800 
RH (340) (333) (325) (327) (340) 
LowRH 212.8 215.8 215.7 216.4 208.0 -4.8 -1.6 0.410 

(226) (220) (222) (218) (226) 
High RH 216.7 218.2 219.5 218.2 216.7 0.0 3.2 0.168 

(232) (229) (226) (228) (232) 
Low plus 214.8 217.0 217.6 217.3 212.4 -2.4 0.8 0.704 
HighRH (458) (449) (448) (446) (458) 

a Transformed from square root scale. 
b Difference between 1997 and 1982 examination means after transformation to original scale. 
c P-value is based on analysis of square root of 1997 cholesterol; results adjusted for percent body fat at the date of 
the blood measurement of dioxin, square root of 1982 cholesterol, and age in 1997. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for 
participants who attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided 
for reference purposes for participants who attended the 1982, 1992, and 1997 examinations. 
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13.23.1.8      Cholesterol (Discrete) 

The Model 1 analysis of the percentage of participants with high cholesterol levels in 1997 did not 

uncover a significant difference between overall Ranch Hands and Comparisons (Table 13~69(a): 

p=0.323). Stratifying by occupation showed a significant group difference in the enlisted groundcrew 

stratum (Table 13-69(a): Adj. RR=1.68, p=0.031). For enlisted groundcrew with normal cholesterol 
levels in 1982, 15.6 percent of the Ranch Hands and 9.9 percent of the Comparisons had high cholesterol 
levels in 1997. 

Table 13-69. Longitudinal Analysis of Cholesterol (Discrete) 

;f;i$tt^ J0^1^^grä^^|g^f ■ ^:;^; ^:;:,;:= 

Occupational Mi 
^M^M§^o^:Pl t:iM:XM^^i^^^% WM§MmäM WSMMmM I;SfÄ$K 1997 

All Ranch Hand 

Comparison 

121 (15.0) 
(804) 

156(16.3) 
(956) 

127(16.1) 
(787) 

170 (18.1) 
(938) 

131(16.8)      108(13.9) 
(778)              (778) 

135 (14.5)       121 (13.0) 
(929)              (933) 

121 (15.0) 
(804) 

142 (14.9) 
(956) 

Officer Ranch Hand 

Comparison 

34(11.0) 
(309) 

43(11.4) 
(377) 

49(16.1) 
(304) 

53 (14.3) 
(371) 

49(16.3)        35(11.7) 
(301)              (300) 

43(11.8)        40(10.8) 
(363)              (370) 

36(11.7) 
(309) 

53 (14.1) 
(377) 

Enlisted Flyer Ranch Hand 

Comparison 

27 (18.5) 
(146) 

29 (20.4) 
(142) 

27 (18.9) 
(143) 

34(24.1) 
(141) 

30(21.3)        26(18.2) 
(141)              (143) 

27(19.3)        19(13.8) 
(140)              (138) 

21 (14.4) 
(146) 

21 (14.8) 
(142) 

Enlisted Groundcrew     Ranch Hand 

Comparison 

60 (17.2) 
(349) 

84 (19.2) 
(437) 

51 (15.0) 
(340) 

83 (19.5) 
(426) 

52 (15.5)        47 (14.0) 
(336)              (335) 

65 (15.3)        62 (14.6) 
(426)               (425) 

64 (18.3) 
(349) 

68 (15.6) 
(437) 

|^y^^;^'i^|t!|l*ffi jnl982.^M,:; 

'.:'Occupational--..' ■. i 
!^3iiÄö^&f'0^l ■■-ft;M'|9^M;;;:--;;-v;i 

Number (%) 
HHigh-jniW.;-: lii:Mueiir;:-:;:x' 

All Ranch Hand 
Comparison 

683 
800 

81 (11.9) 
82 (10.3) 

1.18 (0.85,1.63) 0.323 

Officer 

Enlisted Flyer 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 
Ranch Hand 
Comparison 
Ranch Hand 
Comparison 

275 
334 
119 
113 
289 
353 

25   (9.1) 
36 (10.8) 
11   (9.2) 
11   (9.7) 
45(15.6) 
35   (9.9) 

0.83 (0.48,1.41) 

0.94 (0.39,2.27) 

1.68 (1.05,2.70) 

0.483 

0.896 

0.031 

a Relative risk, confidence interval, and p-values are in reference to a contrast of 1982 and 1997 results; results 
adjusted for age in 1997. 

Note: Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for participants who 
attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided for reference purposes 
for participants who attended the 1982,1992, and 1997 examinations. Statistical analyses are based only on 
participants who had a normal cholesterol level in 1982 (see Chapter 7, Statistical Methods). 
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Table 13-69.   Longitudinal Analysis of Cholesterol (Discrete) (Continued) 

•(b) MODEL 2: RANCH HANDS — INITIAL DIOXIN ' .     ',;■   -  .\ ;   ;;::K-5 

Initial Dioxin r;ggp;|^f:'^:|-^ i^;|^|i^gf'?;:!; f|;;iJ:;^j^7?>äK;i ||;ffy3^^;;;i;:: 1997 
Low 18(11.9) 25 (17.0) 25 (16.7) 19 (13.0) 18(11.9) 

(151) (147) (150) (146) (151) 
Medium 24 (15.4) 25 (16.2) 23(15.1) 21 (13.8) 29 (18.6) 

(156) (154) (152) (152) (156) 
High 39 (25.8) 26 (17.6) 23 (15.8) 27 (18.2) 30(19.9) 

(151) (148) (146) (148) (151) 

Initial Dioxin Category Summary Statistics Analysis Results for Log2 (Initial Dioxin)8 

Normal i^i||Qt;||gg..£ 
Initial 

Wffm^Mf; 
Adj.Äiäateelife^k^^^i          ■'■.'■■   .         ■' ";' ■ . 

Low 
Medium 
High 

133 
132 
112 

14 (10.5) 
21 (15.9) 
20 (17.9) 

1.23(0.98,1.54)                         0.072 

a Adjusted for percent body fat at the time of the blood measurement of dioxin and age in 1997. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for 
participants who attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided 
for reference purposes for participants who attended the 1982, 1992, and 1997 examinations. Statistical 
analyses are based only on participants who had a normal cholesterol level in 1982 (see Chapter 7, Statistical 
Methods). 

(c) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY 

Number (%) High/(n) 
^^^JE^^Ääti6n^^«x;-^ 

Dioxin Category fMM00¥UM:- ̂ äSSi^Bä1! |!q4 ^|$^y^lii|^5J^rs^I5^t S^ÄKSüS pK'il^W?? 
Comparison 150(16.1) 165(18.1) 131 (14.5) 115(12.7) 138 (14.9) 

(929) (913) (903) (907) (929) 

Background RH 40(11.8) 51 (15.3) 60(18.5) 40 (12.2) 44 (12.9) 
(340) (333) (325) (327) (340) 

LowRH 29 (12.8) 37 (16.8) 35 (15.8) 31 (14.2) 31 (13.7) 
(226) (220) (222) (218) (226) 

High RH 52 (22.4) 39 (17.0) 36 (15.9) 36(15.8) 46 (19.8) 
(232) (229) (226) (228) (232) 

Low plus High RH 81 (17.7) 76 (16.9) 71 (15.8) 67 (15.0) 77 (16.8) 
(458) (449) (448) (446) (458) 
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Table 13-69.   Longitudinal Analysis of Cholesterol (Discrete) (Continued) 

i;1-:-:-:;: v v:: ■,::::;' ^:^Nör iriat:: in 1982 

Adj. Relative Risk 
'';.;(95.%'CX)abv: .   Dioxin Category .•■'.■ n in 1997 

'■.'.' ■ Number (.%);.-. 
High in 1997 p-Value" 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

779 

300 
197 
180 
377 

80 (10.3) 

26   (8.7) 
24 (12.2) 
31 (17.2) 
55 (14.6) 

0.75 (0.47,1.20) 
1.24(0.76,2.02) 
2.04(1.29,3.24) 
1.57(1.08,2.29) 

0.236 
0.393 
0.002 
0.018 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin and age in 1997. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand):  1987 Dioxin >10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for 
participants who attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided 
for reference purposes for participants who attended the 1982, 1992, and 1997 examinations. Statistical 
analyses are based only on participants who had a normal cholesterol level in 1982 (see Chapter 7, Statistical 
Methods). 

The Model 2 longitudinal analysis revealed a marginally significant association between initial dioxin and 
high cholesterol levels in 1997 (Table 13-69(b): Adj. RR=1.23, p=0.072). The percentages of 
participants who had normal cholesterol levels in 1982 and high cholesterol levels in 1997 were 10.5, 
15.9, and 17.9 in the low, medium, and high initial dioxin categories, respectively. 

Model 3 analysis of the change in cholesterol values from normal in 1982 to high in 1997 revealed two 
significant contrasts: Ranch Hands in the high dioxin category versus Comparisons and Ranch Hands in 
the low and high dioxin categories combined versus Comparisons (Table 13-69(c); Adj. RR=2.04, 
p=0.002; Adj. RR-1.57, p=0.018, respectively). Of the Comparisons, 10.3 percent had normal 
cholesterol levels in 1982 and high cholesterol levels in 1997. Of the Ranch Hands, 17.2 percent in the 
high dioxin category and 14.6 percent in the low and high dioxin categories combined had normal 
cholesterol levels in 1982 and high cholesterol levels in 1997. 

13.2.3.1.9      HDL Cholesterol (Continuous) 

The longitudinal analyses in Models 1 through 3 did not reveal a significant association between dioxin 
and the change in mean HDL cholesterol levels (Table 13-70(a-c): p>0.10 for each analysis). 
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Table 13-70. Longitudinal Analysi is of HDL Cholesterol (mg/dl) (Continuous) 

(a) MODEL!: RANCH HANDS VS COMPARISONS 

Occupational 

'K'^I^SPPWRSVII 

]i(BM-M 
■:'■■'.." ■'-"■v :Exa^Mti(i>n:;;':.   ;■ j 

Change6 

Difference of 
J{ ■ -fixairi. >Meän;:y;': 1 

Change Category W$$&] WS BAB 1992 1997 p-Value0 

All Ranch Hand 

Comparison 

44.61 
(798) 
44.89 
(955) 

44.66 
(781) 
44.90 
(937) 

45.43 
(772) 
45.45 
(928) 

40.85 
(763) 
40.60 
(926) 

45.03 
(798) 
44.74 
(955) 

0.42 

-4.15 

0.57 0.235 

Officer Ranch Hand 

Comparison 

45.96 
(306) 
46.31 
(377) 

46.24 
(301) 
46.43 
(371) 

46.94 
(298) 
47.05 
(363) 

42.59 
(293) 
41.90 
(367) 

46.91 
(306) 
46.98 
(377) 

0.95 

0.67 

0.28 0.844 

Enlisted 
Flyer 

Ranch Hand 

Comparison 

42.99 
(145) 
43.14 
(142) 

42.99 
(142) 
43.51 
(141) 

44.26 
(140) 
44.41 
(140) 

40.48 
(138) 
40.28 
(136) 

44.86 
(145) 
43.53 
(142) 

1.87 

0.38 

1.49 0.146 

Enlisted 
Groundcrew 

Ranch Hand 

Comparison 

44.13 
(347) 
44.27 
(436) 

44.00 
(338) 
44.06 
(425) 

44.61 
(334) 
44.47 
(425) 

39.52 
(332) 
39.60 
(423) 

43.50 
(347) 
43.27 
(436) 

-0.63 

-LOO 

0.37 0.527 

a Transformed from natural logarithm scale. 
Difference between 1997 and 1982 examination means after transformation to original scale. 

c P-value is based on analysis of natural logarithm of HDL cholesterol; results adjusted for natural logarithm of HDL 
cholesterol in 1982 and age in 1997. 

Note: Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for participants who 
attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided for reference purposes 
for participants who attended the 1982, 1992, and 1997 examinations. 
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Table 13-70.   Longitudinal Analysis of HDL Cholesterol (mg/dl) (Continuous) (Continued) 

M^^mx^äi RANCH HANDS -INITIAL DIOXIN 

Initial Dioxin 0^^^'^^sm^ßiMs^ ■■'■' Analysis Results for Log2 (Initial Dioxin/' 

Adjusted Slope 
Initial Dioxin W$$W- W.im$::i 1||Ä||;- 1992 •■.■19977 

Low 44.90 
(149) 

44.49 
(145) 

45.38 
(148) 

41.26 
(144) 

45.14 
(149) 

0.007 (0.008)                     0.382 

Medium 43.22 43.05 43.71 39.43 43.51 
(154) (152) (150) (148) (154) 

High 42.38 42.38 43.37 38.86 43.39 
(150) (147) (145) (144) (150) 

a Transformed from natural logarithm scale. 
b Results based on difference between natural logarithm of 1997 HDL cholesterol and natural logarithm of 1982 
HDL cholesterol versus Iog2 (initial dioxin); results.adjusted for percent body fat at the date of the blood 
measurement of dioxin, natural logarithm of 1982 HDL cholesterol, and age in 1997. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for 
participants who attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided 
for reference purposes for participants who attended the 1982, 1992, and 1997 examinations. 

iSMgDiii: fÄN§||H§TO 

äyi^SiMiiS^^!i|. 
, MeanV(n) 
Examination 

. Exam. Mean "^f|Exäni;iMeän"]^'vä 
^:"K|'^afc^P'^|li;?i llllllll iflÄf J|-iHl;f::J ItÄlI 1IÄI1S gl|liöii;;l,;| ?|^K-f^ängfei^::u^ p-Vahiec';.:; 
Comparison 44.90 44.80 45.37 40.54 44.65 -0 0A 

(928) (912) (902) (901) (928) 

Background 46.06 46.57 47.32 42.43 46.44 0.38 0.62 0.437 
RH (339) (332) (324) (322) (339) 
LowRH 44.89 44.77 45.54 41.52 45.07 0.18 0.42 0.598 

(224) (218) (220) (215) (224) 
HighRH 42.15 41.91 42.81 38.26 42.97 0.83 1.07 0.105 

(229) (226) (223) (221) (229) 
Low plus 43.48 43.29 44.14 39.83 44.00 0.52 0.76 0.161 
High RH (453) (444) (443) (436) (453) 

Transformed from natural logarithm scale. 
Difference between 1997 and 1982 examination means after transformation to original scale. 

c P-value is based on analysis of natural logarithm of 1997 HDL cholesterol; results adjusted for percent body fat at 
the date of the blood measurement of dioxin, natural logarithm of 1982 HDL cholesterol, and age in 1997. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for 
participants who attended the 1982,1987, and 1997 examinations. Summary statistics for 1992 are provided 
for reference purposes for participants who attended the 1982, 1992, and 1997 examinations. 
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13.2.3.1.10   HDL Cholesterol (Discrete) 

Analyses of Models 1 through 3 showed no significant relations between dioxin and the percentage of 
participants with low HDL cholesterol values in 1997 (Table 13-71(a-c): p>0.19 for each analysis). 

Table 13-71. Longitudinal Analysis of HDL Cholesterol (Discrete) 

:(a)itfOpp^ 

.     Number (%)Löw/(n)   ;' 
!;M MtQtäityäiMüifc: \ 

WM^WMliM^^^A 

Examination 

W;f0BM0^^^^:WB |fI;:||:IMil|| ;\:^->i98S;' ■■:; 7 ;;'/'ld87;;;-;:;--i 1992 ■ " .1 1997 
All Ranch Hand 

Comparison 

21 (2.6) 
(798) 

20 (2.1) 
(955) 

30 (3.8) 
(781) 

33 (3.5) 
(937) 

24(3.1) 
(772) 

22 (2.4) 
(928) 

82 (10.7) 
.    (763) 

80 (8.6) 
(926) 

67(8.4) 
(798) 

74(7.7) 
(955) 

Officer Ranch Hand 

Comparison 

9 (2.9) 
(306) 

10 (2.7) 
(377) 

11(3.7) 
(301) 

13 (3.5) 
(371) 

7 (2.3) 
(298) 

4(1.1) 
(363) 

31 (10.6) 
(293) 

28 (7.6) 
(367) 

16 (5.2) 
(306) 

19(5.0) 
(377) 

Enlisted Flyer Ranch Hand 

Comparison 

4 (2.8) 
(145) 

4 (2.8) 
(142) 

8 (5.6) 
(142) 

8 (5.7) 
(141) 

8 (5.7) 
(140) 

6(4.3) 
(140) 

12 (8.7) 
(138) 

14 (10.3) 
(136) 

16(11.0) 
(145) 

15 (10.6) 
(142) 

Enlisted Groundcre w     Ranch Hand 

Comparison 

8 (2.3) 
(347) 

6(1.4) 
(436) 

11(3.3) 
(338) 

12 (2.8) 
(425) 

9 (2.7) 
(334) 

12 (2.8) 
(425) 

39(11.7) 
(332) 

38 (9.0) 
(423) 

35(10.1) 
(347) 

40 (9.2) 
(436) 

rföSi^tS^^äi; K||?^|^|iij;3 
Occupational 

;j ;■ :;
:=:;. ^|^i*::;^i|o«jp';: ?:;;; ::|; ^:;^:;':|-d |^jp|j|^^|g^^ 

IS^mfe^I*;;^.)^ ::'-'--v:^Aaijiifeiätf 
(95% C IK^^^ÜJ0!!1^'!:^ 

All Ranch Hand 
Comparison 

777 
935 

57 (73) 
65   (7.0) 

1.06(0.73,1.53) 0.760 

Officer 

Enlisted Flyer 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 
Ranch Hand 
Comparison 
Ranch Hand 
Comparison 

297 
367 
141 
138 
339 
430 

13   (4.4) 
17   (4.6) 
15 (10.6) 
12  (8.7) 
29  (8.6) 
36   (8.4) 

0.94(0.45,1.97) 

1.25(0.56,2.78) 

1.03(0.62,1.71) 

0.872 

0.584 

0.920 

a Relative risk, confidence interval, and p-values are in reference to a contrast of 1982 and 1997 results; results 
adjusted for age in 1997. 

Note: Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for participants who 
attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided for reference purposes 
for participants who attended the 1982,1992, and 1997 examinations. Statistical analyses are based only on 
participants who had a normal HDL cholesterol level in 1982 (see Chapter 7, Statistical Methods). 
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Table 13-71.   Longitudinal Analysis of HDL Cholesterol (Discrete) (Continued) 

(bPfQDEL 2: RANCH HANDSÄlNiTIMißlOXIN 

Number (•%) Low/(n); 
E^amination 

Initial Dioxin MMW$&&$ ̂ It^S^SSIt :S®1^Ä||:1:|;S 1992 1997 
Low 2(1.3) 5 (3.4) 2(1.4) 13 (9.0) 13 (8.7) 

(149) (145) (148) (144) (149) 
Medium 4 (2.6) 7 (4.6) 4(2.7) 16 (10.8) 15 (9.7) 

(154) (152) (150) (148) (154) 
High 3 (2.0) 7 (4.8) 6(4.1) 16(11.1) 9 (6.0) 

(150) (147) (145) (144) (150) 

^s^säJBi! al Dioxin Category Summ S^S^Ö^^i^tS:^'^;! Analysis Results for! A)%2 (Initial Dioxin)®.. 

Normal '^wi^fSMMM^M 

;\;;:;.;^;-nJii::i:997;; 
U^:if f^^M00'-- 'M ;?■:;: 

Low 
Medium 
High 

147 
150 
147 

12 (8.2) 
13 (8.7) 
7 (4.8) 

0.82 (0.60,1.12) 0.192 

a Adjusted for percent body fat at the time of the blood measurement of dioxin and age in 1997. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for 
participants who attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided 
for reference purposes for participants who attended the 1982, 1992, and 1997 examinations. Statistical 
analyses are based only on participants who had a normal HDL cholesterol level in 1982 (see Chapter 7, 
Statistical Methods), 

lg>;ft^ 

^Nti»ftb&;^ 
: .lExaminationv^;-:,:;; 

%:|f:;Diox^ S:ÄMS1$1 ifKSIMii' yi3vvf!i|{§j^i|g;||g . ;;;)^92:;V: :■''■;- ^S^Mi^SS^ 
Comparison 20 (2.2) 33 (3.6) 22 (2.4) 78 (8.7) 73 (7.9) 

(928) (912) (902) (901) (928) 

Background RH 12 (3.5) 11(3.3) 11(3.4) 34 (10.6) 30 (8.8) 
(339) (332) (324) (322) (339) 

LowRH 6 (2.7) 10 (4.6) 3(1.4) 19 (8.8) 19 (8.5) 
(224) (218) (220) (215) (224) 

HighRH 3 (1.3) 9 (4.0) 9 (4.0) 26(11.8) 18 (7.9) 
(229) (226) (223) (221) (229) 

Low plus High RH 9 (2.0) 19 (4.3) 12 (2.7) 45 (10.3) 37 (8.2) 
(453) (444) (443) (436) (453) 

13-203 



Table 13-71.   Longitudinal Analysis of HDL Cholesterol (Discrete) (Continued) 

\tW:0%;. S^W-iWi         : Mk$-%:k f Äöjmäl! M;$^4MMUi%M 

Dioxin Category-                  n in 1997 
: ■■■ ;'■ ■' '^Number.( %) ';.''v':. 

Comparison                              908 

Background RH                       327 
LowRH                                   218 
High RH                                  226 
Low plus High RH                   444 

64 (7.0) 

25 (7.6) 
16 (7.3) 
16(7.1) 
32 (7.2) 

1.25(0.77,2.03)                   0.374 
1.03(0.58,1.83)                   0.926 
0.85(0.47,1.52)                   0.581 
0.93(0.60,1.46)                   0.759 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin and age in 1997. 

Note: RH = Ranch Hand. 

Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin >10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin >10 ppt, Initial Dioxin > 94 ppt. 

Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for 
participants who attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided 
for reference purposes for participants who attended the 1982, 1992, and 1997 examinations. Statistical 
analyses are based only on participants who had a normal HDL cholesterol level in 1982 (see Chapter 7, 
Statistical Methods). 

13.23.1.11    Cholesterol-HDL Ratio (Continuous) 

The Models 1 through 3 analyses did not reveal a significant association between the cholesterol-HDL 
ratio and dioxin (Table 13~72(a-c): p>0.23 for each analysis). 
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Table 13-72. Longitudinal Analysis of Cholesterol-HDL Ratio (Continuous) 

(a) MODEL 1: RANCH HANDS VS. COMPARISONS 

Occupational 
uM|S:Öiij<äi^Sä8 

..::;/-,,AE 
Meana/(n);,;;.,',':' i 
Examination;;; ;,:■■; |:-:^j|3^tiE^;':;^fö; 

Mean 
!';;Changeb-":.■.'" 

Difference of 
Exam. Mean  .'; 

Change '.■■'—■■Category-..'";; 1982  j .. -1085;'J .; 1987-':! •■:.:-i??2-> 1997 f   p-Valuec 

All Ranch Hand 

Comparison 

4,71 
(798) 
4.77 
(955) 

4.77 
(781) 
4.80 
(937) 

4.71 
(772) 
4.71 
(928) 

5.23 
(763) 
5.27 
(926) 

4.65 
(798) 
4.71 
(955) 

-0.06 

-0.05 

-0.01 0.519 

Officer Ranch Hand 

Comparison 

4.58 
(306) 
4.57 
(377) 

4.62 
(301) 
4.60 
(371) 

4.56 
(298) 
4.53 
(363) 

4.99 
(293) 
5.04 
(367) 

4.36 
(306) 
4.45 
(377) 

-0.22 

-0.12 

-0.10 0.237 

Enlisted 
Flyer 

Ranch Hand 

Comparison 

5.00 
(145) 
5.16 
(142) 

5.06 
(142) 
5.06 
(141) 

4.88 
(140) 
4.95 
(140) 

5.32 
(138) 
5.45 
(136) 

4.72 
(145) 
4.94 
(142) 

-0.28 

-0.22 

-0.06 0.255 

Enlisted 
Groundcrew 

Ranch Hand 

Comparison 

4.71 
(347) 
4.81 
(436) 

4.79 
(338) 
4.89 
(425) 

4.78 
(334) 
4.79 
(425) 

5.42 
(332) 
5.43 
(423) 

4.89 
(347) 
4.87 
(436) 

0.18 

0.06 

0.12 0.400 

a Transformed from natural logarithm scale. 
Difference between 1997 and 1982 examination means after transformation to original scale. 

c P-value is based on analysis of natural logarithm of choIesterol-HDL ratio; results adjusted for natural logarithm of 
cholesterol-HDL ratio in 1982 and age in 1997. 

Note: Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for participants who 
attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided for reference purposes 
for participants who attended the 1982, 1992, and 1997 examinations. 
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Table 13-72.   Longitudinal Analysis of Cholesterol-HDL Ratio (Continuous) (Continued) 

(b) MODEL It RANCH HANDS - INITIAL DIOXIN 
Initial Dioxin :Gat^r^:$öim^'ry: Statfeäcs:;;. AnaIyäs.Resaiteiör''Lpg2:(Initiaipioxin)b' 

Adjusted Slope 
. ;\'<Std.Error)   .'.          ...    p-Value   : Initial Dioxin w%$$$ 1985 BESÄB W9KS 1997 

Low 4.70 
(149) 

4.81 
(145) 

4.73 
(148) 

5 Al 
(144) 

4.51 
(149) 

0.005 (0.008)                     0.589 

Medium 4.85 4.98 4.93 5.43 4.88 
(154) (152) (150) (148) (154) 

High 5.10 5.12 5.02 5.59 4.98 
(150) (147) (145) (144) (150) 

a Transformed from natural logarithm scale. 
Results based on difference between natural logarithm of 1997 cholesterol-HDL ratio and natural logarithm of 

1982 GGT versus log2 (initial dioxin); results adjusted for percent body fat at the date of the blood measurement of 
dioxin, natural logarithm of 1982 cholesterol-HDL ratio, and age in 1997. 
Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for 
participants who attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided 
for reference purposes for participants who attended the 1982, 1992, and 1997 examinations. 

(c)MOPEL3: RANCH HANDSAND COMPARISONS BY DIOXIN CATE^ 
>-Ä®n^®:i 

p:V■'■;:^!ÖiÖxiä■yi:■;]"^■- 
Examination 

- Exam. Mean 
Difference of 

Hl=^^feg0i^f:föB 
4.76 

m:$MSm :|lgjf^iv|l ■=:;.W2V;V: litÄF ;;;I;;;i||^||f|| S^-f!^^o^ii$^^: p-Va!uec 

Comparison 4.81 4.71 5.28 4.72 -0.04 
(928) (912) (902) (901) (928) 

Background 4.50 4.52 4.48 4.99 4.47 -0.03 0.01 0.473 
RH (339) (332) (324) (322) (339) 
LowRH 4.69 4.77 4.69 5.16 4.57 -0.12 -0.08 0.281 

(224) (218) (220) (215) (224) 
High RH 5.08 5.17 5.10 5.64 5.01 -0.06 -0.02 0.971 

(229) (226) (223) (221) (229) 
Low plus 4.88 4.97 4.89 5.40 4.79 -0.09 -0.05 0.505 
High RH (453) (444) (443) (436) (453) 

a Transformed from natural logarithm scale. 
b Difference between 1997 and 1982 examination means after transformation to original scale. 
c P-value is based on analysis of natural logarithm of 1997 cholesterol-HDL ratio; results adjusted for percent body 
fat at the date of the blood measurement of dioxin, natural logarithm of 1982 cholesterol-HDL ratio, and age in 
1997. 
Note: RH = Ranch Hand. 

Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for 
participants who attended the 1982,1987, and 1997 examinations. Summary statistics for 1992 are provided 
for reference purposes for participants who attended the 1982, 1992, and 1997 examinations. 
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13.2.3.1.12    Cholesterol-HDL Ratio (Discrete) 

The longitudinal analyses in Models 1 through 3 did not reveal a significant association between dioxin 
and the percentage of participants who had a normal cholesterol-HDL ratio in 1982 and a high 
cholesterol-HDL ratio in 1997 (Table 13~73(a-c): p>0.10 for each analysis). 

Table 13-73. Longitudinal Analysis of Cholesterol-HDL Ratio (Discrete) 

(a) MODEL 1: §1$^^ 
;''■■■'' ;■; ■.;' ;;::|- :^öiinifrpi||^ÄjgiiS^ n)  -.■"'• "'■■'. 

Öccupatibna ;.' Examination1 

^I^S^aiji^oir^.j Si8SÄI?Ki W^W^Sn Wa~;MM?i0M ■•'.    1992 WiW&M-k 
All Ranch Hand 

Comparison 

350(43.9) 
(798) 

423 (44.3) 
(955) 

352 (45J) 
(781) 

415 (44.3) 
(937) 

335 (43.4) 
(772) 

401 (43.2) 
(928) 

432 (56.6) 
(763) 

533 (57.6) 
(926) 

324(40.6) 
(798) 

404 (42.3) 
(955) 

Officer Ranch Hand 

Comparison 

120 (39.2) 
(306) 

151(40.1) 
(377) 

132 (43.9) 
(301) 

140 (37.7) 
(371) 

124(41.6) 
(298) 

134 (36.9) 
(363) 

144 (49.1) 
(293) 

182(49.6) 
(367) 

99 (32.4) 
(306) 

117(31.0) 
(377) 

Enlisted Flyer Ranch Hand 

Comparison 

74 (51.0) 
(145) 

77 (54.2) 
(142) 

69 (48.6) 
(142) 

71 (50.4) 
(141) 

61 (43.6) 
(140) 

76 (54.3) 
(140) 

83 (60.1) 
(138) 

84(61.8) 
(136) 

56 (38.6) 
(145) 

71 (50.0) 
(142) 

Enlisted Groundcrew     Ranch Hand 

Comparison 

156 (45.0) 
(347) 

195 (44.7) 
(436) 

151 (44.7) 
(338) 

204 (48.0) 
(425) 

150(44.9) 
(334) 

191 (44.9) 
(425) 

205 (61.7) 
(332) 

267(63.1) 
(423) 

169 (48.7) 
(347) 

216 (49.5) 
(436) 

:':l:;j-:-il ^.L;-|| ^^r^äual! in 1982 

i^Älsfi^;i-:^ Occupational 

Ranch Band 
Comparison 

;ÄI||t|^iiSfi';3 
;; Number.(%).} 
:^.High-in-19^T,j p-Vahiea 

All 448 
532 

90 (20.1) 
125 (23.5) 

0.82 (0.60,1.12) 0.206 

Officer 

Enlisted Flyer 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 
Ranch Hand 
Comparison 
Ranch Hand 
Comparison 

186 
226 

71 
65 

191 
241 

27 (14.5) 
33 (14.6) 
16 (22.5) 
17 (26.2) 
47 (24.6) 
75(31.1) 

1.00(0.58,1.74) 

0.81 (0.37,1.78) 

0.72(0.47,1.10) 

0.996 

0.598 

0.131 

a Relative risk, confidence interval, and p-values are in reference to a contrast of 1982 and 1997 results; results 
adjusted for age in 1997. 

Note: Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for participants who 
attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided for reference purposes 
for participants who attended the 1982, 1992, and 1997 examinations. Statistical analyses are based only on 
participants who had a normal cholesterol-HDL ratio in 1982 (see Chapter 7, Statistical Methods). 
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Table 13-73.   Longitudinal Analysis of Choiesterol-HDL Ratio (Discrete) (Continued) 

(b) MODEL 2; RANCHHANDS^ -INITIAL DIOXIN 

. Number»)High/(n) 
Examination       .;■■ .! 

Initial Dioxin t^:¥M';-M^MM Wß¥IM0M: ||f||i^;|j.|:S15J 1992 1997 
Low 

Medium 

High 

61 (40.9) 
(149) 

74 (48.1) 
(154) 

82 (54.7) 
(150) 

66 (45.5) 
(145) 

75 (49.3) 
(152) 

78(53.1) 
(147) 

65 (43.9) 
(148) 

73 (48.7) 
(150) 

74 (51.0) 
(145) 

79 (54.9) 
(144) 

97 (65.5) 
(148) 

92 (63.9) 
(144) 

51 (34.2) 
(149) 

72 (46.8) 
(154) 

78 (52.0) 
(150) 

i      Initial Dioxin Category Summs *ry Statistics I'/::^|-'; ■■'Ä'n^iy$is:Ä^^ls;jJ or Log2 (Initi al Dioxin)8 

E-^K'j-K^; 1-:^ -■ v^'-iö^t^%?ßi^3c8iffii §^tö^l§m:- 
Adj. Relative Risk W'O v':Initi^'::::;^.:';.;'i; 

%$m§i^§§$M-: High in 1997 p-Value 
Low 
Medium 
High 

88 
80 
68 

15 (17.0) 
21 (26.3) 
17 (25.0) 

1.15(0.89,1.48) 0.278 

a Adjusted for percent body fat at the time of the blood measurement of dioxin and age in 1997. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for 
participants who attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided 
for reference purposes for participants who attended the 1982, 1992, and 1997 examinations. Statistical 
analyses are based only on participants who had a normal cholesterol-HDL ratio in 1982 (see Chapter 7, 
Statistical Methods). 

g:(#||OÖ|^ 

Number (%) High/(n) 
;;:0:^ 

Dioxin Category ^:§Mg^0tSff^ iiisiiliiiiiii lßiSilS^^H5|!l^ S§M$^m~& M8i-p3KHft 
Comparison 407 (43.9) 406 (44.5) 391 (43.3) 518 (57.5) 395 (42,6) 

(928) (912) (902) (901) (928) 

Background RH 131 (38.6) 130 (39.2) 120 (37.0) 160(49.7) 119(35.1) 
(339) (332) (324) (322) (339) 

LowRH 91 (40.6) 93 (42.7) 94 (42.7) 120(55.8) 80 (35.7) 
(224) (218) (220) (215) (224) 

High RH 126 (55.0) 126 (55.8) 118(52.9) 148 (67.0) 121 (52.8) 
(229) (226) (223) (221) (229) 

Low plus High RH 217 (47.9) 219 (49.3) 212 (47.9) 268 (61.5) 201 (44.4) 
(453) (444) (443) (436) (453) 
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Table 13-73.   Longitudinal Analysis of Cholesterol-HDL Ratio (Discrete) (Continued) 

■;.■■ Normal ini ;19S2; 

Adj. Relative Risk 
HI -■'.(95%;;ex)ttb"      I Dioxin Category ':■' ■ W^S^M^^MM 

Number(%) .... 
High in 1997      1 [.■'    p-Valüe"'-':-.' 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

521 

208 
133 
103 
236 

124 (23.8) 

35 (16.8) 
25 (18.8) 
28 (27.2) 
53 (22.5) 

0.70(0.46,1.07) 
0.74(0.45,1.20) 
1.03 (0.63,1.68) 
0.85 (0.59,1.24) 

0.102 
0.216 
0.899 
0.408 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin and age in 1997. 

Note: RH = Ranch Hand. 

Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin >10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin >10 ppt, Initial Dioxin > 94 ppt. 

Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for 
participants who attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided 
for reference purposes for participants who attended the 1982, 1992, and 1997 examinations. Statistical 
analyses are based only on participants who had a normal cholesterol-HDL ratio in 1982 (see Chapter 7, 
Statistical Methods). 

13.23.1.13    Triglycerides (Continuous) 

The Model 1 analysis of the change in triglyceride levels did not uncover a significant difference between 
overall Ranch Hands and Comparisons or within each occupational stratum (Table 13-74(a): p>0.12 for 
each contrast). The Model 2 analysis did not reveal a significant association between the change in 
triglyceride levels and initial dioxin (Table 13-74(b): p=0.751). 

Model 3 analysis of the change in mean triglyceride levels between 1982 and 1997 revealed two 
significant contrasts: Ranch Hands in the high dioxin category versus Comparisons and Ranch Hands in 
the low and high dioxin categories combined versus Comparisons (Table 13-74(c): difference of 
examination mean change=11.8 mg/dl, p=0.020; difference of examination mean change=5.4 mg/dl, 
p=0.094, respectively). The examination mean changes for Ranch Hands in the high dioxin category, 
Ranch Hands in the low and high dioxin categories combined, and Comparisons were 13.1 mg/dl, 6.7 
mg/dl, and 1.3 mg/dl, respectively. 
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Table 13-74. Longitudinal Analysis of Triglycerides (mg/dl) (Continuous) 

(a) MODEL 1: RANCH HANDS VS |^M|^g^pf|^^j 

Occupational 
■    Group 

.■Examination   ....;■■' ; ...Exam.;.:,. .; 

■Changed:,] 

[.: Difference of    ; 
^ Exam-Mean-J 

:;:;|j;;ßätf|(J^;;|J-:i 19S2 1985 -.-:. 18SRI 1992  i 1997   i p-Valuec 

All Ranch Hand 118.8 117J 120.2 146.6 122.7 4M 3.2 0.478 

Comparison 
(803) 
120.9 

(786) 
119.1 

(777) 
119.4 

(777) 
146.1 

(803) 
121.8 0.8 

(956) (938) (929) (933) (956) 

Officer Ranch Hand 118.8 116.3 115.1 143.1 113.7 -5.1 -1.0 0.780 

Comparison 
(308) 
115.5 

(303) 
111.9 

(300) 
111.8 

(299) 
137.7 

(308) 
111.4 -4.1 

(377) (371) (363) (370) (377) 
Enlisted Ranch Hand 129.1 122.7 126.7 145.0 125.0 -4.1 -8.5 0,177 
Flyer 

Comparison 
(146) 
134.2 

(143) 
130.4 

(141) 
130.0 

(143) 
157.3 

(146) 
138.6 4.4 

(142) (141) (140) (138) (142) 

Enlisted Ranch Hand 114.6 115.5 122.3 150.4 130.3 15.7 11.3 0.128 
Groundcrew 

Comparison 
(349) 
121.6 

(340) 
122.1 

(336) 
122.8 

(335) 
150.0 

(349) 
126.1 4.4 

(437) (426) (426) (425) (437) 
a Transformed from natural logarithm scale. 
b Difference between 1997 and 1982 examination means after transformation to original scale. 
c P-value is based on analysis of natural logarithm of triglycerides; results adjusted for natural logarithm of 
triglycerides in 1982 and age in 1997. 

Note: Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for participants who 
attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided for reference purposes 
for participants who attended the 1982, 1992, and 1997 examinations. 
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Table 13-74.   Longitudinal Analysis of Triglycerides (mg/dl) (Continuous) (Continued) 

(h) MODEL 2: RANCH HANDS-INITIAL DIOXIN 

Inii 

xin 

ial Dioxin Category Summary St i#$Ms^:'_ Analysis Results for Log2 (Initial Dioxin)1* 

Meana/(n): 
Examination 

'i ;-^:Ädjüs^-:Sl6pe ".■■?:■                        1§11 
./...:,;';.;V.(Std.;Errpr)^;    ;                 p-Value Initial Dio 1982 '■:4985:: MM&M 1992 1997 

Low 122.1 
(151) 

120.8 
(147) 

120.1 
(150) 

143.2 
(146) 

117.6 
(151) 

0.006(0.020)                      0.751 

Medium 129.2 129.1 142.9 163.3 141.4 
(156) (154) (152) (152) (156) 

High 129.5 133.2 133.6 161.1 143.0 
(151) (148) (146) (148) (151) 

a Transformed from natural logarithm scale. 
b Results based on difference between natural logarithm of 1997 triglycerides and natural logarithm of 1982 
triglycerides versus log2 (initial dioxin); results adjusted for percent body fat at the date of the blood measurement of 
dioxin, natural logarithm of 1982 triglycerides and age in 1997. 

Note: Low - 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for 
participants who attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided 
for reference purposes for participants who attended the 1982, 1992, and 1997 examinations. 

§gr;M^Eiti |^iföH;H&^ 

^J-'^Diö^Saf;^:;?-^ 

■ MeWV(n): 
Examination 

Exam. Mean 

;'\ ■■.Difference of ■";-.: 
IfS>xlm^Äelix^-:;< 

l^^Mßie^^^M ;#i£$Pi Rillfe il;iÄ;il: 
1992 1997 ;;MÄpS ::K>;:-:'>: ' ■^'t^.Eö^^: Ä:y>:; :;;'■;':;-: p-ya!uec 

Comparison 120.1 118.7 118.7 145.4 121.4 1.3 
(929) (913) (903) (907) (929) 

Background 107.7 103.7 105.5 134.4 108.6 0.8 -0.5 0.377 
RH (339) (332) (324) (326) (339) 
LowRH 119.8 120.4 120.5 144.0 120.8 1.0 -0.3 0.820 

(226) (220) (222) (218) (226) 
High RH 134.3 135.0 144.1 167.8 147.3 13.1 11.8 0.020 

(232) (229) (226) (228) (232) 
Low plus 126.9 127.6 131.9 155.7 133.6 6.7 5.4 0.094 
High RH (458) (449) (448) (446) (458) 

a Transformed from natural logarithm scale. 
Difference between 1997 and 1982 examination means after transformation to original scale. 

c P-value is based on analysis of natural logarithm of 1997 triglycerides; results adjusted for percent body fat at the 
date of the blood measurement of dioxin, natural logarithm of 1982 triglycerides, and age in 1997. 
Note: RH = Ranch Hand. 

Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for 
participants who attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided 
for reference purposes for participants who attended the 1982, 1992, and 1997 examinations. 
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13.2.3. L14    Triglycerides (Discrete) 

The Model 1 analysis of the percentage of participants with a normal triglyceride level in 1982 and a high 
triglyceride level in 1997 did not show a significant difference between overall Ranch Hands and 
Comparisons or within each occupational stratum (Table 13-75(a): p>0.12 for each contrast). 

Table 13-75. Longitudinal Analysis ; of Triglycerides (Discrete) 

|i»lip^ 

Occupational ]'\ 
f.^t-^-:'^^0^W^M 

■■■'.  ■  .V  ■ "Number (%):;Hi^^ ■   :. ■'        \ 

Category WWWfWM WSM^MM liÄsSÄ;! 1992 1997 
All Ranch Hand 

Comparison 

248(30.9) 
(803) 

313(32.7) 
(956) 

58(7.4) 
(786) 

61 (6.5) 
(938) 

59 (7.6) 
(777) 

60 (6.5) 
(929) 

88 (11.3) 
(777) 

84 (9.0) 
(933) 

179 (22.3) 
(803) 

203 (21.2) 
(956) 

Officer Ranch Hand 

Comparison 

84 (27.3) 
(308) 

113(30.0) 
(377) 

30 (9.9) 
(303) 

24 (6.5) 
(371) 

21 (7.0) 
(300) 

25 (6.9) 
(363) 

33(11.0) 
(299) 

32 (8.6) 
(370) 

53 (17.2) 
(308) 

62 (16.4) 
(377) 

Enlisted Flyer Ranch Hand 

Comparison 

55 (37.7) 
(146) 

52 (36.6) 
(142) 

14 (9.8) 
(143) 

10(7.1) 
(141) 

12 (8.5) 
(141) 

9 (6.4) 
(140) 

20 (14.0) 
(143) 

11(8.0) 
(138) 

30 (20.5) 
(146) 

42 (29.6) 
(142) 

Enlisted Groundcrew     Ranch Hand 

Comparison 

109(31.2) 
(349) 

148 (33.9) 
(437) 

14(4.1) 
(340) 

27 (6.3) 
(426) 

26 (7.7) 
(336) 

26 (6.1) 
(426) 

35 (10.4) 
(335) 

41 (9.6) 
(425) 

96 (27.5) 
(349) 

99 (22.7) 
(437) 

l.u^O^SJSÄOÄäjf inl982     %. '  | 

Occupational 

Ranch Hand 
Comparison 

W$i:0WI&iM 
|r^;Num1)er(;%:)^y 

: -HighJnl997-:''.| | p^aliie*   -:   l 

All 555 
643 

66(11.9) 
60  (9.3) 

1.31 (0.90,1.89) 0.159 

Officer 

Enlisted Flyer 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 
Ranch Hand 
Comparison 
Ranch Hand 
Comparison 

224 
264 

91 
90 

240 
289 

20   (8.9) 
17   (6.4) 

8   (8.8) 
11(12.2) 
38 (15.8) 
32(11.1) 

1.44(0.73,2.82) 

0.69(0.26,1.80) 

1.48 (0.89,2.46) 

0.291 

0.443 

0.127 

a Relative risk, confidence interval, and p-values are in reference to a contrast of 1982 and 1997 results; results 
adjusted for age in 1997. 

Note: Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for participants who 
attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided for reference purposes 
for participants who attended the 1982, 1992, and 1997 examinations. Statistical analyses are based only on 
participants who had a normal triglyceride level in 1982 (see Chapter 7, Statistical Methods). 
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Table 13-75.   Longitudinal Analysis of Triglycerides (Discrete) (Continued) 

(b) MODEL 2: \Rm<^;^SDS.- -INITIAL DIOXIN 

Number"(%)High/(n) I   ;.'.:\ 

Initial Dioxin ^vS^^M^Mi §¥§W;ß$0ff. ;i5;J:;f^ 1992 1997 
Low 

Medium 

High 

49 (32.5) 
(151) 

56 (35.9) 
(156) 

56(37.1) 
(151) 

13 (8.8) 
(147) 

16 (10.4) 
(154) 

11(7.4) 
(148) 

9 (6.0) 
(150) 

16 (10.5) 
(152) 

18 (12.3) 
(146) 

14 (9.6) 
(146) 

25 (16.4) 
(152) 

19 (12.8) 
(148) 

36 (23.8) 
(151) 

44 (28.2) 
(156) 

49 (32.5) 
(151) 

Initial Dioxin Category Siiimm ̂ y:Mf^sÜi^]§^: :>:?:;    ■;; V Äna|yisi|;-K#ül)ti::; or Log2 (Initi at Dioxin)3 

:!,;fö W0^$M$S 
':.'-.     Adj.Relative Risk 

'■;;A* in 1997/•::. :A,\'::- 
■ 'Number;(%).:;' 
^■pgh:

:in;X9?7-.:: p-Value 
Low 
Medium 
High 

102 
100 
95 

14 (13.7) 
12 (12.0) 
19 (20.0) 

1.07(0.83,1.38) 0.608 

a Adjusted for percent body fat at the time of the blood measurement of dioxin and age in 1997. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for 
participants who attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided 
for reference purposes for participants who attended the 1982, 1992, and 1997 examinations. Statistical 
analyses are based only on participants who had a normal triglyceride level in 1982 (see Chapter 7, Statistical 
Methods). 

|:^ 

Number (%) High/(n) 
;::^M.;:^ 

: ■ Dioxin Category %§M^Mi^^S l;%l§ripiäf; ;:.:'. V-:'; J-'1987;./;. ::■•';!: Jv WI:M&£M& SSPIS^äKS 
Comparison 300(32.3) 58 (6.4) 57 (6.3) 80(8.8) 195 (21.0) 

(929) (913) (903) (907) (929) 

Background RH 83 (24.5) 17 (5.1) 16 (4.9) 30 (9.2) 46 (13.6) 
(339) (332) (324) (326) (339) 

LowRH 75 (33.2) 20(9.1) 14 (6.3) 21 (9.6) 52 (23.0) 
(226) (220) (222) (218) (226) 

High RH 86(37.1) 20 (8.7) 29 (12.8) 37 (16.2) 77 (33.2) 
(232) (229) (226) (228) (232) 

Low plus High RH 161 (35.2) 40 (8.9) 43 (9.6) 58 (13.0) 129 (28.2) 
(458) (449) (448) (446) (458) 
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Table 13-75.   Longitudinal Analysis of Triglycerides (Discrete) (Continued) 

4i' i$;Si -ifi :£|$N^                                         '{\}k 

Adj. Relative. Risk 
; \ {95%:CX)ab.-; . Dioxin Category   ..':',"'; n in 1997 

. ..; Number (%). 
High in 1997 p-Value'1 

Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH 

629 

256 
151 
146 
297 

58   (9.2) 

19   (7.4) 
17(11.3) 
28 (19.2) 
45 (15.2) 

0.88 (0.51,1.52) 
1.29(0.72,2.30) 
1.97(1.19,3.26) 
1.59(1.04,2.44) 

0.649 
0.390 
0.008 
0.034 

Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin and age in 1997. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin >10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin >10 ppt, Initial Dioxin > 94 ppt. 

Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for 
participants who attended the 1982,1987, and 1997 examinations. Summary statistics for 1992 are provided 
for reference purposes for participants who attended the 1982, 1992, and 1997 examinations. Statistical 
analyses are based only on participants who had a normal triglyceride level in 1982 (see Chapter 7, Statistical 
Methods). 

The Model 2 analysis did not reveal a significant association between the change in triglyceride levels and 
initial dioxin (Table 13-75(b): p=0.608). Model 3 analysis of the change in triglyceride values from 
normal in 1982 to high in 1997 revealed two significant contrasts: Ranch Hands in the high dioxin 
category versus Comparisons and Ranch Hands in the low and high dioxin categories combined versus 
Comparisons (Table 13-75(c): Adj. RR=1.97, p=0.008; Adj. RR= 1.59, p=0.034, respectively). Of the 
Comparisons, 9.2 percent had normal triglyceride levels in 1982 and high triglyceride levels in 1997. Of 
the Ranch Hands, 19.2 percent in the high dioxin category and 15.2 percent in the low and high dioxin 
categories combined had normal triglyceride levels in 1982 and high triglyceride levels in 1997. 

13.3    DISCUSSION 

The historical, physical examination, and laboratory parameters included in the gastrointestinal 
assessment are well established in clinical practice as screening tools in the outpatient investigation of 
digestive disorders. In the diagnosis of digestive disorders, it is important to recognize the limitations of 
the history and physical examination. Rather than pointing to a particular diagnosis, digestive symptoms 
are frequently nonspecific and intermittent. In this setting, even the best-designed medical history 
questionnaire can be subject to error. "Ulcer" and "colitis" are diagnoses that are commonly reported but 
often not accurately established. As a common target organ for situational stress, the bowel frequently 
gives rise to symptoms that can be severe but that are functional in nature and resolve over time. These 
caveats highlight the importance of the type of medical record verification conducted in the current study. 

The physical examination of the gastrointestinal system is often of limited value and can be misleading in 
the differential diagnosis. For example, the detection of enlargement of the liver in the obese patient is 
unreliable. In obstructive airway disease, with hyperinflation of the lungs and flattening of the 
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diaphragms, the liver edge may descend abnormally below the right costal margin in the absence of 
hepatomegaly. The span of the liver by palpation or percussion is often an unreliable index of liver size. 

Data collected in the laboratory can provide early insight into the presence of occult liver disease despite 
the limitations in the history and physical examination. The four hepatic enzymes analyzed as dependent 
variables (AST, ALT, GGT, and LDH) are commonly ordered in the outpatient setting. These enzymes, 
of which GGT is the most sensitive, are present in high intracellular concentration. They also are 
elevated in fatty infiltration of the liver associated with obesity and in virtually all toxic, inflammatory, 
and neoplastic diseases with hepatic involvement. 

The hepatic enzymes are used in the detection and follow-up of parenchymal liver disease. The serum 
alkaline phosphatase and bilirubin are reflective of hepatobiliary function and are elevated in 
"cholestatic" or "obstructive" diseases. Although present in virtually all organ systems, the serum 
alkaline phosphatase in the adult population under study is of dual origin and close to a even mixture of 
liver- and bone-derived fractions. An elevated alkaline phosphatase is not diagnostic of liver disease and 
may occur in a broad range of unrelated clinical conditions including drug-induced cholestasis, Paget's 
disease (3% of males over age 40), neoplasia with metastases to bone, and congestive heart failure. 

Similarly, the bilirubin measurements are subject to numerous hereditary and acquired disorders unrelated 
to intrinsic hepatic disease. The benign hyperbilirubinemia of Gilbert's syndrome will occur in 5 percent 
of the population under study. Many medications, including over-the-counter preparations, have been 
implicated in the overproduction of bilirubin that occurs in the hemolytic reactions associated with 
glucose-6-phosphate dehydrogenase deficiency that may be present in up to 15 percent of Black 
American males. 

In this follow-up examination, with two exceptions, none of the analyses of historical (verified medical 
records review) or physical examination variables revealed any significant group differences or evidence 
for liver disease associated with the 1987 body burden of dioxin. Consistent with the 1992 examinations, 
Ranch Hands were significantly less likely than Comparisons to have a history of jaundice (1.4% vs. 
2.9%), a finding that is consistent with the highly significant (p<0.001) inverse dose-response pattern 
in the model relating this variable to 1987 serum dioxin. Also consistent with the 1992 follow-up 
examination, Ranch Hands were more likely than Comparisons to have a history of other liver disorders, 
primarily based on enlisted groundcrew (30.8% vs. 25.2%). An increasing history of other liver disorders 
as dioxin levels increased also was observed. Twelve percent of this category of "other liver disorders" 
comprised participants with nonspecific laboratory test elevations at previous examinations. 

The laboratory data examined can be divided broadly into parenchymal (serum enzymes), hepatobiliary 
(serum bilirubin and alkaline phosphatase), lipid or carbohydrate indices, and a 10-element protein 
profile including prealbumin, albumin, cc-1-acid glycoprotein, a-1-antitrypsin, a-2-macroglobulin, 
apolipoprotein B, C3 complement, C4 complement, haptoglobin, and transferrin. The components of the 
protein profile were selected to provide a comprehensive reflection of multiple organ systems involved in 
homeostasis and to investigate the possibility of a subclinical inflammatory process that might be 
associated with prior TCDD exposure or the current body burden of dioxin. Produced in the liver, the 
proteins measured are most sensitive to hepatic function but also provide a reliable assessment of 
nutritional status. Selected proteins (a-1-acid glycoprotein, a-1-antitrypsin, and haptoglobin) are 
nonspecifically elevated in association with inflammation, whereas reductions in the C3 and C4 
complement indices are associated with immune system responses. 

Few of the laboratory analyses revealed any significant differences between the Ranch Hand and 
Comparison cohorts. Ranch Hands continued to have a slightly higher mean alkaline phosphatase than 
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Comparisons by continuous analysis. In the analyses relating alkaline phosphatase to the initial and the 
1987 body burden of dioxin within Ranch Hands, a marginally significant inverse relation was noted. In 
the analyses of laboratory data in discrete form, no significant group differences were defined. 

The analyses of two protein variables in continuous form, a~l-antitrypsin and haptoglobin, yielded 
statistically significant (p=0.002 for both variables) overall group differences with Ranch Hands 
adversely affected. In neither instance was there any evidence for an association with 1987 serum dioxin 
levels and, by all discrete analyses, the prevalence of abnormalities was similar in each cohort. 

Several analyses yielded results that have been documented consistently in prior examinations. Although 
no overall group differences were defined by both continuous and discrete analyses, three of four liver 
enzymes—ALT, AST, and GGT—revealed significant positive associations with 1987 serum dioxin 
levels. Similar results were noted as well in the analysis of serum triglycerides. These results, while 
consistent with a dose-response effect, might be explained as well on the basis of the hyperlipidemia and 
fatty infiltration of the liver that occur in association with obesity. A causal relation with prior dioxin 
exposure remains to be established. 

Dependent variable-covariate associations yielded results similar to those documented in previous 
examinations and that are well established in clinical practice. Highly significant positive correlations 
were noted relating lifetime alcohol consumption with the history of chronic liver disease and cirrhosis, 
the finding of enlargement of the liver upon physical examination, and an elevation in GGT, the most 
sensitive liver enzyme. The mean creatine phosphokinase level in Blacks was almost twice as high as in 
non-Blacks, a finding that was noted in both the 1987 and 1992 examinations and that appears to be race- 
and gender-specific. 

Throughout 15 years of observation, the longitudinal analyses have yielded marginally significant results 
in several of the laboratory indices, most of which were similar to those documented in the 1992 
examination. Although no significant overall group differences were identified, a consistent gradual 
reduction in serum AST occurred in both Ranch Hands and Comparisons across all occupational and 
exposure categories. In the analyses of ALT in discrete form, Ranch Hand enlisted groundcrew, those 
most heavily exposed to dioxin, remained less likely than Comparisons to have abnormal elevations in 
this index (5.6% vs. 7.9%, respectively) in 1997. Relative to Comparisons, the increase in mean serum 
triglyceride levels over time was most pronounced in Ranch Hands in the highest serum dioxin category 
in a pattern consistent with a dose-response effect (13.1 mg vs. 1.3 mg; p=0.020). Finally, Ranch Hands 
in the enlisted groundcrew occupational stratum whose cholesterol levels were normal in 1982 were 
significantly more likely than Comparisons to develop abnormal elevations in 1997 (15.6% vs. 9.9%), an 
effect most pronounced in those participants with the highest levels of serum dioxin relative to 
Comparisons (17.2% vs. 10.3%). 

Data analyzed for the gastrointestinal assessment confirm observations that would be anticipated in 
clinical practice and reflect no apparent increase in organ-specific morbidity in Ranch Hands relative to 
Comparisons. Although the results cited above are consistent with a subtle effect of dioxin on lipid 
metabolism, an association with body habitus and obesity cannot be excluded. 
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13.4   SUMMARY 

13.4.1   Model 1: Group Analysis 

The adjusted group analysis for medical records variables revealed a significant difference between 
Ranch Hands and Comparisons over all occupational strata for jaundice. Comparisons had a greater 
history of jaundice than Ranch Hands. 

The adjusted Model 1 analyses of the continuous variables found that Ranch Hands had significantly 
higher mean levels of alkaline phosphatase, Ot-1-antitrypsin, haptoglobin, and transferrin than 
Comparisons. In the discrete analyses, significantly more Ranch Hands than Comparisons had high 
haptoglobin levels and more Comparisons than Ranch Hands had evidence of prior hepatitis B infection 
and low transferrin values. 

After stratifying by occupation, the adjusted analyses revealed significantly lower mean levels of serum 
amylase, apolipoprotein B, and C4 complement among the Ranch Hand officers versus Comparison 
officers. In the discrete analysis, more Comparison officers than Ranch Hand officers had prior hepatitis 
B infection. Ranch Hand enlisted flyers had a significantly lower percentage of high apolipoprotein B 
values than Comparison enlisted flyers. 

The adjusted analysis of the continuous variables showed that among the enlisted groundcrew, the Ranch 
Hand mean levels of alkaline phosphatase, a-l-acid glycoprotein, a-1-antitrypsin, and haptoglobin were 
significantly higher than the corresponding Comparison group mean levels. The adjusted discrete 
analyses found significantly more high triglyceride levels and low prealbumin levels among enlisted 
groundcrew Ranch Hands than among enlisted groundcrew Comparisons. A significantly smaller 
prevalence of serological evidence of prior hepatitis B infection was seen for Ranch Hand enlisted 
groundcrew versus Comparison enlisted groundcrew. 

The results of all unadjusted and adjusted Model 1 analyses are summarized in Table 13-76. 

Table 13-76. Summary of Group Analysis (Model 1) for Gastrointestinal Variables (Ranch Hands 
vs. Comparisons) 

:;i^;,;jl^^ 
:E^'li;ilni]iifeä^;:^l iiSSiäiiie®:'fi 

;.f|;fE:^ '§§miMiMMM'i ISIif^i^iji \:^00er:j<]y] Groundcrew 
Medical Records 
Uncharacterized Hepatitis (D) NS NS NS NS 
Jaundice (Unspecified) (D) -0.025 ns* NS ns* 
Chronic Liver Disease and Cirrhosis NS NS ns ns 
(Alcohol-related) (D) 
Chronic Liver Disease and Cirrhosis (Non- NS NS ns NS 
alcohol-related) (D) 
Liver Abscess and Sequelae of Chronic NS ns   NS 
Liver Disease (D) 
Enlarged Liver (Hepatomegaly) (D) ns ns NS ns* 
Other Liver Disorders (D) NS* NS NS NS* 
Physical Examination 
Current Hepatomegaly (D) NS NS NS NS 

13-217 



Table 13-76.    Summary of Group Analysis (Model 1) for Gastrointestinal Variables 
(Ranch Hands vs. Comparisons) (Continued) 

^;:^ 

Enlisted Enlisted 
f'::;:.;i:'':;;:;

1;■!Variable/=öixv;;v;:; %   -~'.&i[s WMM-M'M:. Officer ...■■■;. Flyer Groundcrew 
Laboratory 
AST (C) NS NS ns NS 
AST (D) NS NS ns NS 
ALT(C) NS NS ns NS 
ALT (D) NS NS ns ns 
GGT (C) NS NS ns NS 
GGT (D) NS NS NS ns 
Alkaline Phosphatase (C) +0.024 NS NS +0.030 
Alkaline Phosphatase (D) NS ns NS NS* 
Total Bilirubin (C) ns NS ns NS 
Total Bilirubin (D) ns ns NS ns 
Direct Bilirubin (D) ns ns __ ns 
Lactic Dehydrogenase (C) NS ns ns NS 
Lactic Dehydrogenase (D) ns ns NS ns 
Cholesterol (C) ns ns ns NS 
Cholesterol (D) NS ns ns NS 
HDL Cholesterol (C)a 

NS ns NS ns 
HDL Cholesterol (D) NS NS NS NS 
Cholesterol-HDL Ratio (C) ns ns ns NS 
Cholesterol-HDL Ratio (D) NS NS ns NS 
Triglycerides (C) NS NS ns NS 
Triglycerides (D) NS NS ns NS* 
Creatine Phosphokinase (C) NS NS ns NS 
Creatine Phosphokinase (D) ns ns ns NS 
Serum Amylase (C) NS -0.048 NS NS 
Serum Amylase (D) ns ns* NS NS 
Antibodies for Hepatitis A (D) ns NS NS ns 
Serological Evidence of Prior Hepatitis B -0.001 -0.031 ns* -0.036 
Infection (D) 
Current Hepatitis B (D) ns — _- ns 
Antibodies for Hepatitis C (D) ns ns ns ns 
Antibodies for Hepatitis D (D) ~ __ __ — 
Stool Hemoccult (D) ns ns ns ns 
Prealbumin (C)a ns ns NS ns 
Prealbumin (D) NS NS NS NS* 
Albumin (C)a ns ns NS NS 
Albumin (D) ns NS ns ns 
a-l-Acid Glycoprotein (C) NS ns ns +0.044 
a-1-Acid Glycoprotein (D) NS ns NS NS 
oc-l-Antitrypsin(C): +0.002 NS NS +0.001 
a-1-Antitrypsin (D): 

Low vs. Normal ns NS NS ns 
High vs. Normal NS NS ns NS 

oc-2-MacrogIobulin (C) ns ns ns ns 
a-2-Macroglobulin (D) ns ns ns ns 
Apolipoprotein B (C) ns ns* ns NS 
Apolipoprotein B (D) ns* ns -0.007 NS 
C3 Complement (C)a NS NS ns NS 
C3 Complement (D) ns ns ns NS 
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Table 13-76.    Summary of Group Analysis (Model 1) for Gastrointestinal Variables 
(Ranch Hands vs. Comparisons) (Continued) 

ummmmv 

Variable -AU! Officer 
Enlisted | 

Flyer  ; 
Enlisted    ; 

Groundcrewj 
C4 Complement (C)a 

C4 Complement (D) 
Haptoglobin (C) 
Haptoglobin (D) 
Transferrin (C)a 

Transferrin (D) 

ns -0.024 NS* ns 
NS NS ns __ 

+0.002 NS NS +0.016 
+0.017 NS NS NS* 
+0.044 NS NS NS* 
-0.036 ns* ns ns 

Note: NSorns: Not significant (p>0.10). 
NS* or ns*: Marginally significant (0.05<p<0.10). 
C: Continuous analysis. 
D: Discrete analysis. 
+: Relative risk >1.00 for discrete analysis; difference of means nonnegative for continuous analysis. 
-: Relative risk <1.00 for discrete analysis; difference of means negative for continuous analysis. 
--: Analysis not performed because of the sparse number of participants with an abnormality. 
a Negative difference considered adverse for this variable. 

P-value given if p<0.05. 

A capital "NS" denotes a relative risk of 1.00 or greater for discrete analysis or differences of means 
nonnegative for continuous analysis. A lowercase "ns" denotes relative risk less than 1.00 for discrete 
analyses or difference of means negative for continuous analysis. 

!®S!t!£^ 
tS.ii::;l-'t^ iJ^^^JEiSis^^^^y 

;^-;;:^;:;:' :;]::;;i-- ;;i;;:-':11^";:^-^ ;■: 5:' j}' ^^;. i';-■■;-;^äJrf^bie0:;; '^;:sH^' ^-;:.^:;^:H:?-:
:' ::> ^:;;'.:^i ■0"::t: -^; i K'-" IS§iKB§m fM§M^^WMMMi^§ffM i^^ifeö^licp^'^^. 

Medical Records 
Uncharacterized Hepatitis (D) NS NS                        NS NS 
Jaundice (Unspecified) (D) -0.028 ns                         NS ns* 
Chronic Liver Disease and Cirrhosis ns NS                         ns ns 
(Alcohol-related) (D) 
Chronic Liver Disease and Cirrhosis '   NS NS                         ns NS 
(Non-alcohol-related) (D) 
Liver Abscess and Sequelae of Chronic NS __   
Liver Disease (D) 
Enlarged Liver (Hepatomegaly) (D) ns ns                         NS ns* 
Other Liver Disorders (D) NS* NS                         ns NS* 
Physical Examination 
Current Hepatomegaly (D) NS NS NS 
Laboratory 
AST (C) NS NS                         ns NS 
AST (D) NS NS                         ns NS 
ALT (C) NS NS                         ns NS 
ALT (D) NS NS                       ns ns 
GGT (C) NS NS                      NS NS 
GGT (D) NS NS                        NS ns 
Alkaline Phosphatase (C) +0.016 NS                        NS +0.021 
Alkaline Phosphatase (D) NS ns                        NS NS* 
Total Bilirubin (C) NS NS                       ns NS 
Total Bilirubin (D) ns ns                       NS ns 
Direct Bilirubin (D) ns ns — 
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Table 13-76.    Summary of Group Analysis (Model 1) for Gastrointestinal Variables 
(Ranch Hands vs. Comparisons) (Continued) 

;|;;:;:;j:::;:;i^ 

Enlisted Enlisted 
'::;,:¥(£t\    &\J:p::%\\Variabife:^#;|:x.:!f;-J\£   ■ :■;;". :|;^ ■'■■-r^Uv-';.. : ^ Officer   : ■ Flyer Groundcrew 
Lactic Dehydrogenase (C) NS ns ns NS 
Lactic Dehydrogenase (D) ns ns NS ns 
Cholesterol (C) ns ns ns NS 
Cholesterol (D) NS ns NS NS 
HDL Cholesterol (C)a NS ns NS* ns 
HDL Cholesterol (D) NS NS ns NS 
Cholesterol-HDL Ratio (C) ns ns ns* NS 
Cholesterol-HDL Ratio (D) NS NS ns* NS 
Triglycerides (C) NS NS ns NS 
Triglycerides (D) NS NS ns +0.047 
Creatine Phosphokinase (C) NS NS ns NS 
Creatine Phosphokinase (D) ns ns ns NS 
Serum Amylase (C) ns -0.037 NS NS 
Serum Amylase (D) ns ns* NS NS 
Antibodies for Hepatitis A (D) ns ns NS ns 
Serological Evidence of Prior Hepatitis B -<0.001 -0.024 ns* -0.035 
Infection (D) 
Current Hepatitis B (D) ns     ns 
Antibodies for Hepatitis C (D) ns ns ns ns 
Antibodies for Hepatitis D (D) „ __   
Stool Hemoccult (D) ns ns ns ns 
Prealbumin (C)a 

ns ns NS ns 
Prealbumin (D) NS NS NS +0.043 
Albumin (C)a 

ns ns NS NS 
Albumin (D) ns NS — 
a-1-Acid Glycoprotein (C) NS ns NS +0.030 
a-1-Acid Glycoprotein (D) NS ns NS NS* 
a-1-Antitrypsin (C) +0.001 NS NS* +<0.001 
a-1-Antitrypsin (D): 

Low vs. Normal ns NS   ns 
High vs. Normal NS — ns NS 

a-2-Macroglobulin (C) ns ns ns ns 
a-2-Macroglobulin (D) ns ns ns NS 
Apolipoprotein B (C) ns -0.048 ns NS 
Apolipoprotein B (D) ns* ns -0.005 NS 
C3 Complement (C)a 

NS NS ns NS 
C3 Complement (D) ns ns ns NS 
C4 Complement (C)a 

ns -0.017 NS ns 
C4 Complement (D) NS NS __   
Haptoglobin (C) +0.003 NS NS +0.016 
Haptoglobin (D) +0.020 NS NS NS* 
Transferrin (C)a 

+0.037 NS NS NS* 
Transferrin (D) -0.027 ns* ns ns 
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Table 13-76.    Summary of Group Analysis (Model 1) for Gastrointestinal Variables 
(Ranch Hands vs. Comparisons) (Continued) 

Note: NSorns: Not significant (p>0.10). 
NS* or ns*: Marginally significant (0.05<p<0.10). 
C: Continuous analysis. 
D: Discrete analysis. 
+: Relative risk >1.00 for discrete analysis; difference of means nonnegative for continuous analysis. 
-: Relative risk <1.00 for discrete analysis; difference of means negative for continuous analysis. 
--: Analysis not performed because of the sparse number of participants with an abnormality. 
a Negative difference considered adverse for this variable. 

P-value given if p<0.05. 

A capital "NS" denotes a relative risk of 1.00 or greater for discrete analysis or differences of means 
nonnegative for continuous analysis. A lowercase "ns" denotes relative risk less than 1.00 for discrete 
analysis or difference of means negative for continuous analysis. 

13.4.2   Model 2: Initial Dioxin Analysis 

Model 2 analyses of medical records variables revealed a significant positive association between initial 
dioxin and other liver disorders. 

Adjusted Model 2 analysis of the laboratory examination variables revealed a significant positive 
association between initial dioxin and the discrete form of ALT. A significant inverse association was 
seen between initial dioxin and the discrete form of HDL cholesterol in the adjusted analysis. 

The results of all unadjusted and adjusted Model 2 analyses are summarized in Table 13-77. 

Table 13-77. Summary of Initial Dioxin Analysis (Model 2) for Gastrointestinal Variables (Ranch 
Hands Only) 

Variable 

Medical Records 
Uncharacterized Hepatitis (D) 
Jaundice (Unspecified) (D) 
Chronic Liver Disease and Cirrhosis (Alcohol-related) (D) 
Chronic Liver Disease and Cirrhosis (Non-alcohol-related) (D) 
Liver Abscess and Sequelae of Chronic Liver Disease (D) 
Enlarged Liver (Hepatomegaly) (D) 
Other Liver Disorders (D) 
Physical Examination 
Current Hepatomegaly (D) 
Laboratory 
AST (C) 
AST (D) 
ALT(C) 
ALT (D) 
GGT (C) 
GGT (D) 
Alkaline Phosphatase (C) 
Alkaline Phosphatase (D) 
Total Bilirubin (C) 

13-221 

Unadjusted  ■■.-.' ... '-Adjusted .'•:■■■ 

NS NS 
NS NS 
NS NS 
NS NS 
NS NS 
ns ns 

NS +0.022 

ns ns 

NS NS 
NS NS 
NS NS 
NS +0.049 
NS NS 
NS NS 
ns ns* 
ns NS 
ns NS 



Table 13-77.   Summary of Initial Dioxin Analysis (Model 2) for Gastrointestinal Variables 
(Ranch Hands Only) (Continued) 

■M \ :P/k S;;.; ■::'.--              :
:: ■ :fß; ■ |:: >; friable ;i; •;                J' Ä 3       ^. :|:= '■;:; i:: Unadjusted Adjusted 

Total Bilirubin (D) ns ns 
Direct Bilirubin (D) ~ „ 

Lactic Dehydrogenase (C) ns NS 
Lactic Dehydrogenase (D) ns ns 
Cholesterol (C) +0.005 NS 
Cholesterol (D) +0.036 NS* 
HDL Cholesterol (C)a ns NS 
HDL Cholesterol (D) ns -0.029 
Cholesterol-HDL Ratio (C) +0.003 NS 
Cholesterol-HDL Ratio (D) +0.002 NS 
Triglycerides (C) NS NS 
Triglycerides (D) NS ns 
Creatine Phosphokinase (C) NS ns 
Creatine Phosphokinase (D) NS NS 
Serum Amylase (C) ns* ns* 
Serum Amylase (D) ns NS 
Antibodies for Hepatitis A (D) ns NS 
Serological Evidence of Prior Hepatitis B Infection (D) NS ns 
Current Hepatitis B (D) ns ns 
Antibodies for Hepatitis C (D) ns ns 
Antibodies for Hepatitis D (D) ™   
Stool Hemoccult (D) ns ns 
Prealbumin (C)a 

ns ns 
Prealbumin (D) NS NS* 
Albumin (C)a 

NS ns 
Albumin (D) — __ 
ot-1-Acid Glycoprotein (C) NS ns* 
a-1-Acid Glycoprotein (D) NS ns 
a-1-Antitrypsin (C) NS* NS 
oc-1-Antitrypsin (D): 

Low vs. Normal ns ns 
High vs. Normal NS ns 

ce-2-Macroglobulin (C) ns NS 
a-2-Macroglobulin (D) NS NS* 
Apolipoprotein B (C) +0.009 NS 
Apolipoprotein B (D) NS* NS 
C3 Complement (C)a 

+0.023 NS 
C3 Complement (D) NS NS 
C4 Complement (C)a 

ns ns 
C4 Complement (D) -_ ~ 
Haptogiobin (C) NS ns 
Haptoglobin (D) NS ns 
Transferrin (C)a 

NS ns 
Transferrin (D) ns ns 
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Table 13-77.   Summary of Initial Dioxin Analysis (Model 2) for Gastrointestinal Variables 
(Ranch Hands Only) (Continued) 

Note: NS or ns: Not significant (p>0.10). 
NS* or ns*: Marginally significant (0.05<p<0.10). 
C: Continuous analysis. 
D: Discrete analysis. 
+: Relative risk >1.00 for discrete analysis; slope nonnegative for continuous analysis. 
-: Relative risk <1.00 for discrete analysis. 
«: Analysis not performed because of the sparse number of Ranch Hands with an abnormality. 
a Negative slope considered adverse for this variable. 

P-value given if p<0.05. 

A capital "NS" denotes a relative risk of LOO or greater for discrete analysis or slope nonnegative for 
continuous analysis. A lowercase "ns" denotes relative risk less than 1.00 for discrete analysis or slope 
negative for continuous analysis. 

13.4.3   Model 3: Categorized Dioxin Analysis 

Adjusted Model 3 analyses revealed a significantly higher percentage of other liver disorders among 
Ranch Hands in the high dioxin category than among Comparisons. 

The adjusted results of the Ranch Hands in the high dioxin category versus Comparisons contrast 
revealed Ranch Hands had significantly higher mean levels of GGT, triglycerides, a-1-antitrypsin, and 
transferrin than Comparisons. The discrete analyses for AST, triglycerides, and prealbumin were also 
significant, with Ranch Hands in the high dioxin category having a higher prevalence of abnormal values 
than Comparisons. In addition, significantly less serological evidence of prior hepatitis B and low 
transferrin levels were noted in Ranch Hands in the high dioxin category than in Comparisons. 

The adjusted result of the contrast between Ranch Hands in the low and high dioxin categories combined 
versus Comparisons revealed that Ranch Hands had significantly higher mean levels of ALT, GGT, 
a-1-antitrypsin, haptoglobin, and transferrin than Comparisons. The discrete analyses for AST and 
triglycerides were also significant, with Ranch Hands in the low and high dioxin categories combined 
having a greater prevalence of high values than Comparisons. In addition, significantly less serological 
evidence of prior hepatitis B and low transferrin levels were noted in the Ranch Hands in the low and 
high dioxin categories combined than in Comparisons. 

The adjusted analyses also found several significant differences for the contrast between Ranch Hands in 
the background dioxin category versus Comparisons. Ranch Hands had significantly higher mean levels 
of alkaline phosphatase, a-1-antitrypsin, and haptoglobin than Comparisons. The discrete analyses for 
HDL cholesterol and haptoglobin were also significant, with Ranch Hands in the background dioxin 
category having a higher prevalence of abnormal values than Comparisons. In addition, significantly 
fewer Ranch Hands in the background dioxin category had serological evidence of prior hepatitis B and 
high apolipoprotein B levels than did Comparisons. 

The results of all unadjusted and adjusted Model 3 analyses are summarized in Table 13-78. 
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Table 13-78. Summary of Categorized Dioxin Analysis (Model 3) for Gastrointestinal Variables 
(Ranch Hands vs. Comparisons) 

UNADJUSTED 

Variable 

Background :M 
Ranch Hands 

vs. Comparisons 

Low Ranch 
Hands 

vs. Comparisons 
Medical Records 
Uncharacterized Hepatitis (D) 
Jaundice (Unspecified) (D) 
Chronic Liver Disease and Cirrhosis 
(Alcohol-related) (D) 
Chronic Liver Disease and Cirrhosis 
(Non-alcohol-related) (D) 
Liver Abscess and Sequelae of 
Chronic Liver Disease (D) 
Enlarged Liver (Hepatomegaly) (D) 
Other Liver Disorders (D) 
Physical Examination 
Current Hepatomegaly (D) 
Laboratory 
AST (C) 
AST (D) 
ALT(C) 
ALT (D) 
GGT (C) 
GGT (D) 
Alkaline Phosphatase (C) 
Alkaline Phosphatase (D) 
Total Bilirubin (C) 
Total Bilirubin (D) 
Direct Bilirubin (D) 
Lactic Dehydrogenase (C) 
Lactic Dehydrogenase (D) 
Cholesterol (C) 
Cholesterol (D) 
HDL Cholesterol (C)a 

HDL Cholesterol (D) 
Cholesterol-HDL Ratio (C) 
Cholesterol-HDL Ratio (D) 
Triglycerides (C) 
Triglycerides (D) 
Creatine Phosphokinase (C) 
Creatine Phosphokinase (D) 
Serum Amylase (C) 
Serum Amylase (D) 
Antibodies for Hepatitis A (D) 
Serological Evidence of Prior 
Hepatitis B Infection (D) 
Current Hepatitis B (D) 
Antibodies for Hepatitis C (D) 
Antibodies for Hepatitis D (D) 
Stool Hemoccult (D) . 

High Ranch 

vs. Comparisons 

Low plus High 
Ranch Hands   \ 

vs. Comparisons 

NS ns NS NS 
NS -0.017 ns* -0.001 
ns NS NS NS 

NS NS NS NS 

ns ns NS NS 

ns ns NS ns 
NS NS +0.009 +0.042 

NS NS NS NS 

ns NS NS NS 
ns NS NS* NS* 
ns NS +0.027 +0.041 
ns NS +0.015 NS* 
ns NS +0.003 +0.007 
ns NS NS NS* 
NS NS* NS NS* 
NS ns NS NS 
NS ns ns ns 
ns NS ns ns 
ns „ __ ~ 

NS ns NS NS 
NS ns ns ns 
ns ns +0.032 NS 
ns ns +0.023 NS 
NS NS ns ns 
NS NS ns NS 
ns* ns +0.005 NS 
ns ns +0.002 NS 
ns ns +<0.001 +0.023 

ns* NS +<0.001 +0.006 
NS NS NS NS 
ns ns NS ns 
ns +0.019 ns NS 
ns NS ns NS 
ns NS NS NS 

<0.001 ns ns ns 

— NS __ NS 
ns ns ns ns 

ns NS ns ns 
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Table 13-78. Summary of Categorized Dioxin Analysis (Model 3) for Gastrointestinal 
Variables (Ranch Hands vs. Comparisons) (Continued) 

::;-|'X/;::-::;C 

■ Background.     • Low Ranch ■'"'! High Ranch tow plus High 
Ranch Hands Hands Hands Ranch Hands 

;i£0i<:':^M(' ■!'■ #:¥^pf8&fe;;.;::%%&, >;■ %-S ■■; vs. Comparisons. \ vs. Comparisons vs. Comparisons vs. Comparisons 
Prealbumin (C)a 

ns ns NS ns 
Prealbumin (D) NS ns NS* NS 
Albumin (C)a 

NS ns* NS ns 
Albumin (D) ns ns ns ns* 
a-1-Acid Glycoprotein (C) ns NS +0.045 NS 
a-1-Acid Glycoprotein (D) NS NS NS NS 
a-1-Antitrypsin (C) NS NS +<0.001 +0.001 
a-1-Antitrypsin (D): 

Low vs. Normal NS ns ns ns 
High vs. Normal NS NS NS NS 

a-2-Macroglobulin (C) ns ns ns ns 
a-2-Macroglobulin (D) ns* ns NS ns 
Apolipoprotein B (C) ns* ns NS* NS 
Apolipoprotein B (D) -0.017 ns NS ns 
C3 Complement (C)a ns NS +0.003 +0.013 
C3 Complement (D) NS ns ns ns* 
C4 Complement (C)a ns NS NS NS 
C4 Complement (D) NS ns ns ns 
Haptoglobin (C) NS NS* +0.001 +0.001 
Haptoglobin (D) NS NS +0.023 +0.015 
Transferrin (C)a NS NS +0.010 +0.019 
Transferrin (D) ns ns -0.039 ns* 

Note: NSorns: Not significant (p>0.10). 
NS* or ns*: Marginally significant (0.05<p<0.10). 
C: Continuous analysis. 
D: Discrete analysis. 
+: Relative risk >1.00 for discrete analysis; difference of means nonnegative for continuous analysis. 
-: Relative risk <1.00 for discrete analysis. 
--: Analysis not performed because of the sparse number of participants with an abnormality. 
a Negative difference considered adverse for this variable. 

P-value given if p<0.05. 

A capital "NS" denotes a relative risk of 1.00 or greater for discrete analysis or differences of means 
nonnegative for continuous analysis. A lowercase "ns" denotes relative risk less than 1.00 for discrete 
analysis or difference of means negative for continuous analysis. 

ÄljJÜS^BPl 

Variable vs. Comparisons      vs. Comparisons     vs. Comparisons     vs. Comparisons 
Medical Records 
Uncharacterized Hepatitis (D) 
Jaundice (Unspecified) (D) 
Chronic Liver Disease and Cirrhosis 
(Alcohol-related) (D) 

NS 
ns 
NS 

NS 

ns 

NS 
ns* 
ns 

NS 

ns 
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Table 13-78. Summary of Categorized Dioxin Analysis (Model 3) for Gastrointestinal 
Variables (Ranch Hands vs. Comparisons) (Continued) 

ADJUSTED 

Variable; 

Background   ; 
Ranch Hands  j 

vs. Comparisons 

Low Ranch 

vs. Comparisons 

High Ranch 
Hands 

vs. Comparisons 
Chronic Liver Disease and Cirrhosis 
(Non-alcohol-related) (D) 
Liver Abscess and Sequelae of 
Chronic Liver Disease (D) 
Enlarged Liver (Hepatomegaly) (D) 
Other Liver Disorders (D) 
Physical Examination 
Current Hepatomegaly (D) 
Laboratory 
AST (C) 
AST (D) 
ALT(C) 
ALT(D) 
GGT (C) 
GGT (D) 
Alkaline Phosphatase (C) 
Alkaline Phosphatase (D) 
Total Bilirubin (C) 
Total Bilirubin (D) 
Direct Bilirubin (D) 
Lactic Dehydrogenase (C) 
Lactic Dehydrogenase (D) 
Cholesterol (C) 
Cholesterol (D) 
HDL Cholesterol (C)a 

HDL Cholesterol (D) 
Cholesterol-HDL Ratio (C) 
Cholesterol-HDL Ratio (D) 
Triglycerides (C) 
Triglycerides (D) 
Creatine Phosphokinase (C) 
Creatine Phosphokinase (D) 
Serum Amylase (C) 
Serum Amylase (D) 
Antibodies for Hepatitis A (D) 
Serological Evidence of Prior 
Hepatitis B Infection (D) 
Current Hepatitis B (D) 
Antibodies for Hepatitis C (D) 
Antibodies for Hepatitis D (D) 
Stool Hemoccult (D) 
Prealbumin (C)a 

Prealbumin (D) 
Albumin (C)a 

Albumin (D) 
oc-1-Acid Glycoprotein (C) 
a-1-Acid Glycoprotein (D) 
a-1-Antitrypsin (C) 

Low plus High 1 
Ranch Hands 1 

vs. Comparisons 
NS NS NS 

NS 

NS 

ns ns NS ns 
NS NS +0.009 NS* 

NS NS NS NS 

ns NS NS NS* 
ns NS +0.024 +0.041 
ns NS* NS* +0.026 
ns NS NS* NS* 
ns NS +0.006 +0.006 
ns NS NS NS* 

+0.008 NS* ns NS 
NS ns NS NS 
ns ns NS NS 
ns NS ns ns 
NS — —   
NS ns NS NS 
NS ns ns ns 
ns ns NS NS 
ns NS NS* NS 

NS NS NS NS 
+0.049 NS ns ns 

ns ns NS NS 
NS ns NS NS 
ns NS +0.013 NS* 
ns NS +0.009 +0.012 
ns NS NS NS 
ns ns NS ns 
ns NS* ns NS 
ns NS NS NS 
ns ns ns ns 

-0.004 ns -0.021 -0.012 

— NS ~   
ns ns ns ns 

ns NS ns ns 
ns NS NS NS 
NS ns +0.021 NS 
NS ns NS ns 
ns « __ __ 
ns NS NS NS 
NS NS NS NS 

+0.024 NS +0.011 +0.020 
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Table 13-78, Summary of Categorized Dioxin Analysis (Model 3) for Gastrointestinal 
Variables (Ranch Hands vs. Comparisons) (Continued) 

ADJUSTED 

Background Low Ranch !      High Ranch Low plus High 
Manch Hands Hands Hands Ranch Hands 

Variable . -;';. vs.:Comparisons ■. | ;■' -vs.. Comparisons'.: ■vs. Comparisons vs. Comparisons 

oe-1-Antitrypsin (D): 
Low vs. Normal ns ns NS NS 
High vs. Normal NS NS NS NS 

a-2-Macroglobulin (C) ns ns NS ns 
a-2-Macroglobulin (D) ns* ns NS ns 
Apolipoprotein B (C) ns ns NS ns 
Apolipoprotein B (D) »0.050 ns ns ns 
C3 Complement (C)a ns NS NS NS 
C3 Complement (D) NS ns ns ns* 
C4 Complement (C)a ns NS ns ns 
C4 Complement (D) NS ™ — __ 
Haptoglobin (C) +0.014 NS NS +0.036 
Haptoglobin (D) +0.042 NS NS NS 
Transferrin (C)a 

NS NS +0.050 +0.032 
Transferrin (D) ns ns -0.045 -0.039 

Note: NS or ns: Not significant (p>0.10). 
NS* or ns*: Marginally significant (0.05<p<0.10). 
C: Continuous analysis. 
D: Discrete analysis. 
+: Relative risk >1.00 for discrete analysis; difference of means nonnegative for continuous analysis. 
-: Relative risk <1.00 for discrete analysis. 
-: Analysis not performed because of the sparse number of participants with an abnormality. 
a Negative difference considered adverse for this variable. 

P-value given if p<0.05. 

A capital "NS" denotes a relative risk of 1.00 or greater for discrete analysis or differences of means 
nonnegative for continuous analysis. A lowercase "ns" denotes relative risk less than 1.00 for discrete 
analysis or difference of means negative for continuous analysis. 

13.4.4   Model 4: 1987 Dioxin Level Analysis 

The Model 4 analysis revealed a significant inverse association between jaundice and 1987 dioxin. 

Many significant associations between the laboratory examination variables and 1987 dioxin levels were 
seen in the Model 4 analyses. In both the continuous and discrete forms, the hepatic enzymes ALT, AST, 
and GGT revealed significant, positive associations with 1987 dioxin. Alkaline phosphatase revealed 
significant inverse associations with 1987 dioxin in both the continuous and discrete analyses. 

For the lipid and carbohydrate indices, the Model 4 continuous and discrete analyses detected significant 
positive associations with the cholesterol-HDL ratio and triglycerides. A significant inverse relation was 
seen between 1987 dioxin and HDL cholesterol for both discrete and continuous analyses. 

Analysis of creatine phosphokinase in both its continuous and discrete forms revealed a significant 
positive association with 1987 dioxin. In addition, a significant inverse association between 1987 dioxin 
and the continuous form of serum amylase was found. 
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The adjusted results of the protein profile variables yielded several significant findings. A significant 
inverse association between 1987 dioxin and the continuous form of a-l-acid glycoprotein and a 
significant positive association between 1987 dioxin and C3 complement in its continuous form were 
found. The discrete analysis showed more Ranch Hands than Comparisons with a high 
a-2-macroglobulin level, and more Comparisons than Ranch Hands with low C3 complement and C4 
complement levels. 

The results of all Model 4 analyses are summarized in Table 13-79. 

Table 13-79. Summary of 1987 Dioxin Analysis (Model 4) for Gastrointestinal Variables (Ranch 
Hands Only) 

Variable Unadjusted 
Medical Records 
Uncharacterized Hepatitis (D) 
Jaundice (Unspecified) (D) 
Chronic Liver Disease and Cirrhosis (Alcohol-related) (D) 
Chronic Liver Disease and Cirrhosis (Non-alcohol-related) (D) 
Liver Abscess and Sequelae of Chronic Liver Disease (D) 
Enlarged Liver (Hepatomegaly)   (D) 
Other Liver Disorders (D) 
Physical Examination 
Current Hepatomegaly (D) 
Laboratory 
AST (C) 
AST (D) 
ALT(C) 
ALT (D) 
GGT (C) 
GGT (D) 
Alkaline Phosphatase (C) 
Alkaline Phosphatase (D) 
Total Bilirubin (C) 
Total Bilirubin (D) 
Direct Bilirubin (D) 
Lactic Dehydrogenase (C) 
Lactic Dehydrogenase (D) 
Cholesterol (C) 
Cholesterol (D) 
HDL Cholesterol (C)a 

HDL Cholesterol (D) 
Cholesterol-HDL Ratio (C) 
Cholesterol-HDL Ratio (D) 
Triglycerides (C) 
Triglycerides (D) 
Creatine Phosphokinase (C) 
Creatine Phosphokinase (D) 
Serum Amylase (C) 
Serum Amylase (D) 
Antibodies for Hepatitis A (D) 
Serological Evidence of Prior Hepatitis B Infection (D) 
Current Hepatitis B (D) 

Adjusted 

ns ns 
-<0.001 -<0.001 

NS NS 
NS NS 
NS NS 
ns ns 

NS* NS* 

NS NS 

+0.033 +0.002 
+0.008 +0.002 

+<0.001 +<0.001 
+0.001 +<0.001 
+0.002 +0.003 
+0.034 +0.012 

ns -0.003 
ns -0.020 
ns NS 
ns ns 
ns ns 

NS NS 
NS NS 

+0.009 NS 
+0.025 NS 

-<0.001 -0.037 
ns -0.029 

+<0.001 +0.006 
+<0.001 +0.025 
+<0.001 +<0.001 
+<0.001 +0.001 

NS* +0.011 
NS +0.043 

-0.035 -0.003 
ns ns 

NS NS 
+0.023 NS 

NS NS 
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Table 13-79. Summary of 1987 Dioxin Analysis (Model 4) for Gastrointestinal Variables 
(Ranch Hands Only) (Continued) 

^■Variable; Unadjusted Adjusted 
Antibodies for Hepatitis C (D) 
Antibodies for Hepatitis D (D) 
Stool Hemoccult (D) 
Prealbumin (C)a 

Prealbumin (D) 
Albumin (C)a 

Albumin (D) 
a-1-Acid Glycoprotein (C) 
a-l-Acid Glycoprotein (D) 
a-1-Antitrypsin (C) 
a-1-Antitrypsin (D): 

Low vs. Normal 
High vs. Normal 

oe-2-Macroglobulin (C) 
cc-2-Macroglobulin (D) 
Apolipoprotein B (C) 
Apolipoprotein B (D) 
C3 Complement (C)a 

C3 Complement (D) 
C4 Complement (C)a 

C4 Complement (D) 
Haptoglobin (C) 
Haptoglobin (D) 
Transferrin (C)a 

Transferrin (D) 

ns ns 

NS NS 
ns ns 
NS NS 
ns ns 
ns ns 

NS -0.049 
NS ns 
NS ns* 

ns ns 
ns ns 
ns ns 

+0.020 +0.014 
+0.002 NS 
+0.017 NS 

+<0.001 +<0.001 
-0.011 -0.004 

NS* NS 
-0.033 -0.024 

NS ns 
NS ns 

NS* NS 
NS NS 

Note: NSorns: Not significant (p>0.10). 
NS* or ns*: Marginally significant (0.05<p<0.10). 
C: Continuous analysis. 
D: Discrete analysis. 
+: Relative risk >1.00 for discrete analysis; slope nonnegative for continuous analysis. 
-: Relative risk <1.00 for discrete analysis; slope negative for continuous analysis. 
--: Analysis not performed because of the sparse number of Ranch Hands with an abnormality. 
a Negative slope considered adverse for this variable. 

P-value given if p<0.05. 

A capital "NS" denotes a relative risk of 1.00 or greater for discrete analysis or slope nonnegative for 
continuous analysis. A lowercase "ns" denotes relative risk less than LOO for discrete analysis or slope 
negative for continuous analysis. 

13.5    CONCLUSION 

The gastrointestinal assessment was based on eight disorders as determined from a review and 
verification of each participant's medical records, a physical examination determination of hepatomegaly, 
and 29 laboratory measurements or indices. The laboratory parameters included measurements of hepatic 
enzyme activity, hepatobiliary function, lipid and carbohydrate indices, and a protein profile. In addition, 
the presence of hepatitis and fecal occult blood was investigated. 
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Analyses of Ranch Hands versus Comparisons showed higher mean levels of alkaline phosphatase, 
a-1-antitrypsin, and haptoglobin in Ranch Hands than in Comparisons. In addition, significantly more 
Ranch Hands than Comparisons had high haptoglobin levels. A review of medical records showed a 
positive association between initial dioxin and other liver disorders. Twelve percent of the participants 
with the other liver disorders condition had nonspecific laboratory test elevations. A significant 
association between initial dioxin and high levels of AST also was revealed. 

Analyses of categorized dioxin revealed a significantly higher percentage of other liver disorders among 
Ranch Hands in the high dioxin category than among Comparisons. Higher mean levels of GGT, 
triglycerides, and oc-1-antitrypsin were observed in Ranch Hands in the high dioxin category than in 
Comparisons. Ranch Hands in the high dioxin category had a greater prevalence of abnormal AST, 
triglyceride, and prealbumin levels than did Comparisons. 

Many significant associations between the laboratory examination variables and 1987 dioxin levels were 
observed. In both the continuous and discrete forms, the hepatic enzymes ALT, AST, and GGT revealed 
significant, positive associations with 1987 dioxin. In addition, significant positive associations between 
1987 dioxin and the cholesterol-HDL ratio, triglycerides, and creatine phosphokinase were present. 

In summary, the analysis of the 1997 follow-up data reflected patterns that have been observed and 
documented in prior examinations. A composite category of disease named "other liver disorders" 
exhibited a dose-response relation with dioxin. Isolated group differences exist, but 1987 dioxin levels 
are strongly related to hepatic enzymes such as AST, ALT, and GGT, and to lipid-related health indices 
such as cholesterol, HDL, and triglycerides. These results are consistent with a dose-response effect and 
may be related to unknown subclinical effects of dioxin. Although hepatic enzymes showed an 
association with dioxin, there was no evidence of an increase in overt liver disease. The relation between 
other liver disorders and herbicide exposure and dioxin levels will be described in greater detail in a 
separate report. 
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14  CARDIOVASCULAR ASSESSMENT 

14.1    INTRODUCTION 

14.1.1   Background 

Animal research into the cardiotoxicity of 2,3,7,8~tetrachlorodibenzo-p-dioxin (dioxin) has focused on 
acute biochemical and functional abnormalities associated with high-level exposure. In one study (1), rats 
were found to have reductions in pulse and blood pressure 6 days after administration of 40 ug/kg of 
dioxin by gavage and were less responsive to the chronotropic effect of isoproterenol, a beta-agonist. The 
authors of the study, noting a 66-percent reduction in serum thyroxine, postulated a down regulation of 
beta-receptors associated with the hypothyroid state rather than a direct cardiotoxic effect. Their findings 
were consistent with other studies that documented changes in myocardial beta-receptors with reduced 
serum indices of thyroid function and decreased beta-adrenergic responsiveness to isoproterenol in the 
ventricular papillary muscle of guinea pigs (2). Experiments into the effects of dioxin on myocardial 
contractility in rat (3) and guinea pig (4) atrial muscle have yielded mixed results; the primary cardiotoxic 
effects remain uncertain. 

The biochemical effects of dioxin on cardiac muscle have been the subject of several reports. An increase 
in lipid peroxidation and a decrease in Superoxide dismutase activity were noted in the hearts of female 
rats after dioxin administration (1). Dose-dependent decreases in adipose tissue lipoprotein lipase activity 
and hepatic low-density lipoprotein binding occurred in rabbits (5) and other laboratory animals (6) in 
association with elevated serum triglycerides. Electron microscopic studies have documented pre- 
atherosclerotic lesions in the aortic arch in association with these biochemical abnormalities (5) and 
dioxin exposure has been associated with intravascular thrombosis in rats (7). Two recent studies provide 
evidence that the developing vascular endothelium of fish embryos may be a target organ for dioxin 
toxicity (8, 9). 

Numerous studies have focused on the effects of dioxin toxicity on lipid metabolism in experimental 
animals and may be relevant to herbicide exposure as a risk factor for the development of heart disease in 
man. Dioxin-induced hyperlipidemia has been documented in rats (10, 11), guinea pigs (12), and 
rabbits (5). 

Numerous epidemiological studies have investigated cardiovascular mortality and morbidity in 
populations exposed to dioxin by occupation and consequent to industrial accidents (13-22). Other 
reports have examined similar endpoints in veterans who served in the Vietnam War (23-35). Some 
occupational (13, 20) and veterans' studies (23, 25,26, 28-31) cited have shown no increase in 
cardiovascular mortality associated with exposure to dioxin, and several have documented a significant 
reduction in risk (23, 26, 27). However, in the 1994 Air Force Health Study (AFHS) mortality update 
(36), the Ranch Hand nonflying enlisted personnel were found to be at higher risk for death associated 
with circulatory disease than the Comparison nonflying enlisted personnel. Most occupational studies 
have found no increased risk for the development of cardiovascular disease related to dioxin exposure 
(13-16,20). In two reports of the 1976 Seveso, Italy, industrial accident, dioxin exposure was associated 
with statistically significant increases in mortality because of coronary, cerebrovascular, and hypertensive 
vascular disease (18, 19). 

The latest morbidity follow-up study of BASF Corporation employees highly exposed to dioxin during a 
chemical reactor incident in 1953 has been published (21). Almost half of the study group had 
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extrapolated serum dioxin levels of more than 1,000 parts per trillion (ppt). Across all exposure 
categories, there was no significant increase in the incidence of ischemic heart disease. 

A more recently published retrospective cohort study examined cardiovascular mortality in 1,189 German 
chemical workers who had significant dioxin exposure in the 1950s (37). In this study, exposure was 
verified and subjects stratified into deciles based on serum and adipose tissue dioxin levels. There was a 
slight reduction in mortality risk at the two lowest levels of exposure, but a clear pattern of increasing risk 
for all-cause cardiovascular mortality and, particularly, for that associated with ischemic heart disease. 
The dose-response trend for both causes of mortality was significant (p<0.01). 

The well-established roles of diabetes mellitus and lipid disorders as risk factors in the development of 
cardiovascular disease have generated considerable interest in the potential intermediary role these 
metabolic indices might have on cardiovascular outcomes associated with dioxin exposure. Data and 
results from this (35, 38) and other epidemiological studies (22,37, 39-44) are considered in the 
Gastrointestinal Assessment chapter (Chapter 13) and the Endocrine Assessment chapter (Chapter 16). 

Previous AFHS examinations have shown mixed results with respect to cardiovascular endpoints. In the 
baseline and 1987 follow-up examinations, manual examination of the pulses revealed an increased 
prevalence of pulse deficits in the Ranch Hand cohort relative to Comparisons (45,46), results noted as 
well in studies of residents exposed to dioxin in Times Beach, Missouri (47,48). In the 1985 AFHS 
follow-up examination, which incorporated Doppler peripheral vascular studies into the protocol, no 
significant group differences were found (49). When the 1987 examination data were analyzed relative to 
serum dioxin levels, Ranch Hand participants in one high exposure category had higher percentages of 
peripheral pulse abnormalities by manual examination than did Comparisons (34). In addition, Ranch 
Hands with the highest current dioxin levels were at greater risk for the development of systemic arterial 
hypertension than were Comparisons. In contrast, there was a significant reduction in risk for the 
development of heart disease reported historically or by a verified medical records review. 

In the 1992 follow-up examination, Ranch Hands were more likely than Comparisons to have elevated 
systolic blood pressures, and through 1990, there was an increase in cardiovascular disease mortality in 
the nonliving enlisted personnel. However, surviving Ranch Hands overall were found to be less at risk 
for the development of heart disease over time, and a significant inverse dose-response effect was noted 
with respect to the current body burden of dioxin (35). 

14.1.2   Summary of Previous Analyses of the Air Force Health Study 

14.1.2.1   1982 Baseline Study Summary Results 

The 1982 baseline examination found no statistically significant differences between the Ranch Hand and 
Comparison groups in systolic or diastolic blood pressure, the frequency of abnormal electrocardiographs 
(ECGs), heart sound abnormalities, abnormal funduscopic findings, or carotid bruits. A statistically 
significant difference emerged in the frequency of abnormal peripheral pulses:  12.8 percent of the non- 
Black Ranch Hands exhibited absent or diminished peripheral pulses, compared to 9.4 percent of the non- 
Black Original Comparisons (p=0.05). No statistically significant differences were found between the 
two groups in the occurrence of reported or verified heart disease or heart attacks. 

Greater than 80 percent of the cardiac conditions reported on the study questionnaire were verified by a 
detailed review of medical records. There was also a strong correlation between the past medical history 
of cardiac disease and the baseline examination cardiovascular findings, although the differences in 
peripheral pulse abnormalities occurred primarily in older individuals without a history of cardiovascular 
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disease. Finally, the well-known risk factors of age, smoking, and cholesterol were found to be correlated 
with each other and with several of the cardiovascular response variables. 

14.1.2.2 1985 Follow-up Study Summary Results 

The analysis of cardiovascular disease history did not reveal significant group differences in reported or 
verified hypertension, reported heart disease, or reported or verified heart attacks. There were no group 
differences in verified heart disease. The verified cardiovascular history and the central and peripheral 
cardiovascular abnormalities detected at the physical examination were correlated, supporting accuracy 
and validity of the cardiovascular measurements. 

In the analyses of peripheral vascular function, no significant overall group differences were observed for 
abnormalities involving radial, femoral, popliteal, posterior tibial, dorsalis pedis, or three anatomic 
aggregates of these pulses (leg pulses, peripheral pulses, and all pulses), either by manual palpation or 
Doppler techniques. This overall finding was in distinct contrast to the 1982 baseline examination, 
which, by the manual palpation method, showed significant peripheral pulse deficits in Ranch Hands. 
This reversal in pulse findings over the two examinations may be attributed to the rigid 4-hour tobacco 
abstinence applied prior to Doppler testing, although other factors may have been involved. 

14.1.2.3 1987 Follow-up Study Summary Results 

The assessment of the central cardiac function also found the groups to be similar, although significantly 
fewer Ranch Hands than Comparisons had bradycardia and more Ranch Hands than Comparisons had 
arrhythmias (marginally significant). 

For the peripheral vascular function, Ranch Hands had a higher or marginally higher mean or percent 
abnormal for diastolic blood pressure (continuous form), carotid bruits, femoral pulses, and dorsalis pedis 
pulses than did Comparisons. No difference between the two groups was detected in the discrete analysis 
of diastolic blood pressure. The percentage of radial pulse abnormalities was marginally higher in 
Comparisons than in Ranch Hands. On the three pulse indices (leg, peripheral, and all pulses), Ranch 
Hands had marginally or significantly higher percentages of abnormalities than did Comparisons. 

14.1.2.4 Serum Dioxin Analysis of 1987 Follow-up Study Summary Results 

The cardiovascular evaluation found a marginally significant association between initial dioxin and a 
decrease in the reported history of heart disease, and a significant negative association with verified 
history of heart disease. In addition, the analyses of categorized current dioxin also indicated a decrease 
in verified history of heart disease for Ranch Hands with the highest current dioxin levels relative to 
Comparisons with background levels. These Ranch Hands also had more essential hypertension by 
history (after removing the variables body fat and cholesterol from the model). 

The analyses of the peripheral vascular function variables displayed significantly higher mean levels of 
diastolic blood pressure for Ranch Hands in the low and high categories than Comparisons (without 
adjustment for body fat). Similar to the analysis of systolic blood pressure, the discretized analysis of 
diastolic blood pressure did not display a significant association with dioxin within the low and high 
current dioxin categories. Ranch Hands generally exhibited a significant or marginally significant higher 
risk of absent femoral, dorsalis pedis, and posterior tibial pulses relative to Comparisons. These 
observations could represent a subclinical effect and emphasize the importance of continued follow-up 
and evaluation. 
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14 A.2.5  1992 Follow -up Study Summary Results 

The cardiovascular evaluation found a marginally significant group difference for verified heart disease, 
excluding essential hypertension for enlisted flyers with Ranch Hands having a greater history of heart 
disease than Comparisons. Similar to the 1987 study, verified heart disease decreased significantly for 
increasing levels of current dioxin. Ranch Hands also displayed an increased history of essential 
hypertension for increasing levels of current dioxin. 

A few other central cardiac function endpoints, including non-specific ST- and T-wave changes, right 
bundle branch block, and prior ECG evidence of myocardial infarction, displayed significant positive 
associations with current dioxin; none of these endpoints also displayed any group difference between 
Ranch Hands and Comparisons. These findings, in conjunction with the increase in the number of deaths 
caused by diseases of the circulatory system for Ranch Hand nonflying enlisted personnel based on the 
1994 AFHS mortality update (34), showed potential associations with dioxin requiring further 
observation. 

The analyses of the peripheral vascular function variables displayed significant group differences for the 
enlisted groundcrew stratum for a few of the pulse endpoints and significant differences between Ranch 
Hands in the high dioxin category and Comparisons. None of these associations was reinforced by a 
significant association with initial or current dioxin. Longitudinal analyses of the pulse endpoints also 
indicated that Ranch Hands in the enlisted groundcrew stratum and in the high initial dioxin category had 
a greater prevalence of pulse deficits since the 1985 follow-up examination than Comparisons. Again, 
these associations were not reinforced by a significant dose-response effect with initial dioxin. 

In general, after reviewing the results of the cardiovascular assessment as a whole, the development of 
cardiovascular disease did not appear to be associated positively with dioxin. Dioxin associations with 
selected endpoints, as discussed above, together with mortality results, pointed to the need for further 
evaluation. 

14.1.3   Parameters for the 1997 Cardiovascular Assessment 

14.1.3.1  Dependent Variables 

The analysis of the cardiovascular assessment was based on data collected from the 1997 questionnaire 
and physical examination and subsequent medical records verification. No laboratory examination data 
were analyzed as cardiovascular dependent variables, although data from the laboratory examination were 
used as covariates. 

14.1.3.1.1      Medical Records Data 

During the baseline, 1985, 1987, and 1992 AFHS examination health interviews, each participant was 
asked whether he had a heart condition. Medical records were sought to verify all reported conditions and 
to determine the time of occurrence of major cardiac events. In addition, the self-reported review-of- 
systems recorded the overall history of heart trouble and other serious illnesses. Data collected in a 
similar fashion at the 1997 follow-up was verified and combined with data from the four previous 
examinations to create a lifetime history for four conditions: essential hypertension, heart disease 
(excluding essential hypertension), myocardial infarction, and stroke or transient ischemic attack. Each of 
these conditions was classified as "yes" or "no" and analyzed. 

International Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM) codes were used 
to construct the four conditions described above. The following ICD-9-CM codes were used: essential 
hypertension (ICD-9-CM codes 401.0-401.9), heart disease (excluding essential hypertension) 
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(ICD-9-CM codes 391.0-391.9, 392.0, 393.0-398.99, 402.0-402.91, 404.0-404.9,410.0-417.9, and 420.0- 
429.9), myocardial infarction (ICD-9-CM codes 410.0-410.9, and 412), and stroke or transient ischemic 
attack (ICD-9-CM codes 435.0-436). 

Participants with a verified pre-SEA heart condition were excluded from all analyses. A pre-SEA heart 
condition included pre-SEA myocardial infarction, but did not include pre-SEA essential hypertension. 
Participants with a verified pre-SEA history of essential hypertension also were excluded from the 
analysis of verified history of essential hypertension. 

14.13.1.2      Physical Examination Data and Self-reported Questionnaire Data 

Cardiovascular data analyzed from the 1997 physical examination were divided into two main categories: 
central cardiac function and peripheral vascular function. 

14.1.3.1.2.1    Central Cardiac Function 

The assessment of the central cardiac function at the cardiovascular examination was made by 
measurements of systolic blood pressure, diastolic blood pressure, heart sounds (by auscultation), and an 
ECG. Systolic and diastolic blood pressure were determined by a Critikon Dinamap 1846SXP® 
automated electronic monitor with the nondominant arm placed at heart level; the lowest diastolic 
pressure and the corresponding systolic pressure were recorded. Detection of abnormal heart sounds was 
conducted by standard auscultation with the participant placed in sitting, supine, and left lateral supine 
positions. Fourth heart sounds were assessed; murmurs were graded in intensity and location and were 
judged by the examiners to be functional (normal) or organic (abnormal) in nature. The standard 12-lead 
ECG was performed, and an additional strip in limb lead II was produced if any arrhythmia was found. 
Participants were asked to abstain from tobacco for at least 4 hours prior to the ECG because of the 
arterial constrictive effect of nicotine. The following items were considered to be abnormal: right bundle 
branch block, left bundle branch block, nonspecific ST- and T-wave changes, bradycardia (a resting pulse 
rate less than 50 beats per minute), tachycardia (a resting pulse rate greater than 100 beats per minute), 
arrhythmia (any irregularity of heart rhythm including premature beats but excluding normal sinus 
rhythm), evidence of a prior myocardial infarction, and other diagnoses (e.g., ventricular aneurysm, 
Wolff-Parkinson-White syndrome). Some arrhythmias (e.g., atrial flutter, atrial fibrillation, and 
junctional rhythm) required more evaluation and surveillance than others, but all were grouped together 
for evaluation in this study. 

Variables analyzed in the evaluation of the central cardiac function included systolic blood pressure, 
diastolic blood pressure, heart sounds, an overall ECG assessment, and eight conditions associated with 
the ECG. These eight conditions were right bundle branch block, left bundle branch block, nonspecific 
ST- and T-wave changes, bradycardia, tachycardia, arrhythmia, evidence of a prior myocardial infarction, 
and other diagnoses. Both systolic and diastolic blood pressure were analyzed as a continuous variable 
and also as a discrete variable. Systolic blood pressure was classified as "normal" (<140 mm Hg) and 
"high" (>140 mm Hg), and diastolic blood pressure was classified as "normal" (<90 mm Hg) and "high" 
(>90 mm Hg). Participants with a verified pre-SEA heart condition were excluded from all analyses of 
the central cardiac function variables. 

14.1.3.1.2.2   Peripheral Vascular Function 

The peripheral vascular function was assessed during the cardiovascular examination by funduscopic 
examination of small vessels; presence or absence of carotid bruits; determination of the radial, femoral, 
popliteal, dorsalis pedis, and posterior tibial pulses by Doppler techniques; and a measure of intermittent 
claudication and vascular insufficiency. 
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The funduscopic examination was conducted with undilated pupils in a standard manner, with emphasis 
placed upon the detection of increased light reflex, arteriovenous nicking (a sign of chronic blood 
pressure elevation), hemorrhages, exudates, papilledema, and arteriolar spasm. The presence or absence 
of carotid bruits was assessed by auscultation over both carotid arteries. 

The Doppler procedure for examining pulses is a progressive array of measurements designed to 
determine whether a pulse abnormality exists, where the obstruction is most likely located, and whether it 
has functional implications. The determination of a pulse abnormality was based upon an analysis of 
recorded Doppler waveform morphology. Pulsatility, systolic forward flow, diastolic reverse flow, and 
diastolic oscillations were examined. 

The funduscopic examination, carotid bruits, and the five pulses also were dichotomized as "abnormal" or 
"normal" (or "presence" or "absence") and analyzed. Pulses were considered abnormal if no arterial flow 
or a monophasic arterial flow was present on either side. In addition, two pulse indices were constructed 
from the radial, femoral, popliteal, dorsalis pedis, and posterior tibial pulse measurements as follows: 

•     Leg pulses: femoral, popliteal, dorsalis pedis, and posterior tibial pulses 

Peripheral pulses: radial, femoral, popliteal, dorsalis pedis, and posterior tibial pulses. 

Each of these indices was considered "normal" if all components were normal and "abnormal" if one or 
more pulses were abnormal. 

In the 1997 questionnaire, each participant was asked the following questions: 

Do you get a pain in either or both of your legs while walking? 

Does this pain ever begin when you are standing still or sitting? 

Do you get this pain in either or both of your calf muscles? 

The self-reported answers were used to detect intermittent claudication and vascular insufficiency (yes, 
no), which indicate an insufficient oxygen supply to the leg muscles. A participant was judged to have 
intermittent claudication and vascular insufficiency if he answered "yes" to the first and third questions 
and "no" to the second question. Participants with a verified pre-SEA heart condition were excluded 
from all analyses of the peripheral vascular function variables. 

14.1.3.2  Covariates 

A number of covariates were examined for inclusion in the adjusted analysis of the cardiovascular 
assessment. Many of these covariates are considered to be classical risk factors for chronic heart disease. 
Covariates examined included age, race, military occupation, lifetime alcohol history, current alcohol use, 
lifetime cigarette smoking history, current level of cigarette smoking, cholesterol, high-density lipoprotein 
(HDL), cholesterol-HDL ratio, body fat, personality type, family history of heart disease, family history 
of heart disease before the age of 45, diabetic class, and current use of blood pressure medication (for the 
blood pressure variables). 

Age, race, and military occupation were determined from military records. Lifetime alcohol history was 
based on information from the 1997 questionnaire and combined with similar information gathered at the 
1987 and 1992 follow-up examinations. Each participant was asked about his drinking patterns 
throughout his lifetime. When a participant's drinking patterns changed, he was asked to describe how 
his alcohol consumption differed and the duration of time that the drinking pattern lasted. The 
participant's average daily alcohol consumption was determined for each of the reported drinking pattern 
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periods throughout his lifetime, and an estimate of the corresponding total number of drink-years was 
derived. One drink-year was the equivalent of drinking 1.5 ounces of an 80-proof alcoholic beverage, one 
12-ounce beer, or one 5-ounce glass of wine per day for 1 year. 

Current cigarette smoking and lifetime cigarette smoking history were based on questionnaire data. For 
lifetime cigarette smoking history, the respondent's average smoking was estimated over his lifetime 
based on his responses to the 1997 questionnaire, with 1 pack-year defined as 365 packs of cigarettes 
smoked during a single year. 

Cholesterol, HDL, and the cholesterol-HDL ratio were based on 1997 laboratory measurements. Body fat 
was calculated from a metric body mass index (50); the formula is 

Body Fat (in percent) =   WeiSht(kS)   . j 264 - 13.305. 
[Height (m)]2 

Personality type was determined from the Jenkins Activity Survey administered during the 1997 follow- 
up examination and was derived from a discriminant-function equation based on questions that best 
discriminate men judged to be type A from those judged to be type B (51). Positive scores reflected the 
type A direction and negative scores reflected the type B direction. Personality type was dichotomized as 
type A or type B. 

Family history of heart disease was defined as "yes" if the participant's mother, father, sister(s), or 
brother(s) had heart trouble or heart disease and "no" otherwise. Family history of heart disease before 
the age of 45 was defined as "yes" if the participant's mother, father, sister(s), or brother(s) had heart 
trouble or heart disease before the age of 45 and "no" otherwise. Blood pressure medication (yes, no) was 
used as a covariate for the adjusted analysis of the systolic and diastolic blood pressure variables only. 

Diabetic class was used as a covariate in the analysis of the 1997 follow-up. Diabetes is a known risk 
factor for cardiovascular disease. In the 1997 questionnaire, a general screening question on diabetes was 
posed. Each participant was asked during the in-person health interview the following question: "Since 
the date of the last interview, has a doctor told you for the first time that you had diabetes?" All 
affirmative responses were verified by a medical records review and added to previously reported and 
verified information on diabetes from the 1982 baseline and the 1985, 1987, and 1992 follow-up 
examinations for each participant. Participants with a verified history of diabetes were combined with 
those participants with a 2-hour postprandial glucose level of 200 mg/dl or greater at the 1997 physical 
examination and classified as "diabetic" for the diabetic class covariate. Those participants without a 
verified history of diabetes and with a 2-hour postprandial glucose level of less than 200 mg/dl at the 
1997 physical examination were classified as either "impaired" (140 mg/dl < 2-hour postprandial glucose 
< 200 mg/dl) or "normal" (2-hour postprandial glucose < 140 mg/dl). 

The current use of blood pressure medication was used as a covariate for the adjusted analysis of systolic 
and diastolic blood pressures. This information was reported by the participant on a self-reported form 
that listed physicians and medications, and through a question in the in-person interview. 

The following dependent variables—essential hypertension, heart disease excluding essential 
hypertension, myocardial infarction, and stroke or transient ischemic attack—capture a history of a 
cardiovascular condition rather than the current state of a participant's life at the time of the physical 
examination. Consequently, to reflect the historical nature of these dependent variables, lifetime alcohol 
history and lifetime cigarette smoking history were used as covariates, but current alcohol use and current 
cigarette smoking were not. Lifetime alcohol history and lifetime cigarette smoking history reflect the 
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cumulative lifetime effects of alcohol use and tobacco, respectively, whereas current alcohol use and 
current cigarette smoking emphasize the short period of time near the date of the physical examination. 

14.1.4   Statistical Methods 

Table 14-1 summarizes the statistical analysis performed for the cardiovascular assessment. The first part 
of this table describes the dependent variables and identifies the covariates and the statistical methods. 
The second part of this table further describes the covariates. A covariate was used in its continuous form 
whenever possible for all adjusted analyses. If a covariate was inherently discrete (e.g., military 
occupation), or if a categorized form was needed to develop measures of association with the dependent 
variables, the covariate was categorized as shown in Table 14-1. 

Table 14-2 provides a summary of the number of participants with missing dependent variable or 
covariate data. In addition, the number of participants excluded from analysis is given. 

Table 14-1. Statistical Analysis for the Cardiovascular Assessment 

Dependent Variables 

kSfÄäl^^ 
.;' .-Data::;) 

■■Source ] 
Data I 
Form: j r     Gutpoints Covariates" Exclusions'* 

Statistical Analysis 
and Methods 

Essential Hypertension 

Heart Disease (Excluding 
Essential Hypertension) 

MR-V 

MR-V 

D 

D 

Yes 
No 
Yes 
No 

(1) 

(1) 

(a) 

(b) 

U:LR 
A:LR 
U:LR 
A:LR 

Myocardial Infarction MR-V D Yes 
No 

(1) (b) U:LR 
A:LR 

Stroke or Transient Ischemic 
Attack 

MR-V D Yes 
No 

(1) (b) U:LR,CS 
A:LR 

Systolic Blood Pressure 
(mmHg) 

Diastolic Blood Pressure 
(mmHg) 

PE 

PE 

D/C 

D/C 

High: >140 
Normal: <140 

High: >90 
Normal:  <90 

(2) 

(2) 

(b) 

(b) 

U:LR,GLM 
A:LR,GLM 
L:LR,GLM 

U:LR,GLM 
A:LR,GLM 

Heart Sounds PE D Abnormal 
Normal 

(3) (b) U:LR 
A:LR 

Overall Electrocardiograph 
(ECG) 

PE D Abnormal 
Normal 

(3) (b) U:LR 
A:LR 

ECG: Right Bundle Branch 
Block 

PE D Yes 
No 

(3) (b) U:LR 
A:LR 

ECG: Left Bundle Branch 
Block 

PE D Yes 
No 

■    (3) (b) U:LR,CS 
A:LR 

ECG: Non-specific ST-and 
T-Wave Changes 

PE D Yes 
No 

(3) (b) U:LR 
A:LR 

ECG: Bradycardia PE D Yes 
No 

(3) (b) U:LR 
A:LR 

ECG: Tachycardia PE D Yes 
No 

(3) (b) U:LR,CS 
A:LR 
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Table 14-1.   Statistical Analysis for the Cardiovascular Assessment (Continued) 

Variable (Units) 
Data  ■■; 

Source 
Data   i 
Form ■ j Outpoints Coyariates* Exclusions1*.: 

Statistical Analysis 
and Methods 

ECG: Arrhythmia PE D Yes 
No 

(3) (b) U:LR 
A:LR 

ECG: Evidence of Prior 
Myocardial Infarction 

PE D Yes 
No 

(3) (b) U:LR 
A:LR 

ECG: Other Diagnoses PE D Yes 
No 

(3) (b) U:LR,CS 
A:LR 

Funduscopic Examination PE D Abnormal 
Normal 

(3) (b) U:LR 
A:LR 

Carotid Bruits PE D Present 
Absent 

(3) (b) U:LR 
A:LR 

Radial Pulses PE D Abnormal 
Normal 

(3) (b) U:LR 
A:LR 

Femoral Pulses PE D Abnormal 
Normal 

(3) (b) U:LR 
A:LR 
L:LR 

Popliteal Pulses PE D Abnormal 
Normal 

(3) (b) U:LR 
A:LR 
L:LR 

Dorsalis Pedis Pulses PE D Abnormal 
Normal 

(3) (b) U:LR 
A:LR 
L:LR 

Posterior Tibial Pulses PE D Abnormal 
Normal 

(3) (b) U:LR 
A:LR 
L:LR 

Leg Pulses PE D Abnormal 
Normal 

(3) (b) U:LR 
A:LR 
L:LR 

Peripheral Pulses PE D Abnormal 
Normal 

(3) (b) U:LR 
A:LR 
L:LR 

Intermittent Claudication and 
Vascular Insufficiency (ICVI) 
Index 

Q-SR D Abnormal 
Normal 

(3) (b) U:LR 
A:LR 

aCovariates: 
(1): age, race, military occupation, lifetime cigarette smoking history, lifetime alcohol history, cholesterol, HDL, 
cholesterol-HDL ratio, diabetic class, body fat, personality type, family history of heart disease, family history of 
heart disease before age 45. 
(2): age, race, military occupation, lifetime cigarette smoking history, current cigarette smoking, lifetime alcohol 
history, current alcohol use, cholesterol, HDL, cholesterol-HDL ratio, diabetic class, body fat, personality type, 
family history of heart disease, family history of heart disease before age 45, taking blood pressure medication. 
(3): age, race, military occupation, lifetime cigarette smoking history, current cigarette smoking, lifetime alcohol 
history, current alcohol use, cholesterol, HDL, cholesterol-HDL ratio, diabetic class, body fat, personality type, 
family history of heart disease, family history of heart disease before age 45. 

Exclusions: 
(a): participants with a pre-SEA heart condition, participants with pre-SEA essential hypertension. 
(b): participants with a pre-SEA heart condition. 
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Table 14-1.   Statistical Analysis for the Cardiovascular Assessment (Continued) 

Covariates 

Ml M   MiMi"::VanäblelÜi^te);;-:;:■;:;;:.;;:M-         :■% Data Source r Data Form L :                     Cütpoints 

Age (years) MIL D/C Born >1942 
Born<1942 

Race MIL D Black 
Non-Black 

Occupation MIL D Officer 
Enlisted Flyer 
Enlisted Groundcrew 

Lifetime Alcohol History (drink-years) Q-SR D/C 0 
>0-40 
>40 

Current Alcohol Use (drinks/day) Q-SR D/C 0-1 
>l-4 
>4 

Lifetime Cigarette Smoking History (pack-years) Q-SR D/C 0 
>0-10 
>10 

Current Cigarette Smoking (cigarettes/day) Q-SR D/C 0-Never 
0-Former 
>0-20 
>20 

Cholesterol (mg/dl) LAB D/C <200 
>200-239 
>239 

High Density Lipoprotein (mg/dl) LAB D/C 0-35 
>35 

Cholesterol-HDL Ratio LAB D/C 0-5 
>5 

Body Fat (percent) PE D/C Obese: >25% 
Lean or Normal: <25% 

Personality Type PE D A direction 
B direction 

Family History of Heart Disease Q-SR D Yes 
No 

Family History of Heart Disease Before Age 45 Q-SR D Yes 
No 

Diabetic Class LAB/MR-V D •    Diabetic: past history or >200 
mg/dl 2-hr. postprandial glucose 
Impaired: 140-<200 mg/dl 2-hr', 
postprandial glucose 
Normal: < 140 mg/dl 2-hr. 
postprandial glucose 

Taking Blood Pressure Medication Q-SR/MR-V D Yes 
No 
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Table 14-1.   Statistical Analysis for the Cardiovascular Assessment (Continued) 

Abbreviations 

Data Source: 

Data Form: 

Statistical Analysis: 

LAB: 1997 laboratory results 
MIL: Air Force military records 
MR-V: Medical records (verified) 
PE:  1997 physical examination 
Q-SR: Health questionnaires (self-reported) 

D: Discrete analysis only 

D/C: Discrete and continuous analyses for dependent variables; appropriate form for analysis 
(either discrete or continuous) for covariates 

U: Unadjusted analysis 
A: Adjusted analysis 
L: Longitudinal analysis 

Statistical Methods: CS: Chi-square contingency table analysis (continuity-adjusted) 
GLM: General linear models analysis 
LR: Logistic regression analysis 

Table 14-2. Number of Participants Excluded or with Missing Data for the Cardiovascular 
Assessment 

Dioxin; 

Variable 

iGiM^^i?^^] (Ranch Hand* i Only)-;. .| Categorized Dioxin 
■ Ranch] ■■Ranch''■; 

:■?.'£"?: 4r-;^ ;fv: i w^anä ble rS ■ '■£' ^y^W-M ?ÄlüÄS Hand Comparison Initial 1987    1 Hand Comparison 
Funduscopic Examination DEP i i A i i i j. i 
Femoral Pulses DEP 0 1 0 0 0 1 
Popliteal Pulses DEP 0 2 0 0 0 2 
Dorsalis Pedis Pulses DEP 0 2 0 0 0 2 
Posterior Tibial Pulses DEP 0 4 0 0 0 4 
Leg Pulses DEP 0 4 0 0 0 4 
Peripheral Pulses DEP 0 4 0 0 0 4 
Intermittent Claudication and DEP 1 0 0 1 1 0 
Insufficiency Index 
Lifetime Alcohol History COV 6 2 3 6 6 1 
Current Alcohol Use COV 1 0 0 1 1 0 
Lifetime Cigarette Smoking COV 2 1 1 2 2 1 
History 
Current Cigarette Smoking COV 1 0 0 1 1 0 
HDL Cholesterol COV 1 1 1 1 1 1 
Cholesterol-HDL Ratio COV 1 1 1 1 1 1 
Personality Type COV 3 0 1 3 3 0 
Family History of Heart COV 10 6 5 10 10 6 
Disease 
Family History of Heart COV 22 22 11 22 22 21 
Disease Before Age 45 
Diabetic Class EXC 9 18 5 7 7 17 

14-11 



Table 14-2.  Number of Participants Excluded or with Missing Data for the Cardiovascular 
Assessment (Continued) 

Group ■■-(Ranch Hands Only)' Categorized Dioxin I 
Variable    Ranch Ranch 

Variable       ;^:    i ? :;;^ Use        Hand     Comparison       Initial          1987 Hand     Comparison 
Pre-SEA Heart Condition                 EXC        11                19                   6               11 11 18 
Pre-SEA Essential                            EXC        11                14                   7                11 11 14 
Hypertension   

Note:   DEP = Dependent variable. 
COV = Covariate. 
EXC = Exclusion. 
870 Ranch Hands and 1,251 Comparisons. 
482 Ranch Hands for initial dioxin; 863 Ranch Hands for 1987 dioxin. 
863 Ranch Hands and 1,213 Comparisons for categorized dioxin. 

14.1A. 1  Longitudinal Analysis 

The cardiovascular longitudinal analysis was based on the association of exposure with changes in 
systolic blood pressure between the 1982 and 1997 examinations and six pulse measurements between the 
1985 and 1997 examinations. The longitudinal analysis for systolic blood pressure was based on this 
variable in both the continuous and discrete forms. The six pulse measurements included femoral pulses, 
popliteal pulses, dorsalis pedis pulses, posterior tibial pulses, leg pulses, and peripheral pulses. The 1985 
and 1997 measurements were used for the pulse assessments because the Doppler assessment of pulses 
was conducted at these two examinations and was not conducted at the 1982 baseline examination. 

14.2   RESULTS 

14.2.1   Dependent Variable-Covariate Associations 

The associations between the dependent variables examined in the cardiovascular assessment and the 
covariates used in the adjusted analysis were investigated; the results are presented in Appendix F, Table 
F-6. These associations are pairwise between the dependent variable and the covariate and are not 
adjusted for any other covariates. Participants with a pre-SEA heart condition were excluded from all 
analyses. In addition, participants with pre-SEA essential hypertension were excluded from the analysis 
of essential hypertension. 

Tests of covariate association showed age (p=0.001), lifetime alcohol history (p=0.001), cholesterol-HDL 
ratio (p=0.005), body fat (p=0.001), personality type (p=0.039), family history of heart disease (p=0.001), 
family history of heart disease before age 45 (p=0.003), and diabetic class (p-0.001) to be significantly 
associated with essential hypertension. Older participants had more essential hypertension than did 
younger participants (48.0% versus 32.9%). Essential hypertension was highest for the heaviest drinkers 
(in terms of drink-years) (48.2%), followed by participants who did not drink (39.0%), then moderate 
drinkers (38.5%). Essential hypertension increased with the cholesterol-HDL ratio and body fat. 
Participants with personality type B had a higher percentage of essential hypertension than did type A 
participants (43.0% versus 38.4%). Essential hypertension occurred more often for participants who had 
a family history of heart disease and for participants who had a family history of heart disease before age 
45. Essential hypertension was greatest for diabetics (59.4%), followed by participants in the impaired 
diabetic class (52.4%), then participants classified as normal (34.6%). 
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Heart disease (excluding essential hypertension) was significantly associated with age (p=0.001), 
occupation (p=0.001), cholesterol (p=0.001), family history of heart disease (p=0.001), family history of 
heart disease before age 45 (p=0.018), and diabetic class (p=0.009). Heart disease increased with age and 
decreased with cholesterol level. Officers had the highest percentage of heart disease (68.7%), followed 
by enlisted flyers (66.6%), then enlisted groundcrew (56.7%). Participants with a family history of heart 
disease had more heart disease (66.6% versus 57.4%). Likewise, participants with a family history of 
heart disease before age 45 had more heart disease (69.9% versus 62.0%). Diabetic participants had the 
most heart disease (69.5%), followed by participants in the impaired diabetic class (64.1%), then 
participants classified as normal (60.8%). 

The percentage of participants with a history of a myocardial infarction increased significantly with age 
(p=0.001) and lifetime cigarette smoking history (p=0.001), while decreasing significantly with 
cholesterol (p=0.001) and HDL cholesterol (p=0.012). The association with diabetic class was also 
significant (p=0.001). Participants in the normal diabetic class had the lowest percentage of participants 
with a myocardial infarction (6.8%), followed by participants in the impaired diabetic class (9.9%), then 
diabetics (14.2%). 

Systolic blood pressure in its continuous form increased with age (p<0.001), lifetime alcohol history 
(p<0.001), lifetime cigarette smoking history (p=0.045), cholesterol (p=0.012), the cholesterol-HDL ratio 
(p=0.005), and body fat (p<0.001). Systolic blood pressure decreased significantly with current cigarette 
smoking (p=0.004). Tests of covariate associations also showed significant relations with occupation 
(p=0.005), diabetic class (p<0.001), and blood pressure medication (p<0.001). Enlisted flyers had the 
highest mean systolic blood pressure levels (127.1 mm Hg), followed by officers (126.1 mm Hg), then 
enlisted groundcrew (123.9 mm Hg). Participants in the normal diabetic class had the lowest mean 
systolic blood pressure levels (123.0 mm Hg), followed by participants in the impaired diabetic class 
(129.3 mm Hg), then diabetic participants (131.8 mm Hg). Participants taking blood pressure medication 
had a higher mean systolic blood pressure level (128.6 mm Hg) than those not taking blood pressure 
medication (123.9 mm Hg). 

Systolic blood pressure in its dichotomous form increased with age (p=0.001), cholesterol (p=0.025), the 
cholesterol-HDL ratio (p=0.028), and body fat (p=0.001). Significant associations also were seen 
between systolic blood pressure and occupation (p=0.029), family history of heart disease (p=0.008), 
diabetic class (p=0.001), and blood pressure medication (p=0.001). Enlisted flyers had the greatest 
percentage of high systolic blood pressure values (23.6%), followed by officers (23.2%), then enlisted 
groundcrew (18.6%). Participants with a family history of heart disease had a greater prevalence of high 
systolic blood pressure values than did participants with no history of heart disease (23.3% versus 
18.3%). Diabetic participants had the largest percentage of high systolic blood pressure values (31.9%), 
followed by participants in the impaired diabetic class (28.6%), then participants classified as normal 
(17.1%). Participants taking blood pressure medication had a greater prevalence of high systolic blood 
pressure values than participants not taking blood pressure medication (27.6% versus 18.5%). 

Diastolic blood pressure in its continuous form decreased with age (p=0.009), lifetime cigarette smoking 
history (p=0.003), and current cigarette smoking (p=0.001). Diastolic blood pressure increased with 
cholesterol (p<0.001), the cholesterol-HDL ratio (p=0.004), and body fat (p<0.001). Race and diabetic 
class were also significantly associated with diastolic blood pressure (p=0.010 and p=0.030, respectively). 
Black participants had a higher mean diastolic blood pressure than non-Black participants (76.69 mm Hg 
versus 74.46 mm Hg). Participants in the impaired diabetic class had the highest mean diastolic blood 
pressure (75.94 mm Hg), followed by diabetic participants (74.41 mm Hg), then participants classified as 
normal (74.32 mm Hg). 
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Tests of covariate association for diastolic blood pressure in its discrete form showed significant relations 
with lifetime cigarette smoking history (p=0.003) and blood pressure medication (p=0.004). Moderate 
lifetime cigarette smokers (in terms of pack-years) had the greatest percentage of high diastolic blood 
pressure values (7.8%), followed by participants who never smoked and participants who were the 
heaviest smokers (4.1% each). Participants taking blood pressure medication had a greater prevalence of 
high diastolic blood pressure values than did participants not taking blood pressure medication (7.3% 
versus 4.1%). 

The percentage of participants with abnormal heart sounds increased with age (p=0.001). Current 
cigarette smoking was also significantly associated with heart sounds (p=0.030). Former smokers had the 
highest prevalence of abnormal heart sounds (5.7%), followed by participants who smoked up to 20 
cigarettes per day (3.4%), participants who smoked more than 20 cigarettes per day (2.9%), and 
participants who never smoked (2.9%). 

The prevalence of abnormal overall ECG results increased with age (p=0.001) and body fat (p=0.008), 
while decreasing with cholesterol (p=0.041). Also significant were occupation (p=0.001), lifetime 
cigarette smoking history (p=0.002), current cigarette smoking (p=0.028), personality type (p=0.011), 
family history of heart disease (p=0.001), and diabetic class (p=0.001). Enlisted flyers had the highest 
percentage of abnormal overall ECG results (36.4%), followed by officers (34.6%), then enlisted 
groundcrew (26.3%). Heavy lifetime cigarette smokers (in terms of pack-years) had the highest 
percentage of abnormal overall ECG results (35.0%), followed by participants who never smoked 
(28.3%), then moderate lifetime cigarette smokers (27.6%). Participants who currently smoked up to 20 
cigarettes per day had the highest percentage of abnormal overall ECG results (35.0%), followed by 
former smokers (32.8%), participants who never smoked (28.3%), and participants who smoked more 
than 20 cigarettes per day (23.5%). Participants with type B personalities had a higher percentage of 
abnormal overall ECG results (33.2%) than did participants with type A personalities (27.8%). 
Participants with a family history of heart disease had a higher prevalence of abnormal overall ECG 
results than did participants with no family history of heart disease (35.3% versus 24.6%). Diabetic 
participants had the highest percentage of abnormal overall ECG results (46.7%), followed by participants 
in the impaired diabetic class (37.0%), then participants classified as normal (26.4%). 

The prevalence of right bundle branch block increased significantly with age (p=0.001). Also 
significantly associated with right bundle branch block were occupation (p=0.040), lifetime cigarette 
smoking history (p=0.048), and diabetic class (p=0.001). Enlisted flyers had the highest prevalence of 
right bundle branch block (4.5%), followed by officers (2.6%), then enlisted groundcrew (1.9%). Heavy 
lifetime cigarette smokers had the highest prevalence of right bundle branch block (3.5%), followed by 
nonsmokers (2.2%), then moderate lifetime smokers (1.5%). Diabetic participants had the highest 
percentage of right bundle branch block (5.4%), followed by participants in the impaired diabetic class 
(2.6%), then participants classified as normal (1.9%). 

The percentage of non-specific ST- and T-wave changes increased with age (p=0.001) and body fat 
(p=0.001), while decreasing with lifetime alcohol use (p=0.024). Family history of heart disease 
(p=0.001) and diabetic class (p=0.001) also were significant. Participants with a family history of heart 
disease had a higher percentage of non-specific ST- and T-wave changes than did participants with no 
history (21.1% versus 14.0%). Diabetic participants had the highest prevalence of non-specific ST- and 
T-wave changes (29.3%), followed by participants in the impaired diabetic class (24.5%), then 
participants classified as normal (14.6%). 

The prevalence of bradycardia increased significantly with HDL cholesterol levels (p=0.043), while 
decreasing with the cholesterol-HDL ratio (p=0.005) and body fat (p=0.001). Occupation and diabetic 
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class also were significantly related to bradycardia (p=0.001 each). Officers had the highest prevalence of 
bradycardia (5.6%), followed by enlisted flyers (3.0%), then enlisted groundcrew (1.8%). Participants in 
the normal diabetic class had the highest prevalence of bradycardia (4.5%), followed by diabetic 
participants (1.7%), then participants in the impaired diabetic class (0.4%). 

Tachycardia was significantly associated with lifetime alcohol history (p=0.029) and diabetic class 
(p=0.008). Non-drinkers had the highest prevalence of tachycardia (1.7%), followed by heavy drinkers 
(0.8%), then moderate lifetime alcohol drinkers (0.2%). Diabetic participants had the highest prevalence 
of tachycardia (1.4%), followed by participants in the impaired diabetic class (0.4%), then participants 
classified as normal (0.2%). 

The percentage of participants with arrhythmia increased with age (p=0.001). 

Evidence of prior myocardial infarction from the ECG increased with age (p=0.001) and decreased with 
cholesterol levels (p=0.007). Lifetime cigarette smoking history (p=0.003) and diabetic class (p=0.001) 
also were significantly associated with prior myocardial infarction. Heavy lifetime cigarette smokers had 
the highest prevalence of a prior myocardial infarction (5.8%), followed by nonsmokers (2.9%), then 
moderate lifetime cigarette smokers (2.7%). Diabetic participants had the highest percentage of 
participants with evidence of a prior myocardial infarction (9.4%), followed by participants in the 
impaired diabetic class (5.1%), then participants classified as normal (2.8%). 

The prevalence of abnormal funduscopic examination results increased with age (p=0.001), lifetime 
cigarette smoking history (p=0.001), and body fat (p=0.004). Occupation (p=0.001), current cigarette 
smoking (p=0.019), personality type (p=0.001), and diabetic class (p=0.001) were also significantly 
associated with an abnormal funduscopic examination. Enlisted flyers had the highest percentage of 
abnormal funduscopic examination results (18.6%), followed by enlisted groundcrew (11.5%), then 
officers (11.1%). Participants who never smoked had the lowest percentage of abnormal funduscopic 
exam results (8.9%), followed by participants who currently smoked up to 20 cigarettes per day (13.5%), 
former smokers (14.0%), and participants who currently smoked more than 20 cigarettes per day (14.1%). 
Abnormal funduscopic examinations were more prevalent for participants with personality type B than 
those with personality type A (14.4% versus 9.2%). Diabetic participants had the highest percentage of 
abnormal funduscopic exam results (20.0%), followed by participants in the impaired diabetic class 
(14.3%), then participants classified as normal (10.3%). 

The percentage of participants with carotid bruits present increased with age (p=0.001) and lifetime 
cigarette smoking history (p=0.003). Current cigarette smoking and diabetic class also were significantly 
associated with carotid bruits (p=0.023 and p=0.007, respectively). Participants who currently smoked up 
to 20 cigarettes per day had the highest percentage of carotid bruits present (4.1 %), followed by 
participants who currently smoked more than 20 cigarettes per day (3.7%), former smokers (3.1%), and 
participants who never smoked (1.0%). Diabetic participants had the highest prevalence of carotid bruits 
(5.1%), followed by participants in the impaired diabetic class (2.9%), then participants classified as 
normal (2.1%). 

Tests of covariate association showed race (p=0.018), lifetime alcohol history (p=0.006), current alcohol 
use (p=0.005), and current cigarette smoking (p=0.010) to be significantly associated with abnormal 
radial pulses. The prevalence of abnormal results increased with lifetime alcohol use. Black participants 
had a higher percentage of abnormal radial pulses than non-Blacks (2.4% versus 0.4%). Participants who 
currently were moderate drinkers (in terms of drinks per day) had the highest percentage of abnormal 
radial pulses (1.6%), followed by light drinkers (0.3%), then participants who were the heaviest drinkers 
(0.0%). Participants who currently smoked up to 20 cigarettes per day had the highest percentage of 
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abnormal radial pulses (1.9%), followed by participants who currently smoked more than 20 cigarettes 
per day (0.7%), former smokers (0.4%), and participants who never smoked (0.2%). 

The prevalence of abnormal femoral pulses increased with age (p=0.009), lifetime alcohol history 
(p=0.002), and lifetime cigarette smoking history (p=0.002). Also significant were current alcohol use 
(p=0.001), current cigarette smoking (p=0.001), and diabetic class (p=0.003). Participants who were 
currently moderate drinkers had the highest percentage of abnormal femoral pulses (4.4%), followed by 
the heaviest drinkers (4.0%), then the light drinkers (1.0%). Participants who currently smoked up to 20 
cigarettes per day had the highest percentage of abnormal femoral pulses (4.9%), followed by participants 
who currently smoked more than 20 cigarettes per day (4.4%), former smokers (1.2%), and participants 
who never smoked (0.3%). Diabetic participants had the highest percentage of abnormal femoral pulses 
(3.7%), followed by participants classified as normal (1.2%), then participants in the impaired diabetic 
class (1.1%). 

The percentage of participants with abnormal popliteal pulses increased with age (p=0.001), lifetime 
alcohol history (p=0.013), current alcohol use (p=0.002), lifetime cigarette smoking history (p=0.001), 
and current cigarette smoking (p=0.001). The association with diabetic class also was significant 
(p=0.001). Participants who were currently moderate drinkers had the highest percentage of abnormal 
popliteal pulses (4.9%), followed by the heaviest drinkers (4.0%), then participants who were the lightest 
drinkers (1.9%). Participants who currently smoked up to 20 cigarettes per day had the highest 
percentage of abnormal popliteal pulses (7.1%), followed by participants who currently smoked more 
than 20 cigarettes per day (5.1%), former smokers (2.0%), and participants who never smoked (0.5%). 
Diabetic participants had the highest percentage of abnormal popliteal pulses (6.0%), followed by 
participants in the impaired diabetic class (1.8%), then participants classified as normal (1.7%). 

The prevalence of abnormal dorsalis pedis pulses increased with age (p=0.001), lifetime cigarette 
smoking history (p=0.001), and current cigarette smoking (p=0.001). Lifetime alcohol history and 
diabetic class also were significant (p=0.009 and p=0.001, respectively). Heavy lifetime alcohol drinkers 
had the highest percentage of abnormal dorsalis pedis pulses (10.6%), followed by non-drinkers (8.5%), 
then moderate lifetime alcohol drinkers (6.6%). Diabetic participants had the highest prevalence of 
abnormal dorsalis pedis pulses (14.0%), followed by participants classified as normal (6.7%), then 
participants in the impaired diabetic class (5.5%). 

The percentage of abnormal posterior tibial pulses increased with age (p=0.001), lifetime alcohol history 
(p=0.027), current alcohol use (p=0.003), lifetime cigarette smoking history (p=0.001), and current 
cigarette smoking (p=0.001). Personality type and diabetic class also were significantly associated with 
posterior tibial pulses (p=0.020 and p=0.001, respectively). Participants with type B personalities had 
more abnormal posterior tibial pulses than participants with type A personalities (6.7% versus 4.2%), 
Diabetic participants had the highest prevalence of abnormal posterior tibial pulses (13.4%), followed by 
participants in the impaired diabetic class (5.5%), then participants classified as normal (4.1%). 

Abnormal leg pulses increased with age (p=0.001), lifetime cigarette smoking history (p=0.001), and 
current cigarette smoking (p=0.001). Occupation (p=0.044), lifetime alcohol history (p=0.013), and 
personality type (p=0.012) also were associated significantly with leg pulses. Enlisted flyers had the 
highest percentage of abnormal leg pulses (14.2%), followed by enlisted groundcrew (10.0%), then 
officers (9.3%). Heavy lifetime alcohol drinkers had the highest percentage of abnormal leg pulses 
(13.4%), followed by non-drinkers (11.0%), then moderate lifetime alcohol drinkers (9.0%). Participants 
with type B personalities had more abnormal leg pulses than participants with type A personalities 
(11.7% versus 8.2%). Diabetic participants had the highest prevalence of abnormal leg pulses (18.8%), 
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followed by participants classified as normal (8.7%), then participants in the impaired diabetic class 
(8.4%). 

The prevalence of abnormal peripheral pulses increased with age (p=0.001), lifetime cigarette smoking 
history (p=0.001), and current cigarette smoking (p=0.001), while decreasing with body fat (p=0.034). 
Lifetime alcohol history (p=0.005), current alcohol use (p=0.036), personality type (p=0.026), and 
diabetic class (p=0.001) also were associated significantly with abnormal peripheral pulses. Heavy 
lifetime alcohol drinkers had the highest percentage of abnormal peripheral pulses (14.0%), followed by 
non-drinkers (11.0%) and moderate lifetime alcohol drinkers (9.1%). Participants who were currently 
moderate drinkers had the highest percentage of abnormal peripheral pulses (14.2%), followed by the 
heaviest drinkers (14.0%), then participants who were the lightest drinkers (9.8%). Participants with type 
B personalities had a higher percentage of abnormal peripheral pulses than did participants with type A 
personalities (11.8% versus 8.7%). Diabetic participants had the highest prevalence of abnormal 
peripheral pulses (19.4%), followed by participants classified as normal (8.9%), then participants in the 
impaired diabetic class (8.4%). 

The percentage of abnormal intermittent claudication and vascular insufficiency index (ICVI) results 
increased with lifetime cigarette smoking (p=0.001) and current cigarette smoking (p=0.001). Diabetic 
class was also significant (p=0.001). Diabetic participants had the highest percentage of abnormal ICVI 
results (9.1%), followed by participants in the impaired diabetic class (2.9%), then participants classified 
as normal (2.6%). 

14.2.2   Exposure Analysis 

The following section presents results of the statistical analysis of the dependent variables shown in 
Table 14-1. Dependent variables were derived from a medical records review and verification, physical 
examination and ECG determinations, and an ICVI index based on participant responses to three 
questions regarding leg pain. 

Four models were examined for each dependent variable given in Table 14-1. The analyses of these 
models are presented below. Further details on dioxin and the modeling strategy are found in Chapters 2 
and 7, respectively. These analyses were performed both unadjusted and adjusted for relevant covariates. 
Model 1 examined the relation between the dependent variable and group (i.e., Ranch Hand or 
Comparison). In this model, exposure was defined as "yes" for Ranch Hands and "no" for Comparisons 
without regard to the magnitude of the exposure. As an attempt to quantify exposure, three contrasts of 
Ranch Hands and Comparisons were performed along with the overall Ranch Hand versus Comparison 
contrast. These three contrasts compared Ranch Hands and Comparisons within each occupational 
category (i.e., officers, enlisted flyers, and enlisted groundcrew). As described in previous reports and 
Table 2-8, the average levels of exposure to dioxin were highest for enlisted groundcrew, followed by 
enlisted flyers, then officers. 

Model 2 explored the relation between the dependent variable and an extrapolated initial dioxin measure 
for Ranch Hands who had a 1987 dioxin measurement greater than 10 ppt. If a participant did not have a 
1987 dioxin level, the 1992 level was used to estimate the initial dioxin level. If a participant did not have 
a 1987 or a 1992 dioxin level, the 1997 level was used to estimate the initial dioxin level. A statistical 
adjustment for the percentage of body fat at the time of the participant's blood measurement of dioxin 
was included in this model to account for body-fat-related differences in elimination rate (52). 

Model 3 divided the Ranch Hands examined in Model 2 into two categories based on their initial dioxin 
measures. These two categories are referred to as "low Ranch Hand" and "high Ranch Hand." Two 
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additional categories, Ranch Hands with 1987 serum dioxin levels at or below 10 ppt and Comparisons 
with 1987 serum dioxin levels at or below 10 ppt, were formed and included in the model. Ranch Hands 
with 1987 serum dioxin levels at or below 10 ppt are referred to as the "background Ranch Hand" 
category. Dioxin levels in 1992 were used if the 1987 level was not available, and dioxin levels in 1997 
were used if the 1987 and 1992 levels were not available. These four categories—Comparisons, 
background Ranch Hands, low Ranch Hands, and high Ranch Hands—were used in Model 3 analyses. 
The relation between the dependent variable in each of the three Ranch Hand categories and the 
dependent variable in the Comparison category was examined. A fourth contrast, exploring the relation 
of the dependent variable in the combined low and high Ranch Hand categories relative to Comparisons, 
also was conducted. This combination is referred to in the tables as the "low plus high Ranch Hand" 
category. As in Model 2, a statistical adjustment for the percentage of body fat at the time of the 
participant's blood measurement of dioxin was included in this model. 

Model 4 examined the relation between the dependent variable and 1987 lipid-adjusted dioxin levels in all 
Ranch Hands with a dioxin measurement. If a participant did not have a 1987 dioxin measurement, the 
1992 measurement was used to determine the dioxin level. If a participant did not have a 1987 or a 1992 
dioxin measurement, the 1997 measurement was used to determine the dioxin level. 

14.2.2.1  Medical Records Variables 

14.2.2.1.1      Essential Hypertension 

All Model 1, 2, and 3 analyses of essential hypertension revealed no significant results (Table 14-3(a-f): 
p>0.13 for each analysis). 

The unadjusted and adjusted Model 4 analyses each showed significant positive associations between 
essential hypertension and 1987 dioxin (Table 14-3(g,h): Est. RR=1.22, p<0.001; Adj. RR=L18, 
p=0.011). The percentages of participants with essential hypertension in the low, medium, and high 1987 
dioxin categories were 34.0, 38.0, and 49.1, respectively. 

Table 14-3. Analysis of Essential Hypertension 

(a)MODEL li :'Ri^CE;HÄNDS;VSf 

Occupational 
:p;:;;| lÖiipSMS I W$M ̂ M^ßi^MiM. p-VaUie 

All Ranch Hand 
Comparison 

850 
1,220 

345 (40.6)                0.95 (0.80,1.14) 
509(41.7) 

0.606 

Officer Ranch Hand 
Comparison 

329 
480 

128 (38.9)                  0.90 (0.68,1.20) 
199 (41.5) 

0.467 

Enlisted Flyer Ranch Hand 
Comparison 

149 
184 

71(47.7)                 1.18(0.77,1.83) 
80 (43.5) 

0.447 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

372 
556 

146 (39.2)                 0.92 (0.70,1.20) 
230(41.4) 

0.519 
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Table 14-3.   Analysis of Essential Hypertension (Continued) 

(b) MpI>EL. 1: RANCH HANDS VS. COMPARISONS - AD JUSTED | 

Occupational Category 
Adjusted Relative Risk 

p-Value 
All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

0.96(0.79,1.17) 

0.85(0.63,1.16) 
1.27 (0.79,2.04) 
0.96(0.72,1.29) 

0.708 

0.317 
0316 
0.811 

(c) MODEL 2: RANCH HANDS- -INITIALDIOXIN -UNADJUSTED 

Initial Dioxin Category Summary Statistics Analysis Results for Log2 (Initial Dioxin)3 

■■'.,.:..'- fiioxin     '■ ■:;^|:1^^S?'I.^I'LH:^'^ 

;r'^::;Ärnitt Estimated Relative Risk 

Low 
Medium 
High 

152 
160 
159 

65 (42.8) 
72 (45.0) 
77 (48.4) 

1.06(0.91,1.23)                         0.441 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

|(||fi^ 

^M0§^^&i^M^^^^^i "^^^ü^^k'.:^)i< %- t'^M 
452 1.10(0.91,1.32) 0.314 

a Relative risk for a twofold increase in initial dioxin. 

(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY ;~UNADJUSTED:,.','■■■' 

lll'l^ 'S ;-;d;# ^ M:- PHY^UV ; ;;' 
Comparison 
Background RH 
LowRH 
HighRH 
Low plus High RH 

I,Ioi                   490(41.4) 

372                 127(34.1)                   0.86(0.67,1.11) 
229                 94(41.0)                  0.95(0.71,1.29) 
242                120(49.6)                  1.22(0.91,1-63) 
471                 214(45.4)                    1.08(0.87,1.35) 

0.246 
0.758 
0.177 
0.488 

a Relative risk and confidence interval relative to Comparisons. 
Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 14-3.   Analysis of Essential Hypertension (Continued) 

(f) MODEL 3: RANCH»^NDSAmCOMPARISONS BY DIOXIN CATEGORY^ ADJUSTED 

;;:; ...: "'■.;_ .     '     . .■ .■..',./; ■■■■ : "''i^iAcyrated; RelativeRisk. .:      ;::; ": ■ '.;. :" :-:'..• \ \ 
;:.-;i-^Pioxm:<:ategory        ■ .; .,v/;0;;;r;-l:ft^ VJi-l^yivl^/-;-1   (95% C.I.)a- ;   ^v.;;-,;■: -^ p-Value 
Comparison 1,145 

Background RH                             356                         0.87(0.66,1.14)                                0.320 
LowRH                                           217                           0.87(0.63,1.20) 0.395 
HighRH                                          235                            1.27(0.93,1.74)                                  0.131 
Low plus High RH 452 1.06(0.84,1.35) 0.624 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(g) MODEL 4: RANCH HANDS -1987 DIOXIN -UNADJUSTED _'^'L-- ■''■■■■=.'^  'V"-./% y^U >'■■■■.: ;■■' 

|-;|^ .^ ;,■ :^/ ?;:iArialysis Results for L^ 

Dioxin ^^■^■^^W^^^k.ä::^i';. 
y%-l|stf 

Low 
Medium 
High 

282 
276 
285 

96 (34.0) 
105 (38.0) 
140 (49.1) 

1.22(1.11,1.34)                              <0.001 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(h) MODEL 4i RANCH HANDS -1987 DIOXIN - ADJUSTED 

IAnalysis Resultsfor.Log2 (1987Dioxin + 1) ' ^ '■'.■:::;:.:-V^i- ,\.::,./■'.'■.: 

(95% C.I.)' p-VaJue 
 808 1.18(1.04,1.34) 0.011 

Relative risk for a twofold increase in 1987 dioxin. 

14.2.2.1.2      Heart Disease (Excluding Essential Hypertension) 

The unadjusted and adjusted Model 1 analyses of a history of heart disease each showed significant group 
differences when combining all occupations (Table 14-4(a,b): Est. RR=1.26, p=0.013; Adj. RR=1.26, 
p=0.018, respectively). The percentage of Ranch Hands with heart disease was 66.1 versus 60.8 percent 
for Comparisons. Stratifying by occupation, unadjusted and adjusted analyses revealed group differences 
within the enlisted flyer stratum (Table 14-4(a,b): Est. RR=2.10, p=0.003; Adj. RR=2.05; p=0.004, 
respectively). The percentage of Ranch Hand enlisted flyers with heart disease was 75.2 versus 59.7 
percent for the Comparison enlisted flyers. 
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Table 14-4. Analysis of Heart Disease (Excluding Essential Hypertension) 

(a) MODEL 1: RANCH HANDS VS. COMPARISONS -UNADJUSTED 

Occupational 
!  Category; ■; Group ^^-^y^^^:] 

Number (%) t K^ÄlÄelätiw 
■     ..:.(95% C.I.) :.     .. p-Value 

All Ranch Hand 
Comparison 

859 
1,232 

568 (66.1) 
749 (60.8) 

1.26(1.05,1.51) 0.013 

Officer Ranch Hand 
Comparison 

334 
484 

238 (71.3) 
324 (66.9) 

1.22(0.90,1.66) 0.191 

Enlisted Flyer Ranch Hand 
Comparison 

149 
186 

112(75.2) 
111(59.7) 

2.10(1.27,3.28) 0.003 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

376 
562 

218(58.0) 
314(55.9) 

1.10(0.84,1.42) 0.523 

(b) MODEL 1: RANCH HANDS VS. COMPARISONS - ADJUSTED 

Occupational Category 
Adjusted Relative Risk 

p-Value 
All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

1.26 (1.04,1.53) 

1.21 (0.88,1.66) 
2.10(1.28,3.45) 
1.10(0.83,1.46) 

0.018 

0.238 
0.004 
0.496 

(c) MODEL 2: RANCH HANDS - INITIAL DIOXIN - UNADJUSTED 

^■^■y'J^ü^lA6xin}i^ieg6ry Summary Statistics        ■■;.;■. ■■ ■:. ::Analysis^ResiiltS:for Lo^. (Initial ;Dioxiri)a:;..- - 

Initial 
Dioxin B;::^h^M:y§0h 

:?. :£i-l ■"; :l;:^Äer<|^>) :4i ■ Wl; 

Low 
Medium 
High 

155 
161 
160 

115(74.2) 
99(61.5) 
88 (55.0) 

0.79 (0.68,0.91)                       0.001 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(d) MODEL 2: RANCH HANDS- INITIAL DIOXIN - ADJUSTED 

Analysis Results for Log2 (Initial Dioxin) 

(95%C.l.f p-Valuej 

457 0.90(0.75,1.08) 0.249 

Relative risk for a twofold increase in initial dioxin. 
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Table 14-4.   Analysis of Heart Disease (Excluding Essential Hypertension) (Continued) 

.(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - -UNADJUSTED     -.'. 

■      'Dioxin Category; :.; p-Value 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,195               730(61.1) 

376                259(68.9)                    1.43(1.11,1.83) 
233                 163 (70.0)                    1.48 (1.09,2.00) 
243                 139(57.2)                   0.84(0.64,1.11) 
476                 302(63.4)                    1.11(0.89,1.39) 

0.005 
0.011 
0.228 
0.359 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand):  1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(I) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY -ADJUSTED 

:f;;;;; ^ JÄC^KI öj^atßgör^ >:"; ?$% _ ■ tM'£<^M--Mt^^:\':':^ 
Adjusted Relative Risk   ■■,.■::■.:..'. 

p-Value .: ■ .: 
Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH 

1,155 

360 
221 
236 
457 

1.34(1.03,1.75) 
1.33 (0.96,1.84) 
1.03(0.76,1.40) 
1.16(0.92,1.48) 

0.032 
0.081 
0.865 
0.209 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(g) MODEL 4: RANCH HANDS - 1987 DIOXIN PjH^lMIdmSäS 
1987 Dioxin Category Summary Statistics Analysis Results for Log2 ii^liSipsBiiiis 

Estimated Relative Risk 
jllllllliliQ : ;i; ^ ;=:?;: ;;■-■;:i^^^aiti^ -: Hi ; - =; 

Low 
Medium 
High 

284               192 (67.6) 
281               199(70.8) 
287                170 (59.2) 

0.87 (0.79,0.96) 0.004 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 
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Table 14-4.   Analysis of Heart Disease (Excluding Essential Hypertension) (Continued) 

(h) MODEL 4: RANCH HANDS - 1987 DIOXIN - ADJUSTED 

Analysis Results for Log2 (1987 Dioxin+1) 
Adjusted Relative Risk 

 817 0.92(0.81,1.04) 0.159 

Relative risk for a twofold increase in 1987 dioxin. 

The unadjusted Model 2 analysis revealed a significant inverse association between heart disease and 
initial dioxin (Table 14-4(c): Est. RR=0.79, p=0.001). The percentages of participants with heart disease 
in the low, medium, and high initial dioxin categories were 74.2, 61.5, and 55.0, respectively. After 
covariate adjustment, the results became nonsignificant (Table 14-4(d): p=0.249). 

The Model 3 unadjusted analysis of heart disease revealed two significant contrasts: Ranch Hands in the 
background dioxin category versus Comparisons and Ranch Hands in the low dioxin category versus 
Comparisons (Table 14-4(e): Est. RR=1.43, p=0.005; Est. RR=1.48, p=0.011, respectively). The 
adjusted analysis showed a significant difference between Ranch Hands in the background dioxin 
category and Comparisons (Table 14-4(f): Adj. RR=1.34, p=0.032) and a marginally significant 
difference between Ranch Hands in the low dioxin category and Comparisons (Table 14-4(f): Adj. 
RR=1.33, p=0.081). The percentages of participants with heart disease for Ranch Hands in the 
background dioxin category, Ranch Hands in the low dioxin category, and Comparisons were 68.9,70.0, 
and 61.1, respectively. 

The Model 4 unadjusted analysis showed a significant inverse association between heart disease and 1987 
dioxin (Table 14-4(g): Est. RR=0.87, p=0.004). The percentages of participants with heart disease in the 
low, medium, and high 1987 dioxin categories were 67.6, 70.8, and 59.2, respectively. The results 
became nonsignificant after adjusting for covariates (Table 14-4(h): p=0.159). 

14.2.2.1.3      Myocardial Infarction 

All unadjusted and adjusted Model 1 through Model 4 analyses of myocardial infarction were 
nonsignificant (Table 14-5(a-h): p>0.10 for each analysis). 

Table 14-5. Analysis of Myocardial Infarction 

(a) MODEL 1: RANCH HANDS VS. COMPARISONS - UNADJUSTED 

Occupational 
W0§^0v^fff:M WM^MMM^M p-Value 

All Ranch Hand 
Comparison 

859 
1,232 

74 (8.6) 
102   (8.3) 

1.04 (0.76,1.43) 0.786 

Officer Ranch Hand 
Comparison 

334 
484 

28   (8.4) 
42   (8.7) 

0.96(0.58,1.59) 0.882 

Enlisted Flyer Ranch Hand 
Comparison 

149 
186 

16 (10.7) 
15   (8.1) 

1.37 (0.65,2.87) 0.403 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

376 
562 

30   (8.0) 
45   (8.0) 

1.00(0.62,1.61) 0.987 
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Table 14-5.   Analysis of Myocardial Infarction (Continued) 

(b) MODEL 1: RANCH HANDS VS. COMPARISONS - ADJUSTED 

Adjusted Relative Risk 
Occupational Category  ■ ■ ;. ■. (95%'C.L). ■ • P-Value.! 

AU                                                                      L02 (0.73,1.42) 0.915 

Officer                                                             0.86 (0.50,1.46) 0.567 
Enlisted Flyer                                                      1.57 (0.72,3.43) 0.255 
Enlisted Groundcrew 0.99(0.59,1.67) 0.975 

(c) MODEL 2: RANCH HANDS - -INITIAL!^ 

ImtiatDipxin Category^ Analysis Results for Log2 (Initial Dioxin)3 

Initial 
Dioxin 4$\g;^5lß^:"4:Kr 

Number (%) -'.' Estimated Relative Risk 

Low 
Medium 
High 

155 
161 
160 

12 (7,7) 
18(11.2) 
13 (8.1) 

1.01(0.79,1.28)                         0.945 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(d) MODEL 2: RANCH HANDS - INITIAL DIOXIN - ADJUSTED 

Analysis Results for Log2 (Initial Dioxin) 

 457 1.30(0.95,1.77) 0,106  
a Relative risk for a twofold increase in initial dioxin. 

Note: Results are not adjusted for race because of the sparse number of participants with a myocardial infarction. 

(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - UNADJUSTED 

Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH 

1,195 

376 
233 
243 
476 

98 (8.2) 

29 (7.7) 
19(8.2) 
24 (9.9) 
43 (9.0) 

0.98(0.63,1.51) 
0.99(0.59,1.65) 
1.18(0.73,1.89) 
1.08(0.74,1.58) 

0.919 
0.958 
0.496 
0.689 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 14-5.   Analysis of Myocardial Infarction (Continued) 

(I) MODEL -3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - ADJUSTED) 

*i::x':t 'iv!':?.:^';;W:M ¥w:^>%"-?:-:i"-'^:M- ■;: i4:WPM:oAdjusted Relative-Rfefo'-'i:£:>--;: ■'>:■'-■>.■?:■■!-- 
Dioxin Category 11 (95% C.I.)a p-Value 

Comparison 1,155 

Background RH 360 0.89(0.55,1.43) 0.625 
LowRH 221 0.84(0.49,1.46) 0.544 
HighRH 236 1.39(0.83,2.32) 0.215 
Low plus High RH 457 1.09 (0.73,1.63) 0.673 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison:  1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(g)MODEL4: RÄNCPHÄNDS -1987 DIOXIN il$l$!$^^ 
.■;.;;- 1987 Dioxin CategorySumraar ̂ .Si^tisä^iiMÄ ":;||;i:;g;^|-ig:^ 

v^M^^^^'ÖofÄ; 
Number (%)   .■;• Si';-I§ti 

Low 
Medium 
High 

284 
281 
287 

21 (7.4) 
23 (8.2) 
28 (9.8) 

1.03 (0.87,1.21)                               0.740 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(h) MODEL 4: RANCH HANDS - 1987 DIOXIN - ADJUSTED 

_n (95% C.I.)ft  p-Value 

817 1.16(0.94,1.44) 0J70 

Relative risk for a twofold increase in 1987 dioxin. 

14.2.2.1.4      Stroke or Transient Ischemlc Attack 

All analysis results of stroke or transient ischemic attack were nonsignificant (Table 14-6(a-h): p> 0.10 
for each analysis). 
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Table 14-6. Analysis of Stroke or Transient Ischemic Attack 

(a) MODEL 1: RANCH HANDS VS. COMPARISONS - UNADJUSTED 

Occupational 
Category Group ■;:^;SJ#U^: 

Number {%) ' Est-Relative Risk ' .' 
p-Value 

All Ranch Hand 
Comparison 

859 
1,232 

11 (1.3) 
14(1.1) 

1.13 (0.51,2.50) 0.766 

Officer Ranch Hand 
Comparison 

334 
484 

5(1-5) 
5(1.0) 

1.46(0.42,5.07) 0.555 

Enlisted Flyer Ranch Hand 
Comparison 

149 
186 

0 (0.0) 
3 (1.6) 

- 0.3303 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

376 
562 

6(1.6) 
6(1.1) 

1.50(0.48,4.69) 0.483 

a P-vaUie determined using a chi-square test with continuity correction because of the sparse number of participants 
with a stroke or transient ischemic attack. 
-: Results not presented because of the sparse number of participants with a stroke or transient ischemic attack. 

■(b) MODEL 1: RANCH HANDS VS. COMPARISONS - ADJUSTED 

AU 1.21 (0.51,2.85) 0.666 

Officer 1.18 (0.31,4.51) 0.806 
Enlisted Flyer 
Enlisted Groundcrew 1.80 (0.53,6.06) Q.345  

--: Results not presented because of the sparse number of participants with a stroke or transient ischemic attack. 

(c) MODEL 2: RANCH HANDS - INITIAL DIOXIN - UNADJUSTED 

:|3t';Ä Analysis Results for Log2 (lnitiai Dioxin)^ 
l'-;:\-^Initial:. :'"■■.. 

:M<M.'-:n^MM-S-< 
Low 
Medium 
High 

155 
161 
160 

1 (0.6) 
2(1.2) 
3 (1.9) 

1.22(0.68,2.16)                         0.513 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 
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Table 14-6.   Analysis of Stroke or Transient Ischemic Attack (Continued) 

(d) MODEL 2: RANCH HANDS -INITIAL DIOXIN -ADJUSTED 

Analysis Results for Log2 (Initial Dioxi 11) 

Adjusted Relative Risk | 

 457 1.33(0.72,2.47) 0,379  

a Relative risk for a twofold increase in initial dioxin. 

Note: Results are not adjusted for race and occupation because of the sparse number of Ranch Hands with a stroke 
or transient ischemic attack. 

■(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY i UNADJUSTED 

. ;'V; ■ ';|Öfexiii Category        | :^'£^£M^£M 
M  Number (%)= 

;£: 'S' * ■■ S WW&P^ KtM :-■.! 
Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH 

1,195 

376 
233 
243 
476 

14 (1.2) 

5 (1.3) 
1 (0.4) 
5 (2.1) 
6(1.3) 

1.13(0.40,3.18) 
0.36 (0.05,2.78) 
1.78(0.63,5.02) 
0.82 (0.25,2.68) 

0.816 
0.330 
0.275 
0.741 

a Relative risk and confidence interval relative to Comparisons. 
Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - ADJUSTED 

v%4^ 
 n__      (95% C.L)a p-Value 

Comparison 1,155 

Background RH                             360                         0.97 (0.30,3.16) 0.956 
LowRH                                           221                           0.42(0.05,3.26) 0.404 
HighRH                                           236                           2.65(0.83,8.46)                                  0.100 
Low plus High RH 457 1.08(0.32,3.71) 0.900 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 14-6.   Analysis of Stroke or Transient Ischemic Attack (Continued) 

(g) MODEL 4: RANCH HANDS -1987 DIOXIN -UNADJUSTED. 

1987 Dioxin Category Summary Statistics Analysis Results for Log2 (1987 Dioxin + 1) 

Dioxin :;v/;\: v; ■£;■» W-'$.'tt'M' 
Estimated Relative Risk 

Low 
Medium 
High 

284 
281 
287 

4(1.4) 
2 (0.7) 
5 (1.7) 

0.99(0.66,1.48)                              0.957 

Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt 

lispiiÄ 

f::/;Q::;:v;;B:'p^ 

817                                              1.15(0.71,1.85) 0.578 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Results are not adjusted for occupation because of the sparse number of Ranch Hands with a stroke or 
transient ischemic attack. 

14.2.2.2   Physical Examination Variables — Central Cardiac Function 

14.2.2.2.1      Systolic Blood Pressure (Continuous) 

All Model 1 and Model 2 analyses of systolic blood pressure in its continuous form showed no significant 
results (Table 14-7(a-d): p>0.23 for each analysis). 

Table 14-7. Ar lalysis of Systolic 

^RANCH/HAM)^ 

Blood Pressure (Continuous) 

(a) MODEL li p^DM^SP0NS -,UNADJUSTEDi;C" J i IS 

Occupational Difference of Means 
W-^i^^^^MMM 

Ranch Hand 859 
WU§^SSS§Sk m^M§M&W;9MW:M S:ä:Jil"-^äü^;\:r^ 

All 124.9 -4.7- 0.383 
Comparison 1,232 125.6 

Officer Ranch Hand 334 125.9 -0.2 - 0.865 
Comparison 484 126.2 

Enlisted Flyer Ranch Hand 149 127.0 -0.3 - 0.875 
Comparison 186 127.3 

Enlisted Ranch Hand 376 123.1 -1.4- 0.241 
Groundcrew Comparison 562 124.5 

a Transformed from natural logarithm scale. 
b Difference of means after transformation to original scale; confidence interval on difference of means not 
presented because analysis was performed on natural logarithm scale. 
c P-value is based on difference of means on natural logarithm scale. 
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Table 14-7.   Analysis of Systolic Blood Pressure (Continuous) (Continued) 

;:;(b):P^ ADJUSTED 

Occupational 
;      Category    ■  . ■ ; Group 

Ranch Hand 
Comparison 

n .■.; ■ 

822 
1,189 

Adjusted 

127J 
128.4 

Difference of Adj. Means 
'•';'  :■'■■:■■■ (95%. C.t.)b'--   ■ ■ ■ |f||1 p-Value0 

All -0.6- 0.415 

Officer Ranch Hand 
Comparison 

322 
472 

127.2 
128.1 

-0.9 - 0.468 

Enlisted Flyer Ranch Hand 
Comparison 

140 
178 

128.7 
128.6 

0.1- 0.967 

Enlisted Groundcrew Ranch Hand 
Comparison 

360 
539 

127.5 
128.2 

-0.7 - 0.574 

a Transformed from natural logarithm scale. 
Difference of means after transformation to original scale; confidence interval on difference of means not 

presented because analysis was performed on natural logarithm scale. 
c P-value is based on difference of means on natural logarithm scale. 

(c) MODEL 2: RANCH HANDS - INITIAL DIOXIN - UNADJUSTED 

Initial Dioxin Category Summary Statistics 

Initial Dioxin Meana Adj.Meanab 

Low 
Medium 
High 

155 
161 
160 

125.8 
125.7 
124.2 

126.4 
125.8 
123.6 

Analysis Results for Log2 (Initial Dioxin)b 

(Std. Error)' p-Value 
0.049 -0.006 (0.005) 0.238 

a Transformed from natural logarithm scale. 
Adjusted for percent body fat at the time of the blood measurement of dioxin. 

c Slope and standard error based on natural logarithm of systolic blood pressure versus log2 (initial dioxin). 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(d) MODEL 2: RANCH HANDS 

n Category Summar 

-INITIAL DIOXIN -ADJUSTED 

Initial Diox ^fi|§Bi^i8,SS ^IM^SlX^jftieäi ultsf Or LogiÖnitial Dioxin) 

Initial Dioxin i 
150 
150 
157 

5^äileaMi.;':i; 9§BBSi3§l. 
Low 

Medium 
High 

129.0 
130.2 
128.5 

0.135 -0.000 (0.006)             0.983 

a Transformed from natural logarithm scale. 
Slope and standard error based on natural logarithm of systolic blood pressure versus log2 (initial dioxin). 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 
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Table 14-7.   Analysis of Systolic Blood Pressure (Continuous) (Continued) 

MWpi^NCH HANDS ANDC^^RI^SfSBY ÖIÖXIN CATEGORY KlflSADJUSTED 

Dioxin Category Mean9 ^.Meanab 

Difference of Adj. Mean 
vs. Comparisons 

.■   ;   ;(95%CJ.)C.  p-Value11 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,195 

376 
233 
243 
476 

125.6 

124.4 
126.2 
124.4 
125.2 

125.5 

125.4 
125.9 
123.4 
124.6 

-0.1 -- 
0.4- 

-2.1- 

-0.9 - 

0.935 

0.730 
0.079 
0.346 

a Transformed from natural logarithm scale. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 
difference of means after transformation to original scale; confidence interval on difference of means not presented 
because analysis was performed on natural logarithm scale. 

P-value is based on difference of means on natural logarithm scale. 

Note: RH = Ranch Hand. 

Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. 

Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - ADJUSTED 

Dioxin Category Adi. Mean* 

Difference of Adj. Mean 
!'■■.' kV^^Ciöfii^ainsdns'^;[-' ■■■ 

(95%-C.I.)6 pKValue4 

Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH 

1,155 

360 
221 
236 
457 

128.5 

128.5 0.0- 0.990 
127.9 -0.6 - 0.651 
127.0 -1.5- 0.222 
127.4 -1.1 - 0.262 

a Transformed from natural logarithm scale. 
Difference of means after transformation to original scale; confidence interval on difference of means not presented 

because analysis was performed on natural logarithm scale. 
c P-value is based on difference of means on natural logarithm scale. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 14-7.   Analysis of Systolic Blood Pressure (Continuous) (Continued) 

(g) MODEL 4; RANCH HÄNDS- 

Moxm Category Sumi 

-1987 DIOXIN- -^ÄÜST^ 
19871 nary Statistics Analysis Results for Log2 (1987 Dioxin+1) 

1987 Dioxin ^v'l-:v!^Ä:^^^^^:''V.:' §[M:M^-M R2                    (Std, Error)"              p-Value 
Low 
Medium 
High 

284 
281 
287 

124.0 
125.9 
124.8 

<0.001              0.001 (0.003)             0.693 

a Transformed from natural logarithm scale. 
Slope and standard error based on natural logarithm of systolic blood pressure versus log2 (1987 dioxin + 1). 

Note: Low = <7.9 ppt; Medium = >7.9~19.6 ppt; High = >19.6 ppt. 

(h) MODEL ■M ■f^^B^JSDS-r -1987DIOXES tggjjjisg^ 
1987 Dioxin Category Summary :;$t^^ti#:;^-:;!::;;#l' ;|;|;:Jft 
1987 

Dioxin &$Si?z&&'$ww:^:zi£ Adj, Mean8 

Low 
Medium 
High 275 

128.3 
127.2 
127.1 

0.126                     -0.005 (0.004)             0.165 

a Transformed from natural logarithm scale. 
Slope and standard error based on natural logarithm of systolic blood pressure versus log2 (1987 dioxin + 1). 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

The unadjusted Model 3 analysis showed a marginally significant difference between Ranch Hands in the 
high dioxin category and Comparisons (Table 14-7(e): difference of means=-2.1 mm Hg, p=0.079). 
Ranch Hands in the high dioxin category had a lower mean systolic blood pressure (123.4 mm Hg) than 
the Comparisons (125.5 mm Hg). The adjusted Model 3 analysis revealed no significant contrasts (Table 
14-7(0: p>0.22 for each contrast). 

Both the unadjusted and adjusted Model 4 analyses revealed no significant associations between 1987 
dioxin and systolic blood pressure in its continuous form (Table 14-7(g,h): p>0.16 for each analysis). 

14.2.2.2.2      Systolic Blood Pressure (Discrete) 

The unadjusted and adjusted Model 1 analyses of systolic blood pressure in its discrete form showed no 
significant differences between Ranch Hands and Comparisons when examined across all occupations 
and within each occupation (Table 14-8(a,b): p>0.63 for each contrast). 
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Table 14-8. Analysis of Systolic Blood Pressure (Discrete) 

(a) MODEL 1: RANCH HANDS VS. COMPARISONS - UNADJUSTED 

Occupational 
',::-  Category' '. Group n 

.'-•■:■■'■:'Number (%)';'"y:'  ':'; : Est Relative Risk 
p-Value 

All Ranch Hand 
Comparison 

859 
1,232 

181 (21.1) 
262 (21.3) 

0.99 (0.80,1.22) 0.914 

Officer Ranch Hand 
Comparison 

334 
484 

78 (23.4) 
112(23.1) 

1.01 (0.73,1.41) 0.944 

Enlisted Flyer Ranch Hand 
Comparison 

149 
186 

36 (24.2) 
43 (23.1) 

1.06(0.64,1.76) 0.823 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

376 
562 

67 (17.8) 
107 (19.0) 

0.92(0.66,1.29) 0.638 

(b) MODEL 1: s|||§gP^ 

Occupational Category: ■■'"■.■ 
■Adjusted/Relative Risk 

(95% C.I.) MMMMM MM ■ ■ ■ B'plfeatoi; i 
All 0.99(0.79,1.24) 0.899 
Officer 
Enlisted Flyer 
Enlisted Groundcrew 

0.95 (0.67,1.35) 
1.13(0.66,1.93) 
0.96 (0.67,1.38) 

0.784 
0.661 
0.832 

(c) MODEL 2: RANCH HANDS - INITIAL DIOXIN.- UNADJUSTED 

Initial Dioxin Category Summary Statistics 

Initial] 
Dioxin 

Number (%) 
MMr'mS::?:M: 

Low 
Medium 
High 

155 
161 
160 

40 (25.8) 
36 (22.4) 
29(18.1) 

Analysis Results for Log2 (Initial Dioxin)3 

Estimated Relative Risk 
p-Value 

0.83 (0.69,0.99) 0.031 

* Adjusted for percent body fat at the time of the blood measurement of dioxin. 
Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(d) MODEL 2: RANCH HANDS - INITIAL DIOXIN- ADJUSTED 

Analysis Results for Log2 (Initial Dioxin) 

M^usÄÄeÄ 
11111 tiÄ '■p-Value: 

457 0.89(0.71,1.11) 0.296 

Relative risk for a twofold increase in initial dioxin. 
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Table 14-8.   Analysis of Systolic Blood Pressure (Discrete) (Continued) 

::;-{e)MÖÖ^ -UNADJUSTED 

Dioxin Category 
Number (%) 

:■   n                         High p-Value 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,195                 253 (21.2) 

376                  74 (19.7) 
233                   59 (25.3) 
243                 46(18.9) 
476                 105(22.1) 

1.00(0.75,1.34) 
1.25(0.90,1.73) 
0.80(0.56,1.14) 
0.99(0.76,1.29) 

0.998 
0.188 
0.208 
0.952 

a Relative risk and confidence interval relative to Comparisons. 
Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand):  1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - ADJUSTED 

Dioxin Category 
Adjusted Relative Risk 
! -: *:   (95%CX)a p-Value 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,155 

360 
221 
236 
457 

1.00(0.73,1.37) 
1.12(0.79,1.59) 
0.84(0.57,1.23) 
0.96(0.73,1.27) 

0.983 
0.532 
0.365 
0.791 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand):  1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(g)MÖDEL "11 fiÄMMÄI^H^ÄlÄÄi i|^|j|^ 
i|t|illäliii||§|^ ategory Summary Statistics IAS 

lilKllllll 
Low 
Medium 
High 

284                54 (19.0) 
281                  66 (23.5) 
287                  59 (20.6) 

1.00(0.89,1.12)                                0.956 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 
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Table 14-8.   Analysis of Systolic Blood Pressure (Discrete) (Continued) 

p MQDEfc4: RANCH HANDS - 1987 DIOXIN - ADJUSÖ0EB 

Analysis Results for Logi (1987 Dioxin +1) 

Adjusted Relative Risk 

 817 0.88(0.76,1.02) Q.Q99 

Relative risk for a twofold increase in 1987 dioxin. 

A significant inverse association between discrete systolic blood pressure and initial dioxin was found in 
the unadjusted Model 2 analysis (Table 14-8(c): Est. RR=0.83, p=0.031). After adjusting for covariates, 
the results became nonsignificant (Table 14-8(d): p^0.296). 

The unadjusted and adjusted Model 3 analyses of systolic blood pressure showed no significant contrasts 
between the Ranch Hand dioxin category and Comparisons (Table 14-8(e,f): p>0.18 for each contrast). 

The unadjusted Model 4 results were nonsignificant (Table 14-8(g): p=0.956). After adjusting for 
covariates, the results became marginally significant (Table 14-8(h): Adj. RR=0.88, p=0.099). The 
percentages of participants with high discrete systolic blood pressures in the low, medium, and high 1987 
dioxin categories were 19.0,23.5, and 20.6, respectively. 

14.2.2.23      Diastolic Blood Pressure (Continuous) 

All Model 1 and Model 2 analyses of diastolic blood pressure in its continuous form showed no 
significant results (Table 14-9(a-d): p>0.19 for each analysis). 

The unadjusted Model 3 analysis of continuous diastolic blood pressure revealed a marginally significant 
difference between Ranch Hands in the high dioxin category and Comparisons (Table 14-9(e): difference 
of means=1.08 mm Hg, p=0.099). The adjusted results were nonsignificant (Table 14-9(f): p>0.13 for 
each contrast). 

A significant positive association between 1987 dioxin and continuous diastolic blood pressure was found 
in the unadjusted Model 4 analysis (Table 14-9(g): slope=0.031, p=0.014). The mean diastolic blood 
pressure in the low, medium, and high 1987 dioxin categories was 73.97 mm Hg, 73.76 mm Hg, and 
75.94 mm Hg, respectively. After adjusting for covariates, the results became nonsignificant (Table 
14-9(h): p=0.315). 
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Table 14-9. Analysis of Diastolic Blood Pressure (Continuous) 

(a) MODEL 1: RANCH MNDS VS. ^ 

Occupational 
Group f::^ÄI;^f:' 

Difference of Means 
Meana                           (95% CX)b 

p-Value0 

All Ranch Hand 
Comparison 

859 
1,232 

74.55                          -0.06- 
74.61 

0.883 

Officer Ranch Hand 
Comparison 

334 
484 

74.17                           -0.04 -- 
74.21 

0.952 

Enlisted Flyer Ranch Hand 
Comparison 

149 
186 

75.22                             0.12-- 
75.10 

0.905 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

376 
562 

74.63                           -0.17- 
74.80 

0.780 

a Transformed from square root scale. 
Difference of means after transformation to original scale; confidence interval on difference of means not 

presented because analysis was performed on square root scale. 
c P-value is based on difference of means on square root scale. 

(b) MODEL 1: RANCH HANDS VS. COMPARISONS -ADJUSTED 

Occupational 
:.'; Catego'ry .-j Group I 

Adjusted Difference of Adj. Means 

All 

Officer 

Enlisted Flyer 

Enlisted Groundcrew 

p-Value 
Ranch Hand 822 
Comparison 1,189 

Ranch Hand 322 
Comparison 472 

Ranch Hand 140 
Comparison 178 

Ranch Hand 360 
Comparison 539 

75.68 
75.62 

75.29 
75.37 

76.47 
76.13 

75.37 
75.29 

0.06- 

-0.08 - 

0.33 - 

0.08 - 

0.889 

0.907 

0.752 

0.898 

a Transformed from square root scale. 
Difference of means after transformation to original scale; confidence interval on difference of means not 

presented because analysis was performed on square root scale. 
c P-value is based on difference of means on square root scale. 

S;ffl:Ä|^|I| |^^|;i|||ii||^-ir^p 4?$©!^ 
,,..,...,«. 

-ä:ltB Analysis Results for Log2 (Initial Dioxin)b 

Initial Dioxin':'■;' g|:ii|;ß|;;| IIII^Kiil iilliiillii 
Low 
Medium 
High 

ISS 

161 
160 

74 A7 

75.16 
76.07 

1Ä O/l 

75.17 
75.89 

U.U23            U.U25 (0.019)                 0.190 

a Transformed from square root scale. 
Adjusted for percent body fat at the time of the blood measurement of dioxin. 

c Slope and standard error based on square root of diastolic blood pressure versus log2 (initial dioxin). 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 
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Table 14-9.   Analysis of Diastolic Blood Pressure (Continuous) (Continued) 

(d) MODEL 2: RANCHHANDS - INITIAL DIOXIN - -ADJUSTED 

Initial Dioxin Category Summary Statistics Analysis Results for Log? (Initial Dioxin) 

Initial Dioxin ^■^{>V\;^n^^i:^:;:V.:;;-.;i;: Adj. Mean3 
::.- ■:; -: ■:{.-::  ■:, ■.-< -:-"■::ii;M ■:^-Adj»'-. Slope:;::-::; 

,       R2   .                      ' {Std..Error)b:.             p-Vauie 
Low 
Medium 
High 

150 
150 
157 

76.09 
77.21 
77.40 

0.073                      0.019 (0.023)              0.425 

a Transformed from square root scale. 
Slope and standard error based on square root of diastolic blood pressure versus log2 (initial dioxin). 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - UNADJUSTED 

Dioxin Category 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,195 

376 
233 
243 
476 

Mean3 

74.58 

73.87 
74.26 
75.93 
75.11 

Adj;Meai!ab 

74.57 

74.14 
74.19 
75.65 
74.93 

Difference of Adj. Mean 
W. ;Ä!CÖm|iärisons-:: ■■££> 

-0.43 -- 
-0.38 -- 
1.08- 
0.36 - 

p-Valued 

0.432 
0.569 
0.099 
0.468 

a Transformed from square root scale. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 
c Difference of means after transformation to original scale; confidence interval on difference of means not presented 
because analysis was performed on square root scale. 

P-value is based on difference of means on square root scale. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 14-9.   Analysis of Diastolic Blood Pressure (Continuous) (Continued) 

(f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - ADJUSTED 

Dioxin Category %Äy%V:V;tä'&ß]'$M '■■•.   .■:■■■ Adj^Mean*. 

Difference of Adj. Mean 
vs. Comparisons 
';   (95%CX)b p-Valuec 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,155 

360 
221 
236 
457 

75.67 

75.56 
75.23 
76.69 
75.98 

-0.11 — 
-0.44« 

1.02- 
0.31 - 

0.844 
0.515 
0.135 
0.544 

a Transformed from square root scale. 
Difference of means after transformation to original scale; confidence interval on difference of means not presented 

because analysis was performed on square root scale. 
c P-value is based on difference of means on square root scale. 

Note: RH = Ranch Hand. 

Comparison: 1987 Dioxin < 10 ppt. 

Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand):  1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(g) MODEL 4: RANCH HANDS - 1987 DIOXIN 

Dioxin Category Summary Statistics 

Ifili^l^ 
WMiMBlSMM Sljäi^^ 
;:i':;;

:i$ST;Öioxin';.'- ^Pv^l^fc-^^Vv^M!? ;;;:>XMeaif*:;V R2                    (Std. Error)b              p-Value 
Low 

Medium 

High 

284 

281 

287 

73.97 

73.76 

75.94 

0.007              0.031 (0.013)             0.014 

a Transformed from square root scale. 

Slope and standard error based on square root of diastolic blood pressure versus log2 (1987 dioxin + 1). 

Note: Low = <7.9 ppt; Medium = >7.9~19.6 ppt; High = >19.6 ppt. 

(h) MODEL M RANCH HANDS ■ -1987 DIOXÜN ÄijOai^liÖiB;:!;!^ 
1987 Dioxin Category Summarj siteä^iifiSff Analysis Results for Log2 (1987 Dioxin + 1) 

IIÜÄÜHI 
''W&MM-^MiOWtM :||liäi|illl| 

Low 
Medium 
High 

271 
271 
275 

75.59 
75.01 
77.24 

0.061                     0.016(0.016)             0.315 

Transformed from square root scale. 
Slope and standard error based on square root of diastolic blood pressure versus log2 (1987 dioxin + 1). 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 
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14.2.2.2.4      Diastolic Blood Pressure (Discrete) 

All unadjusted and adjusted analyses of diastolic blood pressure in its dichotomous form were 
nonsignificant (Table 14-10(a~h): p>0.19 for each analysis). 

Table 14-10. Analysis of Diastolic Blood Pressure (Discrete) 

(a) MODEL 1: RANCH HANDS VS. COMPARISONS -UNADJUSTED 

Occupational 
:.. Category '^|'^ßr^i^f;:^;C^j,- f;";v{n;V-?: :::--:VV:.:'--ö©»'v;:..^ ':''■:/".(95:%::c.i;)\;:': p-Value 

All 

Officer 

Enlisted Flyer 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

859 
1,232 

334 
484 

149 
186 

376 
562 

45(5.2) 
61 (5.0) 

20 (6.0) 
22 (4.5) 

8 (5.4) 
8 (4.3) 

17 (4.5) 
31 (5.5) 

1.06(0.71,1.58) 

1.34(0.72,2.49) 

1.26(0.46,3.45) 

0.81 (0.44,1.49) 

0.769 

0.360 

0.649 

0.499 

(b) MODEL 1: fi^fOT^ 

Occupational Category 
Adjusted Relative Risk 

'&&^zSMS^B p-Value 
All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

1.02 (0.67,1.56) 

1.21 (0.62,2.35) 
1.18(0.41,3.37) 
0.84 (0.44,1.59) 

0.916 

0.576 
0.760 
0.584 

(c) MODEL 2: RANCH HANDS - - INITIAL DIOXIN - UNADJUSTED 

Iilitiai Dioxin Category Summary Statistics llSllp alysis Results for Log2 (Initial Dioxin)*''-! 

Initial 

U::^^^^S^i::^^w- 
Estim ated;Relative:Rjsk ■■., 

p-Value 
Low 
Medium 
High 

155 
161 
160 

1 (4.5) 
12 (7.5) 

10 (6.3) 

1.04 (0.79,1.37) 0.793 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(d) MODEL 2: RANCH HANDS - INITIAL DIOXIN - ADJUSTED 

Analysis Results for Log2 (Initial Dioxin) 

§§1» Lp^yalue; 
457 1.15(0.80,1.67) 

a Relative risk for a twofold increase in initial dioxin. 

0.446 
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Table 14-10.   Analysis of Diastolic Blood Pressure (Discrete) (Continued) 

(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY- -UNADJUSTED 

Dioxin Category n High     ■ 
.      Est. Relative Risk 

(95% GI.)»b p-Value 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,195 

376 
233 
243 
476 

59 (4.9) 

15 (4.0) 
12 (5.2) 
17 (7.0) 
29 (6.1) 

0.85 (0.47,1.52) 
1.04(0.55,1.96) 
1.37(0.78,2.41) 
1.20(0.75,1.90) 

0.576 
0.915 
0.267 
0.447 

a Relative risk and confidence interval relative to Comparisons. 
Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand):  1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - ADJUSTED 

Dioxin Category n (95% C.I.)a p-Value 
Comparison 1,155 

Background RH 360 0.78(0.41,1.48) 0.449 
LowRH 221 0.91(0.45,1.83) 0.792 
HighRH                                           236                           1.46(0.80,2.68) 0.221 
Low plus High RH 457 1.16(0.71,1.91) 0.551 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison:  1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand):  1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(g) MODEL 4: RANCH HANDS -1987 DIOXIN glMijOTgTB^ 
::;^:|fl;I|||;i| oxin Category Summar; f Statistics teilte 

W^M^tWßM^M 
Number (%) 

Low 
Medium 
High 

284 
281 
287 

14 (4.9) 
9 (3.2) 

21 (7.3) 

1.14(0.94,1.39)                                0.198 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 
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Table 14-10.   Analysis of Diastolic Blood Pressure (Discrete) (Continued) 

'(h) MODEL 4; RANCH HANDS -1987 DIOXIN -ADJUSTED ~" 

Analysis Results for Log> (1987 Dioxin + 1) 

Adjusted Relative Risk 
(95%C.I.)a p- Value; 

817 1.20(0.89,1.61) 0.228 

Relative risk for a twofold increase in 1987 dioxin. 

14.2.2.2.5      Heart Sounds 

All Model 1 and Model 2 analyses of heart sounds were nonsignificant (Table 14-1 l(a-d): p>0.11 for 
each analysis). 

Table 14-11. Analysis of Heart Sounds 

(a) MODEL 1: |RiN§^ 
[Occupational 

W^;::^^^^^^-^M ' ':-■ ■ ■ n"; _ ■-:::.:WQ ■■   Abnormal'.'.■.'.  ] ''i. \\!.'.;::'{9S4>"GJL)'.:\'■■::' p-Value 
All 

Officer 

Enlisted Flyer 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

859                  31 (3.6)                 0.71 (0.45,1.10) 
1,232                  62 (5.0) 

334                   11(3.3)                 0.60(0.29,1.23) 
484                   26 (5.4) 

149                      7 (4.7)                   0.78 (0.30,2.08) 
186                  11(5.9) 

376                   13(3.5)                 0.77(0.39,1.52) 
562                   25 (4.4) 

0.116 

0.164 

0.625 

0.452 

(b)MODELl; RANCH HANDS VS. COMPAMSIONS-ADJUSTED 

Occupational Category    >!;.,:\ p-Value 
All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

0.71 (0.45,1.13) 

0.60(0.28,1.29) 
0.65 (0.23,1.84) 
0.86(0.42,1.74) 

0.139 

0.190 
0.419 
0.675 

(c) MODEL 2: RANCH HANDS - pl^ 
|;|I||;|-^ Analysis Results for Log; };|tCiällM j;ÖM^?iÖ5i:    :?;:;; ^;;' 

MMSM^BfiMS'^mM 
Estimated Relative Risk 

p^^^^l;:[:[:;i;'";;^:'
:-i:' 

Low 
Medium 
High 

155 
161 
160 

6(3.9) 
10 (6.2) 
6 (3.8) 

1.01 (0.73,1.40) 0.958 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 
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Table 14-11.   Analysis of Heart Sounds (Continued) 

(d)MODEL2:| RANCH HANDS; -INITIAL DIOXIN-ADJUSTED 

^^:^Ki-&^'hM^ 

Analysis Results for Log2 

Adjusted Relative Risk 

(Initial Dioxin) 

p- Value 
457 1.28(0.83,1.98) 0.266 

a Relative risk for • a twofold increase in initial dioxin. 

!:^§^§$Ml RANCH HANDS AND ..COMPARISONS BY DIOXIN CATEGORY -UNADJUSTED 

Wiää^^^^^^^i^MMß&^4 Abnormal 
Est. Relative Risk 

(95% CX)ab-.;. ;.. p-Value 
Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH 

1,195 

376 
233 
243 
476 

60 (5.0) 

9 (2.4) 
10 (4.3) 
12 (4.9) 
22 (4.6) 

0.48 (0.24,0.99) 
0.84 (0.42,1.67) 
0.94(0.50,1.79) 
0.89(0.54,1.48) 

0.047 
0.622 
0.857 
0.656 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand):  1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

;■.(!) MODEL 3: RANCH HANDS AND COMPARISONS BY mOXMCATO 

Dioxin Category 
Adjusted Relative Risk 

p~ Value. 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,155 

360 
221 
236 
457 

0.45 (0.21,0.97) 
0.80(0.39,1.61) 
1.05(0.52,2.11) 
0.92(0.54,1.56) 

0.041 
0.528 
0.901 
0.750 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison:  1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 14-11.   Analysis of Heart Sounds (Continued) 

(g) MODEM: RANCH HANDS rr 1^7 0JOXCN -'UNADJUSTED ::   ^  .-,..     ■ 

1987 Dioxin Category'Summary Statistics   : Analysis Results for Lpg2 (1987 Dioxin+ 1)   . 
1987 

Dioxin n                     Abnormal 
Estimated Relative Risk 

Low 
Medium 
High 

284                     8 (2.8) 
281                    9(3.2) 
287                   14 (4.9) 

1.16(0.92,1.46)                                0.220 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(h) MODEL 4: RANCH HANDS - 1987 DIOXIN - ADJUSTED 

Analysis Results for Log2 (1987 Dioxin + 1)    ' 

i :'!y tv£ f: :':;S .^Aäjjäisteä^ Relative 'Risk' f ■' H v:^r\ \ ■ '&■- M ^-M 5- SS j * K^B - 
_________ (95% CM.)8 p-Value 

 817 1.24(0.89,1.73) 0.193 

Relative risk for a twofold increase in 1987 dioxin. 

The unadjusted and adjusted Model 3 analyses each showed a significant difference between Ranch 
Hands in the background dioxin category and Comparisons (Table 14-1 l(e,f): Est. RR=0.48, p=0.047; 
Adj. RR=0.45, p=0.041, respectively). The percentage of participants with abnormal heart sounds was 
lower for Ranch Hands in the background dioxin category (2.4%) than for Comparisons (5.0%). 

Model 4 unadjusted and adjusted analyses showed no significant association between heart sounds and 
1987 dioxin (Table 14-1 l(g,h): p>0.19 for each analysis). 

14.2.2.2.6      Overall Electroca rdio graph 

The unadjusted and adjusted Model 1 analyses of overall ECG showed no overall group difference 
between Ranch Hands and Comparisons (Table 14-12(a,b): p>0.68 for each contrast). Stratifying by 
occupation revealed a marginally significant group difference within the enlisted groundcrew stratum for 
both the unadjusted and adjusted analyses (Table 14-12(a,b): Est. RR=0.77, p=0.096; Adj. RR=0.76, 
p=0.095, respectively). The percentage of enlisted groundcrew with abnormal overall ECG results was 
lower for Ranch Hands (23.4%) than for Comparisons (28.3%). 

Both the unadjusted and adjusted Model 2 analyses of overall ECG were nonsignificant (Table 
14-12(c,d): p>0.17 for each analysis). 

The unadjusted Model 3 analyses of overall ECG did not show any of the Ranch Hand categories to be 
significantly different from the Comparison group (Table 14-12(e): p>0.60 for each contrast). After 
adjusting for covariates, a marginally significant difference between Ranch Hands in the low dioxin 
category and Comparisons was revealed (Table 14-12(f): Adj. RR=0.73, p=0.063). The percentage of 
abnormal overall ECG results was lower for Ranch Hands (30.9%) than for Comparisons (31.2%). Both 
the unadjusted and adjusted Model 4 analyses were nonsignificant (Table 14-12(g,h): p>0.39 for each 
analysis). 
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Table 14-12. Analysis of Overall Electrocardiograph (ECG) 

(a) MODEL 1: RANCH HANDS VS. COMPARISONS - UNADJUSTED 

Occupational; 
.Category- 'H Group 

Number (%) 
Abnormal 

Est Relative Risk 
p-Value 

All Ranch Hand 
Comparison 

859 
1,232 

268 (31.2) 
384 (31.2) 

1.00 (0.83,1.21) 0.988 

Officer Ranch Hand 
Comparison 

334 
484 

120 (35.9) 
163 (33.7) 

1,10(0.82,1.48) 0.506 

Enlisted Flyer Ranch Hand 
Comparison 

149 
186 

60 (40.3) 
62 (33.3) 

1.35(0.86,2.11) 0.190 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

376 
562 

88 (23.4) 
159 (28.3) 

0.77 (0.57,1.05) 0.096 

(b) MODEL 1: RANCH HANDS VS. COMPARISONS - ADJUSTED 

Occupational Category 1 
Adjusted Relative Risk 

p-Value 
All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

0.96(0.78,1.18) 

1.07(0.79,1.47) 
1.24(0.76,2.00) 
0.76(0.55,1.05) 

0.688 

0.655 
0.389 
0.095 

;^<c);.MODEt M ;i^$t||tB^ 

K|^ ;,V;;;-: Änaiysis.Resuitsfor 

Low 
Medium 
High 

155                       51 (32.9) 
161                         47 (29.2) 
160                        48 (30.0) 

0.90(0.77,1.05)                         0.171 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63~152 ppt; High = >152 ppt. 

(d) MODEL 2: RANCH HANDS - INITIAL DIOXIN - ADJUSTED 

Analysis Results for Log2 (Initial Dioxin) 

llliilÄ p- Value: 
457 1.14(0.93,1.39) 0.200 

Relative risk for a twofold increase in initial dioxin. 
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Table 14-12.   Analysis of Overall Electrocardiograph (ECG) (Continued) 

i .#;M<^Bk^ -■UNADJUSTED. [|| 

Dioxin Category 
■M. ill: ■ ' WM^^&m-^ Wi:l':::      "v:"-;-3Bis"t^Ääaä%;äösk: 911 

p-Value 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,195                373 (31.2) 

376                118(31.4)                  1.06(0.82,1.36) 
233                   72(30.9)                   0.98(0.72,1.33) 
243                  74(30.5)                   0.92(0.68,1.25) 
476                 146(30.7)                   0.95(0.75,1.20) 

0.659 
0.883 
0.602 
0.659 

a Relative risk and confidence interval relative to Comparisons. 
Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

■(f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - ADJUSTED 

 DioxirtCatego^y ii (95% CJ.)a p-Value 
Comparison 1,155 

Background RH                               360                           1.00(0.76,1.32) 0.980 
LowRH                                           221                           0.73(0.52,1.02) 0.063 
HighRH                                           236                           1.10(0.78,1.54) 0.578 
Low plus High RH 457 0.90(0.70,1.16) 0.423 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(g) MODEL 4: RANCH HANDS -1987 DIOXIN !:^I^Ä|^J13^teEap :^^^i:^'n^-;f^'^"                    V^:'-'.-. 

1987 Dioxin Category Summary Statistics Analysis Results for Log2 (1987 Dioxin + 1) 

99SI$MMS: 
'91M91&999i9- 

Number (%) 
Abnormal 

Low 
Medium 
High 

284 
281 
287 

84 (29.6) 
93(33.1) 
87 (30.3) 

0.96(0.87,1.06)                               0.391 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 
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Table 14-12.   Analysis of Overall Electrocardiograph (ECG) (Continued) 

(h) MODEL 4% RANCH HANDS -1987 DIOXIN -ADJUSTED 

Analysis Results'for Log2 (1987 Dioxin + 1) 
: .-'■■•' :;          '. ■■;.'■:    ;\. A^üs^dMeiatiteffisk/i;;: 

p-Value 
817                                              1.02(0.89,1.17) 0.753 

a Relative risk for a twofold increase in 1987 dioxin. 

142.2,2.7     Right Bundle Branch Block 

All unadjusted and adjusted analysis results of right bundle branch block were nonsignificant (Table 
14-13(a-h): p>0.27 for each analysis). 

Table 14-13. Analysis of Right Bundle Branch Block 

liMllPll.: J^lfHÄ 
Occupational 

Group ■rl^Bti-'v/- p-Value 
All 

Officer 

Enlisted Flyer 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

859 
1,232 

334 
484 

149 
186 

376 
562 

21 (2.4)                 0.91 (0.52,1.58) 
33(2.7) 

8 (2.4)                 0.89 (0.36,2.17) 
13 (2.7) 

8(5.4)                  1.45(0.51,4.10) 
7 (3.8) 

5 (1.3)                 0.57 (0.20,1.61) 
13 (2.3) 

0.739 

0.796 

0.482 

0.288 

(b) MODEL 1: RANCH HANDS VS. COMPARISONS- ADJUSTED 

Occupational Category 
^Ä^üsÄ^elan'^e;Risk';;-:; ^;-^^M\   .■ ■ \   :::.v 

»-Value 
All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

0.88(0.49,1.56) 

0.89 (0.36,2.22) 
1.47 (0.49,4.44) 
0.55 (0.19,1.59) 

0.650 

0.807 
0.493 
0.271 

(c) MODEL 2: RANCH HANDS - jpjp^ 
Initial Dioxin Category Summary Statistics Analysis Results for Log; ; (Iiiitial THoxm)a 

WWM^:IMsMMi^$M 
Estimated Relative Risk 

(95%C.I.)b p-Value 
Low 
Medium 
Hi^h 

155 
161 
160 

5(3.2) 
4(2.5) 
3 (1.9) 

0.93(0.59,1.46) 0.747 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 
Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 
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Table 14-13.   Analysis of Right Bundle Branch Block (Continued) 

(d) MODEL 2: RANCH HANDS - INITIAL DIOXIN - ADJUSTED 

Analysis Results for Log2 (Initial Dioxin) 

;■ ::i;Adjusted Relative'Risk-;  : ' -^':,;. ' :::M       .;'^M:^ 

 462 1.12(0.62,2.04) Q.7Q7  

a Relative risk for a twofold increase in initial dioxin. 

Note: Results are not adjusted for race and family history of heart disease before age 45 because of the sparse 
number of Ranch Hands with a right bundle branch block. 

■(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - UNADJUSTED 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,195 

376 
233 
243 
476 

31 (2.6) 

9 (2.4) 
5 (2.1) 
7 (2.9) 

12 (2.5) 

0.93(0.44,1.98) 
0.82 (0.32,2.14) 
1.10(0.48,2.54) 
0.96(0.48,1.89) 

0.852 
0.688 
0.818 
0.895 

a Relative risk and confidence interval relative to Comparisons. 
Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand):  1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - ADJUSTED 

Comparison 1,155 

Background RH 360 1.04(0.47,2.29) 0.920 
LowRH 221 0.55(0.19,1.60) 0.273 
HighRH 236 1.19(0.49,2.88) 0.704 
Low plus High RH  457 0.82(0.39,1.71) 0.594 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 14-13.   Analysis of Right Bundle Branch Block (Continued) 

(g) MODEL 4: RANCH HANDS -1987 DIOXIN 
:f$!^ 

1987 Dioxin Category Summary Statistics Analysis Results for Log2 (1987 Dioxin + 1) 

Dioxin '; 3^SSS3S:;S:^^:V: 
Estimated Relative Risk 

Low 
Medium 
High 

284 
281 
287 

6(2.1) 
8 (2.8) 
7 (2.4) 

1.03(0.77,1.38)                              0.845 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(h)^OpEL4rRANCHHA 

:Analysis Resultsfbi*Log2'(1.987 Dioxin +1) 

 817 1.02(0.694.50) 0.922  

Relative risk for a twofold increase in 1987 dioxin. 

Note: Results are not adjusted for race because of the sparse number of Ranch Hands with a right bundle branch 
block. 

14.2.2.2.8      Left Bundle Branch Block 

The unadjusted and adjusted Model 1 analyses of left bundle branch block were nonsignificant (Table 
14-14(a,b): p>0.15 for each contrast). 

Table 14-14. Analysis of Left Bundle Branch Block 

(a) MODEL 1: RANCH HANDS VS. COMPARISONS - UNADJUSTED 

Occupational 
%?§M&$^'MM'^^ ;^^r^pict||^|| WmS&WMMffä 

l#iislEe&uiM 
p-Value 

All Ranch Hand 
Comparison 

859 
1,232 

5(0.6) 
12 (1.0) 

0.60(0.21,1.70) 0.317 

Officer Ranch Hand 
Comparison 

334 
484 

2 (0.6) 
6(1.2) 

0.48(0.10,2.39) 0.370 

Enlisted Flyer Ranch Hand 
Comparison 

149 
186 

1 (0.7) 
0 (0.0) 

-- 0.91 la 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

376 
562 

2(0.5) 
6(1.1) 

0.50(0.10,2.47) 0.391 

a P-value determined using a chi-square test with continuity correction because of the sparse number of participants 
with a left bundle branch block. 
--: Results not presented because of the sparse number of participants with a left bundle branch block. 
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Table 14-14.   Analysis of Left Bundle Branch Block (Continued) 

(b) MODEL1; RANCH HANDS VS. COMPARISONS ~ ADJUSTED 

!■':■■■■ ■     '   ■■ ■■ ■■■ .    ' ■-.'■'   Adjusted Relative Risk - :r ; \| |f|0f 
Occupational Category :..

;.(959^CX).  ■   '   ; . p-Value: 

^Ä 0.47(0.15,1,50) 0.182 

Officer 0.21 (0.02,1.76) 0.150 
Enlisted Flyer 
Enlisted Groundcrew 0.56 (0.11,2.83) 0,479   

«: Results not presented because of the sparse number of participants with a left bundle branch block. 

Note: Results are not adjusted for race because of the sparse number of participants with a left bundle branch block. 

(c) MODEL 2: RANCH HANDS - INITIAL DIOXIN - UNADJUSTED 

Initial Dioxin Category SummaryStatistics Analysis Results for Log2 (Initial Dioxin)8       ; / 

!;v:|n:;:;K;|f.;|;'h;: 
Estimated Relative Risk 

Low 
Medium 
High 

155 
161 
160 

1 (0.6) 
0 (0.0) 
0 (0.0) 

0.21 (0.01,6.22)                         0.213 

Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(d) MODEL 2: RANCH HANDS - INITIAL DIOXIN - ADJUSTED 

Analysis Results for Log2 (Initial Dioxin) 

!#Ä^^st^:Äeiäöw :R.i.sk ■■;'■: '.."..:    :-ii '■ ■ '■ "'.'■'. M 
^■iM^^M^f}M^W<^^W- m0ms%mmMMM ■■ ■ 1 ; 13:- f 2:1 - Ä 333-; W' :i;--^M^^^^^:\$ 3: 3 333' %$;%- 

- — — 

--: Results not presented because of the sparse number of Ranch Hands with a left bundle branch block. 

ivp^ 

,■ -Dioxin Category;.. ;■:... '^■W-^:^:U^M4 
Number (%) 

Comparison 
Background RH 
LowRH 
High RH 
Low plus High RH 

1,195 
376 
233 
243 
476 

12 (1.0) 

4(1.1) 
1 (0.4) 
0 (0.0) 
1 (0.2) 

1.17(0.37,3.68)                        0.792 
0.42 (0.05,3.23)                        0.403 

0.237c 

0.174c 

a Relative risk and confidence interval relative to Comparisons. 
Adjusted for percent body fat at the time of the blood measurement of dioxin. 

0 P-value determined using a chi-square test with continuity correction because of the sparse number of participants 
with left bundle branch block. 
--: Results not presented because of the sparse number of participants with a left bundle branch block. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand):  1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 14-14.   Analysis of Left Bundle Branch Block (Continued) 

(f) MODEL.-3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - ADJUSTED 

Dioxin Category \ n ■"■..' 
Adjusted Relative Risk 

v (95%CX)a p-Value 
Comparison 
Background RH 
LowRH 
High RH 
Low plus High RH 

1,155 
360 
221 
236 
457 

0.87 (0.23,3.33) 
0.37 (0.05,2.91) 

0.838 
0.341 

a Relative risk and confidence interval relative to Comparisons. 
»: Results not presented because of the sparse number of participants with a left bundle branch block. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

Results are not adjusted for race because of the sparse number of participants with a left bundle branch block. 

(g) MODEL :4: RANCH HANDS -1987DIOXIN :i;^iRÄ 
^SW^mMi oxin Category Summan ̂ S^sti<^i:';':lcii:":-:; ;:'l::;Jf 

^'■<rlif^^!;^K^^ 
Low 
Medium 
High 

284 
281 
287 

1 (0.4) 
4(1.4) 
0 (0.0) 

0,69(0.35,1.36)                                0.271 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(h) MODEL 4: RANCH HANDS - 1987 DIOXIN - ADJUSTED 

Analysis Results fur Log2 (1987 Dioxin + 1) j 

II?iiillIll||M ;p-VaIuej 
823 0.56(0.23,1.39) 0.199 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Results are not adjusted for race and diabetic class because of the sparse number of participants with a left 
bundle branch block. 

The unadjusted Model 2 analysis showed no significant association between left bundle branch block and 
initial dioxin (Table 14-14(c): p=0.213). Because of a sparse number of Ranch Hands with a left bundle 
branch block, the adjusted Model 2 analysis was not performed. 

All unadjusted and adjusted Model 3 and 4 analyses were nonsignificant (Table 14-14(e-h): p>0.17 for 
each analysis). 
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1422.2.9     Non-Specific ST- and T-Wave Changes 

All unadjusted and adjusted analyses of non-specific ST- and T-wave changes were nonsignificant (Table 
14-15(a-h): p>0,18 for each analysis). 

Table 14-15. Analysis of Non-Specific ST- and T-Wave Changes 

(a) MODEL 1: RANCH HANDS VS. COMPARISONS - UNADJUSTED 

Occupational 
Category Group 

Number (%)\ Est Relative Risk 
-■■:(95%C.L).-:;; p-Value 

All                      Ranch Hand 859 160(18.6) 
Comparison 1,232 222 (18.0) 

Officer                Ranch Hand 334 70(21.0) 
Comparison 484 95 (19.6) 

Enlisted Flyer      Ranch Hand 149 33(22.1) 
Comparison 186 34 (18.3) 

Enlisted               Ranch Hand 376 57(15.2) 
Groundcrew        Comparison 562 93 (16.5) 

1.04(0.83,1.30) 

1.09(0.77,1.53) 

1.27(0.74,2.17) 

0.90(0.63,1.29) 

0.724 

0.641 

0.380 

0.570 

(b) MODEL 1: RANCH HANDS VS. COMPARISONS - ADJUSTED 

Occupational Category 
Adjusted Relative Risk 
lifil'lillli;:!;;!;: p-Value' 

All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

1.00(0.79,127) 

1.03(0.71,1.48) 
1.22(0.69,2.14) 
0.88(0.60,1.29) 

0.984 

0.882 
0.495 
0.517 

(c) MODEL 2: li^NC^^ 

Initial Dioxin Category Summary Statistics Analysis Results for Log2 (Initial Dioxin)3 

Dioxin 
;ÄIi^mafed& 

(95% CJ.)b                               p-Value 
Low 
Medium 
High 

155                        32 (20.6) 
161                         34(21.1) 
160                        31 (19.4) 

0.91 (0.76,1.08)                        0.280 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63~152 ppt; High = >152 ppt. 

(d) MODEL 2: RANCH HANDS - INITIAL DIOXIN - ADJUSTED 

;p-Value 
457 1.15(0.91,1.44) 

Relative risk for a twofold increase in initial dioxin. 

0.237 
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Table 14-15.   Analysis of Non-Specific ST- and T-Wave Changes (Continued) 

:;!^i^ - UNADJUSTED 

Dioxin Category ;;.::;'V'-ii.::;'; vj;£ < 
■ ■': -:'i::ÄrßBfer; (%).:.r        ':':;:: Est;Relative Risk ". 

Yes                             .(95%CX)8lJ p-Value 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,195 

376 
233 
243 
476 

218(18.2) 

59(15.7)                  0.91(0.66,1.25) 
47(20.2)                    1.12(0.78,1.59) 
50(20.6)                    1.08(0.76,1.52) 
97(20.4)                    1.10(0.84,1.44) 

0.545 
0.537 
0.677 
0.502 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 

Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(f) MODEL 3: RANG*! HANDS AND COMPARISONS BY DIOXIN CATEGORY - -ADJUSTED 

■'. Dioxin Category ■ ^■■|K;vfe^S^r?:VV^i^k 
Adjusted Relative Risk 

p-Valuc 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,155 

360 
221 
236 
457 

0.82(0.58,1.15) 
0.91 (0.62,1.32) 
1.26(0.86,1.84) 
1.07(0.80,1.43) 

0.242 
0.614 
0.238 
0.628 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand):  1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(g) MODEL ■4:; RANCH HANDS -1987 DIOXIN ̂ ■ÜNÄDJUSTED^.^ 

ri#^^ :i§lä:;Ä 

Dioxin W:'M'%M^cffV-Mi^ 
Number (%) PpJ:EitlnÄte:ä';Rel 

Low 
Medium 
High 

284 
281 
287 

43(15.1) 
52 (18.5) 
61 (21.3) 

1.06(0.94,1.19)                                0.361 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 
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Table 14-15.   Analysis of Non-Specific $T- and T-Wave Changes (Continued) 

:(h) MODEL 4: RANCH HANDS - 1987 DIOXIN - ADJUSTED 

Analysis Results for Log2 (1987 Dioxin + 1) 

Adjusted Relative Risk 

817 1.12(0.95,132) 

Relative risk for a twofold increase in 1987 dioxin. 

p- Value | 

0.180 

14.2.22.10   Brady cardia 

The Model 1 and 2 analyses of bradycardia did not show a significant association with dioxin in either the 
unadjusted or adjusted analysis (Table 14-16(a-d): p>0.12 for each analysis). 

Table 14-16. Analysis of Bradycardia 

(a) MODEL 1: RANCH HANDS VS. COMPARISONS - UNADJUSTED 

Occupational 
' Group j 

All                      Ranch Hand 859 
Comparison 1,232 

Officer                Ranch Hand 334 
Comparison 484 

Enlisted Flyer      Ranch Hand 149 
Comparison 186 

Enlisted               Ranch Hand 376 
Groundcrew        Comparison 562 

Number (%') 
Yes 

24 (2.8) 
49 (4.0) 

15 (4.5) 
31 (6.4) 

5 (3.4) 
5 (2.7) 

4(1.1) 
13 (2.3) 

Est. Relative Risk 

0.69 (0.42,1.14) 

0.69(0.36,1.29) 

1.26 (0.36,4.43) 

0.45 (0.15,1.40) 

p-Value 

0.142 

0.245 

0.722 

0.170 

(b) MODEL 1: RANCH HANDS VS. COMPARISONS - ADJUSTED 

Occupational Category 
Adjusted Relative Risk 

All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

0.69 (0.41,1.16) 

0.74 (0.38,1.42) 
1.14(0.32,4.09) 
0.36(0.10,1.30) 

p-Valuej 
0.151 

0.360 
0.846 
0.120 

(c) MODEL 2 : RANCH HANDS - jJJIpIM^ 
ft^P^lllNiSHa I Dioxin Category' Summary Statistics Analysis Results for Log2 (Initial Dioxin)8 

WWM^M^^i^MBS^MMt lliliiiSiiiSi^ii 
Low 
Medium 
High 

155 
161 
160 

4 (2.6) 
2 (1.2) 
1 (0.6) 

0.86(0.44,1.65)                       0.631 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63~152 ppt; High = >152 ppt. 
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Table 14-16.   Analysis of Bradycardia (Continued) 

<d)3VIODEL 2: RANCHHANDS^BSIßDIAL DIOXIN ~ADJUSTED 

Analysis Results for Log2 (Initial Diosin) 

Adjusted Relative Risk 

 466 0.98 (0.44,2.22) 0,971  

a Relative risk for a twofold increase in initial dioxin. 

Note: Results are not adjusted for race, diabetic class, and family history of heart disease before age 45 because of 
the sparse number of Ranch Hands with bradycardia. 

(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - UNADJUSTED 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,195 

376 
233 
243 
476 

47 (3.9) 

16 (4.3) 
5 (2.1) 
2 (0.8) 
7 (1.5) 

0.95(0.53,1.71) 
0.55(0.21,1.39) 
0.23 (0.05,0.95) 
0.35(0.14,0.85) 

0.867 
0.204 
0.042 
0.020 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY -stö^^&y-;^;.'-,,: 

!U^ M^&'W^&'MMfi. 
Ad justed Relative Risk 

;:|>;:^#p-^ 
Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH 

1,155 

360 
221 
236 
457 

0.81 (0.44,1.49) 
0.49(0.17,1.40) 
0.35 (0.08,1.50) 
0.41 (0.16,1.05) 

0.497 
0.183 
0.156 
0.062 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand):  1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 14-16.   Analysis of Bradycardia (Continued) 

(g) MODEL 4: ^NGKHÄISPS - 1987 DIOXIN ̂ :;Um^ 
1987 Dioxin Category Summary Statistics Analysis Results for Log2 (1987 Dioxin + 1) 
1987 

Dioxin :^^:^:^J:Ärv\M^^^:,J 
Number (%j , Estimated Relative Risk 

'" =/■'...-'.:.(95% C.I.)a / j ' .              ;            p-Value 
Low 
Medium 
High 

284 
281 
287 

11(3.9) 
9 (3.2) 
3 (1.0) 

0.77(0.56,1.05)                              0.084 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(fa) MODEL 4: RANCH HANDS - 1987 DIOXIN - ADJUSTED 

[Arialj^ResÄ 

 828 0.98(0.65,1.49) 0.932  

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Results are not adjusted for family history of heart disease before age 45 because of the sparse number of 
Ranch Hands with bradycardia. 

The unadjusted Model 3 analysis of bradycardia revealed two significant contrasts: Ranch Hands in the 
high dioxin category versus Comparisons and Ranch Hands in the low plus high dioxin category versus 
Comparisons (Table 14-16(e): Est. RR=0.23, p=0.042; Est. RR=0.35, p=0.020, respectively). The 
percentage of participants with bradycardia was higher for Comparisons (3.9%) than for Ranch Hands in 
the high dioxin category (0.8%) or Ranch Hands in the low plus high dioxin category (1.5%). After 
covariate adjustment, there was a marginally significant difference between Ranch Hands in the low plus 
high dioxin category and Comparisons (Table 14-16(f): Adj. RR=0.41, p=0.062). 

The unadjusted Model 4 analysis of bradycardia revealed a marginally significant inverse association 
between bradycardia and 1987 dioxin (Table 1446(g): Est. RR=0.77, p=0.084). The percentages of 
participants with bradycardia in the low, medium, and high 1987 dioxin categories were 3.9, 3.2, and 1.0, 
respectively. After covariate adjustment, the results became nonsignificant (Table 14-16(h): p=0.932). 

14.2.2.2.11    Tachycardia 

The unadjusted and adjusted Model 1 analyses of tachycardia were nonsignificant (Table 14-17(a,b): 
p>0.12 for each contrast). 
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Table 14-17. Analysis of Tachycardia 

:;^ 

;: v;;;Ödcu^a^§riäi^ 3> ;|ff;- f ;#• ;^ ;M'":i; '.'■::■ 
. ■•■'. ■';. -Category   ,..';'■'.'; Group. ; :;-:K;^?'ä.l^t: 

Number ■[%)  - . ■     Est. Relative Risk 
p-Value 

All                      Ranch Hand 
Comparison 

859 
1,232 

6(0.7) 
4(03) 

2.16(0.61,7.68) 0.228 

Officer                Ranch Hand 
Comparison 

334 
484 

1 (0.3) 
1 (0.2) 

1.45(0.09,23.27) 0.793 

Enlisted Flyer      Ranch Hand 
Comparison 

149 
186 

3 (2.0) 
0 (0.0) 

— 0.174a 

Enlisted               Ranch Hand 
Groundcrew        Comparison 

376 
562 

2(0.5) 
3 (0.5) 

1.00 (0.17,5.99) 0.997 

a P-value determined using a chi-square test with continuity correction because of the sparse number of participants 
with tachycardia. 
--: Results not presented because of the sparse number of participants with tachycardia. 

Occupational Category 
Adjusted Relative Risk 

p-Value 
All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

2.94(0.69,12.51) 

1.54(0.19,12.63) 

0.129 

0.685 

--: Results not presented because of the sparse number of participants with tachycardia. 

Note: Results are not adjusted for family history of heart disease because of the sparse number of participants with 
tachycardia. 

(c) MODEL 2: RANCH HANDS- -INigiÄJ^ 

-;::-'';%: ^M* ialDiox n Category ̂ äiiqiiÖäiÄi^ Analysis Results for Log2 (Initial Dioxin)0 

|l:;;||;^^iu;|;' M&lltli! 
llXjliiöäte^ 
IIJ'SIIII^IÄ 

| 

155 
161 
160 

0 (0.0) 
1 (0.6) 
3 (1.9) 

1.38(0.72,2.68)                         0.340 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 
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Table 14-17.   Analysis of Tachycardia (Continued) 

;=(d) MODEL 2r RANCH HANDS - INITIAL DIOXIN - ADJUSTED 

Analysis Results for Log2 (Initial Dioxin) 

Adjusted Relative Risk 

-: Results not presented because of the sparse number of Ranch Hands with tachycardia. 

(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - UNADJUSTED 

Dioxin Category n Yes (95% C.I.)8b p-Value 
Comparison 1,195 3 (0.3) 

Background RH                        376                     1(0.3)                     1.33(0.14,13.00) 0.806 
LowRH                                    233                     0(0.0)                                - 0.999c 

HighRH                                    243                     4(1.6)                    5.30(1.15,24.53) 0.033 
Low plus High RH 476 4 (0.8) -. Q.206c 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 
c P-value determined using a chi-square test with continuity correction because of the sparse number of participants 
with tachycardia. 
—: Results not presented because of the sparse number of participants with tachycardia. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - ADJUSTED 

Dioxin Category n (95%CJ.)a p-Value 
Comparison 1,155 

Background RH 360 2.01(0.16,24.61) 0.585 
LowRH 221 
HighRH                                          236                          8.10(1.19,55.01)                                 0.032 
Low plus High RH 457 -- .. 

a Relative risk and confidence interval relative to Comparisons. 
-: Results not presented because of the sparse number of participants with tachycardia. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

Results are not adjusted for family history of heart disease because of the sparse number of participants with 
tachycardia. 
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Table 14-17.   Analysis of Tachycardia (Continued) 

(g) MODEL 4: RANCH HANDS -1987 DIOXIN -UNADJUSTED 

1987 Dioxin Category Summary Statistics Analysis Results for Lpg2 (1987 Dioxin + 1) 
1987 

Dioxin ir[':':y':^('::tii:f-^ "^:(r':l 
Number (%) ■:: :■'Estimated Relative Risk; r: 

Low 
Medium 
High 

284 
281 
287 

1 (0.4) 
0 (0.0) 
4(1.4) 

1.56(0.92,2.63)                             0.111 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium - >7.9-19.6 ppt; High = >19.6 ppt. 

(h) MODEL 4r RANCH HANDS -1987 DIOXIN ™ ADJUSTED 

Analysis Results for Log. (1987 Dioxin + 1) 

■ .' •   '.':■'■.i;;Ä4jüsfeäifolati:^";tös'fcl':. :       ■! 
p-Value 

825 1.55(0.85,2.84) 

Relative risk for a twofold increase in 1987 dioxin. 

0.165 

Note: Results are not adjusted for occupation, current alcohol use, personality type, family history of heart disease, 
and diabetic class because of the sparse number of participants with tachycardia. 

The unadjusted Model 2 analysis showed no significant association between tachycardia and initial dioxin 
(Table 14-17(c): p=0.340). Because of a sparse number of Ranch Hands with tachycardia, the adjusted 
Model 2 analysis was not performed. 

The unadjusted and adjusted Model 3 analyses each showed a significant difference between Ranch 
Hands in the high dioxin category and Comparisons (Table 14-17(e,f): Est. RR=5.30, p=0.033; 
Adj. RR=8.10, p=0.032, respectively). The percentage of participants with tachycardia for Ranch Hands 
in the high dioxin categories was 1.6 versus 0.3 percent for Comparisons. 

The unadjusted and adjusted Model 4 analyses were nonsignificant (Table 14-17(g,h): p>0.11 for each 
analysis). 

14.2.2.2.12    Arrhythmia 

All unadjusted and adjusted analyses of arrhythmia were nonsignificant (Table 14-18(a-h): p>0.11 for 
each analysis). 
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Table 14-18. Analysis of Arrhythmia 

(a) IVfiODEL 1: RANCH HANDS VS. COMPARISONS -{JNADJUSOflSD 

Occupational 
K;: Category n ! Group;! 

Number (%) Est. Relative Risk 
p-Value 

A« Ranch Hand 
Comparison 

859 
1,232 

51 (5.9) 
68 (5.5) 

1.08(0.74,1.57) 0.686 

Officer Ranch Hand 
Comparison 

334 
484 

25 (7.5) 
25 (5.2) 

1.49(0.84,2.63) 0.176 

Enlisted Flyer Ranch Hand 
Comparison 

149 
186 

13 (8.7) 
12 (6.5) 

1.39(0.61,3.13) 0.433 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

376 
562 

13 (3.5) 
31 (5.5) 

0.61 (0.32,1.19) 0.147 

(b) MODEL 1: RANCH HANDS VS. COMPARISONS - ADJUSTED 

Occupational Category 
Adjusted Relative Risk 

p-Value 
All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

1.02 (0.69,1.52) 

1.39(0.75,2.55) 
1.26(0.54,2.97) 
0.62(0.31,1.25) 

0.913 

0.296 
0.591 
0.180 

l^M&BMM. IliliSiM 
:                 Initial Dioxin Category S Analysis Results for^^^'(Im.tiäl/Dibxm)* ^■'":•; '■'':. 

ii                                 Yes 

Low 
Medium 
High 

155                         13 (8.4) 
161                          11(6.8) 
160                            8 (5.0) 

0.81 (0.60,1.10)                       0.158 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High - >152 ppt. 

p-Value 

457 1.00(0.68,1.48) 0.981 

Relative risk for a twofold increase in initial dioxin. 
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Table 14-18.   Analysis of Arrhythmia (Continued) 

(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - UNADJUSTED 

; ^kkkMkk' kk -: :k:.k W'M        -;;   - %: k ^WnmmVfc)^ M     k:: i Est:ReIative:-Risfe-'": P' 
Dioxin Category n .   ■■ Yes'       7 ■ ;   ■■   .,      (95% CX)ab.:

:. p-Value 
Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH 

1,195 

376 
233 
243 
476 

65 (5.4) 

18 (4.8) 
19 (8.2) 
13 (5.3) 
32 (6.7) 

0.90(0.53,1.54) 
1.54 (0.90,2.61) 
0.96(0.52,1.77) 
1.21 (0.77,1.88) 

0.703 
0.114 
0.886 
0.409 

a Relative risk and confidence interval relative to Comparisons. 
Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

if) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - ADJUSTED 

ikkk:kkkßrkkc:kkk.kMkkt:W'iM.kikkkkMk'SÄMiSujiäÄ^^ "k   kkk)kkk'?■kkkk'k^:l 
^iß^ß^g^kQMMS, -MM Mi k'k WMMMMMMkM^WM^^u: M? kk S-S ■ %$. IMS^YMM 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,155 

360 
221 
236 
457 

0.87(0.49,1.57) 
1.17(0.65,2.11) 
1.10(0.57,2.12) 
1.13(0.70,1.83) 

0.647 
0.596 
0.774 
0.604 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison:  1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand):  1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand):  1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(g) MODEL $i RANCH HANDS - 1987 DIOXIN '^^■^^sfmkMMM^M^:^ 

k;:kM'''^-i^M^tS ategory Summary Statistics W§M-iS^m^M^¥MMM&W§^w^§, fflllSi^^piÄS'S 
llillilllll 
k-:<kk?&$£^k '"k:kkikk:^^ßi^k;-kkkk.kk 
Low 
Medium 
High 

284                  14 (4.9) 
281                 20(7.1) 
287                  16 (5.6) 

0.99(0.82,1.20) 0.932 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

14-59 



Table 14-18.   Analysis of Arrhythmia (Continued) 

(h) MODEL 4: R^CH HASPS -^1^7 DIOXIN - ADJUSTED 

Analysis Results for Log2- (1987 Dioxin + 1)   ■. 

 817 1.12(0.85,1.49) 0.422 

a Relative risk for a twofold increase in 1987 dioxin. 

14.2.2.2.13    Evidence of Prior Myocardial Infarction 

The Model 1 unadjusted and adjusted analyses of prior myocardial infarction from the ECG showed no 
significant group differences over all participants or within each occupational stratum (Table 14-19(a,b): 
p>0.64 for each contrast). 

Table 14-19. Analysis of Evidence of Prior Myocardial Infarction 

(a) MODEL 1: g:|§:||ji^ 
Occupational 

r!^Pir-!:GrJ^ p-Value 
All Ranch Hand 

Comparison 
859                  34(4.0)                 0.92(0.59,142) 

1,232                    53 (4.3) 
0.698 

Officer Ranch Hand 
Comparison 

334                   15(4.5)                 0.94(0.48,1.83) 
484                   23 (4.8) 

0.862 

Enlisted Flyer Ranch Hand 
Comparison 

149                     7 (4.7)                  0.97 (0.35,2.67) 
186                     9 (4.8) 

0.952 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

376                   12(3.2)                 0.85(0.41,1.75) 
562                    21 (3.7) 

0.657 

(b) MODEL 1: =;||ü^^ 

OccujpätionarCategory 
All 0.90 (0.56,1.43)                                           0.649 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

0.88(0.43,1.78)                                           0.718 
1.02(0.35,2.96)                                           0.972 
0.86(0.40,1.85)                                           0.709 
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Table 14-19.   Analysis of Evidence of Prior Myocardial Infarction (Continued) 

(c) MODEL 2: RANCH HANDS - INITIAL DIOXIN - UNADJUSTED 

Initial Dioxin Category Summary Statistics 

:;^al;;^ 
Dioxia-'• ;;;.:.'"' '•;, ]■■'.'■   n : ■ ■:,"... .;. '.■; '". :■ Yes. '■    ; 

Low 
Medium 
High 

155 
161 
160 

5 (3.2) 
9 (5.6) 
7 (4.4) 

Analysis Results for Log2 (Initial Dioxin)3 

Estimated Relative Risk 

1.05(0.75,1.46) 0.793 

* Adjusted for percent body fat at the time of the blood measurement of dioxin. 
Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(d) MODEL 2: RANCH HANDS - INITLAL DIOXIN - ADJUSTED 

Analysis Results Tor Log2 (initial Dioxin) 

 457  1.84(1.13,2.99) 0,012  

a Relative risk for a twofold increase in initial dioxin. 

Note: Results are not adjusted for race because of the sparse number of Ranch Hands with evidence of a prior 
myocardial infarction. 

ifgp;^ DIOXIN CATEGORY T^MpJUBTEp/-:^/. 

;.'    Dioxin Category F^F_Wi:M¥W:. (95% C.I.)ab 
^ &: 1 :-■ ^Äi® Ö^pi' :M-E- 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,195 

376 
233 
243 
476 

53 (4.4) 

12 (3.2) 
11(4.7) 
10(4.1) 
21 (4.4) 

0.75(0.39,1.42) 
1.06(0.54,2.06) 
0.88 (0.44,1.76) 
0.96(0.57,1.62) 

0.374 
0.867 
0.722 
0.891 

a Relative risk and confidence interval relative to Comparisons. 
Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 14-19.  Analysis of Evidence of Prior Myocardiai Infarction (Continued) 

(f) MODEL 3:: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY ~-ADJUSTED j 

Adjusted Relative Risk 
Dioxin Category      n (95% C.I.)' p-Value 

Comparison 1,155 

Background RH                               360                           0.69(0.34,1.37) 0.285 
LowRH                                        221                          0.79(0.39,1.61)                                0.524 
HighRH                                          236                            1.11(0.52,2.36) 0.783 
Low plus High RH 457 0.94(0.54,1.65) 0.841 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH - Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

||#;|iÖDifei;| RANCH HANDS -1987 DIOXIN »:'ÜJSfÄDJÜST^;:'',;';-V:   X^--'i A ■   ' ^S'  ■■'' ^     ■ -^ Z.   ^"    !     -> 

SlllilllÖjSi ti Category Summary ' Statistics ■-■'.''.         -.AnalysisJ^äMB^^^^^                                '&-S.'.   ■■■". 

WMS^fiii^. 
Number (%)   .: 

Low 
Medium 
High 

284 
281 
287 

7 (2.5) 
12 (4.3) 
14 (4.9) 

1.09(0.87,1.38)                                0.447 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low - <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(h) MODEL 4: RANCH HANDS-1987 DIOXIN-ADJUSTED 

fAnalysisJ^esultsfo^ 

. (95% C.L)a p-Value 
 817 1.33(0.95,1.87) 0.089 

a Relative risk for a twofold increase in 1987 dioxin. 

The unadjusted Model 2 analysis revealed no significant association between initial dioxin and prior 
myocardiai infarction (Table 14-19(c): p=0.793). After adjusting for covariates, the results became 
significant (Table 14-19(d): Adj.RR=1.84,p=0.012). The percentages of participants with evidence of 
prior myocardiai infarction in the low, medium, and high initial dioxin categories were 3.2, 5.6, and 4.4, 
respectively. 

The unadjusted and adjusted Model 3 analyses of prior myocardiai infarction did not show any of the 
Ranch Hand categories to be significantly different from the Comparisons (Table 14-19(e,f): p>0.28 for 
each contrast). 
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The unadjusted Model 4 analysis revealed no significant association between 1987 dioxin and evidence of 
prior myocardial infarction (Table 14-19(g): p=0.447). After adjusting for covariates, the results became 
marginally significant (Table 14-19(h): Adj. RR=L33, p=0.089). The percentages of participants with 
evidence of prior myocardial infarction in the low, medium, and high 1987 dioxin categories were 2.5, 
4.3, and 4.9, respectively. 

14.2.2.2.14    ECG: Other Diagnoses 

The Model 1 unadjusted and adjusted analyses of other ECG diagnoses showed no significant group 
differences over all participants or within each occupational stratum (Table 14-20(a,b): p>0.15 for each 
contrast). 

Table 14-20. Analysis of ECG: Other Diagnoses 

(a) MODEL 1: RANCH HANDS VS. COMPARISONS - UNADJUSTED 

Category Group n  Yes (95% C.I.) p-Value 

0.168 

0.852a 

All Ranch Hand 
Comparison 

859 
1,232 

3 (0.3) 
1 (0.1) 

4.31 (0.45,41.55) 

Officer Ranch Hand 
Comparison 

334 
484 

1 (0.3) 
0 (0.0) 

™ 

Enlisted Flyer Ranch Hand 
Comparison 

149 
186 

0 (0.0) 
0(0.0) 

— 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

376 
562 

2(0.5) 
1 (0.2) 

3.00(0.27,33.20) 0.370 

a P-value determined using a chi-square test with continuity correction because of the sparse number of participants 
with other abnormal ECG diagnoses. 
--: Results not presented because of the sparse number of participants with other abnormal ECG diagnoses. 

HPiSiSiiiiiilÄ 

All 4.67(0.47,46.79) 0.153 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 3.29 (0.28,38.94) 0.346  

--: Results not presented because of the sparse number of participants with other abnormal ECG diagnoses. 

Note: Results are not adjusted for family history of heart disease before age 45 and diabetic class because of the 
sparse number of participants with other abnormal ECG diagnoses. Results for all occupations combined also are 
not adjusted for occupation because of the sparse number of participants with other abnormal ECG diagnoses. 
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Table 14-20,   Analysis of ECG;   Other Diagnoses (Continued) 

(c) MODEL 2: RANCH HANDS - -INmAL DIOXIN-UNADJUSTED, 

Initial Dioxin Category Summary Statistics Analysis Results for Log2 (Initial Dioxinf 
Initial 

^:^.J;Sn^1^^'!s^^i!f: 
Number (%) Estimated Relative Risk 

Low 
Medium 
High 

155 
161 
160 

0 (0.0) 
0 (0.0) 
2(13) 

1.53(0.62,3.79)                       0.381 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(d)M^ 

\M^MBB¥§^ti0BM^~& 
-- ~ 

--: Results not presented because of the sparse number of Ranch Hands with other abnormal ECG diagnoses. 

||e||^ 

Dioxih Category ■ '. 

Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH 

1,195                    1 (0.1) 

376                     1(0.3)                    2.59(0.16,41.85)                       0.503 
233                   0(0.0)                              -                                 0.999c 

243                     2(0.8)                   12.49(1.10,142.56)                     0.042 
476                     2(0.4)                                -                                   0.409c 

Relative risk and confidence interval relative to Comparisons. 
Adjusted for percent body fat at the time of the blood measurement of dioxin. 

c P-value determined using a chi-square test with continuity correction because of the sparse number of participants 
with other abnormal ECG diagnoses. 
--: Results not presented because of the sparse number of participants with other abnormal ECG diagnoses. 

Note: RH = Ranch Hand. 
Comparison:  1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand):  1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 14-20.   Analysis of ECG:   Other Diagnoses (Continued) 

(f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY -ADJUSTED 

Dioxin.Category ':. 
Adjusted Relative Risk 

p-Value 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,186 

368                         2.89(0.16,52.97) 
227 
239                        12.41 (1.00,154.15) 
466 

0.474 

0.050 

a Relative risk and confidence interval relative to Comparisons. 
—: Results not presented because of the sparse number of participants with other abnormal ECG diagnoses. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

Results are not adjusted for occupation, family history of heart disease before age 45, and diabetic class 
because of the sparse number of participants with other abnormal ECG diagnoses. 

!i:::(g)MOPEL..4:: RÄNGHHANDS -1987 DIOXIN ||j3^^ 

1987 Dioxin Category Summary ̂ StaiM^^MW:W\ ;ef":^^ 

Mi&'ßMMHM^M3} 
Number (%) ^;tl^Ät*inaf etfiRelative ^sKi-:;::i '&$S& "!M wMü&33:^-'h-M ■ *H\ 

Low 
Medium 
High 

284 
281 
287 

1 (0.4) 
0 (0.0) 
2 (0.7) 

1.27(0.63,2.59)                               0.512 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt 

(h) MODEL 4: RANCH HANDS - 1987 DIOXIN - ADJUSTED 

Analysis Results for Log2 (1987 Dioxin + 1) 

lliliitM 
834 1.47 (0.58,3.73) 

p-Value 

0.413 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Results are not adjusted for occupation, current cigarette smoking, family history of heart disease before age 
45, and diabetic class because of the sparse number of Ranch Hands with other abnormal ECG diagnoses. 
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The unadjusted Model 2 analysis revealed no significant results (Table 14-20(c): p=0.381). Because of 
the sparse number of Ranch Hands with other ECG diagnoses, the adjusted Model 2 analysis was not 
performed. 

The unadjusted and adjusted Model 3 analyses each revealed a significant difference between Ranch 
Hands in the high dioxin category and Comparisons (Table 14-20(e,f): Est. RR=12.49, p=0.042; 
Adj. RR=12.41, p=0.050, respectively). The percentage of Ranch Hands in the high dioxin category was 
0.8 versus 0.1 percent for the Comparisons. 

Both the unadjusted and adjusted Model 4 analyses did not reveal a significant association between 1987 
dioxin and other ECG diagnoses (Table 14-20(g,h): p<0.41 for each analysis). 

14,2.23 Physical Examination Variables - Peripheral Vascular Function 

14.2.2.3.1      Fundus copic Examination 

The unadjusted and adjusted Model 1 analyses of funduscopic examination did not reveal a group 
difference between Ranch Hands and Comparisons when all occupations were combined (Table 
14-21(a,b): p>0.56 for each contrast). Stratifying by occupation revealed a significant group difference 
within the enlisted groundcrew stratum in both the unadjusted and adjusted analyses (Table 14-21(a,b): 
Est. RR=0.62, p=0.033; Adj. RR=0.62, p=0.047, respectively). Ranch Hand enlisted groundcrew had 
fewer abnormal funduscopic examination results (8.8%) than did Comparison enlisted groundcrew 
(13.3%). 

Table 14-21. Analysis of Funduscopic Examination 

(a) MODEL 1: i^jf^M^ 
Occupational 

!■'!;'':: ;.:':Group:';:■■■■ j :Jy^lW Abnormal                         (95% C.I.) p-Value 
All Ranch Hand 

Comparison 
858 

1,231 
105 (12.2)                 0.96 (0.74,1.25) 
156 (12.7) 

0.767 

Officer Ranch Hand 
Comparison 

333 
484 

42(12.6)                  1.28(0.83,1.99) 
49(10.1) 

0.267 

Enlisted Flyer Ranch Hand 
Comparison 

149 
185 

30(20.1)                  1.21(0.69,2.09) 
32 (17.3) 

0.508 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

376 
562 

33   (8.8)                 0.62(0.41,0.96) 
75 (13.3) 

0.033 

sibipiiipii Äi!^^ 

;:;-|Ä 8181IÄ 
All 0.92(0.69,1.22)                                           0.562 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

1.27 (0.79,2.02)                                        0.321 
1.06(0.59,1.91)                                           0.852 
0.62 (0.39,0.99)                                           0.047 
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Table 14-21.   Analysis of Funduscopic Examination (Continued) 

(c) MODEL 2: RANCH HANDS - - INITIAL DIOXIN-UNADJUSTED 

Initial Dioxin Category Summary Statistics Analysis Results lor Log2 (InitialDioxin)3 

Initial 
Dioxin f^^^ft^^-^yg 

£: *-i^^Unife:;(:^)|.;£ 
Abnormal 

Estimated Relative Risk 

Low 
Medium 
High 

155 
161 
160 

20 (12.9) 
24 (14,9) 
18(11.3) 

0.93(0.76,1.15)                       0.520 

*• Adjusted for percent body fat at the time of the blood measurement of dioxin. 
Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(d)MO^ 

^^^bS^;^^8':^';K^^I^ p- Value 
457 1.14(0.87,1.50) 0.342 

a Relative risk for a twofold increase in initial dioxin. 

(c) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY »UNADJUSTED 

Dioxin Category ■MM-MM^^^^^WcM 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,194                 149(12.5) 

375                   43(11.5)                   0.99(0.69,1.43) 
233                   30(12.9)                    1.02(0.67,1.56) 
243                   32(13.2)                   0.98(0.65,1.49) 
476                   62(13.0)                    1.00(0.73,1.38) 

0.963 
0.921 
0.933 
0.993 

a Relative risk and confidence interval relative to Comparisons. 
Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 14-21.   Analysis of Funduscopic Examination (Continued) 

(f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - -ADJUSTED 

... Dioxin Category M-A^&'¥^W-£M^ 
Adjusted Relative Risk 

p-Value 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,154 

359 
221 
236 
457 

1.04(0.70,1.55) 
0.82(0.52,1.30) 
0.95 (0.60,1.51) 
0.89(0.63,1.26) 

0.842 
0.402 
0.836 
0.500 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(g) MODEL 4: RANCH HANDS -1987 DIOXIN -mADJUSTED ' ,■'.-'..                            .;,:: ... .;. 

::      1?87 Dioxin C ategory Summary ̂ Statistics    ■'.:■■.--^ ■> .  :;. ;■) Analysis ^esidtsforl^^(1^^JH^n + I) 

1987 
^^■^k^P^.'^^i Abnormal       ■ 

Low 
Medium 
High 

283 
281 
287 

30 (10.6) 
36 (12.8) 
39(13.6) 

1.00(0.87,1.15)                                0.951 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(h) MODEL 4: RANCH HANDS - 1987 DIOXIN - ADJUSTED 

Analysis Results for ^ 

 816 1.03(0.85,1.24) 0.767 

Relative risk for a twofold increase in 1987 dioxin. 

The unadjusted and adjusted analyses in Models 2 through 4 were nonsignificant (Table 14-21(c-h): 
p>0.34 for each analysis). 

14.2.2.3.2      Carotid Bruits 

All Model 1 through 4 unadjusted and adjusted analyses were nonsignificant (Table 14-22(a-h): p>0.21 
for each analysis). 
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Table 14-22. Analysis of Carotid Bruits 

(a) MODEL 1: RANCH HANDS VS. COMPARISONS-UNADJUSTED 

Occupational 
/'.Category^ :; Group 

dumber :{.%);: 
Abnormal 

Est. Relative Risk 
;; ■: (95%-cx).;;': 

All Ranch Hand 
Comparison 

859 
1,232 

23 (2.7) 
33 (2.7) 

1.00(0.58,1.71) 

Officer Ranch Hand 
Comparison 

334 
484 

6(1.8) 
12 (2.5) 

0.72(0.27,1.94) 

Enlisted Flyer Ranch Hand 
Comparison 

149 
186 

8 (5.4) 
5 (2.7) 

2.05(0.66,6.41) 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

376 
562 

9(2.4) 
16(2.8) 

0.84 (0.37,1.91) 

p-Value 

0.999 

0.515 

0.215 

0.673 

(b) MODEL 1: RANCH HANDS VS. COMPARISONS - ADJUSTED 

Occupational Category 
Adjusted Relative Risk 

p-Value j 
All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

0.94(0.53,1.65) 

0.72(0.26,1.99) 
1.94 (0.58,6.46) 
0.78(0.33,1.86) 

0.823 

0.524 
0.283 
0.578 

(c) MODEL 2* MffKi 
Initial Dioxi n:;Cätl|i^;'S^ ■. Analysis ':Resiilts';for Logs (Initial Dioxin)8 :   ' 

-' .=:-.;;';,':,Jiiäi.tiäi;: ;■ 
'•■'. Dioxin' /■ 

Low 
Medium 
High 

155                           3(1.9) 
161                           5(3.1) 
160                           5 (3.1) 

1.06(0.70,1.59)                       0.797 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63~152 ppt; High = >152 ppt. 

(d) MODEL 2: RANCH HANDS - INITIAL DIOXIN - ADJUSTED 

Analysis Results for Log2 (Initial Dioxin) 

ftpiJiosM 
p-Value 

457 1.15(0.62,2.11) 0.658 

Relative risk for a twofold increase in initial dioxin. 
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Table 14-22.   Analysis of Carotid Bruits (Continued) 

(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXLN CATEGORY - UNADJUSTED 

Dioxin Category n Abnormal   '.':■.■ .'  '-:'"; ' (95%; GX)al> :, Ji4:       p-Value 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,195 

376 
233 
243 
476 

31 (2.6) 

9 (2.4) 
5 (2.1) 
8 (3.3) 

13 (2.7) 

0.93 (0.44,1.98) 
0.82 (0.32,2.14) 
1.27(0.57,2.80) 
1.02(0.53,2.00) 

0.853 
0.687 
0.561 
0.943 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand):  1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(f) MODEL 3: RANC** HANDS AND COMPARISONS BY DIOXIN CATEGORY ™ ADJUSTED^ 

gi;)J ;|3;p^ , h % )n; :f-'| % S:;B MMiX^^iMMtö- --: &:; Wr. i i £&£■ ■'■" 'äS'S \ |$$älüe£': % 

0.893 
0.460 
0.991 

 ; 0.625 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand):  1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand):  1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,155 

360 
221 
236 
457 

1.06(0.47,2.38) 
0.69(0.25,1.86) 
1.01 (0.41,2.45) 
0.84(0.41,1.71) 

(g) MODEL 4: RANCH HANDS - 1987 DIOXIN £$P!^ 

1987 Dioxin Category Summary Statistics Analysis Results for Log2 (1987 Dioxin + 1) 

Low 
Medium 
High 

284                   7 (2.5) 
281                    7 (2.5) 
287                    8 (2.8) 

1.02(0.77,1.36)                               0.897 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

14-70 



Table 14-22.   Analysis of Carotid Bruits (Continued) 

(h) MODEL 4: RANCH HANDS ~ l9S7IMÖ3a^ 

Analysis Results for Log2 (1987 Dioxin + 1)     . 

 817 0.94 (0.65,1.36) 0.755 

Relative risk for a twofold increase in 1987 dioxin. 

142.233      Radial Pulses 

The unadjusted and adjusted Model 1 analyses of radial pulses were nonsignificant (Table 14-23(a,b): 
p>0.11 for each contrast). 

Table 14-23. Analysis of Radial Pulses 

(a) MODEL 1: ilijlK 
..^Occupational';;^ 

^M^M^^^SM'^'} 

I pulse. 

f ■ jp-Value 
All 

Officer 

Enlisted Flyer 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

859                   7 (0.8)                   2.52 (0.74,8.64) 
1,232                   4(0.3) 

334                   2(0.6)                   1.45(0.20,10.36) 
484                   2 (0.4) 

149                   0 (0.0) 
186                   0(0.0) 

376                   5(1.3)                  3.77(0.73,19.55) 
562                   2 (0.4) 

0.131 

0.710 

0.114 

-: Results not presented because of the sparse number of participants with an abnormal radial 

■(b) MODEL 1: RANCH HANDS VS. COMPARISONS ~ ADJUSTED 

:M:M}¥i^M0^p0i ö|^iiSäie|öi^|i:: f V| >! 
;;l!!lÄ 

3-Value 
All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

2.85(0.67,12.16) 

1.24(0.16,9.95) 

5.69 (0.54,60.05) 

0.143 

0.837 

0.148 

--: Results not presented because of the sparse number of participants with an abnormal radial pulse. 

Note: Results for all occupations combined are not adjusted for occupation because of the sparse number of 
participants with an abnormal radial pulse. 
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Table 14-23.   Analysis of Radial Pulses (Continued) 

(c) MODEL 2: RANCH HANDS - -■INITIALDIOXIN - UNADJUSTED..         : ; 

Initial Dioxin Category Summary Statistics Analysis Results for Log2 (Initial Dioxin)3 

Initial 
Dioxin ^%%'.i:W£Vtyt&^ 

''Number { %},  .;i\ ; 
Abnormal 

Estimated Relative Risk 
.   (95%C,I.)b   ...                     .  p-Value 

Low 
Medium 
High 

155 
161 
160 

2(1.3) 
0 (0.0) 
1(0.6) 

0.58(0.17,1.99)                         0.334 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(d) MODEL2: RANCH HANDS »INITIAL DIOXIN - ADJUSTED 

i^^^^^':^M^^^M^SS. 
-- - 

--: Results not presented because of the sparse number of Ranch Hands with an abnormal radial pulse. 

(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY-UNADJUSTED 

■ VDioxin Category ■■ 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,195                     4(0.3) 

376                    4(1.1)                    2.78(0.69,11.27)                      0.153 
233                     2(0.9)                    2.64(0.48,14.54)                      0.264 
243                     1(0.4)                     1.41(0.16,12.80)                      0.759 
476                     3(0.6)                     1.92(0.40,9.18)                        0.414 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 14-23.   Analysis of Radial Pulses (Continued) 

;:#:;M^ ADJUSTED 

Dioxin Category   . ■ii''i'':l/:^^,:ii'fl^.:,!?::^}^\f 
Adjusted Relative Risk 

p-Value 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,155 

360 
221 
236 
457 

3.27(0.64,16.71) 
3.82(0.53,27.51) 
1.26(0.11,14.89) 
2.15 (0.36,13.04) 

0.155 
0.183 
0.856 
0.404 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison:  1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

Results are not adjusted for occupation because of the sparse number of participants with an abnormal radial 
pulse. 

^öW.QöEL:*; RANCH HANDS-1987 DIOXIN ®$^^ 
.•■: ;■.;^^ 1987;Diöxiri SISStlÄ 

Dioxin 
K#MES

;
^ 

Low 
Medium 
High 

284                   2 (0.7) 
281                    4 (1.4) 
287                    1 (0.3) 

0.75(0.43,1.32)                             0.305 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

Efl^fi^SM 

i:':;.^:R:R^':?^;;";:;=:.; js^^^iiaie^f ■ -; ;-=     ;:;L;"'_;:'''';:: ^'^' -; ';A; -:i _;-_: ■; 

817                                              0.61(0.30,1.21) 0.140 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Results are not adjusted for occupation because of the sparse number of Ranch Hands with an abnormal radial 
pulse. 

The unadjusted Model 2 analysis showed no significant association between radial pulses and initial 
dioxin (Table 14-23(c): p=0.334). Because of the sparse number of Ranch Hands with abnormal radial 
pulses, the adjusted Model 2 analysis was not performed. 
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All Model 3 and 4 analyses of radial pulses were nonsignificant (Table 14-23(e~h): p>0.14 for each 
analysis). 

14.2.23.4     Femoral Pulses 

The unadjusted Model 1 analysis of femoral pulses revealed a marginally significant overall group 
difference between Ranch Hands and Comparisons (Table 14-24(a): Est. RR=1.83, p=0.080). Stratifying 
by occupation did not reveal any significant difference between Ranch Hands and Comparisons within 
each occupational stratum (Table 14-24(a): p>0.12 for each contrast). The percentage of participants 
with abnormal femoral pulses was greater for the Ranch Hands (2.2%) than for Comparisons (1.2%). The 
adjusted analysis did not show a significant difference between Ranch Hands and Comparisons over all 
occupations or within each occupational stratum (Table 14-24(b): p>0.17 for each contrast). 

Table 14-24. Analysis of Femoral Pulses 

(a) MODEL 1: RANCH HANDS VS. COMPARISONS - UNADJUSTED 

Occupational 
'^^;W^^^^^^i^ p-Value   : 

All 

Officer 

Enlisted Flyer 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

859                  19 (2.2)                 1.83 (0.93,3.63) 
1,231                  15 (1.2) 

334                     7(2.1)                  1.27(0.46,3.55) 
484                     8 (1.7) 

149                     5(3.4)                 2.11(0.50,8.96) 
185                     3 (1.6) 

376                    7(1.9)                 2.65(0.77,9.10) 
562                    4 (0.7) 

0.080 

0.643 

0.313 

0.123 

(b) MODEL 1: RANCH HANDS VS. COMPARISONS - ADJUSTED 

Occupational Category 
v ':-■:'.";:'-:-: Adjusted Relative Risk '■'■■■ =-;"::■"' ■"■:' < s::"'"",;: :'<v. 

p-Value 
All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

1.66(0.79,3.49) 

1.51 (0.52,4.38) 
1.48 (0.27,8.02) 
2.08 (0.55,7.87) 

0.178 

0.448 
0.652 
0.282 

(c) MODEL 2: RANCH HANDS- -pi^i^i^ 
IMlStSi'ft Analysis Results For Log2 (Initial Dioxin)8 

W^M:WMWfM'W0j 
Estimated Relative Risk 

p-Value 
Low 
Medium 
High 

155 
161 
160 

3(1.9) 
5(3.1) 
4 (2.5) 

0.97(0.61,1.53) 0.890 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 
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Table 14-24.   Analysis of Femoral Pulses (Continued) 

(d) MODEL 2: RANCH HANDS -INITIAL DIOXIN -ADJUSTED 

Analysis Results for Log2 (Initial Dioxin) .. I 

:,■  Adjusted Relative Risk '. i y '.'. ■ :    3 

 457 1.17(0.61,2.24) 0.641  

a Relative risk for a twofold increase in initial dioxin. 

Note: Results are not adjusted for race because of the sparse number of participants with an abnormal femoral 
pulse. 

(e) MODEL 3; RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY'\ -UNADJUSTED    .-. 

33 \ '■ IPibid hiiGätegöjr^' ..':. '■:'■. ■ ■''■; %:tii:l\ 3'&'£3>   ':}';-;:^iiöp^l^i;;:i;.■££■ 
33:Mst;MMM^&M333\ 
3§330§0&MiMM 333 3333p^P^i 3y 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,194                   15 (1.3) 

376                      7(1.9) 
233                     6 (2.6) 
243                     6 (2.5) 
476                   12 (2.5) 

1.39(0.56,3.45) 
2.10(0.81,5.48) 
2.13(0.81,5.56) 
2.11(0.98,4.56) 

0.481 
0.128 
0.125 
0.056 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY |1|K|^^ 

:■".. '■; ■■•; Dioxin Category;",:' ;:'.'■; :3^333:33Mi333333 
;:-yl:#i^A$ 

¥\ 33--:$ffiMy&333 '3 3:3 y '^ 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,154 

360 
221 
236 
457 

1.22(0.44,3.36) 
1.71 (0.58,4.98) 
2.45 (0.76,7.90) 
2.06 (0.85,4.96) 

0.702 
0.329 
0.134 
0.108 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison:  1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 14-24.   Analysis of Femoral Pulses (Continued) 

(g)MODEL4: RANCH HANDS -1987 DIOXIN -UNADJUSTED'-; 

1987 Dioxin Category Summary Statistics ; Analysis Results for Logs (1987 Dioxin + 1) 
1987 

Dioxin ^:^&<%tiM--^-'W'~: 
Number (%) 

Abnormal 
p-^k^MÖ'mäted^elätiye; Risk:., ^:         ■  ^' " . 

Low 
Medium 
High 

284 
281 
287 

5(1.8) 
5(1.8) 
9(3.1) 

1.01 (0.75,1.38)                              0.927 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

■<h),M0DEL;4r\^ 

Analysis Results for Log2 (1987 Dioxin + 1) 

:    :::
;-■"';'■']:..■. Ädjusted Relative1 Risk .    : :   -^ 

p-Value 
817 

Relative risk for a twofold increase in 1987 dioxin. 

1.29(0.83,2.03) 0.255 

The Model 2 analyses did not reveal a significant association between femoral pulses and initial dioxin in 
either the unadjusted or adjusted analyses (Table 14-24(c,d): p>0.64 for each analysis). 

The unadjusted Model 3 analysis showed a marginally significant difference between Ranch Hands in the 
low plus high dioxin category and Comparisons (Table 14-24(e): Est. RR=2.11, p=0.056). The 
percentage of abnormal femoral pulses for Ranch Hands in the low plus high dioxin category was 2.5 
versus 1.3 percent for Comparisons. The adjusted analysis did not find any contrasts to be significant 
(Table 14-24(f): p>0.10 for each contrast). 

The unadjusted and adjusted Model 4 analyses did not show a significant association between 1987 
dioxin and femoral pulses (Table 14-24(g,h): p>0.25 for each analysis). 

14.2.2.3.5      Popliteal Pulses 

All unadjusted and adjusted Model 1 through 4 analyses were not significant (Table 14-25(a-h): p>0.41 
for each analysis). 

Table 14-25. Analysis of Popliteal Pulses 

(a) MODEL 1: RANCH HANDS VS. COMPARISONS - UNADJUSTED 

Occupational 
|||Caj^^r^|;;i;v: Group 

Number (%) 
Abnormal 

Est. Relative Risk 
rp-Value; 

All Ranch Hand 
Comparison 

859 
1,230 

23 (2.7) 
28 (2.3) 

1.18(0.68,2.06) 0.561 

Officer Ranch Hand 
Comparison 

334 
483 

1 (2.1) 
12 (2.5) 

0.84(0.33,2.16) 0.717 

Enlisted Flyer Ranch Hand 
Comparison 

149 
185 

5 (3.4) 
4 (2.2) 

1.57 (0.41,5.96) 0.506 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

376 
562 

11(2.9) 
12(2.1) 

1.38(0.60,3.16) 0.445 
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Table 14-25.   Analysis of Popliteal Pulses (Continued) 

..(b) MODEL li RANCH HANDS VS. COMPARISONS-ADJUSTED 

Occupational Category         V; '■':' ■ ■           ."■':.-(95%. G.I.).' ■ ■                    :. ;   . p-Value 

A//                                                                        1.04(0.56,1.90) 

Officer                                                                 0.95 (0.35,2.52) 
Enlisted Flyer                                                      0.99 (0.21,4.82) 
Enlisted Groundcrew                                           1.13 (0.46,2.79) 

0.911 

0.911 
0.995 
0.784 

gfi^ 
KtÄ lif'^^IAi^^sjl^ls; jits for L ogj (Initial Dioxin)0 

Estimated Relat ive Risk 
)t,':'::-"!";':::: l ;.-i;Vl: 'i-:::ä: '■ 1' t-_ P W^PC :;;:' 1 ■>. >';:-: :;.; 

Low                            155                          4 (2.6) 
Medium                      161                           6 (3.7) 
High                            160                          4(2.5) 

0.89(0.57,1 .38) 0.601 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(d) MODEL 2: RANCH HANDS - INITIAL DIOXIN - ADJUSTED 

Analysis"Results, for. I^^.'(Joitial:P]oxih)'-^''.'': 

 457 0.97(0.53,1.78) 0,924  
a Relative risk for a twofold increase in initial dioxin. 

Note: Results are not adjusted for race because of the sparse number of Ranch Hands with an abnormal popliteal 
pulse. 

il^fll^ -UNADJUSTED :;;-::.:'.;. 

' ■';:'     Dioxin Category i':?i "'&Xä ffi$MWr> ■ \& v: 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,193                   28 (2.3) 

376                    9 (2.4) 
233                     7 (3.0) 
243                    7 (2.9) 
476                   14 (2.9) 

0.94 (0.44,2.03) 
1.31 (0.56,3,03) 
1.33(0.57,3.08) 
1.32(0.69,2.53) 

0.879 
0.535 
0.512 
0.410 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand):  1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand):  1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 14-25.   Analysis of Popliteal Pulses (Continued) 

^mp^^^m^^^JSDS AND COMPARISONS BYDIOXIN CATEGORY -ADJUSTED 

; : , ■. . •    .     ^'^    .-.''..   ■■■: ■. '■■'■:.■■.. Adjusted Relative Risk < '    \.■:^ ^ If 
:;-.^rj;IMffin Category      '■. • '■: :v:'^-;n U-^ '' .V.< :■• -:'; (95% CX)^:^•^::; V::rf ^h^^^^•■■V^Va^^le:

: 

Comparison 1,153 

Background RH                             360                         0.88 (0.37,2.05) 0.760 
LowRH                                           221                            1.15(0.45,2.92)                                  0.776 
HighRH                                          236                            1.08(0.40,2.86) 0.884 
Low plus High RH 457 1.11(0.53,2.30) 0,781 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(g) MODEL 4: RANCH HANDS - 1987 DIOXIN - UNADJUSTED 

1987 Dioxin Category Summary Statistics 

Dioxin:.;, ■■'.   n  ::-,',.■'.....'-'':AbnorrjiaL; 
Low                            284 6(2.1) 
Medium                      281 7 (2.5) 
High 287 10 (3.5) 

Analysis Results for Log2 (1987 Dioxin + 1) 

Estimated Relative Risk 

0.98(0.74,1.30) 0.891 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(h) MODEL 4: RANCH HANDS -1987 MOXIN - ADJUSTED 

Analysis Results forXogv(19871)ioxm:+:i)^r :;;'^r\/^::::;v;; ;-:'--.;':^ 

 817 1.02(0.72,1.46) 0.908 

Relative risk for a twofold increase in 1987 dioxin. 

14.2.2.3,6      Dorsa Us Pedis Pulses 

All unadjusted and adjusted analyses of dorsalis pedis pulses were nonsignificant (Table 14-26(a-h): 
p>0.11 for each analysis). 
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Table 14-26. Analysis of Dorsalis Pedis Pulses 

(a) MODEL 1: RANCH HANDS VS. COMPARISONS -UNADJUSTED 

Occupational 
Group 

'&$;-, fffMM§i$ü$MMW)' 11: J:- £ 'ÄvRliaÄRik~%-s % 
n                    Abnormal                       (95% C.I.) p-Value 

All Ranch Hand 
Comparison 

859               69 (8.0)                1.04(0.76,1.44) 
1,230                95  (7.7) 

0.796 

Officer Ranch Hand 
Comparison 

334                 27   (8.1)                  1.24(0.73,2.11) 
483                 32   (6.6) 

0.429 

Enlisted Flyer Ranch Hand 
Comparison 

149                 18(12.1)                  1.36(0.67,2.74) 
185                 17   (9.2) 

0.392 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

376                 24   (6.4)                 0.76(0.46,1.28) 
562                 46   (8.2) 

0.305 

(b) MODEL I: RANCH HANDS VS. COMPARISONS - ADJUSTED 

Occupational Category 
Adjusted Relative Risk 

All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

0.97(0.69,1.37) 

1.27 (0.73,2.22) 
1.33 (0.62,2.86) 
0.64(0.37,1.12) 

p-Value; 

0.857 

0.398 
0.463 
0.117 

(c) MODEL 2: RANCH HANDS - INITIAL DIOXIN - UNADJUSTED 

Initial Dioxin Category Summary Statistics 

■■■initial;;! 
: DioxinJ 

Number (%) 
.^Abnormal-1 

Low 
Medium 
High 

155 
161 

160 

12 (7.7) 
16 (9.9) 
12 (7.5) 

Analysis Results for Log2 (Initial Dioxin)8 

Estimated Relative Risk 

0.90(0.69,1.17) 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(d) MODEL 2: RANCH HANDS - INITIAL DIOXIN - ADJUSTED 

Analysis Results for Log> (Initial Dioxin) 

p-Value: 

0.417 

457 1.11(0.78,1.57) 

a Relative risk for a twofold increase in initial dioxin. 

prValue 

0.561 
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Table 14-26.   Analysis of Dorsal is Pedis Pulses (Continued) 

(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - -UNADJUSTED 

Dioxin Category :,;;■■  ■ n    .        • ..■;■■ Abnormal •    /.            ■  (95%-C.I.fb ■   ■ p-Value 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,193                    95 (8.0) 

376                    29(7.7)                   0.91(0.59,1.40) 
233                   22(9.4)                  1.22(0.75,1.98) 
243                     18(7.4)                   0.98(0.58,1.65) 
476                    40(8.4)                    1.09(0.74,1.61) 

0.664 
0.429 
0.931 
0.670 

a Relative risk and confidence interval relative to Comparisons. 
Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - ADJUSTED 

Dioxin Category n  (95% CX)a p-Value 
Comparison 1,153 

Background RH                               360                           0.94(0.59,1.50) 0.792 
LowRH                                           221                           0.99(0.58,1.70) 0.977 
HighRH                                           236                           0.89(0.50,1.58) 0.685 
Low plus High RH 457 0.94(0.61,1.43) 0.761 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(g) MODEL 4: RANCH HANDS - 1987 DIOXIN S^ÄM^ÄSSiliiS 
1987 Dioxin Category Summary Statistics I1II;:|-R Ä ||^||öi^il|^|||i 

Estimated Relative Risk 
;=;v]f'^^''''p^/itfl^Ö)Ä^i:;;.^ .^G^: 

Low 
Medium 
High 

284                   21 (7.4) 
281                    25 (8.9) 
287                    23 (8.0) 

0.99 (0.84,1.17) 0.913 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 
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Table 14-26.   Analysis of Dorsalis Pedis Pulses (Continued) 

(h) MODEL 4: RANCH HANDS - 1987 DIOXLN - ADJUSTED 

Analysis Results for Log2 (1987 Dioxin + 1) j 

Adjusted Relative Risk 

817 1.07(0.85,1.33) 
a Relative risk for a twofold increase in 1987 dioxin. 

p-Value 

0.580 

14.2,2.3.7     Posterior Tibial Pulses 

All unadjusted and adjusted Models 1 through 4 analyses of posterior tibial pulses were nonsignificant 
(Table 14-27(a-h): p>0.11 for each analysis). 

Table 14-27. Analysis of Posterior Tibial Pulses 

(a) MODEL 1: RANCH HANDS VS. COMPARISONS - UNADJUSTED 

■■tii.^M'%k p-Value 
All                      Ranch Hand 

Comparison 
859 

1,228 
58 (6.8)                 132 (0.91,1.90) 
64(5.2) 

0.142 

Officer                Ranch Hand 
Comparison 

334 
483 

22(6.6)                  1.41(0.77,2.57) 
23 (4.8) 

0.263 

Enlisted Flyer      Ranch Hand 
Comparison 

149 
183 

14(9.4)                  1.36(0.62,2.98) 
13(7.1) 

0.449 

Enlisted               Ranch Hand 
Groundcrew        Comparison 

376 
562 

22(5.9)                  1.19(0.67,2.10) 
28 (5.0) 

0.562 

(b) MODEL I; RANCH HANDS VS. COMPARISONS ~ ADJUSTED 

Occupational Category 

AU 1.25(0.84,1.86)                                           0.280 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

1.40 (0.73,2.68)                                        0.307 
1.17(0.49,2.78)                                           0.724 
1.16(0.62,2.16)                                           0.649 

(c) MODEL w>. RANCH HANDS - ̂ H^i^MISÄÄi^lSÄSIIilff 
Initial Dioxin Category ||ätöiä^^ Analysis Results for Log2 (frugal Dio;d»)a 

155 
161 
160 

Estimated Relative Risk 
'}iP0$r rs$hW$$f£t "')? 

Low 
Medium 
High 

9(5.8) 
15 (9.3) 
10 (6.3) 

1.01 (0.77,1.33) 0.925 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 
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Table 14-27.   Analysis of Posterior Tibia! Pulses (Continued) 

(d) MODEL 2: RANCH HANDS - INITIAL DIOXIN ~ ADJUSTED   ~J 

k ■%¥£'& WS£ W:^'! I:;.!::-:'' ¥'■ ^ 1 ^ 

■; :
: ■"'':. - ■  ''..'Analysis; Si^ul^ %r ;;ilbg2^; 

Adjusted Relative Risk: 

[(Initial Dioxin) 

p-Value 
457 1.16(0.81,1.65) 0.417 

a Relative risk for a twofold increase in initial dioxin. 

(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - UNADJUSTED 

;-;:':. •;';;Dioxin.Category,.':V'V:i 
Est. Relative Risk 

■■A-:'!.-'    i95%\m.)^-'-.'--        -i p-Value 
Comparison 1,191 63(5.3) 

Background RH                        376                  22(5.9)                     1.04(0.63,1.73) 0.865 
LowRH 233 18(7.7) 1.52(0.88,2.61) 0.135 
HighRH 243 16(6.6) 1.34(0.76,2.36) 0.320 
Low plus High RH 476 34(7.1) 1.42(0.92,2.19) 0.113 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - p||p^p||gß;|^ 

r-:X-r?_^""3iJ=:^^^3^fr*-*ö^3B^äjftJc ? ^^sftji^l^^ic^^^E^^i^vy-"1!^.^^ H^i.^ -.;^_--[=:!:■ ;^{ v'k7-^ feL"tir^--i>j ;■ jft -■';?>j:4if^;: lllfflft W}¥:^P0M^;}W¥¥¥'M¥ 
Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH 

1,151 

360 
221 
236 
457 

1.08 (0.62,1.89) 
1.31 (0.71,2.39) 
1.21 (0.63,2.30) 
1.25 (0.77,2.03) 

0.784 
0.387 
0.571 
0.358 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison:  1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 14-27.   Analysis of Posterior Tibia I Pulses (Continued) 

(g) MODEL 4: RANCH HANDS ~ 1987 DIOXIN -UNADJUSTED'-;'/.;.:'. - v-:   -. '   \             _          .. 

" ■ ::■ 1987 Dioxin Category Summary Statistics '■._■■■" Analysis Results: for Log2 (1987 Dioxin + 1)    ■ :-, 

Dioxin ■^ä^-SSfö-:SS^''^i; Abnormal 
..■   Estimated Relative Risk   ;M'::;:': ' ]X :: \ ■ . ■::; ■ / ,;v;.' '■■ ':v 

;-;:;P:";;':;:;::;;f 
Low 
Medium 
High 

284 
281 
287 

18 (6.3) 
16 (5.7) 
22 (7.7) 

1.03(0.86,1.24)                                0.746 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9~19.6 ppt; High = >19.6 ppt. 

(h) MODEL 4: RANCH HANDS - 1987 DIOXIN - ADJUSTED 

j Analysis Results for Log2 .(1987; Dioxin + l) ;;.  .■. 

 817 1.12(0.88,1.43) 0.354 

a Relative risk for a twofold increase in 1987 dioxin. 

14.2.23.8      Leg Pulses 

Leg pulses were not significantly associated with dioxin in any of the unadjusted and adjusted Models 1 
through 4 analyses (Table 14-28(a-h): p>0.15 for each analysis). 

Table 14-28. Analysis of Leg Pulses 

(a) MODEL 1: RANCH HANDS VS. COMPARISONS - UNADJUSTED 

Occupational 
-00:$:^^Q^ii^0i. ^IMüMM^M p-yalue 

All Ranch Hand 
Comparison 

859 
1,228 

94(10.9) 
123 (10.0) 

1.10(0.83,1.47) 0.496 

Officer Ranch Hand 
Comparison 

334 
483 

36 (10.8) 
40  (8.3) 

1.34 (0.83,2.15) 0.228 

Enlisted Flyer Ranch Hand 
Comparison 

149 
183 

25 (16.8) 
22 (12.0) 

1.48(0.79,2.74) 0.218 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

376 
562 

33   (8.8) 
61 (10.9) 

0.79(0.51,1.23) 0.300 
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Table 14-28.   Analysis of Leg Pulses (Continued) 

(b)iÄ|l||M^ 

Occupational Category 
Adjusted Relative (Risk 

All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

1.03 (0.76,1.40) 

1.30(0.79,2.16) 
1.46(0.74,2.88) 
0.71 (0.44,1.14) 

p-Value 

0.850 

0.306 
0.270 
0.158 

(c) MODEL 2: RANpH HANDS-INITIAL DIOXIN -UNADJUSTED 

.. ■■'■ ;.'.;.,; :  :^ Analysis Results for Log2 (InitialDioxin)3 

Dioxin 
';'.'■ ■::■;::;';':;'^■;:"\.''•''■■■ •'; ■:'■■ ■.■ ■/.;•'■ ;Number{%).*;■ ■'■'.■':'■ Estimated Relative Risk 

Low 
Medium 
High 

155                       15   (9.7) 
161                         22(13.7) 
160                         16 (10.0) 

0.96(0.77,1.20)                        0.739 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63~152 ppt; High = >152 ppt. 

(d) MODEL 2rR^CHHA MTIAL DIOXIN- ADJUSTED 

P^S^Ä^ 

Analysis Results for Log2 (Initial Dioxin) 

lifc^Ä^fe 
457 1.13(0.84,1.51) 0.433 

a Relative risk for a twofold increase in initial dioxin. 

(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY |;.|f|^|iED::f 

Dioxin Category         ; f::$:^:'^)§ . ■:'■./:;:;.: ■.'/■■   p-Value         '   ;: 

Comnari snn 

Background RH 
LowRH 
High RH 
Low plus High RH 

1 191 

376 
233 
243 
476 

loo no 9> iA.A. yLKj.^j 

39 (10.4)                  0.95 (0.65,1.40) 
29(12.4)                    1.26(0.82,1.94) 
24  (9.9)                    1.01(0.64,1.61) 
53(11.1)                    1.13(0.80,1.59) 

0.812 
0.298 
0.957 
0.498 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 14-28.   Analysis of Leg Pulses (Continued) 

(f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - -ADJUSTED 

Dioxin Category ^■:yy;W~y^yk:i-:S¥A 
Adjusted Relative Risk 

p-Value 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,151 

360 
221 
236 
457 

1.01 (0.66,1.53) 
1.01 (0.63,1.64) 
0.91 (0.54,1.53) 
0.96(0.66,1.40) 

0.981 
0.955 
0.725 
0.832 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(g) MODEL 4: RANCH HANDS - 1987 DIOXIN :§;Mg|riJsf^ 

tlS'lÄ^ fiifl/'^^ 
:l;ii(fes1imated"Ä 

Low 
Medium 
High 

284                 30 (10.6) 
281                  31(11.0) 
287                   31 (10.8) 

1.00(0.87,1.16)                              0.956 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(h) MODEL 4: RANCH HANDS - 1987 DIOXIN - ADJUSTED 

 817 1.08(0.88,1.31)  0.467 

a Relative risk for a twofold increase in 1987 dioxin. 

14.2.2.3.9      Peripheral Pulses 

All unadjusted and adjusted analyses in Models 1 through 4 were nonsignificant (Table 14-29(a-h): 
p>0.21 for each analysis). 
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Table 14-29. Analysis of Peripheral Pulses 

(aJMOPEL 1: ^ANGH HANDS ^COMPARISONS ~ UNADJUSTED 

Occupational 
Group Abnormal 

Est. Relative Risk 
.(95% C.I.);

:; 1 p-Value 
A// Ranch Hand 

Comparison 
859 

1,228 
97 (11.3) 

126 (10.3) 
1.11 (0.84,1.47) 0.454 

Officer Ranch Hand 
Comparison 

334 
483 

37(11.1) 
42   (8.7) 

1.31(0.82,2.08) 0.258 

Enlisted Flyer Ranch Hand 
Comparison 

149 
183 

25 (16.8) 
22(12.0) 

1.48(0.79,2.74) 0.218 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

376 
562 

35   (9.3) 
62(11.0) 

0.83(0.53,1.28) 0.396 

(b) MODEL 1: RANCH HANDS VS. COMPARISONS - ADJUSTED 

Occupational Category 
Adjusted Relative Risk 

(95% C.I.) p-Value 
All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

1.05(0.77,1.42) 

1.27(0.77,2.09) 
1.48(0.75,2.92) 
0.75(0.47,1.21) 

0.761 

0.353 
0.260 
0.242 

(c) MODEL if» ;4|AJpp?f^ 

liäftiiiiÄ al Dioxin Category Summary Statistics .'::. Analysis Results for Log2 (Initial Dioxin)8 v.; 

[■ ■'■'■<■'. Dioxin' ,' 

Low 
Medium 
High 

155                         16 (10.3) 
161                         22(13.7) 
160                         17 (10.6) 

0.96(0.77,1.19)                         0.703 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

Adjusted Relative Risk 
5p?Valueä 

457 1.06(0.79,1.41) 

a Relative risk for a twofold increase in initial dioxin. 

0.718 
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Table 14-29.   Analysis of Peripheral Pulses (Continued) 

;:Xe);;MöD^ -UNADJUSTED 

Dioxin Category 
■: ■.':'      v,: ■   : .:"    :^ Number (%)     : \ 

'    n     :-:              Abnormal 
Est. Relative Risk 

(95%CX)ab p-Vaiue 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,191                125 (10.5) 

376                  40 (10.6) 
233                  30 (12.9) 
243                  25 (10.3) 
476                   55(11.6) 

0.95 (0.65,1,39) 
1.27(0.83,1.95) 
1.04(0.66,1.63) 
1.15(0.82,1.61) 

0.797 
0.266 
0.880 
0.431 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - ADJUSTED 

Dioxin Category n  (95% C.I.)a p-Value 
Comparison 1,151 

Background RH                               360                            1.00(0.66,1.52) 0.997 
LowRH                                           221                            1.05(0.65,1.70) 0.833 
HighRH                                           236                           0.94(0.57,1.57) 0.828 
Low plus High RH 457 1.00(0.68,1.45) 0.981 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand):  1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(g) MODEL 4: RANCH HANDS -1987 DIOXÜS B:ia^AJ>JÜSTEp.;.:;; ..;,,■ .,■:•;■;,: v/v.-:.;;;..... -\>. '•     .'•   -/ :^ , 

|||:;|l||||itl^i| ategory Summary Statistics Analysis Results for Log2 (1987 Dioxin + 1) 

Low 
Medium 
High 

284                31 (10.9) 
281                  32(11.4) 
287                  32(11.1) 

1.00(0.86,1.15)                                0.972 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9~19.6 ppt; High = >19.6 ppt. 
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Table 14-29.   Analysis of Peripheral Pulses (Continued) 

(h) MODEL 4: RANCH HANDS -1987 DIOXIN -ADJUSTED 

.-;: .Analysis Results for Log2 (1987 Dioxir||§i| 

'■■■■';:k-::::X^-'::;       ^"M-A --iS-■: v'%%I Xti'":;-;i'■:•::;;:^-:!Aajustea*::ReMvelRisfc ;;::;;.*'fe'!<; 

817 1.07(0.88,1.30) 

Relative risk for a twofold increase in 1987 dioxin. 

p-Value 

0.485 

14223.10    ICVI Index 

The analysis of ICVI index did not show any significant associations with dioxin (Table 14-30(a-h): 
p>0.11 for each analysis). 

Table 14-30. Analysis of ICVI Index 

(a) MODEL 1: RANCH HANDS VS. COMPARISONS -.UNADJUSTED 

Occupational 
;. -Category;:

: j Group! 
All 

Officer 

Enlisted Flyer 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

858 
1,232 

334 
484 

149 
186 

375 
562 

Number (%) 
Abnormal 

33 (3.8) 
45(3.7) 

13 (3.9) 
15 (3.1) 

7 (4.7) 
12 (6.5) 

13 (3.5) 
18(3.2) 

Est Relative Risk 
(95% C.I.) 

1.06 (0.67,1.67) 

1.27 (0.59,2.70) 

0.71 (0.27,1.86) 

1.09(0.53,2.24) 

p-Value j 

0.819 

0.541 

0.492 

0.825 

(b) MODEL 1: RANCH HANDS VS. COMPARISONS - ADJUSTED 

Occupational Category 
Adjusted Relative Risk 

All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

0.99 (0.61,1.60) 

1.25 (0.57,2.70) 
0.50(0.17,1.51) 
1.12(0.53,2.39) 

hp-Value- 

0.958 

0.577 
0.218 
0.764 

(c) MODEL fJIJIIl^^ 
;'';:.^v;/-:v-;;;?^t ial Dioxin Category Summary Statistics IlllJIf 

:§l3lslin^ 

Low 
Medium 
High 

155                         6 (3.9) 
161                        10 (6.2) 
160                          7 (4.4) 

0.99(0.71,1.37)                       0.948 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 
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Table 14-30.   Analysis of ICVI Index (Continued) 

(d) MODEL 2: RANCH HANDS - INITIAL DIOXIN - ADJUSTED 

Analysis Results for Log2 (Initial Dioxin) 

Adjusted Relative Risk 

 461 1.12(0.73,1.72) 0.604  

a Relative risk for a twofold increase in initial dioxin. 

Note: Results are not adjusted for diabetic class because of the sparse number of Ranch Hands with an abnormal 
intermittent claudication and vascular insufficiency index. 

(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY -UNADJUSTED 

■■■:'.''.  Dioxin 'Category'- ;■:■' p-Value 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,195                   43 (3.6) 

375                       9(2.4)                   0.65(0.31,1.35) 
233                       9 (3.9)                    1.08 (0.52,2.24) 
243                     14(5.8)                    1.66(0.89,3.09) 
476                    23 (4.8)                    1.34 (0.79,2.27) 

0.249 
0.839 
0.112 
0.272 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand):  1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - -ADJUSTED 

I 'p§ p^ßiöj^                           •] ±pppP:%hM}\pppM ';M:-Pä£^w^ipp^p--fPP 
Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH 

1,155 

360 
221 
236 
457 

0.69(0.32,1.48) 
0.98(0.46,2.11) 
1.41 (0.69,2.89) 
1.19(0.67,2.09) 

0.340 
0.968 
0.346 
0.555 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand):  1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 14-30.   Analysis of ICVI Index (Continued) 

(g) MODEL 4: RANCH HANDS - 1987 DIOXIN -UNADJUSTED               ^                    ... 

1987 Dioxin Category Summary Statistics Analysis Results for Log2 (1987 Dioxin +1) 
::.;;;;:-;.^':1987;:''':'.-.; 

Dioxin n                    Abnormal 
Estimated Relative Risk 

Low 
Medium 
High 

283                     8 (2.8) 
281                    9 (3.2) 
287                  15 (5.2) 

1.08(0.86,1.37)                               0.503 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9~19.6 ppt; High = >19.6 ppt. 

:; (h)MODEL 4: : RANCH'HANDS -: 1987. DIOXIN--ADJUSTED; 

]Analysis:RjÄ 

:; 11 £ '.^0-;lÄajüsteiä ;Re1atiye;IüSk:!::-;;^ £ -£# 3:&3%^ ■ v££ > W^i'-T^:^ 

817 1.07 (0.79,1.45) 0.666 

a Relative risk for a twofold increase in 1987 dioxin. 

14.2.3   Longitudinal Analysis 

Cardiovascular longitudinal analyses were conducted on systolic blood pressure measurements taken at 
the 1982 and 1997 examinations and six pulse assessments made at the 1985 and 1997 examinations. 
Discrete and continuous analyses were performed for systolic blood pressure. The six pulse 
measurements included femoral pulses, popliteal pulses, dorsalis pedis pulses, posterior tibial pulses, leg 
pulses, and peripheral pulses. The 1985 and 1997 measurements were used for the pulse assessments 
because the Doppler assessment of pulses was conducted at these two examinations and was not 
conducted at the 1982 baseline or 1987 follow-up examinations. 

Longitudinal analyses were conducted to examine whether changes across time differed with respect to 
group membership (Model 1), initial dioxin (Model 2), and categorized dioxin (Model 3). Model 4 was 
not examined in longitudinal analyses because 1987 dioxin, the measure of exposure in these models, 
changes over time and is not available for all participants for 1982 or 1997. 

Participants considered abnormal in 1982 (or 1985 for Doppler pulse measurements) were not included in 
the longitudinal analysis of discrete dependent variables. The purpose of the longitudinal analysis was to 
examine the effects of dioxin exposure across time. Participants who were abnormal in 1982 (or 1988) 
were not considered to be at risk for developing the condition, because the condition already existed at the 
time of the first collection of data for the AFHS (1982). Only participants who were normal at the 1982 
(or 1985) examination were considered to be at risk for developing the condition; therefore, the rate of 
abnormalities under this restriction approximates an incidence rate between 1982 (or 1985) and 1997. 
That is, an incidence rate is a measure of the rate at which people without a condition develop the 
condition during a specified period of time (53). Summary statistics are provided for reference purposes 
for the 1985, 1987, and 1992 examinations for systolic blood pressure and for the 1992 examination for 
the pulse measurements. 
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The longitudinal analysis for systolic blood pressure in its discrete form examined relative risks at the 
1997 examination for participants who were classified as normal at the 1982 examination. The 
longitudinal analysis for the Doppler pulse measurements examined relative risks at the 1997 examination 
for participants who were classified as normal at the 1985 examination. The adjusted relative risks 
estimated from each of the three models were used to investigate the change in the dependent variable 
over time. All three models were adjusted for age; Models 2 and 3 also were adjusted for the percentage 
of body fat at the time of the blood measurement of dioxin. 

The longitudinal analysis for the systolic blood pressure in its continuous form examined the paired 
difference between the measurements from 1982 and 1997. These paired differences measured the 
change in systolic blood pressure over time. Each of the three models used in the longitudinal analysis 
was adjusted for age and systolic blood pressure as measured in 1982 (see Chapter 7, Statistical Methods). 

14.23.1   Physical Examination Variables 

14.2.3.1.1      Systolic Blood Pressure (Continuous) 

The Model 1 analysis of change in mean systolic blood pressure revealed a marginally significant 
difference between overall Ranch Hands and Comparisons (Table 14-31(a): difference of examination 
mean change=-1.6 mm Hg, p=0.066). The Ranch Hand mean decreased by 6.3 mm Hg between 1982 
and 1997, and the Comparison mean decreased by 4.7 mm Hg. Stratifying by occupation showed a 
marginally significant group difference in the enlisted groundcrew stratum (Table 14-31(a): difference of 
examination mean change=-2.2 mm Hg, p=0.079). For the enlisted groundcrew, the Ranch Hand mean 
decreased by 7.4 mm Hg between 1982 and 1997, and the Comparison mean decreased by 5.2 mm Hg. 
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Table 14-31. Longitudinal Analysi is of Systolic Blood Pressure (mm Hg) (Continuous) 

(a) MODEL 1: RANCH HANDS VS. COMPARISONS 

Occupational 
■.■'■ Group   /..; 

:-'M.ean*/(n)'.:'-'- 
Examination;         J .   Exam,. . 

; -Change15 ■•] 
-6.3 

-4.7 

Difference of 
.'■ Exam.;Mean '  i 
'.'■■■ Change 

-1.6 

Category 1982 19851 1987   : 1992 1997 p-VaIuec 

All Ranch Hand 

Comparison 

131.1 
(808) 
130.7 
(959) 

117.8 
(790) 
118.9 
(940) 

125.9 
(782) 
126.4 
(935) 

120.4 
(785) 
121.3 
(939) 

124.8 
(808) 
126.0 
(959) 

0.066 

Officer Ranch Hand 

Comparison 

131.8 
(305) 
131.3 
(372) 

118.8 
(301) 
118.8 
(365) 

126.5 
(298) 
126.3 
(360) 

122.6 
(300) 
121.8 
(367) 

126.1 
(305) 
126.1 
(372) 

-5.6 

-5.3 

-0.3 0.840 

Enlisted 
Flyer 

Ranch Hand 

Comparison 

131.8 
(146) 
130.2 
(144) 

118.4 
(143) 
118.9 
(143) 

127.2 
(141) 
125.9 
(142) 

120.6 
(142) 
121.2 
(142) 

126.7 
(146) 
128.9 
044) 

-5.1 

-1.3 

-3.8 0.135 

Enlisted 
Groundcrew 

Ranch Hand 

Comparison 

130.3 
(357) 
130.3 
(443) 

116.8 
(346) 
119.0 
(432) 

124.8 
(343) 
126.7 
(433) 

118.4 
(343) 
120.9 
(430) 

122.9 
(357) 
125.1 
(443) 

-7.4 

-5.2 

-2.2 0.079 

a Transformed from natural logarithm scale. 
Difference between 1997 and 1982 examination means after transformation to original scale. 

c P-value is based on analysis of natural logarithm of systolic blood pressure; results adjusted for natural logarithm 
of systolic blood pressure in 1982 and age in 1997. 

Note: Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for participants who 
attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided for reference purposes 
for participants who attended the 1982, 1992, and 1997 examinations. 
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Table 14-31. Longitudinal Analysis of Systolic Blood Pressure (mm Hg) (Continuous) 
(Continued) 

(b)MODEL2: RANCH HANDS - INITIAL DIOXIN 

Initial Dioxin Category Summary Statistics Analysis Results for Log2 (Initial Dioxin)? 5;;; 

-'.'■<:'. ?^% ■ >j :iv^'S:'};W,                         ^"'^Mfeah^n);-;:;::;';;;; \'X^:::£ 

Adjusted Slope 
■'"   (Std, ■Error); "■'■                     p- Value Initial Dioxin /1982:

:
:.'. iS:l>#: SSÄ^IS :;1992:;:

: 1997 
Low 

Medium 

High 

132.2 
(149) 

132.8 
(158) 

131.2 
(153) 

118.4 
(146) 

119.7 
(155) 

119.1 
(150) 

127.1 
(148) 

126.4 
(155) 

127.4 
(148) 

120.5 
(144) 

122.9 
(155) 

121.1 
(150) 

125.9 
(149) 

125.5 
(158) 

124.1 
(153) 

0.000 (0.005)                     0.977 

a Transformed from natural logarithm scale. 
b Results based on difference between natural logarithm of 1997 systolic blood pressure and natural logarithm of 
1982 systolic blood pressure versus log2 (initial dioxin); results adjusted for percent body fat at the date of the blood 
measurement of dioxin, natural logarithm of 1982 systolic blood pressure, and age in 1997. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for 
participants who attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided 
for reference purposes for participants who attended the 1982, 1992, and 1997 examinations. 
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Table 14-31. Longitudinal Analysis of Systolic Blood Pressure (mm Hg) (Continuous) 
(Continued) 

(e) MODEL 3 g:i)^<p;if^ 

Dioxin 

Mean7{n>; ; 
Examination ■  .Exam. ;.v Difference of 

i§\lg3^msJ(My§ Wm:
;M^0xM 1985  ; :■   . 1987-; !'1992'X 1997 ■ehangeb;':;; Change p-Value6''. 

Comparison 130.6 118.7 126.2 121.1 126.0 -4.7 
(932) (916) (910) (913) (932) 

Background RH          129.8 116.2 124.4 119.0 124.4 -5.3 -0.6 0.386 
(342) (334) (326) (331) (342) 

LowRH 132.0 118.7 126.8 120.9 126.0 -6.0 -1.3 0.347 
(224) (218) (221) (217) (224) 

High RH 132.1 119.5 127.2 122.0 124.4 -7.8 -3.1 0.086 
(236) (233) (230) (232) (236) 

Low plus High RH      132.1 119.1 127.0 121.5 125.2 -6.9 -2.2 0.083 
(460) (451) (451) (449) (460) 

a Transformed from natural logarithm scale. 
Difference between 1997 and 1982 examination means after transformation to original scale. 

0 P-value is based on analysis of natural logarithm of 1997 systolic blood pressure; results adjusted for percent body 
fat at the date of the blood measurement of dioxin, natural logarithm of 1982 systolic blood pressure, and age in 
1997. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94, ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for 
participants who attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided 
for reference purposes for participants who attended the 1982, 1992, and 1997 examinations. 

The longitudinal analysis in Model 2 did not reveal a significant association between the change in mean 
systolic blood pressure and dioxin (Table 14-31(b): p=0.977). 

The Model 3 analysis of the change in mean systolic blood pressure levels between 1982 and 1997 
revealed two marginally significant contrasts: Ranch Hands in the high dioxin category versus 
Comparisons (Table 14-31(c): difference of examination mean change=-3.1 mm Hg, p=0.086) and 
Ranch Hands in the low plus high dioxin category versus Comparisons (Table 14-31(c): difference of 
examination mean change=-2.2 mm Hg, p=0.083). The change in means between 1982 and 1997 for 
Ranch Hands in the high dioxin category, Ranch Hands in the low plus high dioxin category, and 
Comparisons was -7.8 mm Hg, -6.9 mm Hg, and -4.7 mm Hg, respectively. 

14.2.3.1.2      Systolic Blood Pressure (Discrete) 

The longitudinal analysis in Models 1 through 3 did not reveal a significant association between dioxin 
and change in systolic blood pressure in its discrete form (Table 14-32(a-c): p>0.45 for each analysis). 
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Table 14-32. Longitudinal Analysis ; of Systolic Blood Pressure i (Discrete) 

(a) MODEL 1: RANCH HANDS VS. COMPARISONS 

Occupational 
Group 

.:Nimiber:C%);High/(n),: 
Exäinination 

WM-M^$$^Q$M~S Ä®äNÄ9 VW§^i'(M ;J:::flM;g 1997 
All Ranch Hand 

Comparison 

141 (17.5) 
(808) 

187 (19.5) 
(959) 

42 (5.3) 
(790) 

65 (6.9) 
(940) 

146(18.7)      119(15.2) 
(782)              (785) 

205 (21.9)      146 (15.5) 
(935)              (939) 

169 (20.9) 
(808) 

215 (22.4) 
(959) 

Officer Ranch Hand 

Comparison 

60 (19.7) 
(305) 

75 (20.2) 
(372) 

20 (6.6) 
(301) 

25 (6.8) 
(365) 

59(19.8)        51(17.0) 
(298)              (300) 

81 (22.5)        65 (17.7) 
(360)              (367) 

73 (23.9) 
(305) 

90 (24.2) 
(372) 

Enlisted Flyer Ranch Hand 

Comparison 

28 (19.2) 
(146) 

27 (18.8) 
(144) 

5 (3.5) 
(143) 

11(7.7) 
(143) 

29 (20.6)        23 (16.2) 
(141) (142) 

31(21.8)        20(14.1) 
(142) (142) 

35 (24.0) 
(146) 

38 (26.4) 
(144) 

Enlisted Groundcrew     Ranch Hand 

Comparison 

53 (14.8) 
(357) 

85 (19.2) 
(443) 

17 (4.9) 
(346) 

29 (6.7) 
(432) 

58 (16.9)        45 (13.1) 
(343)              (343) 

93 (21.5)        61 (14.2) 
(433)              (430) 

61 (17.1) 
(357) 

87 (19.6) 
(443) 

Normal in 1982 

:'■■-.: Adj. Relative Risk ':'■■■■■'.! Occupätiöriai     i 
jf^|vS;i§rojBpji :|:| W'y4 

V'-iiyi',[: '::>.-;v J:;;:-;;:;".-;:":'":;-:'>;Tl dumber (%) High 
p-Value3 

All Ranch Hand 
Comparison 

667 
772 

111 (16.6) 
130 (16.8) 

0.99(0.75,1.31) 0.951 

Officer 

Enlisted Flyer 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 
Ranch Hand 
Comparison 
Ranch Hand 
Comparison 

245 
297 
118 
117 
304 
358 

48 (19.6) 
50 (16.8) 
23 (19.5) 
25 (21.4) 
40(13.2) 
55 (15.4) 

1.18(0.76,1.84) 

0.90(0.47,1.71) 

0.86(0.55,1.35) 

0.454 

0.743 

0.513 

a Relative risk, confidence interval, and p-values are in reference to a contrast of 1982 and 1997 results; results 
adjusted for age in 1997. 

Note: Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for participants who 
attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided for reference purposes 
for participants who attended the 1982, 1992, and 1997 examinations. Statistical analyses are based only on 
participants who had normal systolic blood pressure in 1982 (see Chapter 7, Statistical Methods). 
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Table 14-32.   Longitudinal Analysis of Systolic Blood Pressure (Discrete) (Continued) 

(b) MODEL 2: RAN.CH. HANDS-- - INITIAL DIOXIN 

Number.(%) High/(n) 
Examination 

Initial Dioxin W^WS$^f£& :mS^.S-^WSiM rsil;ls^irl:iSil;S:| 1992 '^Si-t:i^":M 
Low 

Medium 

High 

32(21.5) 
(149) 

32 (20.3) 
(158) 

22 (14.4) 
(153) 

6(4.1) 
(146) 

8 (5.2) 
(155) 

11 (73) 
(150) 

33 (22.3) 
(148) 

28(18.1) 
(155) 

30 (20.3) 
(148) 

24 (16.7) 
(144) 

28(18.1) 
(155) 

25 (16.7) 
(150) 

37 (24.8) 
(149) 

34(21.5) 
(158) 

28 (18.3) 
(153) 

:■■ v:   Initial Dioxin;Category ^mmary Statistics ;■'       Analysis Results for Log2 (Initial Dioxin)a 

^:ttwii 
Adj, Relative;Risk 

:§::^n^^i§;0C'j 
. Number;(%) High 

p-Value 
Low 
Medium 
High 

117 
126 
131 

22 (18.8) 
23 (18.3) 
20(15.3) 

0.96(0.78,1.19) 0.714 

a Adjusted for percent body fat at the time of the blood measurement of dioxin and age in 1997. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for 
participants who attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided 
for reference purposes for participants who attended the 1982, 1992, and 1997 examinations. Statistical 
analyses are based only on participants who had normal systolic blood pressure in 1982 (see Chapter 7, 
Statistical Methods). 

(c) MODEL 3; RANCH HANDS AND COMPARISON 

f;=;.:;!:::.:;CllhJ$vT;.=;':^v;;-■:;■ ^i:!::';Niiitlbier:;:(^5 l^gli^ii)-.: 
§|;|^ 

.. Dioxin' Category :; m§MM$iMifM IlliB lf|Ä||ll||; -ilM^-MWiSU^ 
Comparison 180(19.3) 60(6.6)              194(21.3) 140 (15.3) 207 (22.2) 

(932) (916)                     (910) (913) (932) 

Background RH 54 (15.8) 17(5.1)               54(16.6) 42 (12.7) 69 (20.2) 
(342) (334)                    (326) (331) (342) 

LowRH 43 (19.2) 8 (3.7)                44 (19.9) 35(16.1) 54(24.1) 
(224) (218)                    (221) (217) (224) 

High RH 43 (18.2) 17 (7.3)               47 (20.4) 42(18.1) 45(19.1) 
(236) (233)                    (230) (232) (236) 

Low plus High RH 86 (18.7) 25 (5.5)               91 (20.2) 77(17.1) 99(21.5) 
(460) (451)                    (451) (449) (460) 
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Table 14-32.   Longitudinal Analysis of Systolic Blood Pressure (Discrete) (Continued) 

»■rjk: i>%^       l':% '(^J;W'I-            Vv^>Noriniail; in 1982 

Dioxin Category            '..   n in 1997 
: Nuniber;(%): : .  ! 

High in 1997     , 
Adj. Relative Risk 

.   (95%CI.)ab :                   p-VaIueb 

Comparison                              752 

Background RH                       288 
LowRH                                    181 
High RH                                   193 
Low plus High RH                   374 

127 (16.9) 

45 (15.6) 
34(18.8) 
31 (16.1) 
65 (17.4) 

0.96(0.66,1.41)                  0.840 
1.01 (0.65,1.55)                  0.978 
1.01 (0.65,1.57)                   0.965 
1.01 (0.72,1.41)                   0.963 

a Relative risk and confidence interval relative to Comparisons. 
Adjusted for percent body fat at the time of the blood measurement of dioxin and age in 1997 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin >10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand):  1987 Dioxin >10 ppt, Initial Dioxin > 94 ppt. 

Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for 
participants who attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided 
for reference purposes for participants who attended the 1982, 1992, and 1997 examinations. Statistical 
analyses are based only on participants who had normal systolic blood pressure in 1982 (see Chapter 7, 
Statistical Methods). 

14.2.3.1.3      Femoral Pulses 

The Model 1 analysis of the change in percentage of abnormal femoral pulses did not reveal a significant 
difference between Ranch Hands and Comparisons overall (Table 14-33(a): p=0.118). Stratifying by 
occupation showed a marginally significant group difference in the enlisted groundcrew stratum (Table 
14-33(a): Adj. RR=3.19, p=0.095). For enlisted groundcrew, 1.9 percent of the Ranch Hands and 0.6 
percent of the Comparisons had normal femoral pulses in 1985 and abnormal femoral pulses in 1997. 

The Model 2 longitudinal analysis revealed no significant association between dioxin and the percentage 
of participants with normal femoral pulses in 1985 and abnormal femoral pulses in 1997 (Table 14-33(b): 
p=0.972). 
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Table 14-33. Longitudinal Analysis of Femoral Pulses 

:::;(al:M^PEp*^ 

Number {%) Abnormal/(n) 
Occupational Examination  . 

i '■$";; ^:;::-;-v;;;|;Cafeiö^- ■*■'■? c Group ■■■Ä-l.: |S^^#:S^S:-^!f ;j^^J:J:Jv^Ss?.:^-^5 1997 
All Ranch Hand 0(0.0) 6(0J) 19 (2.3) 

(823) (802) (823) 
Comparison 0 (0.0) 6 (0.6) 14(1.3) 

(1047) (1>020) (1,047) 

Officer Ranch Hand 0 (0.0) 4(1.3) 1 (2.2) 
(318) (313) (318) 

Comparison 0 (0.0) 2 (0.5) 8(1.9) 
(412) (405) (412) 

Enlisted Flyer Ranch Hand 0 (0.0) 0 (0.0) 5 (3.4) 
(145) (143) (145) 

Comparison 0 (0.0) 2(1.3) 3(1.9) 
(158) (156) (158) 

Enlisted Groundcrew     Ranch Hand 0 (0.0) 2 (0.6) 7(1.9) 
(360) (346) (360) 

Comparison 0 (0.0) 2 (0.4) 3 (0.6) 
(477) (459) (477) 

; :}:. '',_','■?.-]■'. ■ ^'-r.-i S'ornial in t9||ff||i:^ 
■   ■: ■: Occupational]'.X\ Number (%)            Adj. Relative Risk 
IMM-^^i^^^M^M vi ^: ;■.;:; ^ i" V::.:[::- c'-^ iijC^^o.« j> V;-.:_ ;c:; ]: ^ :=?::; ;■''; :^' -^ | ;-ni.in.l997v:.^-: Abnormal in 1997    ;.:;'■-: <95%'€;!.)-:   :'■: ...p- Value0 '■;.-;:. 

AU Ranch Hand 823 19(2.3)                1.74(0.86,3.49) 0.118 
Comparison 1,047 14(1.3) 

Officer Ranch Hand 318 7(2.2)                1.12(0.40,3.13) 0.824 
Comparison 412 8 (1.9) 

Enlisted Flyer Ranch Hand 145 5(3.4)                 1.82(0.43,7,77) 0.419 
Comparison 158 3 (1.9) 

Enlisted Ranch Hand 360 7(1.9)                3.19(0.82,12.42) 0.095 
Groundcrew Comparison All 3 (0.6) 

a Relative risk, confidence interval, and p-values are in reference to a contrast of 1985-and 1997 results; results 
adjusted for age in 1997. 

Note: Summary statistics for 1992 are provided for reference purposes for participants who attended the 1985 and 
1997 examinations. Statistical analyses are based only on participants who had normal femoral pulses in 1985 (see 
Chapter 7, Statistical Methods). 
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Table 14-33.   Longitudinal Analysis of Femoral Pulses (Continued) 

<b) MODEL 2: RANCH HANDS — INITIAL DIOXIN 

Initial Dioxin MBB 

Number■■:(%) Abnormal/(ri); 
Examination 

1992 1997 
Low 

Medium 

High 

0 (0.0) 
(149) 

0 (0.0) 
(158) 

0 (0.0) 
(155) 

3(2.1) 
(144) 

1 (0.6) 
(155) 

0 (0.0) 
(151) 

3 (2.0) 
(149) 

5 (3.2) 
(158) 

4 (2.6) 
(155) 

\!p-imti8lI)ioxihy^ Analysis Results for Log2 (Initial Dioxin)0 

jMr^ 

ninl997 •'.-'..  : .:■ ■; Abnormal in 1997 ...■.■■ 
Low 
Medium 
High 

149 
158 
155 

3 (2.0) 
5 (3.2) 
4 (2.6) 

1.01 (0.63,1.61)                          0.972 

a Adjusted for percent body fat at the time of the blood measurement of dioxin and age in 1997. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

Summary statistics for 1992 are provided for reference purposes for participants who attended the 1985 and 
1997 examinations. Statistical analyses are based only on participants who had normal femoral pulses in 
1985 (see Chapter 7, Statistical Methods). 

(c) MODEL 3r RANCH HANDS AND COMPARISONS BY DIOXIN GATECJORY 

^1;;yj|äf ^ ^Nümlber l( %% (^Ak^im^^^M^M 7 :i ):K'- 
;;::|j

;|>;£!:|^4^ 

Dioxin Category WMM&M0M&: l|||l|:;;;;.ti;S^ 77:1997.:'::':".'■' "."■' 
Comparison 0 (0.0) 6 (0.6) 14 (1.4) 

(1,019) (994) (1,019) 

Background RH 0(0.0) 2 (0.6) 7 (2.0) 
(355) ■   (346) (355) 

Low RH 0 (0.0) 4(1.8) 6 (2.7) 
(224) (217) (224) 

High RH 0 (0.0) 0 (0.0) 6 (2.5) 
(238) (233) (238) 

Low plus High RH 0 (0.0) 4 (0.9) 12 (2.6) 
(462) (450) (462) 
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Table 14-33,   Longitudinal Analysis of Femoral Pulses (Continued) 

f^f.'$-:^}^^(f^as^ in 1985 
Adj; Relative Risk 

. .(95%;cx)ab:., ■ ■ j p-Value5 ■   ■ Dioxin Category ;■;'■:. •::. niis 1997 Abnormal in 1997 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,019 

355 
224 
238 
462 

14 (1.4) 

7 (2.0) 
6 (2.7) 
6 (2.5) 

12 (2.6) 

1.28(0.51,3.21) 
1.88 (0.71,4.98) 
2.34 (0.87,6.25) 
2.10(0.96,4.62) 

0.602 
0.202 
0.091 
0.063 

a Relative risk and confidence interval relative to Comparisons. 

Adjusted for percent body fat at the time of the blood measurement of dioxin and age in 1997. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin >10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin >10 ppt, Initial Dioxin > 94 ppt. 

Summary statistics for 1992 are provided for reference purposes for participants who attended the 1985 and 
1997 examinations. Statistical analyses are based only on participants who had normal femoral pulses in 
1985 (see Chapter 7, Statistical Methods). 

Model 3 analysis of the change in femoral pulses from normal in 1985 to abnormal in 1997 revealed two 
marginally significant contrasts: Ranch Hands in the high dioxin category versus Comparisons (Table 
14-33(c): Adj. RR=2.34, p=0.091) and Ranch Hands in the low plus high dioxin category versus 
Comparisons (Table 14-33(c): Adj. RR=2.10,p=0.063). Of the Comparisons, 1.4 percent had normal 
femoral pulses in 1985 and abnormal femoral pulses in 1997. Of the Ranch Hands, 2.5 percent in the 
high dioxin category and 2.6 percent in the low plus high dioxin category had normal femoral pulses in 
1985 and abnormal femoral pulses in 1997. 

1423,1.4      Popliteal Pulses 

Analyses of Models 1 through 3 showed no significant associations between dioxin and the change in 
popliteal pulses between 1985 and 1997 (Table 14-34(a~c): p>0.19 for each analysis). 
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Table 14-34. Longitudinal Analysis of Popliteal Pulses 

(a) MODEL 1: RANCH HANDS VS. i?<i&#^ 

Number (%') AbnormaI/(n) 

Occupational Examination 

!■;■ ;I§I :■ Wif^tegory- [ '$- Group :    1985: ; |^|-■;;;;;;-:: 1>^:;j "-;-;::■:;; :;^; ;;;> ;;;.;|:; ;>; ;■;:;"::;:: _ i^äl;-: -:;::';;- -;;: :S ^: v;;;: v;: ;-.^';-;'::;:;; w.:. ;:^:; 1 1997 
All Ranch Hand 2 (0.2) 10 (1.2) 23 (2.8) 

(823) (802) (823) 
Comparison 1 (0.1) 7(0.7) 24 (2.3) 

(1,046) (1,019) (1,046) 

Officer Ranch Hand 1 (0.3) 6(1.9) 1 (2.2) 
(318) (313) (318) 

Comparison 0 (0.0) 4(1.0) 11 (2.7) 
(411) (404) (411) 

Enlisted Flyer Ranch Hand 0(0.0) 2(1.4) 5 (3.4) 
(145) (143) (145) 

Comparison 1 (0.6) 2(1.3) 3(1.9) 
(158) (156) (158) 

Enlisted Groundcrew     Ranch Hand 1 (0.3) 2 (0.6) 11 (3.1) 
(360) (346) (360) 

Comparison 0 (0.0) 1 (0.2) 10 (2.1) 
(477) (459) (477) 

Normal in :;i98S^f;-^ 

■       Occupational      I %'?•£ :i''>~'-'-''U'~'-\ Vuinber (%)            Adj. Relative Risk 
W^r-^^^^S^^SA ̂'""BÜS^YilSlTiÖÜjp^:" ^vi-vtv jv;^ 'iniiiWti {:■■-     Abnormalin 1997:    \ ;:;l(95%:CA^]:

:/r\ p-Value* 
All Ranch Hand 821 22 (2.7)                 1.22 (0.67,2.21) 0.518 

Comparison 1,045 23 (2.2) 

Officer Ranch Hand 317 1(2.2)                0.81(0.31,2.13) 0.672 
Comparison 411 11(2.7) 

Enlisted Flyer Ranch Hand 145 5(3.4)               2.67(0.51,14.07) 0.246 
Comparison 157 2(1.3) 

Enlisted Ranch Hand 359 10(2.8)                1.39(0.57,3.40) 0.473 
Groundcrew Comparison All 10(2.1) 

a Relative risk, confidence interval, and p-values are in reference to a contrast of 1985 and 1997 results; results 
adjusted for age in 1997. 

Note: Summary statistics for 1992 are provided for reference purposes for participants who attended the 1985 and 
1997 examinations. Statistical analyses are based only on participants who had normal popliteal pulses in 1985 (see 
Chapter 7, Statistical Methods). 
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Table 14-34.   Longitudinal Analysis of Popliteal Pulses (Continued) 

^mm^M ,RANfB:;^?Ä 
■ Number.(%)Abnormal/(n)  ,.       \ 

Examination 

Initial Dioxin ^■^1^S^:;/1-' |: :^ ifr-Si :S^K i^;J''S: p^tm^^M^^M^X- 1997 

Low 

Medium 

High 

0 (0.0) 
(149) 

0 (0.0) 
(158) 

0 (0.0) 
(155) 

3 (2.1) 
(144) 
2(1.3) 
(155) 
2(1.3) 
(151) 

4 (2.7) 
(149) 

6 (3.8) 
(158) 

4 (2.6) 
(155) 

Initial^^ '..'.Analysis-Results forLog2 (Initial Dioxin)8    : 

fiSISfi 

||i|:;ji|9:0|; p-Value ■■. 
Low 
Medium 
High 

149 
158 
155 

4(2.7) 
6 (3.8) 
4 (2.6) 

0.95(0.61,1.49) 0.838 

a Adjusted for percent body fat at the time of the blood measurement of dioxin and age in 1997. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium - >63-152 ppt; High = >152 ppt. 

Summary statistics for 1992 are provided for reference purposes for participants who attended the 1985 and 
1997 examinations. Statistical analyses are based only on participants who had normal popliteal pulses in 
1985 (see Chapter 7, Statistical Methods). 

(C)MO 

i:^:B 
: v|:;

;;; ^l:v^?:;:fe: >?;■;*;:-: ;-1l-^:f ::E^äitniiiati on^'' ^ Y- ;:^;{' ^ä^n^ v::;;: 'C --l^r '^: ;::--^rii" 
.Dioxin Category ■:. — ;

: 
; '. SSI; i^S;^9ä^SS^^?:S V^-wf ;"'; -'-':*,■''■ 1992 ■;■'.'". ■■'■!""'.■■■ '■;•;'-'■':. IB WXW^K^MM- 

Comparison 1 (0.1) 7 (0.7) 24 (2.4) 
(1,018) (993) (1,018) 

Background RH 2 (0.6) 3 (0.9) 9 (2.5) 
(355) (346) (355) 

LowRH 0 (0.0) 4(1.8) 7 (3.1) 
(224) (217) (224) 

High RH 0 (0.0) 3(1.3) 7 (2.9) 
(238) (233) (238) 

Low plus High RH 0 (0.0) 7 (1.6) 14 (3.0) 
(462) (450) (462) 
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Table 14-34.   Longitudinal Analysis of Popliteal Pulses (Continued) 

. Normal in 1985 

Adj. Relative Risk 
;       /(95%C.L)ab. ■        ": ..-Dioxiö Category.■:.;■ ; n in 1997 Abnormal in 1997 p-Value" 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,017 

353 
224 
238 
462 

23 (2.3) 

8 (2.3) 
7 (3.1) 
7 (2.9) 

14 (3.0) 

0.87(0.38,1.97) 
1.30(0.55,3.09) 
1.79(0.75,4.30) 
1.53 (0.77,3.03) 

0.731 
0.555 
0.193 
0.221 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin and age in 1997. 

Note: RH - Ranch Hand. 
Comparison:  1987 Dioxin < 10 ppt. 

Background (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin >10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin >10 ppt, Initial Dioxin > 94 ppt. 

Summary statistics for 1992 are provided for reference purposes for participants who attended the 1985 and 
1997 examinations. Statistical analyses are based only on participants who had normal popliteal pulses in 
1985 (see Chapter 7, Statistical Methods). 

14.2.3.1.5      Dorsalis Pedis Pulses 

The longitudinal analyses in Models 1 through 3 did not reveal any significant associations between 
dioxin and the change in dorsalis pedis pulses (Table 14-35(a-c): p>0.33 for each analysis). 

Table 14-35. Longitudinal Analysis i of Dorsalis Pedis Pulses 

;::V(a>;MOpEL;i;:^ COMPARISONS    I 

Occupational       J 
;|;#^v:^ 

!■;:■': i-Njinibd x (%) Abnormal/(n) 
Examination 

Category siiliSiiÄI^KSI äffillfi^ ilSÄSSI 
All Ranch Hand 

Comparison 

94(11.4) 
(821) 

111 (10.6) 
(1,044) 

60(7.5) 
(798) 

70 (6.9) 
(1,017) 

67(8.2) 
(821) 

85 (8.1) 
(1,044) 

Officer Ranch Hand 

Comparison 

41 (12.9) 
(318) 

43 (10.5) 
(409) 

23 (7.4) 
(312) 

28 (7.0) 
(402) 

27 (8.5) 
(318) 

30 (7.3) 
(409) 

Enlisted Flyer Ranch Hand 

Comparison 

16(11.0) 
(145) 

23 (14.6) 
(158) 

9 (6.3) 
(143) 

16(10.3) 
(156) 

18 (12.4) 
(145) 

13 (8.2) 
(158) 

Enlisted Groundcrew Ranch Hand 

Comparison 

37 (10.3) 
(358) 

45 (9.4) 
(477) 

28 (8.2) 
(343) 

26 (5.7) 
(459) 

22(6.1) 
(358) 

42 (8.8) 
(477) 
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Table 14-35,   Longitudinal Analysis of Dorsal is Pedis Pulses (Continued) 

Group 

■     Normal in 1985 

Adj* Relative Risk 
:■■■;. ;(95%cxf.,  . 

Occupational 
Category n in 1997 Abnormal in 1997 p-Valuea 

All 

Officer 

Enlisted Flyer 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 
Ranch Hand 
Comparison 
Ranch Hand 
Comparison 

727 
933 

111 
366 
129 
135 
321 
432 

50 (6.9) 
66(7.1) 

22 (7.9) 
27 (7.4) 
12 (9.3) 
9(6.7) 

16(5.0) 
30 (6.9) 

0.97(0.66,1.43) 

1.07 (0.59,1.93) 

1.42(0.58,3.52) 

0.73 (0.39,1.38) 

0.894 

0.821 

0.444 

0.335 

a Relative risk, confidence interval, and p-values are in reference to a contrast of 1985 and 1997 results; results 
adjusted for age in 1997. 

Note: Summary statistics for 1992 are provided for reference purposes for participants who attended the 1985 and 
1997 examinations. Statistical analyses are based only on participants who had normal dorsalis pedis pulses in 1985 
(see Chapter 7, Statistical Methods). 

(b) MODEL 2: RANCH HANDS — INITIAL DIOXIN 

\in 

:PISu£$Ö;ferÄ                         :-H-l 5 : y*5 ■ 

Initial Dip fP0§MW$WMm ;3^1992':.-;:;'- ;';: ?" ;:<;:\'^ W-MtMI:;WSM 
Low 

Medium 

High 

14 (9.4) 
(149) 

20 (12.7) 
(158) 

12 (7.8) 
(154) 

8 (5.6) 
(144) 

14 (9.0) 
(155) 

9 (6.0) 
(149) 

12(8.1) 
(149) 

16(10.1) 
(158) 

10 (6.5) 
(154) 

:-';:y:'Iiüt ial Dioxin Category Summary Statistics "Analysis Resultsfor Log2 (Initial Dioxin)- 

■;:Nörmal:in;1985;':-:;;:;-: 

Initial 
;  Dioxin n in 1997 Abnormal in 1 

10 (7.4) 
11(8.0) 
7(4.9) 

WiMk ;,':   p- Value . :l v 
Low 
Medium 
High 

135 
138 
142 

1.01 (0.72,1.41) 0.946 

a Adjusted for percent body fat at the time of the blood measurement of dioxin and age in 1997. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

Summary statistics for 1992 are provided for reference purposes for participants who attended the 1985 and 
1997 examinations. Statistical analyses are based only on participants who had normal dorsalis pedis pulses 
in 1985 (see Chapter 7, Statistical Methods). 

14-104 



Table 14-35.   Longitudinal Analysis of Dorsal is Pedis Pulses (Continued) 

rP;M^^':3|, 

Dioxin Category "^MM^mssM^^ 1992 ; ^ 1997": 
Comparison 

Background RH 

LowRH 

High RH 

Low plus High RH 

108 (10.6) 
(1,016) 

48 (13.5) 
(355) 

21 (9.4) 
(224) 

25 (10.5) 
(237) 

46 (10.0) 
(461) 

70 (7.1) 
(991) 

29 (8.4) 
(345) 

12 (5.5) 
(217) 

19 (8.2) 
(231) 

31 (6.9) 
(448) 

85 (8.4) 
(1,016) 

29 (8.2) 
(355) 

22 (9.8) 
(224) 

16(6.8) 
(237) 

38 (8.2) 
(461) 

;>;:'; ■;';;|;.v|p:;;';' ;--:1;;- --f ;:-'f::' ■-^i'Norriial ^iii::;l-$$5 H _ ■;;:>;::; :;.;<' _:r:^: ^:::- :-^- 

Adj. Relative Risk 
■=   ;(95%;C.L)ab..X: 4 &RS?ifel^i^^r5 ■   Dioxin Category ■■:';-.;■ n in 1997 Abriormai in 1997 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

908 

307 
203 
212 
415 

66 (7.3) 

22 (7.2) 
17 (8.4) 
11(5.2) 
28 (6.7) 

0.89 (0.53,1.48) 
1.08 (0.61,1.89) 
0.91 (0.47,1.78) 
0.99(0.62,1.59) 

0.650 
0.798 
0.789 
0.964 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin and age in 1997. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin >10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin >10 ppt, Initial Dioxin > 94 ppt. 

Summary statistics for 1992 are provided for reference purposes for participants who attended the 1985 and 
1997 examinations. Statistical analyses are based only on participants who had normal dorsalis pedis pulses 
in 1985 (see Chapter 7, Statistical Methods). 

14.2.3.1.6      Posterior Tibial Pulses 

Model 1 and 2 analyses did not show any significant associations between dioxin and the change in 
posterior tibial pulses between 1985 and 1997 (Table 14~36(a,b): p>0.12 for each analysis). 

Model 3 analysis of the change in posterior tibial pulses from normal in 1985 to abnormal in 1997 
revealed one significant and one marginally significant contrast: Ranch Hands in the high dioxin 
category versus Comparisons (Table 14-36(c): Adj. RR-L70, p=0.090) and Ranch Hands in the low plus 
high dioxin category versus Comparisons (Table 14-36(c): Adj. RR=1.60, p=0.047). Of the 
Comparisons, 5.1 percent had normal posterior tibial pulses in 1985 and abnormal posterior tibial pulses 
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in 1997, Of the Ranch Hands, 6.3 percent in the high dioxin category and 7.2 percent in the low plus high 
dioxin category had normal posterior tibial pulses in 1985 and abnormal posterior tibial pulses in 1997. 

Table 14-36. Longitudinal Analysis of Posterior Tibial Pulses 

(a) MODEL 1: RANCH HANDS VS. GOMPÄRISQNS 

■■'■ ■■■■'':".C ■'"'■ -.''.'. Hw^ffiXW-^P<^fn^J^tö"''-   ■\ 
r Occupational.; Examination 

WSM€®t£0^MM ■;;HK^^.^;!(^PP^:'^-; mMM$&SM§W:B ;^iä^|tfS!^S|1i|;| 1997 
All Ranch Hand 2 (0.2) 20(2.5) 56(6.8) 

(822) (801) (822) 
Comparison 6 (0.6) 22 (2.2) 58 (5.6) 

(1,044) (1,017) (1,044) 

Officer Ranch Hand 1 (0.3) 9 (2.9) 21 (6.6) 
(318) (313) (318) 

Comparison 2 (0.5) 10 (2.5) 23 (5.6) 
(411) (404) (411) 

Enlisted Flyer Ranch Hand 1 (0.7) 5 (3.5) 14 (9.7) 
(145) (143) (145) 

Comparison 1 (0.6) 4(2.6) 10 (6.4) 
(156) (154) (156) 

Enlisted Groundcrew     Ranch Hand 0 (0.0) 6(1.7) 21 (5.8) 
(359) (345) (359) 

Comparison 3 (0.6) 8 (1.7) 25 (5.2) 
(477) (459) (477) 

formal in 1985           •;:
; \ j 

Occupational ■ ■■'■ ^//::/;'|':;:7'':;/:{::/;/: 'WülOaj^ir: ;^^-):;;. / _ 'r1 Adj. Relative Risk 
%^M$$^¥$fM&m ̂ ;ß:r:^jS^0^:B;iSM^ n in 1997          Abnormal in 1997 K|||l^^ p-Value8 

All Ranch Hand 820 56 (6.8) 1.36(0.92,2.01) 0.129 
Comparison 1,038 53 (5.1) 

Officer Ranch Hand 317 21 (6.6) 1.29(0.69,2.43) 0.423 
Comparison 409 21 (5.1) 

Enlisted Flyer Ranch Hand 144 14 (9.7) 1.70(0.70,4.09) 0.239 
Comparison 155 9 (5.8) 

Enlisted Ranch Hand 359 21 (5.8) 1.26(0.68,2.35) 0.458 
Groundcrew Comparison 474 23 (4.9) 

a Relative risk, confidence interval, and p-values are in reference to a contrast of 1985 and 1997 results; results 
adjusted for age in 1997. 

Note: Summary statistics for 1992 are provided for reference purposes for participants who attended the 1985 and 
1997 examinations. Statistical analyses are based only on participants who had normal posterior tibial pulses in 
1985 (see Chapter 7, Statistical Methods). 
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Table 14-36.   Longitudinal Analysis of Posterior Tibia I Pulses (Continued) 

-MM<WW& vR^GHÄ^s;^ i^^L:pj0xp'; '■;-■:'                    .-."■■   ■  .■.■■■■■;:■ 

Number (%) Abnonnal/(o) 
Examination 

Initial Dioxin SWWSM^^ 1992   • 1997 
Low 1 (0.7) 5 (3.5) 9 (6.0) 

(149) (144) (149) 
Medium 0 (0.0) 5 (3.2) 15 (9.5) 

(158) (155) (158) 
High 1 (0.6) 2(1.3) 9 (5.8) 

(155) (151) (155) 

Initial Dioxin Category SummaryStatistics Analysis Results for Log2 (Initial Dioxin)8 

Normal in 1985 

Dioxin     ... ■■;•■=■ :Jnh;19?7; ÄbriörnialJn 1997 
Low 
Medium 
High 

148 
158 
154 

9(6.1) 
15 (9.5) 

9 (5.8) 

1.12(0.85,1.49)                          0.418 

a Adjusted for percent body fat at the time of the blood measurement of dioxin and age in 1997. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium - >63-152 ppt; High = >152 ppt. 

Summary statistics for 1992 are provided for reference purposes for participants who attended the 1985 and 
1997 examinations. Statistical analyses are based only on participants who had normal posterior tibial pulses 
in 1985 (see Chapter 7, Statistical Methods). 

/(p)/MOp^ 

li'JÄ 
rj::::;V: 1'.; !-:■;]■:: •;:^:; :;|Cg-< 1;^;:|^3^x^»atiö^:;;-:'': ""v; ;f;;' -t? - J: -;J;

;
;
;
 : ;v. ■;■ ^ >::1" ;l-:'- '^ 

Dioxin Category   ■ :lS|';^^^äÖ-SS ili^llff W^M^BMSWM- 
Comparison 6 (0.6) 22 (2,2) 57 (5.6) 

(1,016) (991) (1,016) 

Background RH 0 (0.0) 7 (2.0) 22 (6.2) 
(355) (346) (355) 

LowRH 1 (0.4) 6 (2.8) 18 (8.0) 
(224) (217) (224) 

High RH 1 (0.4) 6 (2.6) 15 (6.3) 
(238) (233) (238) 

Low plus High RH 2 (0.4) 12 (2.7) 33 (7.1) 
(462) (450) (462) 
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Table 14-36.   Longitudinal Analysis of Posterior Tibia! Pulses (Continued) 

Normal mims 

Adj. Relative Risk 
;(9S%CX)ab '.:'!;•'• Dioxin Category hin 1997 Abnormal in 1997 p-Value" 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,010 

355 
223 
237 
460 

52(5.1) 

22 (6.2) 
18(8.1) 
15 (6.3) 
33 (7.2) 

1.05(0.62,1.77) 
1.50(0.85,2.65) 
1.70 (0.92,3.12) 
1.60(1.01,2.54) 

0.856 
0.160 
0.090 
0.047 

a Relative risk and confidence interval relative to Comparisons. 
Adjusted for percent body fat at the time of the blood measurement of dioxin and age in 1997. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin >10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin >10 ppt, Initial Dioxin > 94 ppt. 

Summary statistics for 1992 are provided for reference purposes for participants who attended the 1985 and 
1997 examinations. Statistical analyses are based only on participants who had normal posterior tibial pulses 
in 1985 (see Chapter 7, Statistical Methods). 

14.23.1.7     Leg Pulses 

The longitudinal analyses in Models 1 through 3 did not reveal a significant association between dioxin 
and the change from normal leg pulses in 1985 to abnormal leg pulses in 1997 (Table 14-37(a-c): p>0.15 
for each analysis). 

Table 14-37. Longitudinal Analysis i of Leg Pulses 

(a)MO0ELl: RANCH HANDS VS.| COMPARISONS     | 

Number (%) Abnormal/(n> 
Occupational  : 

f^r^M^O^;^:^ WXiiSMWM&'M 
^ ^vi^^"; J^"..;-^ ■; ■='. ^ 7ExÄX^^äJÖv<Wß I :"R U=.->hr;; ^-.?i::-' ^' 

WM-^W^^^^0Ai^$M^ ;■;/;.V;; ;:
:)-':'y;i^:.^:^:;:-/;x->: ;.i :-   .:-"l997:'-'■';;,'." 

All Ranch Hand 97(11.8) 66(8.3) 91 (11.1) 
(821) (798) (821) 

Comparison 114(10.9) 77(7.6) 109 (10.5) 
(1,042) (1,015) (1,042) 

Officer Ranch Hand 43 (13.5) 24 (7.7) 35(11.0) 
(318) (312) (318) 

Comparison 44 (10.8) 29 (7.2) 38 (9.3) 
(409) (402) (409) 

Enlisted Flyer Ranch Hand 17(11.7) 11 (7.7) 25 (17.2) 
(145) (143) (145) 

Comparison 22(14.1) 16 (10.4) 17 (10.9) 
(156) (154) (156) 

Enlisted Groundcrew Ranch Hand 37 (10.3) 31 (9.0) 31 (8.7) 
(358) (343) (358) 

Comparison 48(10.1) 32 (7.0) 54(11.3) 
(477) (459) (477) 
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Table 14-37.   Longitudinal Analysis of Leg Pulses (Continued) 

Grpup '.■' 

Normal in 1985 

Adj. Relative Risk Occupational 
Category rim 1997 

Number ('%)' " 
Abnormal in 1997 p-Value* 

All 

Officer 

Enlisted Flyer 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 
Ranch Hand 
Comparison 
Ranch Hand 
Comparison 

724 
928 

275 
365 
128 
134 
321 
429 

73 (10,1) 
85   (9,2) 

29 (10.5) 
34   (9.3) 
19(14.8) 
12   (9.0) 
25   (7.8) 
39   (9.1) 

1,12(0,80,1.57) 

1.13(0.67,1.93) 

1.76(0.81,3.83) 

0.89(0.52,1.52) 

0,502 

0.645 

0.153 

0.676 

a Relative risk, confidence interval, and p-values are in reference to a contrast of 1985 and 1997 results; results 
adjusted for age in 1997. 

Note: Summary statistics for 1992 are provided for reference purposes for participants who attended the 1985 and 
1997 examinations. Statistical analyses are based only on participants who had normal leg pulses in 1985 (see 
Chapter 7, Statistical Methods). 

(b)MODEL2: RANCH HANDS — INITIAL DIOXIN 

Number (%)Abnormal/(n) !: "', '■   ■ ■; 
Examination 

Initial Dioxin WMM§SB00W^&M$i ;■■;> -1992' ::'::; ■■■.;:;'r'.:.-,-,>'.;:-; WBWMwößMBS^ 
Low 15(10.1) 9(6.3) 15 (10.1) 

(149) (144) (149) 
Medium 20 (12.7) 17(11.0) 22 (13.9) 

(158) (155) (158) 
High 13 (8.4) 9 (6.0) 14(9.1) 

(154) (149) (154) 

V-;r:Ini1 ial Dioxin Category Summ i^;StÄtlStl.CS ■;. :.:::, ■      .: ;;' .-Analysis.Results'for Ixigj^ImtialDioxin)8 :'..' 

i>vÄ|'':K Wj^:MlM$B;M 
Initial 
Dioxin ;';nin;l^':.v/,/;--^ Abiiormal.ini9?7'l.': ■ 

Low 
Medium 
High 

134 
138 
141 

13   (9.7) 
17 (12.3) 
11   (7.8) 

1.14 (0.87,1.49)                        0.344 

a Adjusted for percent body fat at the time of the blood measurement of dioxin and age in 1997. 
Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

Summary statistics for 1992 are provided for reference purposes for participants who attended the 1985 and 
1997 examinations. Statistical analyses are based only on participants who had normal leg pulses in 1985 
(see Chapter 7, Statistical Methods). 
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Table 14-37.   Longitudinal Analysis of Leg Pulses (Continued) 

--^ 

Number .(%.) AbnormaI/(n) 

;■ Dioxin Category   •;.■; \WM-M;Wß!§M, 1992 1 1997 
Comparison 

Background RH 

LowRH 

High RH 

Low plus High RH 

111(10.9) 
(1,014) 

49 (13.8) 
(355) 

22 (9.8) 
(224) 

26(11.0) 
(237) 

48 (10.4) 
(461) 

77 (7.8) 
(989) 

30 (8.7) 
(345) 

13 (6.0) 
(217) 

22 (9.5) 
(231) 

35 (7.8) 
(448) 

108 (10.7) 
(1,014) 

39(11.0) 
(355) 

29 (12.9) 
(224) 

22 (9.3) 
(237) 

51 (11.1) 
(461) 

l:^'j^;-l:;:S mmm 
Adj. Relative Risk 

.  ' (95%;C,L)ab- '; ■ ; ;■'■'■■.. -Dioxin:Category '■ ■■:;:;: ':■ MB^^^^MMM Abnormalin 1997 ..     p-VaIueb'"' 
Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH 

903 

306 
202 
211 
413 

84   (9.3) 

31 (10.1) 
24(11.9) 
17   (8.1) 
41   (9.9) 

0.98(0.63,1.52) 
1.21 (0.74,1.97) 
1.17(0.67,2.04) 
1.19(0.79,1.78) 

0.924 
0.455 
0.589 
0.411 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin and age in 1997. 

Note: RH = Ranch Hand. 

Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand):  1987 Dioxin >10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin >10 ppt, Initial Dioxin > 94 ppt. 

Summary statistics for 1992 are provided for reference purposes for participants who attended the 1985 and 
1997 examinations. Statistical analyses are based only on participants who had normal leg pulses in 1985 
(see Chapter 7, Statistical Methods). 

14.2.3.1.8     Peripheral Pulses 

The change from normal peripheral pulses in 1985 to abnormal peripheral pulses in 1997 was not 
significantly associated with dioxin in Models 1 through 3 (Table 14-38(a-c): p>0.15 for each analysis). 
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Table 14-38. Longitudinal Analysis of Peripheral Pulses 

(a) MODEL 1: RANCH HANDS VS. COMPARISONS 

Number (%) AbnormaI/(n)     ■ 
Occupational Examination 

:■■■'..:..' = ■ Category -' ! •fvlfr^;|'=f^röufi-^:".^1 W-WM^M L:^. ;^r, ^vHVj|9^äit^v£ ^E^&i rl^^^^^; ?^= 1997 
All Ranch Hand 97(11.8) 

(821) 
66 (8.3) 

(798) 
94(11.4) 

(821) 
Comparison 116 (11.1) 

(1,041) 
81 (8.0) 
(1,014) 

112 (10.8) 
(1,041) 

Officer Ranch Hand 43 (13.5) 
(318) 

24 (7.7) 
(312) 

36(11.3) 
(318) 

Comparison 44 (10.8) 
(409) 

30 (7.5) 
(402) 

40 (9.8) 
(409) 

Enlisted Flyer Ranch Hand 17(11.7) 
(145) 

11 (7.7) 
(143) 

25 (17.2) 
(145) 

Comparison 22(14.1) 
(156) 

16(10.4) 
(154) 

17(10.9) 
(156) 

Enlisted Groundcrew     Ranch Hand 37 (10.3) 31 (9.0) 33 (9.2) 
(358) (343) (358) 

Comparison 50 (10.5) 
(476) 

35 (7.6) 
(458) 

55(11.6) 
(476) 

Normal in 1985 ; .:,■■■! 
Occupational     * [^::f.^^^li:^i;:4"v^NiiiriD#'|:(:^ V)           Adj. Relative Risk 

Q;$^f^ä^S^-S.&" ̂>¥";!'/ S^^^^Äj^K'i-V^^f;; ^ n in 1997         Abnormalm j m^MMwMX&&-^-:m ,,   p-Value8 

All Ranch Hand 724 76(10.5) 1.14(0.82,1.59) 0.433 
Comparison 925 87 (9.4) 

Officer Ranch Hand 275 30 (10.9) 1.10(0.66,1.86) 0.710 
Comparison 365 36 (9.9) 

Enlisted Flyer Ranch Hand 128 19(14.8) 1.76(0.81,3.83) 0.154 
Comparison 134 12 (9.0) 

Enlisted Ranch Hand 321 27 (8.4) 0.97(0.57,1.64) 0.901 
Groundcrew Comparison 426 39 (9.2) 

a Relative risk, confidence interval, and p-values are in reference to a contrast of 1985 and 1997 results; results 
adjusted for age in 1997. 

Note: Summary statistics for 1992 are provided for reference purposes for participants who attended the 1985 and 
1997 examinations. Statistical analyses are based only on participants who had normal peripheral pulses in 1985 
(see Chapter 7, Statistical Methods). 
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Table 14-38.   Longitudinal Analysis of Peripheral Pulses (Continued) 

m MODEL 2: RANCH HANDS — JMTIAfc DIOXIN 

Number (%) Abnormal/(n) 
;;--:■ ;i: ■ |-:;-;i:;f-^Tv^lfeö^äaftoaiuf,^   ^.-:ä&:.| 

Initial Dioxin ;:i^3^B;iÄJ^£fesP 3': ;<" ;S v: ;;l 3^;::j:-.'^;.;:: ;>::_: :J: :.^_ ^-> "S;; :|i:0$^:;: ^ /;:,; ^:v;; >■;: ■:-:>-:::;;;:::::;::
: ^;:;=: ■■;:;;; ■ i;';;;-:-; ■ 1997 

Low 15 (10.1) 9(6.3) 16 (10.7) 
(149) (144) (149) 

Medium 20 (12.7) 17(11.0) 22(13.9) 
(158) (155) (158) 

High 13 (8.4) 9 (6.0) 15 (9.7) 
(154) (149) (154) 

:;■■': 3:-3;;^Ä> al Dioxin Category Sumni ii^^j^^^i^'iy^-MW, Analysis Results for Log2 (Initial Dioxin)8 

Normal ;iffi^^läSi;Ki 
Initial 
Dioxin wMMl§$it^ff- ÄI)riormal.k-;l?97.   ;'■'..' 

Low 
Medium 
High 

134 
138 
141 

14 (10.4) 
17 (12.3) 
12   (8.5) 

1.11(0.85,1.45)                        0.434 

a Adjusted for percent body fat at the time of the blood measurement of dioxin and age in 1997. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

Summary statistics for 1992 are provided for reference purposes for participants who attended the 1985 and 
1997 examinations. Statistical analyses are based only on participants who had normal peripheral pulses in 
1985 (see Chapter 7, Statistical Methods). 

:;t|i||^^ 
Number (%) Abnorm iaiäni:iitl-SP;-S 

J; ^";i -^S1 v ? ■ ;^^ ir^PfSi^itiu najäcm'? ^ 
Dioxin Category |^;!S^|j|^iif{|v||: S§Ml$WM^m^^W:i WB:W&iSj:;WM- 

Comparison 113(11.2) 81 (8.2) 111(11.0) 
(1,013) (988) (1,013) 

Background RH 49 (13.8) 30 (8.7) 40(11.3) 
(355) (345) (355) 

LowRH 22 (9.8) 13 (6.0) 30 (13.4) 
(224) (217) (224) 

HighRH 26(11.0) 22 (9.5) 23 (9.7) 
(237) (231) (237) 

Low plus High RH 48 (10.4) 35 (7.8) 53 (11.5) 
(461) (448) (461) 

14-112 



Table 14-38.   Longitudinal Analysis of Peripheral Pulses (Continued) 

Normal in 1985     ;..; 

Adj. Relative Risk 
;      (95%:CX)ab; .... Dioxin Category n in 1997 

;:   Number (%) 
Abnormal in 1997      : p-Value11 

Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH 

900 

306 
202 
211 
413 

86   (9.6) 

32 (10.5) 
25 (12.4) 
18   (8.5) 
43 (10.4) 

0.98(0.63,1.52) 
1.23(0.76,1.99) 
1.22(0.70,2.11) 
1.22(0.82,1.82) 

0.934 
0.408 
0.482 
0.325 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin and age in 1997. 

Note: RH = Ranch Hand. 
Comparison:  1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin >10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin >10 ppt, Initial Dioxin > 94 ppt. 

Summary statistics for 1992 are provided for reference purposes for participants who attended the 1985 and 
1997 examinations. Statistical analyses are based only on participants who had normal peripheral pulses in 
1985 (see Chapter 7, Statistical Methods). 

14.3    DISCUSSION 

Cardiovascular diseases are among the most common encountered by the primary care physician. In 
practice, the diagnosis of cardiovascular disease is based primarily on the noninvasive data analyzed in 
the current chapter. Specifically, the history, physical examination, chest x ray, and resting ECG remain 
highly reliable indices that can alert the clinician to the presence of underlying cardiovascular disease and 
indicate the need for additional, more specific, noninvasive or invasive studies. Although arbitrary, 
dividing data collection into central and peripheral cardiovascular functions is convenient and forms a 
reasonable basis for comparison of the cohorts under study. 

The limitations of the history in cardiovascular diagnosis deserve emphasis. In peripheral vascular 
disease, for example, signs and symptoms will vary depending on the degree of development of collateral 
circulatory channels. While hemodynamically significant arterial disease of the lower extremities is 
usually associated with claudication, severe carotid occlusive disease can be present in the absence of 
symptoms of transient cerebral ischemia. Further, conclusive evidence shows that advanced coronary 
artery disease can occur in the absence of angina and be present as "silent" myocardial ischemia. Lastly, 
it is well recognized that the cardiovascular history, as related by patients, is often subject to error. The 
generic term "heart attack," for example, can be used to describe any type of cardiac event from an 
isolated episode of unstable angina or arrhythmia to a myocardial infarction. These imperfections 
highlight the importance of the medical record verification conducted in this study. 

In the cardiovascular assessment particularly, the physical examination can provide valuable clues to the 
presence of asymptomatic but significant underlying disease. Steps were taken to simplify data collection 
and reduce differences among the examining physicians. All blood pressure readings, for example, were 
taken by automated sphygmomanometric instruments. Auscultory endpoints—murmurs and bruits— 
were recorded as present or absent by anatomic location, thus eliminating speculation as to specific 
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valvular or vessel origin and hemodynamic significance. As markers of occult arterial occlusive disease, 
vascular bruits are relatively easy to detect and were carefully sought over the carotid, abdominal, and 
femoral vessels. 

The data relevant to this chapter included the resting ECG, the standard two-view chest x ray (discussed 
in Chapter 18, Pulmonary Assessment) and Doppler arterial vascular studies. The test used can confirm 
diagnoses that can be made based on data available in the current assessment. For example, when 
correlated with the history and physical examination, the chest x ray and ECG enable the clinician to draw 
highly accurate conclusions regarding the presence and hemodynamic significance of valvular heart 
disease of any etiology. As defined by the chest x ray, the pulmonary vascularity can provide reliable 
clues to the presence of global left ventricular dysfunction with pulmonary venous congestion and of 
pulmonary hypertension of any cause. 

In the analyses of verified historical variables, hypertension, myocardial infarction, transient ischemic 
attack, and stroke were similar in Ranch Hands and Comparisons. In the 1997 examinations, in contrast 
to 1992, Ranch Hands were more likely to have a history of heart disease (66.1% vs. 60.8%) across all 
occupational strata, particularly in the enlisted flyer category. In none of the physical examination or 
electrocardiographic variables were any significant group differences defined. The prevalence of 
funduscopic abnormalities, peripheral pulse deficits, and intermittent claudication, all more common in 
Ranch Hands than Comparisons in the 1992 examination, is now essentially the same in the two cohorts. 

Serum dioxin analyses yielded several significant results. In the unadjusted analysis, a significant 
positive dose-response effect was noted in Ranch Hands in the association of hypertension with 1987 
serum dioxin levels (34.0%, 38.0%, and 49.1% in the low, medium, and high categories, respectively), an 
association that remained significant after adjustment for covariates. Similarly, although the association 
was less significant, a positive dose-response effect was noted between the electrocardiographic evidence 
of a myocardial infarction and both initial and 1987 serum dioxin levels. Ranch Hands in the highest 
dioxin category were more likely than Comparisons to have tachycardia, as determined by the 
electrocardiograph. In contrast, although Ranch Hands were more likely than Comparisons to have a 
history of heart disease, a significant inverse dose-response effect was noted in relation to both 
extrapolated initial and 1987 serum dioxin levels. These results are consistent with those from both the 
1987 and 1992 examinations. 

With few exceptions, dependent variable-covariate analyses confirmed well-established associations. By 
a medical records review and by abnormalities detected on physical examinations, cardiovascular disease 
was associated significantly with the classic risk factors of age, cigarette use, and, particularly, diabetes. 
Obesity proved to be a significant risk factor for the development of heart disease and for numerous 
electrocardiographic abnormalities but not to the occurrence of myocardial infarction historically or by 
ECG. Alcohol consumption was associated strongly with the development of hypertension but did not 
have the protective effect on the occurrence of myocardial infarction that was noted in the 1992 
examination. The increased prevalence of pulse deficits in association with alcohol consumption may 
have been mediated by concomitant cigarette use. Finally, consistent with the results of the 1987 and 
1992 examinations, type A personality traits were not found to be associated with an increased risk for the 
development of cardiovascular disease. 

In the longitudinal analysis, a comparable increase in the prevalence of peripheral pulse deficits was noted 
in both the Ranch Hand and Comparison cohorts between the 1992 and 1997 examinations. Although 
none of the group differences was statistically significant, Ranch Hands continued to have a slightly 
greater prevalence of pulse deficits than Comparisons at all sites examined. Two of the six analyses, the 
posterior tibial and femoral pulses, yielded evidence for a significant or marginally significant association 
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of pulse deficits with categorized dioxin. Consistent with all previous examinations, Comparisons were 
found to be at slightly greater risk than Ranch Hands for the development of systolic hypertension by 
discrete analysis, but group differences remain nonsignificant. 

In contrast to prior examinations, the current study has documented that Ranch Hands are more likely 
than Comparisons to have historical evidence for heart disease (excluding essential hypertension) but are 
no longer at greater risk for the occurrence of pulse deficits. By all other indices, the prevalence of 
cardiovascular disease appears similar in both cohorts. For the first time, there is evidence that dioxin 
exposure may be a risk factor for the development of hypertension and myocardial infarction. As of 
1997, the verified history of essential hypertension was associated with 1987 dioxin, and the evidence of 
prior myocardial infarction from the ECG was associated with initial dioxin. 

14.4   SUMMARY 

The cardiovascular assessment was based on a medical records review and verification, physical 
examination and ECG determinations, and an ICVI index based on participant responses to three 
questions regarding leg pain. Variables constructed from the medical records review included essential 
hypertension, heart disease (excluding essential hypertension), myocardial infarction, and stroke or 
transient ischemic attack. The physical examination findings, the ECG determinations, and the ICVI 
index investigated the central cardiac function and peripheral vascular function. Each health endpoint 
was examined for an association with exposure group (Model 1), initial dioxin (Model 2), categorized 
dioxin (Model 3), and 1987 dioxin levels (Model 4). Significant results from the adjusted analyses are 
presented below. 

14.4.1   Model 1: Group Analysis 

The adjusted group analysis revealed that Ranch Hands had a significantly higher percentage of 
participants with a history of heart disease (excluding essential hypertension) than did Comparisons when 
all occupational strata were combined. Stratifying by occupation revealed a significantly higher 
percentage of Ranch Hand enlisted flyers with a history of heart disease than Comparison enlisted flyers. 
Ranch Hand enlisted groundcrew had a significantly lower percentage of abnormal funduscopic 
examination results than Comparison enlisted groundcrew. Ranch Hand enlisted groundcrew also had a 
marginally significantly lower percentage of abnormal overall ECG findings than Comparison enlisted 
groundcrew. The results of all unadjusted and adjusted Model 1 analyses are summarized in Table 14-39. 

Table 14-39. Summary of Group Analysis (Model 1) for Cardiovascular Variables (Ranch Hands 
vs. Comparisons) 

!l|^ 
^^■f^iSilttöte.v PKÄMsMli^ 

NÄ KiÖÄBifi iwi&WmM i:^MßJ^m:$M Groundcrew 
Medical Records 
Essential Hypertension (D) ns ns NS ns 
Heart Disease (Excluding Essential Hypertension) (D) +0.013 NS +0.003 NS 
Myocardial Infarction (D) NS ns NS NS 
Stroke or Transient Ischemic Attack (D) NS NS ns NS 
Physical Examination 
Systolic Blood Pressure (C) ns ns ns ns 
Systolic Blood Pressure (D) ns NS NS ns 
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Table 14-39.    Summary of Group Analysis (Model 1) for Cardiovascular Variables (Ranch 
Hands vs. Comparisons) (Continued) 

itS":::^;;fö                                                                                                                    111 
Enlisted Enlisted 

:M           %|||v;; - \_x-. ;■ -: , ;;;Vai*iäbIe;:i;;: .            . ■ 5; ;>;y         :; H '•'■■:' ;;.Ali Officer               Flyer Groundcrew 
Diastolic Blood Pressure (C) ns ns                    NS ns 
Diastolic Blood Pressure (D) NS NS                   NS ns 
Heart Sounds (D) ns ns                    ns ns 
Overall Electrocardiograph (ECG) (D) NS NS                  NS ns* 
ECG: Right Bundle Branch Block (D) ns ns                   NS ns 
ECG: Left Bundle Branch Block (D) ns ns                   NS ns 
ECG: Non-Specific ST- and T-Wave Changes (D) NS NS                  NS ns 
ECG: Bradycardia (D) ns ns                   NS ns 
ECG: Tachycardia (D) NS NS                  NS NS 
ECG: Arrhythmia (D) NS NS                   NS ns 
ECG: Evidence of Prior Myocardial Infarction (D) ns ns                    ns ns 
ECG: Other Diagnoses (D) NS NS NS 
Funduscopic Examination (D) ns NS                   NS -0.033 
Carotid Bruits (D) NS ns                   NS ns 
Radial Pulses (D) NS NS NS 
Femoral Pulses (D) NS* NS                  NS NS 
Popliteal Pulses (D) NS ns                    NS NS 
Dorsalis Pedis Pulses (D) NS NS                  NS ns 
Posterior Tibial Pulses (D) NS NS                   NS NS 
Leg Pulses (D) NS NS                   NS ns 
Peripheral Pulses (D) NS NS                   NS ns 
Self-reported Questionnaire 
Intermittent Claudication and Vascular Insufficiency NS NS                    ns NS 
Index (ICVI) (D) 

Note: NS or ns: Not significant (p>0.10). 
NS* or ns*: Marginally significant (0.05<p<0.10). 
C: Continuous analysis. 
D: Discrete analysis. 
+: Relative risk > 1.00. 
-: Relative risk < 1.00. 
--: Analysis not performed because of the sparse number of participants with an abnormality. 

P-value given if p<0.05. 

A capital "NS" denotes a relative risk of 1.00 or greater for discrete analysis or differences of means 
nonnegative for continuous analysis. A lowercase "ns" denotes a relative risk less than 1.00 for discrete 
analysis or difference of means negative for continuous analysis. 
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Table 14-39.    Summary of Group Analysis (Model 1) for Cardiovascular Variables (Ranch 
Hands vs. Comparisons) (Continued) 

ADJUSTED.; 

Variable All Officer 
Enlisted 

Flyer 
Enlisted 

Groundcrew 
Medical Records 
Essential Hypertension (D) 
Heart Disease (Excluding Essential Hypertension) (D) 
Myocardial Infarction (D) 
Stroke or Transient Ischemic Attack (D) 
Physical Examination 
Systolic Blood Pressure (C) 
Systolic Blood Pressure (D) 
Diastolic Blood Pressure (C) 
Diastolic Blood Pressure (D) 
Heart Sounds (D) 
Overall Electrocardiograph (ECG) (D) 
ECG: Right Bundle Branch Block (D) 
ECG: Left Bundle Branch Block (D) 
ECG: Non-Specific ST- and T-Wave Changes (D) 
ECG: Bradycardia (D) 
ECG: Tachycardia (D) 
ECG: Arrhythmia (D) 
ECG: Evidence of Prior Myocardial Infarction (D) 
ECG: Other Diagnoses (D) 
Funduscopic Examination (D) 
Carotid Bruits (D) 
Radial Pulses (D) 
Femoral Pulses (D) 
Popliteal Pulses (D) 
Dorsalis Pedis Pulses (D) 
Posterior Tibial Pulses (D) 
Leg Pulses (D) 
Peripheral Pulses (D) 
Self-reported Questionnaire 
Intermittent Claudication and Vascular Insufficiency 
Index (ICVI) (D) 

ns ns NS ns 
+0.018 NS +0.004 NS 

NS ns NS ns 
NS NS -- NS 

ns ns NS ns 
ns ns NS ns 
NS ns NS NS 
NS NS NS ns 
ns ns ns ns 
ns NS NS ns* 
ns ns NS ns 
ns ns — ns 
NS NS NS ns 
ns ns NS ns 
NS — — NS 
NS NS NS ns 
ns ns NS ns 
NS __ — NS 
ns NS NS -0.047 
ns ns NS ns 
NS NS — NS 
NS NS NS NS 
NS ns ns NS 
ns NS NS ns 
NS NS "NS NS 
NS NS NS ns 
NS NS NS ns 

ns NS ns NS 

Note: NSorns: Not significant (p>0.10). 
ns*: Marginally significant (0.05<p<0.10). 
C: Continuous analysis. 
D: Discrete analysis. 
+: Relative risk > 1.00. 
-: Relative risk < 1.00. 
—: Analysis not performed because of the sparse number of participants with an abnormality. 

P-value given if p<0.05. 

A capital "NS" denotes a relative risk of 1.00 or greater for discrete analysis or differences of means 
nonnegative for continuous analysis. A lowercase "ns" denotes a relative risk less than 1.00 for discrete 
analysis or difference of means negative for continuous analysis. 
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14.4.2  Model 2: Initial Dioxin Analysis 

Model 2 analyses revealed a significant positive association between initial dioxin and evidence of prior 
myocardial infarction from the ECG. The results of all unadjusted and adjusted Model 2 analyses are 
summarized in Table 14-40. 

Table 14-40. Summary of Initial Dioxin Analysis (Model 2) for Cardiovascular Variables (Ranch 
Hands Only) 

Variable Unadjusted 
Medical Records 
Essential Hypertension (D) NS 
Heart Disease (Excluding Essential Hypertension) (D) -0.001 
Myocardial Infarction (D) NS 
Stroke or Transient Ischemic Attack (D) NS 
Physical Examination 
Systolic Blood Pressure (C) ns 
Systolic Blood Pressure (D) -0.031 
Diastolic Blood Pressure (C) NS 
Diastolic Blood Pressure (D) NS 
Heart Sounds (D) NS 
Overall Electrocardiograph (ECG) (D) ns 
ECG: Right Bundle Branch Block (D) ns 
ECG: Left Bundle Branch Block (D) ns 
ECG: Non-Specific ST- and T-Wave Changes (D) ns 
ECG: Bradycardia (D) ns 
ECG: Tachycardia (D) NS 
ECG: Arrhythmia (D) ns 
ECG: Evidence of Prior Myocardial Infarction (D) NS 
ECG: Other Diagnoses (D) NS 
Funduscopic Examination (D) ns 
Carotid Bruits (D) NS 
Radial Pulses (D) ns 
Femoral Pulses (D) ns 
Popliteal Pulses (D) ns 
Dorsalis Pedis Pulses (D) ns 
Posterior Tibial Pulses (D) NS 
Leg Pulses (D) ns 
Peripheral Pulses (D) ns 
Self-reported Questionnaire 
Intermittent Claudication and Vascular Insufficiency ns 
Index (ICVI) (D) 

Adjusted 

NS 
ns 

NS 
NS 

ns 
ns 
NS 
NS 
NS 
NS 
NS 

NS 
ns 

NS 
+0.012 

NS 
NS 

NS 
ns 
NS 
NS 
NS- 
NS 

NS 

Note: NSorns: Not significant (p>0.10). 
C: Continuous analysis. 
D: Discrete analysis. 
+: Relative risk >1.00. 
-: Relative risk < 1.00. 
--: Analysis not performed because of the sparse number of Ranch Hands with an abnormality. 

P-value given if p<0.05. 

A capital "NS'* denotes a relative risk of 1.00 or greater for discrete analysis or slope nonnegative for 
continuous analysis. A lowercase "ns" denotes a relative risk less than 1.00 for discrete analysis or slope 
negative for continuous analysis. 
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144.3   Model 3: Categorized Dioxin Analysis 

The adjusted Model 3 analysis revealed a significantly higher occurrence of heart disease for Ranch 
Hands in the background dioxin category than for Comparisons. A significantly lower prevalence of 
abnormal heart sounds was found for Ranch Hands in the background dioxin category than for 
Comparisons. The percentage of Ranch Hands in the low dioxin category with a history of heart disease 
was marginally significantly greater than Comparisons. The prevalence of Ranch Hands in the low dioxin 
category with abnormal ECG findings was marginally significantly smaller than Comparisons. Ranch 
Hands in the high dioxin category had a significantly greater prevalence of tachycardia and other ECG 
diagnoses than Comparisons. The results of all unadjusted and adjusted Model 3 analyses are 
summarized in Table 14-41. 

Table 14-41. Summary of Categorized Dioxin Analysis (Model 3) for Cardiovascular Variables 
(Ranch Hands vs. Comparisons) 

UNADJUSTED 

Variable 

Background 
.■ 'Ranch; Hands/-■! 
vs. Comparisons 

Ranch Hands 
vs. Comparisons 

Ranch Hands 
vs. Comparisons 

Low plus High 
Ranch Hands 

vs. Comparisons 
Medical Records 
Essential Hypertension (D) 
Heart Disease (Excluding Essential 
Hypertension) (D) 
Myocardial Infarction (D) 
Stroke or Transient Ischemic Attack (D) 
Physical Examination 
Systolic Blood Pressure (C) 
Systolic Blood Pressure (D) 
Diastolic Blood Pressure (C) 
Diastolic Blood Pressure (D) 
Heart Sounds (D) 
Overall Electrocardiograph (ECG) (D) 
ECG: Right Bundle Branch Block (D) 
ECG: Left Bundle Branch Block (D) 
ECG: Non-Specific ST- and T-Wave 
Changes(D) 
ECG: Bradycardia (D) 
ECG: Tachycardia (D) 
ECG: Arrhythmia (D) 
ECG: Evidence of Prior Myocardial 
Infarction (D) 
ECG: Other Diagnoses (D) 
Funduscopic Examination (D) 
Carotid Bruits (D) 
Radial Pulses (D) 
Femoral Pulses (D) 
Popliteal Pulses (D) 
Dorsalis Pedis Pulses (D) 
Posterior Tibial Pulses (D) 
Leg Pulses (D) 
Peripheral Pulses (D) 

ns ns NS NS 
+0.005 +0.011 ns NS 

ns ns NS NS 
NS ns NS ns 

ns NS ns* ns 
NS NS ns ns 
ns ns NS* NS 
ns NS NS NS 

-0.047 ns ns ns 
NS ns ns ns 
ns ns NS ns 
NS ns ns ns 
ns NS NS NS 

ns ns -0.042 -0.020 
NS ns +0.033 NS 
ns NS ns NS 
ns NS ns ns 

NS ns +0.042 NS 
ns NS ns NS 
ns ns NS NS 
NS NS NS NS 
NS NS NS NS* 
ns NS NS NS 
ns NS ns NS 
NS NS NS NS 
ns NS NS NS 
ns NS NS NS 
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Table 14-41.    Summary of Categorized Dioxin Analysis (Model 3) for Cardiovascular 
Variables (Ranch Hands vs. Comparisons) (Continued) 

UNADJUSTED 

'Background Low High Low plus High 
Ranch Hands Ranch Hands Ranch Hands Ranch Hands 

■Variable : ■ . .'! vs. Comparisons; .vs. Comparisons... .^vs. Comparisons     vs. Comparisons 
Self-reported Questionnaire 
Intermittent Claudication and Vascular ns NS NS NS 
Insufficiency Index (ICVI) (D)  

Note: NS or ns: Not significant (p>0.10). 
NS* or ns*: Marginally significant (0.05<p<0.10). 
C: Continuous analysis. 
D: Discrete analysis. 
+: Relative risk > LOO. 
-: Relative risk < 1.00. 

P-value given if p<0.05. 

A capital "NS" denotes a relative risk of 1.00 or greater for discrete analysis or differences of means 
nonnegative for continuous analysis. A lowercase "ns" denotes a relative risk less than 1.00 for discrete 
analysis or difference of means negative for continuous analysis. 

[:|i!Q-W 
Background      i ß.T,^^'^;^I^i^ivV:^'^i"'l IS:§gl^ff$l§ Low plus High 
Ranch Hands Ranch Hands v:V-;Ranch'; Hands ■'.;.';! ;.';,■ Ranch Hands ; 

:;^;:;:;^ js;:;|' '^;:;":-;:::':;'E;;':,;:-; - ¥=! T':;;:l^sn^fe^;r'|:..;: | ;=;:;: 5?-' ^ :;1; f ^:':: ■;;;;;:;::;;;::--I vs. Comparisons vs. Comparisons vs. Comparisons vs. Comparisons 

Medical Records 
Essential Hypertension (D) ns ns NS NS 
Heart Disease (Excluding Essential +0.032 NS* NS NS 
Hypertension) (D) 
Myocardial Infarction (D) ns ns NS NS 
Stroke or Transient Ischemic Attack (D) ns ns NS NS 
Physical Examination 
Systolic Blood Pressure (C) NS ns ns ns 
Systolic Blood Pressure (D) NS NS ns ns 
Diastolic Blood Pressure (C) ns ns NS NS 
Diastolic Blood Pressure (D) ns ns NS NS 
Heart Sounds (D) -0.041 ns NS ns 
Overall Electrocardiograph (ECG) (D) NS ns* NS ns 
ECG: Right Bundle Branch Block (D) NS ns NS ns 
ECG: Left Bundle Branch Block (D) ns ns „ « 
ECG: Non-Specific ST- and T-Wave ns ns NS NS 
Changes(D) 
ECG: Bradycardia (D) ns ns ns ns* 
ECG: Tachycardia (D) NS __ +0.032 ~ 
ECG: Arrhythmia (D) ns NS NS NS 
ECG: Evidence of Prior Myocardial ns ns NS ns 
Infarction (D) 
ECG: Other Diagnoses (D) NS — +0.050 — 
Funduscopic Examination (D) NS ns ns ns 
Carotid Bruits (D) NS ns NS ns 
Radial Pulses (D) NS NS NS NS 
Femoral Pulses (D) NS NS NS NS 
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Table 14-41.    Summary of Categorized Dioxin Analysis (Model 3) for Cardiovascular 
variables (Ranch Hands vs. Comparisons) (Con tinued) 

li;l-;:;--:;:''K 
Background ;^|;^SiOff*i|;:|| ̂ :::';:>VHigh'.;'.:'. Low plus High 

Ranch Hands Ranch Hands   \ Ranch Hands Ranch Hands 
Variable vs. Comparisons \\ |vs. Comparisons l   ys;Comparisons ■: vs. Comparisons 

Popliteal Pulses (D) ns NS NS NS 
Dorsalis Pedis Pulses (D) ns ns ns ns 
Posterior Tibial Pulses (D) NS NS NS NS 
Leg Pulses (D) NS NS ns ns 
Peripheral Pulses (D) NS NS ns NS 
Self-reported Questionnaire 
Intermittent Claudication and Vascular ns ns NS NS 
Insufficiency Index (ICVI) (D) 

Note: NSorns: Not significant (p>0.10). 
NS* or ns*: Marginally significant (0.05<p<0.10). 
C: Continuous analysis. 
D: Discrete analysis. 
+: Relative risk > 1.00. 
-: Relative risk < 1.00. 
-: Analysis not performed because of the sparse number of participants with an abnormality. 

P-value given if p<0.05. 

A capital "NS" denotes a relative risk of 1.00 or greater for discrete analysis or differences of means 
nonnegative for continuous analysis. A lowercase "ns" denotes a relative risk less than 1.00 for discrete 
analysis or difference of means negative for continuous analysis. 

14.4.4   Model 4: 1987 Dioxin Level Analysis 

The adjusted Model 4 analysis revealed a significant positive association between essential hypertension 
and 1987 dioxin. A marginally significant association between the evidence of a prior myocardial 
infarction, as determined from the ECG, and 1987 dioxin also was observed. The results of all unadjusted 
and adjusted Model 4 analyses are summarized in Table 14-42. 

Table 14-42. Summary of 1987 Dioxin Analysis (Model 4) for Cardiovascular Variables (Ranch 
Hands Only) 

Variable 
Medical Records 
Essential Hypertension (D) 
Heart Disease (Excluding Essential Hypertension) (D) 
Myocardial Infarction (D) 
Stroke or Transient Ischemic Attack (D) 
Physical Examination 
Systolic Blood Pressure (C) 
Systolic Blood Pressure (D) 
Diastolic Blood Pressure (C) 
Diastolic Blood Pressure (D) 

|:;K;äl#'4^ I.':'''. -::    Adjusted     ■ 

+<0.001 +0.011 
-0.004 ns 

NS NS 
ns NS 

NS ns 
NS ns* 

+0.014 NS 
NS NS 
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Table 14-42.   Summary of 1987 Dioxin Analysis (Model 4) for Cardiovascular Variables 
(Ranch Hands Only) (Continued) 

.Variable*: Unadjusted 
Heart Sounds (D) 
Overall Electrocardiograph (ECG) (D) 
ECG: Right Bundle Branch Block (D) 
ECG: Left Bundle Branch Block (D) 
ECG: Non-Specific ST- and T-Wave Changes (D) 
ECG: Bradycardia (D) 
ECG: Tachycardia (D) 
ECG: Arrhythmia (D) 
ECG: Evidence of Prior Myocardial Infarction (D) 
ECG: Other Diagnoses (D) 
Funduscopic Examination (D) 
Carotid Bruits (D) 
Radial Pulses (D) 
Femoral Pulses (D) 
Popliteal Pulses (D) 
Dorsalis Pedis Pulses (D) 
Posterior Tibial Pulses (D) 
Leg Pulses (D) 
Peripheral Pulses (D) 
Self-reported Questionnaire 
Intermittent Claudication and Vascular Insufficiency Index (ICVI) (D) 

Note: NS or ns: Not significant (p>0.10). 
NS* or ns*: Marginally significant (0.05<p<0.10). 
C: Continuous analysis. 
D: Discrete analysis. 
+: Relative risk >1.00 for discrete analysis; slope nonnegative for continuous analysis. 
-: Relative risk < 1.00. 

Adjusted 
NS NS 
ns NS 

NS NS 
ns ns 

NS NS 
ns* ns 
NS NS 
ns NS 

NS NS* 
NS NS 
NS NS 
NS ns 
ns ns 

NS NS 
ns NS 
ns NS 

NS NS 
NS NS 
NS NS 

NS NS 

P-value given if p<0.05. 

A capital "NS" denotes a relative risk of 1.00 or greater for discrete analysis or slope nonnegative for 
continuous analysis. A lowercase "ns" denotes a relative risk less than 1.00 for discrete analysis or slope 
negative for continuous analysis. 

14.5   CONCLUSION 

Analyses revealed that Ranch Hands had a significantly higher percentage of participants with a history of 
heart disease (excluding essential hypertension) than did Comparisons and, in particular, within enlisted 
flyers. However, the risk of disease was not significantly increased in Ranch Hand enlisted 
groundcrew—the military occupation with the highest dioxin levels. The association between heart 
disease and initial dioxin for Ranch Hands showed a negative dose-response trend, with heart disease 
decreasing as initial dioxin increased. Furthermore, Ranch Hands in the background and the low dioxin 
categories had more heart disease than did Comparisons, but this increase was not seen in Ranch Hands in 
the high dioxin category. Increases in tachycardia and other ECG findings, such as pre-excitation, were 
seen for Ranch Hands in the high dioxin category, although the analyses were based on a sparse number 
of abnormalities. A significant positive association between initial dioxin and evidence of prior 
myocardial infarction from the ECG was observed in Ranch Hands, and a marginally significant positive 
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association was observed between 1987 dioxin and evidence of prior myocardial infarction from the 
ECG. A positive association between 1987 dioxin and essential hypertension also was observed in Ranch 
Hands. In contrast to previous AFHS examinations, no relation was found between peripheral pulses and 
any measures of exposure. 

In summary, in contrast to prior examinations, the current study has documented that Ranch Hands are 
more likely than Comparisons to have historical evidence for heart disease (excluding essential 
hypertension) but are no longer at greater risk for the occurrence of pulse deficits. By all other indices, 
the prevalence of cardiovascular disease appears similar in both cohorts. For the first time, there is 
evidence that levels of dioxin may be a risk factor for the development of essential hypertension and prior 
myocardial infarction as indicated by interpretation of the ECG. As of 1997, the verified history of 
essential hypertension was associated with 1987 dioxin, and the evidence of prior myocardial infarction 
from the ECG was associated with initial dioxin. These findings, in conjunction with the increase in the 
number of deaths caused by diseases of the circulatory system for Ranch Hand nonliving enlisted 
personnel based on the 1994 AFHS mortality update (34), showed associations with dioxin that require 
further observation. A biological mechanism for the relation between dioxin and heart disease is 
unknown at this time. 
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15   HEMATOLOGIC ASSESSMENT 

15.1    INTRODUCTION 

15.1.1   Background 

Experiments in laboratory animals have demonstrated that 2,3,7,8~tetrachlorodibenzo-p~dioxin (Dioxin) is 
directly toxic to the hematopoietic system in several species. In one study, dioxin administered in low 
doses (0.70 ug/kg or 350 ug/kg of dioxin by oral gavage) to monkeys resulted in elevated neutrophil 
counts while higher doses were associated with lympho- and thrombocytopenia (1). A decrease in overall 
cellularity and an increase in the myeloid-erythroid ratio were noted in approximately half of the sternal 
bone marrow samples examined at the conclusion of the experiment. 

Other animal studies have shown that the toxic effects of dioxin on the hematopoietic system vary 
depending on the dose employed and the species examined. In many reports, it is difficult to distinguish 
primary effects from those occurring secondary to systemic toxicity. One study in rats using gavage 
doses of dioxin varying from 0.001 to 1.0 ug/kg noted depressed red blood cell (RBC) counts and packed 
cell volumes in the high-dose group (2). In another rat experiment employing 10 Jig/kg of dioxin orally, 
elevated erythrocyte, reticulocyte, and neutrophil counts were noted with reduction in mean corpuscular 
volume (MCV), mean corpuscular hemoglobin (MCH), platelet counts, and clot retraction times—effects 
that the authors felt could be attributed to systemic toxicity with terminal dehydration (3). In a 
multispecies study, mice and guinea pigs given oral doses of dioxin varying from 0.1 ug/kg to 50 ug/kg 
were found to have dose-dependent reductions in leukocytes with relative lymphocytopenia within 1 
week of dioxin administration, and thrombocytopenia and hemoconcentration were found in rats (4). 

Several animal experiments, although designed primarily to investigate immunologic sequelae of dioxin 
exposure, have focused on selected hematologic elements, particularly macrophages and 
polymorphonuclear leukocytes, but whether the responses observed were secondary to inflammation or 
specific to dioxin is not known (3, 5-7). 

More recent animal research relevant to the hematopoietic system has focused on the altered cellular 
differentiation associated with dioxin toxicity. In mice, progenitor cells were suppressed following 
exposure to dioxin in doses as low as 1.0 jag/kg of body weight, and in vitro studies demonstrated that 
myelotoxicity occurs by a direct inhibition of proliferating stem cells (8). A subsequent study from the 
same laboratory demonstrated a direct effect of dioxin on cultured lymphocytes resulting in a selective 
inhibition of B-cell differentiation into antibody-secretive cells (9). In these and other studies (10), the 
authors cite evidence for the role of the aryl hydrocarbon (Ah) receptor in mediating these myelo- and 
lymphotoxic effects. In another report, the presence of the Ah receptor was defined in the spleens of 
numerous primate species (11). Although Ah receptors have been isolated in the tissue of several human 
organs (12-17), the relevance of these observations to dioxin hematopoietic toxicity remains to be proven 
(18). 

In general, human observational studies have shown fewer and less consistent hematologic findings than 
the structured animal experiments. Mortality and morbidity studies that have included hematologic data 
as endpoints have been based on populations exposed to dioxin by occupation (19-21), environmental 
contamination (22-26), consequent to industrial chemical accidents (27-33), and during military service 
in Southeast Asia (SEA) (34-39). 

15-1 



In the cancer mortality study reported by the National Institute of Occupational Safety and Health, one of 
few to incorporate serum dioxin data into the analyses, there was no significant increase in the relative 
risk of hematologic malignancies associated with exposure to dioxin in either the entire cohort or in a 
subcohort with more than 20 years of latency (19). Numerous studies have been conducted on cohorts 
that were exposed to dioxin by contamination of soil at the Quail Run (22-24) and Times Beach (25) 
residential areas of Missouri. With one exception, no differences were found in any of the hematologic 
parameters examined. In the Times Beach study, a statistically significant increase in the mean platelet 
count was noted in the exposed cohort relative to the unexposed, but the difference (281,927 mm3 vs. 
249,061 mm3) was not considered clinically meaningful. A follow-up study, the first to report clinical 
hematologic indices in relation to tissue levels of dioxin (26), found no abnormalities in the complete 
blood count related to the body burden of dioxin. 

A clinical epidemiological study was conducted 30 years after an explosion in a trichlorophenol plant in 
Nitro, West Virginia. The study compared 204 highly exposed employees, 86 percent of whom had 
developed chloracne, with 163 employees who were not exposed (27). No significant differences were 
found in the standard hematologic indices. A recent mortality experience study of 754 workers employed 
at the same plant, 122 of whom had sufficiently severe dioxin exposure to cause chloracne, found no 
increased mortality associated with all lymphatic and hematopoietic malignancies (32). 

The monitoring of the populations heavily exposed to dioxin during the Seveso, Italy, hexachlorophene 
manufacturing plant explosion in 1976 and at the BASF chemical plant in 1953 continues to generate 
reports of medical surveillance. Although transient depression of the peripheral white blood cell (WBC) 
count after dioxin exposure has been documented (20, 21), a morbidity study of workers involved in the 
cleanup of the Seveso environs found no differences in selected hematologic indices (hemoglobin, WBC 
count, and platelets) between exposed subjects and controls (33). In the most recent report on the BASF 
population, exposed subjects had a significantly higher erythrocyte sedimentation rate than referents (6.53 
mm/hr vs. 4.95 mm/hr), but no differences were noted in the WBC count, platelet count, or hemoglobin 
(20). 

In previous reports of the Air Force Health Study (AFHS) (35-37), Ranch Hand participants were found 
to have slightly higher mean platelet counts than Comparisons and, in the 1987 follow-up examinations 
(37), a significantly greater percentage of abnormally high platelet counts as well. In the serum dioxin 
analysis of the 1987 examinations (38), Ranch Hands with the highest current serum dioxin levels had 
higher mean platelet and total WBC counts than Comparisons, results that raised the possibility of a 
chronic inflammatory response associated with dioxin levels. In the 1992 examinations, when the results 
were adjusted for covariates, no significant group differences were noted between the Ranch Hand and 
Comparison cohorts, nor was there any evidence for a persistent inflammatory response related to prior 
exposure to dioxin (39). 

15.1.2   Summary of Previous Analyses of the Air Force Health Study 

15.1.2A   1982 Baseline Study Summary Results 

The functional integrity of the hematopoietic system was assessed at the 1982 baseline examination by 
the measurement of eight peripheral blood variables: RBC count, WBC count, hemoglobin, hematocrit, 
MCV, MCH, mean corpuscular hemoglobin concentration (MCHC), and platelet count. These variables 
were analyzed in the discrete form to detect differences in the percentages of values outside the designed 
laboratory range, as well as analyzed in the continuous form to detect shifts in mean values between the 
Ranch Hand and Comparison groups. 
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The Ranch Hand group had a significantly higher adjusted mean MCV and MCH than the Comparison 
group (p-0.05 and p=0.04, respectively), although the magnitude of the difference was small in each case. 
The Ranch Hand adjusted mean values for five other parameters (i.e., RBC, WBC, hemoglobin, 
hematocrit, and MCHC) were nearly identical to the adjusted mean values of the Comparison group. The 
mean platelet count for Ranch Hands was marginally significantly greater than the Comparison mean 
count (p=0.06). The percent of abnormal values for these eight variables, as established by the upper and 
lower limits of normal, did not differ significantly between the two groups. 

15.1.2.2 1985 Follow-up Study Summary Results 

The same eight peripheral blood variables (i.e., RBC, WBC, hemoglobin, hematocrit, MCV, MCH, 
MCHC, and platelet count) were analyzed in the 1985 follow-up study. The unadjusted discrete analysis 
of the percent abnormal values, both low and high, showed no statistically significant difference between 
the Ranch Hand and Comparison groups for any of the hematologic variables. Similarly, in the adjusted 
discrete analyses, none of the adjusted relative risks was significant. 

As no subgroup demonstrated consistent patterns of hematologic impairment, biologic relevance was not 
assigned to the interactions. The significant group differences found for MCV and MCH at the baseline 
examination were not present in the 1985 follow-up analyses. The covariate effects of age, race, 
occupation, and lifetime smoking history were highly significant for many of the hematologic variables. 

The longitudinal analyses of MCV, MCH, and platelet count found a significant group difference for 
platelet count, with the Ranch Hands having an average decrease in platelet count between examinations 
and the Comparisons having an average increase. As a result, the baseline group difference 
(nonsignificant) in mean values approached equality at the 1985 follow-up examination. 

In conclusion, none of the eight hematologic variable means was found to differ significantly between the 
Ranch Hand and Comparison groups. The expected effects of age, race, and smoking were demonstrated 
with most of the hematologic variables. The longitudinal analyses also suggested that neither group 
manifested an impairment of the hematopoietic system. Exposure index analyses did not support a 
plausible dose-response relation for any of the hematologic variables. 

15.1.2.3 1987 Follow-up Study Summary Results 

The hematologic status of the Ranch Hand and Comparison groups was assessed by the examination of 
the same eight variables used in the two previous examinations: RBC, WBC, hemoglobin, hematocrit, 
MCV, MCH, MCHC, and platelet count. There were no statistically significant differences between the 
Ranch Hand and Comparison groups for mean RBC count, hemoglobin, hematocrit, MCV, MCH, and 
MCHC, in analyses either unadjusted or adjusted for the covariates of age, race, occupation, current 
cigarette smoking, and lifetime cigarette smoking history. For WBC count, the unadjusted mean level 
was significantly greater in Ranch Hands than in Comparisons. The difference was not statistically 
significant after adjustment for covariates, nor were significant differences detected in the percentage of 
individuals with abnormal values. 

Mean platelet counts also were significantly greater in Ranch Hands than in Comparisons, as was the 
percentage of individuals with abnormally high platelet counts. Longitudinal analyses detected a 
significantly greater decrease in the mean platelet count in Ranch Hands than in Comparisons, despite the 
higher overall mean count, from the baseline examination to the 1987 follow-up examination. 

15-3 



15.1.2.4 Serum Dioxin Analysis of 1987 Föllow-up Study Summary Results 

The number of dependent hematologic variables was increased from eight to nine with the addition of 
prothrombin time. Several of the nine variables showed an association with initial dioxin in the 
unadjusted model, but when the model was adjusted for covariates, the associations became 
nonsignificant. Hemoglobin and hematocrit were positively associated with current dioxin when time 
since duty in SEA was no more than 18.6 years and negatively associated with current dioxin when time 
since duty in SEA was greater than 18.6 years. For the discrete RBC count analysis, the relative risk of 
an abnormally low count was less than one when time since duty in SEA did not exceed 18.6 years and 
was greater than one when time since duty in SEA was more than 18.6 years. Because a low RBC count 
was considered abnormal for the purpose of these statistical analyses, the trend in relation to current 
dioxin was similar to that in the continuous analyses of hemoglobin and hematocrit. In the discrete 
analysis of prothrombin time, the trend in relation to current dioxin also was similar to that in the 
continuous analyses of hemoglobin and hematocrit. In the categorized current dioxin analyses, whenever 
the overall contrast showed significant, or marginally significant, differences among the categories, the 
mean level or percent abnormal in the three categories of Ranch Hands (i.e., officers, enlisted flyers, and 
enlisted groundcrew) tended to exceed the corresponding mean level or percent abnormal in the 
background category that consisted of Comparisons. The longitudinal analyses of MCV, MCH, and 
platelet count displayed no significant associations with dioxin. 

In summary, the results of the previous analysis revealed no meaningful association between 
hematopoietic toxicity and dioxin exposure. Statistical analyses of two variables (WBC and platelet 
count) raised the possibility of subtle biologic effects that cannot be considered clinically meaningful but 
did point to the need for follow-up in future AFHS examinations. The increased platelet and WBC 
counts, in addition to the elevation of erythrocyte sedimentation rates (in the general health assessment), 
were thought to indicate the presence of a chronic inflammatory response to dioxin exposure. 

15.1.2.5 1992 Follow-up Study Summary Results 

The number of dependent hematologic variables was increased from 9 to 13 with elimination of MCV, 
MCH, and MCHC and the addition of RBC morphology (normal, abnormal), absolute neutrophils (segs), 
absolute neutrophils (bands), absolute lymphocytes, absolute monocytes, absolute eosinophils, and 
absolute basophils. The 13 endpoints analyzed in the hematology assessment provided a comprehensive 
evaluation of the three peripheral blood lines (erythrocytes, leukocytes, and platelets) and their relation to 
dioxin exposure. In the analyses of these variables, only platelet count exhibited significant associations 
with the herbicide exposure indices. Ranch Hands in the enlisted flyer and enlisted groundcrew 
categories possessed statistically significant higher mean platelet counts than Comparisons, although the 
result was not considered meaningful from a clinical point of view. Analyses using extrapolated levels of 
initial dioxin showed that Ranch Hands with high dioxin levels had significantly greater mean platelet 
count measurements than Comparisons. Platelet counts also were positively associated with current 
serum dioxin measurements, although the association became nonsignificant when adjusted for 
covariates. The 1992 follow-up results supported the results found in both the 1987 follow-up study and 
in the serum dioxin analysis of the 1987 follow-up study, but the biologic meaning was uncertain. 
Results from the 1987 follow-up study generated questions regarding the possibility of a subclinical 
inflammatory response associated with prior dioxin exposure. This was due to elevated mean WBC 
counts, platelet counts, and erythrocyte sedimentation rates in Ranch Hands. The 1992 follow-up study 
did not produce significant results to support this possibility. Therefore, in conclusion, there was no 
evidence from the 1992 follow-up study that suggested an association between hematopoietic toxicity and 
prior dioxin exposure. 
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15. L3   Parameters for the 1997 Hematologic Assessment 

15.13.1  Dependent Variables 

The analysis of the hematologic assessment consisted of data from the laboratory examination only. No 
questionnaire or physical examination data were analyzed. 

15.1.3.1.1     Laboratory Examination Data 

A total of 13 hematology variables measured at the laboratory as part of the 1997 follow-up examination 
were analyzed statistically. These variables were the same as those studied in 1992 and included five cell 
counts, one RBC morphology, six measures of absolute blood counts, and a coagulation measure 
(prothrombin time). These variables were determined by routine hematologic procedures. In particular, 
the cell count indices were performed on the Coulter STKS® automated instrument, and prothrombin time 
was measured on the AM AX CS-190® instrument. All dependent variables were analyzed in the 
continuous form, except for the RBC morphology. RBC count, WBC count, hemoglobin, hematocrit, 
platelet count, prothrombin time, and the RBC morphology also were analyzed in their discrete form, 
using Scripps Clinic normal ranges as cutpoints. RBC count, WBC count, hemoglobin, hematocrit, and 
platelet count were trichotomized as abnormal low, normal, and abnormal high. 

RBC morphology was constructed from a number of laboratory conditions, many of which were minor 
abnormalities. Conditions considered to be abnormal for the 1997 follow-up included rouleaux, Bun- 
cells, moderate microcytes, many microcytes, moderate macrocytes, moderate amount of ovalocytes, 
hypochromia, anisocytosis, slight polychromasia, slight baso-stippling, moderate stomatocytes, 
schistocytes, Howell-Jolly bodies, few teardrop cells, and Papperheimer bodies. Participants with few 
ovalocytes, few microcytes, few macrocytes, and slight macrocytes were considered to be normal for 
RBC morphology. 

Participants testing positive for the human immunodeficiency virus (HIV) were excluded from the 
analysis of all variables. Participants with a fever (body temperature greater than or equal to 100° 
Fahrenheit) at the time of the examination were excluded from the analysis of all variables except 
prothrombin time. Participants taking an anticoagulant (such as Coumadin®) or aspirin at the time of the 
examination also were excluded from the analysis of prothrombin time. In addition, one participant had a 
hemolyzed specimen for prothrombin time and was excluded from the analysis of this variable. 

15.1.3.2  Covariates 

Age, race, military occupation, current level of cigarette smoking (cigarettes/day), and lifetime cigarette 
smoking history (pack-years) were used as covariates in adjusted statistical analyses evaluating the 
hematologic dependent variables. 

Age, race, and military occupation were determined from military records. Current cigarette smoking and 
lifetime cigarette smoking history were based on questionnaire data. For lifetime cigarette smoking 
history, the respondent's average smoking was estimated over his lifetime based on his responses to the 
1997 questionnaire, with 1 pack-year defined as 365 packs of cigarettes smoked during a single year. 

15.1.4   Statistical Methods 

Table 15-1 summarizes the statistical analyses performed for the hematologic assessment. The first part 
of this table describes the dependent variables analyzed. The second part of this table provides a further 
description of the covariates examined. A covariate was used in its continuous form whenever possible 
for all adjusted analyses; if necessary, if the covariate is inherently discrete (e.g., military occupations), or 
if a categorized form was needed to develop measures of association with the dependent variables, the 
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covariate was categorized as shown in Table 15-1. Table 15-2 provides a summary of the number of 
participants with missing dependent variable and covariate data. In addition, the number of participants 
excluded because of medical conditions is given. 

Table 15-1. Statistical Analysis for the Hematologic Assessment 

Dependent Variables 

Variable (Units) 
/; Data-; j 
Source I 

I: Data.'; 
[Form;:; Outpoints GoVariates8     Exclusions' 

:   Statistical 
Analysis and 

Methods 
RBC Count 
(million/mm3) 

WBC Count 
(thousand/mm3) 

LAB D/C       Abnormal Low: <4.3 
Normal: 4.3-5.9 

Abnormal High: >5.9 

LAB D/C       Abnormal Low: <4.5 
Normal: 4.5-11.0 

Abnormal High: >11.0 

Hemoglobin (gm/dl) 

Hematocrit (percent) 

LAB 

LAB 

D/C 

D/C 

Abnormal Low: <13.9 
Normal: 13.9-18.0 

Abnormal High: >18.0 
Abnormal Low: <39.0 

Normal: 39.0-55.0 
Abnormal High: >55.0 

Platelet Count 
(thousand/mm3) 

LAB D/C Abnormal Low: <130 
Normal: 130-400 

Abnormal High: >400 

Prothrombin Time 
(seconds) 

LAB D/C High: >12.3 
Normal: <12.3 

RBC Morphology LAB D Abnormal 
Normal 

Absolute Neutrophils 
(segs) 
(thousand/mm3) 

LAB C 

-- 

Absolute Neutrophils 
(bands) 
(thousand/mm3) 

LAB D/C Zero 
Nonzero 

Absolute 
Lymphocytes 
(thousand/mm3) 

LAB C 

- 

Absolute Monocytes 
(thousand/mm3) 

LAB c 
- 

Absolute Eosinophils 
(thousand/mm3) 

LAB D/C Zero 
Nonzero 

Absolute Basophils 
(thousand/mm ) 

LAB D/C Zero 
Nonzero 

(a) U:PR,GLM 
A:PR,GLM 

(a) U:PR,GLM 
A:PR,GLM 

(a) U:PR,GLM,CS 
A:PR,GLM 

(a) U:PR,GLM,CS 
A:PR,GLM 

(a) U:PR,GLM,CS 
A:PR,GLM 
L:PR,GLM 

(b) U:LR,GLM,CS 
A:LR,GLM 

(a) U:LR 
A:LR 

(a) U:GLM 
A:GLM 

(a) U:LR,GLM 
A:LR,GLM 

(a) U:GLM 
A:GLM 

(a) U:GLM 
A:GLM 

(a) U:LR,GLM 
A:LR,GLM 

(a) U:LR,GLM 
A:LR,GLM 

aCovariates: 
(1): age, race, military occupation, current cigarette smoking, lifetime cigarette smoking history. 
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Table 15-1.   Statistical Analysis for the Hematologic Assessment (Continued) 

Exclusions: 
(a): participants with body temperatures greater than or equal to 100° Fahrenheit, participants testing positive for 
HIV. 
(b): participants testing positive for HIV, participants taking an anticoagulant (such as Coumadin®) or aspirin at the 
time of the examination. 
Covariates 

Variable (Units) DäCaSource     Data Fwm Gutpoints 
Age (years) MIL 

Race MIL 

Occupation MIL 

Current Cigarette Smoking (cigarettes/day) Q-SR 

Lifetime Cigarette Smoking History (pack-years) Q-SR 

D/C 

D 

D 

D/C 

D/C 

Born >1942 
Born < 1942 

Black 
Non-Black 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

0-Never 
0-Former 
>0-20 
>20 

0 
>0-10 
>10 

Abbreviations 

Data Source: 

Data Form: 

LAB: 1997 laboratory results 
MEL: Air Force military records 
Q-SR: Health questionnaires (self-reported) 

C: Continuous analysis only 
D: Discrete analysis only 
D/C: Discrete and continuous analyses for dependent variables; appropriate form for analysis 
(either discrete or continuous) for covariates 

Statistical Analysis:    U: Unadjusted analysis 
A: Adjusted analysis 
L: Longitudinal analysis 

Statistical Methods:    CS: Chi-square contingency table analysis (continuity-adjusted) 
GLM:  General linear models analysis 
LR: Logistic regression analysis 
PR: Polytomous logistic regression analysis 
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Table 15-2. Number of Participants Excluded or with Missing Data for the Hematology 
Assessment 

Group; 
..      Dioxin-,   ■ 

(Ranch Hands Only) Categorized Dioxin 
Variable Ranch, : :■ ::':Rarich';'-::] 

Variable 'M0s&m Hand Comparison Initial     | ■iTMP&fB Hand Comparison 
Platelet Count DEP 4 6 2 4 4 6 
Prothrombin Time DEP 0 1 0 0 0 1 
Current Cigarette Smoking COV 1 0 0 1 1 0 
Lifetime Cigarette COV 2 1 1 2 2 1 
Smoking History 
Body Temperature >100° EXC 1 0 1 1 1 0 
Fahrenheit at the Time of 
the Physical Exam 
HIV Positive EXC 3 2 3 3 3 2 
Taking an Anticoagulant or EXC 179 232 104 176 176 223 
Aspirin at the Time of the 
Physical Exam 

Note:   DEP = Dependent variable. 
COV = Covariate. 
EXC = Exclusion. 
870 Ranch Hands and 1,251 Comparisons. 
482 Ranch Hands for initial dioxin; 863 Ranch Hands for 1987 dioxin. 
863 Ranch Hands and 1,213 Comparisons for categorized dioxin. 

Absolute neutrophils (bands), absolute eosinophils, and absolute basophils had a large number of 
measurements equal to 0 counts per mm3. The nonzero measurements exhibited a positively skewed 
distribution, and a logarithmic transformation, however, was applied to achieve an approximate normal 
distribution. The logarithmic transformation, however, could not be applied to the measurements equal to 
0 counts per mm3. Consequently, these variables were analyzed in two forms: (a) a continuous analysis 
of the nonzero measurements and (b) a discrete analysis of the proportion of zero measurements. 

15.1.4.1  Longitudinal Analysis 

Longitudinal analyses on platelet count were conducted to evaluate the association of exposure to mean 
changes between the 1982 baseline examination and the 1997 follow-up examination. 

15.2   RESULTS 

15.2.1   Dependent Variable-Covariate Associations 

Tests of associations were performed for each dependent variable in the hematology assessment with each 
covariate. Results are displayed in Appendix F, Table F-7. These associations are pairwise between the 
dependent variable and the covariate and are not adjusted for any other covariates. Participants who 
tested positive for HIV or who had a body temperature greater than or equal to 100° Fahrenheit were 
excluded from the analysis of all variables except prothrombin time. The analysis of prothrombin time 
included all participants except those testing positive for HIV or those taking an anticoagulant or aspirin 
at the time of the examination. In addition, one participant had a hemolyzed specimen for prothrombin 
time and was excluded from the analysis of this variable. 
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RBC count in its continuous form displayed a significant association with age (p<0.001), occupation 
(p<0.001)> current cigarette smoking (p=0.003), and lifetime cigarette smoking history (p=0.031). RBC 
count decreased as age increased (r=-0.181). Among the occupational strata, enlisted groundcrew 
displayed the highest mean RBC count (5.01 million/mm3), followed by enlisted flyers (4.95 million/ 
mm3), then officers (4.90 million/mm3). RBC count increased as current cigarette smoking increased 
(r=0.064). Conversely, as lifetime cigarette smoking increased, RBC count decreased (r=-0.047). 

Tests of covariate associations involving RBC count in its discrete form revealed significant findings for 
age (p=0.001) and race (p=0.001). The prevalence of both low and high RBC abnormalities were higher 
among older participants and among Blacks. 

Significant associations were found between WBC count in its continuous form and race (p<0.001), 
occupation (p<0.001), current cigarette smoking (p<0.001), and lifetime cigarette smoking history 
(p<0.001). Non-Blacks had a higher mean WBC count (6.71 thousand/mm3) than did Blacks (5.94 
thousand/mm3). Enlisted groundcrew had the highest mean WBC count (6.91 thousand/mm3), followed 
by enlisted flyers (6.80 thousand/mm3), then officers (6.33 thousand/mm3). The current cigarette smoking 
and lifetime cigarette smoking history associations were positive (r-0.395 and r=0.236, respectively), 
indicating WBC count increased as the level of current cigarette smoking and the level of lifetime 
cigarette smoking history increased. 

Analysis of WBC count in its discrete form revealed significant associations with race (p=0.001), current 
cigarette smoking (p=0.001), and lifetime cigarette smoking history (p=0.001), and a marginally 
significant association with occupation (p=0.056). Blacks displayed a higher percentage of abnormally 
low WBC counts (18.8%) than did non-Blacks (4.5%), but a lower percentage of abnormally high WBC 
counts (2.3%) than non-Blacks (3.7%). Officers displayed the highest percentage of abnormally low 
WBC counts (6.1%), but the lowest percentage of abnormally high WBC counts (2.3%). Enlisted flyers 
had the lowest percentage of abnormally low WBC counts (4.7%), while also displaying the highest 
percentage of abnormally high WBC counts (5.3%). Participants who had never smoked displayed the 
highest percentage of abnormally low WBC count levels (7.9%). The percentage of abnormally low 
WBC counts decreased as current cigarette smoking levels increased. The converse was true for the 
percentage of abnormally high WBC count levels. Participants smoking more than 20 cigarettes per day 
had the highest percentage of abnormally high WBC counts (16.1%), while nonsmokers had the lowest 
(1.4%). The tests of association with lifetime cigarette smoking history were similar to current cigarette 
smoking. Participants who had never smoked had the highest percentage of abnormally low WBC counts 
(7.9%), while participants in the more than 10 pack-years category displayed the highest percentage of 
abnormally high WBC counts (5.3%). 

Tests of associations with hemoglobin in its continuous form revealed significant results for age 
(p<0.001), race (p<0.001), and current cigarette smoking (p<0.001). The association with occupation was 
marginally significant (p=0.076). Hemoglobin levels decreased as age increased (r=-0.137). Non-Blacks 
had a higher hemoglobin mean (15.36 gm/dl) than Blacks (14.77 gm/dl), while the highest hemoglobin 
mean was found among enlisted groundcrew (15.37 gm/dl). Hemoglobin levels increased as current 
cigarette smoking levels increased (r=0.213). 

Hemoglobin in its discrete form also showed significant associations with age (p=0.002), race (p=0.001), 
and current cigarette smoking (p=0.031). The percentage of abnormally low hemoglobin levels was 
higher among older participants (8.3%) than among younger participants (4.5%). Blacks displayed a 
higher percentage of abnormally low hemoglobin levels (17.2%) than non-Blacks (6.0%). Former 
cigarette smokers had the highest percentage of abnormally low hemoglobin levels (8.1%), whereas 2.2 
percent of participants smoking more than an average of 20 cigarettes per day had abnormally low 
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hemoglobin levels. Participants who smoked no more than 20 cigarettes per day displayed the highest 
percentage of abnormally high hemoglobin levels (1.1%), while participants who had never smoked had 
the lowest percentage (0.3%). 

Significant associations with hematocrit in its continuous form were observed for age (p<0.001), race 
(p<0.001), occupation (p=0.050), and current cigarette smoking (p<0.001). A marginally significant 
association was found with lifetime cigarette smoking history (p=0.085). Hematocrit levels decreased as 
age increased (r=-0.121). The mean level of hematocrit was 45.65 percent for non-Blacks, compared to 
44.49 percent for Blacks. Within the occupational strata, mean levels of hematocrit were 45.38 percent, 
45.62 percent, and 45.74 percent for officers, enlisted flyers, and enlisted groundcrew, respectively. 
Hematocrit levels increased as current cigarette smoking increased (r=0.209). Hematocrit levels 
increased as lifetime cigarette smoking levels increased (r=0.037). 

Age was significantly associated with hematocrit in its discrete form (p=0.014). The percentage of 
abnormally low hematocrit levels was higher among older participants (3.2%) than among younger 
participants (1.3%). The percentage of abnormally high levels of hematocrit was 0.3 percent for older 
participants compared to 0.2 percent for younger participants. 

Platelet count in its continuous form displayed significant associations with age (p<0.001), occupation 
(p=0.015), current cigarette smoking (p=0.005), and lifetime cigarette smoking history (p<0.001). Tests 
of association revealed that platelet count decreased as age increased (r=-0.120). Platelet count means 
were highest among enlisted groundcrew (208.2 thousand/mm3), followed by enlisted flyers (205.5 
thousand/mm3), then officers (201.6 thousand/mm3). Positive relations between platelet count and current 
cigarette smoking (r=0.062) and lifetime cigarette smoking history (r=0.094) indicated that platelet counts 
increased as the number of cigarettes per day and the number of pack-years increased, respectively. 

Age was significantly associated with platelet count in its discrete form (p=0.022). Current cigarette 
smoking was marginally significantly associated with platelet count (p=0.070). The rate of abnormally 
low platelet counts was 3.7 percent among older participants and 1.9 percent among younger participants. 
The rate of abnormally high platelet counts was also higher among older participants (0.6%) than among 
younger participants (0.2%). Abnormally low platelet counts were most prevalent among participants 
who smoked no more than 20 cigarettes per day on average (3.4%). The highest percentage of 
abnormally high platelet counts was among participants smoking more than 20 cigarettes per day (2.2%). 

Prothrombin time in its continuous form was significantly associated with age (p<0.001). Prothrombin 
time increased as age increased (r=0.096). The association was marginally significant between age and 
the discrete form of prothrombin time (p=0.077). A greater percentage of participants with abnormal 
(high) prothrombin times was observed in older participants (1.9%) than in younger participants (0.8%). 

RBC morphology was significantly associated with age, race, current cigarette smoking, and lifetime 
cigarette smoking history (p=0.013, p=0.001, p=0.001, and p=0.001, respectively). The association 
between RBC morphology and occupation was marginally significant (p=0.072). Older participants and 
Blacks displayed the higher percentages of RBC morphology abnormalities (8.0% and 14.1%, 
respectively) as compared to younger participants and non-Blacks (5.2% and 6.3%, respectively). The 
RBC morphology abnormality rates increased as the levels of current cigarette smoking and lifetime 
cigarette smoking history each increased (3.7%, 7.3%, 9.7%, and 10.2% for the four current cigarette 
smoking categories and 3.7%, 7.0%, and 8.5% for the three lifetime cigarette smoking history categories). 
The percentages of abnormalities were 9.5 for enlisted flyers, 6.7 for enlisted groundcrew, and 5.8 for 
officers. 

15-10 



Examination of absolute neutrophils (segs) displayed significant covariate associations with race 
(p<0.001), occupation (p<0.001), current cigarette smoking (p<0.001), and lifetime cigarette smoking 
history (p<0.001). Mean absolute neutrophils (segs) levels were 3.88 thousand/mm3 for non-Blacks and 
3.13 thousand/mm3 for Blacks. Within the occupational strata, mean absolute neutrophils (segs) levels 
were highest among enlisted groundcrew (4.00 thousand/mm3), followed by enlisted flyers (3.94 
thousand/mm3), then officers (3.60 thousand/mm3). Absolute neutrophils (segs) increased as current 
cigarette smoking and lifetime cigarette smoking increased (r=0.347 and r=0.214, respectively). 

For participants with positive absolute neutrophil (bands) levels, significant covariate associations were 
seen with age (p=0.003), race (p<0.001), current cigarette smoking (p<0.001), and lifetime cigarette 
smoking history (p<0.001). The level of absolute neutrophil (bands) increased as age, current cigarette 
smoking, and lifetime cigarette smoking history increased (r=0.071 for age, r=0.188, for current cigarette 
smoking; r=0.133 for lifetime cigarette smoking history). The significant absolute neutrophil (bands) 
association with race revealed a mean of 0.200 thousand/mm3 for non-Blacks and a mean of 0.120 
thousand/mm for Blacks. A significant association with race also was revealed when the percentage of 
participants with measurements of zero absolute neutrophils (bands) was examined (p=0.032). For 
Blacks, 24.2 percent had zero absolute neutrophils, whereas 16.5 percent of non-Blacks had zero absolute 
neutrophils. 

Absolute lymphocytes were significantly associated with age (p<0.001), race (p=0.035), occupation 
(p<0.001), current cigarette smoking (p<0.001), and lifetime cigarette smoking history (p=0.002). 
Absolute lymphocyte levels decreased as age increased (r=-0.116). Blacks displayed higher mean 
absolute lymphocyte levels (1.87 thousand/mm3) than did non-Blacks (1.75 thousand/mm3). Mean levels 
of absolute lymphocytes for each occupational stratum were 1.82 thousand/mm3 for enlisted groundcrew, 
1.75 thousand/mm3 for enlisted flyers, and 1.68 thousand/mm3 for officers. Absolute lymphocyte levels 
increased as current cigarette smoking and lifetime cigarette smoking history increased (r=0.195 and 
r=0.067, respectively). 

Results from the examination of covariate associations for absolute monocytes revealed significant 
associations with age (p=0.043), current cigarette smoking (p<0.001), and lifetime cigarette smoking 
history (p<0.001). Absolute monocyte levels increased as each of these covariates increased (r=0.044 for 
age, r=0.160 for current cigarette smoking, and r=0.142 for lifetime cigarette smoking history). 

For participants with positive absolute eosinophil levels, significant associations were found between 
current cigarette smoking and lifetime cigarette smoking history (p<0.001 for each). Absolute 
eosinophils increased as current cigarette smoking and lifetime cigarette smoking history increased 
(r=0.134 and r=0.086, respectively). The percentage of participants with zero eosinophils was 
significantly associated with occupation (p=0.005). The percentages of participants with zero eosinophils 
were 14.7 for enlisted groundcrew, 11.5 for enlisted flyers, and 9.7 for officers. 

Race, current cigarette smoking, and lifetime cigarette smoking history were significantly associated with 
basophils (p=0.006, p<0.001, and p<0.001, respectively) for participants whose absolute basophil level 
was positive. Mean levels of absolute basophils were 0.080 thousand/mm3 for non-Blacks, compared to 
0.068 thousand/mm3 for Blacks. Basophils increased as current cigarette smoking and lifetime cigarette 
smoking history increased (r=0.267 and r=0.168, respectively). The proportion of participants with zero 
basophils was significantly associated with current cigarette smoking and lifetime cigarette smoking 
history (p=0.033 and p=0.038, respectively). Among levels of current cigarette smoking, the two highest 
percentages of participants with zero basophils were among participants who had never smoked (59.2%) 
and participants who were currently the heaviest smokers (59.9%). The percentage of participants with 
zero basophils decreased as the level of lifetime cigarette smoking history increased. 

15-11 



15.2.2   Exposure Analysis 

The following section presents results of the statistical analyses of the dependent variables shown in 
Table 15-1. Dependent variables are derived from the laboratory portion of the 1997 follow-up 
examination. 

Four models were examined for each dependent variable given in Table 15-1. The analyses of these 
models are presented below. Further details on dioxin and the modeling strategy are found in Chapters 2 
and 7, respectively. These analyses were performed both unadjusted and adjusted for relevant covariates. 
Model 1 examined the relation between the dependent variable and group (i.e., Ranch Hand or 
Comparison). In this model, exposure was defined as "yes" for Ranch Hands and "no" for Comparisons 
without regard to the magnitude of the exposure. As an attempt to quantify exposure, three contrasts of 
Ranch Hands and Comparisons were performed along with the overall Ranch Hand versus Comparison 
contrast. These three contrasts compared Ranch Hands and Comparisons within each occupational 
category (i.e., officers, enlisted flyers, and enlisted groundcrew). As described in previous reports and 
Table 2-8, the average levels of exposure to dioxin were highest for enlisted groundcrew, followed by 
enlisted flyers, then officers. 

Model 2 explored the relation between the dependent variable and an extrapolated initial dioxin measure 
for Ranch Hands who had a 1987 dioxin measurement greater than 10 parts per trillion (ppt). If a 
participant did not have a 1987 dioxin level, the 1992 level was used to estimate the initial dioxin level. If 
a participant did not have a 1987 or a 1992 dioxin level, the 1997 level was used to estimate the initial 
dioxin level. A statistical adjustment for the percentage of body fat at the time of the participant's blood 
measurement of dioxin is included in this model to account for body-fat-related differences in elimination 
rate (40). 

Model 3 divided the Ranch Hands examined in Model 2 into two categories based on their initial dioxin 
measures. These two categories are referred to as "low Ranch Hand" and "high Ranch Hand." Two 
additional categories, Ranch Hands with 1987 serum dioxin levels at or below 10 ppt and Comparisons 
with 1987 serum dioxin levels at or below 10 ppt, were formed and included in the model. Ranch Hands 
with 1987 serum dioxin levels at or below 10 ppt are referred to as the "background Ranch Hand" 
category. Dioxin levels in 1992 were used if the 1987 level was not available, and dioxin levels in 1997 
were used if the 1987 and 1992 levels were not available. These four categories—Comparisons, 
background Ranch Hands, low Ranch Hands, and high Ranch Hands—were used in Model 3 analyses. 
The relation between the dependent variable in each of the three Ranch Hand categories and the 
dependent variable in the "Comparison" category was examined. A fourth contrast, exploring the relation 
of the dependent variable in the combined low and high Ranch Hand categories relative to Comparisons, 
also was conducted. This combination is referred to in the tables as the "low plus high Ranch Hand" 
category. As in Model 2, a statistical adjustment for the percentage of body fat at the time of the 
participant's blood measurement of dioxin was included in this model. 

Model 4 examined the relation between the dependent variable and 1987 lipid-adjusted dioxin levels in all 
Ranch Hands with a dioxin measurement. If a participant did not have a 1987 dioxin measurement, the 
1992 measurement was used in determining the dioxin level. If a participant did not have a 1987 or a 
1992 dioxin measurement, the 1997 measurement was used in determining the dioxin level. 
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15.2.2.1  Laboratory Examination Variables 

15.2.2.1.1     RBC Count (Continuous) 

The Model 3 unadjusted analysis of dioxin categories revealed a marginally significant difference 
between Ranch Hands in the low dioxin category and Comparisons. The mean RBC count was higher for 
Comparisons than for Ranch Hands in the low dioxin category (Table 15-3(e): p=0.094, difference of 
adjusted means=-0.05 million/mm3). Other analyses of dioxin categories in Model 3 and analyses from 
Models 1, 2, and 4 were all nonsignificant (Table 15-3(a-h): p>0.10 for all other analyses). 

Table 15-3. Analysis of RBC Count (million/mm3) (Continuous) 

Occupational 
Group Mean: 

Difference of Means 
p-Value! 

All 

Officer 

Enlisted Flyer 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

866 
1,249 

341 
493 

151 
187 

4.95 
4.96 

4.89 
4.92 

4.92 
4.97 

-0.02 (-0.05,0.02) 

-0.03 (-0.09,0.02) 

-0.04 (-0.12,0.04) 

0.318 

0.234 

0.333 

Enlisted               Ranch Hand               374                   5.01 
Groundcrew        Comparison               569                   5.00 

0.01 (-0.04,0.06) 0.753 

vfbttyöp^ $|a|)^ 
;-;.":; -XKffere^ 

V'f ."-^ :"■" J^^^H*':' S';:^:;v; --"-::?: 

All Ranch Hand 
Comparison 

864 
1,248 

4.95 
4.96 

-0.02 (-0.05,0.02) 0.311 

Officer Ranch Hand 
Comparison 

340 
493 

4.91 
4.94 

-0.03 (-0.08,0.02) 0.268 

Enlisted Flyer Ranch Hand 
Comparison 

151 
187 

4.94 
4.98 

-0.04 (-0.12,0.04) 0.343 

Enlisted Groundcrew Ranch Hand 
Comparison 

373 
568 

4.98 
4.97 

0.00 (-0.05,0.05) 0.919 

Initial Dioxin Catecorv Summary Statistics P Analvsis Results for Loe? (Initial Dioxin] 

Initial Dioxin 

Low 
Medium 
High 

Mean*- Adi. Mean8 m (Std. Error p-Value 

160 
162 
156 

4.91 
4.97 
4.99 

4.97 
4.99 

0.019 0.023 (0.014) o.io: 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 
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Table 15-3.   Analysis of RBC Count (million/mm3) (Continuous) (Continued) 

(d) MODEL 2: RANCHHÄNDS -INITIAL DIOXIN- -J^'jUSTE^ 

.   Initial Dioxin Category Suniraary Statistics Analysis Results for I^6g2 (Initial Dioxin) 

Initial Dioxin v'i^V'ir^^^^y^^K^ Adj.MeanV'.;;.'; ; '^-.; ■   :,;v:R2             .;: -^ 

Low 
Medium 
High 

159 
162 
156 

4.96 
4.98 
4.96 

0.070                    -0.004 (0.016)            0.821 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - UNADJUSTED 

Dioxin Category Mean: Adj. Mean3 

Difference of Adj. Mean 

Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH 

1,211 

381 
239 
239 
478 

4.96 

4.94 
4.92 
4.99 
4.96 

4.96 

4.95 
4.92 
4.98 
4.95 

-0.01 (-0.06,0.03) 
-0.05 (-0.10,0.01) 

0.02 (-0.04,0.07) 
-0.01 (-0.05,0.03) 

0.540 
0.094 
0.506 
0.510 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(f) M0DEL 3-RANCH HA 

Dioxin Category Adj. Mean 

Difference of Adj. Mean 

!P~ Value- 
Comparison 
Background RH 
LowRH 
High RH 
Low plus High RH 

1,210 
380 
238 
239 
477 

4.97 
4.97 
4.93 
4.94 
4.94 

0.00 (-0.04,0.05) 
-0.03 (-0.09,0.02) 
-0.02 (-0.08,0.03) 
-0.03 (-0.07,0.01) 

0.893 
0.230 
0.441 
0.196 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 15-3.   Analysis of RBC Count (million/mm3) (Continuous) (Continued) 

(g) MODEL 4: - RANCH HANDS- -1987 DIOXIN - -UNADJUSTED 

1987 Dioxin Category Summary Statistics Analysis Results for Log2 (1987 Dioxin +1) 

1987 Dioxin ^;': ;&/'''V.? n^■^;.^;^>;^■ >;;■'■ .....' Mean   . : R2                Slope (Std. Error)        p-Value 
Low 
Medium 
High 

288 
287 
284 

4.94 
4.92 
4.99 

0.003              0.013(0.009)           0.136 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(h) MODEL 4: RANCH HANDS -1987 DIOXIN Bl$^^ 
,;•:•■;•;•■'   1987 Di oxin Category Summary $i#S$Jäi| Analysis Results for Log2 (1987 Dioxin + 1) 

Dioxin "_ ■ ^;;;:' ::;i;;:/.;:: V, :;'-':;n:-^5--> |;:-!;;:;;i :■" ■; >::' ■:' -':- ^ ,'■ Adj .:Mean. :.■:•:'; 
Adjusted Slope ■ 

R2                            (Std. Error)                p-Value 
Low 
Medium 
High 

287 
286 
284 

4.99 
4.96 
4.98 

0.047                     -0.001 (0.010)             0.941 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

15.2.2.1.2     RBC Count (Discrete) 

All results from the analyses of RBC count in the discrete form were nonsignificant (Table 15-4(a-h): 
p>0.15 for each unadjusted and adjusted analysis of Models 1 through 4). 
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Table 15-4. Analysis of RBC Count (Discrete) 

I 

ON 

(a) MODEL 1: RANCH HANDS VS. COMPARISONS — UNADJUSTED 

Number (%) Abnormal Low vs Normal Abnormal High vs . Normal 
Occupational Abnormal Abnormal ESSst^SeSiejW "-v'Esti^Reiätiv^:';.:'' 

Category lllllllSfÖlip if ;fS3slf#;^wi^iil^ Klllf|öi|äiäliSf iiiiBpiii Risk (95% C.I.) p-Value Risk (95% C.I.) p-Value 
All Ranch Hand 866 42 (4.9) 818(94.5) 6(0.7) 1.01 (0.67,1.51) 0.979 0.62 (0.24,1.61) 0.322 

Comparison 1,249 60 (4,8) 1,175 (94.1) 14(1.1) 

Officer Ranch Hand 341 19 (5.6) 321 (94.1) 1 (0.3) 0.97(0.53,1.77) 0.921 0.24(0.03,1.98) 0.185 
Comparison 493 28 (5.7) 459 (93.1) 6(1.2) 

Enlisted Ranch Hand 151 11(7.3) 138 (91.4) 2(1.3) 2.03 (0.77,5.36) 0.155 1.29(0.18,9.27) 0.800 
Flyer Comparison 187 7 (3.7) 178 (95.2) 2(1.1) 

Enlisted Ranch Hand 374 12 (3.2) 359 (96.0) 3 (0.8) 0.72(0.36,1.45) 0.357 0.75 (0.19,3.02) 0.685 
Groundcrew Comparison 569 25 (4.4) 538 (94.6) 6(1.1) 

(b) MODEL 1: RANCH HANDS > IS. COMPARISONS - r: i^lB^^^S^X:) 1-.;: £ 
||lpi|llB o\v vs. Nor ̂ ^/<m^:::-'^-f^ plIlPIPllll^^^BCTrlß^lß^b^ ̂MMM^MÄ^MM^ 

;::Sö Adj. Relative Risk k; •■■ ■■' ■'Adj.Relative'RIsk: /. ■". 
■S;S ^BS^SBBlSmS: }P -P^ahlfe'V;,;.: ,/ ,_.;/ mS0^m^^^^S^SS SWM^Mfi^'^?-' 
All 1.00(0.66,1.51) 0.991 0.58(0.22,1.54) 0.278 

Officer 0.95(0.52,1.75) 0.869 0.23 (0.03,1.89) 0.170 

Enlisted Flyer 1.97(0.73,5.29) 0.180 1.25(0.17,9.24) 0.830 

Enlisted Groundcrew 0.75(0.37,1.53) 0.426 0.73 (0.18,2.98) 0.660 



Table 15-4.   Analysis of RBC Count (Discrete) (Continued) 

(c) MODEL 2: RANCH HANDS — INITIAL DIOXIN — UNADJUSTED 

Initial Dioxin Category Summary Statistics iiiiiilffl^ 
Abnormal Low vs. Normal Abnormal Hieh vs. Normal 

Initial Dioxin Abnormal 
-—■—■■——  -. 

Abnormal i-^fc-fteMV^Risk'^ Est. Relative Risk 
' ''v:-^.'..Category ■^::-m:-^,-: III^i^MSIiMIr iiijiiljS^iiijililli* '■■■^Ms^itti 

0.79(0.53,1.15) 0.220 0.76(0.36,1.59) 
I^Ki^alüe1^! 

Low 160 9 (5.6) 150 (93.8) 1 (0.6) 0.464 

Medium 162 7 (4.3) 151 (93.2) 4 (2.5) 

High 156 5 (3.2) 151 (96.8) 0 (0.0) 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

i'(dtlviIIÄ#GM 

)■■■:■:~:-Vr-ib'?■;:M^KfiiM::-W"-\:^::;AdjSReläTCpsk."'-::.P '■    ':  :;:"'-:-fr^.yl;■ ;• *■ i■:'h-W~; -I'■'.'■■■:'■'■ -i 

0.95 (0.64. 1.41 0.804 

Aaj.Relative'Äisk.' - ;■ 7. /' "" :      '.-'..     ; 
r#(0%^ 
0.88 (0 39. 1 991 

a Relative risk for a twofold increase in initial dioxin. 

Note: Results are not adjusted for race because of the sparse number of participants with an abnormal high RBC count. 



Table 15-4.   Analysis of RBC Count (Discrete) (Continued) 

(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — UNADJUSTED 

Dioxin Cateaorv 

isilillllllll 

j|jpp||^ 

Abnormal High vs. Normal 
Est. Relative Risk 

:i:;:::'i:(^%':CI.)^/--;::f:^YalüeS 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,211 

381 
239 
239 
478 

55 (4.5) 

19 (5.0) 
12(5.0) 
9 (3.8) 

21 (4.4) 

1,142(94.3) 

361 (94.8) 
225(94.1) 
227 (95.0) 
452 (94.6) 

14 (1.2) 

1 (0.3) 
2 (0.8) 
3 (1.3) 

5(1.1) 

1.09(0.64,1.87) 
1.11(0.58,2.10) 
0.83(0.40,1,70) 
0.96(0.57,1.61) 

0.757 
0.753 
0.603 
0.868 

0.26(0.03,1.99) 
0.69 (0.15,3.06) 
0.94 (0.26,3.33) 
0.80 (0.28,2.30) 

0.195 
0.623 
0.921 
0.683 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 

I—* 
OO 

Note: RH = Ranch Hand. Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY —ADJUSTED 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

:0MM^MiM&^&M{; 

l:SilS^@A^olcM^llö#^ ^^<^3dntäl:^:1  ö-;:^:: M-J-JV;;.; a-.?:^n;;^ ^^r; Abnormal High vs. Normal 

^^j^S:Cs^^i|^äi^^^|!if^ 
Adj. Keiative Kisk 

if:;;::^ 
Adji Relative Risk 

Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH 

1,210 

380 
238 
239 
477 

1.07(0.61,1.86) 
0.92(0.48,1.78) 
1.04 (0.49,2.23) 
0.98(0.57,1.68) 

0.818 
0.809 
0.917 
0.942 

0.25(0.03,1.99)                 0.192 
0.54(0.12,2.48)                 0.431 
1.16(0.31,4.42)                 0.827 
0.79 (0.27,2.33)                  0.676 

Comparison: 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 



Table 15-4.   Analysis of RBC Count (Discrete) (Continued) 

(g) MODEL 4: RANCH HANDS —1987 DIOXIN — UNADJUSTED 

iit3i$teiioiÄ 

Abnormal Low vs. Normal Abnormal High vs. Normal 

Low 9ßß 13 (4 5^ on A (Q^ 1 \ 1 (0 4") 0 91 (0 7^ 1 14^           0 405 1 \f\ ((\ f\Q 1 QS~\                0 ^f\f\ 

Medium 287 16 (5.6) 270 (94.1) 1 (0.4) 

High 284 11(3.9) 269 (94.7) 4 (1.4) 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9~19.6 ppt; High = >19.6 ppt. 

\D 
(h) MODEL 4: RANCH HANDS —1987 DIOXIN — ADJUSTED 

^^l|öw;.RisE:;i';■:;'.y ST.1-.■I -M: p/wip1..?-1 ::-L Y
:
"■ f  ••'< "■■' ; v:'? 'A^j; Relative .Risk"!"   =:; ■"■;..:. .   •" ' /,<,,; ■:''; ;:; 

857 0.91 (0.69,1.21) 0.511 1.10(0.60,2.00) 0.764 

Relative risk for a twofold increase in 1987 dioxin. 



15.2.2.1.3     WBC Count (Continuous) 

Each Model 1 contrast examining WBC count differences between Ranch Hands and Comparison means 
was nonsignificant, with and without covariate adjustment (Table 15-5(a,b): p>0.35 for each contrast). 

Table 15-5. Analysis of WBC Count (thousand/mm3) (Continuous) 

(a) MODEL 1: KiiNCH HANDS VS. COMPARISONS-UNADJUSTED 

;    Occupational j 
f|;i!^ HSK^KS 1 p-Value0 

All Ranch Hand 
Comparison 

866 
1,249 

6,67                            0.02 - 
6.65 

0.789 

Officer Ranch Hand 
Comparison 

341 
493 

6.33                               0.00 -- 
6.33 

0.970 

Enlisted Flyer Ranch Hand 
Comparison 

151 
187 

6.72                             -0.14- 
6.86 

0.474 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

374 
569 

6.97                               0.11- 
6.86 

0.358 

a Transformed from natural logarithm scale. 
Difference of means after transformation to original scale; confidence interval on difference of means not 

presented because analysis was performed on natural logarithm scale. 
c P-value is based on difference of means on natural logarithm scale. 

: -|:S|^': K ?!:;^: ^c^j^äöoi^l^i ;!-;■; ?:-:r; ■ :Adjusted ■'[:'] ̂ K$Öiif6i^^ 
^^Wi:Mt^0e^o^¥$M:M ll^^l^fGj^p^P;^ i:;|>ÜM?;l miB^§M mfMW-M^Mi^&M p-Va!uec 

All Ranch Hand 864 6.26 0.00- 0.974 
Comparison 1,248 6.26 

Officer Ranch Hand 340 6.03 0.00 - 0.972 
Comparison 493 6.03 

Enlisted Flyer Ranch Hand 151 6.17 -0.14- 0.377 
Comparison 187 6.31 

Enlisted Groundcrew Ranch Hand 373 6.55 0.05 - 0.648 
Comparison 568 6.50 

a Transformed from natural logarithm scale. 
Difference of means after transformation to original scale; confidence interval on difference of means not 

presented because analysis was performed on natural logarithm scale. 
c P-value is based on difference of means on natural logarithm scale. 
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Table 15-5.   Analysis of WBC Count (thousand/mm3) (Continuous) (Continued) 

(c) MODEL 2: RANCH HANDS -INITIAL DIOXIN -UNADJUSTED ~~7] 
Initial Dioxin Category Summary Statistics Analysis Results for Log2 (Initial Dioxin)*3 

Initial Dioxin •■^^>K;:-^ 
::  Mean* '■:  Adj. Meanftb ■ : 

;M;lv "^JSIÖpe:':';'.;1'---:'";-.'-:,;;■';';: .'.'■ '>'"■'■ A A 

:;   R2    ,.:      ; . (Std. Error)0            . p-Value 

Low 
Medium 
High 

160 
162 
156 

6.48 
6.91 
6.90 

6.50 
6.92 

6.88 

0.022          0.019 (0.009)             0.035 

a Transformed from natural logarithm scale. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 
c Slope and standard error based on natural logarithm of WBC count versus log2 (initial dioxin). 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

,::(d);MODEL:2j RANCH HANDS- - INITIAL MOXIN- 
:
:APJK§TBD^ 

■''■'■ Initiäi Dioxin Category Summary'Statistik .■..:/ Analysis ResiÜts^F-^g^XliiitiarDiöxin). 

Initial Dioxin TA^AAIUA A^lM^li'll 
Low 
Medium 
High 

159 
162 
156 

6.08 
6.29 
6.22 

0.213                      0.008 (0.009)              0.414 

a Transformed from natural logarithm scale. 
b Slope and standard error based on natural logarithm of WBC count versus log2 (initial dioxin). 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

Dioxin Category Meanl Adj. Mean* 

Difference of Adj. Mean 
vs. Comparisons 

(95% CJ.)C p-Value4 

Comparison 1,211 6.64 6.64 

Background RH 381 6.53 6.57 -0.07 - 0.493 
LowRH 239 6.57 6.56 -0.08 -- 0.491 
High RH 239 6.96 6.92 0.28 - 0.029 
Low plus High RH 478 6.76 6.73 0.09 - 0.324 

a Transformed from natural logarithm scale. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 
c Difference of means after transformation to original scale; confidence interval on difference of means not presented 
because analysis was performed on natural logarithm scale. 
d P-value is based on difference of means on natural logarithm scale. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 15-5.   Analysis of WBC Count (thousand/mm3) (Continuous) (Continued) 

(f) MODEL 3t RANCH HANDS AND CO - ADJUSTED 

,..'   Öiöxih Category '/. ■■ > v£$vk*£#^ 
Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH 

1,210 

380 
238 
239 
477 

Adj. Mean3 

6.27 

6.28 
6.18 
6.33 
6.26 

Difference of Adj. Mean 
vs. Comparisons 

; ;. ;;;;.;;(9S%c.i.)b:   .' 

0.01 - 
-0.09 -- 
0.06-- 

-0.01 - 

\ p-Value0 j 

0.902 
0.383 
0.600 
0.831 

a Transformed from natural logarithm scale. 
Difference of means after transformation to original scale; confidence interval on difference of means not presented 

because analysis was performed on natural logarithm scale. 
c P-value is based on difference of means on natural logarithm scale. 

Note: RH = Ranch Hand. 
Comparison:  1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand):  1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

igiliililii ;>|i||ffi:ii|Ds:| 1987DIOXIN- ■^ffi^^l^inös^g^pS; :är§-i^|Kä?S0^ ^^S:i^^^^t ■ ®ikS 
^ffi§^$$^^M^^^M^t^ Summ ary Statistics   ■; |f:V;;>g:Ä^^ 

wi§0mmmm-_ W'WtM&tM /■'■V'--:'Mean*v;:i;: iS:':§ä:l^ 
Low 
Medium 
High 

288 
287 
284 

6.45 
6.60 
6.95 

0,007                0.015 (0.006)            0.013 

a Transformed from natural logarithm scale. 
b Slope and standard error based on natural logarithm of WBC count versus Iog2 (1987 dioxin + 1). 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

v;(h)'MODEL4r; RANCH HANDS -1987 DIOXKS 01$$^ 
■;'■•;' 1987 Dioxin .Category Summary ;StaiiäjH^i:J|-'lf|^l' ■;■■'■-; ■■:■■: .^Analysis.Results.^ 

'MMi^MMMWtWMiM Adj. Mean0 

Low 
Medium 
High 

287 
286 
284 

6.09 
6.18 
6.32 

0.219                     0.007 (0.006)              0.263 

a Transformed from natural logarithm scale. 
b Slope and standard error based on natural logarithm of WBC count versus Iog2 (1987 dioxin + 1). 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 
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The Model 2 unadjusted analysis of WBC count revealed a significant positive association between WBC 
count in its continuous form and initial dioxin (Table 15-5(c): p=0.035, slope=0.019). After covariate 
adjustment, the relation was nonsignificant (Table 15-5(d): p=0.414). 

The mean WBC count for Ranch Hands in the high dioxin category was significantly greater than 
Comparisons in the Model 3 unadjusted analysis of WBC count (Table 15~5(e): p=0.029, difference of 
adjusted means=0.28 thousand/mm3). Other unadjusted contrasts were nonsignificant, as well as all 
contrasts in the adjusted analysis (Table 15-5(e,f): p>0.32 for all other contrasts). 

A significant positive association between WBC count and 1987 dioxin levels was found in the Model 4 
unadjusted analysis (Table 15-5(g): p=0.013, slope=0.015). The association was nonsignificant after 
adjustment for covariates (Table 15-5(h): p=0.263). 

15.2.2.1.4    WBC Count (Discrete) 

No significant differences were found between Ranch Hands and Comparisons in Model 1 unadjusted and 
adjusted analyses (Table 15-6(a,b): p>0.15 for each contrast). 

Both the unadjusted and adjusted Model 2 analyses revealed a significant inverse association between 
initial dioxin and abnormally low WBC counts (Table 15-6(c,d): p=0.012, Est. RR=0.59; p=0.043, 
Adj, RR=0.61, respectively). As initial dioxin increased, the percentage of abnormally low WBC counts 
decreased. Analyses of the associations between initial dioxin and the percentage of participants with 
abnormally high WBC counts were nonsignificant (Table 15-6(c,d): p>0.39 for each analysis). 

A higher percentage of abnormally low WBC counts was found among Ranch Hands in the low dioxin 
category relative to Comparisons (Table 15-6(e): p=0.027, Est. RR=L82). After adjustment for 
covariates, this result became marginally significant (Table 15-6(f): p=0.070, Adj. RR=L67). No other 
differences in the percentage of abnormal WBC counts between Ranch Hands and Comparisons were 
found (Table 15-6(e,f): p>0.18 for each remaining contrast). 
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Table 15-6. Analysis of WBC Count (Discrete) 

(a) MODEL 1: RANCH HANDS VS,. COMPARISONS — UNADJUSTED 

to 
4^ 

Occupational i 
Catecorv Group 1 

IBiiBSiililiiBlisH 

All Ranch Hand 
Comparison 

866 
1,249 

51 (5.9) 
62 (5.0) 

784(90.5) 
1,142 (91.4) 

31 (3.6) 
45 (3.6) 

1.20(0.82,1.75) 0.353 1.00 (0.63,1.60) 0.988 

Officer Ranch Hand 
Comparison 

341 
493 

22 (6.5) 
29 (5.9) 

312 (91.5) 
452(91.7) 

1 (2.1) 
12 (2.4) 

1.10(0.62,1.95) 0.747 0.85 (0.33,2.17) 0.727 

Enlisted 
Flyer 

Ranch Hand 
Comparison 

151 
187 

10(6.6) 
6(3.2) 

133(88.1) 
171 (91.4) 

8 (5.3) 
10 (5.4) 

2.14(0.76,6.05) 0.150 1.03 (0.40,2.68) 0.954 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

374 
569 

19(5.1) 
27 (4.8) 

339 (90.6) 
519(91.2) 

16 (4.3) 
23 (4.0) 

1.08(0.59,1.97) 0.809 1.07(0.55,2.05) 0.850 

b) MODEL 1: RANCH HANDS VS. COMPARISONS — ADJUSTED 

Occupational 
Abnormal High vs. Normal 

p-Value 
All 1.18(0.80,1.74) 0.415 0.93 (0.58,1.51) 0.783 

Officer 1.10(0.62,1.96) 0.754 0.91 (0.35,2.35) 0.843 

Enlisted Flyer 2.12(0.73,6.09) 0.165 0.99 (0.37,2.68) 0.985 

Enlisted Groundcrew 1.03(0.55,1.93) 0.923 0.93(0.47,1.82) 0.822 



Table 15-6.   Analysis of WBC Count (Discrete) (Continued) 

bo 

fc) MODEL 2: RANCH HANDS — INITIAL DIOXIN — UNADJUSTED 

Initial Dioxin Category Summary Statistic; 

Abnormal 
Abnormal Low vs. Normal Abnormal High vs. Normal 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

Low 160 16(10.0) 139 (86.9) 5 (3.1) 0.59 (0.39,0.89) 0.012 0.99(0.69,1.43) 0.964 

Medium 162 7 (4.3) 148 (91.4) 7 (4.3) 

High 156 3(1.9) 147 (94.2) 6(3.9) 

[d) MODEL 2: RANCH HANDS — INITIAL DIOXIN — ADJUSTED 

lIlllltllÄ^ 

AäJi-RelatiwSiskiy.::-,:\- .-■-:-'.■ ■:.-: :• \'■■ '■/;"'■■ -:   '■ ■;,■-; ..■■■ I ■' ■ : ■ A^f.-Relative'Risk;:;■■■".:'". ";;;:,■ :\.y.-.'.■:-■ \ 

477 0.61 (0.38,0.99) 0.043 0.83(0.54,1.27) 0.395 

Relative risk for a twofold increase in initial dioxin. 



Table 15-6,   Analysis of WBC Count (Discrete) (Continued) 

(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — UNADJUSTED 

Dioxin Catesorv lllilSllliÄ 

Abnormal High vs. Normal 
Est, Relative Risk ~~ 

Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH 

1,211 

381 
239 
239 
478 

59 (4.9) 

25 (6.6) 
20 (8.4) 

6 (2.5) 
26 (5.4) 

1,109(91.6) 

344 (90.3) 
212 (88.7) 
222 (92.9) 
434 (90.8) 

43 (3.6) 

12 (3.2) 
7 (2.9) 

11(4.6) 
18 (3.8) 

1.22(0.75,1.99) 
1.82(1.07,3.10) 
0.56(0.24,1.32) 
1.01 (0.59,1.73) 

0.426 
0.027 
0.188 
0.963 

0.86(0.45,1.67) 
0.86(0.38,1.94) 
1.32 (0.67,2.61) 
1.07 (0.60,1.89) 

0.664 
0.716 
0.420 
0.825 

Relative risk and confidence interval relative to Comparisons, 
Adjusted for percent body fat at the time of the blood measurement of dioxin. 

ON 

Note: RH - Ranch Hand. Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

T) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — ADJUSTED 

Dioxin Cateeorv 

■■/■. Abnormal Low vs. Normal 
Aaj|R€latiye.R|sk:;;■_;;%.\h-\,'.{■' \;i 

p-Value 

v:';::. '.-.Abnormal High vs.Normal 
Adj^Relative'Risk:''y.:: '■■ ;■ ■';>:-;.f:;%J.°-A ■■ ■-•; 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,210 

380 
238 
239 
477 

1.16(0.70,1.93) 
1.67 (0.96,2.91) 
0.64(0.26,1.56) 
1.03(0.59,1.81) 

0.564 
0.070 
0.326 
0.907 

0.86(0.43,1.71) 
0.82(0.36,1.90) 
1.09(0.53,2.24) 
0.95(0.52,1.72) 

0.660 
0.650 
0.825 
0.855 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH - Ranch Hand. Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 



Table 15-6.   Analysis of WBC Count (Discrete) (Continued) 

bo 

;.! 1987 Dft^ 
v|i<Mte^p^:Ii 

287 

284 

l:äfPlM^lSiäl illSSöHBsSl lilHigh 
Low 

Medium 

High 

19 (6.6) 

24 (8.4) 

8 (2.8) 

261 ^90 6^ 

254 (88.5) 

263 (92.6) 

9(3.1) 

13 (4.6) 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(h) MODEL 4: RANCH HANDS —' 1987 DIOXIN — ADJUSTED 

Abnormal Hich vs. Normal 

■ ■■ nM 

857" 

Adj. Relative Risk 
(95% cjy :p-Valuei 

Adj. Relative Risk 
>-Vah 

0.76 (0.59,0.98) 0.032 0.93(0.72,1.20) 0.570 

Relative risk for a twofold increase in 1987 dioxin. 



Although the contrasts of Ranch Hands in the low dioxin category and Comparisons indicated an 
increased percentage of Ranch Hands with an abnormally low WBC count (8.4% vs. 4.9%), contrasts of 
Ranch Hands in the high dioxin category and Comparisons showed the opposite pattern. As shown in 
Table 15-6(e) and 15-6(0, a smaller percentage of Ranch Hands in the high dioxin category (2.5%) had 
an abnormally low WBC count than did Comparisons (4.9%). Because of these opposite patterns, the 
percentages of Ranch Hands in the low and high dioxin categories combined and Comparisons were 
nearly equal Consequently, a dose-response pattern was not evident between abnormally low WBC 
counts and dioxin in the Model 3 analyses. 

Similar to the Model 2 analysis, the Model 4 unadjusted analysis of WBC count displayed a significant 
inverse relation between 1987 dioxin levels and abnormally low WBC count (Table 15-6(g): p=0.020, 
Est. RR=0.78). The significant relation remained after adjustment for covariates (Table 15-6(h): 
p=0.032, Adj. RR=0.76). As 1987 dioxin increased, the percentage of abnormally low WBC counts 
decreased. The associations between abnormally high WBC counts and 1987 dioxin were nonsignificant 
(Table 15-6(g,h): p>0.57 for the unadjusted and adjusted analyses). 

15.2.2,1.5    Hemoglobin (Continuous) 

No significant results were found in the Model 1 unadjusted and adjusted analyses of hemoglobin in its 
continuous form (Table 15-7(a,b): p>0.20 for all contrasts). 

Table 15-7. Analysis of Hemoglobin (gm/dl) (Continuous) 

(a) MODEL 1; RANCH HANDS VS. COMPARISONS.- UNADJUSTED 

Occupational \ 
Category Group iMeail' 

Difference of Means 
p-Value 

All Ranch Hand 
Comparison 

866 
1,249 

15,32 
15.33 

0.00 (-0.09,0.09) 0.979 

Officer Ranch Hand 
Comparison 

341 
493 

15.23 
15.29 

-0.06 (-0.20,0.08) 0.389 

Enlisted Flyer Ranch Hand 
Comparison 

151 
187 

15.29 
15.38 

-0.08 (-0.30,0.13) 0.445 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

374 
569 

15.42 
15.34 

0.09 (-0.05,0.22) 0.206 

(b) MODEL 1: RANCH HANDS VS. COMPARISONS - ADJUSTED 

Occupational 
Category Group 

Adjusted v.; ■;'"■'■ ■:piffererice;p£ Adj »Means i 
p- Value 

All Ranch Hand 
Comparison 

864 
1,248 

15.05 
15.05 

-0.01 (-0.09,0.08) 0.883 

Officer Ranch Hand 
Comparison 

340 
493 

15.03 
15.07 

-0.05 (-0.18,0.09) 0.489 

Enlisted Flyer Ranch Hand 
Comparison 

151 
187 

15.02 
15.10 

-0.09 (-0.29,0.12) 0.422 

Enlisted Groundcrew Ranch Hand 
Comparison 

373 
568 

15.07 
15.01 

0.06 (-0.07,0.19) 0.356 
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Table 15-7.   Analysis of Hemoglobin (gm/dl) (Continuous) (Continued) 

.(c) MODEL 2: RANCH HANDS -INITIAL DIOXIN-UNADJUSTED 

Initial Dioxin -Category Summary Statistics Analysis Results for Log2 (Initial Dioxin) 

Initial Dioxin >::^-:^C^:^är<^:. Mean; .'Adj.;Meana' . ■;'. R2 ;         :;:(Std.Error).,..     ;       p-Value  . 
Low 

Medium 

High 

160 
162 
156 

15.21 
15.34 
15.52 

15.21 
15.34 
15.52 

0.011           0.078(0.034)              0.023 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(d) MODEL 2: RANCH HANDS - - INITIAL DIOXIN - liipiliiH 
Iiiitial Dioxin C ategory Summarj ̂ Statistics  V  ■ ■■'■ z:^^-^ 

Initial Dioxin '■^>-WM Adj. Mean -3/ 

Low 
Medium 
High 

159 
162 
156 

15.10 
15.16 
15.28 

0.084                      0.030 (0.039)              0,443 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - UNADJUSTED 

".! pioxiii': Category. ; p^^lr^MMW^h M$B:M^W&^ Sll^giöii^ii .   p-Value :: 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,211 

381 
239 
239 
478 

15.33 

15.31 
15.26 
15.45 
15.36 

15.33 

15.30 
15.26 
15.46 
15.36 

-0.03 (-0.14,0.09) 
-0.07 (-0.21,0.07) 

0.12 (-0.01,0.26) 
0.03 (-0.08,0.13) 

0.641 

0.319 
0.080 
0.617 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 15-7.   Analysis of Hemoglobin (gm/dl) (Continuous) (Continued) 

(f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY-ADJIISTEDI 

Dioxin Category I Adj. Mean 

Difference of Adj. Mean 

p-Value I 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,210 

380 
238 
239 
477 

15.06 

15.04 
15.04 
15.12 
15.08 

-0.02 (-0.14,0.09) 
-0.02 (-0.16,0.11) 

0.06 (-0.08,0.20) 
0.02 (-0.08,0.12) 

0.679 
0.731 
0.379 
0.715 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand):  1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(gyMOpEhAi RA^CHH Afpll "1987 DIOXIN -UNADJUSTED 

^!3Äli8i|^lga|iö Category Sumi mary: Statistics ..Analysis JSesi^                                      ■:,'■;. •'.'. 

W$^Mmmm y^il^MM^ ^§g*|^e^u;> :t:m-mm ■:' ■:':Slope (Std. -Error)'  .'' ■' p-Value 
Low 
Medium 
High 

288 
287 
284 

15.34 
15.22 
15.45 

0.003 0.035(0.023)           0.133 

Note: Low = <7.9ppt Medium = >7.9-19.6ppt;Hig h = >19.6ppt. 

(h)MÖpEL4: RANCH HANDS - -1987 DIOXIN .-ADJUSTED   : 

1987Dioxir |Ca|i ;gpry Summary ':St0M^3wS\ W-:'^:. V4 ;;|';Aö^sis;'Ke«i] ilts;ioriI^&,(l?S7Dioxin +;'!) :;. .;;.'.; ; 

Mj0^ß^r^ Adj. Mean" llSillilllS f|;jg(^ 
Low 
Medium 
High 

287 
286 
284 

15.13 
15.06 
15.19 

0.088 0.021 (0.026)              0.421 

Note: Low = <7.S »ppt; Medium = >7.9~19.6ppt;Hig h - >19.6 ppt. 

A significant positive association between hemoglobin and initial dioxin was found in the unadjusted 
Model 2 analysis (Table 15-7(c): p=0.023, slope=0.078). The association was nonsignificant after 
adjustment for covariates (Table 15-7(d): p=0.443). 

The Model 3 unadjusted analysis revealed a marginally significant higher mean hemoglobin level for 
Ranch Hands in the high dioxin category than for Comparisons (Table 15-7(e): p=0.080, difference of 
adjusted means=0.12 gm/dl). All other unadjusted contrasts were nonsignificant (Table 15-7(e): p>0.31 
for all other contrasts). The contrast between Ranch Hands in the high dioxin category and Comparisons, 
as well as all other adjusted analysis contrasts, was nonsignificant (Table 15-7(f): p>0.37 for all adjusted 
contrasts). 
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The unadjusted and adjusted Model 4 analyses of hemoglobin revealed no significant associations with 
dioxin (Table 15-7(g,h): p>0.13 for both analyses). 

15,2.2.1.6    Hemoglobin (Discrete) 

Model 1 and Model 3 analyses of hemoglobin in its discrete form found no significant difference between 
Ranch Hands and Comparisons with respect to hemoglobin abnormalities (Table 15-8(a,b,e,f): p>0.11 for 
each unadjusted and adjusted contrast). 

The Model 2 unadjusted analysis of hemoglobin revealed a marginally significant inverse association 
between initial dioxin and abnormally low hemoglobin levels (Table 15-8(c): p-0.075, Est. RR=0.74). 
After adjustment for covariates, the association was nonsignificant (Table 15-8(d): p=0.364). The 
association between abnormally high hemoglobin levels and initial dioxin was nonsignificant for both 
unadjusted and adjusted analyses (Table 15-8(c,d): p>0.85 for both analyses). 
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to 

Table 15-8. Analysis of Hemoglobin (Discrete) 

^(i|Ä 

All Ranch Hand 
Comparison 

866 
1,249 

62 (7.2) 
79 (6.3) 

801 (92.5) 
1,163 (93.1) 

3(0.4) 
7(0.6) 

1.14(0.81,1.61) 0.458 0.62 (0.16,2.41) 0.493 

Officer Ranch Hand 
Comparison 

341 
493 

25 (7.3) 
29 (5.9) 

314(92.1) 
462 (93.7) 

2 (0.6) 
2(0.4) 

1.27(0.73,2.21) 0.400 1.47(0.21,10.49) 0.700 

Enlisted 
Flyer 

Ranch Hand 
Comparison 

151 
187 

16 (10.6) 
13 (7.0) 

134 (88.7) 
174 (93.1) 

1 (0.7) 
0 (0.0) 

1.60(0.74,3.44) 0.230 -- 0.899a 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

374 
569 

21 (5.6) 
37 (6.5) 

353 (94.4) 
527 (92.6) 

0 (0.0) 
5 (0.9) 

0.85 (0.49,1.47) 0.557 -- 0.171a 

a P-value determined using a chi-square test with continuity correction because of the sparse number of participants with an abnormal high 
hemoglobin level. 
--: Results not presented because of the sparse number of participants with an abnormal high hemoglobin level. 

b) MODEL 1: RANCH HANDS VS. COMPARISONS — ADJUSTED 

Occupational 
Cateeorv 

Abnormal Low vs. Normal 
^i^iä^ve.töste;g;''':f f j llll;;:;: If if 11 Ääj;':;Relätrve «%■■{: ].: ■' ■ ■ I :/^V ;■. *: .r;./,■- \." :,'■:.:: ;:A/.;:: 

All 1.15 (0.81,1.63) 0.433 0.61 (0.16.2.38) 0.480 

Officer 1.25(0.72,2.19) 0.433 1.52(0.21,10.95) 0.675 

Enlisted Flyer 1.58(0.73,3.44) 0.246 -- - 

Enlisted Groundcrew 0.90(0.51,1.58) 0.713 « __ 

--: Results not presented because of the sparse number of participants with an abnormal high hemoglobin level. 

Note: Results are not adjusted for race because of the sparse number of participants with an abnormal high hemoglobin level. 



u* 

7aö/e 75-0.   Analysis of Hemoglobin (Discrete) (Continued) 

(c) MODEL 2; RANCH HANDS — INITIAL DIOXIN — UNADJUSTED 

Low 160 13 (R 1 ^ 147 fQ1 QA 0 fO 0^ 

Abnormal Low vs. Normal Abnormal High vs. Normal 
Est. Relative Risk I    Est. Relative Risk 

0 74. (C\ ^>\ 1 (Y\\ C\ A7^\ 1  1 f\ ((\ OA ^ f\C\\ (\ Q^£\ 

Medium 

High 

162 

156 

11(6.8) 

5 (3.2) 

150(92.6) 

151 (96.8) 

1 (0.6) 

0 (0.0) 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(d) MODEL 2: RANCH HANDS — INITIAL DIOXIN — ADJUSTED 

n 

Analysis Results for Log2 (Initial Dioxin) 
iiiiiiiliis 
A^Meläl¥e:;tösfc:;:;V'-:;.,: ./„w".,"" 1: ^~. --';v ■■.::'=: :;: ■■ v.-1 ■? } \r .-■ vÄäj/Relative'Risk 
iiitiiiiiite 

VhttormalHigh vs. Normal 

477 0.85 (0.61,1.20) 0.364 1.04(0.17,6.53) 

p-Value 
0.966 

a Relative risk for a twofold increase in initial dioxin. 

Note: Results are not adjusted for occupation or race because of the sparse number of participants with an abnormal high hemoglobin level. 



Table 15-8.   Analysis of Hemoglobin (Discrete) (Continued) 

(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN C 

$Ä:;AtM Abnormal High ys IS^nial':'':1;^ 
Abnormal Abnormal .:'^EstrRelative;Risk:; ■■:<• ;■&&%*;-:;:r,'^ i~ Est. Relative Risk 

Dioxin Category            n llilillli MliliS^ffläiiiSläll: i;:Ms$-& ^ '-?vr ^(9^'%f &ti>^:.':> ? ^::;v/^r^yäliie-:: lläli&äiSipiSJli?! #^SÄIIi:l 
Comparison                 1,211 74(6.1) 1,130 (93.3) 7 (0.6) 

Background RH            381 30 (7.9) 349(91.6) 2 (0.5) 1.35(0.86,2.10)         0.188 1.04(0.21,5.12) 0.958 
Low RH                         239 16 (6.7) 223 (93.3) 0 (0.0) 1.09(0.62,1.90)          0.767 — 0.507c 

High RH                        239 13 (5.4) 225 (94.1) 1 (0.4) 0.86 (0.47,1.58)         0.630 0.64 (0.08,5.28) 0.677 
Low plus High RH         478 29 (6.1) 448 (93.7) 1 (0.2) 0.97(0.62,1.51)          0.887 » 0.547c 

U\ 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 
c P-value determined using a chi-square test with continuity correction because of the sparse number of participants with an abnormal high hemoglobin 
level. 
--: Results not presented because of the sparse number of participants with an abnormal high hemoglobin level. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 

Background (Ranch Hand): 1987 Dioxin < 10 ppt 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 



Table 15-8.   Analysis of Hemoglobin (Discrete) (Continued) 

i 

(f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — ADJUSTED 

Abnormal Low vs. Normal 
Adi. Relative Risk 

Abnormal High vs. Normal 

ÜifRelaÖve-Risl^ WPS Spoils i! 
Dioxin Category 

1,210   " 

380 
238 
239 
477 

(95% C.I.)8. 

1.44 (0.91,2.29) 
0.96(0.54,1.70) 
0.90(0.48,1.69) 
0.93(0.59,1.47) 

^:^M^^^^MMP4M ISliÄSÄiiiliii ^^ 

Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH 

0.118 
0.886 
0.735 
0.746 

1.01 (0.20,5.14) 

0.69 (0.08,6.00) 

0.987 

0.735 

a Relative risk and confidence interval relative to Comparisons. 
--: Results not presented because of the sparse number of participants with an abnormal high hemoglobin level. 

Note: RH = Ranch Hand. Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

Results are not adjusted for race because of the sparse number of participants with an abnormal high hemoglobin level. 

g) MODEL 4: RANCH HANDS —1987 DIOXIN — UNADJUSTED 

Bililiö 
Abnormal Low vs. Normal Abnormal High vs. Normal 

;Est^SeläÜv0-iüsK;-■■-;^--:-:-"^^^ll'v/.E^vJfefätive'KKfc-";-'; ■ ■'■:■ ;='=;i -^ 
(95% C.L p- Value [95% C;t p-Value 

Low 21 (7.3) 265 (92.0) 2 (0 7) O ct/ iO hX 1 00^            O 040 0.47(0.20,1.14)         0.096 

Medium 287 23 (8.0) 264 (92.0) 0 (0.0) 

High 284 15 (5.3) 268 (94.4) 1 (0.4) 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 
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Table 15-8.   Analysis of Hemoglobin (Discrete) (Continued) 

(h) MODEL 4: RANCH HANDS —1987 DIOXIN — ADJUSTED 

n 

857 0.84(0.68,1.04) 0.108 0.52(0.22,1.23) 0.135 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Results are not adjusted for occupation or race because of the sparse number of participants with an abnormal high hemoglobin level. 



The Model 4 unadjusted analysis revealed a significant inverse association between abnormally low 
hemoglobin levels and 1987 dioxin levels (Table 15-8(g): p=0.049, Est. RR=0.82). In addition, a 
marginally significant inverse association between abnormally high hemoglobin levels and 1987 dioxin 
levels was found in the unadjusted analysis (Table 15-8(g): p=0.096, Est. RR=0.47). After adjustment 
for covariates, the association became nonsignificant (p>0.10 for each analysis). 

15.2.2J.7    Hematocrit (Continuous) 

The Model 2 analysis of hematocrit in its continuous form revealed a significant positive association 
between hemoglobin and initial dioxin (Table 15-9(c): p=0.021, slope=0.241). After adjustment for 
covariates, the relation was nonsignificant (Table 15-9(d): p=0.443). All other analyses were 
nonsignificant (Table 15-9(a-h): p>0.14 for all other analyses). 

Table 15-9. Analysis of Hematocrit (percent) (Continuous) 

(a) MODEL 1: RANCH HANDS VS. COMPARISONS - UNADJUSTED 

Occupational 
Ä<^M£o1r©^ Group I^ä«< 

Difference of Means 
(95% C.L) p-Vaiue 

All 

Officer 

Enlisted Flyer 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

866 
1,249 

341 
493 

151 
187 

45.56 
45.59 

45.24 
45.48 

45.49 
45.72 

-0.04 (-0.31,0.24) 

-0.24 (-0.67,0.19) 

-0.23 (-0.90,0.44) 

0.798 

0.274 

0.504 

Enlisted               Ranch Hand               374                   45.88                     0.22 (-0.18,0.63) 
Groundcrew        Comparison               569                   45.65 

0.279 

H(^ 

^M'^^^^^'r^M- 
All Ranch Hand 

Comparison 
864 

1,248 
44.99 
45.05 

-0.06 (-0.32,0.21) 0.681 

Officer Ranch Hand 
Comparison 

340 
493 

44.90 
45.11 

-0.21 (-0.63,0.21) 0.326 

Enlisted Flyer Ranch Hand 
Comparison 

151 
187 

44.92 
45.16 

-0.24 (-0.88,0.41) 0.477 

Enlisted Groundcrew Ranch Hand 
Comparison 

373 
568 

45.08 
44.93 

0.15 (-0.25,0.55) 0.457 
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Table 15-9.   Analysis of Hematocrit (percent) (Continuous) (Continued) 

(c) MODEL 2: RANCH HANDS.-INITIAL DIOXIN-UNADJUSTED ...,,. ;.../■■   ||1 

Initial Dioxin Category Summary Statistics : Analysis Results for Log2 (Initial Dioxin) 

Initial Dioxin ■';.■ [yi\ ''i:'.>i iü^y;}4il Mean': Adj. Mean3 R2          ;     (Std,Error)                  p-Value 

Low 

Medium 

High 

160 

162 

156 

45.17 

45.58 

46.08 

45.17 

45.58 

46.09 

0.011          0.241(0.104)               0.021 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: Low = 27-63 ppt; Medium - >63-152 ppt; High = >152 ppt. 

(d) MODEL 2: RANCH HANDS - - INITIAL DIOXIN ^Äjippö^^ 
.;:.;' Imtiäl :Däbxiii Category Summary '^i^Mtk^^MW v-^;- \:- .^AnalysisResu^^ 

Initial Dioxin !
:;l0^ßO:fl :A^i>?äeaöiW-;>j;l-: 

Low 
Medium 
High 

159 
162 
156 

45.06 
45.26 
45.57 

0.068                     0.091(0.119)             0.443 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - UNADJUSTED 

%1;;^:|ÖiÖÄ }^W§:MwM^:^ ^^■■|;^j^!^S||^ Adj. Mean* 

Difference of Adj. Mean 

(95% CX) p-Value 

Comparison 

Background RH 
LowRH 

HighRH 
Low plus High RH 

1,211 

381 
239 
239 
478 

45.61 

45.57 
45.30 
45.92 
45.61 

45.61 

45^56 
45.30 
45.93 
45.61 

-0.06 (-0.41,0.30) 
-0.31 (-0.74,0.12) 

0.32 (-0.11,0.75) 
0.00 (-0.32,0.33) 

0.756 
0.153 
0.147 
0.987 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 15-9.   Analysis of Hematocrit (percent) (Continuous) (Continued) 

Dioxin Category Adj.; Mean- 

Difference of Adj. Mean 
vs; Comparisons 

p-Value" 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,210 

380 
238 
239 
477 

45.08 

45.04 
44.87 
45.22 
45.04 

-0.04 (-0.39,0.32) 

-0.21 (-0.63,0.20) 
0.14 (-0.29,0.56) 

-0.04 (-0.36,0.28) 

0.839 
0.318 
0.534 
0.817 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 

Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

!.;.(g);MC)DEL.:4:; ^NCH''KÄNM> 1987 DIOXIN- l$B$^^ 
■".v 1987 Dioxin Category Summary 'Statistics':"';.';. ■.  .Analysis ■Kesulis;fbr Log2 (1987 Dioxin +1). 

..■,1987Pi6xm-.-., ^WMsa^sM': ;'';;;;; MeaM;:; f% ;;;;:;:'   R2 ■.:;;;"■'■:-: ";':Slope (StdJ Error) ■ ;       p-Value   ..:..;' 

Low 

Medium 

High 

288 
287 

284 

45.68 

45.20 

45.89 

0.001               0.077(0.071)             0.278 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

■ itiyM0pEL4: :RÄ|Mi;piNÖS^ -1987DI0XIN ̂ ADJUSTED;.-. 
:^>;v;'-^'-'v:;^-r-::-'::;;

:' 
^mM09MMM- a Category Summary ̂ ^itip^^gli ..;:!;;■ ^/V'" 'Än^ysis.ResüM 

;f;;-;;;; [^^-MM^M^-^M^ 
:
A1Iä^;-1>;-;S 

:*M:&% wMM: M:: h f :-^iä^M ;:-:;;i^A^u^ä;SIopfe:::';; nw:^M :t.§M ■■?$% fc: 

:':    ; v,:.:   R2 -: ■        ':>V;■.-;:;;;^ti;Error^;'';;;:'.;
: :■; v'p-Valjie"'   ' 

Low 
Medium 
High 

287 
286 
284 

45.40 
45.01 
45.42 

0.075                      0.029(0.079)              0.712 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High - >19.6 ppt. 

15,2,2.1,8    Hematocrit (Discrete) 

Analyses of hematocrit in its discrete form revealed no significant differences for Models 1 through 4 
(Table 15-10(a~h): p>0.24 for each analysis performed). 
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Table 15-10. Analysis of Hematocrit (Discrete) 

I 

o 

(a) MODEL 1: RANCH HANDS VS. COMPARISONS — UNADJUSTED 

Ifiitllllll 
Occupational 

Catefforv 
Abnormal 

Normal 
Abnormal 
ifHfflfl 

Abnormal Low vs. Normal   I  Abnormal High vs. Normal 

Risk (95% C.I.)      p-Value      Risk (95% C.I.)      p-Value 
All Ranch Hand 

Comparison 
866 

1,249 
21 (2.4) 
29 (2.3) 

844 (97.5) 
1,215 (97.3) 

1 (0.1) 
5(0.4) 

1.04 (0.59,1.84) 0.886 0.29 (0.03,2.47) 0.256 

Officer Ranch Hand 
Comparison 

341 
493 

8 (2.4) 
12 (2.4) 

333 (97.7) 
479 (97.2) 

0 (0.0) 
2(0.4) 

0.96 (0.39,2.37) 0.928 -- 0.647a 

Enlisted Flyer Ranch Hand 
Comparison 

151 
187 

6 (4.0) 
4(2.1) 

144 (95.4) 
183 (97.9) 

1 (0.7) 
0 (0.0) 

1.91 (0.53,6.88) 0.325 - 0.907a 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

374 
569 

7 (1.9) 
13 (2.3) 

367 (98.1) 
553 (97.2) 

0 (0.0) 
3 (0.5) 

0.81 (0.32,2.05) 0.659 -- 0.413a 

a P-value determined using a chi-square test with continuity correction because of the sparse number of participants with an abnormal high 
hematocrit level. 
--: Results not presented because of the sparse number of participants with an abnormal high hematocrit level. 



Table 15-10.   Analysis of Hematocrit (Discrete) (Continued) 

b) MODEL 1: RANCH HANDS VS. COMPARISONS — ADJUSTED 

Abnormal Hish vs. Normal 
^-r^:r|: ^^^Öäßro^^Ö-ÖL^; :(-./■':/ ".::::/::i-'-:":;:^ llifiiöp |li:SMll^ 

:i^ll!^ll^il^p^:|;2;.:^;^:oI^ liiSi^ftiKsi^liSB ̂ ¥^St|i§^p^^Itt^^^S2Säl: illIli|M^^ ^: ■: •;-^.:^ t^|; S;| ;^p^=p£llt3te-:f        
?:''l'-::';-; ■':: ;v:::

:r - 

All 1.04(0.59,1.85) &**tf 0.28(0.03,2.40) 0.245 

Officer 0.95 (0.38,2.36) 0.908 - - 

Enlisted Flyer 1.84 (0.51,6.72) 0.353 -- - 

Enlisted Groundcrew 0.85(0.33,2.18) 0.739 - ~ 

--: Results not presented because of the sparse number of participants with an abnormal high hematocrit level. 

Note: Results are not adjusted for race because of the sparse number of participants with an abnormal high hematocrit level. 

:(c) MODEL 2: RANCH HANDS — INITIAL DIOXIN — UNADJUSTED 

Low 160 3 (1.9) 157 (98.1) 0 (0.0) 0.95(0.58,1.57) 0.840 1.17(0.24,5.66) 0.841 

Medium 162 5 (3.1) 156 (96.3) 1 (0.6) 

High 156 2(1.3) 154 (98.7) 0 (0.0) 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 



Table 15-10.   Analysis of Hematocrit (Discrete) (Continued) 

LAI 
i 

4^ 

(d) MODEL 2: RANCH HANDS — INITIAL DIOXIN — ADJUSTED 

n 

477" 

ill!!!!« 
ISIllIllllSillH 

1.10 (6.66,1 85)  ^^ " 0.714 1.07(0.17,6.61) 0.942 

a Relative risk for a twofold increase in initial dioxin. 

Note: Results are not adjusted for race or occupation because of the sparse number of participants with an abnormal high hematocrit level. 

[e> MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — UNADJUSTED 

Dioxin Catecorv 

lMuÄ|rll^)S J       Abnormal Low vs. Normal 
Abnormal Abnormal ■ -. -Est/Rfeiätivfe:;Risk t:': ■ ■ '^:>1- & I; 
^&mM: lll^SSj^Biifi? ItMmMiM pIS 

Abnormal High vs. Normal 
;Esfc R^atiye-Risk :■' -j;' ■ ■-''. -:' ■.i 

Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH 

1,211 

381 
239 
239 
478 

27 (2.2) 

8(2.1) 
5 (2.1) 
5(2.1) 

10(2.1) 

1,179 (97.4) 

373 (97.9) 
234 (97.9) 
233 (97.5) 
467 (97.7) 

5 (0,4) 

0(0.0) 
0 (0.0) 
1 (0.4) 
1 (0.2) 

0.97 (0.43,2.16) 
0.93 (0.35,2.43) 
0.91 (0.35,2.40) 
0.92(0.44,1.92) 

0.933 
0.875 
0.850 
0.820 

0.91 (0.10,7.96) 

0.464c 

0.695c 

0.931 
0.856c 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 
c P-value determined using a chi-square test with continuity correction because of the sparse number of participants with an abnormal high 
hematocrit level 
--: Results not presented because of the sparse number of participants with an abnormal high hematocrit level. 

Note: RH - Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 



L^ 

Table 15-10.   Analysis of Hematocrit (Discrete) (Continued) 

Abnormal High vs. Normal 
Adj. Relative Risk 

Dioxin Category WCSSSmSM miimSS^K&UtMSX lllill^^ !|B|ilÄ:Ä -:;::-";:' ;S;J;: ;::':;:3;.ip J^p^^ allie;:;" 1:       'l;r :.L;'-;:
: ^ 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,210 

380 
238 
239 
477 

1.00(0.44,2.28) 
0.78 (0.29,2.07) 
1.01 (0.37,2.77) 
0.89 (0.42,1.89) 

0.998 
0.615 
0.980 
0.757 

0.98(0.10,9.53) 0.986 

a Relative risk and confidence interval relative to Comparisons. 
--: Results not presented because of the sparse number of participants with an abnormal high hematocrit level. 

Note: RH = Ranch Hand. Comparison: 1987 Dioxin < 10 ppt. 

Background (Ranch Hand): 1987 Dioxin < 10 ppt. Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand):  1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

Results are not adjusted for race because of the sparse number of participants with an abnormal high hematocrit level. 

Abnormal Low vs. Normal Abnormal High vs. Normal 

iäSi^Iätive;'Rislc',:;:-A-■■■■'-■■■?:*£;:;;A-;■■:;■}!;':'H&fc-jt^|wfe:.KiäkV^■■■:•■■■■■■ '■■;■ •'■■' ■-;/-.'■> 
Category f0Kf£::. f\ V^J^^f]M WSSM&^^Sh illHIgh;;: y-:.-i\ ^mSSSM^§Kfm-i W^S/^^MäA: WS^^SISSSM fM;:§M^MMM^ 

Low 288 1 (2.4) 281 (97.6) 0 (0.0) 0.91 (0.65,1.26) 0.568 1.41 (0.43,4.63) 0.573 

Medium 287 4(1.4) 283 (98.6) 0 (0.0) 

High 284 7 (2.5) 276 (97.2) 1 (0.4) 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 



U\ 

Table 15-10.   Analysis of Hematocrit (Discrete) (Continued) 

;.(hJ;S0ÖEp;Ä 

 0.97(0.67,1.42)*"" ~~~w"~*~  

n 

857 0.894 1.44(0.38,5.40) 0.588 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Results not adjusted for race or occupation because of the sparse number of participants with an abnormal high hematocrit level. 



15.2,2.1,9    Platelet Count (Continuous) 

When Ranch Hands and Comparisons were examined across all occupations, the difference in mean 
platelet count between the groups was nonsignificant in both unadjusted and adjusted analyses (Table 
15-1 l(a,b): p>0.15 in both analyses). In both the unadjusted and adjusted analyses, significant 
differences in mean platelet counts were found between Ranch Hands and Comparisons within each 
occupational stratum (Table 15~ll(a,b): p<0.014 for all occupational strata in both unadjusted and 
adjusted analyses). Mean platelet counts were higher among Comparisons than among Ranch Hands for 
the officer stratum and higher among Ranch Hands than among Comparisons for the enlisted flyer and 
enlisted groundcrew strata. 

Table 15-11. Analysis of Platelet Count (thousand/mm3) (Continuous) 

:(a) MODEL ■!:! |:fiAN|g^^ 
Occupational 

V.< ^^M^t-f&^ÖlißfS-S^ ^Ki!Si:i ;^K|Lirti:^^i::':^'| 
!■' • -.:'■-:',.■ -   '   '' :   '        .  Difference :dJM&ftiS • -Z- 

.;■'. p-Value* 

All Ranch Hand 
Comparison 

862 
1,243 

207,0                           3.1 -- 
203.9 

0.150 

Officer Ranch Hand 
Comparison 

338 
490 

196.6                         -8.5 - 
205.1 

0.012 

Enlisted Flyer Ranch Hand 
Comparison 

151 
185 

213.8                          14.9 - 
198.8 

0.005 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

373 
568 

213.9                            9.3 - 
204.6 

0.004 

a Transformed from square root scale. 
Difference of means after transformation to original scale; confidence interval on difference of means not 

presented because analysis was performed on square root scale. 
c P-value is based on difference of means on square root scale. 

(b) MODEL!: RMGH HANDS VS. cöMli^llÄSj IM0^MBMWS§WIS$&M 
:, 'Occupational 

v^i;'fl||@öÜp|;:|:|: |pfri||||;| 
f  :      Difference bf Adj. Means       ! 

p-Valuec 

All Ranch Hand 
Comparison 

860 
1,242 

205.8 
203.0 

2.9- 0.172 

Officer Ranch Hand 
Comparison 

337 
490 

199.1 
207.3 

-8.2 -- 0.014 

Enlisted Flyer Ranch Hand 
Comparison 

151 
185 

213.3 
197.7 

15.6 - 0.003 

Enlisted Groundcrew Ranch Hand 
Comparison 

372 
567 

208.9 
200.8 

8.1- 0.011 

a Transformed from square root scale. 
Difference of means after transformation to original scale; confidence interval on difference of means not 

presented because analysis was performed on square root scale. 
0 P-value is based on difference of means on square root scale. 
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Table 15-11.   Analysis of Platelet Count (thousand/mm3) (Continuous) (Continued) 

(c) MODEL 2: RANCH HANDS - INITIAL DIOXIN - UNADJUSTED 

Initial Dioxin''Category Summary Statistics Analysis Results for Log2 (Initial Dioxin)b 

Initial Dioxin ^■'5Ä5ft-':?SH-': '.Mean*  . .■ Adj.Meanab   . R2    '':■;';:■;.XS.td.Error)c-■.'■'   ..     p-Value 

Low 

Medium 

High 

159 

162 

155 

204,2 

208.0 

217.8 

203.8 

207.9 

218.2 

0.016          0.145(0.057)               0.012 

a Transformed from square root scale. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 
c Slope and standard error based on square root of platelet count versus log2 (initial dioxin). 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

Initial Dioxin Category Summary Statistics 

Initial Dioxin Adj. Mean" 

Analysis Results for Log2 (Initial Dioxin) 

m 
Adj. Slope 

(StcL Error)* p-Value 

Low 
Medium 
High 

158 
162 
155 

207.5 
207.6 
214.7 

0.090 0.073 (0.065) 0.262 

a Transformed from square root scale. 
Slope and standard error based on square root of platelet count versus log2 (initial dioxin). 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

.(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - UNADJUSTED 

|;l:;^^^^^ nW^W^^^'i. ^l^;|!^ijä^a*läf:j ;:||||j||||a^? 

Difference of Adj. Mean 

:lr:^|ii|e|3l"| 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,205 

379 
238 
238 
476 

204.5 

203.6 
204.2 

215.7 
209.9 

204.6 

202.1 
204.6 
217.2 
210.8 

-2.5 - 
-0.1 - 
12,6 - 
6.2- 

0.374 
0.987 

<0.001 
0.017 

a Transformed from square root scale. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 
0 Difference of means after transformation to original scale; confidence interval on difference of means not presented 
because analysis was performed on square root scale. 

P-value is based on difference of means on square root scale. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 15-11.   Analysis of Platelet Count (thousand/mm3) (Continuous) (Continued) 

■(f) MODEL 3; RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - ADJUSTED 

Dioxin Category ^■r^:-^:^:::'»^;^^^'^ Adj. Mean3 

Difference of Adj. Mean 
vs. Comparisons 
;  (95%CX)b p-Valuec 

Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH 

1,204 

378 
237 
238 
475 

204.2 

202.3 
204.4 
214.8 
209.6 

-1.9- 
0.2« 

10.6 - 
5.4« 

0.509 
0.959 
0.002 
0.038 

a Transformed from square root scale. 
Difference of means after transformation to original scale; confidence interval on difference of means not presented 

because analysis was performed on square root scale. 
c P-value is based on difference of means on square root scale. 

Note: RH _ Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(g) MODEL 4: RANCH HANDS - 1987 DIOXIN 119lic^ 
1987 Dioxin Category Sumiii arj Statistics ;:v-^ 

;;■:■; 1987. Dioxin.;.; Pj^P^ii sr^S ^-H -;o:^:- VM0&m ■:'.■'■ T :R2;    : -.■ ■  '• ''äSlo'pe^diError)b        ;p-Value ::?- 
Low 
Medium 
High 

288 
284 
283 

203.1 
203.9 
214.5 

0.009               0.109 (0.039)             0.005 

a Transformed from square root scale. 
b Slope and standard error based on square root of platelet count versus log2 (1987 dioxin + 1). 

Note: Low = <7.9 ppt; Medium - >7.9-19.6 ppt; High = >19.6 ppt. 

(h) MODEL 4: RANCH HANDS -1987 DIOXIN :p-ADJUSTED'^:;; .   ^; ■ j<:=.:;; i.v ■■..; ■;•,■:,.;;::-.£■.;;./;v^r ■ 
: ^/''X987^piqxini;Giätegqry-Sijiirimarj ̂ jfll||i^:|i|||S ||||||gg||;: 

W§0^$M'lmM'&! Adj. Mean8 

Low 
Medium 
High 

287 
283 
283 

205.1 
204.7 
209.1 

0.066                      0.049 (0.044)              0.264 

a Transformed from square root scale. 
Slope and standard error based on square root of platelet count versus log2 (1987 dioxin + 1). 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 
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The Model 2 unadjusted analysis of platelet count in its continuous form revealed a significant positive 
association with initial dioxin (Table 15-11(c): p=0.012, slope=0.145). After adjustment for the effects 
of covariates, the association was nonsignificant (Table 15-11(d): p=0.262). 

Unadjusted and adjusted Model 3 analyses of mean platelet count levels were significantly greater for 
Ranch Hands in the high dioxin category than for Comparisons (Table 15-1 l(e,f): difference of adjusted 
means=12.6 thousand/mm3, p<0.001, for the unadjusted analysis; difference of adjusted means=10.6 
thousand/mm3, p=0.002, for the adjusted analysis). Mean platelet counts also were significantly greater 
for Ranch Hands in the low and high dioxin categories combined than for Comparisons (Table 15-ll(e,f): 
difference of adjusted means=6.2 thousand/mm3, p=0.017, for the unadjusted analysis; difference of 
adjusted means=5.4 thousand/mm3, p=0.038, for the adjusted analysis). Although the mean difference 
increased as dioxin levels increased, other contrasts of Ranch Hands and Comparisons were 
nonsignificant (Table 15-1 l(e,f): p>0.37 for all remaining contrasts). 

Similar to the Model 2 analysis, the Model 4 unadjusted analysis of platelet count in its continuous form 
revealed a significant positive association with the 1987 dioxin levels (Table 15-11(g): p=0.005, 
slope=0.109). The relation was nonsignificant after adjustment for covariates (Table 15-11(h): p=0.264), 

15.2.2, L10  Platelet Count (Discrete) 

A significant difference in the percentage of participants with abnormally low platelet counts was 
observed between Ranch Hand and Comparison officers in both the unadjusted and adjusted analyses 
(Table 15-12(a,b): p=0.021, Est. RR=2.65; p=0.022, Adj. RR=2.64, respectively). A significant 
difference in the percentage of participants with abnormally low platelet counts also was found for 
enlisted flyers (Table 15-12(a,b): p=0.032, Est. RR=0.11; p=0.029, Adj. RR=0.10, for the unadjusted and 
adjusted analyses, respectively). More Ranch Hand than Comparison officers had abnormally low 
platelet counts, (4.7% vs. 1.8%), whereas more Comparison than Ranch Hand enlisted flyers exhibited 
abnormally low platelet counts (6.0 vs. 0.7%). Contrasts of all Ranch Hands versus all Comparisons, as 
well as Ranch Hand versus Comparison enlisted groundcrew, were nonsignificant (Table 15-12(a,b): 
p>0.11 for all contrasts). 

No significant associations were seen between abnormal platelet counts and initial dioxin in the Model 2 
analyses (p>0.15 for all analyses). The Model 3 contrasts of Ranch Hands in the high dioxin category 
with Comparisons revealed marginally significant differences, with a higher percentage of Comparisons 
having abnormal platelet counts (Table 15-12(e,f): p=0.067, Est. RR=0.26; p=0.068, Adj. RR=0.26, for 
the unadjusted and adjusted analyses, respectively). This same pattern was observed when Ranch Hands 
in the low and high categories combined were contrasted with Comparisons (Table 15-12(e,f): p=0.090, 
Est. RR=0.47; p=0.078, Adj. RR=0.45, for the unadjusted and adjusted analyses, respectively). All other 
Model 3 contrasts were nonsignificant (Table 15-12(e,f): p>0.21 for all remaining contrasts). 

A significant association between 1987 dioxin levels and abnormally low platelet count measures was 
found in the Model 4 unadjusted analysis of platelet count (Table 15-12(g): p=0.028, Est. RR=0.70). 
These results were nonsignificant after adjustment for covariates (Table 15-12(h): p=0.135). Other 
analyses of abnormal platelet counts with 1987 dioxin were nonsignificant (Table 15-12(g,h): p>0.61 for 
all other analyses). 
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Table 15-12. Analysis of Platelet Count (Discrete) 

(a) MODEL 1: ftM^lHANDS VS. COMPARISONS — UNADJUSTED 

4^ 

Occupational 
Cateeorv Group 

SbiölBällSÄ 
^■::tow,';-!"-'(v;|Sprin^ ';.'v':p-.Yalue' 

All Ranch Hand 
Comparison 

862 
1,243 

23 (2.7) 
39 (3.1) 

835 (96.9) 
1,199 (96.5) 

4(0.5) 
5(0.4) 

0.85 (0.50,1.43) 0.533 1.15 (0.31,4.29) 0.837 

Officer Ranch Hand 
Comparison 

338 
490 

16 (4.7) 
9(1.8) 

321 (95.0) 
478 (97.6) 

1 (0.3) 
3 (0.6) 

2.65(1.16,6.06) 0.021 0.50 (0.05,4.79) 0.545 

Enlisted Flyer Ranch Hand 
Comparison 

151 
185 

1 (0.7) 
11 (6.0) 

149 (98.7) 
173 (93.5) 

1 (0.7) 
1 (0.5) 

0.11(0.01,0.83) 0.032 1.16(0.07,18.72) 0.916 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

373 
568 

6(1.6) 
19 (3.4) 

365 (97.9) 
548 (96.5) 

2(0.5) 
1 (0.2) 

0.47 (0.19,1.20) 0.115 3.00(0.27,33.23) 0.370 

(b) MODEL 1: RANCH HANDS VS. COMPARISONS — ADJUSTED 
!$::llI|^il|lK ....'.. Abnormal High vs. -&ooÄ^^ 

■'. >'Mj. Relative Risk■':. 
-.:■■..■ :.J;V----: (95M Qjijl.■:':•■''""■ ""'f.-.'V: r-L-^":'":=J.^v'^ ^-i';-^ "^-jP^^öJtüieii'" :^--     ^■■'■\9-: 

All 0.84(0.50,1.42)                         0.509 1.13 (0.30,4.27) 0.853 

Officer ' 2.64(1.15,6.05)                          0.022 0.55 (0.06,5.37) 0.606 

Enlisted Flyer 0.10(0.01,0.79)                          0.029 1.18(0.07,19.42) 0.906 

Enlisted Groundcrew 0.48(0.19,1.23)                            0.127 2.61 (0.23,29.36) 0.437 



Table 15-12.   Analysis of Platelet Count (Discrete) (Continued) 

iSi 

O 

[c) MODEL 2: RANCH HANDS — INITIAL DIOXIN — UNADJUSTED 

Abnormal Low vs. Normal Abnormal High vs. Normal 

IliSlAfiliii 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(d) MODEL 2: RANCH HANDS — INITIAL DIOXIN —. ADJUSTED 

475" 

IttlllliÄ 
A^^atrVe::.Risk:.:.:;. '; '■"-...'.,:: ::' .. '•■ ■■-/ .■;    .,:.■ :: ::\A v':V;j=A'cy>ReMfiVfeRisk-■' "-~ .■ ■-■■■■• ■ \,  ;■":■:.■■ '.'.... 

0.69(0.35,1.37) 0.290 0.67(0.16,2.88) 059Ö" 

a Relative risk for a twofold increase in initial dioxin. 

Note: Results are not adjusted for occupation and race because of the sparse number of participants with an abnormal high platelet count. 

.LOW 3 (1.9) 156 (9ö.l) 0 (0 0) 0 6^ (0 ^^ 1 19^              O 1 ^i0 1 0R {(\ A.Q 'X ^\f\\            (\ f\\f\ 

Medium 162 4(2.5) 157 (96.9) 1 (0.6) 

High 155 1 (0.7) 153 (98.7) 1 (0.7) 



Table 15-12.   Analysis of Platelet Count (Discrete) (Continued) 

(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — UNADJUSTED 

LT\ 

Dioxin Category :.yr.;:jj- >■:;:. 
Abnormal 

BHlISM5Sä':; 

1,165(96.7) 

363 (95.8) 
232 (97.5) 
234 (98.3) 
466 (97.9) 

Abnormal 
■\:r;ffigh;:'.':ä.;;: 

5 (0.4) 

2(0.5) 
0 (0.0) 
2.(0.8) 
2 (0.4) 

Abnormal Low vs 
"■■ i":':Esfc'.Relatiye.'RlsIc.' ■■ V'■ 

Mop^lflll v'y :,'■":■ -Abnormal <Higl 
Est. Relative Risk 

i vs. Normal ■;     : 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,205 

379 
238 
238 
476 

35 (2.9) 

14 (3.7) 
6 (2.5) 
2 (0.8) 
8(L7) 

1.40(0.74,2.66) 
0.84 (0.35,2.03) 
0.26(0.06,1.10) 
0.47 (0.20,1.13) 

0.299 
0.702 
0.067 
0.090 

1.02(0.19,5.30) 

2.61 (0.49,13.84) 

0.984 
0.693c 

0.261 
0.999° 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 
0 P-value determined using a chi-square test with continuity correction because of the sparse number of participants with an abnormal high platelet 
count. 
--: Results not presented because of the sparse number of participants with an abnormal high platelet count. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 



Table 15-12.   Analysis of Platelet Count (Discrete) (Continued) 

.(f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — ADJUSTED 

Dioxin Category 

Abnormal Low vs. Normal 
Ä%:;ReiätiveJRisk'-:;:: 'S: ■■{:^:,V"' }1^:1% 'LM Adj. Relative Risk 

liiiilBBillll p-Vali 

Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH 

1,204 

378 
237 
238 
475 

1.40(0.73,2.70) 
0.79 (0.33,1.92) 
0.26(0.06,1.11) 
0.45 (0.19,1.09) 

0.310 
0.604 
0.068 
0.078 

0.86(0.16,4.61) 

3.37 (0.50,22.63) 

0.858 

0.211 

a Relative risk and confidence interval relative to Comparisons. 
—: Results not presented because of the sparse number of participants with an abnormal high platelet count. 

Note: RH = Ranch Hand. Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(g) MODEL 4: RANCH HANDS — 1987 DIOXIN —-UNADJUSTED 

ll/ll fi) S\\ I 

Medium 284 8(2.8) 276(97.2) 0(0.0) 

High 283 4(1.4) 277(97.9) 2(0.7) 

0.95(0.48.1.88) 0.879 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 



Table 15-12.   Analysis of Platelet Count (Discrete) (Continued) 

■(h) MODEL 4: RANCH HANDS — 1987 DIOXIN — ADJUSTED 

853 

I#II11I18Ö 

0/73 (a49,l~iqT"^ 

Abnormal High vs. Normal 

p-Value 
0.84(0.43,1.64) 0.619 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Results are not adjusted for race because of the sparse number of participants with an abnormal high platelet count. 

Lfx 



15.2.2.1.11   Prothrombin Time (Continuous) 

All results from analyses of prothrombin time in its continuous form were nonsignificant for Models 1 
through 4 (Table 15-13: p>0.22 for all analyses). 

Table 15-13. Analysis of Prothrombin Time (seconds) (Continuous) 

(a) MODEL 1: RANCH HANDS VS. COMPARISONS - UNADJUSTED 

Occupational 
Category 'Group; Meanl 

[Difference of Means 
;:;(95%;cx)b .;■;;.•;';',       P-Value* 

All Ranch Hand 
Comparison 

688 
1,016 

10.48 
10.49 

-0.01 - 0.870 

Officer Ranch Hand 
Comparison 

265 
402 

10.54 
10.52 

0.02- 0.720 

Enlisted Flyer Ranch Hand 
Comparison 

114 
157 

10.46 
10.49 

-0.03 -- 0.748 

Enlisted Ranch Hand 309 10.45 -0.02 -- 0.714 
Groundcrew Comparison 457 10.47 

a Transformed from natural logarithm scale. 
b Difference of means after transformation to original scale; confidence interval on difference of means not 
presented because analysis was performed on natural logarithm scale. 
c P-value is based on difference of means on natural logarithm scale. 

(b) MODEL 1: RANCH HANDS VS. COMPARISONS-| ;^JüSTED-;:;:;':;;|;.|;| 

Occupational     '-'A Adjusted Differenceof Adj. Means 
iö >;': Ä £ Cä^gory;;:;!;' $&'$ T :..

;Group : ::..; ¥M^M:>~: ;:;';■ Mean8/:: w:M^i^^M^^SW'^^M p-Vahiec 

AU Ranch Hand 687 10.49 -0.01 - 0.873 
Comparison 1,015 10.50 

Officer Ranch Hand 265 10.52 0.02 - 0.765 
Comparison 402 10.50 

Enlisted Flyer Ranch Hand 114 10.45 -0.03 -- 0.718 
Comparison 157 10.48 

Enlisted Groundcrew Ranch Hand 308 10.50 -0.02 - 0.762 
Comparison 456 10.51 

a Transformed from natural logarithm scale. 
b Difference of means after transformation to original scale; confidence interval on difference of means not 
presented because analysis was performed on natural logarithm scale. 
c P-value is based on difference of means on natural logarithm scale. 

15-54 



Table 15-13.   Analysis of Prothrombin Time (seconds) (Continuous) (Continued) 

(cj MODEL 2: :RiVNGH HANDS - INITIAL DIOXIN - UNADJUSTED 
Initial Dioxin Category Summary Statistics   .■■-■■ Analysis Results for Log2 (Initial Dioxin)0 

Initial Dioxin t'^m M:'"- Mean" Adj.Meanab 
::   R

2,.         ■:(Std..Error)0..          ■   p-Value 
Low 
Medium 
High 

119 
128 
128 

10.47 
10.46 
10.45 

10.48 
10,46 
10.44 

0.004          -0,001 (0.003)             0.572 

a Transformed from natural logarithm scale. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 
c Slope and standard error based on natural logarithm of prothrombin time versus log2 (initial dioxin). 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

^^m&EMMM i||a|||ii;r - INITIAL JDIOXP- |i|jj^3i^ 
Initial Dioxin Category Sümmarj ̂ StiöiÄfiiP-;1 v.:'-Analysis Results for Log2 (Initial Dioxin)   ■ 

Initial Dioxin -^MMJxM A^i:Meair^ ;4'i|;i: 
Low 
Medium 
High 

119 
128 
128 

10.48 
10.50 
10.51 

0.036                     0.000 (0.003)             0.956 

a Transformed from natural logarithm scale. 
Slope and standard error based on natural logarithm of prothrombin time versus Iog2 (initial dioxin). 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(ft) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - UNADJUSTED. 

:... :■:':'.Dioxin-Category:.;  ,'-: 
ß^^M[M:'W:^^ |:;i:|i|ai|l ■■::::;Aaj.;Meanab'   ;. _ 0IMWM&MmM ■■V;>:p-yaliied;;':;: 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

987 

309 
182 
193 
375 

10.49 

10.52 
10.47 
10,45 
10.46 

10.49 

10.53 
10.46 
10.44 
10.45 

0.04- 
-0.03 - 
-0.05 - 
-0.04 - 

0.476 
0.667 
0.411 
0.409 

a Transformed from natural logarithm scale. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 
c Difference of means after transformation to original scale; confidence interval on difference of means not presented 
because analysis was performed on natural logarithm scale. 
d P-value is based on difference of means on natural logarithm scale. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 15-13.   Analysis of P'rothrombin Time (seconds) (Continuous) (Continued) 

(f) MODEL 3: RANCH HANDS AND GOMPARISONS BY DIOXIN CATEGORY - ADJUSTED 

Dioxin Category MjiMean' 

Difference of Adj. Mean 
vs. Comparisons 

P-Value? 
Comparison 986 

Background RH 308 
LowRH 182 
High RH 193 
Low plus High RH 375 

10.50 

10.52 
10.46 
10.49 
10.47 

0.02- 0.695 
-0.04 -- 0.521 
-0.01 -- 0.823 
-0.03 - 0.575 

a Transformed from natural logarithm scale. 
Difference of means after transformation to original scale; confidence interval on difference of means not presented 

because analysis was performed on natural logarithm scale. 
0 P-value is based on difference of means on natural logarithm scale. 

Note: RH = Ranch Hand. 
Comparison:  1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(g) MODEL 4: RANCH HANDS - 1987 DIOXIN - $$P$!^^ 
IS3;f ■^gl^l^&sän Category Summary ;SM^tics;|i|f:': Analysis Results for Log^ (1987 Dioxin+1) 

.;  1987 Dioxin M^MW^-^M ■Mean3.:.,:.; llg;^ 
Low 
Medium 
High 

235 
218 
231 

10.51 
10.50 
10.45 

0.002               -0.002 (0.002)            0.220 

a Transformed from natural logarithm scale. 
b Slope and standard error based on natural logarithm of prothrombin time versus log2 (1987 dioxin + 1). 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(h)MODEL if |^i|^|j^3^ -1987 DIOXIN (Kiyiä^^ 
ifiifispra oxin Category Summary |§S^jÖIS:il||p|I| |l||i|ii^^ 

M^Wi£$ME&£W^M Adj. Mean3 R2                             (Std.Error)b                p-Value 
Low 
Medium 
High 

234 
218 
231 

10.50 
10.50 
10.50 

0.016                     -0.001(0.002)             0.685 

a Transformed from natural logarithm scale. 
b Slope and standard error based on natural logarithm of prothrombin time versus log2 (1987 dioxin + 1). 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 
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15.2.2.1.12   Prothrombin Time (Discrete) 

All results from analyses of prothrombin time in its discrete form were nonsignificant for Models 1 
through 4 (Table 15-14: p>0.29 for all analyses). 

Table 15-14. Analysis of Prothrombin Time (Discrete) 

(a) MODEL 1: RANCH HANDS VS. COMPARISONS -UNADJUSTED 

Occupational 
■■•'.'■■ 'Category:';'. ."■. Group #■'£ W: '£%$ 

Number (.%)    ^   P^MfcMM^*'B&" %  " 
p-Value 

All Ranch Hand 
Comparison 

688 
1,016 

10 (1.5)                 1.14 (0.50,2.61) 
13 (1.3) 

0.761 

Officer Ranch Hand 
Comparison 

265 
402 

6(2.3)                 1.31(0.43,3.93) 
7 (1.7) 

0.634 

Enlisted Flyer Ranch Hand 
Comparison 

114 
157 

0 (0.0) 
1 (0.6) 

0.999a 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

309 
457 

4(1.3)                 1,19(0.32,4.45) 
5(1.1) 

0.801 

a P-value determined using a chi-square test with continuity correction because of the sparse number of participants 
with a high prothrombin time. 
—: Results not presented because of the sparse number of participants with a high prothrombin time. 

""(MMOD^^ 

Occupational Category 
Adjusted Relative Risk 

p-Value 
All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

1.13 (0.49,2.60) 

1.29 (0.43,3.91) 

1.15(0.30,4.35) 

0.781 

0.650 

0.838 

■-: Results not presented because of the sparse number of participants with a high prothrombin time. 

(c) MODEL 2: RANCH HANDS - INITIAL DIOXIN - UNADJUSTED 

''■:>.v;X;xInj tial Dioxii l Category Summ ̂ E^ :^<^lfjt| §M^^| ^-:j|?
: :;h^;-;:;;:;; - ^;? ;:';WC 

Initial 
|£re^3;© 

Low 
Medium 
High 

119 
128 
128 

2(1.7) 
1 (0.8) 
1 (0.8) 

0.66(0.28,1.58)                       0.315 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 
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Table 15-14,   Analysis of P'rothrombin Time (Discrete) (Continued) 

(d)MODEL2% RANCH.HANDS -INITL4LDIOXIN-ADJUSTED 

X' :;;   '.    ■:;;:     
:,'• ■ ■','_.-.:■/. ~   ' ' '■ ■..X:   x'Ärialysfs^Resiilts'1 forJ^g^^^MHötm)^' 

p-Value 

375                                          0.72(0.28,1.85) 0.470 

a Relative risk for a twofold increase in initial dioxin. 

Note: Results are not adjusted for occupation and current cigarette smoking because of the sparse number of 
participants with a high prothrombin. time. 

(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - UNADJUSTED 

Dioxin Cateeorv 
Number (%) 
;,   /.:Higlv'::'.;l 

■Est Relative Risk 
:...;.(95%;;cx)ab ':;.;■ p-Value: 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

987 

309 
182 
193 
375 

13(1.3) 

6 (1.9) 
3 (1.7) 
1 (0.5) 
4(1.1) 

1.64(0.61,4.37) 
1.17(0.33,4.19) 
0.34 (0.04,2.62) 
0.62(0.17,2.23) 

0.327 
0.807 
0.297 
0.461 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

/.:
;(f).MODEL:M.:.R^ 

Dioxin Catesorv 
Adjusted Relative Risk 

(95% cxr p-Value 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

986 

308 
182 
193 
375 

1.41 (0.52,3.85) 
1.01 (0.28,3.71) 
0.49 (0.06,3.96) 
0.70(0.19,2.57) 

0.501 
0.984 
0.502 
0.586 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison:  1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 15-14.   Analysis of Prothrombin Time (Discrete) (Continued) 

(g) MODEL 4: :;;^NCHHä;!SII>S; -1987 DIOXIN -UNADJUSTED--    ■                                         ,                 ., 

1987 Dioxin Category Summary Statistics :.:   Analysis Results for Log2 (1987 Dioxin +1) 

Dioxin ■^^ri^vÄ^S^Ik^ ;;;y;iV 
Number (%)   ■ 

High 
Estimated Relative Risk 

Low 
Medium 
High 

235 
218 
231 

3(1.3) 
6 (2.8) 
1 (0.4) 

0.86(0.55,1.34)                              0.498 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(h) MODEL 4: RANCH HANDS - 1987 DIOXIN - ADJUSTED 

 683 0.86(0.54,1.38) 0.526  

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Results are not adjusted for occupation because of the sparse number of participants with a high prothrombin 
time. 

15.2.2.1.13  RBC Morphology 

The Model 3 unadjusted analysis revealed a marginally significant difference in RBC morphology 
between Ranch Hands in the low dioxin category and Comparisons (Table 15-15(e): p=0.051, 
Est. RR=1.63). After adjustment for covariates, the result was nonsignificant (Table 15-15(f): p=0.206). 
All results from other analyses of RBC morphology also were nonsignificant (Table 15-15(a-h): p>0.19 
for all other analyses). 

Table 15-15. j Analysis of RBC Morphology 

(a)MODELl : RANCH HANDS VS. COMPARISONS - UNADJUSTED 

^Occupational 
};:lB$M&t!(^§M§M ";.;■'.-v-p-.Value v.- 

All Ranch Hand 
Comparison 

866                 64(7.4)                1.18(0.84,1.66) 
1,249                    79 (6.3) 

0.339 

Officer Ranch Hand 
Comparison 

341                   20(5.9)                  1.03(0.57,1.87) 
493                   28 (5.7) 

0.910 

Enlisted Flyer Ranch Hand 
Comparison 

151                   15(9.9)                  1.10(0.53,2.29) 
187                   17(9.1) 

0.793 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

374                   29(7.8)                  1.32(0.79,2.21) 
569                   34 (6.0) 

0.286 
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Table 15-15.   Analysis of RBC Morphology (Continued) 

Occupational Category 

All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

Adjusted Relative Risk 

1.16(0.82,1.64) 

1.03 (0.57,1.87) 
1.09(0.52,2.30) 
1.31(0.78,2.22) 

p-Value I 

0.400 

0.923 
0.814 
0.307 

(c) MODEL 2: RANCH HANDS - INITIAL DIOXIN - UNADJUSTED 
Initial Dioxin Category Summary Statistics :: ".'.':■. Analysis Results for Log2 (Initial Dioxin)" 

Initial 
Dioxin 33M':nJß3^\:J;; 

Estimated Relative Risk 

Low 
Medium 
High 

160 
162 
156 

14 (8.8) 
16 (9.9) 
9 (5.8) 

0.94(0.73,1.21)                        0.622 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

HtyMÖp&slirK 

-}. ff£ --;; 1£- i(v* i% n :• v;;-; v PMM WI 

Analysis Results for Logs (Initial Dioxin)  ■ 
'#H-£ 3;'?fe& :;;ÄajUsleä ';Relatiye:-:I?isk.::; "■■?' ;ü-, K :■ ;■■■■■';;                    WMS'-'l: 

p-Value 
411 1.02(0.76,1.38) 0.878 

a Relative risk for a twofold increase in initial dioxin. 

(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY -UNADJUSTED   ■;: 

■ ■■' .-Dioxin-Category:,.. v-::';. 
';•;'■:   -   ■:      : :.'' : ■■" Number ;(%)"".■■■ '     .lEsfc;:E^läfi^e'; JÜÄ: 

n                       Abnormal                           (95% GI.)ab 
>;■ ?>^/Äir}Pj£MtyQP-.%■ \; - ^t-> 

Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH 

1,211                    73(6.0) 

381                    24(6.3)                    1.12(0.69,1.81) 
239                    23(9.6)                    1.63(1.00,2.67) 
239                     16(6.7)                    1.05(0.60,1.85) 
478                     39(8.2)                    1.31(0.87,1.98) 

0.639 
0.051 
0.862 
0.196 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 15-15,   Analysis of RBC Morphology (Continued) 

|(§&^ -ADJUSTED 

Dioxin Category f 3 virS^Ä; Ä^;-: $:=!■?■ "-:ii 
Adjusted Relative Risk 

p-Value 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,210 

380 
238 
239 
477 

1.18(0.72,1.93) 
1.39 (0.84,2.30) 
1.08(0.60,1.94) 
1.22(0.80,1.86) 

0.517 
0.206 
0.800 
0.352 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand):  1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(g) MODEL 4: RANCH HANDS-1987 DIOXIN :;-UNADJUSTED 
;:::US           'S-V-v' 

:-f|;^ :||/g^ 

:'||'|-|i;:lMÖxin::-i:; 

Low 
Medium 
High 

288                20 (6.9) 
287                 25 (8.7) 
284                  18(6.3) 

1.03(0.87,1.23)                               0.698 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(h) MODEL 4: RANCH HANDS - 1987 DIOXIN - ADJUSTED 

^iffi 
857                                           1.02(0.84,1.25) 0.822 

a Relative risk for a twofold increase in 1987 dioxin. 

15.2.2.1.14 Absolute Neutrophils (Segs) 

All Model 1 and 2 results from the analyses of absolute neutrophils (segs) were nonsignificant (Table 
15-16(a-d): p>0.11 for each analysis). 
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Table 15-16. Analysis of Absolute Neutrophils (segs) (thousand/mm3) 

(a) MODEL 1: RANCH HANDS VS. COMPARISONS - UNADJUSTED 
Occupational 

Category ".'.;.■  Group ■'■'■■■ % rU -r i: ::^^3l:^ 
Difference:of Means 

:- .MeanV           ;       '   -.(95% CX)b p-VaIuec 

All Ranch Hand 
Comparison 

866 
1,249 

3.84                            0.03 - 
3.81 

0.612 

Officer Ranch Hand 
Comparison 

341 
493 

3.59                           -0.02 - 
3.61 

0.804 

Enlisted Flyer Ranch Hand 
Comparison 

151 
187 

3.92                           -0.02- 
3.95 

0.885 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

374 
569 

4.06                             0.10» 
3.95 

0.263 

a Transformed from natural logarithm scale. 
Difference of means after transformation to original scale; confidence interval on difference of means not 

presented because analysis was performed on natural logarithm scale. 
c P-value is based on difference of means on natural logarithm scale. 

^^^p^^^^^^^Dig^i e^MP*RlS<?pl ADJUSTED 
Occupational; 

:M;^wf^V<^^f r^rMK^'W; 
■■ Adjusted 
^':Meanß.;': 

Difference of Adj. Means 
... p-Vaiiiec.'.'."': 

AU Ranch Hand 
Comparison 

864 
1,248 

3.46 
3.45 

0.01 -- 0.774 

Officer Ranch Hand 
Comparison 

340 
493 

3.26 
3.28 

-0.02» 0.808 

Enlisted Flyer Ranch Hand 
Comparison 

151 
187 

3.44 
3.47 

»0.03 » 0.804 

Enlisted Groundcrew Ranch Hand 
Comparison 

373 
568 

3.68 
3.61 

0.06 » 0.416 

a Transformed from natural logarithm scale. 
Difference of means after transformation to original scale; confidence interval on difference of means not 

presented because analysis was performed on natural logarithm scale. 
c P-value is based on difference of means on natural logarithm scale. 

(c) MODEL 2: RANCH HANDS - INITIAL DIOXIN - UNADJUSTED 
■■:■■■ /Initial Dioxin -Category1 Sünmiäry §^p|p^||;;||^|||;|<| ;          Analysis R 

Initial Dioxin ^l|;Blll f;^M&i |i||ll|||ipj|l 
Low 
Medium 
High 

160 
162 
156 

3.77 
4.00 
4.02 

3.78 
4.00 
4.00 

0.015           0.019(0.012)                0.115 

a Transformed from natural logarithm scale. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 
c Slope and standard error based on natural logarithm of absolute neutrophils (segs) versus log2 (initial dioxin). 

Note: Low - 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 
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Table 15-16.   Analysis of Absolute Neutrophils (segs) (thousand/mm3) (Continued) 

(dymODm 2: RANCH HANDS --INITIAL DIOXIN - ADJUSTED 

Initial Dioxin Category Summary Statistics Analysis Results for Log2 (Initial Dioxin) 

Initial Dioxin ■■;:; ':^:h,'ns^:-::m: Adj.Meana WXMMWi 
Adj. Slope 

(StcLError)b p-Value 
Low 159 3.37 0.198 0.000 (0.012) 0.988 
Medium 162 3.43 
High 156 3.38 

a Transformed from natural logarithm scale. 
b Slope and standard error based on natural logarithm of absolute neutrophils (segs) versus log2 (initial dioxin). 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(e)MQDEL^ 

:     Dioxin Category   ; -;-i>;S'£ ;Ä^]i/ ;S& x '6:;-i^eäb,^^'h ;■■■  Adj.Meanab 

. ■.'Difference of Adj. Mean;;: 

vs. Comparisons    ■■   - 
p-Valued 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,211                   3.82 

381                   3.73 
239                   3.81 
239                   4.05 
478                   3.93 

3.81 

3.75 
3.80 
4.03 
3.91 

-0.06 -- 
-0.01 - 

0.22 -- 
0.10- 

0.430 
0.906 
0.028 
0.172 

a Transformed from natural logarithm scale. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 
c Difference of means after transformation to original scale; confidence interval on difference of means not presented 
because analysis was performed on natural logarithm scale. 
d P-value is based on difference of means on natural logarithm scale. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand):  1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 15-16.   Analysis of Absolute Neutrophils (segs) (thousand/mm3) (Continued) 

(0 MODEL 3J RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - ADJUSTED 

Dioxin Category Adj. Mean3 

Difference of Adj. Mean 

"":   
:(95%C.L)b ' :.     I I p-Value0 

Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH 

1,210 

380 
238 
239 
477 

3.45 

3.45 
3.44 
3.50 
3.47 

0.00 - 0.961 
-0.01 -- 0.854 

0.05 -- 0.551 
0.02 - 0.780 

a Transformed from natural logarithm scale. 
Difference of means after transformation to original scale; confidence interval on difference of means not presented 

because analysis was performed on natural logarithm scale. 
0 P-value is based on difference of means on natural logarithm scale. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand):  1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(g)MODEL4: ::l^GH-:irA;lSfDS.- 1987 DIOXIN- -:UNADJUSTED
:
; ,;i- 

:.■.■ \ ■■■ :;.'i''l>1987;Diöxiri;:Categöry Summary iStäitisttit»^^ ' ■': Analyas;^$ültä.:f()ri;Log2 (1987 Dioxin +l)b    • .: :■■,: 

WiMMMoMMi wi^M^i'tM BM&Mß 
Low 
Medium 
High 

288 
287 
284 

3.70 
3.79 
4.04 

0.007              0.020 (0.008)             0.017 

a Transformed from natural logarithm scale. 
b Slope and standard error based on natural logarithm of absolute neutrophils (segs) versus log2 (1987 dioxin + 1). 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(h) MODEL 4: ^NOTHANDS;- -1987 DIOXIN gADJilSTEP':;: '^-^fit '-i Ä Uxt/^.; ' : 33 ■-■::-:-:  -: 
IJI1Ä S^SIS^SI^B 33 3':o1^'':';-^^                                                            i)^'3'';';': ; 

^MS3§W3SKiMM ||||lli||||;||| 
iiisiyiiips 
3SmW3S&SK 

Low 
Medium 
High 

287 
286 
284 

3.39 
3.42 
3.50 

0.196                      0.006 (0.008)              0.455 

a Transformed from natural logarithm scale. 
b Slope and standard error based on natural logarithm of absolute neutrophils (segs) versus log2 (1987 dioxin + 1). 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 
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The Model 3 unadjusted analysis revealed a significantly higher absolute neutrophil mean for Ranch 
Hands in the high dioxin category than for Comparisons (Table 15-16(e): p=0.028, difference of adjusted 
means=0.22 thousand/mm3). After adjustment for covariates, the difference was nonsignificant (Table 
15-16(f): p=0.551). All other Model 3 analyses also were nonsignificant (Table 15-16(e,f): p>0.17for 
remaining Model 3 analyses). 

A significant positive association between 1987 dioxin levels and absolute neutrophils was revealed from 
the Model 4 unadjusted analysis (Table 15-16(g): p=0.017, slope=0.020). The association became 
nonsignificant after adjustment for covariate effects (Table 15-16(h): p=0.455). 

15.2.2.1.15 Absolute Neutrophils (Bands) (Nonzero Measurements) 

For participants who had a positive number of absolute neutrophils (bands), the unadjusted and adjusted 
Model 1 analyses revealed a marginally significant difference in absolute neutrophil means between 
Ranch Hand and Comparison enlisted groundcrew (Table 15~17(a,b): difference of means=0.021 
thousand/mm3, p=0.089; difference of adjusted means=0.016 thousand/mm3, p=0.099, respectively). The 
Ranch Hand absolute neutrophil mean was greater than the Comparison mean. All other Model 1 
contrasts were nonsignificant (Table 15-17(a,b): p>0.12 for each remaining contrast). 

Table 15-17. Analysis of Absolute Neutrophils (bands) (thousand/mm3) (Nonzero Measurements) 

(a) MODEL 1: RANCH HANDS VS. COMPARISONS - UNADJUSTED 

Occupational : Difference, of Means :.     \ 
W0^0^^^M ■'.:;. v'.■'. Group.'-.- ■ '^p'?'-:■-^M^t^M?% 

:0Mg&t^Sm m^;Sä-S^^0^IMMS& :sßi^^ii^fS 
All Ranch Hand 720 0.201 0.012 - 0.123 

Comparison 1,037 0.189 

Officer Ranch Hand 294 0.194 0.014 - 0.250 
Comparison 406 0.180 

Enlisted Flyer Ranch Hand 115 0.190 -0.014 - 0.478 
Comparison 160 0.204 

Enlisted Ranch Hand 311 0.213 0.021 - 0.089 
Groundcrew Comparison 471 0.193 

a Transformed from natural logarithm scale. 
Difference of means after transformation to original scale; confidence interval on difference of means not 

presented because analysis was performed on natural logarithm scale. 
c P-value is based on difference of means on natural logarithm scale. 
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Table 15-17.   Analysis of Absolute Neutrophils (bands) (thousand/mm3) (Nonzero 
Measurements) (Continued) 

'(b) MODEL:1: RANCH HANDS VS..COMPARISONS - ADJUSTED 

Occupational 
Category Group '■'S{WkS^. 

Adjusted 
Mean3 

Difference of Adj. Means 
p-Value* 

All Ranch Hand 
Comparison 

718 
1,036 

0.159 
0.150 

0.009- 0.126 

Officer Ranch Hand 
Comparison 

293 
406 

0.152 
0.141 

0.011" 0.221 

Enlisted Flyer Ranch Hand 
Comparison 

115 
160 

0.143 
0.156 

-0.013 - 0.389 

Enlisted Groundcrew Ranch Hand 
Comparison 

310 
470 

0.177 
0.161 

0.016 -- 0.099 

a Transformed from natural logarithm scale. 
Difference of means after transformation to original scale; confidence interval on difference of means not 

presented because analysis was performed on natural logarithm scale. 
c P-value is based on difference of means on natural logarithm scale. 

:^(cfMODEL 2i:;;MNCH;'HÄ]>fpS;-INITIAL DIOXIN -.UNADJUSTED:. ■: ■ : ,.:   . :■:.:; ;-. :..:. :.: ::.;.. ; ;;-J 

Initial Dioxin 'CategorySummary Statistics.-   .!' ■■ : -:: ■ Analysis Results forLqg2 (InitialDioxin)b 

Initial Dioxin-    i :A-#:ß::.+ ~ Sfli&gf :: ;;-p(j.:Meanab
:.': 

Low 
Medium 
High 

131 

132 
134 

0.194 
0.249 
0.195 

0.195 
0.250 
0.194 

0.004         -0.031 (0.032)              0.343 

a Transformed from natural logarithm scale. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 
c Slope and standard error based on natural logarithm of absolute neutrophils (bands) versus log2 (initial dioxin). 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(d) MODEL 2: RANCH HANDS - INITIAL DIOXIN - -ADJUSTED ./---.;, ^^^;-L:-.^)i.^^,^^^-r 

Initial Dioxin Category Summary Statistics '..'-:::':'' '-■':•■■■■'■'-Analysis Results to 

r:;:';Initial;Dipxin^:>:;.;C:;;.: ■/ :^n::;--;: Adj. Mean8 

Low                            130 
Medium                      132 
High                            134 

0.146 
0.174 
0.132 

0.117                     -0.075(0.036)             0.040 

a Transformed from natural logarithm scale. 
b Slope and standard error based on natural logarithm of absolute neutrophils (bands) versus log2 (initial dioxin). 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 
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Table 15-17. Analysis of Absolute Neutrophils (bands) (thousand/mm3) (Nonzero 
Measurements) (Continued) 

(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - UNADJUSTED 

Dioxin Categoryj iWfeari- Adj. Mean ab 

Difference of Adj. Mean 
vs. Comparisons 

, :; (95%;cx)c 
p-Value* 

Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH 

1,002 

316 
196 
201 
397 

0.189 

0.189 
0.212 
0.211 
0.211 

0.189 

0.191 
0.211 
0.209 
0.210 

0.002 - 
0.022 - 
0.020 - 
0.021 - 

0.783 
0.079 
0.113 
0.029 

a Transformed from natural logarithm scale. 
Adjusted for percent body fat at the time of the blood measurement of dioxin. 

c Difference of means after transformation to original scale; confidence interval on difference of means not presented 
because analysis was performed on natural logarithm scale. 

P-value is based on difference of means on natural logarithm scale. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - ̂ !iiSiffiiiiiil§] 

y|f::;<
;;IM^ W$'M^n;jfe?^^M^ :{;v::yp|';-;F|A^ 

■■;.■■■;■■ Difference::OfAdj.;'Mean:' :■;: 

:;
:;-:p-Vaiuec,: 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,001 

315 
195 
201 
396 

0.148 

0.150 
0.165 
0.161 
0.163 

0.002 - 
0.017 -- 
0.013 -- 
0.015 -- 

0.750 
0.076 
0.166 
0.038 

a Transformed from natural logarithm scale. 
Difference of means after transformation to original scale; confidence interval on difference of means not presented 

because analysis was performed on natural logarithm scale. 
c P-value is based on difference of means on natural logarithm scale. 

Note: RH = Ranch Hand. 
Comparison:  1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand):  1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 15-17.   Analysis of Absolute Neutrophils (bands) (thousand/mm3) (Nonzero 
Measurements) (Continued) 

(g)MODEL4i RANCH HANDS™ 1987 DIOXIN - UNADJUSTED 

1987 Dioxin Category Summary Statistics Analysis Results for Log2 (1987 Dioxin +l)b 

1987 Dioxin ^^^:-m:'S'WfsW ;■ ^1::;;?. ;iC :v;;^/;:^Mea^vv-::;::
:;;^::. '^;- ;K :-i; ^| S';:;:;4v:''^ 

Low 
Medium 
High 

241 
233 
239 

0.184 
0.204 

0.217 

0.001                0.015 (0.021)             0.482 

a Transformed from natural logarithm scale. 
b Slope and standard error based on natural logarithm of absolute neutrophils (bands) versus log2 (1987 dioxin + 1). 

Note: Low = <7.9 ppt; Medium = >7.9~19.6 ppt; High = >19.6 ppt. 

;.. (h) MODEL 4; RANCH HANDS -1987DIOXIN f^&j^^ 
$Qg^mMMi^ ategory'Summary Statistics ■■/.;•;■■ ■';      : ;'..■   Analysis Results for Lq^^^^ 

WwM(^M^Vk'~} 'Adj.Mean3';; :::-- 

Low 
Medium 
High 

240 
232 
239 

0.136 
0.154 
0.164 

0.076                      0.011(0.024)              0.657 

a Transformed from natural logarithm scale. 
b Slope and standard error based on natural logarithm of absolute neutrophils (bands) versus log2 (1987 dioxin + 1). 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

A significant negative association between initial dioxin and absolute neutrophils (bands) was found in 
the Model 2 adjusted analysis (Table 15-17(d): p=0.040, adjusted slope=-0.075).   Results were 
nonsignificant in the unadjusted analysis (Table 15-17(c): p=0.343). 

The Model 3 contrast of Ranch Hands in the low dioxin category with Comparisons revealed a marginally 
significant difference of means, indicating a higher absolute neutrophil mean among Ranch Hands than 
Comparisons (Table 15(e,f): difference of adjusted means=0.022 thousand/mm3, p=0.079; difference of 
adjusted means=0.017 thousand/mm3, p=0.076, for the unadjusted and adjusted analyses, respectively). 
Similarly, the mean difference between Ranch Hands in the low and high dioxin categories combined and 
Comparisons was significant (Table 15-17(e,f): p=0.029, difference of adjusted means=0.021 
thousand/mm3; p=0.038, difference of adjusted means=0.015 thousand/mm3, for the unadjusted and 
adjusted analyses, respectively). All other Model 3 contrasts and each analysis performed from Model 4 
were nonsignificant (Table 15-17(e-h): p>0.11 for each remaining contrast). 

15.2.2.LI6 Absolute Neutrophils (Bands) (Zero versus Nonzero) 

Unadjusted and adjusted Model 1 analyses of the percentage of participants with no absolute neutrophils 
revealed a significant difference between Ranch Hand and Comparison enlisted flyers (Table 15-18(a,b): 
p=0.029, Est. RR=1.86; p=0.026, Adj. RR=1.88, for the unadjusted and adjusted analyses, respectively). 
A greater percentage of Ranch Hand than Comparison enlisted flyers had no absolute neutrophils (23.8% 
vs. 14.4%). All other Model 1 results and all results from the analyses of Models 2 through 4 were 
nonsignificant (Table 15-18(a-h): p>0.13 for all remaining analyses). 
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Table 15-18. Analysis of Absolute Neutrophils (bands) (Zero vs. Nonzero) 

(aJMODELl: RANCH HANDS VS^COMPARISONS -UNADJUSTED ■'■; / J 
Occupational 

Category. ' Group -'$:\%ifay-%y\y- 
%.■ Number :('%|{||| 

:   Zero . 
:'v. Esfci Relative Risk    ;:-, 

p-Value 
All Ranch Hand 

Comparison 
866 

1,249 
146 (16.9) 
212 (17.0) 

0.99(0.79,1.25) 0.945 

Officer Ranch Hand 
Comparison 

341 
493 

Al (13.8) 
87 (17.7) 

0.75(0.51,1.10) 0.136 

Enlisted Flyer Ranch Hand 
Comparison 

151 
187 

36 (23.8) 
27 (14.4) 

1.86(1.07,3.23) 0.029 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

374 
569 

63 (16.8) 
98 (17.2) 

0.97(0.69,1.38) 0.880 

(b) MODEL 1: RANCH HANDS VS. COMPARISONS - ADJUSTED 

Occupational Category 
Adjusted Relative Risk 

p-Value 
All 
Officer 
Enlisted Flyer 
Enlisted Groundcrew 

0.99(0.79,1.25) 
0.74(0.51,1.09) 
1.88(1.08,3.27) 
0.98(0.69,1.39) 

0.956 
0.134 
0.026 
0.918 

(c) MODEL 2: RANCH HANDS - INITIAL DIOXIN - UNADJUSTED 
^■fS^M>KVlitu'tiä ü Dioxin Category Su mnary Statistics Analysis Results for. L6g2:(Initial Dioxin)" 

Initial 
^fvlplf^.;^ 

;       Number (%)'■''.' '■'■:■".'. ;■'- - -Estimated ;Relativ&^ki::;I] :'M~ W&-- & Wit WS-W^ 

Low 
Medium 
High 

160 
162 
156 

29(18.1) 
30 (18.5) 
22(14.1) 

0.92(0.76,1.11)                       0.381 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63~152 ppt; High = >152 ppt. 

(d) MODEL 2: RANCH HANDS - INITIAL DIOXIN - ADJUSTED 
Analysis Results for Log2 (Initial Dioxin) 

(95%CX)a 

477 0.87(0.70,1.09) 
p-Value; 
0.214 

Relative risk for a twofold increase in initial dioxin. 
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Table 15-18,   Analysis of Absolute Neutrophils (bands) (Zero vs. Nonzero) (Continued) 

(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - -UNADJUSTED 

Dioxin ''Category '-l^:ß}.i^jM^r- 
'■:■ Number •(.%)■■■. %- ■ Est,-Relative Risk   :'. 

;■   (95%:C.I.)a- '■ p-Value 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,211 

381 
239 
239 
478 

209 (17.3) 

65 (17.1) 
43 (18.0) 
38 (15.9) 
81 (17.0) 

0.98 (0.72,1.34) 
1.05(0.73,1.51) 
0.91 (0.62,1.33) 
0.98(0.74,1.30) 

0.908 
0.781 
0.625 
0.881 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison:  1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(f) MODEL,3:; RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY ™ A^ 

Dioxin Category' 
Adjusted Relative Risk 
■■'■■■■ ■\.:(95%'.C.L)a- ■■■■:■'■:•; p-Value 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,210 

380 
238 
239 
477 

1.02(0.75,1.40) 
1.03(0.72,1.49) 
0.88(0.59,1.30) 
0.95(0.72,1.27) 

0.897 
0.859 
0.515 
0.741 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison:  1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(g) MODEL M RANCH HANDS -1987 DIOXIN gur^p;|ra^ 
l-ilffÄ :J:;C.:5;■ £:: |: ;;^&pJ:^                                               &4)':.i.;;• ;-i-   ;'.■=■:: 

ISiMßSM Number (%) llllÖinMÄS^ 
;i;|-|;|||f^^iißl: wwrMw^M^MMS' illJi^ÄlSllJlll lIllfilÄ 

Low 288 47 C16 3) 0.99(0.88,1.12)                                0.905 
Medium 287 54 (18.8) 
High 284 45 (15.9) 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 
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Table 15-18.   Analysis of Absolute Neutrophils (bands) (Zero vs. Nonzero) (Continued) 

(h) MODEL 4: RANCH HANDS - 1987 DIOXIN -ADJUSTED 
Analysis Results for Log2 (1987 Dioxin + 1) 

Adjusted Relative Risk 
; ;.. j(95%.cx)a ;.;,; .:.';■.. .; . p-vaiue 

 857 0.92(0.80,1-06) 0.264 

a Relative risk for a twofold increase in 1987 dioxin. 

15.2.2.1.17 Absolute Lymphocytes 

The unadjusted and adjusted Model 2 analyses of absolute lymphocytes revealed a marginally significant 
positive association between absolute lymphocytes and initial dioxin (Table 15-19(c,d): p=0.063, 
slope=0.023; p=0.087, adjusted slope=0.024, for the unadjusted and adjusted analyses, respectively). 
Both analyses showed an increase in absolute lymphocyte levels for increasing initial dioxin levels. 
Results from each of the analyses of Models 1, 3, and 4 were nonsignificant (Table 15-19(a,b, and e-h): 
p>0.23 for all analyses). 

Table 15-19. Analysis of Absolute Lymphocytes (thousand/mm3) 

(a) MODEL 1; RANCH HANDS VS. COMPARISONS - UNADJUSTED 

All Ranch Hand 
Comparison 

866 
1,249 

1.76 
1.75 

0.00- 0.920 

Officer Ranch Hand 
Comparison 

341 
493 

1.70 
1.67 

0.04 - 0.392 

Enlisted Flyer Ranch Hand 
Comparison 

151 
187 

1.71 
1.79 

-0.08 -- 0.248 

Enlisted Ranch Hand 374 1.83 0.01 - 0.891 
Groundcrew Comparison 569 1.82 

Transformed from natural logarithm scale. 
Difference of means after transformation to original scale; confidence interval on difference of means not 

presented because analysis was performed on natural logarithm scale. 
c P-value is based on difference of means on natural logarithm scale. 
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Table 15-19.   Analysis of Absolute Lymphocytes (thousand/mm3) (Continued) 

.<(b);M<^ ADJUSTED 

Occupational 
; Category- ■ Group 'jiSm-Z'.'i 

Adjusted 
Mean2 

Difference of Adj. Means 
.(95%'CJ;)b; . p-Valuec 

All Ranch Hand 
Comparison 

864 
1,248 

1.79 
1.79 

0.00» 0.964 

Officer Ranch Hand 
Comparison 

340 
493 

1.80 
1.75 

0.05 -- 0.259 

Enlisted Flyer Ranch Hand 
Comparison 

151 
187 

1.74 
1.82 

-0.08 - 0.236 

Enlisted Groundcrew Ranch Hand 
Comparison 

373 
568 

1.82 
1.83 

-0.01 - 0.781 

a Transformed from natural logarithm scale. 
Difference of means after transformation to original scale; confidence interval on difference of means not 

presented because analysis was performed on natural logarithm scale. 
c P-value is based on difference of means on natural logarithm scale. 

(c) MODEL 2: RANCH HANDS - INITIAL DIOXIN - UNADJUSTED 

Vvlnitu y Dioxiri^Gategory'Sunmiary-Stan'stics: ":': Analysis Results for Lög2 (Tnitial Dioxin)b 

Initial Dioxin vffii'MW/ Jfjiy|i^ 
Low 
Medium 
High 

160 
162 
156 

1.68               1.69 
1.75                1.75 
1.83                1.82 

0.021          0.023 (0.012)               0.063 

a Transformed from natural logarithm scale. 
Adjusted for percent body fat at the time of the blood measurement of dioxin. 

c Slope and standard error based on natural logarithm of absolute lymphocytes versus log2 (initial dioxin). 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(d) MODEL 2: RANCH HANDS - - INITIAL DIOXIN - ̂ ÖJUSTII^ 

.::■   Initial Dioxin Category Summari ̂ ^^Kit^llupi ■;■;■;; Analysis;ResulteforLogi(Initial:Dioxin).■;/,.''! 

Initial Dioxin ß-SM:MM 
159 
162 
156 

Adj. Mean8 

Low 
Medium 
High 

1.76 
1.81 
1.88 

0.064                      0.024 (0.014)              0.087 

Transformed from natural logarithm scale. 
Slope and standard error based on natural logarithm of absolute lymphocytes versus Iog2 (initial dioxin). 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 
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Table 15-19.   Analysis of Absolute Lymphocytes (thousand/mm3) (Continued) 

>X^ 

.   Dioxin Category.. ': i^M^y^MSM Mean8 Adj.-Mean8b';.i 

.Differenceof Adj.Mean. ■* 
■!.:-.;:.:vs.: Comparisons 

!   p-Valued 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,211 

381 
239 
239 
478 

1.75 

1.75 
1.72 
1.79 
1.75 

1.75 

1.77 
1.71 
1.78 
1.74 

0.02- 
-0.04 -- 

0.03 -- 
-0.01 - 

0.671 
0.383 
0.575 
0.839 

a Transformed from natural logarithm scale. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 
c Difference of means after transformation to original scale; confidence interval on difference of means not presented 
because analysis was performed on natural logarithm scale. 

P-value is based on difference of means on natural logarithm scale. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(0 MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - ADJUSTED 

'."'Dioxin Category '■..•■-! §M^ä;
:^tM'j 

Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH 

1,210 

380 
238 
239 
477 

Adj. Mean2 

Difference of Adj. Mean 

p-Valuec 

1.79 

1.83 
1.77 
1.77 
1.77 

0.04 - 
-0.02 - 
-0.02 - 
-0.02 - 

0.356 
0.572 
0.572 
0.457 

a Transformed from natural logarithm scale. 
Difference of means after transformation to original scale; confidence interval on difference of means not presented 

because analysis was performed on natural logarithm scale. 
0 P-value is based on difference of means on natural logarithm scale. 

Note: RH = Ranch Hand. 
Comparison:  1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 15-19.   Analysis of Absolute Lymphocytes (thousand/mm3) (Continued) 

(g) MODEL 4: RANCH HANDS - -1987 DIOXIN - -tMADJUSl^ 

1987 Dioxin Category Summary Statistics Analysis-Results for Log2 (1987 Dioxin +l)b-. 
1987 Dioxin i^1;-'ffi^^r^^^^;':^;S |^JWJ^^^;£:£ :           R2               Slope (Std.Error)b        p-Value 

Low 
Medium 
High 

288 
287 
284 

1.71 
1.76 
1.79 

0.002              0.009 (0.008)            0.239 

a Transformed from natural logarithm scale. 
Slope and standard error based on natural logarithm of absolute lymphocytes versus log2 (1987 dioxin + 1). 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(h) MODEL M RANCH HANDS - 1987 DIOXIN PPiipraD-:^ 
,;:.■     i987DioxmC ategory Summary Statistics Analysis Results for Log2 (1987 Dioxin *i).-;--:v'-

;-Uv 
:.:.;..:/V1987:;.:- 

/       : Dioxin "^ y;:-- ::>r^i3t:;;;;
j;;?-^;;:-; i::-^;: ;::=:-f :vf -: ■; ■;. -X. 'Ä^i^^i^^ai^fe^y: ■ p-Value 

Low 
Medium 
High 

287                      1.73 
286                      1.79 
284                      1.79 

0.050                      0.007 (0.009) 0.455 

a Transformed from natural logarithm scale. 
b Slope and standard error based on natural logarithm of absolute lymphocytes versus log2 (1987 dioxin + 1). 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

15.2.2.1.18 Absolute Monocytes 

The Model 4 unadjusted analysis of absolute monocytes revealed a marginally significant positive 
association with 1987 dioxin levels (Table 15-20(g): p=0.059, slope=0.007). This association was 
nonsignificant after adjustment for covariates (Table 15-20(h): p=0.125). All analysis results from 
Models 1 through 3 also were nonsignificant (Table 15-20(a-f): p>0.10 for all other analyses). 
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Table 15-20. Analysis of Absolute Monocytes (thousand/mm3) 

;::;M(M0PBI.:::1^ !|$$$!Ä 
Occupational 

Category Group £;::.^^ä;^J'£¥;i 
Difference of Means 

p-Valuec 

All Ranch Hand 
Comparison 

866 
1,249 

0.477                          -0.004- 
0.481 

0.648 

Officer Ranch Hand 
Comparison 

341 
493 

0.463                         -0.008 - 
0.471 

0.594 

Enlisted Flyer Ranch Hand 
Comparison 

151 
187 

0.470                          -0.037 - 
0.507 

0.118 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

374 
569 

0.492                            0.011- 
0.482 

0.455 

a Transformed from square root scale. 
Difference of means after transformation to original scale; confidence interval on difference of means not 

presented because analysis was performed on square root scale. 
c P~value is based on difference of means on square root scale. 

(b) MODEL 1: RANCH HANDS VS. COMPARISONS - ADJUSTED 

Occupational 
[■'■'■Category .'; Groupj 

Adjusted 
'■Mean* 

Difference of Adj. Means 
■"::;::||illillli p-Valuec 

All Ranch Hand 
Comparison 

864 
1,248 

0.471 
0.476 

-0.006- 0.544 

Officer Ranch Hand 
Comparison 

340 
493 

0.461 
0.468 

-0.007 - 0.620 

Enlisted Flyer Ranch Hand 
Comparison 

151 
187 

0.452 
0.490 

-0.037 - 0.106 

Enlisted Groundcrew Ranch Hand 373 0.489 0.008 - 0.590 
Comparison 568 0.481 

a Transformed from square root scale. 
Difference of means after transformation to original scale; confidence interval on difference of means not 

presented because analysis was performed on square root scale. 
c P-value is based on difference of means on square root scale. 
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Table 15-20,   Analysis of Absolute Monocytes (thousand/mm3) (Continued) 

(c) MODEL 2: RANCH HANDS- INITIAL DIOXIN - UNADJUSTED 

.    :: -Initial Dioxin Category Summary Statistics;' : Analysis Results for Log2 (Initial Dioxin)0 

Initial Dioxin '■>£&£: tB ; :'Meaha: ■'.'.' Ädj.Meanab 

:; £$; WM^i-U Sloped! v. H^~■"';':   ■ ■: =":>.: ■:: - 
R2            : '..(Std;Error)c                p-Value 

Low 

Medium 

High 

160 
162 
156 

0.468 

0.528 

0.472 

0.469 

0.528 

0.470 

0.003          0.003 (0.006)             0.568 

a Transformed from square root scale. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 
c Slope and standard error based on square root of absolute monocytes versus log2 (initial dioxin). 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

:.::(d);MÖDEL:2rv.IUNeH;HANDS -INITIAL DIOXIN -ADJUSTED ;   . U,,::. ■:'...-...2.:: ':.:,. I 

Initial Dioxin Category Summary Statistics 

Initial Dioxin Adj. Mean0 

Analysis Results tor Los» (Initial DiÖxinV 

AdlJiSIppe: 
(Std. Error)' p-Valiie 

Low 
Medium 
High 

159 
162 
156 

0.463 
0.508 
0.446 

0.041 0.000 (0.006) 0.999 

a Transformed from square root scale. 
Slope and standard error based on square root of absolute monocytes versus log2 (initial dioxin). 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - UNADJUSTED 

Difference of Adj. Mean 
[::  ■ _' vs..Comparisons:': ;■'; ■ 

':■:■.■■ -Dioxin'Category'■■•■■...' p^Mi[^';tl£yfM% ^:IMMMMx, :  .;:Adj.-.M:eanflb :   ;. S:l1i(§i^ÄSS gg|g^ä^;|;:; 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,211 

381 
239 
239 
478 

0.480 

0.459 
0.470 
0.508 
0.489 

0.480 

0.464 
0.469 
0.502 
0.486 

-0.016 - 
-0.011-- 

0.022 - 
0.006 -- 

0.221 
0.480 
0.136 
0.606 

a Transformed from square root scale. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 
c Difference of means after transformation to original scale; confidence interval on difference of means not presented 
because analysis was performed on square root scale. 

P-value is based on difference of means on square root scale. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 15-20.   Analysis of Absolute Monocytes (thousand/mm3) (Continued) 

:;.,(f|;gO^                                                          DIOXIN eÄTE^Öi*^;;4öpSTED 

:   Dioxin Category   ■■■■■:'■.:, ^M^^^y-^k-Ä 
:-, Adj. Mean3 

Difference of Adj. Mean 
:,. . •. ■. ^-©nipa'risonS:'::; 

;■;.'. (95%CX)b              ;     p-Vaiuec     ■ 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,210 

380 
238 
239 
477 

0.479 

0.464 
0.464 
0.499 
0.482 

-0.015 -                      0.223 
-0.015--                      0.319 
0.020--                      0.193 
0.003 --                      0.822 

a Transformed from square root scale. 
Difference of means after transformation to original scale; confidence interval on difference of means not presented 

because analysis was performed on square root scale. 
c P-value is based on difference of means on square root scale. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(g) MODEL "M RANCH HANDS - 1987 DIOXIN - ■1$$$^^ 
"yS-4.: '^:':-:1937-Piöxin;Gätegöry Summary Statistics : ;    ; Analysis ResuIts:forLog2 (1987Dioxin+l)b ; ■'■. 

0%:$^n^iMsc lliSil^lllli 
Low 
Medium 
High 

288 
287 
284 

0.458 
0.467 
0.503 

0.004               0.007 (0.004)              0.059 

a Transformed from square root scale. 
Slope and standard error based on square root of absolute monocytes versus log2 (1987 dioxin + 1). 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(h) MODEL M RANCH HANDS- 1987 DIOXIN^ liifill^ 
p|#ggi!iP|8i|!laÖ t;^^iÖ^:;S^iÄ J^p^ÖsÖ^llft iItli>p$J8^ 

-:W^BM&M0MM 
287 
286 
284 

llll|p|ii|äsli' R2                    (Std. Error)"              p-Value 
Low 
Medium 
High 

0.450 
0.458 
0.493 

0.032              0.007(0.004)             0.125 

a Transformed from square root scale. 
Slope and standard error based on square root of absolute monocytes versus log2 (1987 dioxin + 1). 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 
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15.2.2.1.19 Absolute Eosinophils (Nonzero Measurements) 

For participants who had a positive number of absolute eosinophils, all analyses in Models 1 through 4 
were nonsignificant (Table 15-21(a-h): p>0.10 for all analyses). 

Table 15-21. Analysis of Absolute Eosinophils (thousand/mm3) (Nonzero Measurements) 

(a) MODEL 1^ RANCH HA^ 

Occupational 1 
'-Category  . :| Group ^■lk-$.'$;v:£M% ̂ i-äj^l^n§i'%j!i 

; .        Difference of Means; %:3.            ' >'■       ■      • 
■..     ■■     :   (95%;.CX)b,: ■     .: ■   .       p-Valuec 

All Ranch Hand 
Comparison 

760 
1,096 

0.159 
0.161 

-0.002 -                        0.684 

Officer Ranch Hand 
Comparison 

305 
448 

0.160 
0.153 

0.007 --                         0.422 

Enlisted Flyer Ranch Hand 
Comparison 

134 
165 

0.162 
0.164 

-0.002 -                         0.895 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

321 
483 

0.157 
0.167 

-0.011-                         0.183 

a Transformed from natural logarithm scale. 
Difference of means after transformation to original scale; confidence interval on difference of means not 

presented because analysis was performed on natural logarithm scale. 
0 P-value is based on difference of means on natural logarithm scale. 

igi^jÄ^Ö^^ |Äl^;RiSt>N.si: #Ö$Ö§^^ 

Occupational ■\\ '.. :"i.■'■''.".]Adjlisted; Difte rencepf Adji Means "■ ■'■■] 
^;C ;^;'i^'-: :^'V'^3^g^^;hyv-^fi':KC-?j ■"■ ■ Group.   . ;I;:"-:;::.»: ;X;■::'::^;> ÄäC^^iri* | ;^MIISIfe?;sKSS?!l;l ;■:■*■ yp-Vßug. .;..'.;:■ 
All Ranch Hand 

Comparison 
758        0.151 

1,095        0.154 
-0.003 - 0.576 

Officer Ranch Hand 
Comparison 

304        0.154 
448        0.147 

0.007 - 0.347 

Enlisted Flyer Ranch Hand 
Comparison 

134        0.150 
165        0.153 

-0.003 - 0.806 

Enlisted Groundcrew Ranch Hand 
Comparison 

320        0.149 
482        0.162 

-0.013 - 0.106 

a Transformed from natural logarithm scale. 
Difference of means after transformation to original scale; confidence interval on difference of means not 

presented because analysis was performed on natural logarithm scale. 
c P-value is based on difference of means on natural logarithm scale. 
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Table 15-21.   Analysis of Absolute Eosinophils (thousand/mm3) (Nonzero Measurements) 
(Continued) 

(c) MODEL 2: RANCH HANDS - INIT1 

Dioxin Category Summary S 
$£1$!$^^ 

Initial tatistks Analysis Results for Log2 (Initial Dioxin)b 

Initial Dioxin ■f:S^^^|^:;^iv '.:    Mean*;' ■: ::Adj.-'Mcanab:v.~ 

Low 

Medium 

High 

139 
144 
134 

0.155 
0.154 
0.157 

0.155 

0.154 

0.157 

0.001           0.005 (0.025)              0.836 

a Transformed from natural logarithm scale. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 
c Slope and standard error based on natural logarithm of absolute eosinophils versus log2 (initial dioxin). 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(d) MODEL 2: RANCH HANDS - INITIAL DIOXIN - ADJUSTED'; ;V-^ 

■■■■• Initial Dioxin Category Summary Statistics. . v ■ ; ;■■■■;'.■."'••-  ■'■ :: Analysis Results for- Log2 (Initial pfoxin) 

Initial Dioxin '^^M'^'y^M; llfSslI^ W& WiM- y ]y:M:' ^yV:y:y- y:y ? ^:;;:'-;Aa3.;S10peI '■■& '■-£ Y:- -4-:-^ : ■:)? %    WiM 

Low 
Medium 
High 

138 
144 
134 

0.151 
0.150 
0.155 

0.009                     0.012 (0.029)              0.670 

Transformed from natural logarithm scale. 
Slope and standard error based on natural logarithm of absolute eosinophils versus log2 (initial dioxin). 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 
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Table 15-21.   Analysis of Absolute Eosinophils (thousand/mm3) (Nonzero Measurements) 
(Continued) 

(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - UNADJUSTED 

v.-
:   Dioxin Category i^ß^>n;:; ;.£:!;:'|:;- ̂        Mean") Adj.Meanab   i 

Difference of Adj. Mean 
vs..Comparisons 

, '■:■■:.,..(95%;CJ.)C   •,   .    ..   p-ValueV 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,064 

337 
206 
211 
417 

0.161 

0.162 
0.156 
0.155 
0.155 

0.161 

0.163 
0.155 
0.154 
0.155 

0.002 --                   0.805 
-0.006--                 0.513 
-0.007 --                  0.434 
-0.006 --                   0.346 

a Transformed from natural logarithm scale. 
Adjusted for percent body fat at the time of the blood measurement of dioxin. 

c Difference of means after transformation to original scale; confidence interval on difference of means not presented 
because analysis was performed on natural logarithm scale. 

P-value is based on difference of means on natural logarithm scale. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - ADJUSTED 

Difference of Adj. Mean 
vs. Comparisons 

;,j:
; 'DioxinCategory- v... ■ W^B!Jf^s^^;;^'iv^v^1 f^M^M^M^^MU '>;;.:|f:g ^^^■■^tfeSäuii^iv 

Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH 

1,063 

336 
205 
211 
416 

0.153 

0.156 
0.147 
0.144 
0.146 

0.003 -- 
-0.006 -- 
-0.009 - 
-0.007 -- 

0.677 
0.447 
0.229 
0.194 

a Transformed from natural logarithm scale. 
Difference of means after transformation to original scale; confidence interval on difference of means not presented 

because analysis was performed on natural logarithm scale. 
c P-value is based on difference of means on natural logarithm scale. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand):  1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

15-80 



Table 15-21.   Analysis of Absolute Eosinophils (thousand/mm3) (Nonzero Measurements) 
(Continued) 

(g) MODEL 4: RANCH HANDS - -1987 DIOXIN - -UNADJUSTED 

1987 Dioxin Category Summary Statistics Analysis Results for Log2 (1987 Dioxin+l)b 

1987 Dioxin ~^AjPt$::^i^^^. ;"W;%:MuM*:M' ^X^^W^ L:Sfe^(Std.Error)^:iV.;;:- >p-v^ue;';;^ 
Low 
Medium 
High 

256 
250 
248 

0.164 
0.156 
0.155 

0.001              -0.017 (0.017)           0.330 

a Transformed from natural logarithm scale. 
Slope and standard error based on natural logarithm of absolute eosinophils versus log2 (1987 dioxin + 1). 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(h) MODEL ■'4*.; RANCH HANDS -1987 DIOXIN F:~;ADJUSTED    '      "vU;-":' :;^;V.;>-  ':       ';:-'.;'X 

1987Dioxi n Category Summary ;StätlS|iCS!i:^:::!::l'.V|:.; : Analysis Results for Log2 (1987 Dioxin + 1)',. ■'■'"': 

fMMEM<:;M^¥-^W^ ^i0^M R2                            (Std. Error)b               p-Value 
Low 
Medium 
High 

255 
249 
248 

0.156 
0.149 
0.148 

0.028                    -0.010 (0.020)            0.608 

a Transformed from natural logarithm scale. 
Slope and standard error based on natural logarithm of absolute eosinophils versus log2 (1987 dioxin + 1). 

Note: Low = <7.9 ppt; Medium = >7.9~19.6 ppt; High = >19.6 ppt. 

15.2.2.1.20 Absolute Eosinophils (Zero versus Nonzero) 

The percentage of participants with no absolute eosinophils present was not significantly associated with 
exposure group or dioxin in any of the Model 1 through 4 analyses (Table 15-22(a-h): p>0.37 for all 
analyses). 

Table 15-22. Analysis of Absolute Eosinophils (Zero vs. Nonzero) 

l5(äj|Bi||^pL §^^^^^^^^^^^^^^^^M^Ms^$M&Mm^iM 
Occupational 

WMM^r&oj^^x S§!t§pSf51P p-Value 
All Ranch Hand 

Comparison 
866 

1,249 
106 (12.2)                 1.00 (0.77,1.30) 
153 (12.3) 

0.995 

Officer Ranch Hand 
Comparison 

341 
493 

36(10.6)                  1.18(0.74,1.86) 
45   (9.1) 

0.493 

Enlisted Flyer Ranch Hand 
Comparison 

151 
187 

17(11.3)                0.95(0.49,1.86) 
22(11.8) 

0.885 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

374 
569 

53(14.2)                 0.93(0.64,1.34) 
86(15.1) 

0.689 
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Table 15-22.   Analysis of Absolute Eosinophils (Zero vs. Nonzero) (Continued) 

;-(b):MQpEL-l:: RANCH HANDS VS. COMPARISONS - AD JUSTED 

Occupational Category 
Adjusted Relative Risk 

,■ ;(95%C.L) ■.;■;.. 
All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

1.01 (0.77,1,31) 

1.18(0.74,1.87) 
0.95 (0.49,1.87) 
0.92(0.64,1.34) 

p-Value 

0.970 

0.489 
0.893 
0.674 

(c) MODEL 2: RANCH HANDS iiipfc^^ 
Initial Dioxin Category Summary Statistics .,.::

:: ;; Analysis Results for Log2 (Initial Dioxm)a 

>\}■.Number'(%);• r\\:!-f.' 
<:;WMWf^^^W§WMWWpS 

Low                            160 
Medium                      162 
High                            156 

21 (13.1) 
18(11.1) 
22(14.1) 

0.95 (0.77,1.17)                       0.630 

Adjusted for percent body fat at the time of the blood measurement of dioxin. 
Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

;;:'(d>M0I^2:-;M^ 

t"f;-;:fSfÄ 
:SÄÄsftCi^>' $ WS %■ l' ^f- 

477                                          0.92(0.73,1.18) 0.521 

a Relative risk for a twofold increase in initial dioxin. 

(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY .^UNADJUSTED:;::; :;.J 

:|.-^-^;^^:p|Vai^;|JjM{V-i 
Comparison                            1,211                 147(12.1) 

Background RH                         381                   44(11.6)                   0.96(0.67,1.38) 
LowRH                                    239                   33(13.8)                    1.15(0.77,1.73) 
HighRH                                    239                   28(11.7)                   0.95(0.61,1.46) 
Low plus High RH                    478                   61 (12.8)                    1.04 (0.76,1.44) 

0.833 
0.487 
0.798 
0.789 

a Relative risk and confidence interval relative to Comparisons. 
Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 15-22.   Analysis of Absolute Eosinophils (Zero vs. Nonzero) (Continued) 

(f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CAlpSÖR^^ ÄDJÜSTMX 
:-:';:^ 'A .".■■' . ■    ':■''■ ..■■■' .K■ • '■ :■'   ":'      Acy listed fReläCiye.3tis&.■ 

Dioxin Category n (95% C.I.)a p-Value 
Comparison 1,210 

Background RH                             380                          1.07(0.74,1.55)                                0.705 
LowRH                                           238                            1.16(0.77,1.76) 0.467 
HighRH                                          239                           0.82(0.53,1.27)                                  0.376 
Low plus High RH 477 0.98(0.71,1.35) 0.885 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(g) MODEL *V RANCH HANDS - 1987 DIOXIN ~;t?mDjra^ 

tm&fMWM oxin Category Summary .Statistics ■^:.- ■ '■■ Analysis Results for Log2 (1987 Dioxin + 1).   . 

'.'.'  Dioxin n                          Zero 
Low 
Medium 
High 

288                   32(11.1) 
287                 37 (12.9) 
284                  36 (12.7) 

1.05(0.91,1.20)                             0.528 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(h)M:ODEL4r RANCH HANDS -1987 DIOXIN ^ADJUSTED 

AnalysisRestUtefpr;Log2 (1987Dioxin + 1) 

 857 0.99(0.84,1.16) 0.894 

Relative risk for a twofold increase in 1987 dioxin. 
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15.2.2.L21   Absolute Basophils (Nonzero Measurements) 

For participants who had a positive number of absolute basophils, no significant relations were observed 
between basophils and exposure group or dioxin in Model 1 through 4 analyses (Table 15-23(a-h): 
p>0.18 for each analysis). 

Table 15-23. Analysis of Absolute Basophils (thousand/mm3) (Nonzero Measurements) 

(a) MODEL 1: RANCH HANDS VS. COMPARISONS - UNADJUSTED 
Occupational 

i 'Category :;; Group! ■Mean3.; 
Difference of Means 

■'■-: ;(95%:C.I,)b.     .    p-Valuec 

All 

Officer 

Enlisted Flyer 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

373 
580 

149 
232 

75 
87 

149 
261 

0.078 
0.080 

0.076 
0.077 

0.079 
0.082 

0.079 
0.082 

0.002 - 

-0.001 

-0.003 

-0.003 -- 

0.315 

0.838 

0.577 

0.322 

a Transformed from natural logarithm scale. 
Difference of means after transformation to original scale; confidence interval on difference of means not 

presented because analysis was performed on natural logarithm scale. 
c P-value is based on difference of means on natural logarithm scale. 

■■(b) MODELl;r.: RANCH HANDS VS. ßO^BitoSMsffi iöSJi^^ 
Öccupätioi 

Category 
UISi 

■% ■ ? ■ u^^'v':^^^prtip ^"! ^ ?---^ |l! 1 :-t;%WM;:M 
Adjusted 

:■ JVIean0 ■; 
I ■   ■ ■;■- ..Difference, öf Adj. Means -;- ■ ■ 

p-Valuec 

All Ranch Hand 
Comparison 

372 
580 

0.072 
0.074 

-0.002 ~ 0.280 

Officer Ranch Hand 
Comparison 

148 
232 

0.071 
0.073 

-0.001 -- 0.669 

Enlisted Flyer Ranch Hand 
Comparison 

75 
87 

0.072 
0.074 

-0.002 - 0.682 

Enlisted Groundcrew Ranch Hand 
Comparison 

149 
261 

0.073 
0.076 

-0.003 - 0.326 

a Transformed from natural logarithm scale. 
Difference of means after transformation to original scale; confidence interval on difference of means not 

presented because analysis was performed on natural logarithm scale. 
c P-value is based on difference of means on natural logarithm scale. 
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Table 15-23.   Analysis of Absolute Basophils (thousand/mm3) (Nonzero Measurements) 
(Continued) 

(c) MODEL 2: RANCH HANDS - INITIAL DIOXIN - UNADJUSTED 
Initial Dioxin i Category Summary Statistics ■;': Analysis Results for Log2 (Initial Dioxin)1' 

Initial Dioxin ii&CTMl Mean* :r':;;M?ÄPi:;J;| :'    R2      .         (Std.Error)c               p-Value 
Low 
Medium 
High 

62 
58 
81 

0.077 
0.075 
0.081 

0.078 
0.076 
0.080 

0.013          0.009(0.022)             0.685 

Adjusted for percent body fat at the time of the blood measurement of dioxin 
Transformed from natural logarithm scale. 
Adjusted for percent body fat at the time o1 

c Slope and standard error based on natural logarithm of absolute basophils versus log2 (initial dioxin). 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(d)MODEL2i RANCH HANDS - INITIAL DIOXIN - jAppJSTM;!^ 
Initial Dioxi n Category Summar y;Statistics■■;;::' • v:; Analysis Results.for Log2 (Initial Dipxin) 

Initial Dioxin WMK^3W;:^:^:^ cÄSIiöist BSSÖlfS '§S : ■.v -':■-1;1/&:^||&oßr^r)SvB';^ Mv-Value: < M 
Low 
Medium 
High 

61 
58 
81 

0.073 
0.070 
0.073 

0.082                     -0.003 (0.026)             0.917 

Transformed from natural logarithm scale. 
Slope and standard error based on natural logarithm of absolute basophils versus log2 (initial dioxin). 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(e)MODEL3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY-UNADJUSTED 

;;- ;Dioxin Category ■■■ ^SöÖM^!;^; }:;:v:fv^ 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

562 

168 
92 

109 
201 

0.080 

0.077 
0.076 
0.080 
0.078 

0.080 

0.078                      -0.002 --                   0.410 
0.076                      -0.004 -                   0.222 
0.080                      0.000 --                  0.930 
0.078                      -0.002 -                   0.482 

Transformed from natural logarithm scale. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 
c Difference of means after transformation to original scale; confidence interval on difference of means not presented 
because analysis was performed on natural logarithm scale. 

P-value is based on difference of means on natural logarithm scale. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 15-23.   Analysis of Absolute Basophils (thousand/mm3) (Nonzero Measurements) 
(Continued) 

■(f) MODEL 3; RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - ADJUSTED 

Dioxin Category     . ';;::: n -■■. 

Difference of Adj. Mean 
vs. Comparisons 

:Adj.:Meana; .(95:%;CI.) p-Value 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

562 

168 
91 

109 
200 

0.075 

0.074 
0.071 
0.073 
0.072 

-0.001 -- 
-0.004 -- 
-0.002 - 
-0.003 - 

0.657 
0.183 
0.563 
0.220 

a Transformed from natural logarithm scale. 
Difference of means after transformation to original scale; confidence interval on difference of means not presented 

because analysis was performed on natural logarithm scale, 
c P-value is based on difference of means on natural logarithm scale. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

f;(g|:0g^f::§| RANCH HANDS - 1987 DIOXIN - §t$pix^^ 
£;VK*MfÄ Summary Statistics Analysis Eesults for Log2 (1987 Dioxin+l)b " . 
.v ; 1987:I>ioxiii ■: ^Bls^^;'^^:' :$mäM:m ■.  R2''■       ■:,'■■'Slope^Stä.Eiror)bY'V.V' p-Value 
Low 
Medium 
High 

132 
109 
128 

0.076 
0.079 
0.078 

<0.001               0.006 (0.014)             0.674 

a Transformed from natural logarithm scale. 
b Slope and standard error based on natural logarithm of absolute basophils versus log2 (1987 dioxin + 1). 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(h)MQDEL4; RANCH HANDS -1987 DIOXIN sll9iM 
:r>;; ^:pi:?>:h:!>::i ßtlS^ 

132 
108 
128 

Adj. Mean" 
Low 
Medium 
High 

0.069 
0.072 
0.067 

0.076                    -0.006(0.016)            0.716 

Transformed from natural logarithm scale. 
Slope and standard error based on natural logarithm of absolute basophils versus log2 (1987 dioxin + 1). 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

15.2.2,1.22 Absolute Basophils (Zero versus Nonzero) 

Unadjusted and adjusted Model 1 analyses of the percentage of participants with no absolute basophils 
revealed a significant difference between Ranch Hand and Comparison enlisted groundcrew (Table 
15-24(a,b): p=0.068, Est. RR=1.28; p=0.065, Adj. RR=1.28, respectively). A greater percentage of 
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Ranch Hand than Comparison enlisted groundcrew had no absolute basophils. All other Model 1 
contrasts were nonsignificant (Table 15-24(a,b): p>0.10 for each remaining contrast). 

Table 15-24. Analysis of Absolute Basophils (Zero vs. Nonzero) 

(a) MODEL 1: RANCH HANDS VS. COMPARISONS - UNADJUSTED 
; ■'^Occupational '■. ■     .■/■':.'.   ■.; ■. ;:   ; 

'-:'::-:KU:- 
Number (%) 

\fMv-:;|:>|U-;Zero;:::%      ■*;■;!■::-:":;; 
Est Relative Risk 
.. .  (95%;CX); :' .-,-: p-Value 

All                      Ranch Hand 
Comparison 

866 
1,249 

493 (56.9) 
669 (53.6) 

1.15(0.96,1.36) 0.126 

Officer                Ranch Hand 
Comparison 

341 
493 

192 (56.3) 
261 (52.9) 

1.15(0.87,1.51) 0.338 

Enlisted Flyer      Ranch Hand 
Comparison 

151 
187 

76 (50.3) 
100 (53.5) 

0.88 (0.57,1.35) 0.565 

Enlisted               Ranch Hand 
Groundcrew        Comparison 

374 
569 

225 (60.2) 
308 (54.1) 

1.28 (0.98,1.67) 0.068 

;^|ty^ 

Occupational Category 
Adjusted Relative Risk 

iMM -$ :.;S: ■: - V '$£ ■; g*yta$ ■;;:; 
All 1.16(0.97,1.38) 0.106 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

1.16(0.88,1.53) 
0.87(0.57,1.34) 
1.28(0.98,1.68) 

0.303 
0.529 
0.065 

(c) MODEL 2 : RANCH HANDS- |fi$i!^ 

hatia I Dioxin Category Summary Statistics   .■ ,;     ■ ■ Äiia^as^sM^                                          :;. 

Initial 
Dioxin ';MuMMM'v%-: 

.. ■Estimated:RelätiveKIsk^■■^vV■^■:V^'■!■^^■■■':.■:■..■■:■■■' 

Low 
Medium 
High 

160 
162 
156 

98 (61.3) 
104 (64.2) 
75 (48.1) 

0.84 (0.73,0.97)                         0.015 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 
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Table 15-24.   Analysis of Absolute Basophils (Zero vs. Nonzero) (Continued) 

§;(d}«^ 
;:,      ';. .■ ■■    .            f ■:'/'■'.;■,■' '3''■ ■.'J"' /^^lysfs^sul^-^r; Lö^/(lM|iäl Dioxin)      ■ ■.';;;;-; 

■;p-Value i' .           ■  Jf If! 

477                                          0.81 (0.68,0.95) 0.012 

a Relative risk for a twofold increase in initial dioxin. 

(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY -UNADJUSTED 

WS::§^tMü^te^$M W^: W:-'%^/M 1 ■■ - W ■ "M i. • £& ® i$K '$$■■ 'MXMlM % ■■ :i(9l W:&i^z*y: Wt'$ p-Value 
Comparison                            1,211                 649(53.6) 

Background RH                        381                 213(55.9)                    1.09(0.86,1.38) 
LowRH                                    239                 147(61.5)  .                 1.39(1.04,1.84) 
HighRH                                    239                 130(54.4)                    1.04(0.78,1.37) 
Low plus High RH                    478                 277(58.0)                    1.20(0.97,1.49) 

0.459 
0.025 
0.796 
0.098 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - -ADJUSTED  .-.,;.":.;..; 

•'/.v    Dioxin Category ■■'■.' ■ .-. ,j 'M^W^%^M^W^;:V:^. #^htfjj^ 
Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH 

1,210 

380 
238 
239 
477 

1.11(0.87,1.41) 
1.47(1.10,1.95) 
1.00(0.75,1,33) 
1.21 (0.97,1.50) 

0.395 
0.009 
0.979 
0.091 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt 
Background (Ranch Hand):  1987 Dioxin < 10 ppt 
Low (Ranch Hand):  1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt 
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Table 15-24.   Analysis of Absolute Basophils (Zero vs. Nonzero) (Continued) 

(g) MODEL 4: RANCH HANDS ^1987 DIODEN ;feUNADJUS^ 

■■;■■■ ^^d$$7!;pi<^^                                                     ' Analysis Results for Log2 (1987Dioxin + 1) 

Dioxin ;;:^^{ß-ti;-:;:::- 7C: ^<'-y};'% 

Number (%);.'  . 
Zero 

^f H Estimated Relative Risk   '   '       ■■ 

Low 
Medium 
High 

288 
287 
284 

156 (54.2) 
178 (62.0) 
156 (54.9) 

0.97 (0.88,1.06)                               0.496 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(h)M0DEL4: RANCH HANDS -1987 DIOXIN-ADJUSTED 

;£ :-:S;:, '^ J^VO Ü6: % $}.' fl £ ^fSf '$£'. 

857                                           0.94(0.84,1.05) 0.257 

a Relative risk for a twofold increase in 1987 dioxin. 

Model 2 analyses displayed a significant association between initial dioxin and the percentage of 
participants with no absolute basophils, both with and without adjustment for covariates (Table 
15-24(c,d): p=0.015, Est. RR=0.84; p=0.012, Adj. RR=0.81, respectively). As initial dioxin increased, 
the percentage of participants with no absolute basophils decreased. 

A significant difference in the proportion of participants with no absolute basophils was observed 
between Ranch Hands in the low dioxin category and Comparisons in both Model 3 unadjusted and 
adjusted analyses (Table 15-24(e,f): p=0.025, Est. RR=1.39; p=0.009, Adj. RR=1.47, respectively). 
Also, the contrast of Comparisons with Ranch Hands in the low and high dioxin categories combined was 
marginally significant in both the unadjusted and adjusted analyses (Table 15-24(e,f): p=0.098, 
Est. RR=1.20; p=0.091, Adj. RR=1.21, respectively). Ranch Hands in these dioxin categories had a 
higher percentage of participants with no absolute basophils than did Comparisons. All other Model 3 
contrasts, as well as the Model 4 analysis results, were nonsignificant (Table 15-24(e-h): p>0.25 for all 
analyses). 

15.2.3   Longitudinal Analysis 

Longitudinal analyses were conducted on platelet count to examine whether changes across time differed 
with respect to group membership (Model 1), initial dioxin (Model 2), and categorized dioxin (Model 3). 
Model 4 was not examined in longitudinal analyses because 1987 dioxin—the measure of exposure in 
these models—changes over time and is not available for all participants for 1982 or 1997. 

Discrete and continuous analyses were performed for platelet count. The longitudinal analyses for these 
variables investigated the difference between the 1982 and 1997 examinations. These analyses were used 
to investigate the temporal effects of dioxin during the 15-year period between 1982 and 1997. 
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Participants who were abnormal in 1982 were not included in the longitudinal analysis of discrete 
dependent variables. The purpose of the longitudinal analysis was to examine the effects of dioxin 
exposure across time. Participants who were abnormal in 1982 were not considered to be at risk for 
developing the condition because the condition already existed at the time of the first collection of data 
for the AFHS (1982). Only participants considered normal at the 1982 examination were considered to 
be at risk for developing the condition; therefore, the rate of abnormalities under this restriction 
approximates an incidence rate between 1982 and 1997. That is, an incidence rate is a measure of the rate 
at which people without a condition develop the condition during a specified period of time (41). 
Summary statistics are provided for reference purposes for the 1985, 1987, and 1992 examinations. 

The longitudinal analyses for platelet count in its discrete form examined relative risks at the 1997 
examination for participants who were classified as normal at the 1982 examination. The adjusted 
relative risks estimated from each of the three models were used to investigate the change in the 
dependent variable over time. All three models were adjusted for age; Models 2 and 3 also were adjusted 
for the percentage of body fat at the time of the blood measurement of dioxin. 

The longitudinal analysis for the platelet count in its continuous form examined the paired difference 
between the measurements from 1982 and 1997. These paired differences measured the change in 
platelet count over time. Each of the three models used in the longitudinal analysis was adjusted for age 
and platelet count as measured in 1982 (see Chapter 7, Statistical Methods). A square root transformation 
was applied to platelet count for analytic purposes. 

15.2,3.1  Laboratory Variable 

15.2.3. L1     Platelet Count (Continuous) 

A decrease was seen in both Ranch Hands and Comparison means between the baseline examination and 
the 1997 follow-up. The largest portion of the decrease was observed between 1992 and 1997. The 
change in platelet count means between 1982 and 1997 was examined for associations with group status 
and dioxin. In the Model 1 analysis, the change in platelet count means between 1982 and 1997 was 
significantly different between Ranch Hand and Comparison officers (Table 15-25(a): p<0.001). The 
difference was marginally significant in Ranch Hand and Comparison enlisted flyers (Table 15-25(a): 
p=0.100). For both occupations, Ranch Hands have decreased more than Comparisons over the 15-year 
time period. The difference was nonsignificant when Ranch Hands and Comparisons were examined 
across all occupations. No significant associations were observed between platelet count and dioxin in 
Model 2 (Table 15-25(b): p=0.401). In the Model 3 analysis, there was a marginally significant 
difference in the change in platelet count means between the background Ranch Hand dioxin category 
and Comparisons (Table 15-25(c)). The decrease in means between 1982 and 1997 was greater for Ranch 
Hands in the background dioxin category (66.0 thousand/mm3) than for Comparisons (58.6 
thousand/mm3). 
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Table 15-25. Longitudinal Analysis of Platelet Count (thousand/mm3) (Continuous) 

;Äi^ 

Occupational 
' :■■'/..Group.;;":,•? 

;"-:-:: :';/^Meän7(n)' ':   ■/.._;;: 
Examination 

■  .Exam., ; 

; Change53 | 

Difference of 
Exam. Mean 

Change 

-7.8 

■■■:. Category::.: 1982 !**985:K 1987   j 1992  = 1997; p-Value?- 
All Ranch Hand 

Comparison 

273.8 
(807) 
261.7 
(966) 

267.8 
(788) 
263.7 
(946) 

260.7 
(779) 
255.3 
(937) 

250.7 
(782) 
244.4 
(944) 

207.2 
(807) 
202.9 
(966) 

-66.6 

-58.8 

0.203 

Officer Ranch Hand 

Comparison 

262.4 
(307) 
256.9 
(376) 

258.3 
(302) 
262.5 
(370) 

252.0 
(298) 
253.1 
(362) 

239.3 
(299) 
243.3 
(370) 

196.9 
(307) 
205.0 
(376) 

-65.4 

-51.9 

-13.5 <0.001 

Enlisted 
Flyer 

Ranch Hand 

Comparison 

281.8 
(147) 
258.2 
(143) 

273.6 
(144) 
253.4 
(142) 

265.7 
(142) 
242.6 
(141) 

255.0 
(144) 
235.1 
(140) 

213.3 
(147) 
193.7 
(143) 

-68.5 

-64.4 

-4.1 0.100 

Enlisted 
Groundcrew 

Ranch Hand 

Comparison 

280.5 
(353) 
266.9 
(447) 

273.8 
(342) 
268.3 
(434) 

266.3 
(339) 
261.3 
(434) 

259.2 
(339) 
248.4 
(434) 

213.7 
(353) 
204.2 
(447) 

-66.7 

-62.7 

-4.0 0.462 

a Transformed from square root scale. 
b Difference between 1997 and 1982 examination means after transformation to original scale. 
c P-value is based on analysis of square root of platelet count; results adjusted for square root of platelet count in 
1982 and age in 1997. 

Note: Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for participants who 
attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided for reference purposes 
for participants who attended the 1982, 1992, and 1997 examinations. 
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Table 15-25.    Longitudinal Analysis of Platelet Count (thousand/mm3) (Continuous) 
(Continued) 

(b)MQ0E^2: RANCH HANDS - INITIAL DIOXIN 

Initial Dioxin Category Summary Statistics Analysis Results tor Log2 (Initial Dioxm)b 

<dn 

Mean7(n) : 
Examination Adjusted Slope 

Initial Dio 1982 1985 M1MM':- 1992 1997 ;.(Std.Error)   .      .     :         p-Value   j 
Low 

Medium 

High 

266.5 
(152) 

277.4 
(159) 

284.9 
(147) 

265.1 
(148) 

268.2 
(156) 

274.8 
(144) 

257.6 
(150) 

262.8 
(155) 

268.5 
(142) 

247.0 
(147) 

252.9 
(155) 

259.6 
(144) 

204.0 
(152) 

208.0 
(159) 

217.6 
(147) 

0.039 (0.046)                      0,401 

a Transformed from square root scale. 
Results based on difference between square root of 1997 platelet count and square root of 1982 platelet count 

versus log2 (initial dioxin); results adjusted for percent body fat at the date of the blood measurement of dioxin, 
square root of 1982 platelet count, and age in 1997. 

Notes:    Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for 
participants who attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are 
provided for reference purposes for participants who attended the 1982, 1992, and 1997 examinations. 
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Table 15-25. Longitudinal Analysis o f Platelet Count (thousan d/mm3) (Continuous) 
(Continued) 

(c) MODEL 3: ;^|j^t^ 
|  Mea*i7(n);; Exam. Difference of 

Dioxin Examination Mean   > 
Change* 1 

■ Exam. Mean . 
Category 1982 :: 1985: : M^My&rn 1992 :;   1997 ;':\Change"^v' \]- p-yaluec;. 

Comparison 261.9 264.0 255.7 245.0 203.3 -58.6 
(938) (921) (911) (917) (938) 

Background 270.3 265.2 257.5 247.4 204.3 -66.0 -7.4             0.071 
RH (343) (335) (327) (331) (343) 
LowRH 268.0 264.0 258.9 247.3 204.0 -64.0 -5 4             0.544 

(228) (221) (223) (220) (228) 
HighRH 284.3 274.5 266.8 258.7 215.5 -68.8 -10.2             0.965 

(230) (227) (224) (226) (230) 
Low plus 276.1 269.3 262.8 253.1 209.7 -66.4 -7.8              0.676 
HighRH (458) (448) (447) (446) (458) 

a Transformed from square root scale. 
Difference between 1997 and 1982 examination means after transformation to original scale. 

c P-value is based on analysis of square root of 1997 platelet count; results adjusted for percent body fat at the date 
of the blood measurement of dioxin, square root of 1982 platelet count, and age in 1997. 

Notes:    RH = Ranch Hand. 
Comparison:  1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand):  1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for 
participants who attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are 
provided for reference purposes for participants who attended the 1982, 1992, and 1997 examinations. 

15.23.1.2     Platelet Count (Discrete) 

The longitudinal analysis of 1997 platelet count in its discrete form was conditioned on participants who 
had a normal platelet count in 1982. In the Model 1 analyses, no significant difference was observed in 
the percentage of abnormally low platelet counts between Ranch Hands and Comparisons when all 
occupations were combined (Table 15-26(al): p=0.681). Ranch Hand officers had a significantly higher 
percentage of abnormal low measurements than did Comparison officers (Table 15-26(al): Adj. 
RR=2.71, p=0.046), and Ranch Hands enlisted flyers had a significantly smaller percentage of abnormal 
low measurements than did Comparison officers (Table 15-26(al): Adj. RR=0.09, p=0.023). No 
significant differences were observed between Ranch Hands and Comparisons in the percentage of 
abnormally high measurements, although the sparse number of abnormally high measurements in 1997 
precluded meaningful statistical analysis by occupation. 
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Table 15-26. Longitudinal Analysis of Platelet Count (Abnormal Low vs. Normal and Abnormal 
High vs. Normal) 

(al)MODEL I: RANCH HANDS VS. COMPARISONS 

Occupational 
Number (%) Abnormal Low/(n) 

 Examination 
Group 1982 1985 mm 1992 

All Ranch Hand 

Comparison 

Officer Ranch Hand 

Comparison 

Enlisted Flyer Ranch Hand 

Comparison 

Enlisted Groundcrew     Ranch Hand 

Comparison 

2 (0.3) 
807 

7(0.7) 
966 

1 (0.3) 
307 

3 (0.8) 
376 

0 (0.0) 
147 

0 (0.0) 
143 

1 (0.3) 
353 

4 (0.9) 
447 

1 (0J) 
788 

2 (0.2) 
946 

1 (0.3) 
302 

0 (0.0) 
370 

0 (0.0) 
144 

1 (0.7) 
142 

0 (0.0) 
342 

1 (0.2) 
434 

0 (0.0) 
779 

3 (0.3) 
937 

0 (0.0) 
298 

0 (0.0) 
362 

0(0.0) 
142 

2(1.4) 
141 

0 (0.0) 
339 

1 (0.2) 
434 

3 (0.4) 
782 

6(0.6) 
944 

2 (0.7) 
299 

3 (0.8) 
370 

0 (0.0) 
144 

1 (0.7) 
140 

1 (0.3) 
339 

2 (0.5) 
434 

Normal in 1982 

Occupational 
/■■Category ■;: Group n in 1997 

Number (%) 
Abnormal Low Adj. Relative Risk 

(95% C.I.)* 
All 

Officer 

Enlisted Flyer 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 
Ranch Hand 
Comparison 
Ranch Hand 
Comparison 

799 
950 

305 
372 
146 
141 
348 
437 

20 (2.5) 
27 (2.8) 

13 (4.3) 
6(1.6) 
1 (0.7) 

10(7.1) 
6 (1.7) 

11(2.5) 

0.88 (0.49,1.59) 

2.71 (1.02,7.23) 

0.09(0.01,0.71) 

0.71 (0.26,1.94) 

1997 

21 (2.6) 
807 

30 (3.1) 
966 

14 (4.6) 
307 

7(1.9) 
376 

1 (0.7) 
147 

10 (7.0) 
143 

6(1.7) 
353 

13 (2.9) 
447 

p* Value 

0.681 

0.046 

0.023 

0.501 

a Relative risk, confidence interval, and p-values are in reference to a contrast of 1982 and 1997 results; results 
adjusted for age in 1997. 

Note: Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for participants who 
attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided for reference purposes 
for participants who attended the 1982, 1992, and 1997 examinations. Statistical analyses are based only on 
participants who had a normal platelet count in 1982 (see Chapter 7, Statistical Methods). 
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Table 15-26.    Longitudinal Analysis of Platelet Count (Abnormal Low vs. Normal and 
Abnormal High vs. Normal) (Continued) 

'.(a2) MODEL l:-i RANCH HANDS VS. ̂ ^p^mm^SiM^ 
Number (%) Abnormal High/(n) 

Occupational 
••Group _'-."; 

Examination 1 
Category |g|Jf|g|! WffM^Mj 1987    ■:] 1992    ,:] W::"MffilM: 

All Ranch Hand 6(0.7) 12 (1.5) 16(2.1) 9(1.2) 4(0.5) 
807 788 779 782 807 

Comparison 9 (0.9) 13(1.4) 13 (1.4) 8 (0.9) 4 (0.4) 
966 946 937 944 966 

Officer Ranch Hand 1 (0.3) 3 (1.0) 4(1.3) 0 (0.0) 1 (0.3) 
307 302 298 299 307 

Comparison 1 (0.3) 3 (0.8) 5 (1.4) 3 (0.8) 3 (0.8) 
376 370 362 370 376 

Enlisted Flyer Ranch Hand 1 (0.7) 3 (2.1) 4 (2.8) 1 (0.7) 1 (0.7) 
147 144 142 144 147 

Comparison 2(1.4) 3 (2.1) 1 (0.7) 2(1.4) 1 (0.7) 
143 142 141 140 143 

Enlisted Groundcrew     Ranch Hand 4(1.1) 6(1.8) 8 (2.4) 8 (2.4) 2 (0.6) 
353 342 339 339 353 

Comparison 6(1.3) 7 (1.6) 7(1.6) 3 (0.7) 0 (0.0) 
447 434 434 434 447 

;. v,.;;,.-Normal: in 1982 
:.  Number (%)■■; 

Occupational Abnormal High ':;■ ;;:Adi;;Rfilative:Risk;- v." 
:.:;;:;;;; ■;_:;: j^f i:;:-;'. r^^itegöir^J^f;:: :;;^;:^ ft; -• j lil": v/>\|<Ji^i^:;^\ ;:;;:;:-|'■;;!' ;-:■ ;i::x;;^ 'ttiui997":;V::i:;-;' ill 1997 mSS^M m^mßm .. v p-Value8'.:;;: 

All Ranch Hand 799 3(0.4) 1.81 (0.30,10.89) 0.516 
Comparison 950 2 (0.2) 

Officer Ranch Hand 
Comparison 

305 
372 

1 (0.3) 
2 (0.5) 

- 0.999b 

Enlisted Flyer Ranch Hand 
Comparison 

146 
141 

1 (0.7) 
0 (0.0) 

- 0.999b 

Enlisted Ranch Hand 348 1 (0.3) - 0.912b 

Groundcrew Comparison 437 0 (0.0) 

a Relative risk, confidence interval, and p-values are in reference to a contrast of 1982 and 1997 results; results 
adjusted for age in 1997. 
b P-value not presented because of the sparse number of participants with an abnormal high platelet count; results 
not adjusted for age in 1997. 
--: Results not presented because of the sparse number of participants with an abnormal high platelet count. 

Note: Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for participants who 
attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided for reference purposes 
for participants who attended the 1982, 1992, and 1997 examinations. Statistical analyses are based only on 
participants who had a normal platelet count in 1982 (see Chapter 7, Statistical Methods). 
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Table 15-26.    Longitudinal Analysis of Platelet Count (Abnormal Low vs. Normal and 
Abnormal High vs. Normal) (Continued) 

,(bl) MODEL 2: ;^Nq^:3HANDS:» - INITIAL; DIOXIN y?^^U':i:;^^i'S;: 

Number (%)'Abnormal Low/(n) 
;.<-< Examination 

Initial Dioxin ;: .1982 '.. %X^§MM^M 1987; 1992 1997 
Low 

Medium 

High 

1 (0.7) 
152 

0 (0.0) 
159 

0 (0.0) 
147 

0 (0.0) 
148 

0 (0.0) 
156 

0 (0.0) 
144 

0 (0.0) 
150 

0 (0.0) 
155 

0 (0.0) 
142 

1 (0.7) 
147 

0 (0.0) 
155 

0 (0.0) 
144 

3 (2.0) 
152 

4 (2.5) 
159 

1 (0.7) 
147 

^/.■;.;\ ■y\:;Iiülial.;I)M jxin Catego^; Summa I^iStatiiStics:;:; ■:;;;: Analysis Results for Log2 (Initial Dioxin)3 

immims§M"&i 
Adj. Relative Risk .,.;.;. -..Initial.;-;;';. '.-■" 

|||jSiS||i:^ p-Value 
Low 
Medium 
High 

150 
158 
146 

2(1.3) 
4 (2.5) 
1 (0.7) 

0.83 (0.43,1.61) 0.586 

a Adjusted for percent body fat at the time of the blood measurement of dioxin and age in 1997. 
Relative risk for a twofold increase in initial dioxin. 

Notes:    Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for 
participants who attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are 
provided for reference purposes for participants who attended the 1982, 1992, and 1997 examinations. 
Statistical analyses are based only on participants who had a normal platelet count in 1982 (see Chapter 7, 
Statistical Methods). 

(b2) MODEL 2: RANCH HANDS — INITIAL DIOXIN 

Number (%) Abnormal High/(n) 
■:■■■.■:: $: ■. :. ■. Exariimation' "■.::''■! ■ '•:-.: • ■:■ ■■ .■ 

Initial Dioxin liilHilSliSlil X§:gm^§jMM UM^MMWiBMM ]m^§:f:W2^M WXW^SMM 
Low 1 (0.7) 1 (0.7) 3 (2.0) 1 (0.7) 0 (0.0) 

152 148 150 147 152 
Medium 1 (0.6) 2 (1.3) 4(2.6) 3 (1.9) 1 (0.6) 

159 156 155 155 159 
High 1 (0.7) 3 (2.1) 3 (2.1) 4 (2.8) 1 (0.7) 

147 144 142 144 147 
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Table 15-26.    Longitudinal Analysis of Platelet Count (Abnormal Low vs. Normal and 
Abnormal High vs. Normal) (Continued) 

Initial Dioxin Category Summary. Statistics Analysis Results for Log2 (Initial Dioxin)11 

Normal inl982 
Initial n in 1997 Number (%) Abnormal 

Highihi997 
Adj, Relative Risk 

Low 
Medium 
High 

150 
158 
146 

0(0.0) 
1 (0.6) 
0 (0.0) 

1.28 (0.32,5.19)                        0.726 

a Adjusted for percent body fat at the time of the blood measurement of dioxin and age in 1997. 
b Relative risk for a twofold increase in initial dioxin. 

Notes:    Low = 27-63 ppt; Medium = >63-152 ppt; High = > 152 ppt. 

Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for 
participants who attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are 
provided for reference purposes for participants who attended the 1982, 1992, and 1997 examinations. 
Statistical analyses are based only on participants who had a normal platelet count in 1982 (see Chapter 7, 
Statistical Methods). 

ypl^ 
■ • ■;;■;>:;;: j. n:;"' t;:;:;;K:; "?;>:> :;i--i;>_ ^:^iilriil>0i* (%) Abnormal L 

Examination.,{ 
^ft&mt :'MMB, 

Dioxin Category :§M:M^:^m VSMM^mm-m f:£g^g:g^3< >\;f-:1992':-^=;^"- t^0:$WM:%B 
Comparison 6 (0.6) 1 (0.1) 2 (0.2) 4 (0.4) 28 (3.0) 

938 921 911 917 938 

Background RH 1 (0.3) 1 (0.3) 0 (0.0) 2 (0.6) 12 (3.5) 
343 335 327 331 343 

LowRH 1 (0.4) 0 (0.0) 0 (0.0) 1 (0.5) 6 (2.6) 
228 221 223 220 228 

High RH 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 2 (0.9) 
230 227 224 226 230 

Low plus High RH 1 (0.2) 0 (0.0) 0 (0.0) 1 (0.2) 8 (1.8) 
458 448 447 446 458 
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Table 15-26.   Longitudinal Analysis of Platelet Count (Abnormal Low vs. Normal and 
Abnormal High vs. Normal) (Continued) 

Normal in 1982 . 

;:;;'  . ■ :i Adj. Relative Risk 
.....;(9S%-'CJ.)ab;- ..   ■   . ■! Dioxin Category n in 1997 

Number(%) 
Abnormal 

Low ■■in 1997 p-Value5 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

923 

339 
226 
228 
454 

26 (2.8) 

12 (3.5) 
5(2.2) 
2 (0.9) 
7 (1.5) 

1.33 (0.66,2.69) 
0.70(0.26,1.85) 
0.32 (0.07,1.36) 
0.47(0.19,1.18) 

0.424 
0.471 
0.122 
0.107 

a Relative risk and confidence interval relative to Comparisons. 
Adjusted for percent body fat at the time of the blood measurement of dioxin and age in 1997. 

Notes:    RH = Ranch Hand. 
Comparison:  1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand):  1987 Dioxin >10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin >10 ppt, Initial Dioxin > 94 ppt. 

Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for 
participants who attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are 
provided for reference purposes for participants who attended the 1982, 1992, and 1997 examinations. 
Statistical analyses are based only on participants who had a normal platelet count in 1982 (see Chapter 7, 
Statistical Methods). 

(c2) MODELS 

■?.■-■■■': Number (%) Abnormal High/(n) ,■■::;": 
]. -Examination :■;:,■'■ 

Dioxin Category gm^mM^Mi :Mm%WM§MMm ̂ W0^k%S3M §mw^WMM: i^yf^g^iSiis 
Comparison 9 (1.0) 13 (1.4) 13 (1.4) 8 CO 9) 4 ('0 4,1 

938 921 911 917 938 

Background RH 3 (0.9) 5(1.5) 6(1.8) 1 (0.3) 2 (0.6) 
343 335 327 331 343 

LowRH 1 (0.4) 2 (0.9) 4 (1.8) 2 (0.9) 0 (0.0) 
228 221 223 220 228 

High RH 2 (0.9) 4(L8) 6(2.7) 6(2.7) 2 (0.9) 
230 227 224 226 230 

Low plus High RH 3 (0.7) 6(1.3) 10 (2.2) 8 (1.8) 2 (0.4) 
458 448 447 446 458 
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Table 15-26.    Longitudinal Analysis of Platelet Count (Abnormal Low vs. Normal and 
Abnormal High vs. Normal) (Continued) 

;, <: Normalin 1982 '. 

.■  ;• ■ (95% CX)ab :  '..      1 Dioxin Category nml997              { 
Abnormal High 

in 1997 p-Valueb 

Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH 

923 

339 
226 
228 
454 

2 (0.2) 

2 (0.6) 
0 (0.0) 
1 (0.4) 
1 (0.2) 

2.17(0.30,15.65) 

3.79(0.32,45.31) 

0.442 
0.999c 

0.293 
0.999c 

a Relative risk and confidence interval relative to Comparisons. 
Adjusted for percent body fat at the time of the blood measurement of dioxin and age in 1997. 

c P-value not presented because of the sparse number of participants with an abnormal high platelet count; results 
not adjusted for age in 1997. 
--: Results not presented because of the sparse number of participants with an abnormal high platelet count. 

Notes:    RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin >10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin >10 ppt, Initial Dioxin > 94 ppt. 

Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for 
participants who attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are 
provided for reference purposes for participants who attended the 1982, 1992, and 1997 examinations. 
Statistical analyses are based only on participants who had a normal platelet count in 1982 (see Chapter 7, 
Statistical Methods). 

Model 2 analyses did not show a significant association of initial dioxin with either abnormally low or 
abnormally high platelet counts (Table 15-26(bl) and (b2): p>0.58 for each analysis). The Model 3 
analyses of categorized dioxin also did not show any significant associations with abnormal platelet count 
levels (Table 15-26(cl) and (c2): p>0.10 for all analyses). 

15.3    DISCUSSION 

As indices of the three peripheral blood lines—RBCs, WBCs, and platelets—the hematologic variables 
analyzed are widely used in clinical medicine and are relied upon heavily to reflect disease not only of the 
hematopoietic system, but in other organ systems as well. Although lacking specificity, abnormalities in 
the hemoglobin, hematocrit, and total WBC count often serve as a sensitive first alert to the presence of a 
host of infection, inflammatory, and neoplastic disease states across multiple organ systems and point to 
the need for further investigation. 

As elements essential to normal coagulation, the platelets have a short half-life and are most subject to 
decreased survival in a wide range of diseases, toxic chemical exposures, and in the presence of numerous 
over-the-counter and prescription medications. The broad range of normal for the platelet count (130 
thousand/mm3 to 400 thousand/mm3) is such that subtle changes in platelet survival can occur and not be 
identified as abnormal. Only extreme variations in the platelet count—less than 50 thousand/mm3 and 
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greater than 800 thousand/mm3—are associated with the classic complications of spontaneous bleeding or 
blood clot formation. 

Similar to the 1987 and 1992 examinations, most of the significant results were limited to the platelet and 
WBC analyses. Ranch Hand enlisted flyers and groundcrew had higher mean platelet counts than 
Comparisons, but the differences in the means (14.9 thousand/mm3 and 9.3 thousand/mm3, respectively) 
cannot be considered biologically meaningful. 

Few of the serum dioxin analyses yielded significant results. In a pattern consistent with a dose-response 
effect, a positive association was noted between the mean platelet count and initial dioxin levels in the 
low, medium, and high categories. When adjusted for covariates, the associations were no longer 
significant. Similarly, in the model using 1987 dioxin levels, Ranch Hands with the highest levels of 
serum dioxin had significantly higher mean platelet counts than did Comparisons, but after adjustment for 
covariates, the association was not significant. Once again, the difference in the means was relatively 
small (never more than 14 thousand/mm3). In the discrete analyses, which can be considered more 
relevant clinically, no significant group or occupational differences were noted, nor was there any 
evidence for a dioxin effect. 

In the 1987 examinations, the mean WBC and platelet counts and the erythrocyte sedimentation rates 
were higher in Ranch Hands than Comparisons, raising the possibility of a subclinical inflammatory 
response associated with prior dioxin exposure. In the current study as in 1992, no significant group 
differences were noted in any of these indices. The unadjusted analyses of the WBC and platelet 
variables and, as noted in Chapter 9, of erythrocyte sedimentation rate, have yielded results consistent 
with a subtle dose-response effect in relation to both initial and 1987 dioxin levels. After adjustment for 
covariates, none of the findings remained significant. 

Dependent variable-covariate associations confirmed numerous observations that have been well- 
established in clinical practice. In cigarette smokers, cellular hypoxia related to carboxyhemoglobin 
formation and systemic arterial desaturation in obstructive airway disease combine to raise the 
hemoglobin and hematocrit in comparison to nonsmokers. The increased incidence of chronic bronchitis 
in smokers is often associated with an elevation in the total WBC count. Of participants smoking at least 
one pack per day, 16.1 percent had abnormally elevated WBC counts, versus a prevalence of 1.4 percent 
in nonsmokers (p=0.001). Older participants were found to have statistically significant reductions in the 
total RBC, hemoglobin, and hematocrit associations that may reflect the increased incidence of chronic 
disease associated with age. 

Race-related associations were noted. When compared to non-Black participants, Black participants had 
statistically significant reductions in the RBC indices, findings that may relate to the increased incidence 
of glucose-6-phosphate dehydrogenase (G-6-PD) deficiency and of hemoglobin variants (S and C) 
associated with heterozygous sickling disorders. Blacks were found to have a greater prevalence of 
abnormally low RBC counts than non-Blacks (7.8% vs. 4.6%), although the difference in the means (4.99 
thousand/mm3 vs. 4.95 thousand/mm3) is not statistically significant and is not likely clinically 
meaningful. 

The longitudinal analyses documented a reduction in the total platelet count in each group and across all 
occupational strata. As documented in the 1987 follow-up report, Ranch Hands continue to have a greater 
reduction in the total platelet count over time than do Comparisons, although the current means (207.2 
thousand/mm3 vs. 202.9 thousand/mm3) are nearly equal. 
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In conclusion, analyses of 13 hematologic variables yielded no significant group differences between the 
Ranch Hand and Comparison cohorts, and these results are consistent with the 1992 follow-up 
examination. In those participants most heavily exposed, the slight increase in the platelet count 
referenced above may still reflect a subtle biologic effect of dioxin exposure. Apart from platelet count, 
there appears to be little evidence to support a relation between dioxin exposure and adverse effects to the 
hematopoietic system. 

15.4   SUMMARY 

The hematology assessment included analyses of 13 variables each from the laboratory examination.   For 
each variable, associations with group (Model 1), initial dioxin (Model 2), categorized dioxin (Model 3), 
and 1987 dioxin (Model 4) were assessed. Continuous and discrete analyses were performed for each cell 
count variable as well as for prothrombin time. RBC morphology, as well as blood count variables, was 
also analyzed. In addition, due to the large number of nonzero measurements for absolute neutrophils 
(bands), absolute eosinophils, and absolute basophils, investigations on these variables consisted of two 
analyses. First, a discrete analysis was performed on the proportion of zero measurements, and second, a 
continuous analysis was performed on the nonzero measurements. 

15.4.1   Modell: Group Analysis 

As shown in Table 15-27, in both the unadjusted and adjusted analyses of the cell count variables, only 
the analyses of platelet count revealed significant group differences. In the continuous analysis, group 
differences were significant for each occupation but not significant when examined across all 
occupations. The platelet count mean was higher for Comparison officers and higher for Ranch Hands in 
both enlisted flyers and enlisted groundcrew. In the discrete analysis of platelet count, unadjusted and 
adjusted results also revealed consistent results. Significant group differences in the percentage of 
abnormally low platelet counts were found within the officer and enlisted flyer strata.   For officers, more 
Ranch Hands than Comparisons exhibited an abnormally low platelet count. Conversely, for enlisted 
flyers, more Comparisons than Ranch Hands had an abnormally low platelet count. 

Table 15-27. Summary of Group Analysis (Model 1) for Hematology Variables (Ranch Hands vs. 
Comparisons) 

Variable 

UNADJUSTED 

All: Officer 
Enlisted 
fill« 

■::-.;:EnUsted:"'i 
Groundcrew 

Laboratory 
Red Blood Cell (RBC) Count (C) 
Red Blood Cell (RBC) Count (D) 

Abnormal Low vs. Normal 
Abnormal High vs. Normal 

White Blood Cell (WBC) Count (C) 
White Blood Cell (WBC) Count (D) 

Abnormal Low vs. Normal 
Abnormal High vs. Normal 

Hemoglobin (C) 

Hemoglobin (D) 

Abnormal Low vs. Normal 

Abnormal High vs. Normal 

ns ns ns NS 

NS ns NS ns 
ns ns NS ns 
NS NS ns NS 

NS NS NS NS 
NS ns NS NS 
NS ns ns NS 

NS NS NS ns 

ns NS NS ns 
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Table 15-27.    Summary of Group Analysis (Model 1) for Hematology Variables (Ranch 
Hands vs. Comparisons) (Continued) 

#';:J.::;-;;::: j:-.'■ ;: :p ■'[ '>■--:_ Variable"-;-. :':;;.};■ '4 

Hematocrit (C) 

Hematocrit (D) 

Abnormal Low vs. Normal 

Abnormal High vs. Normal 

Platelet Count (C) 

Platelet Count (D) 

Abnormal Low vs. Normal 

Abnormal High vs. Normal 

Prothrombin Time (C) 

Prothrombin Time (D) 

RBC Morphology (D) 

Absolute Neutrophils (Segs) (C) 

Absolute Neutrophils (Bands) (Nonzero 
Measurements) (C) 
Absolute Neutrophils (Bands) (Zero vs. Nonzero) (D) 

Absolute Lymphocytes (C) 

Absolute Monocytes (C) 

Absolute Eosinophils (Nonzero Measurements) (C) 

Absolute Eosinophils (Zero vs. Nonzero) (D) 

Absolute Basophils (Nonzero Measurements) (C) 

Absolute Basophils (Zero vs. Nonzero) (D) 

MMM^W':-" :Mä^MÄi™;^ 
Enlisted Enlisted 

AU Officer | .■ ' Flyer Groundcrew 

ns ns ns NS 

NS ns NS ns 
ns ns NS ns 

NS -0.012 +0.005 +0.004 

ns +0.021 -0.032 ns 

NS ns NS NS 
ns NS ns ns 

NS NS ns NS 
NS NS NS NS 
NS ns ns NS 
NS NS ns NS* 

ns ns +0.029 ns 
NS NS ns NS 
ns ns ns NS 
ns NS ns ns 

NS NS ns ns 
ns ns ns ns 

NS NS ns NS* 

Note:    NS*: Marginally significant (0.05<p<0.10). 
NS or ns: Not significant (p>0.10). 
C: Continuous analysis. 
D: Discrete analysis. 
+: Relative risk >1.00 for discrete analysis; difference of means nonnegative for continuous analysis. 
-: Relative risk<1.00 for discrete analysis; difference of means negative for continuous analysis. 

P-value given if p<0.05. 

A capital "NS" denotes a relative risk of 1.00 or greater for discrete analysis or differences of means 
nonnegative for continuous analysis. A lowercase "ns" denotes relative risk less than 1.00 for discrete 
analysis or difference of means negative for continuous analysis. 
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Table 15-27.   Summary of Group Analysis (Model 1) for Hematology Variables (Ranch 
Hands vs. Comparisons) (Continued) 

ADJUSTED 

Variable W Officer 
Enlisted; 
S Flyer t 

; Enlisted    ; 
Groundcrew 

Laboratory 
Red Blood Cell (RBC) Count (C) 
Red Blood Cell (RBC) Count (D) 

Abnormal Low vs. Normal 
Abnormal High vs. Normal 

White Blood Cell (WBC) Count (C) 
White Blood Cell (WBC) Count (D) 

Abnormal Low vs. Normal 
Abnormal High vs. Normal 

Hemoglobin (C) 
Hemoglobin (D) 

Abnormal Low vs. Normal 
Abnormal High vs. Normal 

Hematocrit (C) 
Hematocrit (D) 

Abnormal Low vs. Normal 
Abnormal High vs. Normal 

Platelet Count (C) 
Platelet Count (D) 

Abnormal Low vs. Normal 
Abnormal High vs. Normal 

Prothrombin Time (C) 
Prothrombin Time (D) 
RBC Morphology (D) 
Absolute Neutrophils (Segs) (C) 
Absolute Neutrophils (Bands) (Nonzero Measurements) (C) 
Absolute Neutrophils (Bands) (Zero vs. Nonzero) (D) 
Absolute Lymphocytes (C) 
Absolute Monocytes (C) 
Absolute Eosinophils (Nonzero Measurements) (C) 
Absolute Eosinophils (Zero vs. Nonzero) (D) 
Absolute Basophils (Nonzero Measurements) (C) 
Absolute Basophils (Zero vs. Nonzero) (D)  

ns ns ns NS 

NS ns NS ns 
ns ns NS ns 
NS NS ns NS 

NS NS NS NS 
ns ns ns ns 
ns ns ns NS 

NS NS NS ns 
ns NS __ — 
ns ns ns NS 

NS ns NS ns 
ns « « __ 
NS -0.014 +0.003 +0.01 

ns +0.022 -0.029 ns 
NS ns NS NS 
ns NS ns ns 
NS NS __ NS 
NS NS NS •    NS 
NS ns ns NS 
NS NS ns NS* 
ns ns +0.026 ns 

NS NS ns ns 
ns ns ns NS 
ns NS ns ns 

NS NS ns ns 
ns ns ns ns 

NS NS ns NS* 

Note:    NS* or ns*: Marginally significant (0.05<p<0.10). 
NS or ns: Not significant (p>0.10). 
C: Continuous analysis. 
D: Discrete analysis. 
+: Relative risk >1.00 for discrete analysis; difference of means nonnegative for continuous analysis. 
-: Relative risk<1.00 for discrete analysis; difference of means negative for continuous analysis. 
—: Analysis not performed because of the sparse number of participants with an abnormality. 

P-value given if p<0.05. 

A capital "NS" denotes a relative risk of 1.00 or greater for discrete analysis or differences of means 
nonnegative for continuous analysis. A lowercase "ns" denotes relative risk less than L00 for discrete 
analysis or difference of means negative for continuous analysis. 
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The unadjusted and adjusted results from the analyses of the blood count variables also were similar. The 
continuous analyses of absolute neutrophils (bands) revealed a marginally significant higher mean for 
Ranch Hands within the enlisted groundcrew stratum, A greater percentage of zero measurements were 
found among Ranch Hand enlisted flyers than among Comparison enlisted flyers. For the analysis of 
absolute basophils, the difference in the proportions of zero measurements was marginally significant and 
higher for Ranch Hands than for Comparisons within the enlisted groundcrew stratum. 

15.4.2   Model 2; Initial Dioxin Analysis 

Unadjusted analyses of the cell count variables revealed several significant associations with initial 
dioxin, as shown in Table 15-28. The continuous analyses of WBC count, hemoglobin, hematocrit, and 
platelet count each showed a significant, positive relation with initial dioxin. After adjustment for 
covariate information, each association was nonsignificant.   Other significant results include the discrete 
unadjusted and adjusted analyses of WBC count, revealing a decrease in the proportion of abnormally low 
WBC counts as initial dioxin increased. 

Table 15-28. Summary of Initial Dioxin Analysis (Model 2) for Hematology Variables (Ranch 
Hands Only) 

;H ;| v> -fMS:WBM'.' -. w X§f3$^l*^^3'" m.' [!\ h ■   :;: :w St 1-; lv-K4; ■ J; ~~'i Unadjusted Adjusted 
Laboratory 
Red Blood Cell (RBC) Count (C) NS ns 
Red Blood Cell (RBC) Count (D) 

Abnormal Low vs. Normal ns ns 
Abnormal High vs. Normal ns ns 

White Blood Cell (WBC) Count (C) +0.035 NS 
White Blood Cell (WBC) Count (D) 

Abnormal Low vs. Normal -0.012 -0.043 
Abnormal High vs. Normal ns ns 

Hemoglobin (C) +0.023 NS 
Hemoglobin (D) 

Abnormal Low vs. Normal ns* ns 
Abnormal High vs. Normal NS NS 

Hematocrit (C) +0.021 NS 
Hematocrit (D) 

Abnormal Low vs. Normal ns NS 
Abnormal High vs. Normal NS NS 

Platelet Count (C) +0.012 NS 
Platelet Count (D) 

Abnormal Low vs. Normal ns ns 
Abnormal High vs. Normal NS ns 

Prothrombin Time (C) ns NS 
Prothrombin Time (D) ns ns 
RBC Morphology ns NS 
Absolute Neutrophils (Segs) (C) NS NS 
Absolute Neutrophils (Bands) (Nonzero Measurements) (C) ns -0.040 
Absolute Neutrophils (Bands) (Zero vs. Nonzero) (D) ns ns 
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Table 15-28,    Summary of Initial Dioxin Analysis (Model 2) for Hematology Variables 
(Ranch Hands Only) (Continued) 

^•'•■•■:>.::.;^:.:-.::: :;:.■:■;;■■■; :: ::-  gamble             ■ j,.y;-.^\-: ^., ^ ; .;;, .       Unadjusted     ■                   / Adjusted 

Absolute Lymphocytes (C) NS* NS* 
Absolute Monocytes (C) NS NS 
Absolute Eosinophils (Nonzero Measurements) (C) NS NS 
Absolute Eosinophils (Zero vs. Nonzero) (D) ns 
Absolute Basophils (Nonzero Measurements) (C) NS 

Absolute Basophils (Zero vs. Nonzero) (D) -0.015 -0.012 

ns 
ns 

Note:   NS or ns: Not significant (p>0.10). 
NS* or ns*: Marginally significant (0.05<p<0.10). 
C: Continuous analysis. 
D: Discrete analysis. 
+: Relative risk >1.00 for discrete analysis. 
-: Relative risk<1.00; slope negative for continuous analysis. 

P»value given if p<0.05. 

A capital "NS" denotes a relative risk of 1.00 or greater for discrete analysis or slope nonnegative for 
continuous analysis. A lowercase "ns" denotes relative risk less than 1.00 for discrete analysis or slope 
negative for continuous analysis. 

Among the blood count variables, the result from the unadjusted analysis of absolute neutrophils (bands) 
was nonsignificant. After adjustment for covariates, a significant negative association was revealed, 
where neutrophils decreased as initial dioxin increased. A marginally significant and positive association 
between initial dioxin and absolute lymphocyte count was found in both the unadjusted and adjusted 
analyses. In addition, a significant negative association between initial dioxin and the proportion of zero 
measurements was revealed in both the unadjusted and adjusted analyses of absolute basophils. 

15.4.3   Model 3: Categorized Dioxin Analysis 

Several contrasts that were marginally significant or significant in the unadjusted categorized dioxin 
analyses of the cell count variables and RBC morphology became nonsignificant or marginally significant 
in the adjusted analyses. A summary of the results of the categorized dioxin analysis is provided in Table 
15-29. The contrast of Ranch Hands in the low dioxin category with Comparisons for RBC count was 
marginally significant without adjustment for covariates but nonsignificant after adjustment. When 
Ranch Hands in the high dioxin category were contrasted with Comparisons in the unadjusted, continuous 
analysis of WBC count, a significant difference was revealed. In the adjusted analysis the result was 
nonsignificant. The unadjusted contrast of Ranch Hands in the low dioxin category, with Comparisons in 
the discrete analysis of WBC count resulted in a significant difference, although the difference was 
marginally significant in the adjusted analysis. Continuous hemoglobin analysis revealed a marginally 
significant difference between Ranch Hands in the high category and Comparisons. In addition, analysis 
of RBC morphology revealed a marginally significant difference between Ranch Hands in the low dioxin 
category and Comparisons. After adjustment for covariates for both hemoglobin and RBC morphology, 
the results were nonsignificant. Except for the low Ranch Hand contrast for RBC count, each of the 
aforementioned contrasts displayed either a greater percentage of Ranch Hands with an abnormality or 
Ranch Hands with a higher cell count mean. 
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Table 15-29. Summary of Categorized Dioxin Analysis (Model 3) for Hematology Variables (Ranch 
Hands vs. Comparisons) 

:■ Variable.? 

Background i 
,:Ranch Hands- | 
vs. Comparisons 

Ranch Hands 
vs. Comparisons 

High 
Ranch Hands 

vs. Comparisons 

: Low plus High ! 
Ranch Hands  1 

vs. Comparisons -j 

Laboratory 
Red Blood Cell (RBC) Count (C) 
Red Blood Cell (RBC) Count (D) 

Abnormal Low vs. Normal 
Abnormal High vs. Normal 

White Blood Cell (WBC) Count (C) 
White Blood Cell (WBC) Count (D) 

Abnormal Low vs. Normal 
Abnormal High vs. Normal 

Hemoglobin (C) 
Hemoglobin (D) 

Abnormal Low vs. Normal 
Abnormal High vs. Normal 

Hematocrit (C) 
Hematocrit (D) 

Abnormal Low vs. Normal 
Abnormal High vs. Normal 

Platelet Count (C) 
Platelet Count (D) 

Abnormal Low vs. Normal 
Abnormal High vs. Normal 

Prothrombin Time (C) 
Prothrombin Time (D) 
RBC Morphology 
Absolute Neutrophils (Segs) (C) 
Absolute Neutrophils (Bands) 
(Nonzero Measurements) (C) 
Absolute Neutrophils (Bands) (Zero 
vs. Nonzero) (D) 
Absolute Lymphocytes (C) 
Absolute Monocytes (C) 
Absolute Eosinophils (Nonzero 
Measurements) (C) 
Absolute Eosinophils (Zero vs. 
Nonzero) (D) 
Absolute Basophils (Nonzero 
Measurements) (C) 
Absolute Basophils (Zero vs. 
Nonzero) (D) 

ns 

ns 

ns3 

NS 

NS 

ns 

ns 

NS NS ns ns 
ns ns ns ns 
ns ns +0.029 NS 

NS +0.027 ns NS 
ns ns NS NS 
ns ns NS* NS 

NS NS ns ns 
NS ns ns ns 
ns ns NS NS 

ns ns ns ns 
ns ns ns ns 
ns ns +<0.001 +0.017 

NS ns ns* ns* 
NS ns NS ns 
NS ns ns ns 
NS NS ns ns 
NS NS* NS NS 
ns ns +0.028 NS 
NS NS* NS +0.029 

ns 

NS ns NS ns 
ns ns NS NS 
NS ns ns ns 

ns NS ns NS 

ns ns NS ns 

NS +0.025 NS NS* 
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Table 15-29.    Summary of Categorized Dioxin Analysis (Model 3) for Hematology 
Variables (Ranch Hands vs. Comparisons) (Continued) 

Note:   NSorns: Not significant (p>0.10). 
NS* or ns*: Marginally significant (0.05<p<0.10). 
C: Continuous analysis. 
D: Discrete analysis. 
+: Relative risk >1.00 for discrete analysis; difference of means nonnegative for continuous analysis. 
--: Analysis not performed because of the sparse number of participants with an abnormality. 

P-value given if p<0.05. 

A capital "NS" denotes a relative risk of 1.00 or greater for discrete analysis or differences of means 
nonnegative for continuous analysis. A lowercase "ns" denotes relative risk less than 1.00 for discrete 
analysis or difference of means negative for continuous analysis. 

y^g 
Background      j ̂ |-^||':||0ö^^^^';^ >::V-;-"flgh"1-/'' Low plus High 

■ .■RanchHands  .1 ■.■Ranch'Hands ■: Ranch Hands Ranch: Hands 
: p':: v|_ i'-;::;' t, n' ^:;y:^- ;■ ■::H::.:^ ;:=^^ ^.; y J; ^;;H -_:: 1 h ■;=-;P%T^i;prl si Öife. ';■::;:"::" :c=;.:" r <~=?::H; -;: ^'; > .^ [.. ■; ;:;;;^; ;^; rv "■ r;.: - ^ vs. Comparisons vs. Comparisons vs. Comparisons vs. Comparisons 

Laboratory 

Red Blood Cell (RBC) Count (C) NS ns ns ns 

Red Blood Cell (RBC) Count (D) 
Abnormal Low vs. Normal NS ns NS ns 
Abnormal High vs. Normal ns ns NS ns 

White Blood Cell (WBC) Count (C) NS ns NS ns 

White Blood Cell (WBC) Count (D) 
Abnormal Low vs. Normal NS NS* ns NS 
Abnormal High vs. Normal ns ns NS ns 

Hemoglobin (C) ns ns NS NS 

Hemoglobin (D) 

Abnormal Low vs. Normal NS ns ns ns 
Abnormal High vs. Normal NS ~ ns — 

Hematocrit (C) ns ns NS ns 

Hematocrit (D) 

Abnormal Low vs. Normal NS ns NS ns 

Abnormal High vs. Normal « — ns — 

Platelet Count (C) ns NS +0.002 +0.038 
Platelet Count (D) 

Abnormal Low vs. Normal NS ns ns* ns* 
Abnormal High vs. Normal ns „ NS « 

Prothrombin Time (C) NS ns ns ns 

Prothrombin Time (D) NS NS ns ns 

RBC Morphology NS NS NS NS 

Absolute Neutrophils (Segs) (C) NS ns NS NS 

Absolute Neutrophils (Bands) NS NS* NS +0.038 
(Nonzero Measurements) (C) 

Absolute Neutrophils (Bands) (Zero NS NS ns ns 
vs. Nonzero) (D) 

Absolute Lymphocytes (C) NS ns ns ns 

Absolute Monocytes (C) ns ns NS NS 

15-107 



Table 15-29.    Summary of Categorized Dioxin Analysis (Model 3) for Hematology 
Variables (Ranch Hands vs. Comparisons) (Continued) 

ADJUSTED 
Background Low High Low plus High 
Ranch Hands Ranch Hands Ranch Hands Ranch Hands J 

Variable vs. Comparisons     vs. Comparisons     vs, Comparisons     vs. Comparisons j 

Absolute Eosinophils (Nonzero NS ns 
Measurements) (C) 
Absolute Eosinophils (Zero vs. NS NS 
Nonzero) (D) 
Absolute Basophils (Nonzero ns 
Measurements) (C) 

Absolute Basophils (Zero vs. NS +0.009 NS NS* 
Nonzero) (D) 

ns ns 

ns ns 

ns ns ns 

Note:   NSorns: Not significant (p>0.10). 
NS* or ns*: Marginally significant (0.05<p<0.10). 
C: Continuous analysis. 
D: Discrete analysis. 
+: Relative risk >1.00 for discrete analysis; difference of means nonnegative for continuous analysis. 
--: Analysis not performed because of the sparse number of participants with an abnormality. 

P-value given if p<0.05. 

A capital "NS" denotes a relative risk of 1.00 or greater for discrete analysis or differences of means 
nonnegative for continuous analysis. A lowercase "ns" denotes relative risk less than 1.00 for discrete 
analysis or difference of means negative for continuous analysis. 

Results from the analyses of platelet count, both in the continuous and discrete forms, were consistent in 
the unadjusted and adjusted analyses. Significantly higher mean platelet counts were observed for Ranch 
Hands in the high and in the low and high dioxin categories combined than for Comparisons. The 
discrete analysis of platelet count revealed a marginally significant lower percentage of abnormally low 
platelet counts for Ranch Hands in the high and in the low and high dioxin categories combined than for 
Comparisons. 

The analysis of the blood count variables revealed significant results for absolute neutrophils (segs) and 
absolute neutrophils (bands) in the continuous form and absolute basophils (zero versus nonzero 
measurements). A significant difference between Ranch Hands in the high dioxin category and 
Comparisons was found in the unadjusted analysis of absolute neutrophils (segs). The result was 
nonsignificant in the adjusted analysis. In both the unadjusted and adjusted analyses of absolute 
neutrophils (bands) in the continuous form, a marginally significant difference of means was found 
among Ranch Hands in the low dioxin category and Comparisons. Also, a significant absolute neutrophil 
(bands) mean difference was found among Ranch Hands in the low and high dioxin categories combined 
and Comparisons for both the unadjusted and adjusted analyses. Results were consistent in the 
unadjusted and adjusted analyses of absolute basophils (zero versus nonzero measurements). A 
significant difference in the proportion of zero absolute basophil measurements was found among Ranch 
Hands in the low dioxin category and Comparisons. A marginally significant difference was found when 
contrasting the low and high Ranch Hand dioxin categories with Comparisons. Both results indicate that 
more Ranch Hands than Comparisons had a zero absolute basophil measurement. 
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15.4.4   Model 4: 1987 Dioxin 

In the unadjusted analyses, several significant and marginally significant results were found. The results 
are summarized in Table 15-30. Except for the analysis of the discrete form of WBC, each result became 
nonsignificant in the adjusted analysis. The significant association between continuous WBC count and 
1987 dioxin was positive, as were the associations with continuous platelet count and absolute neutrophils 
(segs). Significant negative associations between 1987 dioxin and the percentage of abnormally low 
counts were revealed in the discrete analyses of WBC count, hemoglobin, and platelet count. In addition, 
a marginally significant negative association was found for the percentage of abnormally high 
hemoglobin counts and 1987 dioxin. For the blood count measures, a marginally significant positive 
association was found between absolute monocytes and 1987 dioxin. 

Table 15-30. Summary of 1987 Dioxin Analysis (Model 4) for Hematology Variables (Ranch 
Hands Only) 

Variable Unadjusted Adjusted 

Laboratory 
Red Blood Cell (RBC) Count (C) NS 
Red Blood Cell (RBC) Count (D) 

Abnormal Low vs. Normal ns 
Abnormal High vs. Normal NS 

White Blood Cell (WBC) Count (C) +0.013 
White Blood Cell (WBC) Count (D) 

Abnormal Low vs. Normal -0.020 
Abnormal High vs. Normal ns 

Hemoglobin (C) NS 
Hemoglobin (D) 

Abnormal Low vs. Normal -0.049 
Abnormal High vs. Normal ns* 

Hematocrit (C) NS 
Hematocrit (D) 

Abnormal Low vs. Normal ns 
Abnormal High vs. Normal NS 

Platelet Count (C) +0.005 
Platelet Count (D) 

Abnormal Low vs. Normal -0.028 
Abnormal High vs. Normal ns 

Prothrombin Time (C) ns 
Prothrombin Time (D) ns 
RBC Morphology NS 
Absolute Neutrophils (Segs) (C) +0.017 
Absolute Neutrophils (Bands) (Nonzero Measurements) (C) NS 
Absolute Neutrophils (Bands) (Zero vs. Nonzero) (D) ns 
Absolute Lymphocytes (C) NS 
Absolute Monocytes (C) NS* 
Absolute Eosinophils (Nonzero Measurements) (C) ns 
Absolute Eosinophils (Zero vs. Nonzero) (D) NS 

ns 

ns 
NS 
NS 

-0.032 
ns 
NS 

ns 

ns 
NS 

ns 
NS 
NS 

ns 

ns 
ns 
ns 

NS 
NS 
NS 
ns 

NS 
NS 
ns 
ns 
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Table 15-30.    Summary of 1987 Dioxin Analysis (Model 4) for Hematology Variables 
(Ranch Hands Only) (Continued) 

Variable Unadjusted Adjusted 
Absolute Basophils (Nonzero Measurements) (C) NS ns 
Absolute Basophils (Zero vs. Nonzero) (D) ns ns 

Note:   NSorns: Not significant (p>0.10). 
NS* or ns*: Marginally significant (0.05<p<0.10). 
C: Continuous analysis. 
D: Discrete analysis. 
+: Slope nonnegative for continuous analysis. 
-: Relative risk <1.00 for discrete analysis. 

P-value given if p<0.05. 

A capital "NS" denotes a relative risk of 1.00 or greater for discrete analysis or differences of means 
nonnegative for continuous analysis. A lowercase "ns" denotes relative risk less than 1.00 for discrete 
analysis or difference of means negative for continuous analysis. 

15.5   CONCLUSION 

Five cell count measures, six measures of absolute blood counts, a coagulation measure, and RBC 
morphology were analyzed for the hematology assessment. In the analyses of these variables, only 
platelet count exhibited significant dose-response associations with the indices of dioxin exposure. Ranch 
Hands enlisted flyers and groundcrew exhibited slightly but significantly higher mean platelet counts than 
did Comparisons. Ranch Hands in the high dioxin category also exhibited a significantly higher mean 
platelet count than Comparisons in the continuous analysis. The results in the 1997 follow-up study 
parallel the findings of the 1987 and 1992 follow-up studies. In conclusion, apart from platelet count, 
there appears to be little evidence to support a relation between prior dioxin exposure and hematopoietic 
toxicity. 
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16  ENDOCRINE ASSESSMENT 

16.1    INTRODUCTION 

16.1.1   Background 

The essential role of membrane and intracellular receptors in human endocrine function has been firmly 
established and extensively studied (1). In animal models, much of the basic research into the mechanism 
of dioxin endocrine toxicity has focused on the dioxin-binding aryl hydrocarbon (Ah) receptor, which has 
similarities to the endocrine receptors that mediate function of the thyroid, adrenal, and gonadal hormones 
(2-5). 

Animal research has documented that the thyroid is a target organ for dioxin toxicity, although the 
mechanism has not been defined clearly (6-11). In other studies, dioxin-induced changes in thyroid 
indices (serum thyroxine [T4], triiodothyronine [T3], and thyroid stimulating hormone [TSH]) were 
directionally different with species and strain specificity (12, 13). The mechanism by which dioxin 
interacts with or regulates thyroid function in experimental animals remains under investigation. In 
competing for thyroid hormone binding sites in target organs (14) or by accelerating the metabolism of 
thyroid hormones by hepatic enzyme induction (15), dioxin administration can induce a mildly 
hypothyroid state associated with elevated levels of TSH. 

How these experimental studies relate to the effect of dioxin on human thyroid function has not been 
established. The most recently published morbidity reports on the workers exposed to dioxin during a 
chemical factory explosion in Germany in 1953 included thyroid disorders in the analyses. Across all 
exposure categories, an increased incidence of thyroid disease was found in workers relative to referents 
(16). Thyroid disease occurred in 11 of 158 in the exposed cohort but in only two of 161 referents. The 
heterogeneous mix of thyroid disorders—four cases of thyrotoxicosis, four cases of goiter, two cases of 
hypothyroidism, and one other unspecified disorder—weighs against a possible relation with dioxin 
exposure. In the analyses of laboratory measurements from the same exposed population, the authors 
found positive associations between each of the exposure indices and selected tests of thyroid function, 
T4, and thyroxine binding globulin (17). Unfortunately, the most widely used measure of thyroid 
function—serum TSH—was not included in the analyses. 

The finding in laboratory animals of physicochemical similarities between the dioxin-binding Ah and 
glucocorticoid receptors (5, 18) has prompted further investigation into the interaction of dioxin with 
other steroid hormones. A review by Couture, et al. (19) provided a comprehensive summary of the 
research into the developmental toxicity and teratogenicity of dioxin in experimental animals. 

Experimental studies have documented numerous adverse male reproductive effects in laboratory animals 
exposed to dioxin, including reduced testicular weight, impaired spermatogenesis, decreased testicular 
testosterone secretion, and atrophy of the androgen-sensitive seminal vesicles and epididymis (20-24). 
Although dioxin administration is associated with diminished testosterone secretion in rats (23, 25, 26), 
the mechanism is unknown and may involve the hypothalamic-pituitary axis. In rats, dioxin inhibits the 
secretion of luteinizing hormone (LH) by the pituitary gland, an effect associated with androgen 
deficiency (27, 28). In other experiments, dioxin inhibited the response of the pituitary to gonadotropin- 
releasing hormone secreted by the hypothalamus (29). 
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Additional experiments have explored the effects of dioxin on the pituitary and hypothalamus (30, 31). 
The use of microsurgical techniques in female rats revealed that dioxin toxicity is aggravated by 
hypophysectomy, with a sparing effect noted upon administering either corticosterone or thyroid hormone 
(30). Another study defined a biochemical basis for the effect of dioxin on prolactin levels controlled by 
the adenohypophysis in female rats (32). Studies on the effects of dioxin on the pituitary-adrenal axis 
have documented significant suppression of corticosterone production by the adrenal gland (33) and 
defined a biochemical basis for the apparent reduction in bioactivity of adrenocorticotropic hormone 
secreted by the pituitary (34). 

The National Institute for Occupational Safety and Health (NIOSH) has conducted several long-term 
epidemiological studies of factory workers who experienced significant occupational exposure to dioxin 
in chemical production plants (35, 36). In their most recently published report (37), serum levels of three 
endocrine indices—testosterone, LH, and follicle stimulating hormone (FSH)—were examined in relation 
to current and calculated initial serum dioxin levels in 248 participants. Current serum dioxin levels were 
positively and significantly related to both LH and FSH and inversely related to testosterone. In contrast 
to the NIOSH results, a recent report of the Air Force Health Study (AFHS) population found no relation 
between the body burden of dioxin and reproductive or endocrine indices, including serum testosterone, 
FSH, LH, sperm counts and morphology, and anatomic abnormalities of the testes (38). 

The possibility that dioxin might affect glucose metabolism in humans was first raised in 1981 with the 
publication of an occupational study that reported an unusually high prevalence of abnormal glucose 
tolerance tests (40%) and a 20-percent incidence of diabetes in chemical production workers exposed to 
dioxin (39). The results of analyses pertinent to glucose metabolism based on serum dioxin data collected 
during the 1987 and 1992 AFHS examinations recently have been published (40). In the 1987 
examination, Ranch Hand participants with the highest serum dioxin levels were nearly three times as 
likely to have elevations in fasting blood sugar than were Comparisons (41). In the 1992 examination, 
Ranch Hand participants with high levels of serum dioxin had significantly higher fasting and 2-hour 
postprandial glucose results than those with lower levels of serum dioxin (42), an effect that was shown to 
be independent of the serum triglyceride level (43). In nondiabetic Ranch Hands, serum insulin, like the 
2-hour postprandial glucose, was positively and significantly associated with current serum dioxin levels. 
In contrast, in diabetic participants, a consistent inverse dose-response effect was found in all models 
relating serum insulin to current serum dioxin. Although cause and effect have not been established, 
these results provide further evidence for an association between glucose intolerance and dioxin levels 
and raise the possibility that, in a subset of those predisposed to diabetes, dioxin may impair insulin 
production. 

Whether dioxin exposure is in fact a risk factor for the development of diabetes remains controversial. 
Recent reports from NIOSH noted statistically significantly associations between the prevalence of 
diabetes and elevated fasting blood sugar with increasing serum dioxin levels (44), although the authors 
could not exclude confounding by the traditional diabetic risk factors of age, obesity, and family history 
of diabetes. Other epidemiological studies, some of which have included serum dioxin levels in the 
analyses, have failed to find an association between glucose intolerance and exposure to dioxin (16, 17, 
45). 

In the most recent publication by the Institute of Medicine, a special section is devoted to the subject of 
dioxin exposure as a risk factor for the development of diabetes (46). Based on its comprehensive review 
of the literature, the committee concluded that "at this time, there is inadequate/insufficient evidence to 
determine whether an association exists between herbicide or dioxin exposure and increased risk of 
diabetes." 
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16.1.2   Summary of Previous Analyses of the Air Force Health Study 

16.1.2.1 1982 Baseline Study Summary Results 

A laboratory evaluation of the endocrine system was used for analysis in the baseline examination in 
1982. Five measures of endocrine status were assessed: T3 percent uptake, T4, free thyroxine index 
(FTI), testosterone, and 2-hour postprandial glucose. 

Results showed significant group differences for T3 percent uptake (abnormally low), predominantly in 
Ranch Hands 40 years old or younger. The highest percentage of abnormalities was in participants with 
high body fat. No group difference was noted for elevated 2-hour postprandial glucose values and, as 
expected, the prevalence of abnormal values was associated with increased age and higher body fat. 
Lower testosterone values also were associated with increased age and higher body fat. Higher mean 
testosterone values were significantly more prevalent in the Ranch Hand group. Significant mean shifts 
were not noted for the T3 percent uptake, T4, and the FTI. 

These data, coupled with the animal literature on the profound influence of the endocrine system on 
lethality and body fat metabolism following dioxin exposure, clearly underscored the importance of a 
more comprehensive evaluation of the endocrine system. 

16.1.2.2 1985 Follow-up Study Summary Results 

Questionnaire and review-of-systems data for past thyroid disease were similar in both the Ranch Hand 
and Comparison groups. These historical data were confirmed by a medical records review. Physical 
examination findings were necessarily limited to data from palpation of the thyroid gland and testicles; 
the unadjusted results showed no significant group differences. 

Evaluation of the endocrine system was conducted primarily by laboratory testing. The thyroid test 
battery consisted of T3 percent uptake and TSH, as determined by radioimmunoassay techniques. 
Testosterone, initial cortisol, differential cortisol (the difference between the initial and 2-hour cortisol 
levels), and 2-hour postprandial glucose levels also were analyzed. The T3 percent uptake data showed no 
group differences for either mean values or frequency of abnormally low or high values. TSH results 
revealed a significantly higher mean level in the Ranch Hand group, but this difference was not detected 
by discrete analysis of the proportions of abnormally high TSH results. 

The mean level of testosterone remained significantly elevated for Ranch Hands, as contrasted with 
Comparisons, in the 10 to 25 percent body fat category, but this difference was not reflected in the 
discrete analyses. For the few participants with less than 10 percent body fat (six Ranch Hands, four 
Comparisons), mean testosterone levels were lower for Ranch Hands than for Comparisons. 

Two timed cortisol specimens showed no significant group differences in mean values or the percentage 
of participants with abnormalities. The difference between the timed cortisol results, termed the 
"differential cortisol," showed no significant group differences for non-Blacks or Blacks born before 
1942, but Black Ranch Hands born in or after 1942 had a lower mean differential cortisol level than did 
their Comparisons. 

Group means of 2-hour postprandial glucose levels were not statistically different, but discrete analyses 
revealed that there was a significantly higher frequency of glucose-impaired (at least 140 mg/dl, but less 
than 200 mg/dl) Comparisons than Ranch Hands. A variable comprising known diabetics and individuals 
classified as diabetic by the glucose tolerance test showed no difference between the Ranch Hand and 
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Comparison groups. The covariates age, race, and body fat were significantly associated with diabetes in 
this analysis. 

16.1.2.3 1987 Follow-up Study Summary Results 

The endocrine assessment did not disclose any statistically significant differences between the Ranch 
Hand and Comparison groups. The percentage of participants who indicated problems with current 
thyroid disease was similar between groups, as were the percentages with thyroid and testicular 
abnormalities determined by palpation at the physical examination. The Ranch Hand TSH mean was 
marginally significantly higher than the Comparison TSH mean. Ranch Hand and Comparison mean 
levels were similar for T3 percent uptake, FSH, testosterone, and 2-hour postprandial glucose. The 
percentage of Ranch Hands with abnormal values for these five laboratory variables was higher than the 
percentage of Comparisons with abnormal values; however, the difference in the percentage of abnormal 
values between Ranch Hands and Comparisons was not statistically significant for these five laboratory 
variables. In addition, analyses were performed on a composite diabetes indicator. A participant was 
considered diabetic for this indicator if he had a verified history of diabetes or had a 2-hour postprandial 
glucose level of at least 200 mg/dl. The difference in the percentage of Ranch Hands and Comparisons 
considered diabetic, as determined through this composite diabetes indicator, was not significant. 

16.1.2.4 Serum Dioxin Analysis of 1987 Follow-up Study Summary Results 

The endocrine assessment found a strong positive association between initial dioxin and diabetes 
prevalence and testes abnormalities; however, the analyses of current dioxin levels in Ranch Hands and 
Comparisons indicated that the increased risk was apparent only for Ranch Hands in the high current 
dioxin category (>33.3 parts per trillion [ppt]). These Ranch Hands also had significantly higher mean 
levels of TSH, fasting glucose, and 2-hour postprandial glucose than background Comparisons, as well as 
lower mean levels of T3 percent uptake and testosterone. The discrete analyses of these variables found a 
significant increase in abnormally elevated fasting glucose levels and diabetic 2-hour postprandial glucose 
levels as both initial dioxin and current dioxin increased. 

16.1.2.5 1992 Follow-up Study Summary Results 

The assessment of the endocrine system included an extensive evaluation of thyroid, pancreatic, and 
gonadal functions and their relation to dioxin exposure. Analyses of thyroid functions did not identify 
significant differences between Ranch Hands and Comparisons. Similarly, the prevalence of diabetes in 
the two populations was not significantly different, although significant positive associations were found 
between time to the onset of diabetes and both lipid-adjusted and whole weight dioxin levels, as measured 
in 1987. 

Significant glucose metabolism results were confined to the current serum dioxin analyses. These results 
suggested a possible mechanism for dioxin effect on glucose metabolism and the development of 
diabetes. Diabetic Ranch Hands with high levels of current serum dioxin had significantly higher fasting 
glucose levels than those with lower levels of dioxin. Nondiabetic Ranch Hands, on the other hand, 
exhibited an inverse association between fasting glucose and current serum dioxin and a positive 
association between 2-hour postprandial glucose and current serum dioxin. Serum dioxin levels were 
significantly related to elevated insulin levels in nondiabetic, but not in diabetic Ranch Hands. This was 
suggestive of a dioxin effect on glucose metabolism with a heightened release of insulin in Ranch Hands 
with a fully responsive pancreas. When this pancreatic response is no longer effective, elevated glucose 
levels lead to the clinical diagnosis of diabetes and loss of the dose-response between dioxin and insulin. 
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Analyses of gonadal functions detected a significant inverse dose-response relation between current 
serum dioxin and total serum testosterone in Ranch Hands. These results supported those described in the 
Serum Dioxin Analysis of the 1987 Follow-up Examination, but the clinical meaning was uncertain. 

In conclusion, although the existence of endocrine disorders was comparable in Ranch Hands and 
Comparisons, the assessment of glucose metabolism showed the possibility of adverse effects from dioxin 
in relation to glucose intolerance and insulin production. 

16.1.3   Parameters for the 1997 Endocrine Assessment 

16.1.3.1 Dependent Variables 

Questionnaire, physical examination, and laboratory data collected at the AFHS 1997 follow-up 
examination were used in the endocrine assessment. The self-reported information collected from the 
1997 questionnaire was subsequently verified and analyses were based on the verified data. 

16.1.3.2 Medical Records Data 

The 1997 questionnaire posed a general screening question on thyroid function and disease. Each 
participant was asked the following question during the in-person health interview: "Since the date of the 
last interview, has a doctor told you for the first time that you had thyroid problems?" All affirmative 
responses were verified by a medical records review and added to previously reported and verified 
information on the thyroid function from the 1982 baseline examination and the 1985, 1987, and 1992 
follow-up examinations for each participant. Thyroid disease was classified according to the International 
Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM) diagnostic codes. The ICD-9- 
CM codes for thyroid disease encompassed 240.0-246.9. Based on the verified data, history of thyroid 
disease was classified as "yes" or "no." Participants with a pre-Southeast Asia (SEA) history of thyroid 
disease were excluded from the analysis of thyroid disease history. 

Similar information was asked of each participant regarding diabetes. This information also was verified 
and combined with previous information. ICD-9-CM codes 250.00-250.93 were used to classify diabetes. 
Participants with a verified history of diabetes were combined with those participants with a 2-hour 
postprandial glucose level of 200 mg/dl or greater at the 1997 physical examination and classified as 
"yes" for a composite diabetes indicator variable. Those participants without a verified history of 
diabetes and with a 2-hour postprandial glucose level of less than 200 mg/dl at the 1997 physical 
examination were classified as "no." This composite diabetes indicator, derived from a medical records 
review and laboratory results, was analyzed as part of the endocrine assessment. Participants classified as 
"yes" were designated as diabetics and participants classified as "no" were designated as nondiabetics. 

After the data were analyzed, medical records of all participants designated as diabetic, based on medical 
records, were reviewed to determine diabetic type (1 or 2). One participant (a Ranch Hand veteran) was 
diagnosed as having type 1 (insulin-dependent) diabetes and the remainder were diagnosed as having type 
2 (adult onset) diabetes. A reanalysis with the single Ranch Hand with type 1 diabetes excluded yielded 
the same results as those already presented. 

As part of the 1997 questionnaire, questions were asked of diabetics regarding the use of insulin, oral 
diabetes medication, and diet. This self-reported information was verified and a diabetic severity index 
was constructed and analyzed for all participants. This index was categorized as "requiring insulin," "oral 
hypoglycemic," "diet only," or "no treatment" for diabetics and "no diabetes" for nondiabetics. 
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The date on which a participant was first diagnosed with diabetes was used to measure a time to diabetes 
onset by determining the number of years between the date of diagnosis and the end date of the last tour 
of duty in SEA. Time to diabetes onset for those participants who have not been diagnosed with diabetes 
was the munter of years between the 1997 examination date and the end date of the last tour of duty in 
SEA. This method of determining time to diabetes onset also was used for participants with a 2-hour 
postprandial glucose level of 200 mg/dl or greater at the 1997 physical examination but not yet diagnosed 
with diabetes. 

Participants with a pre-SEA history of diabetes were excluded from the analyses of the composite 
diabetes indicator, diabetic severity, and time to diabetes onset. 

16.13.2.1 PhysicaI Examination Data 

The physical examination of endocrine function included manual palpation of the thyroid gland and 
testes. Thyroid abnormalities consisted of enlarged gland, tenderness, presence of nodules, or 
thyroidectomies. Testicular abnormalities consisted of atrophied or absent testes. Participants with a pre- 
SEA history of thyroid disease and participants who are currently taking thyroid medication were 
excluded from the analysis of the thyroid gland. For the analysis of testicular abnormalities, participants 
with pre-SEA orchiectomies or participants with a missing testicle because of an undescended testicle or a 
congenital absence were excluded. 

16.1.3.2.2 Laboratory Examination Data 

For the 1997 follow-up examination, 14 laboratory variables were analyzed statistically in the endocrine 
assessment for all participants. TSH (ulU/ml), thyroxine (jag/dl), LH (mlU/ml), FSH (mlU/ml), and total 
testosterone (ng/dl) were conducted using Ciba Corning ACS 180® equipment. Abbott LMX® equipment 
was used to measure oc-l-C hemoglobin (percent) and estradiol (pg/ml). Measurements for fasting 
glucose (mg/dl) were taken using Dade RxL® equipment. Fasting urinary glucose analyses were 
conducted by dipstick methods using Bayer Atlas® equipment. Anti-thyroid antibodies were analyzed 
using passive hemagglutination assay. Free testosterone (pg/ml) was conducted by radioimmunoassay. 

In addition, the analyses of 2-hour postprandial glucose (mg/dl), serum insulin (ulU/ml), and the presence 
of 2-hour postprandial urinary glucose were restricted to nondiabetics only. Measurements for 2-hour 
postprandial glucose (mg/dl) were taken using Dade RxL® equipment. Analyses for 2-hour postprandial 
urinary glucose were conducted by dipstick methods using Bayer Atlas® equipment. Abbott HMX® 
equipment was used to measure serum insulin. The 100-gram glucose load for the postprandial assays 
was standardized by the use of Glucola® and was not given to diabetics unless requested by the 
participant. 

All laboratory variables were analyzed in both discrete and continuous forms except for anti-thyroid 
antibodies, fasting urinary glucose, and 2-hour postprandial urinary glucose. These variables were 
analyzed as discrete variables only and categorized as "present" or "absent." 

TSH and serum insulin were categorized as "abnormally low," "normal," and "abnormally high." The 
results for 2-hour postprandial glucose were coded as "normal" and "impaired." All other laboratory 
results were dichotomized as "normal" or "abnormal" (abnormally high for all variables, except for 
thyroxine, total testosterone, and free testosterone, which were classified according to abnormally low 
values). 
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Participants with thyroidectomies, a pre-SEA history of thyroid disease, or who are taking thyroid 
medication were excluded from the analyses of TSH, thyroxine, and anti-thyroid antibodies. For total and 
free testosterone, participants with orchiectomies (pre-SEA or post-SEA), participants with a missing 
testicle because of an undescended testicle or a congenital absence, and participants currently taking 
testosterone medication were excluded. Participants with pre-SEA diabetes were excluded from the 
analysis of fasting glucose, fasting urinary glucose, and cc-l-C hemoglobin. Participants who were 
diabetic (pre-SEA and post-SEA) or participants with a 2-hour postprandial glucose level greater than or 
equal to 200 mg/dl were excluded from the analyses of 2-hour postprandial glucose, 2-hour postprandial 
urinary glucose, and serum insulin. 

As described above, a 100-gram glucose load for the postprandial assays was standardized by the use of 
Glucola®. Some participants were not given Glucola® by request. A subset of these participants was not 
classified as diabetic through a medical records review; their 2-hour postprandial glucose was less than 
200 mg/dl without consuming the Glucola®. Consequently, these participants could not be classified as 
diabetic or nondiabetic for the composite diabetes indicator and were considered to have an unknown 
diabetic status. These participants were excluded from analyses of 2-hour postprandial glucose, 2-hour 
postprandial urinary glucose, and serum insulin. 

16.1.3.3  Covariates 

The endocrine assessment included the effects of age, race, and military occupation in the adjusted 
analyses of all variables. To adjust for the effects of stress on endocrinologic measures, personality type 
was used as an additional covariate for past thyroid disease, thyroid gland abnormalities, TSH, thyroxine, 
and anti-thyroid antibodies. Age, race, occupation, personality type, and body fat were included in the 
adjusted analyses of the testes-related variables (testicular examination, total testosterone, and free 
testosterone). A covariate characterizing family history of diabetes was included for the diabetes-related 
variables, along with age, race, military occupation, personality type, and body fat. These dependent 
variables included the composite diabetes indicator, diabetic severity, time to diabetes onset, fasting and 
2-hour postprandial glucose, fasting and 2-hour postprandial urinary glucose, serum insulin, and a-l-C 
hemoglobin. 

Age, race, and military occupation were determined from military records. Personality type was 
determined from the Jenkins Activity Survey administered during the 1997 follow-up examination and 
was derived from a discriminant-function equation based on questions that best discriminate men judged 
to be type A from those judged to be type B (47). Positive scores reflected the type A direction; negative 
scores reflected the type B direction. Personality type was dichotomized as type A or type B. 

Body fat was calculated from a metric body mass index (48); the formula is 

Body Fat (in percent)=   WeiXht(k*)   . L264.13j05^ 
[Height (m)] 

Each participant was asked in the 1997 questionnaire whether anyone in his immediate family ever had 
diabetes or sugar diabetes. A family history of diabetes covariate was constructed from this question and 
used in adjusted analyses of all diabetic-related dependent variables. 

16.1.4   Statistical Methods 

Table 16-1 summarizes the statistical analysis that was performed for the endocrine assessment. The first 
part of this table describes the dependent variables and identifies the covariates and the statistical 
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methods. The second part of this table further describes the covariates. A covariate was used in its 
continuous form whenever possible for all adjusted analyses. If the covariate was inherently discrete 
(e.g., military occupation), or if a categorized form was needed to develop measures of association, the 
covariate was categorized as shown in Table 16-1. Table 16-2 provides a summary of the number of 
participants with missing dependent variable and covariate data. In addition, the number of participants 
excluded because of medical conditions is given. 

Table 16-1. Statistical Analysis for the Endocrine Assessment 

Dependent Variables 

;-.,■ Variable (Units):
: '■;■•; r;--:-Source, i ' ;':Fprih:;1 ;!;;:;>:;'-l'Ä                             £{ £ .; Covariates8 i "Exclusions11 

.    Statistical 
Analysis and 

Methods 

Past Thyroid Disease MR-V D Yes 
No 

(1) (a) U:LR 
A:LR 

Composite Diabetes 
Indicator 

MR-V/ 
LAB 

D • Diabetic: Verified 
History or >200 
mg/dl 2-hr. post- 
prandial glucose 

• Nondiabetic: 
Otherwise 

(2) (b) U:LR 
A:LR 
L:LR 

Diabetic Severity MR-V D Requiring Insulin 
Oral Hypoglycemics 
Diet Only 
No Treatment 
No Diabetes 

(2) (b) U:PR 
A:PR 

Time to Diabetes 
Onset (years) 

MR-V/ 
LAB/ 

MIL 

C (2) 

Thyroid Gland PE D Abnormal 
Normal 

(1) 

Testicular 
Examination 

PE D Abnormal 
Normal 

(3) 

TSH (uIU/ml) 

Thyroxine (T4) (jig/dl) 

LAB 

LAB 

D/C 

D/C 

Abnormal Low: <0.35 
Normal: 0.35-5.5 
Abnormal High: >5.5 
Low: <4.8 
Normal: >4.8 

(1) 

(1) 

Anti-Thyroid 
Antibodies 

LAB D Present 
Absent 

(1) 

Fasting Glucose 
(mg/dl) 

LAB D/C High: >110 

Normal: <110 
(2) 

2-Hour Postprandial 
Glucose (mg/dl) 

LAB D/C Impaired: 140-<200 
Normal: <140 

(2) 

(b) U:ST 
A:ST 

(c) U:LR 
A:LR 

(d) U:LR 
A:LR 

(e) 

(e) 

U:PR,GLM 
A:PR,GLM 
L:PR,GLM 
U:LR,GLM 
A:LR,GLM 

(e) U:LR 
A:LR 

(b) U:LR,GLM 
A:LR,GLM 
L:LR,GLM 

(f) U:LR,GLM 
A:LR,GLM 
L:LR,GLM 
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Table 16-1.   Statistical Analysis for the Endocrine Assessment (Continued) 

■ : Variable (Units)- '.; 1 
Data 

Source 
Data    : 
Form   \ Cutpoints Coyariaies* \ Exclusions1* ] 

Statistical 
Analysis and 

Methods 
Fasting Urinary 
Glucose 

LAB D Present 
Absent 

(2) (b) U:LR 
A:LR 

2-Hour Postprandial 
Urinary Glucose 

LAB D Present 
Absent 

(2) (0 U:LR 
A:LR 

Serum Insulin 
(ulU/ml) 

LAB D/C Abnormal Low: <18 
Normal: 18-56 
Abnormal High: >56 

(2) CO U:PR,GLM 
A:PR,GLM 

oc-l-C Hemoglobin 
(percent) 

LAB D/C High: >7.7 
Normal: <7.7 

(2) (b) U:LR,GLM 
A:LR,GLM 

Total Testosterone 
(ng/dl) 

LAB D/C Low: 
<241 (Ages 45-49) 
<230 (Age >50) 
Normal: 
>241 (Ages 45-49) 
>230 (Age >50) 

(3) (g) U:LR,GLM 
A:LR,GLM 
L:LR,GLM 

Free Testosterone 
(pg/ml) 

LAB D/C Low: <6 
Normal: >6 

(3) (g) U:LR,GLM 
A:LR,GLM 

Estradiol (pg/ml) LAB D/C High: >50 
Normal: <50 

(4) None U:LR,GLM 
A:LR,GLM 

LH (mIU/ml) LAB D/C High: >9.3 
Normal: <9.3 

(4) None U:LR,GLM 
A:LR,GLM 

FSH (mIU/ml) LAB D/C High: >15 
Normal: <15 

(4) None U:LR,GLM 
A:LR,GLM 

aCovariates: 
(1): age, race, military occupation, personality type. 
(2): age, race, military occupation, personality type, body fat, family history of diabetes. 
(3): age, race, military occupation, personality type, body fat. 
(4): age, race, military occupation, 

Exclusions: 
(a): participants with a pre-SEA history of thyroid disease. 
(b): participants with a pre-SEA history of diabetes. 
(c): participants with a pre-SEA history of thyroid disease, participants currently taking thyroid medication. 
(d): participants with a pre-SEA orchiectomy, participants with a testicle absent (undescended or congenital 
absence). 
(e): participants with a pre-SEA history of thyroid disease, participants with a thyroidectomy, participants currently 
taking thyroid medication. 
(f): all diabetics (pre- and post-SEA), participants whose diabetic status was unknown at the 1997 physical 
examination. 
(g): participants with an orchiectomy (pre-SEA or post-SEA), participants with a testicle absent (undescended or 
congenital absence), participants currently taking testosterone medication. 
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Table 16-1,   Statistical Analysis for the Endocrine Assessment (Continued) 

Covariates 

.Variable (Units)  =: ■■ Data Source Data Form Outpoints 

Age (years) MIL D/C Born>1942 

Race MIL D 
Born <1942 
Black 

Occupation MIL D 
Non-Black 
Officer 

Personality Type PE D 

Enlisted Flyer 
Enlisted Groundcrew 
A direction 

Body Fat (percent) PE D/C 
B direction 
Obese: >25% 

Family History of Diabetes Q-SR D 
Lean or Normal: <25% 
Yes 
No 

Abbreviations 

Data Source: LAB: 1997 lat )oratory results 
MIL: Air Force military records 
MR-V: Medical records (verified) 
PE: 1997 physical examination 
Q-SR: 1997 health questionnaire (self-reported) 

Data Form: C: Continuous analysis only 
D: Discrete analysis only 
D/C: Discrete and continuous analyses for dependent variables; appropriate form for analysis 
(either discrete or continuous) for covariates 

Statistical Analysis: U: Unadjusted analysis 
A: Adjusted analysis 
L: Longitudinal analysis 

Statistical Methods:  GLM: General linear models analysis 
LR: Logistic regression analysis 
PR: Polytomous logistic regression analysis 
ST: Survival time analysis 

Cutpoints for total testosterone were age-dependent. Consequently, normal and abnormal levels for total 
testosterone were constructed according to a participant's laboratory value and age at the physical 
examination. The age-specific cutpoints are listed in Table 16-1; the reference ages for these cutpoints 
are given in parentheses following the cutpoints. 

The analysis of time to diabetes onset was based on a regression analysis of time to onset in which time to 
onset was modeled as a linear combination of exposure variables and covariates. Further details on the 
statistical procedures used for the analysis of time to onset are discussed in Chapter 7, Statistical 
Methods. 
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Table 16-2. Number of Participants Excluded or with Missing Data for the Endocrine Assessment 

■Dioxin il;-l::t;l 
Group (Ranch Hands Only) :j ■Gätegoriztei Dioxin 

W&v&&k                 %^iS$'£.::; ■' WariäbM; Ranch; Ranch 
>;:-:-;-o/ &::;% Variable? &;: ^>■;-           ;'v,';§::ite| I Hand Comparison Initial 1987    | Hand Comparison 

Composite Diabetes Indicator          DEP 9 18 5 7 7 17 
Diabetic Severity                              DEP 9 18 5 7 7 17 
Time to Diabetes Onset                    DEP 9 18 5 7 7 17 ' 
Testicular Examination                    DEP 1 0 0 1 1 0 
2-hour Postprandial Glucose            DEP 1 2 1 1 1 2 
2-hour Postprandial Urinary             DEP 3 5 2 3 3 5 
Glucose 
Serum Insulin                                   DEP 1 2 1 1 1 2 
Personality Type                              COV 3 0 1 3 3 0 
Family History of Diabetes              COV 7 12 4 7 7 12 
Pre-SEA Thyroid Disease                EXC 7 5 4 7 7 5 
Pre-SEA Diabetes                            EXC 2 1 2 2 2 1 
Taking Thyroid Medication             EXC 24 44 13 24 24 44 
Diabetic or Diabetic Status               EXC 156 228 113 152 152 217 
Unknown 
Pre-SEA Orchiectomy                     EXC 2 2 1 2 2 2 
Thyroidectomy                                 EXC 12 15 5 12 12 15 
Pre- or Post-SEA Orchiectomy        EXC 8 5 4 8 8 5 
Testicle Undescended or                  EXC 6 13 3 6 6 13 
Congenitally Absent 
Taking Testosterone                         EXC 6 7 3 5 5 7 
Medication 

Note:   DEP = Dependent variable. 
COV = Covariate. 
EXC = Exclusion. 
870 Ranch Hands and 1,251 Comparisons. 
482 Ranch Hands for initial dioxin; 863 Ranch Hands for 1987 dioxin. 
863 Ranch Hands and 1,213 Comparisons for categorized dioxin. 

16.2    RESULTS 

16.2.1   Dependent Variable-Covariate Associations 

The associations between the dependent variables examined in the endocrine assessment and the 
covariates used in the adjusted analysis were investigated. The results are presented in Appendix F, Table 
F-8. These associations are pairwise between the dependent variable and the covariate and are not 
adjusted for any other covariates. Participants were excluded from each of the analyses as given in Table 
16-1. Statistically significant associations are discussed below. 

The covariate tests of association for past thyroid disease revealed a significant positive association with 
age (p=0.020). 

A participant with a verified history of diabetes or a 2-hour postprandial glucose level of greater than or 
equal to 200 mg/dl was considered diabetic in the composite diabetes indicator variable. The covariate 
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tests of association revealed age (p=0.001), race (p=0.011), personality type (p=0.001), body fat 
(p=0.001), and family history of diabetes (p=0.001) to be associated significantly with the composite 
diabetes indicator. The percentage of diabetic participants increased with age. A higher percentage of 
Black participants than non-Black participants were diabetic (25.6% versus 16.4%). The percentage of 
diabetic participants was higher for participants with type B personalities than participants with type A 
personalities (19.5% versus 13.0%). A higher percentage of obese participants were diabetic than lean 
and normal participants (28.6% versus 12.1%). A greater percentage of participants with a family history 
of diabetes were diabetic, relative to participants with no family history of diabetes (24.9% versus 
14.: 

Tests of covariate association revealed age (p=0.001), race (p=0.023), personality type (p=0.001), body 
fat (p=0.001), and family history of diabetes (p=0.001) to be significantly associated with diabetic 
severity. The percentage of nondiabetic participants was greater for younger participants, non-Blacks, 
those with a type A personality, lean participants, and participants with no family history of diabetes. The 
percentages of older participants who used no treatment, diet, oral hypoglycemics, and insulin to treat 
diabetes were 6.2, 2.5, 7.5, and 2.6, respectively. Percentages for younger participants were smaller than 
for older participants for all forms of treatment. The analysis of race showed that for Black participants, 
7.2 percent used no treatment, 2.4 percent used diet only as a form of treatment, 11.2 percent used oral 
hypoglycemics, and 3.2 percent used insulin. For all forms of treatment, the percentages of non-Black 
participants were smaller than for Black participants. Covariate analyses revealed that 4.3 percent, 1.1 
percent, 3.5 percent, and 2.1 percent of participants with type A personalities used no treatment, diet, oral 
hypoglycemics, and insulin, respectively, to treat their disorder. For participants with type B 
personalities, 6.3 percent, 2.1 percent, 6.8 percent, and 1.9 percent, respectively, used these methods in 
the treatment of diabetes. Of the obese participants, 9.9 percent used no treatment, 2.1 percent used diet 
as a form of treatment, 10.2 percent used oral hypoglycemics, and 2.1 percent used insulin. The 
percentages of lean or normal participants using these methods were less for each form of treatment. Of 
the participants with a family history of diabetes, 7.5 percent used no treatment, 2.2 percent used diet to 
treat their disorder, 9.1 percent used hypoglycemics, and 3.5 percent used insulin. The percentages of 
participants with no family history of diabetes using these methods were less for each form of treatment. 

Time to diabetes onset was associated significantly with age (p<0.001), race (p=0.007), personality type 
(p<0.001), body fat (p<0.001), and family history of diabetes (p<0.001). Time to diabetes onset 
decreased significantly with increases in age and body fat. Black participants had a shorter time to 
diabetes onset than did non-Black participants. Participants with type A personalities had a significantly 
longer time to diabetes onset than did participants with type B personalities. Participants with a family 
history of diabetes had a significantly shorter time to diabetes onset than did participants with no family 
history of diabetes. 

Abnormalities of the thyroid gland were significantly associated with occupation (p=0.019). Officers had 
the highest percentage of participants with abnormal thyroid glands (1.9%), followed by enlisted flyers 
(0.6%), then enlisted groundcrew (0.5%). 

Tests of covariate association showed the percentage of abnormal testicular examinations to be 
significantly associated with age (p=0.001) and occupation (p=0.021). Older participants had a higher 
percentage of abnormal testicular examinations than did younger participants (6.2% versus 1.4%). 
Officers had the highest percentage of abnormal testicular examinations (5.2%), followed by enlisted 
flyers (5.1%), then enlisted groundcrew (2.8%). 

TSH in its continuous form increased significantly with age (p<0.001). Race and occupation also were 
significant (p<0.001 and p=0.007). Non-Black participants had a higher mean TSH level than did Black 
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participants (1.87 (xIU/ml versus 1.38 iiIU/ml). Officers had the highest mean TSH level (1.94 ulU/ml), 
followed by enlisted groundcrew (1.78 jxIU/ml), then enlisted flyers (1.77 (XlU/ml). No significant 
covariate associations were seen with TSH in its discrete form. 

Thyroxine in its continuous form was significantly associated with occupation (p<0.001). Enlisted flyers 
had the highest mean thyroxine level (7.26 Jig/dl), followed by enlisted groundcrew (7.20 Ug/dl), then 
officers (6.81 ug/dl). Tests of covariate associations with thyroxine in its discrete form revealed no 
significant associations. 

Fasting glucose in its continuous form increased with age (p<0.001) and body fat (p<0.001). Occupation 
(p=0.039),.personality type (p=0.001), and family history of diabetes (p<0.001) also were associated 
significantly with fasting glucose. Enlisted flyers had the highest mean fasting glucose level (104.1 
mg/dl), followed by enlisted groundcrew (101.8 mg/dl), then officers (100.4 mg/dl). Participants with 
type B personalities had a higher mean fasting glucose level than did participants with type A 
personalities (102.9 mg/dl versus 99.6 mg/dl). Participants with a family history of diabetes had a higher 
mean fasting glucose level (107.1 mg/dl) than did those participants with no family history of diabetes 
(99.8 mg/dl). 

Fasting glucose in its discrete form increased with age (p=0.001) and body fat (p=0.001). Race 
(p=0.040), personality type (p=0.001), and family history of diabetes (p=0.001) also were significant in 
the tests of covariate association. Black participants had a greater percentage of high fasting glucose 
levels than did non-Black participants (24.2% versus 16.7%). A greater percentage of high fasting 
glucose values was seen for participants with personality type B (19.4%) versus personality type A 
(13.6%). Participants with a family history of diabetes had a higher prevalence of high fasting glucose 
levels (25.2% versus 14.4%). 

Two-hour postprandial glucose was analyzed only for nondiabetics. Two-hour postprandial glucose in its 
continuous form increased with age (p<0.001) and body fat (p<0.001). Occupation (p=0.014), personality 
type (p=0.035), and family history of diabetes (p=0.003) also were significant. Enlisted flyers had the 
highest mean 2-hour postprandial glucose level (109.7 mg/dl), followed by enlisted groundcrew (104.8 
mg/dl), then officers (103.5 mg/dl). Participants with type B personalities had a higher mean 2-hour 
postprandial glucose level than did participants with type A personalities (106.3 mg/dl versus 103.3 
mg/dl). Participants with a family history of diabetes had a higher mean 2-hour postprandial glucose 
level (108.9 mg/dl) than those with no family history of diabetes (104.0 mg/dl). 

Tests of covariate association for 2-hour postprandial glucose in its dichotomous form showed age 
(p=0.001), race (p=0.007), body fat (p=0.001), and family history of diabetes (p=0.024) to be significant. 
The percentage of participants with 2-hour postprandial glucose results classified as impaired increased 
with age and body fat. Non-Black participants had a higher percentage of impaired values than did Black 
participants (16.4% versus 5.4%). Participants with a family history of diabetes had a higher prevalence 
of impaired values than did participants with no family history of diabetes (19.5% versus 14.7%). 

The presence of fasting urinary glucose was significantly associated with occupation (p=0.029), 
personality type (p-0.004), body fat (p=0.001), and family history of diabetes (p=0.012). The prevalence 
of participants with fasting urinary glucose present increased with body fat. Enlisted groundcrew had the 
highest percentage of positive fasting urinary glucose results (5.2%), followed by enlisted flyers (5.0%), 
then officers (2.8%). A greater prevalence of participants with fasting urinary glucose present was seen 
for participants with personality type B (5.2%) versus personality type A (2.6%). Participants with a 
family history of diabetes had a higher prevalence of positive fasting urinary glucose results than did 
participants with no family history of diabetes (6.1% versus 3.5%). 
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Two-hour postprandial urinary glucose was analyzed only for nondiabetics. The presence of 2-hour 
postprandial urinary glucose was significantly associated with occupation (p=0.033). Enlisted flyers had 
the highest prevalence of positive 2-hour postprandial urinary glucose results (26.7%), followed by 
enlisted groundcrew (24.9%), then officers (20.1%). 

Serum insulin was analyzed only for nondiabetics. Serum insulin in its continuous form increased 
significantly with age QxO.OOl) and body fat ftxO.OOl). Occupation (p=0.001), personality type 
(p=0.006), and family history of diabetes (p=0.001) also were significant. Enlisted flyers had the highest 
mean serum insulin level (52.55 |iIU/ml), followed by enlisted groundcrew (50.58 uIU/ml), then officers 
(43.67 fllU/ml). Participants with type B personalities had a higher mean serum insulin level than 
participants with type A personalities (50.42 jxIU/ml versus 44.72 filU/ml). Participants with a family 
history of diabetes had a higher mean insulin level (54.32 uIU/ml) than those with no family history of 
diabetes (46.28 uIU/ml). 

Serum insulin in its discrete form was significantly associated with age (p=0.003), occupation (p=0.024), 
personality type (p=0.018), body fat (p=0.001), and family history of diabetes (p=0.001). Younger 
participants had a higher percentage of abnormally low and a lower percentage of abnormally high serum 
insulin levels than did older participants. Officers had the highest percentage of abnormally low serum 
insulin levels (14.9%) and the lowest percentage of abnormally high serum insulin levels (37.4%). 
Participants with personality type A had a higher percentage of abnormally low serum insulin levels 
(14.9%) and a lower percentage of abnormally high serum insulin levels (38.4%) than did participants 
with personality type B. Obese participants had a lower percentage of abnormally low serum insulin 
levels (2.5%) than did lean or normal participants (16.4%). Lean or normal participants had a lower 
percentage of abnormally high serum insulin levels (32.0%) than obese participants (71.0%). Participants 
with no family history of diabetes had a higher prevalence of abnormally low serum insulin levels 
(14.2%) than did participants with a history of diabetes (8.5%). The prevalence of abnormally high serum 
insulin values was greater for participants with a family history of diabetes than for participants with no 
history of diabetes (49.6% versus 39.4%). 

Age and body fat significantly increased with oc-l-C hemoglobin in its continuous form (p<0.001 for 
each). Race, occupation, personality type, and family history of diabetes also were significant (p<0.001 
for each). Black participants had a significantly higher mean a-l-C hemoglobin level than did non-Black 
participants (7.07 percent versus 6.45 percent). Enlisted flyers had the highest mean a-l-C hemoglobin 
level (6.61 percent), followed by enlisted groundcrew (6.58 percent), then officers (6.33 percent). 
Participants with personality type B had a higher mean a-l-C hemoglobin level than did participants with 
personality type A (6.57 percent versus 6.36 percent). Participants with a family history of diabetes had a 
higher mean a-l-C hemoglobin level than did participants with no family history of diabetes (6.73 
percent versus 6.40 percent). 

The discrete form of a-l-C hemoglobin paralleled the continuous analysis. Age (p=0.001), race 
(p=0.001), occupation (p=0.002), personality type (p=0.001), body fat (p=0.001), and family history of 
diabetes (p=0.001) were all significantly associated with a-l-C hemoglobin in the tests of covariate 
association. The covariate categories with the highest mean levels also had the greatest percentage of 
abnormal high a-l-C hemoglobin levels. 

Total testosterone in its continuous form decreased with age and body fat (p<0.001 each). Occupation 
also was significant (p=0.043). Officers had the lowest mean total testosterone level (410.7 ng/dl), 
followed by enlisted groundcrew (429.7 ng/dl), then enlisted flyers (433.4 ng/dl). 
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Tests of covariate association for total testosterone in its dichotomous form showed body fat to be 
significant (p=0.001). Obese participants had a higher percentage of low testosterone levels than did lean 
or normal participants (15.3% versus 4.7%). 

Free testosterone in its continuous form decreased with age and body fat (p<0.001 each). Occupation 
(p<0.001) and personality type (p=0.001) also were significant. Officers had the lowest mean free 
testosterone level (13.12 pg/ml), followed by enlisted flyers (13.99 pg/ml), then enlisted groundcrew 
(14.65 pg/ml). Participants with type B personalities had a lower mean free testosterone level than did 
participants with type A personalities (13.68 pg/ml versus 14.37 pg/ml). Free testosterone in its discrete 
form decreased significantly with age (p=0.001) and body fat (p=0.002). 

Both the continuous and discrete forms of estradiol were significantly associated with race (p=0.008 and 
p=0.013, respectively). Black participants had a higher mean estradiol level as well as a higher 
percentage of high estradiol values than non-Blacks. The mean estradiol level was 44.26 pg/ml for 
Blacks and 40.15 pg/ml for non-Blacks. For Blacks, 37.5 percent had high estradiol levels, whereas 27.0 
percent of non-Blacks had high estradiol levels. 

LH in both its continuous and discrete forms increased significantly with age (p<0.001 and p=0.001, 
respectively). 

FSH in its continuous form increased significantly with age (p<0.001). Occupation was also significantly 
associated with FSH (p=0.008). Officers had the highest mean FSH level (6.31 mlU/ml), followed by 
enlisted flyers (6.00 mlU/ml), then enlisted groundcrew (5.75 mlU/ml). 

Similarly, FSH in its dichotomous form was significantly associated with age (p=0.001) and occupation 
(p=0.001). Older participants had a greater percentage of high FSH values (11.2%) than did younger 
participants (4.0%). Officers had the highest percentage of high FSH results (10.4%), followed by 
enlisted flyers (9.2%), then enlisted groundcrew (5.5%). 

16.2.2   Exposure Analysis 

The following section presents results of the statistical analysis of the dependent variables shown in Table 
16-1. Four models were examined for each dependent variable. The analyses of these models are 
presented below. Further details on dioxin and the modeling strategy are found in Chapters 2 and 7, 
respectively. These analyses were performed both unadjusted and adjusted for relevant covariates. 
Model 1 examined the relation between the dependent variable and group (i.e., Ranch Hand or 
Comparison). In this model, exposure was defined as "yes" for Ranch Hands and "no" for Comparisons 
without regard to the magnitude of the exposure. As an attempt to quantify exposure, three contrasts of 
Ranch Hands and Comparisons were performed along with the overall Ranch Hand versus Comparison 
contrast. These three contrasts compared Ranch Hands and Comparisons within each occupational 
category (i.e., officers, enlisted flyers, and enlisted groundcrew). As described in previous reports and in 
Table 2-8, the average levels of exposure to dioxin were highest for enlisted groundcrew, followed by 
enlisted flyers, then officers. 

Model 2 explored the relation between the dependent variable and an extrapolated initial dioxin measure 
for Ranch Hands who had a 1987 dioxin measurement greater than 10 ppt. If a participant did not have a 
1987 dioxin level, the 1992 level was used to estimate the initial dioxin level. If a participant did not have 
a 1987 or a 1992 dioxin level, the 1997 level was used to estimate the initial dioxin level. A statistical 
adjustment for the percentage of body fat at the time of the participant's blood measurement of dioxin 
was included in this model to account for body-fat-related differences in elimination rate (49). 
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Model 3 divided the Ranch Hands examined in Model 2 into two categories based on their initial dioxin 
measures. These two categories are referred to as "low Ranch Hand" and "high Ranch Hand." Two 
additional categories, Ranch Hands with 1987 serum dioxin levels at or below 10 ppt and Comparisons 
with 1987 serum dioxin levels at or below 10 ppt, were formed and included in the model Ranch Hands 
with 1987 serum dioxin levels at or below 10 ppt are referred to as the "background Ranch Hand" 
category. Dioxin levels in 1992 were used if the 1987 level was not available, and dioxin levels in 1997 
were used if the 1987 and 1992 levels were not available. The four categories—Comparisons, 
background Ranch Hands, low Ranch Hands, and high Ranch Hands—were used in Model 3 analyses. 
The relation between the dependent variable in each of the three Ranch Hand categories and the 
dependent variable in the Comparison category was examined. A fourth contrast, exploring the relation 
of the dependent variable in the combined low and high Ranch Hand categories relative to Comparisons, 
also was conducted. This combination is referred to in the tables as the "low plus high Ranch Hand" 
category. As in Mode! 2, a statistical adjustment for the percentage of body fat at the time of the 
participant's blood measurement of dioxin was included in this model. 

Model 4 examined the relation between the dependent variable and 1987 lipid-adjusted dioxin levels in all 
Ranch Hands with a dioxin measurement. If a participant did not have a 1987 dioxin measurement, the 
1992 measurement was used to determine the dioxin level. If a participant did not have a 1987 or a 1992 
dioxin measurement, the 1997 measurement was used to determine the dioxin level. 

16.2.2.1  Medical Records Variables 

16.2.2.1.1 Past Thyroid Disease 

All unadjusted and adjusted analyses for Models 1 through 4 were nonsignificant (Table 16-3(a-h): 
p>0.17 for each analysis). 

Table 16-3. Analysis of Past Thyroid Disease 

(a) MODEL 1: RANCH HANDS VS. COMPARISONS - UNADJUSTED 

Occupational 
W^:MtQ^y^^;i'^U ̂ 000:iiMy0-0 

; : •'" ^"Est;:Reiati*e-Risk;':,i.':::-:;;:l 
p-Valiie '.'■■ 

All Ranch Hand 
Comparison 

863 
1,246 

65  (7.5) 
105   (8.4) 

0.89 (0.64,1.22) 0.456 

Officer Ranch Hand 
Comparison 

338 
492 

29   (8.6) 
46   (9.3) 

0.91 (0.56,1.48) 0.704 

Enlisted Flyer Ranch Hand 
Comparison 

150 
187 

15 (10.0) 
14   (7.5) 

1.37 (0.64,2.94) 0.415 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

375 
567 

21   (5.6) 
45   (7.9) 

0.69(0.40,1.18) 0.171 

.(b) MODEL 1: RANCH HANDS VS. COMPARISONS - ADJUSTED 

A//                                                       ™"            0.89 (0.64,1.22) ™"          0.459 

Officer                                                             0.91 (0.56,1.48) 0.701 
Enlisted Flyer                                                      1.37(0.64,2.94) 0.419 
Enlisted Groundcrew 0.70(0.41,1.19) 0.189 
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Table 16-3.   Analysis of Past Thyroid Disease (Continued) 

(c) MODEL 2: RANCH HANDS-INITIAL DIOXIN-UNADJUSTED 

Initial Dioxin Category Summary Statistics Analysis Results for Log2 (Initial Dioxin)51 

Initial Dioxin 
Estimated Relative Risk 

,   (95%.C:i.)b;  ;               .         p-Value 
Low 
Medium 
High 

160                           12 (7.5) 
160                             9 (5.6) 
158                           14 (8.9) 

1.13(0.88,1.45)                       0.360 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(d)MOD^ 

p- Value! ■ '<.'.'■  . : : ■ 
477                                          1.20(0.88,1.64) 0.245 

a Relative risk for a twofold increase in initial dioxin. 

(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY -UNAPJUSTEI) 

i:|;i ■];; %^:?i ;f >J^aIiie !'■ ■? 

Comparison                            1,208                   102 (8.4) 

Background RH                         378                    30 (7.9)                   0.97 (0.64,1.49) 
LowRH                                    237                     15(6.3)                    0.73(0.41,1.27) 
HighRH                                    241                     20(8.3)                   0.94(0.57,1.56) 
Low plus High RH                    478                     35(7.3)                   0.83(0.55,1.24) 

0.906 
0.263 
0.825 
0.362 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 16-3.   Analysis of Past Thyroid Disease (Continued) 

(f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - -ADJUSTED 

Dioxin Category ^■■^y:M%^:^:^'/: 

Adjusted Relative Risk 
: :(95%CX)a , p-Value 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,208 

376 
237 
240 
477 

0.92(0.60,1.42) 
0.70(0.40,1.22) 
1.07(0.64,1.81) 
0.87(0.57,1.30) 

0.707 
0.209 
0.792 
0.490 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand):  1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(g) MODEL 4: RANCH HANDS - 1987 DIOXIN SINI^IJSI^ 
■■■■\        1?87 Dioxin Category Summary Statistics ■;'■:. -:   ,: "■..:;Analysis Results-jfor:I^g2-(1987Dioxin.+. 1)■■ ;.t•/■■. .^,-:.; 

WfM^4&*^Si 
Low 
Medium 
High 

287                  25 (8.7) 
285                  19 (6.7) 
284                   21 (7.4) 

1.01 (0.85,1.20)                               0.892 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(h) MODEL 4: RANCH HANDS -1987 DIOXIN-ADJUSTED 

 n_ (95% C.I.)a p-Value 
853 1.10 (0.89,1.36) 0358 

Relative risk for a twofold increase in 1987 dioxin. 

16.2.2.1.2 Composite Diabetes Indicator 

The composite diabetes indicator variable was a dichotomous classification of whether a participant was 
considered diabetic or not. A participant with a verified history of diabetes or a postprandial glucose level 
of greater than or equal to 200 mg/dl was considered diabetic for these analyses. 

The Model 1 unadjusted and adjusted analyses did not show a significant difference in the number of 
diabetic participants between Ranch Hands and Comparisons across all occupations or within each 
occupational stratum (Table 16-4(a,b): p>0.49 for each analysis). 
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Table 16-4. Analysis of Composite Diabetes Indicator 

Occupational 
.'/'■ .Category Group ;H?BÄffi§^ 

\ Number (%)    . 
Diabetic 

.  Est;Relative"Risk:" .' 
p-Value 

All Ranch Hand 
Comparison 

859 
1,232 

145 (16.9) 
209 (17.0) 

0.99(0.79,1.25) 0.960 

Officer Ranch Hand 
Comparison 

337 
490 

52 (15.4) 
71 (14.5) 

1.08(0.73,1.59) 0.709 

Enlisted Flyer Ranch Hand 
Comparison 

148 
184 

27 (18.2) 
38 (20.7) 

0.86(0.50,1.48) 0.583 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

374 
558 

66 (17.6) 
100 (17.9) 

0.98 (0.70,1.38) 0.915 

;(fc) MODEL;ir;;:RANCH IMNDS VS,:COMl^RISONS;™-ADJUSTEDj 

Occupational Category 
Adjusted Relative Risk 

p-Value 
All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

1.04(0.81,1.33) 

1.08(0.72,1.63) 
0.82 (0.45,1.47) 
1.11(0.77,1.61) 

0.755 

0.711 
0.498 
0.572 

(c) MODEL 2: RANCH HANDS -INITIAL DIOXIN -UNADJUSTED 

;j-;l^ ■.:v:-:;;-Analysis Result 

Initial Dioxin (95% C.I.)b                             p-Value 
Low 
Medium 
High 

157 32 (20.4) 
158 35 (22.2) 
160                        39(24.4) 

1.11(0.94,1.32)                         0.231 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(d) MODEL 2: RANCH HANDS ~~ INITIAL DIOXIN - ADJUSTED 

Analysis Results for Log2 (Initial Dioxin) 

j'p-Yalüe-i 
470 1.36(1.09,1.69) 0.005 

Relative risk for a twofold increase in initial dioxin. 
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Table 16-4.   Analysis of Composite Diabetes Indicator (Continued) 

(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - -UNADJUSTED J||| 

Dioxin Category 
-.'■;■■.,       :{^'- . :  .  , Number{%) -. ■ ''...'Est':Melätiye:;fösK;v;!;;:';;'-; 

T'
:

.-'  p-Value ; 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,195                199 (16.7) 

379                   37   (9.8)                   0.67(0.45,0.98) 
235                   49(20.9)                    1.27(0.88,1.84) 
240                  57 (23.8)                    1.33 (0.94,1.90) 
475                 106(22.3)                    1.30(0.99,1.72) 

0.041 
0.202 
0.111 
0.064 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY^^- 

Dioxin Category 
Adjusted Relative Risk 

■;':... :{95%c,L)a    •• ■ p-Value; 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,183 

375 
232 
238 
470 

0.69 (0.46,1.02) 
1.22(0.83,1.79) 
1.47(1.00,2.17) 
1.34(1.00,1.80) 

0.065 
0.311 
0.048 
0.049 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

!:-;;(^MÖ]XEL4: $i&$ii^ 

illHIiiiMS Category Summary Statistics llfl|Ä^ 

|lfi?^Spni|l;; 
l§ii:3^imäte#MeiäiH 
llllll 

Low 
Medium 
High 

286                  22   (7.7) 
284                  54(19.0) 
284                  67 (23.6) 

1.35(1.20,1.52)                               <0.001 

Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

16-20 



Table 16-4.   Analysis of Composite Diabetes Indicator (Continued) 

(h) MODEL 4: RANCH HANDS - 1987 DIOXIN -ADJUSTED 

Analysis Results for Lpg2 (1987 Dioxin + 1); 
; ■'•■■■■.■   .'   Adjusted Relative Risk      .   :\-^::-■}:':-:'::-:;  .:' ■•   '^; ■'.-,.' j 
:::;:i'; .: ;        :(95% GXf.l,        ■;;.■■,/■■.'-■.■■/' :      P-Valuej 

845      1.43(1.21,1.68) <0.001 

Relative risk for a twofold increase in 1987 dioxin. 

The unadjusted Model 2 analysis did not reveal a significant relation between initial dioxin and the 
percentage of diabetic participants (Table 16-4(c): p=0.231). After adjusting for covariates, the results 
became significant (Table 16-4(d): Adj. RR=1.36, p=0.005). The percentages of diabetic participants in 
the low, medium, and high initial dioxin categories were 20.4, 22.2, and 24.4, respectively. 

The unadjusted Model 3 analysis of the composite diabetes indicator revealed significant differences 
between Ranch Hands in the background dioxin category and Comparisons, as well as between Ranch 
Hands in the low plus high dioxin category and Comparisons (Table 16-4(e): Est. RR=0.67, p=0.041; 
Est. RR=1.30, p=0.064, respectively). After adjusting for covariates, three significant contrasts were 
revealed: Ranch Hands in the background dioxin category versus Comparisons (Table 16-4(f): 
Adj. RR=0.69, p=0.065), Ranch Hands in the high dioxin category versus Comparisons (Table 16-4(f): 
Adj. RR=1.47, p=0.048), and Ranch Hands in the low plus high dioxin category versus Comparisons 
(Table 16-4(f): Adj. RR=L34, p=0.049). The percentage of diabetic Comparisons was 16.7, versus 9.8 
percent for Ranch Hands in the background dioxin category, 23.8 percent of Ranch Hands in the high 
dioxin category, and 22.3 percent for Ranch Hands in the low plus high dioxin category. 

The unadjusted and adjusted Model 4 analyses each revealed a significant positive association between 
1987 dioxin and the percentage of diabetic participants (Table 16-4(g,h): Est. RR=1.35, p<0.001; 
Adj. RR=1.43, p<0.001, respectively). The percentages of diabetic participants in the low, medium, and 
high 1987 dioxin categories were 7,7, 19.0, and 23.6, respectively. 

16.2.2.1.3 Diabetic Severity 

The unadjusted Model 1 analysis of diabetic severity revealed marginally significant or significant 
differences between the percentage of Ranch Hands and Comparisons taking oral hypoglycemics (Table 
16-5(a): Est. RR=0.71, p=0.097) and requiring insulin (Table 16-5(a): Est. RR=2.04, p=0.026). The 
percentage of participants taking oral hypoglycemics was 4.4 for Ranch Hands versus 6.3 for 
Comparisons. The percentage of participants requiring insulin in the Ranch Hand group was 2.8 versus 
1.4 in the Comparison group. Stratifying by occupation revealed a marginally significant difference 
between the percentage of Ranch Hand and Comparison officers requiring insulin (Table 16-5(a): Est. 
RR=2.53, p=0.054). For Ranch Hand officers, 3.6 percent required insulin versus 1.4 percent for 
Comparison officers. After adjusting for covariates, a significant difference in the percentage of Ranch 
Hands and Comparisons requiring insulin was observed (Table 16-5(b): Adj. RR=2.20, p=0.017). In 
addition, marginally significant differences were seen between the percentage of Ranch Hands and 
Comparisons requiring insulin in both the officer stratum and the enlisted groundcrew stratum (Table 16- 
5(b): Adj. RR=2.39, p=0.074; Adj. RR=2.52, p=0.084, respectively). 

The unadjusted Model 2 analysis of diabetic severity did not reveal a significant relation between initial 
dioxin and the severity of diabetes (Table 16-5(c): p>0.25 for each contrast). After adjusting for 
covariates, the percentage of Ranch Hands taking oral hypoglycemic and requiring insulin was associated 
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significantly with initial dioxin (Table 16-5(d): Adj. RR=1.41, p=0.062 for oral hypoglycemics; Adj. 
RR=2.47, p=0.001 for requiring insulin). The percentages of Ranch Hands taking oral hypoglycemics in 
the low, medium, and high initial dioxin categories were 5.1, 6.3, and 8.8, respectively. The percentages 
of participants requiring insulin in the low, medium, and high initial dioxin categories were 2.5, 3.8, and 
3.8, respectively. 

The Model 3 unadjusted analysis revealed a significant difference between the percentage of Ranch 
Hands in the background dioxin category and Comparisons who took oral hypoglycemics to control 
diabetes (Table 16-5(e): Est. RR=0.27, p=0.006). For Ranch Hands in the background dioxin category, 
1.3 percent used oral hypoglycemics versus 6.0 percent of Comparisons. Three Ranch Hand dioxin 
categories were significantly different from the Comparisons in the percentage of participants requiring 
insulin: Ranch Hands in the low dioxin category versus Comparisons (Table 16-5(e): Est. RR=2.43, 
p=0.042), Ranch Hands in the high dioxin category versus Comparisons (Table 16-5(e): Est. RR=2.40, 
p=0.046), and Ranch Hands in the low plus high dioxin category versus Comparisons (Table 16-5(e): 
Est. RR=2.41, p=0.013). The percentages of requiring insulin Ranch Hands in the low dioxin category, 
high dioxin category, and low plus high dioxin category were 3.4, 3.3, and 3.4, respectively, versus 1.4 
percent for Comparisons. 

The adjusted Model 3 analysis revealed a marginally significant difference between the percentage of 
Ranch Hands in the high dioxin category and Comparisons who used diet only to control diabetes (Table 
16-5(f): Adj. RR=2.32, p=0.089). For Ranch Hands in the high dioxin category, 2.9 percent used diet 
alone to treat their diabetes versus 1.4 percent of Comparisons. A significant difference between the 
percentage of Ranch Hands in the background dioxin category and Comparisons who took oral 
hypoglycemics was observed (Table 16-5(f): Adj. RR=0.28, p=0.008). Three Ranch Hand dioxin 
categories were significantly different from the Comparisons in the percentage of participants that 
required insulin: Ranch Hands in the low dioxin category (Table 16~5(f): Adj. RR=2.41, p=0.050), 
Ranch Hands in the high dioxin category (Table 16-5(0: Adj. RR=3.46, p=0.009), and Ranch Hands in 
the low plus high dioxin category (Table 16-5(f): Adj. RR=2.90, p=0.004). 

The unadjusted Model 4 analysis of diabetic severity revealed a significant positive association between 
1987 dioxin and the percentage of diabetics who used no treatment for diabetes (Table 16-5(g): 
Est. RR=1.28, p=0.010). A positive association between 1987 dioxin and the percentage of diabetics 
using oral hypoglycemics also was observed (Table 16-5(g): Est. RR=1.58, p<0.001). Adjusting for 
covariates revealed significant or marginally significant positive associations with 1987 dioxin for all four 
contrasts: no treatment (Table 16-5(h): Adj. RR=1.23, p=0.097), diet only (Table 16~5(h): 
Adj. RR=1.49, p=0.048), oral hypoglycemic (Table 16-5(h): Adj. RR=1.85, p<0.001), and requiring 
insulin (Table 16-5(h): Adj. RR=1.38, p=0.084). 
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Table 16-5. Analysis of Diabetic Severity 

(a) MODEL 1: RANCH HANDS VS. COMPARISONS — UNADJUSTED 

o\ 
to 

Occupational 
.:,:. =,:<^tegpjRyyj|?::: ]|llllil^3i^j^llii© ||||ag|| Nondiabetic 

No 
Treatment 

liiSili 
!!;Önly::.;:,j:- glycemic 

Requiring 
Insulin 

Contrast vs. 
Nondiabetic p-Value 

All Ranch Hand 
Comparison 

859 
1,232 

730 (85.0) 
1,054(85,6) 

49(5.7) 
66 (5.4) 

18 (2.1) 
18 (1.5) 

38 (4.4) 
77 (63) 

24(2.8) 
17(1.4) 

No Treatment 
Diet Only 
Oral Hypo- 

glycemic 
Requiring 

Insulin 

1.07(0.73,1.57) 
1.44 (0.75,2.79) 

0.71 (0.48,1.06) 

2.04(1.09,3.82) 

0.721 
0.275 

0.097 

0.026 

Officer Ranch Hand 
Comparison 

337 
490 

289 (85.8) 
426 (86.9) 

16 (4.7) 
25 (5.1) 

8 (2.4) 
6(1.2) 

12 (3.6) 
26 (5.3) 

12 (3.6) 
7(1.4) 

No Treatment 
Diet Only 
Oral Hypo- 

glycemic 
Requiring 

Insulin 

0.94 (0.49,1.80) 
1.97(0.67,5.72) 

0.68 (0.34,1.37) 

2,53 (0.98,6.50) 

0.859 
0.215 

0.281 

0.054 

Enlisted 
Flyer 

Ranch Hand 
Comparison 

148 
184 

125 (84.5) 
152(82.6) 

9(6.1) 
14 (7.6) 

2 (1.4) 
2(1.1) 

9(6.1) 
12 (6.5) 

3 (2.0) 
4(2.2) 

No Treatment 
Diet Only 
Oral Hypo- 

glycemic 
Requiring 

Insulin 

0.78 (0.33,1.87) 
1.22(0.17,8.76) 

0.91 (0.37,2.23) 

0.91 (0.20,4.15) 

0.579 
0.846 

0.840 

0.905 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

374 
558 

316(84.5) 
476 (85.3) 

24 (6.4) 
27 (4.8) 

8 (2.1) 
10(1.8) 

17 (4.5) 
39 (7.0) 

9 (2.4) 
6(1.1) 

No Treatment 
Diet Only 
Oral Hypo- 

glycemic 
Requiring 

Insulin 

1.34(0.76,2.36) 
1.21 (0.47,3.09) 

0.66(0.37,1.18) 

2.26(0.80,6.41) 

0.314 
0.697 

0.160 

0.125 



Table 16-5.   Analysis of Diabetic Severity (Continued) 

b) MODEL 1: RANCH HANDS VS. COMPARISONS — ADJUSTED 

Occupational Category! 
_   

Contrast vs. Nondiabetic 
No Treatment 
Diet Only 
Oral Hypoglycemic 
Requiring Insulin 

Adj. Relative Risk 

1.10(0.74,1.62) 
1.52 (0.78,2.96) 
0.73(0.48,1.11) 
2.20(1.15,4.20) 

p-Value 
0.642 
0.219 
0.137 
0.017 

Officer No Treatment 
Diet Only 
Oral Hypoglycemic 
Requiring Insulin 

0.96(0.50,1.86) 
2.04 (0.69,5.99) 
0.68 (0.33,1.39) 
2.39 (0.92,6.20) 

0.902 
0.195 
0.288 
0.074 

i 
to 
4^ 

Enlisted Flyer No Treatment 
Diet Only 
Oral Hypoglycemic 
Requiring Insulin 

0.71 (0.29,1.72) 
1.09(0.15,7.93) 
0.75(0.29,1.91) 
1.22(0.24,6.24) 

0.445 
0.931 
0.544 
0.811 

Enlisted Groundcrew No Treatment 
Diet Only 
Oral Hypoglycemic 
Requiring Insulin 

1.48(0.83,2.66) 
1.32(0.51,3.41) 
0.76(0.41,1.41) 
2.52 (0.88,7.23) 

0.185 
0.572 
0.384 
0.084 



Table 16-5.   Analysis of Diabetic Severity (Continued) 

o\ 
to 

(c) MODEL 2: RANCH HANDS_■— INITIAL DIOXIN — UNADJUSTED 

Initial Dioxin Category Summary Statistics 
■■■■"•/',: Number (%) 

Category n Nondiabetic Treatment       Only Hypoglycemic 

Low 157 131(83.4) 11(7.0) 3(1.9)           8(5.1) 
Medium 158 128(81.0) 9(5.7) 5(3.2)          10(6.3) 
High 160 124(77.5) 12(7.5) 4(2.5)          14(8.8) 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63~152 ppt; High = >152 ppt. 

Requiring 

(d) MODEL 2: RANCH HANDS — INITIAL DIOXIN — ADJUSTED 

Analysis Results for Logj'(Initial Dioxin) 

Insulin te^^|ff|g^g|^|^|g^ Risk (95 % C.I.)b ;:,: p-Value; 

4 (2.5) No Treatment 1.14(0.87,1.49) 0.332 
6 (3.8) Diet Only 1.12(0.74,1.71) 0.584 
6 (3.8) Oral Hypoglycemic 1.13(0.87,1.48) 0.358 

Requiring Insulin 1.23(0.864.76) 0.250 

n Contrast vs. Nondiabetic 

470 No Treatment 

Diet Only 

Oral Hypoglycemic 

Requiring Insulin 

Analysis Results for Log2 (Initial Dioxin) 
t;::;-;:, 1 [r- t;:;AdiüsteaiRelative.-Msfcl95-%:C.L p-Value 

1.29(0.93,1.78) 

1.25(0.74,2.11) 

1.41 (0.98,2.01) 

2.47(1.43,4.25) 

0.121 

0.411 

0.062 

0.001 

Relative risk for a twofold increase in initial dioxin. 



Table 16-5.   Analysis of Diabetic Severity (Continued) 

Os 
to 
OS 

Dioxin Category 

NCH HANDS 

1,195 

379 
235 
240 
475 

AND COMPARISONS BY DIOXIN C 

:f^£:.:.\:;hOM^. 
Hypoglyce 

Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH 

1,026(85.9) 

344 (90.8) 
195 (83.0) 
188 (78.3) 
383 (80.6) 

63 (5.3) 

16 (4.2) 
13 (5.5) 
19 (7.9) 
32 (6.7) 

17(1.4) 

6(1.6) 
5 (2.1) 
7 (2.9) 

12 (2.5) 

72 (6.0)                       17 (1.4) 

5 (1.3)                       8 (2.1) 
14 (6.0)                       8 (3.4) 
18(7.5)                       8(3.3) 
32 (6.7)                       16 (3.4) 

Dioxin Category 

EsL Relativ 

(95% CX)a lIPISIIIHBöMlii illllfll^ 

fondiabetic 

;;y::V';;';Öra£Hypog] 

lil^iiliSiii 

iyeeäc;lff:B^H 

p-Valüe 

}'■■::■.. ] ■Re<jüiniig;Ins.uliri .. 

(95% C.I.)8b          p-Value 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

0.91 (0.51,1.61)        0.749 
1.04(0.55,1.94)         0.912 
1.43(0.83,2.47)         0.202 
1.22(0.77,1.92)         0.394 

1.23 (0.48,3.17) 
1.49(0.54,4.11) 
2.00(0.81,4.92) 
1.73(0.81,3.70) 

0.668 
0.437 
0.131 
0.156 

0.27(0.11,0.69) 
0.92(0.49,1.72) 
1.08(0.61,1.91) 
1.00(0.63,1.58) 

0.006 
0.795 
0.799 
0.988 

1.55(0.66,3.63)      0.318 
2.43(1.03,5.72)      0.042 
2.40(1.02,5.65)      0.046 
2.41 (1.20,4.83)      0.013 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 



Table 16-5.   Analysis of Diabetic Severity (Continued) 

(f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY ~~~ ADJUSTED 

Diet Onlv vs. Nondiabetic 

;:;.o:-5l^ ^SMMiMM$M0'M ■iil^ls^l^^iie^ip ■ '..:.. p-Value 
Comparison 

Background RH 

LowRH 
HighRH 
Low plus High RH 

1,183 

375 
232 
238 
470 

0.92(0.51,1.65) 
0.95(0.50,1.80) 
1.58 (0.89,2.81) 
1.23 (0.77,1.95) 

0.771 
0.878 
0.122 
0.385 

1.24(0.47,3.30) 
1.55(0.55,4.34) 
2.32(0.88,6.12) 
1.90(0.87,4.15) 

0.661 
0.408 
0.089 
0.108 

ON 

Oral Hypoglycemic vs. Nondiabetic Requiring Insulin vs. Nondiabetic 

^iSSilftisliiSi^löäiSSli fg^g§§^MMi§MMM 
, •:•;:;:::-.. A%- Relative ^fk^;.-U> 

BisisiSöttiss '. p-Value 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,183 

375 
232 
238 
470 

0.28(0.11,0.71) 
0.89(0.46,1.71) 
1.17 (0.63,2.18) 
1.02(0.63,1.65) 

0.008 
0.726 
0.624 
0.931 

1.42(0.59,3.45) 
2.41 (1.00,5.82) 
3.46 (1.36,8.81) 
2.90(1.40,5.99) 

0.435 
0.050 
0.009 
0.004 

Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand):  1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 



Table 16-5.   Analysis of Diabetic Severity (Continued) 

C\ 

[g) MODEL 4: RANCH HANDS — 1987 DIOXIN — UNADJUSTED 

1987 Dioxin Category Summary Statistic; 
liliiiiiÄ 

Analysis Results for Loc^ (1987 Dioxin +1' 

Initial Dioxin Üpio :: ■■■■ IIIIÄeÄö liiiSSIi^ii :B^fc^rin¥l!::s flillSEb^öii^PillF .;\'UEst^Relätive:.:^:.- 
::§SW^Sßr^mii 

286 

Nondiabetic Treatment Slll@SI! Hypoglycemic ..':: //^Insulin-;.';=;■; tallil^^ Risk (95% C.I.)a ■'■p-Value'..; 
Low 264 (92.3) 11(3.8) 2(0.7) 3 (1.1) 6 (2.1) No Treatment 1.28(1.06,1.55) 0.010 
Medium 284 239 (84.2) 17 (6.0) 8 (2.8) 12(4.2) 8 (2.8) Diet Only 1.27 (0.94,1.72) 0.120 
High 284 224 (78.9) 20 (7.0) 8 (2.8) 22 (7.7) 10 (3.5) Oral Hypoglycemic 

Requiring Insulin 
1.58(1.28,1.94) 
1.15(0.87,1.50) 

<0.001 
0.323 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

n Contrast vs. Nondiabetic 

845 No Treatment 

Diet Only 

Oral Hypoglycemic 

Requiring Insulin 

Analysis Results for Log2 (1987 Dioxin + 1) 

p-Value 

1.23(0.96,1.58) 

1.49(1.00,2.20) 

1.85 (1.37,2.49) 

1.38 (0.96,2.00) 

0.097 

0.048 

<0.001 

0.084 

Relative risk for a twofold increase in 1987 dioxin. 



16.2.2.1.4 Time to Diabetes Onset 

The time to diabetes onset from time of duty in SEA did not differ significantly between Ranch Hands 
and Comparisons in the Model 1 unadjusted and adjusted analyses (Table 16-6(a,b): p>0.39 for each 
analysis). 

Table 16-6. Analysis of Time to Diabetes Onset (years) 

7a j MODEL 1: RANCH HANDS VS. COMPARISONS - UNADJUSTED 

Occupational 
'=;"Category -..'■ ■Group: 

Coefficient > 
(Std. Error)8 p-Value" 

All Ranch Hand 
Comparison 

859 
1,232 

0.018 (0.035) 

Officer Ranch Hand 
Comparison 

337 
490 

-0.008 (0.077) 

Enlisted Flyer Ranch Hand 
Comparison 

148 
184 

0.064 (0.075) 

Enlisted Groundcrew Ranch Hand 
Comparison 

374 
558 

0.015 (0.041) 

0.603 

0.916 

0.390 

0.715 

a Coefficient and standard error for group in a survival time analysis model, using a censored Weibull distribution. 
A negative coefficient implies that the time to diabetes onset is shorter for Ranch Hands than for Comparisons. 

P-value based on the group coefficient in a survival time analysis model, using a censored Weibull distribution. 

(b) MODEL 1: RANCH HANDS VS. COMPARISONS - i^MÄ^illSÄIB 
^ß^iäSi^ÄißSsiSi %M-M§^B:M4 

'.■:;. ■ ■ :,:' ■ ■ ■;Adjj.'iCoeMcjetsi^:.:■'■;•'V--::i 
S|!fl3|^^S;g:; 

All Ranch Hand 
Comparison 

850 
1,220 

0.006(0.035) 0.871 

Officer Ranch Hand 
Comparison 

335 
488 

-0.001 (0.079) 0.993 

Enlisted Flyer Ranch Hand 
Comparison 

145 
178 

0.066 (0.077) 0.390 

Enlisted Groundcrew Ranch Hand 
Comparison 

370 
554 

-0.018 (0.043) 0.666 

a Coefficient and standard error for group in a survival time analysis model, using a censored Weibull distribution. 
A negative coefficient implies that the time to diabetes onset is shorter for Ranch Hands than for Comparisons. 

P-value based on the group coefficient in a survival time analysis model, using a censored Weibull distribution. 
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Table 16-6.   Analysis of Time to Diabetes Onset (years) (Continued) 

Initial Dioxin Category Summary Statistics Analysis Results lor Log2 (InUial Dioxin)* 

Initial Dioxin W;t -f}^W'¥:^'^:^^'^^:' 
'■ ■:■'■t$. -W^;"'    :>:■■: Slope :-:>Y& 

(Std.Error)b                                     p-Value 

Low 

Medium 

High 

157 

158 

160 

-0.0214 (0.023)                                 0.356 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
Slope and standard error based on time to diabetes onset versus log2 (initial dioxin) in a survival time analysis 

model, using a censored Weibull distribution. A negative slope implies that the time to diabetes onset is shorter as 
initial dioxin increases. 

Note: Low = 27- -63 ppt; Medium = >63-152 ppt; High = > 152 ppt. 

(d) MODEL 2: ||i|^|ii|pösi INITIAL DIOXIN ^!l!$!t$^ 
Initial Dioxin Category Summary Statistics;':;. V :■'/'..■;".:'/.:!:' ■■■.-, ;:Anary^                                                     .-.■'■ ;. MM-]X. 

Initial Dioxin :$^WM'VJW^' 
1 iji&M: W:(T:ÄdjiisteÜ'Slöße;:;|~iW^Wk:^:$^PM:'tfS. &&MW&W.'f':.^■ 

Low 
Medium 
High 

156 
154 
160 

-0.074 (0.030)                                 0.013 

a Slope and standard error based on time to diabetes onset versus log2 (initial dioxin) in a survival time analysis 
model, using a censored Weibull distribution. A negative slope implies that the time to diabetes onset is shorter as 
initial dioxin increases. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY -UNADJUSTED    ■,'■■ 

:';;;: 
:;!f;;;--/': ;■:;:; v;;-x:;: ■■ :^ivt; ^' -; ^;:::.': C v::';;^' ;^-.; j' v;^": :;;^ -/;;;; :?>:: :;;^ ■;:■:■ l^ft;l • M.-:- ^> ;5::- :

:^: ;:/V;::: - >:':: -:.-■ :::;;v;; ■;;;";_::; ■. ■;?;■: :-v:|?_f;! :if-: ^;;]H:. ::';;r ;ii :a:;:; >':.[;- y:: ■■:!. ;;':Göeffi cie jrit: :;0:, ;■=:; >i:_); ';-■ a '"::■=::' v'-;:;^' ■ a:-:;:;::
; P;" 

W- £i- ;^{fprJaiuef^; '§}$ '$. 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,195 

379 
235 
240 
475 

0.143(0.058) 
-0.058(0.051) 
-0.058 (0.048) 
-0.058 (0.039) 

0.013 
0.254 
0.233 
0.134 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
Coefficient and standard error for Ranch Hand versus Comparison contrast in a survival time analysis model, using 

a censored Weibull distribution. A negative coefficient implies that the time to diabetes onset is shorter for the 
Ranch Hand category than for Comparisons. 
c P-value based on the Ranch Hand versus Comparison contrast in a survival time analysis model, using a censored 
Weibull distribution. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 16-6.   Analysis of Time to Diabetes Onset (years) (Continued) 

(f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - ADJUSTED 

Dioxin Category ■&t;&^£y^:.:' 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,183 

375 
232 
238 
470 

Adj. Coefficient 
r.:(Std. Error)* .! p-VaIuefc 

0.134(0.059) 
-0.065 (0.052) 
-0.085 (0.051) 
-0.075 (0.040) 

0.024 
0.214 
0.100 
0.061 

a Coefficient and standard error for Ranch Hand versus Comparison contrast in a survival time analysis model, using 
a censored Weibull distribution. A negative coefficient implies that the time to diabetes onset is shorter for the 
Ranch Hand category than for Comparisons. 

P-value based on the Ranch Hand versus Comparison contrast in a survival time analysis model, using a censored 
Weibull distribution. 

Note: RH = Ranch Hand. 
Comparison:  1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(g) MODEL M RANCH HANDS - -1987 DIOXIN '-'UNADJUSTED . ;                  ;:;■./.               -. : ■:■:;- ^.':; 

;>■;/■■: ■:;^7:JÖi03d n Category Summary Statistics;;:   ;.;V :.V.K. ■■:.;•::■■/.!!'Analysis Results for Logs (1987{Dibxiri:.+l)^:'.:-:;.::..■.   ;. .^ 

1987 Dioxin K§:&tä(}-0:$01 
Low 
Medium 
High 

286 
284 
284 

-0.098 (0.021)                               <0.001 

a Slope and standard error based on time to diabetes onset versus log2 (1987 dioxin + 1) in a survival time analysis 
model, using a censored Weibull distribution. A negative slope implies that the time to diabetes onset is shorter as 
1987 dioxin increases. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(h) MODEL 4: RANCH HANDS - -1987 DIOXIN rljj&lö^^ 

j||gll^llli^§ ategory Summary ̂ Äö^:f;|^:-g llliflllJtSlfcSiB 

SISplSSilllil ^M^MB^MW&ii -S-1:'^ :■;':■'(';;.::{§tä^Errpr)^J;f -i\y--~:>'■::J'^:,■ ■::■ '£.: ;:;:jp-Valufe':';'■'■'■■:; ■<:" ; 
Low 
Medium 
High 

282 
283 
280 

-0.118(0.027)                               <0.001 

a Slope and standard error based on time to diabetes onset versus log2 (1987 dioxin + 1) in a survival time analysis 
model, using a censored Weibull distribution. A negative slope implies that the time to diabetes onset is shorter as 
1987 dioxin increases. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 
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The Model 2 unadjusted analysis did not reveal a significant relation between initial dioxin and time to 
diabetes onset (Table 16-6(c): p=0.356). After adjusting for covariates, the results became significant 
(Table 16-6(d): adjusted slope=-0.074, p=0.013). The time to diabetes onset was shorter for Ranch 
Hands with higher initial dioxin levels. 

The Model 3 unadjusted and adjusted analyses each revealed a significant difference in time to diabetes 
onset between Ranch Hands in the background dioxin category and Comparisons (Table 16-6(e,f): 
p=0.013, unadjusted; p=0.024, adjusted). The time to diabetes onset was significantly longer for Ranch 
Hands in the background dioxin category than for Comparisons. The adjusted Model 3 analysis also 
revealed two other marginally significant contrasts: Ranch Hands in the high dioxin category versus 
Comparisons (Table 16-6(f): p=0.100) and Ranch Hands in the low plus high dioxin category versus 
Comparisons (Table 16-6(f): p=0.061). In each of these two contrasts, the time to diabetes onset from 
time of duty in SEA was shorter for the Ranch Hand category than for the Comparison category. 

The unadjusted and adjusted Model 4 analyses each revealed a significant association between time to 
diabetes onset and 1987 dioxin (Table 16-6(g,h): slope=-0.098, p<0.001; adjusted slope=-0.118, 
p<0.001, respectively). In each analysis, the time to diabetes onset was shorter for Ranch Hands with 
higher 1987 dioxin levels. 

16.2.2.2  Physical Examination Variables 

16,2.2.2.1  Thyroid Gland 

All unadjusted and adjusted analyses in Models 1 through 4 showed no significant associations with 
dioxin (Table 16-7(a-h): p>0.11 for each analysis). 

Table 16-7. Analysis of Thyroid Gland 

(a) MODEL 1: RANCH HANDS VS. COMPARISONS - UNADJUSTED 
Occupational 

Gröüpi 
.Number (%) ■ 
^Abnormal 

Est Relative Risk 
p-Value 

All Ranch Hand 
Comparison 

843 
1,203 

6 (0.7) 
16(13) 

0.53 (0.21,1.36) 0.171 

Officer Ranch Hand 
Comparison 

328 
470 

4 (1.2) 
11 (2.3) 

0.52 (0.16,1.63) 0.260 

Enlisted Flyer Ranch Hand 
Comparison 

144 
182 

1 (0.7) 
1 (0.5) 

1.27 (0.08,20.41) 0.868 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

371 
551 

1 (0.3) 
4 (0.7) 

0.37 (0.04,3.32) 0.374 

üM^iMi gillili^^ 

I^MIiBift 
Adjusted Relative Risk 

p-Value 

0.183 All 0.54(0.21,1.39) 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

0.53(0.17,1.67) 
1.23(0.08,19.88) 
0.38 (0.04,3.39) 

0.276 
0.883 
0.384 

Note: Results are not adjusted for race because of the sparse number of participants with an abnormal thyroid gland. 
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Table 16-7.   Analysis of Thyroid Gland (Continued) 

^mmm'ix RANCH HANDS- -INITIAL DIOXIN-UNADJUSTED 
Initial Dioxin Category Summary Statistics Analysis Results for Ix>g2 (Initial Dioxin)3 

Initial Dioxin ^>i:";:-V/;-^n;;/^ Abnormal 
Estimated Relative Risk 

:    :     /    (9S%:e.L)b:  '       ;      :        p-Value ..   . 
Low 
Medium 
High 

157 
158 
152 

1 (0.6) 
0 (0.0) 
1 (0.7) 

0.95 (0.32,2.81)                        0.923 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt 

(d) MODEL 2: RANCH HANDS - INITIAL DIOXIN - ADJUSTED 

Analysis Results for Log2 (Initial Dioxin) 
Adjusted Relative Risk 

466 1.01 (0.32,3.17) 
p-Value 

0.981 

a Relative risk for a twofold increase in initial dioxin. 

Note: Results are not adjusted for race and occupation because of the sparse number of Ranch Hands with an 
abnormal thyroid gland. 

(c) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY -UNADJUSTED 

Dioxin Category ^■■S'£:£wHMi§^ 
; vl-:v.Nümber^(%ys^:

;:''''   "' ■;. 3ES#
!
 Relative Risk 'm: 

Abnormal                         (95% C.I.)ab ; ^ '%:l- £ ■ |'p lvalue% •; 
Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH 

1,165 

369 
233 
234 
467 

16 (1.4) 

4(1.1)                   0.82(0.27,2.47) 
1 (0.4)                    0.31 (0.04,2.32) 
1 (0.4)                     0.30 (0.04,2.27) 
2(0.4)                    0.30(0.07,1.32) 

0.718 
0.253 
0.242 
0.112 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 16-7.   Analysis of Thyroid Gland (Continued) 

:::;.<1^ -ADJUSTED 

Dioxin Category fe:^l^.^^fti^:'Ä&'f 
Adjusted Relative Risk 

p-Vaiue 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,165 

367 
233 
233 
466 

0.65(0.21,2.01) 
0.29(0.04,2.19) 
0.56 (0.07,4.62) 
0.40(0.09,1.81) 

0.457 
0.229 
0.590 
0.234 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt 

Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

Results are not adjusted for race because of the sparse number of participants with an abnormal thyroid gland. 

; ■:' jv- % gl?87 Dioxin Cai< 5j£o$$§ Summ: ̂ yißiaüst^^MM ^ ■. :;\'/;; :^ 

iis^llpipsiilll^ :?|m:--; 
ä-: ;;!SJujna!rö1t :(:%)r ■ M 

Abnormal      > 

Low 
Medium 
High 

279 
280 
277 

3(1.1) 
2 (0.7) 
1 (0.4) 

0.85 (0.47,1.51)                               0.562 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(h) MODEL 4: RANCH HANDS ±WmÖK>XiN ^ Ä^JÜSTEDt 

Analysis Results for Log2 (1987 Dioxin + 1) 

833 1.09(0.50,2.36) 

p-Value 

0.825 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Results are not adjusted for race because of the sparse number of Ranch Hands with an abnormal thyroid 
gland. 

16.2.2.2.2 Testicular Examination 

The unadjusted and adjusted Model 1 and 2 analyses of testicular examination were nonsignificant (Table 
16-8(a-d): p>0.10 for each analysis). 
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Table 16-8. Analysis of Testicular Examination 

(a) MODEL 1: ■ RANCH HANDS; VS. .COMPARISONS - UNADJUSTED: 

Occupational 
;    Category.-.:] Group | 

Number (•%): 
Abnormal 

Est Relative Risk 
(95% C.I.) 

All Ranch Hand 
Comparison 

861 
1,237 

39 (4.5) 
47(3.8) 

1.20(0.78,1.85) 

Officer Ranch Hand 
Comparison 

336 
490 

16 (4.8) 
27 (5.5) 

0.86(0.45,1.62) 

Enlisted Flyer Ranch Hand 
Comparison 

148 
184 

9(6.1) 
8 (4.3) 

1.42 (0.54,3.79) 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

377 
563 

14 (3.7) 
12(2.1) 

1.77(0.81,3.87) 

p-Value 

0.409 

0.635 

0.478 

0.152 

(b) MODEL 1: RANCH HANDS VS. COMPARISONS - ADJUSTED 

Occupational Category 
Adjusted Relative Risk 

All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

1.20(0.77,1.87) 

0.84(0.44,1.62) 
1.31 (0.48,3.55) 
1.96 (0.88,4.39) 

p-Value 

0.427 

0.611 
0.595 
0.101 

(c)MODEL2: ip[$|j^^ 
■■■ Irtiti^DioxinlCategory Summary Statistics ■'■.-. ;;./.'' ,;AnaIysis:Resi^ 

Initial Dioxin 
;
;;||:>f:|S 

,S: ;:■ ;f':P:;^:;:x ?:;';; ;ii ';::^:':-:' t]i :;:|:: --v;';:-;!; =";[ ■ :;;^ ]";';:; :]];^Öäölririt^ ^':;:!;: ■' ;i:::;
::;;;;: ■;;::;;: '^; -_■:;:-: 

i^^lfeümatea^&ei^                        W- ¥:%. !?!■£' !;" 

Low 
Medium 
High 

158                         10 (6.3) 
162                          8 (4.9) 
158                            6 (3.8) 

0.93(0.66,1.29)                       0.653 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

p-Value* 
477 1.08(0.72,1.61) 0.714 

Relative risk for a twofold increase in initial dioxin. 
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Table 16-8.   Analysis of Testicular Examination (Continued) 

(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY »UNADJUSTED 

Dioxin Category 
';'     ^Number '(%)."'■'■ ■: > • Est. Relative Risk   ; 

p-Value 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,199                   47 (3.9) 

376                   14 (3.7)                  0.89 (0.49,1.65) 
237                     15(6.3)                    1.68(0.92,3.06) 
241                       9(3.7)                    1.00(0.48,2.07) 
478                     24(5.0)                    1.29(0.77,2.16) 

0.722 
0.091 
0.994 
0.333 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(f) MODEL 3| RANCH HANDS AND COMPARISONS BY DIOXIN CATEGOItY™ ADJUSTED I 

Dioxin Category 
Adjusted Relative Risk 

(95% CX)a p-Value 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,199 

374 
237 
240 
477 

0.84(0.45,1.58) 
1.46(0.78,2.71) 
1.39(0.63,3.03) 
1.42(0.82,2.45) 

0.594 
0.236 
0.415 
0.207 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand):  1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(g)3VipDEL4j RANCH HANDS -1987 DIOXIN ;|:|ÜNADJÜSTEp:;:;.'":V>^.^kfe:l^   -'^>:--i -;• ■ itf':■ - ;   : 

:,;:C-v'.^87;lMbsiri;:C *Ä§Ä^W!Ä JtSltäÄ 

PSM^Mimm§i M^0M?M^S~f:§ 
l'lff;;JMnöt^ 

Low 
Medium 
High 

284 
284 
286 

9 (3.2) 
17 (6.0) 
12(4.2) 

1.01 (0.81,1.26)                              0.903 

Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 
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Table 16-8.   Analysis of Testicular Examination (Continued) 

i$l)^ 
Analysis Results for Log2 (1987 Dioxin + 1)       ■ 

p-Vahie 

851                                            1.09(0.82,1.44) 0.545 
a Relative risk for a twofold increase in 1987 dioxin. 

The unadjusted Model 3 analysis revealed a marginally significant difference in the percentage of 
abnormal testicular examination results between Ranch Hands in the low dioxin category and 
Comparisons (Table 16-8(e): Est. RR=1.68, p=0.091). The percentage of participants with abnormal 
testicular examination results for Ranch Hands in the low dioxin category was 6.3 versus 3.9 percent for 
the Comparisons. After covariate adjustment, the results were not significant (Table 16-8(f): p>0.20 for 
each contrast). 

The unadjusted and adjusted Model 4 analyses of testicular examination were not significant (Table 
16-8(g,h): p>0.54 for each analysis). 

16.2.2.3 Laboratory Examination Variables 

16.2.2.3.1 TSH (Continuous) 

The unadjusted Model 1 analysis of TSH in its continuous form did not reveal any significant mean 
differences between Ranch Hands and Comparisons across all occupations or within each occupational 
stratum (Table 16-9(a): p>0.13 for each contrast). The adjusted analysis showed no significant overall 
group difference between Ranch Hands and Comparisons (Table 16-9(b): p=0.105). Stratifying the 
adjusted analysis by occupation revealed a marginally significant difference between Ranch Hands and 
Comparisons in the enlisted groundcrew stratum (Table 16-9(b): difference of adjusted means=0.11 
ulU/rnl, p=0.088). The adjusted mean TSH level for Ranch Hand enlisted groundcrew was 1.71 u.IU/ml 
versus 1.60 jilU/ml for Comparison enlisted groundcrew. 

Table 16-9. Analysis of TSH (ulU/ml) (Continuous) 

(a) MODEL 1: §||i^|^^ 
Occupational W'W: ^l0lltlSac^OiEltf«iJ^^ ■: ^ ■! 1 'H 

'^:l^^a||§0l51;^j ISSÄ?pJt&^PÄ^] 'WMWS^WMM mggXsMSm ̂ m§M^^^MSMMm ̂ ■;; ;":■''^ :;'|: j?p^al ii^:;5 ■"' ;< V:.:; 

All Ranch Hand 841 1.88 0.08» 0.130 
Comparison 1,199 1.81 

Officer Ranch Hand 326 2.01 0.12- 0.170 
Comparison 468 1.89 

Enlisted Flyer Ranch Hand 144 1.72 -0.10 - 0.428 
Comparison 182 1.82 

Enlisted Ranch Hand 371 1.84 0.11 - 0.139 
Groundcrew Comparison 549 1.73 

a Transformed from natural logarithm scale. 
b Difference of means after transformation to original scale; confidence interval on difference of means not 
presented because analysis was performed on natural logarithm scale. 
0 P-value is based on difference of means on natural logarithm scale. 
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Table 16-9.   Analysis of TSH (plU/ml) (Continuous) 

■(b) MODEL 1: RANCH HANDS VS, COMPARISONS - ADJUSTED 

Occupational J 
Category ■ Group ;■■ v-:0&-&M$& 

Adjusted ■' 
'■;.'■.■:'■■ ;-;Meaha ''" ■ 

Difference of Adj. Means 
(95%'CI.)";                    ; p-Valuec 

All Ranch Hand 
Comparison 

838 
1,199 

1.64 
1.57 

0.07- 0.105 

Officer Ranch Hand 
Comparison 

325 
468 

1.69 
1.59 

0.10" 0.178 

Enlisted Flyer Ranch Hand 
Comparison 

143 
182 

1.48 
1.58 

-0.09 -- 0.370 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

370 
549 

1.71 
1.60 

0.11-- 0.088 

a Transformed from natural logarithm scale. 
Difference of means after transformation to original scale; confidence interval on difference of means not 

presented because analysis was performed on natural logarithm scale. 
c P-value is based on difference of means on natural logarithm scale. 

(c) MODEL 2: RANCH HANDS - INITIAL DIOXIN - UNADJUSTED 

;.;.■■.   Initial Dioxin ■Category Summary Sfati^cs^^^lvp ■■ r'ä&»$$sii^^^^                                            : ■.    .. 

Initial Dioxin '-'ZMZ'ZK : ;:-;•:': Äfearil; g|l^|i|l|^|| 
Low 

Medium 

High 

157 

158 

152 

1.94 

1.85 

1.78 

1.94 

1.85 

1.78 

0.002          -0.015 (0.021)              0.475 

a Transformed from natural logarithm scale. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 
c Slope and standard error based on natural logarithm of TSH versus log2 (initial dioxin). 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(d) MODEL 2: RANCH HANDS - INITIAL DIOXIN - ADJUSTED 

Initial Dioxin galfegöigl^l^ lilij?;;^;^ 

Initial Dioxin ^ß'^^MWM^ 'V:;.:::M|Me^^||;! Sff^a--S^^- v :.■:■' ^:&c/-:^^^<0^^. ■■■■ z - p-Value   ■ 
Low 
Medium 
High 

157 
157 
152 

1.53 
1.45 
1.39 

0.071.                    -0.019(0.024) 0.433 

a Transformed from natural logarithm scale. 
Slope and standard error based on natural logarithm of TSH versus log2 (initial dioxin). 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 
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Table 16-9.   Analysis of TSH (ßlU/ml) (Continuous) 

(e^ODEL 3; RANCH|WNPS AND COMPARISONS BY DIOXIN CATEGORY ^UNADJUSTED 

Dioxin Category M&m |Adj.Meanab
:

; 

Difference;©? Adj. Mean 
vs. Comparisons 

I'"-.. . (9s%a)!..,....... P"Valu^ 
Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH 

1,161 

367 
233 
234 
467 

1.80 

1.90 
1.90 
1.82 
1.86 

1.80 

1.91 
1.89 
1.81 
1.85 

0.11» 
0.09 -- 
0.01— 
0.05 - 

0.129 
0.273 
0.942 
0.446 

Transformed from natural logarithm scale. 
Adjusted for percent body fat at the time of the blood measurement of dioxin. 

c Difference of means after transformation to original scale; confidence interval on difference of means not presented 
because analysis was performed on natural logarithm scale. 

P-value is based on difference of means on natural logarithm scale. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt 

il^ ^I^M^iii^iiä 

':' :■■•;■! Dioxin Category  !  ■ \'-{ fMW^W-^M^'&:i ilffi'B^ 
. '.■ 'Differenceöf-Ääji'Meäh:.';.] 

:p-yaluec 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,161 

365 
233 
233 
466 

1.57 

1.64 
1.64 
1.62 
1.63 

0.07 - 
0.07 -- 
0.05 - 
0.06 -- 

0.250 
0.292 
0.454 
0.237 

a Transformed from natural logarithm scale. 
Difference of means after transformation to original scale; confidence interval on difference of means not presented 

because analysis was performed on natural logarithm scale. 
c P-value is based on difference of means on natural logarithm scale. 

Note: RH ~ Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

16-39 



Table 16-9.   Analysis of TSH (plU/ml) (Continuous) 

:;:-(g).iP0I)EL;4:: RANCH HANDS - -:1987/DlpXIN-- -UNADJUSTED .   ">.: 

1987 Dioxin Category Summary Statistics Analysis Results for Lpg2 {1987 Dioxin +1) 

1987 Dioxin _:/;"i;;:-;:;:f ;:>:::4^li ;:;::;--^\;;/;;;;;:i V;';'" ■;.■.-;. r} ^^•iMfeaj^^IrK 
Adjusted Slope . 

R2  .              ■'■;   (Std.Error)b   V             p-Value 
Low 
Medium 
High 

278 
279 
277 

1.88 
1.98 
1.77 

<0.001               -0.000(0.015)             0.977 

a Transformed from natural logarithm scale. 
b Slope and standard error based on natural logarithm of TSH versus log2 (1987 dioxin + 1). 

Note: Low = <7.9 ppt; Medium = >7.9~19.6 ppt; High = >19.6 ppt. 

(h)MODEL4: 
:cRAii|Siös;> -1987 DIOXIN- ADJUSTED-   .'>':' \'.;.. :V'':;-":;7 ;^ ^:^^vX- '^■■■;- :"-^ 

f^WMff^^Mm oxin' Category Sümriö ̂ itisö^lili ^;;pVg=-;i5-=^;=; ;-j^^^ 

l:!:;$M§Ö§p^m £W£l£ ;:r^äjt^.^ö?/|i^s 
Low 
Medium 
High 

276 
279 
276 

1.53 
1.62 
1.48 

0,046                  0.008 (0.017)                0.624 

a Transformed from natural logarithm scale. 
b Slope and standard error based on natural logarithm of TSH versus log2 (1987 dioxin + 1). 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

Unadjusted and adjusted analyses for Models 2, 3, and 4 showed no significant relations between TSH in 
its continuous form and dioxin (Table 16-9(c-h): p>0.12 for each analysis). 

16.2.2.3.2 TSH (Discrete) 

The unadjusted and adjusted Model 1 analyses of TSH in its discrete form did not reveal significant 
differences across all occupations (Table 16-10(a,b): p>0.14 for each analysis). After stratifying by 
occupation, both the unadjusted and adjusted analyses revealed significant differences in the percentage 
of abnormal high TSH values between Ranch Hand and Comparison enlisted groundcrew (Table 
16-10(a,b): Est. RR=2.06, p=0.044; Adj. RR=2.11, p=0.037, respectively). Of the Ranch Hand enlisted 
groundcrew, 5.1 percent had abnormally high TSH values versus 2.6 percent of the Comparison enlisted 
groundcrew. 

Unadjusted and adjusted analyses in Models 2, 3, and 4 did not show significant associations between 
dioxin and TSH in its discrete form (Table 16-10(c-h): p>0.12 for each analysis). 
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Table 16-10. Analysis of TSH (Discrete) 

(a) MODEL 

Occupations 

1: RANCH HANI 

tl;lS:l|ll|fliilllillSllli:!SII 

)S VS. COMPARISONS — UNADJUSTED 

flillBlllS^ 

841        10(1.2)        795(94.5)        36(4.3) 
1,199          9(0.8)     1,153(96.2)        37(3.1) 

Abnormal Low vs. Normal 
5 !:■; Est,!;ReIätiye re: Ä %\ ;:£J^;:";:; 

Risk (95% C.I.)        p-Value 

Abnormal High vs. 
r:::t;Est'ReIative:.. :-;•,'' 

Normal 

p-Value 
All Ranch Hand 

Comparison 
1.61 (0.65,3.98)       0.301 1.41 (0.88,2.25) 0.149 

Officer Ranch Hand 
Comparison 

326         4(1.2) 
468         2 (0.4) 

308 (94.5) 
449 (95.9) 

14 (4.3) 
17 (3.6) 

2.92(0.53,16.01)       0.218 1.20(0.58,2.47) 0.620 

Enlisted Flyei Ranch Hand 
Comparison 

144          3 (2.1) 
182          2(1.1) 

138 (95.8) 
174 (95.6) 

3 (2.1) 
6 (3.3) 

1.89(0.31,11.48)       0.488 0.63 (0.15,2.57) 0.519 

1 

4^ 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

371          3 (0.8) 
549          5 (0.9) 

Öi:^.,G0MI^RISOf 

liglffljllp^ 

349 (94.1) 
530 (96.5) 

19 (5.1) 
14 (2.6) 

0.91 (0.22,3.84)       0.899 2.06(1.02,4.16) 0.044 

ITi 

1: RANCH HANI ^S —ADJ.US 

o^mMor'Mal 

rai>-%;■;• 

;§:|^ >h vs. Normal   ,. 

)-Value 
Adj. Relative Risk 

:";-:..".;      p-Value. 
1.57(0.63,3.88) 0.332 1.42 (0.89,2.28) 0.140 

Officer 2.78 (0.50,15.33) 0.241 1.18(0.57,2.44) 0.648 

Enlisted Flyer 2.01 (0.33,12.28) 0.448 0.63 (0.15,2.55) 0.513 

Enlisted Groundcrew 0.88(0.21,3.71) 0.859 2.11(1.04,4.28) 0.037 



Table 16-10.   Analysis of TSH (Discrete) (Continued) 

i 

to 

Low" " "'"   "'''" '   "~ ~™'' '■'--— 

Medium 
High 

158        0(0.0) 154(97.5)        4(2.5) 
152        3(2.0)        142(93.4)        7(4.6) 

u. 1Ö, 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium - >63-152 ppt; High = >152 ppt. 

(d) MODEL 2: RANCH HANDS — INITIAL DIOXIN — ADJUSTED 

■ii    :: 

4o7 

1|1|!I11IIÄ 

1.62(0.82,3.20) 0.161 1.29(0.90,1.85) 0.169 

a Relative risk for a twofold increase in initial dioxin. 

Note: Results are not adjusted for occupation and personality type because of the sparse number of Ranch Hands with an abnormally low TSH level. 



Table 16-10.   Analysis of TSH (Discrete) (Continued) 

TeTMODEL 3: RANCH HANDSAND COMPARISONS BY DIOXIN CATEGORY — UNADJUSTED 

Abnormal High vs. Normal 

Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH 

1461 

367 
233 
234 
467 

9 (0.8) 

6(1.6) 
1 (0.4) 
3 (1.3) 
4 (0.9) 

1,116(96.1) 

344 (93.7) 
225 (96.6) 
221 (94.4) 
446 (95.5) 

36(3.1) 

17 (4.6) 
7 (3.0) 

10 (4.3) 
17 (3.6) 

2.27 (0.80,6.50) 
0.54 (0.07,4.31) 
1.60(0.43,6.02) 
0.93 (0.25,3.48) 

0.125 
0.564 
0.485 
0.919 

1.46 (0.80,2.64) 
0.97 (0.43,2.22) 
1.47(0.72,3.02) 
1.20(0.66,2.17) 

0.214 
0.951 
0.294 
0.553 

Relative risk and confidence interval relative to Comparisons. 
'Adjusted for percent body fat at the time of the blood measurement of dioxin. 

o\ 
4*. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand):  1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 



Table 16-10.   Analysis of TSH (Discrete) (Continued) 

o\ 
4^ 
4^ 

(f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - 

Adj. Relative Risk 

Comparison 

Background RH 

LowRH 

High RH 

Low plus High RH 

1,161 

365 

233 

233 

466 

2.33(0.79,6.87)                        0,125 

0.52 (0.06,4.15)                       0.536 

1.51 (0.39,5.91)                       0.550 

0.89 (0.24,3.33)                        0.858 

1.43 (0.78,2.62) 

0.98 (0.43,2.24) 

1.58(0.74,3.35) 

1.24 (0.68,2.28) 

0.244 

0.963 

0.236 

0.481 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 

Background (Ranch Hand): 1987 Dioxin < 10 ppt. 

Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand):  1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(g) MODEL 4: RANCH HANDS — 

1987 Dioxin Category 

1987 DIOXIN — 

v Summary Statistic 

UNADJUSTED
:
' ;- : 

'; ; . . ..:';. ■• Analysis Results1 for Log2 (1987 Dioxin + 1). :. 

Abnormal Low vs. Normal                Abnormal High vs Normal 
1 .'v':Est-Relative-Risls^f ^v;- ;:';[ = .:; ■■■$■:!V- ■■■■.vEs't.-Relative Risk''- ■■ 

(95%C.I.)a             >Value              (95% C.I.)a 
'.. :.;p-Ya|ue    ■: 

Low 
Medium 
High 

278 4(L4) 
279 3(1.1) 
277            3(1.1) 

260 (93.5) 
266 (95.3) 
264 (95.3) 

14 (5.0) 
10(3.6) 
10 (3.6) 

0.97(0.63,1.48)            0.881 0.98 (0.78,1.24) 0.894 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 



i 

Table 16-10.   Analysis of TSH (Discrete) (Continued) 

Analysis Results for Log* (1987 Dioxin + 1 

n 

83T 

Abnormal Low vs. Normal 

1.08(6.64,1.83) 0.767 

Abnormal High vs. Normal 

iBIiBÄSiill 11 111 S Illl II"': •: 
0.97(0.74,1.27) 

p-Value 

0.832 

Relative risk for a twofold increase in 1987 dioxin. 



16.2.2.3.3 Thyroxine (Continuous) 

The unadjusted and adjusted Models 1 and 2 analyses of thyroxine in its continuous form were not 
significant (Table 16-1 l(a,b): p>0.12 for each analysis). 

Table 16-11. Analysis of Thyroxine (u.g/dl) (Continuous) 

(a) MODEL !:■ RANCH HANDS VS. COMPARISONS:-UNADJUSTED: 

Occupational! 
Category Group Meäii? 

Difference of Means 
(95%CX)b P"Valuec 

All Ranch Hand 841 7.07 
Comparison 1,199 7.04 

Officer Ranch Hand 326 6.76 
Comparison 468 6.84 

Enlisted Flyer Ranch Hand 144 7.28 
Comparison 182 7.24 

Enlisted Ranch Hand 371 7.27 
Groundcrew Comparison 549 7.15 

0.03 -■ 

-0.08 

0.03 

0.12 

0.601 

0.373 

0.81: 

0.154 

a Transformed from square root scale. 
Difference of means after transformation to original scale; confidence interval on difference of means not 

presented because analysis was performed on square root scale. 
c P-value is based on difference of means on square root scale. 

.(b) MODEL 1: RANCH HANDS VS. COMPARISONS - ADJUSTED 

Occupational \ 
Category Group I 

Adjusted Difference of Adj. Means 
„ Mean*   ■ <95%C.I.)b P-Valuel 

All Ranch Hand 838 6.96 
Comparison 1,199 6.93 

Officer Ranch Hand 325 6.58 
Comparison 468 6.66 

Enlisted Flyer Ranch Hand 143 7.12 
Comparison 182 7.08 

Enlisted Ranch Hand 370 7.19 
Groundcrew Comparison 549 7.06 

0.03 ~ 

-0.08 

0.04 - 

0.13 

0.565 

0.370 

0.774 

0.129 

a Transformed from square root scale. 
Difference of means after transformation to original scale; confidence interval on difference of means not 

presented because analysis was performed on square root scale. 
0 P-value is based on difference of means on square root scale. 
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Table 16-11.   Analysis of Thyroxine (iig/dl) (Continuous) (Continued) 

^) M0DE^;2: |tANC» - UNADJUSTED 

Initial Dioxin Categor y Summary S 

Mean" 

tatistics ■■. Analysis Results forLog2 (Initial Dioxin)1' 

Initial Dioxin £■.       ;   n : AdjvMeanab-' / ■"■; R2.              (Std.Error)c    ■■            p-Value 
Low                            157 
Medium                      158 
High                            152 

7.11 
7.15 
7.28 

7.12 
7.16 
7.26 

0.012           0.010 (0.008)                0.250 

a Transformed from square root scale. 
Adjusted for percent body fat at the time of the blood measurement of dioxin. 

c Slope and standard error based on square root of thyroxine versus log2 (initial dioxin). 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(d) MODEL 2: RANCH HANDS - 
in Category Summary 

- INITIAL DIOXIN - ̂ IffilS 
Initial Diox f:StaösH^%-:ff|'<: ÄlfivS^ 

Initial Dioxin xM'X-tX}iMfi&AX:XM ^lÄlanflll; III Mill' At 'M WS WlSi; WLs^fö&tJM. J i WWm^M^ i !■ - 
Low 
Medium 
High 

157 
157 
152 

6.99 
6.89 
6.89 

0.045                    -0.004 (0.010)            0.682 

Transformed from square root scale. 
Slope and standard error based on square root of thyroxine versus Iog2 (initial dioxin). 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

iMIÄfiÄ^ 

Dioxin Category-. ■.:■;'■ \ SXMWMM^XMAS. :Jt-:::äMean^j;-:;:: lllliäliiplfl 
Difference öf Adj. Mean 

W;§Wii$^:'W^WSB. Wp^0xt^W 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,161 

367 
233 
234 
467 

7.04 

6.95 
7.13 
7.23 
7.18 

7.04 

6.95 
7.13 
7.23 
7.18 

-0.09 -- 
0.09 - 
0.19- 
0.14- 

0.221 
0.344 
0.053 
0.059 

a Transformed from square root scale. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 
c Difference of means after transformation to original scale; confidence interval on difference of means not presented 
because analysis was performed on square root scale. 

P-value is based on difference of means on square root scale. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 16-11.   Analysis of Thyroxine (\ig/d\) (Continuous) (Continued) 

(f) MODEL 3J RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - ADJUSTED 

Dioxin Category .r:-K¥^' '^^W^;^*. Adj. Mean*, 

Difference of Adj. Mean 
vs. Comparisons 

■..-..■'..;;';:(?5% CX)b                     p-Valuec 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,161 

365 
233 
233 
466 

6.93 

6.93 
7.02 
6.98 
7.00 

0.00 -                         0.969 
0.09 -                       0.344 
0.05 --                         0.646 
0.07 -                         0.357 

a Transformed from square root scale. 
Difference of means after transformation to original scale; confidence interval on difference of means not presented 

because analysis was performed on square root scale. 
c P-value is based on difference of means on square root scale. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand):  1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(g) MODEL 4: RANCH HANDS - 1987 DIOXIN-1 UNADJUSTED '  ;-. J,   ;■;:■'*';■;■■■   ' .; . ■;; ;  ^',/..:;:; :::■ /■     \.   ■/ 
§::f|i;||di|iii|Ä|(§ Summary Statistics v-  .v ■. ■ Analysis Resultsifor^Logl(1987:Dioxin'+l)- ■,  .: /.' 

1987 Dioxin 1^1 ;?/!:$ nuK: ;p||ä!ic^[||^|| 
Low 
Medium 
High 

278 
279 
277 

6.95 
7.03 
7.25 

0.008                  0.015 (0.006)             0.009 

a Transformed from square root scale. 
Slope and standard error based on square root of thyroxine versus log2 (1987 dioxin + 1). 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(h) MODEL 4: RANCH HANDS - 1987 DIOXIN -, ̂ jpJUSTgD;_■ '^: }\yi\'^.;>:.i^:irl --■'"■>.; ;■]/:■- - ; 

If«^ |li:|;.?l||^|I^ 

JilMM^MSi SMÄ^äl^ 
T ow 
Medium 
High 

z./u                         o.yz 
279                       6.91 
276                       6.91 

0.047                  —0.001 (0.007)             0.862 

a Transformed from square root scale. 
Slope and standard error based on square root of thyroxine versus log2 (1987 dioxin + 1). 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 
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The unadjusted Model 3 analysis of thyroxine in its continuous form revealed two marginally significant 
contrasts: Ranch Hands in the high dioxin category versus Comparisons and Ranch Hands in the low plus 
high dioxin category versus Comparisons (Table 16-11(e): difference of means=0.19 (ig/dl, p=0.053; 
difference of means=0.14 ug/dl, p=0.059, respectively). The adjusted analysis did not reveal any 
significant contrasts (Table 16-11(f): p>0.34 for each contrast). 

The Model 4 unadjusted analysis revealed a significant positive association between thyroxine and 1987 
dioxin (Table 16-11(g): adjusted slope=0.015, p=0.009). After covariate adjustment, the results became 
nonsignificant (Table 16-11(h): p=0.862) 

16.2.2,3A Thyroxine (Discrete) 

All unadjusted and adjusted analyses for Models 1 through 4 showed no significant relations between 
dioxin and thyroxine in its discrete form (Table 16-12(a-h): p>0.14 for each analysis). 

Table 16-12. Analysis of Thyroxine (Discrete) 

(a) MODEL 1: RANCH HANDS VS. COMPARISONS - UNADJUSTED 

Occupational 
■^i?H^M^i^^lv>^ 'W'Mi^WW- p-Value 

All Ranch Hand 
Comparison 

841 
1,199 

23 (2.7)                 1.03 (0.60,1.77) 
32(2.7) 

0.928 

Officer Ranch Hand 
Comparison 

326 
468 

13(4.0)                  1.17(0.56,2.47) 
16 (3.4) 

0.674 

Enlisted Flyer Ranch Hand 
Comparison 

144 
182 

3(2.1)                  1.27(0.25,6.39) 
3 (1.6) 

0.772 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

371 
549 

7(1.9)                  0.79(0.31,2.01) 
13 (2.4) 

0.624 

(b) MODEL 1: it^^Ä^ 

Occupational Category 
All 1.04(0.61,1.80)                                           0.875 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

1.21 (0.57,2.55)                                           0.622 
1.24(0.25,6.24)                                           0.796 
0.80 (0.32,2.02)                                           0.636 

(c) MODEL 2: -RANCH HANDS- jgjiÄ^ 
WM^MMmS^iWi^l^M^^^i^^^ Sjlijiil!^ ;||#i;^ 

Initial Dioxin 4MMMl^M0ml 
i^^Esämaiia^J^ 

Low 
Medium 
High 

157 
158 
152 

3 (1.9) 
1 (0.6) 
6(3.9) 

1.22(0.79,1.89)                         0.375 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 
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Table 16-12.   Analysis of Thyroxine (Discrete) (Continued) 

; (d) MODEL 2t RANCH HANDS - INITIAL DIOXIN -ADJUSTED 

Analysis Results for Log2 (Initial. Dioxin)   '■■'..' ] 
Adjusted Relative Risk 

 466 1.51 (0.87,2.62) 0.143  

a Relative risk for a twofold increase in initial dioxin. 

Note: Results are not adjusted for race because of the sparse number of Ranch Hands with a low thyroxine level. 

(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - -UNADJUSTED 

Dioxin Category B^££^'tt£^:-¥ 
:■■ Est. RelativeRisk      | 

'   p.-Value 
Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH 

1,161 

367 
233 
234 
467 

31 (2.7) 

13 (3.5) 
3 (1.3) 
7 (3.0) 

10(2.1) 

1.40(0.72,2.71) 
0.47(0.14,1.55) 
1.08 (0.47,2.49) 
0.71(0.33,1.54) 

0.325 
0.215 
0.858 
0.390 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison:  1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

if)ft*ODEL 3r RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY j -ADJUSTED 

;'■':■■';■ ";■/• ■ Dioxin Category: ;■■■' V. i l:^WM;i'M:M~W^M 
Adjusted Relative Risk  ';                '] 

iE a -'^0MM::-W^:-k W--t. %'-; 
Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH 

1,161 

365 
233 
233 
466 

1.23(0.63,2.42) 
0.45(0.14,1.49) 
1.53(0.62,3.73) 
0.83(0.38,1.82) 

0.545 
0.192 
0.354 
0.641 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand):  1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand):  1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 16-12.   Analysis of Thyroxine (Discrete) (Continued) 

<g)^OPEL4: RANCH HANDS -1987 DIOXIN ̂ TOA^^ 

1987 Dioxin Category ■Summary Statistics  ." ■ Analysis Results for Log2 (1987 Dioxin + 1) 

1987 Dioxin ■j'IPi::^1:^::!!?;;.'^^;::^?: 
Number {%). 

Low 
Estimated Relative Risk 

;'■■■      ■ .   :(95%CX)a   ..,.         , -   ,:       .   p-Value           : ■    ■ 
Low 
Medium 
High 

278 
279 
277 

8 (2.9) 
8 (2.9) 
7 (2.5) 

0.97(0.73,1.29)                              0.825 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(h)MODEL4: RANCH HANDS »1?^ 

831 1.14(0.79,1.64) 

Relative risk for a twofold increase in 1987 dioxin. 

p-Value 

0.487 

16.2.2.3.5 Anti-Thyroid Antibodies 

All unadjusted and adjusted analyses for Models 1 through 4 were nonsignificant (Table 16-13(a-h): 
p>0.43 for each analysis). 

Table 16-13. Analysis of Anti-Thyroid Antibodies 

(a) MODEL 1: RANCH HANDS VS. COMPARISONS - UNADJUSTED 

Occupational 
f'V^i'ESirQt^f:;;^:^; W^M^'M^M 

:;-.:Est;ReIatiye;:Risk: '■■■";' 
p- Value 

All Ranch Hand 
Comparison 

841 
1,199 

5 (0.6) 
7(0.6) 

1.02 (0.32,3.22) 0.975 

Officer Ranch Hand 
Comparison 

326 
468 

2 (0.6) 
4 (0.9) 

0.72(0.13,3.93) 0.701 

Enlisted Flyer Ranch Hand 
Comparison 

144 
182 

2 (1.4) 
1 (0.5) 

2.55 (0.23,28.40) 0.447 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

371 
549 

1 (0.3) 
2 (0.4) 

0.74(0.07,8.18) 0.805 
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Table 16-13.   Analysis of Anti-Thyroid Antibodies (Continued) 

Occupational Category 
Adjusted Relative Risk; 
,;;;.    (95%CX) ■   : ,J p-Value 

All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

1.01 (0.32,3.21) 

0.73 (0.13,4.02) 
2.62 (0.24,29.23) 
0.73 (0.07,8.06) 

0.981 

0.717 
0.434 
0.796 

Note: Results are not adjusted for race because of the sparse number of participants with anti-thyroid antibodies 
present. 

(c) MODEL 2: RANCH HANDS- - INITIAL DIOXIN- UNADJUSTED 

||J^^^ ■■'   Analysis Results for Log2 (InitialDioxin)0 

Initial Dioxin WM'^^MiWMW^ 
■" ■■:Number.(%)'■■_.'■:'■■ 

Low 
Medium 
High 

157 
158 
152 

0 (0.0) 
2(1.3) 
0 (0.0) 

0.93 (030,2.89)                       0.905 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

;:;(a)':M0^ 

^■^ ;\i j: l:;^.'-:: -J'Ri^^ff^:.";:-::li v> -'^;'rv;::: r:|;r.::;;;: f :i;;: ■; 'i;::-:;:;. --- 

466                                       1.01 (0.31,3.23) 0.990 
a Relative risk for a twofold increase in initial dioxin. 

Note: Results are not adjusted for race and occupation because of the sparse number of Ranch Hands with anti- 
thyroid antibodies present. 

Dioxin Category 
Number (%) 

Present 
Est. Relative Risk 

p-Value 

Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH 

1,161 

367 
233 
234 
467 

7 (0.6) 

3 (0.8) 
1 (0.4) 
1 (0.4) 
2(0.4) 

1.20(0.30,4.69) 
0.73 (0.09,5.96) 
0.80(0.10,6.56) 
0.76(0.16,3.70) 

0.798 
0.768 
0.834 
0.736 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand):  1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 16-13.   Analysis of Anti-Thyroid Antibodies (Continued) 

;;;;(§;|rö^ ADJUSTED 

...' Dioxin Category ; <j\ ^v^n^'';V:W;t'"!^^>Cv'.^::. 

Adjusted Relative Risk 
..   . p-Value, 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,161 

365 
233 
233 
466 

1.07(0.27,4.26) 
0.73 (0.09,5.99) 
1.07(0.12,9.66) 
0.88(0.17,4.46) 

0.921 
0.765 
0.951 
0.879 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

Results are not adjusted for race because of the sparse number of participants with anti-thyroid antibodies 
present. 

(g) MODEL 4: RANCH HANDS -1987 DIOXIN ®fi^ 
■. 1987 Dioxin'Category Suimiiar 'Statistics Analysis Results for Log2 (1987 Dioxin + 1)   -. 

illl^iJip^mlll ̂ ^S^^^l^^/I,;^'^- 
Ki?i:2&timäte&^ 

Low 
Medium 
High 

278 
279 
277 

2(0.7) 
2 (0.7) 
1 (0.4) 

0,82(0.43,1.55)                               0.535 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(h) MODEL 4: RANCH HANDS - 1987 DIOXIN.- ADJUSTED 

Analysis Results for Log2 (1987 Dioxin + 1) 

:.p~Vähie! 
831 0.86(0.41,1.80) 0.689 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Results are not adjusted for race because of the sparse number of Ranch Hands with anti-thyroid antibodies 
present. 

16.2.2.3.6 Fasting Glucose (Continuous) 

The unadjusted and adjusted Model 1 analyses did not reveal a significant difference in mean fasting 
glucose levels between all Ranch Hands and Comparisons or after stratifying by occupation (Table 
16-14(a,b): p>0.38 for each analysis). 
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Fasting glucose in its continuous form was not significantly associated with initial dioxin in the 
unadjusted Model 2 analysis (Table 16-14(c): p=0.174). After adjusting for covariates, the results 
became significant (Table 16-14(d): adjusted slope^0.023, p=0.014). The adjusted mean fasting glucose 
levels in the low, medium, and high initial dioxin categories were 104.5 mg/dl, 109.2 mg/dl, and 109.5 
mg/dl, respectively. 

The unadjusted and adjusted Model 3 analyses of fasting glucose showed no significant mean differences 
between any of the Ranch Hand dioxin categories and Comparisons (Table 16-14(e,f): p>0.10 for each 
contrast). 

Table 16-14. Analysis of Fasting Glucose (mg/dl) (Continuous) 

Occupational 
Groupj Mean" 

All Ranch Hand 868 101.4 
Comparison 1,250 101,8 

Officer Ranch Hand 339 101.1 
Comparison 494 100.0 

Enlisted Flyer Ranch Hand 151 103.2 
Comparison 187 104.9 

Enlisted Ranch Hand 378 101.0 
Groundcrew Comparison 569 102.3 

0.3 - 

1.1- 

1.7 -- 

-1.3 

0.745 

0.468 

0.507 

0.388 

a Transformed from natural logarithm scale. 
Difference of means after transformation to original scale; confidence interval on difference of means not 

presented because analysis was performed on natural logarithm scale. 
c P-value is based on difference of means on natural logarithm scale. 

(b) MODEL 1: RANCH HANDS VS. COMPARISONS - ADJUSTED 
Occupational | 

fM^0G0^W^^A ̂ M%r^i\:^(^Wü 
> ..''..'Adjusted :   J 
^:^:;:'-;::;.Mean8:;''' ;>;; 

Difference of Adj; Means 
p-Vaiuec 

All Ranch Hand 
Comparison 

859 
1,238 

103.7 
103.8 

0.0» 0.970 

Officer Ranch Hand 
Comparison 

337 
492 

101.9 
101.0 

0.9- 0.550 

Enlisted Flyer Ranch Hand 
Comparison 

148 
181 

104.1 
105.7 

-1.6- 0.516 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

374 
565 

104.7 
105.1 

-0.3 -- 0.819 

a Transformed from natural logarithm scale. 
Difference of means after transformation to original scale; confidence interval on difference of means not 

presented because analysis was performed on natural logarithm scale. 
c P-value is based on difference of means on natural logarithm scale. 
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Table 16-14.   Analysis of Fasting Glucose (mg/dl) (Continuous) (Continued) 

;.:(c)MODEL2: ÄANGH-HÄNDS-.INITIAL DIOXIN -UN^JUSräD; ; ;v:^.-■._.■;.■:_■■.' J-.'      f|f 
Initial Dioxin Category Summary Statistics Analysis ResuUs for Log2 (Initial Dioxin)13 

;. ■ Initial Dioxin ''-'^^M^W^y- .     Mean* . . Ädj.:Meänab ..; 
■L-v :-i-                        :>;.:-Slope; -^ '--'-■: 

■        R2   ■ '.      :. (Std.Error)c .              p-Value 
Low 
Medium 
High 

159 
161 
160 

101.4 
104.5 
104.9 

102.2 
104.7 
103.9 

0.102           0.011 (0.008)                0.174 

a Transformed from natural logarithm scale. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 
c Slope and standard error based on natural logarithm of fasting glucose versus log2 (initial dioxin). 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

Initial Dioxin C ategory Summary Statistics: ;;.,;: . ';   ^ 

Initial Dioxin '^:&M3 Adj. Mean0 
- f-!£: % &M% '■<-'- ■ <> ■£ -"S ■. :::M ü: 'i:"W;^- ^^"A^^SIope:J '^M'&3\ S 'M ::#Ä >x 
:?•■■>■;".:■■ :--.R?--'.; .    !'■':. -■ a;:'a';''(#^Errör)b

:'\
:.:;:' y^p-ValüeU- 

Low 
Medium 
High 

158 
157 
160 

104.5 
109.2 
109.5 

0.160                     0.023(0.009)             0.014 

a Transformed from natural logarithm scale. 
Slope and standard error based on natural logarithm of fasting glucose versus log2 (initial dioxin). 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY-UNADJUSTED 

Dioxin Category Mean8 Adj. Mean" 

Difference of Adj. Mean 
;^:;:vivS;'Ä 

(95%C.I.)C p-Valued 

Comparison 1,212 101.7 101.6 

Background RH 381 98.4 100.3 -1.3" 0.298 
LowRH 238 101.4 100.8 -0.8 - 0.618 
High RH 242 105.8 103.9 2.3- 0.121 
Low plus High RH 480 103.6 102.4 0.8-- 0.485 

a Transformed from natural logarithm scale. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 
c Difference of means after transformation to original scale; confidence interval on difference of means not presented 
because analysis was performed on natural logarithm scale. 
d P-value is based on difference of means on natural logarithm scale. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 16-14.   Analysis of Fasting Glucose (mg/dl) (Continuous) (Continued) 

■(f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY -ADJUSTED 

Dioxin Category S^^SlT?*' isi: ■■■'.?.■;.■ ■ Adj. Mean3. 

Difference of Adj. Mean 
:::'      ;-'-:::^s?;Cöinpärisöns':: H;   ' 

"■.;-■ ;■'" |(95%:CT.)b .:'■■■;.      p-Value'jfjj 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,200 

377 
235 

240 
475 

103.8 

102.8 
102.9 
106.3 
104.6 

-1.0-                        0.418 
-0.9 --                       0.551 
2.5-                        0.106 
0.8 -                        0.482 

a Transformed from natural logarithm scale. 
Difference of means after transformation to original scale; confidence interval on difference of means not presented 

because analysis was performed on natural logarithm scale. 
c P-value is based on difference of means on natural logarithm scale. 

Note: RH = Ranch Hand. 

Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand):  1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

;Xg).MÖDEt;4'j. iRANCHiHANDS- 1987 DIOXIN■- ||$$|^^ 
;:-;:;;^:;-/::;,11987-!Dioxin-< ̂ ätegory; Summary Statistics ■,'■:';"■-. '.Analysis/Results forLog2X1987,PioKm+l) ■ ''     ; ■■'. 

SiHÄÄ '^M^MM^'S- W§$^^:§lfB 
if j?t S^l^^k^K'-h-'l-^ i^A?#: "v^flf ■ V^"^fe"^'" ^^.ioj^ >jC^-^rv^ -J' - -: ■ ;^:.^K" :4?^">?3:'':^-:"-^ "-^-"^-M;? 

Low 

Medium 

High 

288 
286 
287 

97.8 
101.6 
104.6 

0.019                0,020(0.005)             <0.001 

a Transformed from natural logarithm scale. 
b Slope and standard error based on natural logarithm of fasting glucose versus log2 (1987 dioxin + 1). 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(h) MODEL 4: RANCH HANDS - -1987 DIOXIN - :l^lS|i0|ik 
WMiMM§^:M^M^^gMx ̂ ^^j^^S§Ösfiii^5|^J§: gl||i^ 

|||i||||pp|| JfrÄ;§ n ;imijgjiiiöüü 
Low 
Medium 
High 

284 
285 
283 

101.0 
102.7 
107.2 

0.082                0.018 (0.006)             0.002 

a Transformed from natural logarithm scale. 
b Slope and standard error based on natural logarithm of fasting glucose versus log2 (1987 dioxin + 1). 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

Both the unadjusted and adjusted Model 4 analyses showed significant positive associations between 
fasting glucose in its continuous form and 1987 dioxin (Table 16-14(g,h): slope=0.020, p<0.001, for the 
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unadjusted analysis; adjusted slope=0.018, p=0.002, for the adjusted analysis). The adjusted mean fasting 

glucose values in the low, medium, and high 1987 dioxin categories were 101.0 mg/dl, 102.7 mg/dl, and 
107.2 mg/dl, respectively. 

16.2.2.3.7 Fasting Glucose (Discrete) 

The percentage of participants with high fasting glucose levels did not significantly differ between Ranch 
Hands and Comparisons across all occupations or within each occupational stratum in the Model 1 
analysis (Table 16-15(a,b): p>0.52 for each analysis). 

Table 16-15. Analysis of Fasting Glucose (Discrete) 

(a) MODEL 1: RANCH HANDS VS. COMPARISONS - UNADJUSTED 

Occupational 
. "-.Category- :1 Group 

Number (%) 
High 

Est. Relative Risk 
(95% C.I.) p-Value 

All Ranch Hand 
Comparison 

868 
1,250 

152 (17.5) 
212 (17.0) 

1.04 (0.83,1.31) 0.741 

Officer Ranch Hand 
Comparison 

339    - 
494 

56 (16.5) 
75 (15.2) 

1.11(0.76,1.61) 0.603 

Enlisted Flyer Ranch Hand 
Comparison 

151 
187 

29 (19.2) 
36 (19.3) 

1.00(0.58,1.72) 0.991 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

378 
569 

67 (17.7) 
101 (17.8) 

1.00(0.71,1.40) 0.992 

(b) MODEL 1: RANCH HANDS VS. COMPARISONS - ADJUSTED 

Occupational Category 
Adjusted Relative Risk 

All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

1.07 (0.84,1.37) 

1.11(0.75,1.64) 
0.90 (0.50,1.60) 
1.12(0.78,1.61) 

!p-Value 

0.562 

0.611 
0.712 
0.526 

(c) MODEL 2: $A;NCH/-^ 

Initial Dioxin Category Summary Statistics ■■■:■ ;■'■.;■:■ Analysis :ResüIts;forLog2. (Irmiai; Dioxin)*. : 

Initial Dioxin i; ;> :^:-';;:: --:
:>:E^|>^^aItae V;;:;:'; :■ [;'E; ■^-'^ :_J 

Low 

Medium 
High 

159 29 (18.2) 
161                         35(21.7) 
160 38 (23.8) 

1.13(0.95,1.34) 0.172 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 
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Table 16-15.   Analysis of Fasting Glucose (Discrete) (Continued) 

(d) MODEL 2: RANCH HANDS -INITL4L DIOXIN -ADJUSTED 

::/:;[;-'::'.': :■-'-; "W ^^j^W^I^^'-'^XK^^ 

'_.    ■■'      Analysis Results: for Log2! 
:  Adjusted Relative Risk 1 

(Initial Dioxin) 

; p-Value       . 

475 1.31 (1.06,1.62) 0.013 

a Relative risk for a twofold increase in initial dioxin. 

(e)MOpEL 3: RANCH HANDS AND CO 

\■ ,', Dioxin Category'.;: / 

Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH 

1,212                 203 (16.7) 

381                  48(12.6) 
238                   44 (18.5) 
242                   58 (24.0) 
480                  102 (21.3) 

0.89(0.63,1.26)                       0.517 
1.07(0.73,1.56)                       0.721 
1.35(0.95,1.91)                       0.097 
1.20(0.91,1.59)                       0.200 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(f) MODEL 3: RANCH HANDS AND COMPAQ 

0.609 
0.877 
0.056 

,  0.178 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH 

1,200 

377 
235 
240 
475 

0.91 (0.63,1.31) 
1.03 (0.70,1.53) 
1.44(0.99,2.11) 
1.22(0.91,1.64) 
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Table 16-15.   Analysis of Fasting Glucose (Discrete) (Continued) 

(g) MODEL 4: RANCH HANDS - 1987 DIOXIN :g^N^DJUSP^ 
1987 Dioxin Category Summary-Statistics ;&k:^p^>::AnaJyMs;;Resülfs:'|o|^g^l^j^ioii« + 1) ;:    ' 

1987 Dioxin 
Estimated Relative Risk 

Low 
Medium 
High 

288                 34(11.8) 
286 51 (17.8) 
287 65 (22.6) 

1.25(1.11,1.41)                              <0.001 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(h) MODEL 4: RANCH HANDS - 1987 DIOXIN - ADJUSTED 

Aiiaiysis;Results?for;Log2' (1987 Dioxin +1)7 ;:. 

 §52    1.25(1.08,1.46) 0.003 

a Relative risk for a twofold increase in 1987 dioxin. 

The unadjusted Model 2 analysis did not show a significant relation between initial dioxin and the 
percentage of participants with high fasting glucose levels (Table 1645(c): p=0.172). After adjusting for 
covariates, the results became significant (Table 16-15(b): Adj. RR=1.31, p=0.013). The percentages of 
participants with high fasting glucose values in the low, medium, and high initial dioxin categories were 
18.2, 21.7, and 23.8, respectively. 

Both the unadjusted and adjusted Model 3 analyses revealed a marginally significant difference in the 
percentage of high fasting glucose levels between Ranch Hands in the high dioxin category and 
Comparisons (Table 16-15(e,f): Est. RR=1.35, p=0.097; Adj. RR=1.44, p=0.056, respectively). The 
percentage of abnormal fasting glucose values for Ranch Hands in the high dioxin category was 24.0 
versus 16.7 percent for Comparisons. 

The unadjusted and adjusted Model 4 analyses each revealed significant positive associations between 
high fasting glucose levels and 1987 dioxin (Table 16-15(g,h): Est. RR=L25, p<0.001; Adj. RR=1.25, 
p=0.003, respectively). The percentages of participants with high fasting glucose values in the low, 
medium, and high 1987 dioxin categories were 11.8, 17.8, and 22.6, respectively. 

16.2.2.3.8 2-Hour Postprandial Glucose (Continuous) 

The unadjusted and adjusted Model 1 analyses of 2-hour postprandial glucose in its continuous form did 
not show a significant difference between all Ranch Hands and Comparisons (Table 16-16(a,b): p>0.70 
for each analysis). Stratifying by occupation revealed significant differences between Ranch Hand and 
Comparison officers in both the unadjusted and adjusted analyses (Table 16-16(a,b): difference of 
means=4.3 mg/dl, p=0.053, for the unadjusted analysis; difference of adjusted means=3.5 mg/dl, p=0.086, 
for the adjusted analysis). The adjusted mean 2-hour postprandial glucose level for Ranch Hand officers 
was 103.0 mg/dl versus 99.5 mg/dl for Comparison officers. 

16-59 



Table 16-16. Analysis of 2-Hour Postprandial Glucose (mg/dl) (Continuous) 

(a) MODEL 1: RANCH HANDS VS. COMPARISONS-UNADJUSTED 
Occupational 

Category Group }i-^: = ll;^H^^'i- 

Difference of Means 
\.:,;Meana ■      /              :(9S% CX)b■;        ■ - p-Valuec 

All Ranch Hand 
Comparison 

714 
1,023 

105.2                              0.3 - 
104.9 

0.818 

Officer Ranch Hand 
Comparison 

285 
419 

106.1                              4.3 -- 
101.8 

0.053 

Enlisted Flyer Ranch Hand 
Comparison 

121 
146 

107.8                            -3.5 - 
111.3 

0.342 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

308 
458 

103.4                            -2.3 - 
105.8 

0.274 

a Transformed from natural logarithm scale. 
Difference of means after transformation to original scale; confidence interval on difference of means not 

presented because analysis was performed on natural logarithm scale. 
c P-value is based on difference of means on natural logarithm scale. 

(b)MÖDELi: RANCH HANDS VS. COMPARISONS - ADJUSTED 

Occupational 
^^^IG^ttg^^^ ~3W^^MSW: 

' : '. : Adjusted- ., Difference of Adj. Means 
(95%C.I,)b p-Value* 

All Ranch Hand 
Comparison 

705 
1,014 

105.5 
105.0 

0.5- 0.702 

Officer Ranch Hand 
Comparison 

283 
418 

103.0 
99.5 

3.5» 0.086 

Enlisted Flyer Ranch Hand 
Comparison 

118 
142 

106.4 
109.3 

-2.9 -- 0.405 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

304 
454 

106.0 
107.2 

-1.2- 0.563 

a Transformed from natural logarithm scale. 
b Difference of means after transformation to original scale; confidence interval on difference of means not 
presented because analysis was performed on natural logarithm scale. 
c P-value is based on difference of means on natural logarithm scale. 

(c) MODEL 2: RANCH HANDS - INITIAL DIOXIN - UNADJUSTED 
■/: -;-:;"-;Tnitiäf-DipKin Summary H^Si^iIlllli:i?IS !:-!^ 

'-^Imtiajf^ IIHIIII Illlilli/C^ 
Low                            125 
Medium                      123 
High                            121 

107.4 

105.9 
107.4 

108.3 
106.2 
106.2 

0.076          -0.010(0.011)               0.363 

a Transformed from natural logarithm scale. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 
c Slope and standard error based on natural logarithm of 2-hour postprandial glucose versus log2 (initial dioxin). 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 
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Table 16-16.   Analysis of 2-Hour Postprandial Glucose (mg/dl) (Continuous) (Continued) 

(d) MODEL 2: :MNGg;SpnDs; - INITIAL DIOXIN- -ADJUSTED 

Initial Dioxin Category Summary Statistics Analysis Results for Log2 (Initial Dioxin) 

Initial Dioxin \-£'l[w^:'^:&^$^};^ Adj. Mean" ■   ,:R2.            :   '  ;     ,'(Std.iError)b:. '            p-Value 

Low 
Medium 
High 

124 
119 
121 

108.1 
106.7 
110.3 

0.139                     0.003 (0.013)             0.832 

a Transformed from natural logarithm scale. 
b Slope and standard error based on natural logarithm of 2-hour postprandial glucose versus iog2 (initial dioxin). 

Note: Low = 27-63 ppt; Medium - >63-152 ppt; High = >152 ppt. 

(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - UNADJUSTED 

Dioxin Category ;:Meaii8J Adj. Mean8 

Difference of Adj. Mean; . 
:;-;:;';' :&&\ CöÄpänsOn^;;:-T;/v'--;-

:.: :\. %■ .c\ 
h:'"':": T95%:CX)C;';..;.J '.,;;.;. p-Valued: 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

996 

342 
186 
183 
369 

104.9 

103.6 
107.3 
106.5 
106.9 

104.7 

105.3 
107.1 
104.5 
105.8 

0.6- 
2.4-- 

-0.2 - 
1.1- 

0.718 
0.296 
0.942 
0.521 

a Transformed from natural logarithm scale. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 
c Difference of means after transformation to original scale; confidence interval on difference of means not presented 
because analysis was performed on natural logarithm scale. 
d P-value is based on difference of means on natural logarithm scale. 

Note: RH = Ranch Hand. 
Comparison:  1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand):  1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 16-16.   Analysis of 2-Hour Postprandial Glucose (mg/dl) (Continuous) (Continued) 

(f) MODEL :3:. RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY-ADJUSTED 

Dioxin Category ^ nC :; Afo.Mean» ; '■ ;    (95% CX)b    ' /.       ' p-Valüe* 
Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH 

987 

338 
183 
181 
364 

105.1 

106.1 
106.1 
104.6 
105.4 

1.0- 
1.0- 

-0.5 - 
0.3- 

0.585 
0.655 
0.804 
0.900 

a Transformed from natural logarithm scale. 
Difference of means after transformation to original scale; confidence interval on difference of means not presented 

because analysis was performed on natural logarithm scale. 
c P-value is based on difference of means on natural logarithm scale. 

Note: RH = Ranch Hand. 
Comparison:  1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt 

(g) MODEL 4: RANGHHANDS- -i987moxm- i!3BS&OT 
:v^'::--;/l:

;;::-.,Vl?87:Dipxm Categö'ry Summary Statistics  ■;.'; ;      Analysis Results tor Log2 (1987 Dioxin +1) 

^':;-;i987'bi6sia-:^ r|^|ri^|^|'!^-5^V:; :v:%f^lS^H*^'|f;l — R2                       (Std. Error)'1               p-Value 
Low 
Medium 
High 

264 
230 
217 

103.7 
106.0 
106.5 

0.003                 0.011(0.007)             0.115 

a Transformed from natural logarithm scale. 
Slope and standard error based on natural logarithm of 2-hour postprandial glucose versus log2 (1987 dioxin + 1). 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

::<h>MODE^^^ 

1987 Dioxin Category Summary Statistics 

1987 Dioxin Adj. Mean« 
Low 
Medium 
High 

260 
229 
213 

105.1 
103.7 
105.3 

i:;ifia^ 

m Adjusted Slope 
i-p-Valuei 

0.137 0.002 (0.008) 0.850 

a Transformed from natural logarithm scale. 
Slope and standard error based on natural logarithm of 2-hour postprandial glucose versus log2 (1987 dioxin + 1). 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

The unadjusted and adjusted analyses of 2-hour postprandial glucose in Models 2 through 4 were 
nonsignificant (Table 16-16(c-h): p>0.11 for each analysis). 
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16.2.2.3.9 2-Hour Postprandial Glucose (Discrete) 

The percentage of participants with impaired 2-hour postprandial glucose levels did not significantly 
differ between Ranch Hands and Comparisons across all occupations (Table 16-17(a,b): p>0.91 for both 
unadjusted and adjusted analyses). Stratifying the unadjusted analysis by occupation revealed a 
marginally significant difference between Ranch Hand and Comparison officers (Table 16-17(a): 
Est. RR=1.51, p=0.052). The percentage of 2-hour postprandial glucose values classified as impaired for 
Ranch Hand officers was 18.2 versus 12.9 percent for Comparison officers. No significant contrasts were 
revealed after stratifying the adjusted analysis by occupation (Table 16-17(b): p>0.11 for each contrast). 

Table 16-17. Analysis of 2-Hour Postprandial Glucose (Discrete) 

(a) MODEL 1: RANCH HANDS VS. COMPARISONS - UNADJUSTED 
Occupational 

I;/' Category ?.'■; > Group I 
Number (%) 

\   Impaired "j 
Est. Relative Risk 

p-Value 
All 

Officer 

Enlisted Flyer 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

714 
1,023 

285 
419 

121 
146 

308 
458 

113 (15.8) 
161 (15.7) 

52 (18.2) 
54 (12.9) 

22 (18.2) 
31 (21.2) 

39 (12.7) 
16 (16.6) 

1.01 (0.77,1.31) 

1.51(1.00,2.28) 

0.82(0.45,1.52) 

0.73(0.48,1.11) 

0.960 

0.052 

0.534 

0.136 

;(b) MODEL 1: RANCH HANDS VS. COMPARISONS - ADJUSTED 

Occupational Category 
Adjusted Relative Risk 

p-Value 
All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

0.98(0.75,1.30) 

1.42(0.92,2.20) 
0.81 (0.43,1.54) 
0.75 (0.48,1.16) 

0.912 

0.110 
0.526 
0.191 

(c)MODEL2: RANCH HANDS-INITIALDIOXIN- 
: :-'-' ;.i-    Initial Dio^^^ ■■■■;;      Analysis to 

Initial Dioxin 
l§::tEs#nia^l^M^ 

Low 
Medium 
High 

125                      23 (18.4) 
123                         23 (18.7) 
121                         20 (16.5) 

0.88 (0.71,1.10)                        0.267 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 
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Table 16-17.   Analysis of 2-Hour Postprandial Glucose (Discrete) (Continued) 

(d)MODEL2: RANCH HANDS-INITIAL DIOXIN-ADJUSTED 

Analysis Results for Log2 (Imtial Dioxin) 
-: :&H>-'-.fJ-i- ■   '■■-. '-'& -;"■ IPs P Pi- M-MP^ivkM^v^i^^^kUx^ MskP2 PPPP'r-P: : v* "P: iPP Pp- P 

p-Value. 

364                                       0.99 (0.76,1.29) 0.940 

a Relative risk for a twofold increase in initial dioxin. 

(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY -UNADJUSTED .; :;.-■;': 

PPp- ::^G^^a^eg^p2pPPy: MPPriiPi :-V, #£■. PP:ii^pMt^h PPPPi ffi :■ i: % 'P: 2 ::(9SM HfiiW^fc 5I 'H p-Value  '..-'. 

Comparison 996 155 (15.6) 

Background RH                         342                  47(13.7)                   0.98(0.68,1.40)                       0.906 
LowRH                                     186                   35(18.8)                    1.27(0.84,1.92) 0.260 
HighRH                                    183                   31(16.9)                    1.00(0.65,1.54) 0.999 
Low plus High RH 369 66 (17.9) 1.13(0.82,1.56) 0.468 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - ADJUSTED 

Comparison 987 

Background RH 338 0.94(0.64,1.37) 0.729 
LowRH 183 1.12(0.73,1.72) 0.616 
HighRH                                              181                              1.01(0.64,1.60) 0.960 
Low plus High RH 364 1.06(0.76,1.49) 0.722 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand):  1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 16-17.   Analysis of 2-Hour Postprandial Glucose (Discrete) (Continued) 

(g) MODEL 4: RANCH HANDS -1987 DIOXIN :-/UNÄDJÜSTED  ..'.:>/■:'■,-■' ...V       ,.'.,... . 

1987 Dioxin Category Summary Statistics 3:; ^ >g;; Ji^ay&i? Re^Äpr:^                               x 

1987 Dioxin 

264 
230 
217 

|feMer<|ä&)^ä- 
Impaired 

38 (14.4) 
40 (17.4) 
35(16.1) 

Estimated Relative Risk 

Low 
Medium 
High 

1.06(0.92,1.22)                               0.394 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

;.(h) MODEL 4: RANCH HANDS - 1987 DIOXIN -ADJUSTED 

Analysis Results for Log2 (1987 Dioxin + 1) 

;^%|g|^ 
 Z22 1.10(0.91,1.33) 0.332 

Relative risk for a twofold increase in 1987 dioxin. 

All unadjusted and adjusted Models 2 through 4 analyses were nonsignificant (Table 16-17(c-h): p>0.26 
for each analysis). 

J6.2.2.3.10  Fasting Urinary Glucose 

The unadjusted and adjusted Models 1 through 3 analyses of fasting urinary glucose were nonsignificant 
(Table 16-18(a-f): p>0.12 for each analysis). 

Table 16-18. Analysis of Fasting Urinary Glucose 

(a)MOE>ELl : RANCH HAND! > VS. COMP $felif<jf^ 
Öccupatioöäl 

^SMM:^M^MBM:A p-Value 
All Ranch Hand 

Comparison 
868 

1,250 
35(4.0) 
54 (4.3) 

0.93 (0.60,1.44) 0.745 

Officer Ranch Hand 
Comparison 

339 
494 

11(3.2) 
12 (2.4) 

1.35 (0.59,3.09) 0.482 

Enlisted Flyer Ranch Hand 
Comparison 

151 
187 

8 (5.3) 
9 (4.8) 

1.11(0.42,2.94) 0.839 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

378 
569 

16 (4.2) 
33 (5.8) 

0.72(0.39,1.32) 0.288 
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Table 16-18.   Analysis of Fasting Urinary Glucose (Continued) 

(b) MODEL 1; RANCH HANDS VS. COMPARISONS - ADJUSTED 

Occupational Category 
Adjusted Relative Risk 

p-Value 
All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

0.98 (0,63,1.52) 

1.40(0.61,3.22) 
1.13(0.41,3.11) 
0.77(0.42,1.43) 

0.924 

0.432 
0.816 
0.412 

(c) MODEL 2: RANCH HANDS - t$?$ß^^ 
Initial Dioxin Category Summary Statistics ■  Analysis Results for Log2 (Initial..Dioxin)' 

Initial Dioxin                n |:vv:v!;;'i..; t^entt H^;:; V-. v £ t 
Estimated Relative Risk 

;   p-Value 
Low                            159 
Medium                     161 
High                            160 

5 (3.1) 
13(8.1) 
9 (5.6) 

1.19(0.90,1.57) 0.220 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(d) MODEL 2: RANCH HANDS - INITIAL DIOXIN ~ ADJUSTED 

'^ß^^BA^0^00Q§^^M^. Dioxin)■-■:£   ■■.■;..■■ '■:■■■, 
;-:::-:A<yiBte'äÄ 

 475 1.27(0.90,1.79) 0.173 

a Relative risk for a twofold increase in initial dioxin. 

(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - UNADJUSTED 

Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH 

1,212 

381 
238 
242 
480 

51 (4.2) 

7 (1.8) 
9 (3.8) 

18 (7.4) 
27 (5.6) 

0.53(0.24,1.19) 
0.81 (0.38,1.70) 
1.51 (0.85,2.69) 
1.11(0.66,1.85) 

0.124 
0.571 
0.160 
0.696 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand):  1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 16-18.   Analysis of Fasting Urinary Glucose (Continued) 

$$.lg^ -ADJUSTED 

Dioxin Category ^^;^'^iv?'':Ä!h^^''.:f;-J;>- 

Adjusted Relative Risk 
;;':.;-:;,..".': .-;(95%'CL)a ./" "S: ;: ■•:.::>.;: p-Value 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,200 

377 
235 
240 
475 

0.63 (0.27,1.43) 
0.92(0.43,1.97) 
1.33 (0.71,2.49) 
1.11(0.65,1.89) 

0.265 
0.827 
0.369 
0.704 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison:  1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand):  1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

;:;(g);MOpEE;4*' RANCHH^NDS- 1937 DIOXIN ■^;^M$JUSTE^ 

i-,.-' '-r-l^ ■■: Analysis Results for I^g2 {1987 Dioxin + 1) 

||lÄ|)^ä|| 
■■■''■ Estimated Relative Risk 

(95%C.L)a                                    p-Value 
Low 
Medium 
High 

288                    3 (1.0) 
286 11 (3.8) 
287 20 (7.0) 

1.38(1.12,1.71)                               0.004 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

;;<h};MOp^ 

Iv■ :--^^:::"-:?U":^E^^^ä)ti**?-^v^-."-; 1V-V-' ^ "•'/:"-;?.■ . ::-^ 
852                                              1.47(1.11,1-94) 0.006 

a Relative risk for a twofold increase in 1987 dioxin. 

Both the unadjusted and adjusted Model 4 analyses revealed significant positive relations between fasting 
urinary glucose and 1987 dioxin (Table 16-18(g,h): Est. RR=1.38, p=0.004; Adj. RR=1.47, p=0.006, 
respectively). The percentages of participants with fasting urinary glucose in the low, medium, and high 
1987 dioxin categories were 1.0, 3.8, and 7.0, respectively. 

16.2.2.3.] 1   2-Hour Postprandial Urinary Glucose 

The unadjusted Model 1 analysis of 2-hour postprandial urinary glucose did not reveal a significant 
overall group difference between Ranch Hands and Comparisons (Table 16-19(a): p-0.122). Stratifying 
the unadjusted analysis by occupation revealed a significant difference between Ranch Hand and 
Comparison officers (Table 16-19(a): Est. RR=1.49, p=0.034). The prevalence of 2-hour postprandial 
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urinary glucose was greater for Ranch Hand officers (24.0%) than for Comparison officers (17.5%). The 
adjusted Model 1 analysis revealed a significant difference between Ranch Hands and Comparisons 
across all occupations and within the officer stratum (Table 16-19(b): Adj. RR=1.22, p=0.094; 
Adj. RR=1.47, p=0.044, respectively). The presence of 2-hour postprandial urinary glucose for Ranch 
Hands was 25.1 percent versus 21.9 percent for Comparisons. For the officers, 24.0 percent of the Ranch 
Hands had 2-hour postprandial urinary glucose present versus 17.5 percent of the Comparisons. 

Table 16-19. > Vnalysis of 2-Hour Postprandial Urinan f Glucose 

(a)MODELl; ^MB^saiEgf)S ^:-lf ■^'•Kfe 
■■■■:  Occupational 

^\MJ^^^£^.-S vn. ■;-•' p-Value 
All 

Officer 

Enlisted Flyer 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

712 
1,021 

283 
418 

121 
145 

308 
458 

179 (25.1)                 1.19 (0.95,1.50) 
224 (21.9) 

68(24.0)                  1.49(1.03,2.17) 
73 (17.5) 

28(23.1)                 0.71(0.41,1.24) 
43 (29.7) 

83(26.9)                 1.20(0.86,1.67) 
108 (23.6) 

0.122 

0.034 

0.233 

0.291 

(b) MODELL: ijili^Ä 

■. ■ Occupational. Category   ■ 
Adjusted Relative Risk       '"■-;•:: -. . ■ ■ ■ ■ ■ ■ ■':;■':'. ■ ; ■ ■'. 

>Value 
All 
Officer 
Enlisted Flyer 
Enlisted Groundcrew 

1.22 (0.97,1.53) 
1.47(1.01,2.14) 
0.73 (0.42,1.28) 
1.26(0.90,1.76) 

0.094 
0.044 
0.276 
0.180 

(c) MODEL 2: RANCH HANDS - fllprt^lM 
Initial Öioxiii Category Summary Statistics;: V ■■:.' Analysis 'Results for Log: (Initial Dioxin)0 

Initial Dioxin vll^^iiv''^'^^ ^-t:;^^^i';:^ =; H: p-Value 
Low 
Medium 
High 

124 
123 
121 

34 (27.4) 
30 (24.4) 
30 (24.8) 

0.94 (0.78,1.14) 0.535 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 
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Table 16-19.   Analysis of 2-Hour Postprandial Urinary Glucose (Continued) 

■(d) MODEL2: RANCH HANDS -INITIAL DIOXIN -ADJUSTED 

v:\sy-.: ■.'■■■■'.'-»:.'.'•'':   ':■■■ 

Analysis Results for Log2; 
Adjusted Relative Risk! 

(Initial Dioxin) 

jflijr MM}:i[ ■.•'■.-._■•, ■      M)$pfMm:r. ' :,■          Itlll 
363 0.94(0.75,1.17) 0.585 

a Relative risk for a twofold increase in initial dioxin. 

(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - UNADJUSTED 

Dioxin Category 
■Mm:f | ::M;g#2(:,;;;..JIfii^rö^:(<&■£MM 
iMM $'M.MMMM:MMiV^^tBMMM\ 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

994                214(21.5) 

341                   85 (24.9) 
185                  52(28.1) 
183                  42 (23.0) 
368                   94 (25.5) 

1.20(0.90,1.60)                       0.222 
1.43(1.00,2.03)                       0.050 
1.10(0.75,1.60)                       0.636 
1.25(0.95,1.65)                       0.118 

a Relative risk and confidence interval relative to Comparisons. 
Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand):  1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(f) MODEL 3r RANCH HANDS AND COMMRlSONS BY DIOXIN CATEGORY- -ADJUSTED 

Dioxin Category       •   . 1 'MMMMM^MMMMM^. 
\-'.-":.M Adjusted Relative Risk     ''M::--^h "Mi 

M^M'V^^WMMMM
:
MMM 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

985 

337 
182 
181 
363 

1.32(0.98,1.78) 
1.41 (0.98,2.02) 
0.97 (0.66,1.44) 
1.17(0.88,1.56) 

0.072 
0.064 
0.885 
0.283 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

16-69 



Table 16-19.   Analysis of 2-Hour Postprandial Urinary Glucose (Continued) 

(g)MQpEL4: ^^6HH|iNpS -1987 DIOXIN ̂ I^^JÜST^ 
1987 Dioxin Category Summary Statistics Analysis Results for Logi (1987 Dioxin + I) 

1987 Dioxin ty£ ^ ;.^iiL:-^;^ ^;   :^P^} Present     . 
Estimated Relative Risk 

Low 
Medium 
High 

264 
228 
217 

70 (26.5) 
54 (23.7) 
55 (25.3) 

0.97(0.86,1.10)                              0.664 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(h) MODEL 4: RANCH HANDS - 1987 DIOXIN - ADJUSTED 

 700_ 0.90(0.78,1.03) 0,129 

a Relative risk for a twofold increase in 1987 dioxin. 

Both the unadjusted and adjusted Model 2 analyses were nonsignificant (Table 16-19(c,d): p>0.53 for 
each analysis). 

A significant difference between Ranch Hands in the low dioxin category and Comparisons was seen in 
the unadjusted Model 3 analysis of 2-hour postprandial urinary glucose (Table 16-19(e): Est RR=1.43, 
p=0.050). After adjusting for covariates, two marginally significant contrasts were seen: Ranch Hands in 
the background dioxin category versus Comparisons (Table 16-19(f): Adj. RR=1.32, p=0.072) and Ranch 
Hands in the low dioxin category versus Comparisons (Table 16-19(f): Adj. RR=L41, p=0.064). The 
presence of 2-hour postprandial urinary glucose for Ranch Hands in the background dioxin category, 
Ranch Hands in the low dioxin category, and Comparisons was 24.9 percent, 28.1 percent, and 21.5 
percent, respectively. 

The unadjusted and adjusted Model 4 analyses did not reveal a significant association between 2-hour 
postprandial urinary glucose and 1987 dioxin (Table 16-19(g,h): p>0.12 for each analysis). 

16.2.2.3.12    Serum Insulin (Continuous) 

The unadjusted and adjusted Models 1 and 2 analyses of serum insulin in its continuous form were 
nonsignificant (Table 16-20(a-d): p>0.17 for each analysis). 

The unadjusted Model 3 analysis revealed a significant difference in mean serum insulin levels between 
Ranch Hands in the low plus high dioxin category and Comparisons (Table 16-20(e): difference of 
means=5.00 juIU/ml, p=0.046). The mean serum insulin level for Ranch Hands in the low plus high 
dioxin category was 52.35 ulU/ml versus 47.35 jxIU/ml for Comparisons. After adjusting for covariates, 
the results became nonsignificant (Table 16-20(f): p>0.19 for each contrast). 
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Table 16-20. Analysis of Serum Insulin (uJU/ml) (Continuous) 

(a) MODEL 1: RANCH HANDS VS. COMPARISONS - UNADJUSTED  
Occupational Difference of Means j 

Category ;     v-> >Grqup    ,   :-:   ■■■,£ ; '^ ,    .      Mean*      ■     , ,'■-. /   (95% C.I.)b        ■ ;      •: p-Value" 

AU Ranch Hand 714 47.95 0.03- 0.990 
Comparison 1,023 47.92 

Officer Ranch Hand 285 45.60 3.20-- 0.283 
Comparison 419 42.40 

Enlisted Flyer      Ranch Hand 121 49.81 -5.11» 0.369 
Comparison 146 54.92 

Enlisted               Ranch Hand               308                   49.49 -1.84-- 0.574 
Groundcrew        Comparison 458 51.33         

a Transformed from natural logarithm scale. 
Difference of means after transformation to original scale; confidence interval on difference of means not 

presented because analysis was performed on natural logarithm scale. 
0 P-value is based on difference of means on natural logarithm scale. 

(b) MODEL 1: RANCH HANDS VS. COMPARISONS - ADJUSTED 

Category Group n Mean3 (95% C.l.f p-Value* 
All Ranch Hand 

Comparison 
705 

1,014 
49.07 
47.99 

1.09 - 0.562 

Officer Ranch Hand 
Comparison 

283 
418 

43.72 
41.32 

2.40 - 0.353 

Enlisted Flyer Ranch Hand 
Comparison 

118 
142 

49.21 
52.20 

-2.99 - 0.548 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

304 
454 

53.35 
52.31 

1.05 - 0.735 

Transformed from natural logarithm scale. 
Difference of means after transformation to original scale; confidence interval on difference of means not 

presented because analysis was performed on natural logarithm scale. 
c P-value is based on difference of means on natural logarithm scale. 

(c) MODEL 2: RANCH HANDS - INITIAL DIOXIN - UNADJUSTED 
IÄiS:|l^iiiiäE)Ä oxin Categor y Summary S ilÄfÄfl^^^l: Sililffi 

\    Initial Dioxin f|i|ii||i l|i||l||||||:i|| 
Low 
Medium 
High 

125 
123 
121 

52.55 
52.18 
59.81 

54.14 
52.70 
57.42 

0.092          0.020(0.036)               0.571 

a Transformed from natural logarithm scale. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 
c Slope and standard error based on natural logarithm of serum insulin versus log2 (initial dioxin). 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 
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Table 16-20.   Analysis of Serum Insulin (plU/ml) (Continuous) (Continued) 

(d)MODEL 2: RANCH HANDS - INITIAL DIOXIN - ADJUSTED 

Initial Dioxin Category Summary Statistics 

Initial Dioxin " ; n V '  Adj.'Mean" i 

Low                            124 57.88 
Medium                      119 56.68 
High 121 67.03 

Analysis Results for Log2 (Initial Dioxin) 

I- Adj. Slope 
L(Std.Error)b ;      p- Value j 

0.195 0.054(0.040) 0.170 

a Transformed from natural logarithm scale. 
Slope and standard error based on natural logarithm of serum insulin versus log2 (initial dioxin). 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt 

■(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - UNADJUSTED 

Dioxin Category          n Mean3 Adj. Mean8b (95% C.I.)C p-Valued 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

996 

342 
186 
183 
369 

47.73 

42.18 
52.51 
57.01 
54.70 

47.35 

45.29 
51.97 
52.74 
52.35 

-2.06 -- 
4.62 - 
5.39 - 
5.00- 

0.393 
0.157 
0.105 
0.046 

Transformed from natural logarithm scale. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 
c Difference of means after transformation to original scale; confidence interval on difference of means not presented 
because analysis was performed on natural logarithm scale. 

P-value is based on difference of means on natural logarithm scale. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand):  1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 16-20.   Analysis of Serum Insulin (plU/ml) (Continuous) (Continued) 

(f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY:- ADJUSTED 

Dioxin Category Adj. Mean'' 

Difference of Adj. Mean 
vs. Comparisons       ; 

p-Valuec 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

987 

338 
183 
181 
364 

47.57 

47.31 
49.87 
51.51 
50.68 

-0.26 - 0.914 
2.30 -- 0.455 
3.94 - .  0.226 
3.11 - 0.195 

a Transformed from natural logarithm scale. 
Difference of means after transformation to original scale; confidence interval on difference of means not presented 

because analysis was performed on natural logarithm scale. 
0 P-value is based on difference of means on natural logarithm scale. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

;Xi):-MQDEfc;4:; ;;;R||^B;;li|ßS;| 1987DIOXIN- {$(j$^^ 
N|g||f|i^|Jpi^iJ 'ategorySummary Statistics x: ::;:; -V-Analysis^ 

ifliSllifiliPH ^:^WW'^ßß}^ :1:||:pla^:lfi| 
Low 
Medium 
High 

264 
230 
217 

41.18 
49.71 
56.76 

0.025                 0.100(0.023)            <0.001 

a Transformed from natural logarithm scale. 
b Slope and standard error based on natural logarithm of serum insulin versus log2 (1987 dioxin + 1). 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(h) MODEL 4: RANCH HANDS - - 1987 DIOXIN - liiÄ 
yiiiiiii^^^ oxin C Category Surorti, iry Statistics M;;;^^^ 

IISilsHpliilll iMjMmS iiiiijiij^^pi 
Low 
Medium 
High 

260 
229 
213 

46.56 
47.08 
53.05 

0.235                  0.026 (0.025)              0.305 

a Transformed from natural logarithm scale. 
b Slope and standard error based on natural logarithm of serum insulin versus log2 (1987 dioxin + 1). 

Note: Low = <7.9 ppt; Medium = >7.9~19.6 ppt; High = >19.6 ppt. 
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The unadjusted Model 4 analysis revealed a significant relation between serum insulin in its continuous 
form and 1987 dioxin (Table 16-20(g): slope=0.100, p<0.001). The mean serum insulin levels in the 
low, medium, and high 1987 dioxin categories were 41.18 jiIU/ml, 49.71 jllU/ml, and 56.76 jilU/ml, 
respectively. After adjustment for covariates, the association was nonsignificant (Table 16-20fh): 
p=0.305). 

16.2.2.3.13   Serum Insulin (Discrete) 

Unadjusted and adjusted analyses in Models 1 and 2 did not show significant associations between dioxin 
and serum insulin in its discrete form (Table 16-21(a-d): p>0.14 for each analysis). 

The unadjusted Model 3 analysis revealed a marginally significant difference between the percentage of 
Ranch Hands in the high dioxin category and Comparisons with abnormally low serum insulin levels 
(Table 16-21(e): Est. RR=0.58, p=0.082). The adjusted Model 3 analysis of abnormally low serum 
insulin levels revealed two marginally significant contrasts: Ranch Hands in the high dioxin category 
versus Comparisons (Table 16-21(f): Adj. RR=0.55, p=0.081) and Ranch Hands in the low plus high 
dioxin category versus Comparisons (Table 16-21(f): Adj. RR=0.68, p=0.093). The percentages of 
abnormally low serum insulin values for Ranch Hands in the high dioxin category, Ranch Hands in the 
low plus high dioxin category, and Comparisons were 7.1, 8.9, and 13.2, respectively. 

The unadjusted Model 4 analysis revealed a significant association between 1987 dioxin and both 
abnormally low serum insulin levels (Table 16-21(g): Est. RR=0.83, p=0.050) and abnormally high 
serum insulin levels (Table 16-21(g): Est. RR=1.16, p=0.008). The percentage of participants with 
abnormally low serum insulin levels decreased with 1987 dioxin while the percentage of participants with 
abnormally high serum insulin levels increased with 1987 dioxin. The percentages of participants with 
abnormally low serum insulin levels in the low, medium, and high 1987 dioxin categories were 15.2, 
11.7, and 7.8, respectively. The percentages of participants with abnormally high serum insulin levels in 
the low, medium, and high 1987 dioxin categories were 34.1,41.7, and 49.8, respectively. Model 4 
adjusted analyses showed no significant association between abnormal serum insulin levels and 1987 
dioxin (p>0.58 for both contrasts). 
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Table 16-21. Analysis of Serum Insulin (Discrete) 

Occupational; 
Category 

All " 

Officer 

Abnormal 
^Number 

Normal 
Abnormal 

Ranch Hand 714 86(12.0) 334(46.8) 294(412) 
Comparison 1,023 138(13.5) 453(44.3) 432(42.2) 

Ranch Hand 285 36(12.6) 137(48.1) 112(39.3) 
Comparison 419 69(16.5) 199(47.5) 151(36.0) 

Enlisted Flyer    Ranch Hand 121 15(12.4) 
Comparison 146 14   (9.6) 

Enlisted             Ranch Hand 308 35(11.4) 141(45.8) 132(42.9) 
Groundcrew      Comparison 458 55(12.0) 196(42.8) 207(45.2) 

56(46.3) 50(41.3) 
58 (39.7) 74 (50.7) 

Abnormal Low vs. Normal   i.   Abnormal High vs. Normal 

Risk (95% C.I.)      p-Value      Risk (95% C.I.)       p-Value 

0.85(0.62,1.15)      0.278 

0.76(0.48,1.20)      0.235 

1.11(0.49,2.51)      0.803 

0.88(0.55,1.42)      0.613 

0.92(0.75,1.13) 0.443 

1.08(0.78,1.49) 0.655 

0.70(0.42,1.17) 0.173 

0.89(0.65,1.21) 0.442 

b) MODEL 1: RANCH HANDS VS. COMPARISONS — ADJUSTED 

■ ."'-'^h x Occupational i 

_ 

Officer 

Enlisted Flyer 

Enlisted Groundcrew 

^Bplative Risk's- ;;■■■= !■: ■ * - •=: - • ■' * ^ .-■ 
^^P?i;CX> :■'■; ■:■.i \ ■../:.. , -.V, Rvalue 

0.256 

0.671 

0.412 

0.79(0.58,1.08) 

0.76(0.48,1.22) 

0.83(0.35,1.95) 

0.81 (0.50,1.33) 

Abnormal High vs. Normal 
Adj. Relative Risk 

p- Value 
0.96(0.77,1.21) 

1.08(0.75,1.53) 

0.72(0.41,1.27) 

0.97(0.69,1.36) 

0.749 

0.688 

0.257 

0.870 



ON 

ON 

Table 16-21.   Analysis of Serum Insulin (Discrete) (Continued) 

(c) iMODEL 2: RANCH HANDS — INITIAL DIOXIN — UNADJUSTED 

L(>w 125        12  (9.6) 61(48.8)'      """ 52 (4L6)""* 
Medium 123        13(10.6) 51(41.5) 59(48.0) 
iM 121 8    (6.6) 52(43.0) 61(50.4) 

lSllllpIl|l||!ffi 
Abnormal Low vs. Normal Abnormal High vs. Normal 

6.96 (0.70,132) 
p-Value 

0.815 1.07(0.90,1.28)        0.4' 

' Adjusted for percent body fat at the time of the blood measurement of dioxin. 
Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(d) MODEL 2: RANCH HANDS — INITIAL DIOXIN — ADJUSTED 

364 

Abnormal Low vs. Normal   Abnormal High vs. Normal 

(95% C.L)*  p-Value 1 (95% C.I.)a p.Vali 
0.97(0.65,1.47)    •-•-«-  0.901 1.15(0.93,1.43) 0.182 

a Relative risk for a twofold increase in initial dioxin. 

Note: Results are not adjusted for race because of the sparse number of Ranch Hands with an abnormally low serum insulin level. 



Table 16-21.   Analysis of Serum Insulin (Discrete) (Continued) 

DMPARISOIS 

Number (%) 

447 (44.9) 

169 (49.4) 
81 (43.5) 
83 (45.4) 

164 (44.4) 

S BY DIOXI 

Abnormal 
IlliRllll 
418(42.0) 

122 (35.7) 
85 (45.7) 
87 (47.5) 

172 (46.6) 

Abnormal High 
Est. Relative Risk 

vs. Normal:   ■ 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

996 

342 
186 
183 
369 

131 (13.2) 

51 (14.9) 
20 (10.8) 
13   (7.1) 
33  (8.9) 

0.96 (0i66,1.39) 
0.84(0.50,1.43) 
0.58(0.31,1.07) 
0.70(0.45,1.07) 

0.820 
0.527 
0.082 
0.102 

0.91 (0.69,1.20) 
1.14(0.81,1.61) 
0.99(0.70,1.40) 
1.06(0.82,1.39) 

0.507 
0.460 
0.968 
0.643 

^Relative risk and confidence interval relative to Comparisons. 
Adjusted for percent body fat at the time of the blood measurement of dioxin. 

ON Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 



Table 16-21.   Analysis of Serum Insulin (Discrete) (Continued) 

(£) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — ADJUSTED 

Dioxin Category■ 
AdjvRelätt¥€-:Rlsk;; ?■ -^ k--:-;?::: -:! ./r w: ? h 

p- Value; 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

987 

338 
183 
181 
364 

0.90(0.61,1.31) 
0.82 (0.47,1.44) 
0,55 (0.29,1.08) 
0.68(0.43,1.07) 

0.573 
0.496 
0.081 
0.093 

0.99(0.74,1.34) 
1.00(0.70,1.44) 
0.94(0.65,1.37) 
0.97(0.74,1.28) 

0.971 
0.994 
0.759 
0.843 

Relative risk and confidence interval relative to Comparisons. 

ON 

OO 

Note: RH = Ranch Hand. 
Comparison:  1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < InitiaJ Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(g) MODEL 4: RANCH HANDS — tmipioxm^- UNADJUSTED 

;>,:;Vi;98£] Dioxin Category Summary Statistics "'.:' ;■•..:..■... Analysis Results for L 
•.Abnormal Low Vs. Normal 

og2 (1987 Dioxin + 1) 
Abnormal High vs. Normal.... 

1987 Dioxin 
llfll®w::-:.ii;i'-,;:;;>; i^m^^SMMW^M 

''."'Abnormal:' V ...; :■ :\Est Relative' Risk   ■ =     :,: ,;'
::-!...-. :.-:.\:;Est.:RelativeRisk'':;: 

\..■ p-Value ' 

Low 
Medium 
High 

264 
230 
217 

40 (15.2) 
27(11.7) 
17   (7.8) 

134 (50.8) 
107 (46.5) 
92 (42.4) 

90 (34.1) 
96(41.7) 

108 (49.8) 

0.83(0.69,1.00)           0.050 1.16(1.04,1.30) 0.008 

Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 



Table 16-21.   Analysis of Serum Insulin (Discrete) (Continued) 

;h) MODEL 4: RANCH HANDS —1987 DIOXIN — ADJUSTED ~~~ —  

                              Abnormal Low vs. Normal Abnormal High vs. Normal 

ü                                  :(95%CL)a                           p.Value |                (95% C.l.f                                  p-VaIu< 
702 "0.94(0.76,1.17) * 05#T          103^(08^^ " 06&T 

a Relative risk for a twofold increase in 1987 dioxin. 



16.2.2.3.14   a-l-C Hemoglobin (Continuous) 

The unadjusted and adjusted Model 1 analyses did not reveal a significant difference in mean a-l-C 
hemoglobin levels between all Ranch Hands and Comparisons or after stratifying by occupation (Table 
16-22(a,b): p>0.28 for each analysis). 

Table 16-22. Analysis of oc-1-C Hemoglobin (percent) (Continuous) 

(a) MODEL 1: g^p^ 
Occupational 

^MW'^^0MM:M"[i V4H^5=Ö^^ä:IP 
Difference of Means 

p-Valuec 

All Ranch Hand 
Comparison 

868 
1,250 

6.48                          -0.01 - 
6.49 

0.919 

Officer Ranch Hand 
Comparison 

339 
494 

6.37                             0.07 - 
6.31 

0.387 

Enlisted Flyer Ranch Hand 
Comparison 

151 
187 

6.53                           -0.14- 
6.67 

0.280 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

378 
569 

6.57                           -0.03 - 
6.59 

0.714 

a Transformed from natural logarithm scale. 
Difference of means after transformation to original scale; confidence interval on difference of means not 

presented because analysis was performed on natural logarithm scale. 
c P-value is based on difference of means on natural logarithm scale. 

(b) MODEL 1: RANCH HANDS VS. COMPARISONS - ADJUSTED 

Occupational 
rV 'Category;'■;; Group! 

Adjusted Difference of Adj. Means 

All 

Officer 

Enlisted Flyer 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

859 
1,238 

337 
492 

148 
181 

374 
565 

6.77 
6.76 

6.61 
6.55 

6.74 
6.88 

6.91 
6.90 

0.01 

0.06 

-0.14 

0.01 

0.882 

0.427 

0.284 

0.905 

a Transformed from natural logarithm scale. 
Difference of means after transformation to original scale; confidence interval on difference of means not 

presented because analysis was performed on natural logarithm scale. 
c P-value is based on difference of means on natural logarithm scale. 
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Table 16-22.   Analysis of a-1-C Hemoglobin (percent) (Continuous) (Continued) 

.;-::(C);:;MOI)EL::23 RANCH HA? 

Dioxin Categör 
mS.y INITIAL DIOXIN -UNADJUSTED 

Initial y Summary Statistics Analysis Results for Log2 (Initial Dioxin)1* 

Initial Dioxin ^ilt^f^i'T Mean* Adj.Meanab 
R2 . .  ;.. ä:(Std,;Error)c                p-Value 

Low 

Medium 

High 

159 

161 

160 

6.43 

6.70 

6.77 

6.47 

6.71 

6.72 

0.107          0.017(0.006)              0.009 

a Transformed from natural logarithm scale. 
Adjusted for percent body fat at the time of the blood measurement of dioxin. 

c Slope and standard error based on natural logarithm of a-l-C hemoglobin versus log2 (initial dioxin). 

Note: Low = 27-63 ppt; Medium = >63-l 52 ppt; High = >152 ppt. 

(d) MODEL 2: RANCH HANDS - INITIAL DIOXIN - ADJUSTED 
iTmHialDioxinCategory:Sumniary.StaMsties:j 

Initial Dioxin n Adj. Meana 

Low 158 6.68 
Medium 157 7.01 
High 160 7.05 

Analysis Results for Log2 (Initial Dioxin) 

'..(Std.::Errof)h. p-Value] 
0.163 0.024(0.007) 0.001 

a Transformed from natural logarithm scale. 
Slope and standard error based on natural logarithm of ot-l-C hemoglobin versus log2 (initial dioxin). 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(e) MODEL 3: RANCH HANDS AND COMPARISONS B^ DIOXIN CATEGORY ™ UNADJUSTED 

Dioxin Category ■:..';■ s;^s:;^?r^'^^;^^ |;:-:|;|ij^l|S -•;AdSj ,Meanab 

:.-': Difference of Adj :.Mean '■-:■: 

p-Valüe11 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,212 

381 
238 
242 
480 

6.49 

6.29 
6.47 
6.79 
6.63 

6.48 

6.38 
6.44 
6.70 
6.57 

-0.10- 
-0.04 -- 

0.22 - 
0.09- 

0.116 
0.588 
0.005 
0.138 

a Transformed from natural logarithm scale. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 
c Difference of means after transformation to original scale; confidence interval on difference of means not presented 
because analysis was performed on natural logarithm scale. 

P-value is based on difference of means on natural logarithm scale. 

Note: RH = Ranch Hand. 
Comparison:  1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 16-22.   Analysis of a-1-C Hemoglobin (percent) (Continuous) (Continued) 

■(f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY -ADJUSTED 

Dioxin Category Adj. Mean3 

Difference of Adj. Mean 
Vs. Comparisons 

p-Valuee 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,200 

377 
235 
240 
475 

6.78 

6.72 
6.70 
6.97 
6.83 

-0.06 -- 
-0.08 -- 
0.19- 
0.05 - 

0.412 
0.330 
0.022 
0.363 

a Transformed from natural logarithm scale. 
Difference of means after, transformation to original scale; confidence interval on difference of means not presented 

because analysis was performed on natural logarithm scale. 
0 P-value is based on difference of means on natural logarithm scale. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(g) MODEL 4: RANCH HANDS i;ij>§|;#^ 
fMwmM^Mc xin Category Summi i^tSÄsjti^ßiSM^i '|:|>||v->i^i^sis;:Res 

Wf§iM7fM^U ^N^£&s?$ flllSl^llvRil: 
Low 
Medium 
High 

288 
286 
287 

6.24 
6.46 
6.74 

0.033                   0.021 (0.004)             <0.001 

a Transformed from natural logarithm scale. 
b Slope and standard error based on natural logarithm of a-l-C hemoglobin versus log2 (1987 dioxin + 1). 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

:;:(h)-:MODEL4.;: ;;RANCIiHÄNDS:;» liiisiiÄ 
^gig^lli§!8|iigiiiS Category Summary Statistics i;:|J||||g|^i 

||M||i^||| M^fli^t^y^ äSS^*Wih?^S^^S^i^rk?8^ 
Low 
Medium 
High 

284 
285 
283 

6.63 
6.68 
7.02 

0.119                   0.016(0.005)             <0.001 

Transformed from natural logarithm scale. 
Slope and standard error based on natural logarithm of a-l-C hemoglobin versus log2 (1987 dioxin + 1). 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

Both the unadjusted and adjusted Model 2 analyses revealed significant relations between a-l-C 
hemoglobin and initial dioxin (Table 16-22(c,d): slope=0.017, p=0.009, for the unadjusted analysis: 
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adjusted slope=0.024, p^O.OOl, for the adjusted analysis). The adjusted mean a-l-C hemoglobin levels in 
the low, medium, and high initial dioxin categories were 6.68,7.01, and 7.05 percent, respectively. 

The unadjusted and adjusted Model 3 analyses each revealed a significant difference between Ranch 
Hands in the high dioxin category and Comparisons (Table 16-22(e,f): difference of means=0.22 percent, 
p=0.005, for the unadjusted analysis; difference of adjusted means=0.19 percent, p=0.022, for the 
adjusted analysis). The adjusted mean a-l-C hemoglobin level for Ranch Hands in the high dioxin 
category was 6.97 percent versus 6.78 percent for the Comparisons. 

A significant relation was seen between a-l-C hemoglobin in its continuous form and 1987 dioxin in 
each of the unadjusted and adjusted Model 4 analyses (Table 16-22(g,h): slope=0.021, p<0.001; adjusted 
slope=0.016, p<0.001, respectively). The adjusted mean a-l-C hemoglobin levels in the low, medium, 
and high initial dioxin categories were 6.63 percent, 6.68 percent, and 7.02 percent, respectively. 

16.2.2.3.15   a-l-C Hemoglobin (Discrete) 

The unadjusted Model 1 analysis of a-l-C hemoglobin in its discrete from did not reveal any significant 
differences between Ranch Hands and Comparisons across all occupations or within each occupational 
stratum (Table 16-23(a): p>0.25 for each contrast). The adjusted analysis did not reveal a significant 
overall group difference between Ranch Hands and Comparisons (Table 16-23(b): p=0.373). After 
stratifying by occupation, a marginally significant difference was seen between Ranch Hand and 
Comparison enlisted groundcrew (Table 16-23(b): Adj. RR=L43, p=0.087). The percentage of Ranch 
Hand enlisted groundcrew with high a-l-C hemoglobin values was 13.8 percent versus 11.2 percent for 
Comparison enlisted groundcrew. 

Table 16-23. Analysis of a-1-C Hemoglobin (Discrete) 

(a) MODEL 1: RANCH HANDS VS. COMPARISONS - UNADJUSTED 
Occupational 

Category Group\ 
Number (%) 

Hieii    J 
Est. Relative Risk 

ip-Value: 
All Ranch Hand 

Comparison 
868 

1,250 
97 (11.2) 

130 (10.4) 
1.08 (0.82,1.43) 0.571 

Officer Ranch Hand 
Comparison 

339 
494 

28   (8.3) 
37   (7.5) 

1.11 (0.67,1.85) 0.684 

Enlisted Flyer Ranch Hand 
Comparison 

151 
187 

17(11.3) 
^     29 (15.5) 

0.69(0.36,1.31) 0.259 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

378 
569 

52 (13.8) 
64(11.2) 

1.26(0.85,1.86) 0.250 
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Table 16-23.   Analysis of a-1-C Hemoglobin (Discrete) (Continued) 

;(b) MODEL-1: RANCH HANDS VS. COMPARISONS -ADJUSTED 

Occupational Category             :                       (9S% C.L)                                                 p-Value 
AU                                                                  1.14(0.85,1.53)                                        0.373 
0fflcer                                                             1.13(0.67,1.90)                                        0.652 
Enlisted Flyer                                                      0.65 (0.33,1.28)                                           0.210 
Enlisted Groundcrew                                           1.43 (0.95,2.16)                                           0 087 

(c)MODEL 2: RANCH HANDS -INITIALDIOXIN - UNADJUSTED 

Initial Dioxin Category Summary Statistics ■ Analysis Results for Log2 (Initial Dioxin)8;; . 

Initial Dioxin   : .      .'.:'.. n...: :', ■. ■/   '" ■■' j ..   High             '..   . • 
'::;■.-:Estimated: Relative Risk; -::■';-        '   ' *■ :; :fr mm:     ■ 

Low                           159                       16 (10.1) 
Medium                      161                         23 (14.3) 
High                            160                        31 (19.4) 

1.28(1.05,1.56)                       0.013 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(d) MODEL 2: RANCH HANDS -INITIAL DIOXIN - AD JUSTED 

lipfY^Ü^:^: i $:■■ ^m^lSmi 

475                                          1.53(1.19,1.96) 0.001 

a Relative risk for a twofold increase in initial dioxin. 

(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY -UNADJUSTED     ■ 

t^;-;-;v|l>i$Ä                           M$m :kW^&^gWfmtÄ■!; : 13/.::x(95W^M0SSit 1 '■ ^ "/4MMW;P"^lÜM';i:;:^:';.:' '£ 
Comparison                            1,212                 125(10.3) 

Background RH                        381                   25   (6.6)                   0.75(0.47,1.18) 
LowRH                                    238                   25(10.5)                   0.95(0.60,1.53) 
HighRH                                    242                  45(18.6)                    1.73(1.17,2.55) 
Low plus High RH                    480                  70(14.6)                    1.29(0.92,1.80) 

0.210 
0.841 
0.006 
0.138 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand):  1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 16-23.   Analysis of a-1-C Hemoglobin (Discrete) (Continued) 

(f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY- -ADJUSTED 

Dioxin Category '■'. ;Is;':;■'};■';; ;V::#->'^-'l-:^ 
Adjusted Relative Risk 

p-Value 
Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH 

1,200 

377 
235 
240 
475 

0.84(0.53,1.35) 
0.94(0.58,1.52) 
1.76(1.16,2.67) 
1.29(0.91,1.82) 

0.474 
0.799 
0.008 
0.148 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand):  1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

.(g) MODEL 4: RANCH HANDS - 1987 DIOXIN gitö^^ 
19871^ :;■:- \--:'y..K. /Analysis ResultsUxl^o&(WWl)ioxm + V) 

i|f;ä|l-|>iÄM:l 
Low 
Medium 
High 

288                 16  (5.6) 
286 28   (9.8) 
287 51 (17.8) 

1.39(1,21,1.60)                             <0.001 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(h) MODEL 4; RANCH HANDS ^ 1987 DIOXIN-AD JUSTED 

AnalysisResultsforLog2(1987Dioxin;^X)Xy-S'^S:-:!^,:-- ^::'-'--'y ^:--i
:\} 

 852 1.37(1.15,1.64) <Q.QQ1 

a Relative risk for a twofold increase in 1987 dioxin. 

The unadjusted and adjusted Model 2 analyses each revealed significant associations between initial 
dioxin and a-l-C hemoglobin in its dichotomous form (Table 16-23(c,d): Est. RR=1.28, p=0.013; 
Adj. RR=1.53, p=0.001, respectively). The percentages of Ranch Hands with high a-l-C hemoglobin 
values in the low, medium, and high initial dioxin categories were 10.1, 14.3, and 19.4, respectively. 

The Model 3 unadjusted and adjusted analyses each revealed a significant difference in the percentage of 
high a-l-C hemoglobin values between Ranch Hands in the high dioxin category and Comparisons 
(Table 16-23(e,f): Est. RR=1.73, p=0.006; Adj. RR=1.76, p=0.008, respectively). The percentage of 
high a-l-C hemoglobin values for Ranch Hands in the high dioxin category was 18,6 versus 10.3 percent 
for Comparisons. 

16-85 



A significant relation was seen between a-l-C hemoglobin and 1987 dioxin in each of the Model 4 
unadjusted and adjusted analyses (Table 16-23(g,h): Est. RR=L39, p<0.001; Adj. RR=1.37, p<0.001, 
respectively). The percentages of participants with high a-l-C hemoglobin values in the low, medium, 
and high 1987 dioxin categories were 5.6, 9.8, and 17.8, respectively. 

16.2.2.3.16   Total Testosterone (Continuous) 

The unadjusted and adjusted Model 1 analyses did not reveal any significant differences in mean total 
testosterone levels between Ranch Hands and Comparisons across all occupations or within each 
occupational stratum (Table 16-24(a,b): p>0.57 for each contrast). 

Table 16-24. Analysis of Total Testosterone (ng/dl) (Continuous) 

(a) MODEL 1; RANCH HANDS VS. COMPARISONS - UNADJUSTED 

Occupational 
Group: Mean8 

Difference of Means '..: -°." .:; 

All Ranch Hand 850 423,1 0.5- 0.945 
Comparison 1,227 422.6 

Officer Ranch Hand 330 406.9 -6.4 -- 0.606 
Comparison 485 413.4 

Enlisted Flyer Ranch Hand 146 439.6 11.2- 0.577 
Comparison 182 428.4 

Enlisted Ranch Hand 374 431.2 2.5- 0.835 
Groundcrew Comparison 560 428.7 

a Transformed from square root scale. 
b Difference of means after transformation to original scale; confidence interval on difference of means not 
presented because analysis was performed on square root scale. 
c P-value is based on difference of means on square root scale. 

_—______ 

Occupational 
-^Category;'1 Group; 

Adjusted 
LMeanf--i 

Difference of Adj. Means 
p-Valuel 

All Ranch Hand 847 422.3 -hi 
Comparison 1,227 423.4 

Officer Ranch Hand 329 412.5 -2.2 
Comparison 485 414.7 

Enlisted Flyer Ranch Hand 145 439.6 9.2 
Comparison 182 430.4 

Enlisted Ranch Hand 373 418.5 -3.7 
Groundcrew Comparison 560 422.2 

0.883 

0.848 

0.618 

0.733 

a Transformed from square root scale. 
b Difference of means after transformation to original scale; confidence interval on difference of means not 
presented because analysis was performed on square root scale. 
c P-value is based on difference of means on square root scale. 
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Table 16-24.   Analysis of Total Testosterone (ng/dl) (Continuous) (Continued) 

■(c) MODEL 2: RANCH-HANDS- INITIAL DIOXIN »UNADJUSTED 

I Initial Dioxin Category Summary Statistics! 

Initial Dioxin Mean?   >J^i-Ji^*'; 
Low 

Medium 
JM  

156 
160 
156 

404.1 

392.3 
421.1 

397.7 
392.0 
428.0 

Analysis Results for Log2 (Initial Dioxin)11 

M 
Slope 

:(Std. Error)'; p-Value 
0.118 0.287(0.144) 0.047 

a Transformed from square root scale. 
Adjusted for percent body fat at the time of the blood measurement of dioxin. 

c Slope and standard error based on square root of total testosterone versus log2 (initial dioxin). 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(d) MODEL 2: RANCH HANDS - INITIAL DIOXIN - ADJUSTED 

Initial Dioxin Category Summary Statistics 

Low 
Medium 
High 

156 
159 
156 

415.1 
395.2 
404.7 

Analysis Results for Log2 (Initial Dioxin) 

:w 
Adj. Slope 

(Std. Error)b p-Value 
0.206 -0.015(0.161) 0.927 

a Transformed from square root scale. 
Slope and standard error based on square root of total testosterone versus log2 (initial dioxin). 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(e) MC>pEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - UNADJUSTED 

Dioxin Category ^;;0^<::^'I^K:;n:;- H;l!|^|«i||| Z:^&MMM. 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,189 

372 
234 
238 
472 

422.0 

448.1 
399.1 
412.1 
405.6 

423.0 

429.8                           6.8 -- 
404.6                       -18.4 ~ 
429.4                          6.4- 
417.0                         -6.0« 

0.499 
0.118 
0.592 
0.508 

a Transformed from square root scale. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 
c Difference of means after transformation to original scale; confidence interval on difference of means not presented 
because analysis was performed on square root scale. 

P-value is based on difference of means on square root scale. 

Note: RH = Ranch Hand. 
Comparison:  1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 16-24.   Analysis of Total Testosterone (ng/dl) (Continuous) (Continued) 

(f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY ^ADJUSTED 

Dioxin Category;':!; I % % vf,^'vp::;:;')i;'Ä;^':!^[vv:l' yM-M'■■ ■?Ä4j;;'MeäÄf.U). i;. 

.Difference of Adj. Mean  ■ 
vs. Comparisons 
v: (95%:ex)b■; ... .'..p-Value? 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,189 

370 
234 
237 
471 

422.9 

434.4 
414.5 
416.8 
415.7 

11.5« 
-8.4» 
-6.1« 
-7.2» 

0.248 
0.470 
0.613 
0.420 

a Transformed from square root scale. 

Difference of means after transformation to original scale; confidence interval on difference of means not presented 
because analysis was performed on square root scale. 
c P-value is based on difference of means on square root scale. 

Note: RH - Ranch Hand. 

Comparison: 1987 Dioxin < 10 ppt. 

Background (Ranch Hand): 1987 Dioxin < 10 ppt. 

Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

■{$-jMO$^ 
:1987 Dioxin; Category-Stirainärv -;S.tat|stfcsl 

i^XMoxm Mean3 

Low 
Medium 
High 

281 
281 
282 

455.3 
408.2 
409.7 

i Analysis Results for lpg2 (1987 Diöxriv+I); 

m (Std. Error)h 
p-Value 

0.010 -0.296(0.101) 0.003 

a Transformed from square root scale. 

Slope and standard error based on square root of total testosterone versus Iog2 (1987 dioxin + 1). 

Note: Low - <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(h) MODEL 4: i;|iifH!;i|ii^< -1987DIOXIN- DPI^II^i';.. W&&I§M!B iSii i i :, # :'. %& 
WmiM$^i^MM^ Category Summ är|{SÄ|||plll|Il !i':;Ä 

f||||l|ii||lll ffnp||f 

279 
281 
281 

t^Hüiilfil lllllllll 
Low 

Medium 
High 

439.1 
418.6 
409.3 

0.193                -0.149(0.109)            0.172 

a Transformed from square root scale. 
Slope and standard error based on square root of total testosterone versus log2 (1987 dioxin + 1). 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 
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The unadjusted Model 2 analysis revealed a significant relation between initial dioxin and total 

testosterone in its continuous form (Table 16-24(c): slope=0.287, p=0.047). After adjusting for 
covariates, the results became nonsignificant (Table 16~24(d): p=0.927). 

The unadjusted and adjusted Model 3 analyses of total testosterone showed no significant mean 

differences between any of the Ranch Hand dioxin categories and the Comparison group (Table 
16-24(e,f): p>0.11 for each contrast). 

A significant relation between 1987 dioxin and total testosterone was revealed in the unadjusted Model 4 

analysis (Table 16-24(g): slope=-0.296, p=0.003). After covariate adjustment, the results became 
nonsignificant (Table 16-24(h): p=0.172). 

16.2.2.3.17   Total Testosterone (Discrete) 

The unadjusted and adjusted Models 1 and 2 analyses of total testosterone in its dichotomous form were 
not significant (Table 16-25(a-<l): p>0.30 for each analysis). 

Table 16-25. Analysis of Total Testosterone (Discrete) 

(a) MODEL 1: RANCH HANDS VS. COMPARISONS - UNADJUSTED 

Occupational 
.Category   J -Group-; 

Est. Relative Risk 

All                      Ranch Hand 850 
Comparison 1,227 

Officer                Ranch Hand 330 
Comparison 485 

Enlisted Flyer      Ranch Hand 146 
Comparison 182 

Enlisted               Ranch Hand 374 
Groundcrew        Comparison 560 

72 (8.5) 
90(73) 

29 (8.8) 
34 (7.0) 

12 (8.2) 
11(6.0) 

31 (8.3) 
45 (8.0) 

1.17(0.85,1.61) 

1.28(0.76,2.14) 

1.39(0.60,3.25) 

1.03 (0.64,1.67) 

h(b>^ 

Occupational Category 

All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

Adjusted Relative Risk 
(95% C.I.) 

1.16(0.83,1.63) 

1.22(0.71,2.07) 
1.21 (0.50,2.96) 
1.11(0.67,1.83) 

p-Value; 

0.378 

0.475 
0.673 
0.688 

(c) MODEL 2; RANCH HANDS - INITIAL DIOXIN - UNADJUSTED 

p-Value 

0.344 

0.352 

0.445 

0.890 

Initial Dioxin Category Summary Statistics 

Initial Dioxin 
Number (%) 

Löw:  ' J 

Low 
Medium 
High 

156 
160 

156 

13 (8.3) 
19(11.9) 
16(10.3) 

Analysis Results for Log2 (Initial Dioxin)' 

Estimated Relative Risk 
::p-Valiie 

1.00(0.80,1.26) 0.973 

■ Adjusted for percent body fat at the time of the blood measurement of dioxin. 
Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 
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Table 16-25.   Analysis of Total Testosterone (Discrete) (Continued) 

:/(d)MODEL-2r MNOT ■ ■ J^ 

Analysis Results for Log2 (Initial Dioxin) 

■; /vv";;>'. :;^;:'-.;;:" -;-■ ---:/';:,;:-.-; ;v.ii;,:;: v';: :J-:^:':'V:':f"' -■"': ;;
:
\

:J:
:; WWS'l0^^KW£&i jp-Value 

471 1.16(0.87,1.55) 0.307 

a Relative risk for a twofold increase in initial dioxin. 

(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY -UNADJUSTED 

■   ;■"=■'■:.?|ffioxiri;pai^gor5';;-.■■.  ''■■';\ l%":M:ft^M 
'-   Est Relative Risk 

(95%;C.L)3b      ■ p-Value 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,189 

372 
234 
238 
472 

88   (7.4) 

23   (6.2) 
20  (8.6) 
28(11.8) 
48 (10.2) 

1.04(0.64,1.69) 
1.08(0.64,1.84) 
1.40(0.88,2.25) 
1.23(0.84,1.82) 

0.878 
0.767 
0.156 
0.285 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand):  1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(f) MODELS: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGO 

0.934 
0.841 
0.085 

,  0.340 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,189 

370 
234 
237 
471 

0.98 (0.59,1.62) 
0.95 (0.55,1.62) 
1.55 (0.94,2.55) 
1.21 (0.82,1.80) 
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Table 16-25.   Analysis of Total Testosterone (Discrete) (Continued) 

(g) MODEL 4: RANCH HANDS -IpT^QXIN ;f;ti^ADpSl^ 
1987 Dioxin Category Summary Statistics ''■■.,■.'.:.■.. : '-Analysis Resul^fÖfc-;^ 

1987 Dioxin ■;/-;>i;:'vVh^;;^;;^|''^:l',;= 

Number (%).....' 
Low 

■■■■:..■■" Esti mated Relative Risk";:;■ ■■' '    . ■: ■,..:: 

Low 
Medium 
High 

281 
281 
282 

17   (6.0) 
21   (7.5) 
33(11.7) 

1.22(1.05,1.43)                               0.013 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(h) MODEL 4^ 

 §41 1.20(0.964.49) 0.106 

a Relative risk for a twofold increase in 1987 dioxin. 

The unadjusted Model 3 analysis did not reveal any significant differences between any of the Ranch 
Hand dioxin categories and the Comparison group (Table 16-25(e): p>0.15 for each contrast). Adjusting 
for covariates revealed a marginally significant difference in the percentage of low total testosterone 
values between Ranch Hands in the high dioxin category and Comparisons (Table 16-25(f): Adj. 
RR=1.55, p=0.085). The percentage of low total testosterone values for Ranch Hands in the high dioxin 
category was 11.8 versus 7.4 percent for Comparisons. 

The unadjusted Model 4 analysis revealed a significant relation between 1987 dioxin and total 
testosterone in its discrete form (Table 16-25(g): Est. RR=1.22, p=0.013). After adjusting for covariates, 
the results became nonsignificant (Table 16-25(h): p=0.106). 

16.2.2.3.18   Free Testosterone (Continuous) 

The unadjusted and adjusted Model 1 analyses did not reveal a significant difference in mean free 
testosterone levels between all Ranch Hands and Comparisons or after stratifying by occupation (Table 
16-26(a,b): p>0.20 for each analysis). 
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Table 16-26. Analysis of Free Testosterone (pg/ml) (Continuous) 

(a) MODEL 1: RANCH HANDS VS. COMPARISONS-UNADJUSTED 
Occupational 

Category Group :--2l:]%n/^0::M 
Difference of Means 

p-Valuec 

All Ranch Hand 
Comparison 

850 
1,227 

13.96                             0.04- 
13.92 

0.852 

Officer Ranch Hand 
Comparison 

330 
485 

12.91                           -0.36-- 
13.26 

0.269 

Enlisted Flyer Ranch Hand 
Comparison 

146 
182 

14.03                             0.08- 
13.95 

0.878 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

374 
560 

14.89                           0.40- 
14.49 

0.209 

a Transformed from square root scale. 
b Difference of means after transformation to original scale; confidence interval on difference of means not 
presented because analysis was performed on square root scale. 
c P-value is based on difference of means on square root scale. 

fg§MQ$MM RANCH HANDS VS. COMPARISONS - ADJUSTED 
:- Occupational 

tf|f|| '-:-•■ "^£$;K£;V^ 

Adjusted "', Difference of Adj. Means 
(95% C.I.)b . p-Valuec 

All Ranch Hand 
Comparison 

847 
1,227 

13.80 
13.79 

0.01 ~~ 0.941 

Officer Ranch Hand 
Comparison 

329 
485 

13.39 
13.61 

-0.21 - 0.464 

Enlisted Flyer Ranch Hand 
Comparison 

145 
182 

14.23 
14.10 

0.13- 0.783 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

373 
560 

13.81 
13.64 

0.17- 0.528 

a Transformed from square root scale. 
Difference of means after transformation to original scale; confidence interval on difference of means not 

presented because analysis was performed on square root scale. 
c P-value is based on difference of means on square root scale. 

(c) MODEL 2: RANCH HANDS - INITIAL DIOXIN - UNADJUSTED 

iSS!#;^ gory ilp!^ :;^:: ';:Ana!ysis;:Resu^                                           ■ V 

Initial Dioxin : !:|fr;P' l|Si|||Ä ?:'f;: f:;{0:;/\.;.      ;:g;^t£-Error)*; j-■?'.■ ■ 7-::.;;;p-Value■'.■-.   ". ■ 
Low 
Medium 
High 

156 
160 
156 

13.08              12.94 
13.69              13.68 
14.59              14.75 

0.084          0.066 (0.022)             0.003 

a Transformed from square root scale. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 
c Slope and standard error based on square root of free testosterone versus log2 (initial dioxin). 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 
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Table 16-26.   Analysis of Free Testosterone (pg/ml) (Continuous) (Continued) 

(d)M0DEL2: RANCH HANDS - INITIAL DIOXIN - -ADJUSTED. ■ .         ;    ' 

Initial Dioxin Category Summary Statistics Analysis Results for Log2 (Initial Dioxin) 

Initial Dioxin ^ ;-■;:;:'; i';/;::'; -n' £::. Adj. Mean*   ' 
■Y ;R: 3;'; i £-       ■   •      ::'■■£■■£ k ■&:;Ad|,Slope f'-l :; 

V:   ;■>. ;R2:  .                ;'.'.: (Sta,Error)b; ':          p-Value 
Low 
Medium 
High 

156 
159 
156 

13.42 
13.61 
13.61 

0.240                     -0.008 (0.024)             0.742 

a Transformed from square root scale. 
Slope and standard error based on square root of free testosterone versus log2 (initial dioxin). 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(e)MODEt3: RANCH HANDS AND COMPARISONS BY DIOXm CATEGORY-UNADJUSTED 

Dioxin Category 'Mmvfc* ;.Aclj.Meanab.; 

Difference of Adj. Mean 

p-Valuej 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,189 

372 
234 
238 
472 

13.93 

14.24 
13.11 
14.46 
13.78 

13.95 

13.85 
13.23 
14.85 
14.03 

-0.10« 
-0.72» 
0.90- 
0.08 - 

0.703 
0.022 
0.006 
0.745 

a Transformed from square root scale. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 
c Difference of means after transformation to original scale; confidence interval on difference of means not presented 
because analysis was performed on square root scale. 
d P-value is based on difference of means on square root scale. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - Ai^liiiiB^iii 

^ J f::' S ^ > j :i; I^<>x| ^; Sja te gö i*j^ Ü; i^: :v?s::;'ä WiMM'W/WBIisMM f§S§0§§i^^ ;Jp-VäIueT.   ■ 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,189 

370 
234 
237 
471 

13.80 

13.98 
13.50 
13.94 
13.72 

0.18- 
-0.30 - 
0.14- 

-0.08 - 

0.459 
0.315 
0.643 
0.735 

a Transformed from square root scale. 
Difference of means after transformation to original scale; confidence interval on difference of means not presented 

because analysis was performed on square root scale. 
0 P-value is based on difference of means on square root scale. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

16-93 



Table 16-26.   Analysis of Free Testosterone (pg/ml) (Continuous) (Continued) 

:(;-;(g);Ä|€)I>pL:i4t RANCH HANDS - -1987 DIOXIN - -I^äöJ^ST^^ 
1987 Dioxin Category Summary Statistics Analysis Results for U*g2 (1987 Dioxin+1) 

1987 Dioxin :'J': ]:<:''Si&0W':^0: M0$i$^MM. 
mmt ^y^^:^^^ 

:: R2   ;           '     ,:.;(Std.Error)b       -.       p-Value 
Low 
Medium 
High 

281 
281 
282 

14.56 
13.17 
14.23 

0.001                -0.010 (0.015)             0.489 

a Transformed from square root scale. 
Slope and standard error based on square root of free testosterone versus log2 (1987 dioxin + 1). 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(h) MODEL 4: RANCH HANDS - •-|98pÖIräp4^ ̂ BI^M 
miw&mMB^>imm Category Summary Statistics '-.'• ;• ■;:■:;;■■.    Analysis Results for^^ 

1987Diöxin 

279 
281 
281 

li^isiii^Ki 
Low 
Medium 
High 

14.49 
13.65 
13.66 

0.234                 -0.029 (0.016)             0.066 

a Transformed from square root scale. 
Slope and standard error based on square root of free testosterone versus log2 (1987 dioxin + 1). 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = > 19.6 ppt. 

A significant association was seen between free testosterone and initial dioxin in the unadjusted Model 2 
analysis (Table 16-26(c): slope=0.066, p=0.003). The adjusted analysis results were nonsignificant 
(Table 16-26(d): p=0.742). 

The unadjusted Model 3 analysis of free testosterone in its continuous form revealed two significant 
contrasts: Ranch Hands in the low dioxin category versus Comparisons and Ranch Hands in the high 
dioxin category versus Comparisons (Table 16-26(e): difference of means=-0.72 pg/ml, p=0.022; 
difference of means=0.90 pg/ml, p=0.006, respectively). The adjusted analysis did not reveal any 
significant contrasts (Table 16-26(f): p>0.31 for each contrast). 

The unadjusted Model 4 analysis did not reveal any significant relation between 1987 dioxin and free 
testosterone in its continuous form (Table 16-26(g): p=0.489). After covariate adjustment, a marginally 
significant inverse relation between 1987 dioxin and mean free testosterone level was seen (Table 
16-26(h): adjusted slope=-0.029, p=0.066). The adjusted mean free testosterone levels in the low, 
medium, and high 1987 dioxin categories were 14.49 pg/ml, 13.65 pg/ml, and 13.66 pg/ml, respectively. 

16.2.23.19   Free Testosterone (Discrete) 

The unadjusted and adjusted Model 1 analyses did not reveal a significant overall group difference 
between Ranch Hands and Comparisons (Table 16-27(a,b): p>0.81 for both analyses). In each of the 
unadjusted and adjusted analyses, stratifying by occupation revealed a marginally significant difference 
between Ranch Hands and Comparisons in the enlisted flyer stratum (Table 16-27(a,b): Est. RR=7.76, 
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p=0.059; Adj. RR=6.41, p=0.091, respectively). The percentage of low free testosterone values for the 
Ranch Hand enlisted flyers was 4.1 versus 0.5 percent for Comparison enlisted flyers. 

Table 16-27. Analysis of Free Testosterone (Discrete) 

Occupational 
'■;   Category. 1 Group 

;:^n1ber;-(^)S 

All                      Ranch Hand 850 
Comparison 1,227 

Officer                Ranch Hand 330 
Comparison 485 

Enlisted Flyer      Ranch Hand 146 
Comparison 182 

Enlisted               Ranch Hand 374 
Groundcrew        Comparison 560 

Est Relative Risk 
(95% CJ.) p-Value 

15 (1.8) 
20 (1.6) 

7(2.1) 
10(2.1) 

6 (4.1) 
1 (0.5) 

2 (0.5) 
9 (1.6) 

1.08 (0.55,2.13) 

1.03(0.39,2.73) 

7.76(0.92,65.18) 

0.33 (0.07,1.53) 

0.815 

0.954 

0.059 

0.157 

(b) MODEL 1: RANCH HANDS VS. COMPARISONS - ADJUSTED 

Occupational Category 
Adjusted Relative Risk 

p-Value 
All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

1.09 (0.54,2.19) 

1.06(0.39,2.90) 
6.41(0.74,55.13) 
0.37 (0.08,1.76) 

0.812 

0.911 
0.091 
0.210 

(c) MODEL 2: RANCH HANDS - INITIAL DIOXIN - UNADJUSTED 

■; ■■■;" ■ ■■■":'.=: - ;\ '■; _:;-" JriitiJu^Dipxiri :;CätegÖry': Summary-Statistics; ■ ■':,"; ■:; ■- -.".- ■;.- ■. ■ .._>;! ;:-'AnalysisResults'-for^Lpg2'(Injtial:Dioxin)a":- V. ;:: 

InitialDioxin ■0^&iM^\M 
Estimated Relative Risk 

ill 
Low 
Medium 
High 

156 
160 
156 

5 (3.2) 
4 (2.5) 
0 (0.0) 

0.46(0.21,0.98)                       0.019 

* Adjusted for percent body fat at the time of the blood measurement of dioxin. 
Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(d) MODEL 2: RANCH HANDS - INITIAL DIOXIN - ADJUSTED 

Analysis Results for Log2 .(Initial Dioxin) 

(95%C.I.)a !;p-Vaiuei 
471 0.41 (0.14,1.18) 0.051 

a Relative risk for a twofold increase in initial dioxin. 

Note: Results are not adjusted for occupation because of the sparse number of participants with a low free 
testosterone level. 
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Table 16-27,   Analysis of Free Testosterone (Discrete) (Continued) 

(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - -UNADJUSTED 

Dioxin Category 
:-';:-;;ÄriJer:(^):;';^:        % ^:Estv£elätive:Risk;■;■' 

p-Value 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,189                   20 (1.7) 

372                    5(1.3)                     0.94(0.35,2.55) 
234                     8(3.4)                     1.95(0.84,4.52) 
238                     1 (0.4)                     0.21 (0.03,1.57) 
472                     9(1.9)                     0.63(0.20,1.99) 

0.906 
0.120 
0.128 
0.431 

a Relative risk and confidence interval relative to Comparisons. 
Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - ADJUSTED 

;Di6x|nCategory.;--J: :;.;-vv/''..;■.."/■:&...-       ]/,■■:■■■■■ .:;.:'. ;:.\;(95%:CX)a'.- ■;• y;-  :.'..:
:■■■ :■      .;: . /.';p-:Välue! 

Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH 

1,189 

370 
234 
237 
471 

0.88 (0.32,2.46) 
1.38(0.57,3.35) 
0.28 (0.04,2.21) 
0.62(0.19,2.01) 

0.811 
0.470 
0.227 
0.424 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand):  1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(g)MODEL4j RANCH HANDS |||p||fflOXIN Hp!!^^ 
mmM^mm n Category Sunimar |p^§|t|si|||ii iiiiiii|Ä 

§^i^l^Bi§. 
Number {%) iiiiäümaMiifteiäÄ 

Low 
Medium 
High 

281 
281 
282 

2 (0.7) 
9 (3.2) 
3(1.1) 

0.94(0.65,1.36)                               0.744 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 
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Table 16-27.   Analysis of Free Testosterone (Discrete) (Continued) 

(fa) MODEL 4: RANCH HANDS * 1987 DIOXINS ADJUSTED 

Analysis Results for Log2 (1987 Dioxin + 1) 
Adjusted Relative Risk 

p-Value 

841 0.94(0.52,1.70) 0.835 

a Relative risk for a twofold increase in 1987 dioxin. 

Both the unadjusted and adjusted Model 2 analyses revealed significant relations between initial dioxin 
and free testosterone (Table 16~27(c,d): Est. RR=0.46, p=0.019; Adj. RR=0.41, p=0.051, respectively). 
The percentages of low free testosterone values within the low, medium, and high initial dioxin categories 
were 3.2, 2.5, and 0.0, respectively. 

The unadjusted and adjusted Models 3 and 4 analyses were nonsignificant (Table 16-27(e-h): p>0.12 for 
each analysis). 

16.2.2.3.20   Estradiol (Continuous) 

Unadjusted and adjusted Model 1 analyses of estradiol in its continuous form did not reveal significant 
overall group differences between Ranch Hands and Comparisons (Table 16-28(a,b): p>0.38 for each 
analysis). After stratifying by occupation, a significant difference was seen between Ranch Hand officers 
and Comparison officers in both the unadjusted and adjusted analyses (Table 16-28(a,b): difference of 
means=-3.43 pg/ml, p=0.003, for unadjusted; difference of adjusted means=-3.55 pg/ml, p=0.003, for 
adjusted). The adjusted mean estradiol value for Ranch Hand officers was 40.35 pg/ml versus a mean 
value of 43.90 pg/ml for Comparison officers. 

Table 16-28. Analysis of Estradiol (pg/ml) (Continuous) 

^(a)'MOD^ 

p-Valüec 

All Ranch Hand 870 40.06 -0.57- 0.434 
Comparison 1,251 40.63 

Officer Ranch Hand 341 38.38 -3.43 - 0.003 
Comparison 494 41.81 

Enlisted Flyer Ranch Hand 151 42.87 2.17« 0.238 
Comparison 187 40.70 

Enlisted Ranch Hand 378 40.49 0.89 » 0.418 
Groundcrew Comparison 570 39.60 

a Transformed from square root scale. 
b Difference of means after transformation to original scale; confidence interval on difference of means not 
presented because analysis was performed on square root scale. 
c P-value is based on difference of means on square root scale. 
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Table 16-28.   Analysis of Estradio! (pg/ml) (Continuous) (Continued) 

(b) MODEL 1: RANCH HANDS VS..COMPARISONS - ADJUSTED   /..;.;■ 
Occupational 

Category Group jy;::iK-'; :':jn; ■:'.": 

Adjusted Difference of Adj, Means 
.    (95%CX)b   :..:   ■ p-Valuec 

All Ranch Hand 
Comparison 

870 
1,251 

42.18 
42.83 

-0.65- 0.384 

Officer Ranch Hand 
Comparison 

341 
494 

40.35 
43.90 

-3.55 - 0.003 

Enlisted Flyer Ranch Hand 
Comparison 

151 
187 

44.77 
42.56 

2.21- 0.241 

Enlisted 
Groundcrew    - 

Ranch Hand 
Comparison 

378 
570 

42.26 
41.37 

0.89- 0.427 

a Transformed from square root scale. 
Difference of means after transformation to original scale; confidence interval on difference of means not 

presented because analysis was performed on square root scale. 
c P-value is based on difference of means on square root scale. 

(c) MODEL 2: RANCH HANDS - INITIAL DIOXIN - UNADJUSTED 

PÄlffi^ Analysis ResultsiforLog2(Initial Dioxin)* 

Initial Dioxin ;^f>:C^'Ö^|f£; W:§M*M&: 'Adj;Mean^^:: 
:M:W^ W.?>% -■ ■ ■ ^ v$M Slo^e 9- ■ t % y ■ 9yKW. 9 W%^& £; r 

Low 
Medium 
High 

160 
162 
160 

38.37 
42.23 
41.37 

38.41 
42.24 
41.32 

0.007           0.084 (0.049)              0.087 

a Transformed from square root scale. 
Adjusted for percent body fat at the time of the blood measurement of dioxin. 

c Slope and standard error based on square root of estradiol versus Iog2 (initial dioxin). 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(d) MODEL 2: RANCH HANDS - INITIAL DIOXIN - -ADJUSTED 

Initial Dioxin C ategory Summary Statistics |S|j;^n^siS'Res jults for I^^2 (Initial Dioxin)  ;.';■;■. 

Initial Dioxin 0^]a0^j ÄliS 
Low 
Medium 
High 

160 
162 
160 

40.16 
42.95 
41.36 

0.019 0.046(0.057)              0.423 

a Transformed from square root scale. 
b Slope and standard error based on square root of estradiol versus log2 (initial dioxin). 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 
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Table 16-28.   Analysis of Estradiol (pg/ml) (Continuous) (Continued) 

..(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - UNADJUSTED 

Dioxin Category'; i'Mean* Adj. Mean8 

Difference of Adj. Mean 
■ : ;i;;': -ysi: Comparisons;:'"'; 

;   (95%CX)C.■:.•...: p-Valued 

Comparison 1,213 40.69 40.68 

Background RH 381 39.50 39.71 -0.97-- 0.323 
LowRH 239 39.65 39.58 -1.10" 0.350 
High RH 243 41.64 41.43 0.75 - 0.523 
Low plus High RH 482 40.65 40.51 -0.17- 0.852 

a Transformed from square root scale. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 
c Difference of means after transformation to original scale; confidence interval on difference of means not presented 
because analysis was performed on square root scale. 

P-value is based on difference of means on square root scale. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand):  1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

töMQBEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATOG0RY'- ADJUSITEß 

Dioxin Category Adj. Mean8 

Difference of Adj. Mean 
''. ivS«^mj^änsons;,' '. 
ll'Äilllllf p-Value' 

Comparison 1,213 

Background RH 381 
LowRH 239 
High RH 243 
Low plus High RH 482 

42.96 

41.76 
41.51 
44.13 
42.82 

-1.20- 0.241 
-1.45 -- 0.231 

1.17- 0.347 
-0.14 - 0.888 

a Transformed from square root scale. 
Difference of means after transformation to original scale; confidence interval on difference of means not presented 

because analysis was performed on square root scale. 
c P-value is based on difference of means on square root scale. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand):  1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 16-28.   Analysis of Estradiol (pg/ml) (Continuous) (Continued) 

(g) MODEL 4: :IU
:NCIl;!9A]P4I>S- -1987 DIOXIN-UNADJUSTED 

1987 Dioxin Category Summary Statistics Analysis Results for Log2 (1987 Dioxin+1) 

1987 Dioxin £-^v;^':;^^rl'^::ri^ jg||]ä^;||||;|' 
Adjusted Slope   :    . 

.           R2                         (Std. Error)13                p-Value 
Low 
Medium 
High 

288 
287 
288 

39.14 
39.72 
41.57 

0.002                  0.039 (0.031)              0.212 

a Transformed from square root scale. 
Slope and standard error based on square root of estradiol versus log2 (1987 dioxin + 1). 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(h)MODEL4: RANCHHANDS- 
ixin Category. Summa 

-1987 DIOXIN-ADJUSTED 
■ ;:  -,;:v;'.l987,Di(: ry^StätisMcsIt f; li-MM '       ■;Analysis.Results for Log2(1987 Dioxin+ 1) 

§(:§^^M^xi$: ;3l^^|^^n§|^;;^: -!0i^^^aa^^§ 
WMM:^m:^: Z1Z.; <t'.■ &'% "j^uSteä;:Slöpe-i; 1 m ^ '.&t f. K L

 &■& 

Low 
Medium 
High 

288 
287 
288 

42.60 
42.42 
44.00 

0.017                  0.019 (0.036)              0.599 

a Transformed from square root scale. 
b Slope and standard error based on square root of estradiol versus log2 (1987 dioxin + 1). 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

The unadjusted Model 2 analysis revealed a marginally significant positive association between estradiol 
in its continuous form and initial dioxin (Table 16-28(c): slope=0.084, p=0.087). After adjusting for 
covariates, the results became nonsignificant (Table 16~28(d): p=0.423). 

Unadjusted and adjusted analyses for Models 3 and 4 were nonsignificant (Table 16-28(e-h): p>0.21 for 
each analysis). 

16.2.2.3.21   Estradiol (Discrete) 

The unadjusted and adjusted Model 1 analyses of estradiol in its discrete form did not reveal a significant 
difference between Ranch Hands and Comparisons (Table 16-29(a,b): p>0.12 for each contrast). 

Table 16-29. Analysis of Estradiol (Discrete) 

;;:(a)MOI)EL:;l5 fjiiiigiffi 
Occupational 

Sp|#^^tt)^lsS^ S^BW^^M:WM§M p-Value  ■ 
All Ranch Hand 

Comparison 
870 

1,251 
236 (27A)                 0.96 (0.79,1.16) 
350 (28.0) 

0.666 

Officer Ranch Hand 
Comparison 

341 
494 

80(23.5)                  0.78(0.57,1.08) 
139(28.1) 

0.131 

Enlisted Flyer Ranch Hand 
Comparison 

151 
187 

44(29.1)                 0.89(0.56,1.42) 
59(31.6) 

0.632 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

378 
570 

112(29.6)                 1.16(0.87,1.55) 
152 (26.7) 

0.319 
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Table 16-29.   Analysis of Estradiol (Discrete) (Continued) 

(b) MODEL 1: RANCH HANDS VS. COMPARISONS - ADJUSTED  
Adjusted Relative Risk 

 Occupational Category     (95% C.I.)  p-Value 

All ~" 0.95(0.78,1.16) 0.619 

Officer 0.78 (0.56,1.07) 0.120 
Enlisted Flyer 0.89 (0.56,1.42) 0.616 
Enlisted Groundcrew          1.16(0.87,1.55) 0.312 

(e) MODEL 2: RÄNCHHÄNDS- 
Dioxin Category Sum 

-INITIALDIOXIN-UNADJUSTED 

'MM':*MW$&$$ ma ry Statistics ■■.";■■; '.!';-: Analysis Results for Log2 (Initial Dioxin)8 

Initial Dioxin jL^;^Mn^:^S^■:■^■:■■: 
/Number (%)'    ■' ..■;' Estimated Relative Risk 

Low 
Medium 
High 

160 
162 
160 

33 (20.6) 
52(32.1) 
47 (29.4) 

1.17(1.00,1.36)                       0.045 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

1 (d) MODEL ,2: RANCH HANDS -INITIAL DIOXIN -ADJUSTED 

^^liM^-^^-^^^^^^^'^ 

Analysis Results for Ix)g2 (Initial Dioxin) -,'■' 

;|>fV^ue i;::;;;
:;; M^ß£:^:

t .■ :f ^: 
4SI 1.12(0.94,1.33) 0.213 

a Relative risk for a twofold increase in initial dioxin. 

(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY ;- UNADJUSTED yr. 

. Dioxin Category v£*:-. :M'-L :f:pä^äA!p£ P;Wtit & 
Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH 

1,213                 343 (28.3) 

381                 102 (26.8)                   0.96 (0.74,1.25) 
239                  59 (24.7)                   0.82 (0.60,1.13) 
243                   73 (30.0)                    1.05 (0.78,1.43) 
482                 132(27.4)                   0.93(0.74,1.18) 

0.774 
0.234 
0.731 
0.566 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 16-29.   Analysis of Estradiof (Discrete) (Continued) 

^(SMODEL^ -ADJUSTED 

Dioxin Category ^'f^r^^n^^/^^-^ 
Adjusted Relative Risk 

p-Value 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,213 

381 
239 
243 
482 

0.97(0.75,1.27) 
0.79(0.57,1.09) 
1.05 (0.77,1.44) 
0.91 (0.72,1.16) 

0.842 
0.155 
0.757 
0.460 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand):  1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

;;(g>.Mt>DEL4: 5g^$^^ S|JNipjgsT^ 

.■:-'.■',:,:: 1987 Dioxin Category Summary Statistics ,- :;-fg:;;^ 

1987bioxän 
:'::l:M;l&tinMeä^                   ■■■'■'                      '  . -        ■. . : ;:^':-^:-:-: 

Low 
Medium 
High 

288                 79 (27.4) 
287 69 (24.0) 
288 86 (29.9) 

1.04(0.94,1.15)                               0.430 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7,9-19.6 ppt; High = >19.6 ppt. 

(h)MODEE4: RANCH HANDS-1987 DIOXm-ADJUSTER 

=';:;i::i ■ |?.y ■ Ip-Valü^} y ■-PE IE 
863                                              0.99(0.89,1.12) 0.926 

a Relative risk for a twofold increase in 1987 dioxin. 

A significant relation was seen between estradiol and initial dioxin in the unadjusted Model 2 analysis 
(Table 16-29(c): Est. RR=L17, p=0.045). After adjusting for covariates, the results became 
nonsignificant (Table 16-29(d): p=0.213). 

Unadjusted and adjusted analyses for Models 3 and 4 were nonsignificant (Table 13-29(e-h): p>0.15 for 
each analysis). 

16.2.2.3.22   LH (Continuous) 

The unadjusted and adjusted analysis of LH did not show a significant relation with dioxin in Models 1 
through 3 (Table 16-30(a-f): p>0.13 for each analysis). 
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Table 16-30. Analysis of LH (mlU/ml) (Continuous) 

(a)MODELl: RANCH HANDS vs. COMPARK^^ 
Occupational 

Category Group ^^■^■^■■■■■■BE Mean3 
Difference of Means 

(95%CX)b:   :■.;.; p-Value0 

All Ranch Hand 
Comparison 

870 
1,251 

3.86 
3.86 

0.00- 0.979 

Officer Ranch Hand 
Comparison 

341 
494 

4.09 
3.82 

0.27 - 0.131 

Enlisted Flyer Ranch Hand 
Comparison 

151 
187 

3.67 
4.02 

-0.34» 0.194 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

378 
570 

3.74 
3.85 

-0.11- 0.491 

a Transformed from natural logarithm scale. 
b Difference of means after transformation to original scale; confidence interval on difference of means not 
presented because analysis was performed on natural logarithm scale. 
c P-value is based on difference of means on natural logarithm scale. 

(b)MODELX: RANCH HANDS VS. COMPARISONS - ADJUSTED 

■: ::.i Occupational .'■ 
IQ'l^ipiii'^K'I'S' 

Diffe reiice::;Öf A^^MeMtS:-;?-1 
p-Valuec 

All Ranch Hand 
Comparison 

870                     3.84 
1,251                     3.85 

-0.01 - 0.955 

Officer Ranch Hand 
Comparison 

341                      3.85 
494                      3.63 

0.22 » 0.185 

Enlisted Flyer Ranch Hand 
Comparison 

151                      3.55 
187                      3.92 

-0.37 - 0.147 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

378                      4.03 
570                       4.10 

-0.08- 0.650 

a Transformed from natural logarithm scale. 
Difference of means after transformation to original scale; confidence interval on difference of means not 

presented because analysis was performed on natural logarithm scale. 
c P«value is based on difference of means on natural logarithm scale. 

':;:;|i;;;||||p ffl^ßl^llii^lP^III |§|>||;^ 

■■''■Jhmüäitäßxitiry^.. ^MBWt^M$ llfliil p:^M$M^&-':: 
Low 
Medium 
High 

160 
162 
160 

3.84 
3.82 
3.66 

3.84 
3.82 
3.65 

0.001         -0.016 (0.023)              0.496 

a Transformed from natural logarithm scale. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 
c Slope and standard error based on natural logarithm of LH versus log2 (initial dioxin). 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 
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Table 16-30.   Analysis of LH (mlU/ml) (Continuous) (Continued) 

(d) MODEL 2: RANCH HANDS - INITIAL DIOXIN- -ADJUSTED 
Initial Dioxin Category Summary Statistics Analysis Results for Log2 (Initial Dioxin) 

Initial Dioxin ]:'Kyß[^tt'].^^:^-p\^';~- Adj. Mean8 
.    ^;:h":v■'■;;"-:;;j;;- ' ■'.;■ '&£■ W>£^Adj.:Slope"c:'-" 

.  R2..;'             ■::'.-;■;   (Std. Error)1'    .          p-Value     : 

Low 
Medium 
High 

160 
162 
160 

3.65 
3.67 
3.56 

0.014                    -0.008 (0.027)            0.755 

a Transformed from natural logarithm scale. 
b Slope and standard error based on natural logarithm of LH versus log2 (initial dioxin). 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

.(e). MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - UNADJUSTED 

Dioxin Category I Mean* i ÄdjiMean* 

Difference of Adj. Mean 
;-:;'^^^':VS.\CÖM»anSOns'l-';;-i:-:':    -:' '■:;■■&. Z7.i'x\ 

';■';; (95% CX)C;.;: :,   p-VaIued: 
Comparison 1,213 3.85 3.85 

Background RH 381 4.04 4.01 0.16- 0.264 
LowRH 239 3.82 3.83 -0.02- 0.900 
HighRH 243 3.72 3.74 -0.11- 0.504 
Low plus High RH 482 3.77 3.78 -0.07 - 0.601 

a Transformed from natural logarithm scale. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 
c Difference of means after transformation to original scale; confidence interval on difference of means not presented 
because analysis was performed on natural logarithm scale. 
d P-value is based on difference of means on natural logarithm scale. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand):  1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 16-30.   Analysis of LH (mlU/mt) (Continuous) (Continued) 

(f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - ADJUSTED 

:;:::|yiMdMri:Category--; -x''':'. :w £';;■ \^^^--_.::\:}:':^>: Adj. Mean* 

Difference of Adj. Mean 
' vs. Comparisons   ' 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,213 

381 
239 
243 
482 

3.84 

4.00 
3.73 
3.81 
3.77 

0.16--                      0.281 
-0.11-                      0.479 
-0.03 -                      0.839 
-0.07 --                       0.553 

a Transformed from natural logarithm scale. 
Difference of means after transformation to original scale; confidence interval on difference of means not presented 

because analysis was performed on natural logarithm scale. 
0 P-value is based on difference of means on natural logarithm scale. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand):  1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(g) MODEL 4: RANCH HANDS - 1987 DIOXIN - UNADJUSTED 

[1987 Dioxin Category^ Summary Statistics 

1987 Dioxin Mean* 
Low 
Medium 
High 

288 
287 
288 

4.15 
3.75 
3.77 

Transformed from natural logarithm scale. 

Analysis Results for Log2 (1987 Dioxin +1) 

;R3 
Adjusted Slope 

(Std. Error)" ; p-yahie 
0.005 ■0.030 (0.015) 0.04: 

Slope and standard error based on natural logarithm of LH versus log2 (1987 dioxin + 1). 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

'■■(h) MODEL 4; ggJSfGHHANpS;- ~:;:1M|:.IPPM 
:     1987 Dioxin Category Summary Statistics !  ;' ;^/^rialyste^ 

1987Dioxin SPill8!i§I§l: f^päsiiiiiiÄlii'iii 
Low 
Medium 
High 

288 
287 
288 

4.13 
3.67 
3.87 

0.034                -0.024(0.017)            0.149 

Transformed from natural logarithm scale. 
Slope and standard error based on natural logarithm of LH versus log2 (1987 dioxin + 1). 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 
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The unadjusted Model 4 analysis revealed a significant inverse association between LH in its continuous 
form and 1987 dioxin (Table 16-30(g): slope=-0,030, p=0.042). After adjusting for covariates, the 
results became nonsignificant (Table 16-30(h): p=0.149). 

16.2.2.3.23  LH (Discrete) 

All unadjusted and adjusted analyses in Models 1, 2, and 3 showed no significant relation between group 
or dioxin and the discrete form of LH (Table 16-31(a-f): p>0.28 for each analysis). A marginally 
significant inverse association was seen between 1987 dioxin and LH in the unadjusted Model 4 analysis 
(Table 16-31(g): Est. RR=0.84, p=0.094). After adjusting for covariates, the results became 
nonsignificant (Table 16-31(h): p=0.154). 

Table 16-31. Analysis of LH (Discrete) 

(a)MpÖELl: RANCH HANDS :.ys. COMPARISONS ~ UNADJUSTED 
Occupational 

iW^i^P^W',:&] y^M^M^C:- 
■  :' EsfcRelative Risk'■■:: ■ 

'....  p-Value    ."• 
All Ranch Hand 

Comparison 
870 

1,251 
49 (5.6) 
70 (5.6) 

1.01 (0.69,1.47) 0.971 

Officer Ranch Hand 
Comparison 

341 
494 

24 (7.0) 
28 (5.7) 

1.26(0.72,2.21) 0.422 

Enlisted Flyer Ranch Hand 
Comparison 

151 
187 

6 (4.0) 
8 (4.3) 

0.93(0.31,2.73) 0.889 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

378 
570 

19 (5.0) 
34 (6.0) 

0.83(0.47,1.49) 0.538 

(b) MODEL 1: RANCH HANDS VS. COMPARISONS - ADJUSTED 

Occupational Category 
All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

Adjusted Relative Risk 

1.02(0.70,1.50) 

1.24 (0.70,2.20) 
0.86 (0.29,2.55) 
0.88 (0.49,1.59) 

p-Value 

0.907 

0.458 
0.782 
0.674 

(c) MODEL 2: RANCH HANDS - INITIAL DIOXIN- UNADJUSTED 

:/;|"-|;'!t^ '^|/|^ 

v-!-;Ihitiäipioxm;;^:vv-{.i.f §t§K 
Low 
Medium 
High 

160                         8 (5.0) 
162                          7 (4.3) 
160                           6 (3.8) 

0.93(0.65,1.32)                       0.668 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 
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Table 16-31.   Analysis of LH (Discrete) (Continued) 

(d) MODEL2^ RANCHHANDS - INITIAL DIOXIN -ADJUSTED 

Analysis Results for Log2 (Initial Dioxin) 
Adjusted Relative Risk     ■ 

(9S%CX)1V
;.: -      p-Value] 

482 0.97(0.65,1.43) 0.873 

a Relative risk for a twofold increase in initial dioxin. 

(e) MODEL 3; RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY j -UNADJUSTED 

Dioxin Category 
'...'■ Est-Relative Risk :-'   1 

'■.".(95% C.i.)ab      ;':'■;'] p-Value 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,213 

381 
239 
243 
482 

67 (5.5) 

27(7.1) 
12 (5.0) 
9 (3.7) 

21 (4.4) 

1.27(0.79,2.02) 
0.91 (0.48,1.71) 
0.68 (0.33,1.38) 
0.78(0.47,1.30) 

0.322 
0.770 
0.280 
0.345 

a Relative risk and confidence interval relative to Comparisons. 
Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand):  1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(f) MODEL 3; RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY^ ̂ Knliö|||ffif|^ 

^;:;:|:;;^ 
!m#>:■ %-:iMM <!;-%MM:^M^MAMM^eMMM^MMW.M 

■•£; 'M ß-Yälue ~W Mr7 M'^.::;: 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,213 

381                            1.28(0.79,2.08) 
239                           0.83(0.44,1.58) 
243                              0.76(0.36,1.60) 
482                             0.80(0.47,1.34) 

0.313 
0.573 
0.475 
0.392 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 16-31.   Analysis of LH (Discrete) (Continued) 

(g) MODEL 4: -RANCH HANDS -1987 DIOXIN H UNADJUSTED    .,}     .,    i^;P: 

1987 Dioxin Category Summary Statistics Analysis Results for Log2 (1987 Dioxin + 1) 

1987 Dioxin :.?':(:'^^i;^P^l^;iv-"'^^ 
Number (%) 

High 
Estimated Relative Risk 

Low 
Medium 
High 

288 
287 
288 

21 (7.3) 
15 (5.2) 
12 (4.2) 

0.84(0.68,1.04)                               0.094 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt 

(h) MODEL 4: RANCH HANDS - 1987 DIOXIN - ADJUSTED 

Analysis Results for Log2 (1987 Dioxin + 1) 
•' ^   Adjusted Relative Risk ■.;        .-■.■! 

863 0.84(0.66,1.07) 

a Relative risk for a twofold increase in 1987 dioxin. 

p-Value) 

0.154 

16.2.2.3.24   FSH (Continuous) 

The Model 1 unadjusted analysis of FSH did not show an overall group difference between Ranch Hands 
and Comparisons (Table 16-32(a): p=0.666). Stratifying by occupation revealed a marginally significant 
difference between Ranch Hands and Comparisons within the officer stratum (Table 16-32(a): difference 
of means=0.51 mlU/ml, p=0.071). The mean FSH value for Ranch Hand officers was 6.62 mlU/ml 
versus 6.11 mlU/ml for Comparison officers. The adjusted analysis of FSH revealed no significant 
difference between Ranch Hands and Comparisons across all occupations or within each occupational 
stratum (Table 16-32(b): p>0.11 for each contrast). 

Table 16-32. Analysis of FSH 

: RÄIVCH HAND 

(mlU/ml) (Continuous) 
(a) MODEL! S:^:^ 

Occupational 
-MMM^ßi^M^m |:if|:i^ Hi'lEpSS^uM? ^Y:;; 

All Ranch Hand 
Comparison 

870                     6.05 
1,251                     5.98 

0.07- 0.666 

Officer Ranch Hand 
Comparison 

341                     6.62 
494                     6.11 

0.51- 0.071 

Enlisted Flyer Ranch Hand 
Comparison 

151                     6.02 
187                     5.99 

0.03- 0.941 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

378                     5.59 
570                     5.86 

-0.27 -- 0.257 

a Transformed from natural logarithm scale. 
Difference of means after transformation to original scale; confidence interval on difference of means not 

presented because analysis was performed on natural logarithm scale. 
c P-value is based on difference of means on natural logarithm scale. 
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Table 16-32.   Analysis of FSH (mlU/ml) (Continuous) (Continued) 

■(b) MODEL 1: RANCH:HÄNDS-VS.:;COMPARISpNS-ADJUSTED;  ■ 
Occupational 

■ ■ .Category: :■:. ■ Group 
Adjusted :   Difference of Adj. Means. 

.     .. .(95%C.L)b'; -. p-VaIuec 

All Ranch Hand 
Comparison 

£70                     5.P2 
/,25/                     5.85 

0.06- 0.689 

Officer Ranch Hand 
Comparison 

341                      6.01 
494                     5.62 

0.40- 0.112 

Enlisted Flyer Ranch Hand 
Comparison 

151                      5.67 
187                      5.70 

-0.03 - 0.928 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

378                      6.06 
570                     6.27 

-0.21 -- 0.401 

a Transformed from natural logarithm scale. 
b Difference of means after transformation to original scale; confidence interval on difference of means not 
presented because analysis was performed on natural logarithm scale. 
c P-value is based on difference of means on natural logarithm scale. 

■(c) MODEL 2: RANCH HANDS - INITIAL DIOXIN - UNADJUSTED 

IiiitiälD^ Summary Sti iÜMM^}::^MW"]l\ ;■".■ ■■.■ <': :Analy$is;Resuit$ibr-Loj^^ 

Initial Dioxin :il;l®fl:l ÖSleäid! ■• :'MjM^^: r- 
Low 
Medium 
High 

160 
162 
160 

6.40 
5.87 
5.64 

6.42 
5.87 
5.62 

0.008          -0.035(0.021)               0.099 

a Transformed from natural logarithm scale. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 
c Slope and standard error based on natural logarithm of FSH versus log2 (initial dioxin). 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(d) MODEL 2: RANCH HANDS - INITIAL DIOXIN - ADJUSTED 

Initial Dioxin C ategory Summa 1*3 fiStMisti<M^:^M v;'f;i;: y:^j'f; v ^H v^ V: ::| j: ^E^i^S ;ÄfesultS ^föE^ I^^ä^^^^Ö0;;Diö^i|^ ^;''-:;- r;r: -:-;■ -|^: ii-:;;;': i;;-; 

Initial Dioxin ;|;i::n;||l |(||||||^||| llllllll 
Low 
Medium 
High 

160 
162 
160 

5.82 
5.50 
5.53 

0.051                     -0.007(0.024)             0.763 

a Transformed from natural logarithm scale. 
b Slope and standard error based on natural logarithm of FSH versus log2 (initial dioxin). 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 
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Table 16-32.   Analysis of FSH (mlU/ml) (Continuous) (Continued) 

(c) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - UNADJUSTED 

Dioxin Category ..Mean3: ;liiäiiiiij 
Difference of Adj. Mean 

vs. Comparisons 
■■..........'..;.. :(?5%.c;i.)c,;  !p-Value" 

Comparison 1,213 5.97 5.97 

Background RH 381 6.21 6.21 0.24- 0.283 
LowRH 239 6.28 6.28 0.31- 0.258 
High RH 243 5.66 5.66 -0.31 - 0.229 
Low plus High RH 482 5.96 5.96 -0.01 - 0.955 

a Transformed from natural logarithm scale. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 
c Difference of means after transformation to original scale; confidence interval on difference of means not presented 
because analysis was performed on natural logarithm scale. 
d P-value is based on difference of means on natural logarithm scale. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand):  1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - ADJUSTED 

Dioxin Category Adj. Mean" 

Difference of Adj. Mean 
vs. Comparison's  ; ■ 1 

p- Value* 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,213 

381 
239 
243 
482 

5.87 

6.02 
5.98 
5.83 
5.90 

0.15- 0.491 
0.11- 0.668 
•0.04- 0.855 
0.03 - 0.877 

a Transformed from natural logarithm scale. 
Difference of means after transformation to original scale; confidence interval on difference of means not presented 

because analysis was performed on natural logarithm scale. 
c P-value is based on difference of means on natural logarithm scale. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 16-32.   Analysis of FSH (mlU/ml) (Continuous) (Continued) 

(g) MODEL 4: RANCH HANDS - - 1987 DIOXIN- UN AD JUSTED                         ■;                       -..'.Älffl 
1987 Dioxin Category Summary Statistics Analysis Results for Log2 (1987 Dioxin +1) 

1987 Dioxin ^-^'0'^ ■ ^r^lV =J' ■-' ^; :-^; ii "':^S!Ä^n?::SÄM^'r-^ 
Adjusted Slope 

R2    :                      (StcLErrorf                p-Value 
Low 

Medium 

High 

288 
287 
288 

6.34 

6.19 

5.70 

0.003                 -0.024(0.015)            0.105 

a Transformed from natural logarithm scale. 
b Slope and standard error based on natural logarithm of FSH versus log2 (1987 dioxin + 1). 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

({i)MO^ -1987 DIOXIN™, *&!$£^ 
;■■,•■::;;;: •■:1987. Dioxin C^ategqrj;Summary Statistics';; ■;;;.::;;: ^ ■ ■ ■ •' :        Analysis Results for Log2 (1987 Dioxin + 1)    ;       ;. 

W^^^^^MMMT&^^^SM. .Adj.Mean8 ...'■■■ ■ 
Adjusted Slope 

Low                            288 
Medium                      287 
High                           288 

6.18 
5.93 
5.97 

0.066                 -0.001 (0.016)            0.958 

a Transformed from natural logarithm scale. 
Slope and standard error based on natural logarithm of FSH versus log2 (1987 dioxin + 1). 

Note: Low = <7.9 ppt; Medium = >7.9~19.6 ppt; High = >19.6 ppt. 

A marginally significant inverse association was revealed between initial dioxin and FSH in the 
unadjusted Model 2 analysis (Table 16-32(c): slope=-0.035, p=0.099). After adjusting for covariates, 
the results became nonsignificant (Table 16-32(d): p=0.763). 

No significant associations were revealed between FSH and dioxin in the unadjusted and adjusted Models 
3 and 4 analyses (Table 16-32(e-h): p>0.10 for each analysis). 

16.2.2.3.25   FSH (Discrete) 

All unadjusted and adjusted analyses in Models 1 through 4 showed no significant relations between 
dioxin and dichotomized FSH (Table 16-33(a-h): p>0.17 for each analysis). 
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Table 16-33. Analysis of FSH (Discrete) 

(a) MODEL 1: RANCH HANDS VS. COMPARISONS ~ UNADJUSTED 
Occupational 

|. /Category- 1 Group High      ] 
Est. Relative Risk 

(95% C.I.) p-Value 
All 

Officer 

Enlisted Flyer 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

870 
1,251 

341 
494 

151 
187 

378 
570 

72   (8.3) 
98  (7.8) 

39(11.4) 
48   (9.7) 

17(11.3) 
14   (7.5) 

16   (4.2) 
36   (6.3) 

1.06(0.77,1.46) 

1.20(0.77,1.88) 

1.57(0.75,3.29) 

0.66 (0.36,1.20) 

0.713 

0.424 

0.235 

0.171 

(b) MODEL 1: RANCH HANDS VS. COMPARISONS - ADJUSTED 

Occupational Category 
Adjusted Relative Risk 

rp-Value! 
All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

1.04(0.75,1.45) 

1.18(0.74,1.85) 
1.49(0.70,3.17) 
0.68 (0.37,1.26) 

0.794 

0.488 
0.297 
0.221 

::V(c) MODEL 2t |:!RiMCH;:MiiDS;- !M!i^^ 
§'B^MS:W^^-. Dioxin Category Summary Statistfe ;7. Analysis. Results^                                   :; 

Initial Dioxin MM^M^ 
Low 
Medium 
High 

160 
162 
160 

13(8.1) 
14 (8.6) 

9 (5.6) 

0.94(0.72,1.22)                         0.618 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

p-Value^ 
482 1.11(0.81,1.53) 0.508 

Relative risk for a twofold increase in initial dioxin. 
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Table 16-33.   Analysis of FSH (Discrete) (Continued) 

!;$#l^ -UNADJUSTED   111 

Dioxin Category :h:x-^-[ym^r:yy.": 
Number {%)                  Est Relative Risk    '- 

■     ■High; .   ■                      (95%CX)3b p-Value 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,213 

381 
239 
243 
482 

93 (7.7) 

35(9.2)                    1.22(0.81,1.84) 
20(8.4)                    1.10(0.66,1.82) 
16(6.6)                   0.85(0.49,1.47) 
36(7.5)                   0.96(0.64,1.44) 

0.341 
0.713 
0.557 
0.860 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXM CATEGORY™ ADJUSTED 

0.652 
0.781 
0.621 

,  0.859 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand):  1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,213 

381 
239 
243 
482 

1.10(0.72,1.69) 
0.93(0.55,1.56) 
1.16(0.64,2.08) 
1.04(0.68,1.58) 

l^Wi0^j$M ̂ i^cgjiiiiDs^ -.;19§!7.;MQXIN ;:^i^^usTEö^                                ::;v:;' 
1987 Dioxin Category Summarj ppi|Ö^!31iii §f||ll|M 

IglKlioSl:: iM^MwWidMMjädi-M; 
WkEstin^ 
lllililliSÄ 

Low 
Medium 
High 

288 
287 
288 

24 (8.3) 
28 (9.8) 
19 (6.6) 

0.97 (0.82,1.15)                              0.712 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 
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Table 16-33.   Analysis of FSH (Discrete) (Continued) 

(h) MODEL 4: RANCHHANDS -1987 DIOXIN-ADJUSTED 

Analysis Results for Log2 (1987 Dioxin+ 1) 
Adjusted Relative Risk 
\     :(95%GJ.)a ',/■■■: ; ■■ p-Vahie 

 863 1.16(0.93,1.45) 0.188 

Relative risk for a twofold increase in 1987 dioxin. 

16.2.3   Longitudinal Analysis 

Longitudinal analyses were conducted on the composite diabetes indicator, TSH, fasting glucose, 2-hour 
postprandial glucose, and total testosterone to examine whether changes across time differed with respect 
to group membership (Model 1), initial dioxin (Model 2), and categorized dioxin (Model 3). Model 4 
was not examined in the longitudinal analysis because 1987 dioxin—the measure of exposure in these 
models—changes over time and is not available for all participants for 1982 or 1997. 

Discrete and continuous analyses were performed for TSH, fasting glucose, 2-hour postprandial glucose, 
and total testosterone. The longitudinal analyses for all of these variables investigated the difference 
between the 1982 and 1997 examinations. These analyses were used to investigate the temporal effects of 
dioxin during the 15-year period between 1982 and 1997. 

Participants who were abnormal in 1982 were not included in the longitudinal analysis of discrete 
dependent variables. The purpose of the longitudinal analysis was to examine the effects of dioxin 
exposure across time. Participants who were abnormal in 1982 were not considered to be at risk for 
developing the condition because the condition already existed at the time of the first collection of data 
for the AFHS (1982). Only participants who were normal at the 1982 examination were considered to be 
at risk for developing the disease; therefore, the rate of abnormalities under this restriction approximates 
an incidence rate between 1982 and 1997. That is, an incidence rate is a measure of the rate at which 
people without a condition develop the condition during a specified period of time (50). Summary 
statistics are provided for reference purposes for the 1985, 1987, and 1992 examinations. 

The longitudinal analysis for the discrete form of the dependent variables examined relative risks at the 
1997 examination for participants who were classified as normal at the 1982 examination. The adjusted 
relative risks estimated from each of the three models were used to investigate the change in the 
dependent variable over time. All three models were adjusted for age; Models 2 and 3 also were adjusted 
for the percentage of body fat at the time of the blood measurement of dioxin. 

The longitudinal analysis of continuous variables examined the paired difference between the 
measurements from 1982 and 1997. These paired differences measured the change in the dependent 
variable over time. Each of the three models used in the longitudinal analysis was adjusted for age and 
the dependent variable as measured in 1982 (see Chapter 7, Statistical Methods). 

The cutpoints for TSH, fasting glucose, 2-hour postprandial glucose, and total testosterone differed 
between examinations. The cutpoints changed between examinations because a different laboratory was 
used to perform the analysis or because an upgrade in the equipment used caused a change in the 
reference values. These cutpoints were used for determining abnormal and normal classifications for 
each of the respective examinations and are shown in Table 16-34. 
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Table 16-34. Normal Ranges from Air Force Health Study Examinations for Dependent Variables 
Used in Endocrine Longitudinal Analysis 

Dependent Variable         | Examination 
:^>g /::;>:■:;;::■;;;;.: }::;t;<X7Mts>:;;-::i:::\;;::; ';'i;^::;

::::::-:;;.;;-:;:-_; iM:^WW'Mr: WM*$$M ^■]$^^mM 1992 1997 

TSH (uIU/ml) 
Fasting Glucose (mg/dl) 

2-hour Postprandial 
Glucose (mg/dl) 
Total Testosterone (ng/dl) 

<10 
<115 

(Age < 50) 
<125 

(Age > 50) 
<120 

>400 

<3 
<110 

<140 

>260 

<3 
<110 

<140 

>260 

<5.5 
<115 

<140 

>260 

<5.5 
<110 

<140 

>241 
(Age < 50) 

>230 
(Age > 50) 

16.2.3,1  Medical Records Variables 

16.23.1.1 Composite Diabetes Indicator 

A participant was considered diabetic in the composite diabetes indicator variable if he had a verified 
history of diabetes or a 2-hour postprandial glucose level of at least 200 mg/dl. 

The Model 1 analysis of diabetic participants in 1997 who were nondiabetic in 1982 did not uncover a 
significant difference between Ranch Hands and Comparisons across all occupations or within each 
occupational stratum (Table 16-35(a): p>0.66 for each analysis). 

Table 16-35. Longitudinal Analysis of Composite Diabetes Indicator 

(a) MODEL 1: RANCH HANDS VS^ !::£0MFARiSOIi 
';■ ■ ".Number-(%) Diabetic yMMS0:M 

Occupational 
K:

:
;^ 

I'   Examination :; 

^
:
0:<J^^^^^J}MM% iiii^^giiiiii iiipsli mm^tmMWM fillip f|| W&9WXM 
All Ranch Hand 30(3.7) 52 (6.6) 63 (8.1) 100(12.8) 143 (17.7) 

(808) (791) (782) (779) (808) 
Comparison 25 (2.6) 50 (5.3) 64 (6.9) 108(11.7) 162 (16.9) 

(959) (940) (931) (926) (959) 

Officer Ranch Hand 13(4.2) 20 (6.6) 23 (7.7) 38 (12.6) 51 (16.6) 
(308) (304) (300) (301) (308) 

Comparison 10(2.6) 20(5.4) 24 (6.6) 43(11.5) 60 (15.9) 
(378) (371) (365) (373) (378) 

Enlisted Flyer Ranch Hand 5 (3.4) 11(7.7) 12 (8.5) 20 (14.2) 26 (17.9) 
(145) (143) (141) (141) (145) 

Comparison 5 (3.5) 7 (5.0) 9 (6.4) 18(13.0) 27 (19.0) 
(142) (141) (140) (138) (142) 

Enlisted Groundcrew Ranch Hand 12 (3.4) 21 (6.1) 28 (8.2) 42 (12.5) 66(18.6) 
(355) (344) (341) (337) (355) 

Comparison 10(2.3) 23 (5.4) 31 (7.3) 47(11.3) 75(17.1) 
(439) (428) (426) (415) (439) 
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Table 16-35.   Longitudinal Analysis of Composite Diabetes Indicator (Continued) 

■■':'. :.Groiip. ■■ 

Normal in 1982 

Adj. Relative Risk Occupational 
Category n in 1997 Diabetic in 1997 p.-Value8 

All 

Officer 

Enlisted Flyer 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 
Ranch Hand 
Comparison 
Ranch Hand 
Comparison 

778 
934 

295 
368 
140 
137 
343 
429 

113 (14.5) 
137(14.7) 

38 (12.9) 
50(13.6) 
21 (15.0) 
22(16.1) 
54(15.7) 
65 (15.2) 

1.00(0.76,1.31) 

0.94(0.60,1.49) 

0.93(0.48,1.79) 

1.09(0.73,1.63) 

0.993 

0.801 

0.821 

0.660 

a Relative risk, confidence interval, and p-values are in reference to a contrast of 1982 and 1997 results; results 
adjusted for age in 1997. 

Note: Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for participants who 
attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided for reference purposes 
for participants who attended the 1982, 1992, and 1997 examinations. Statistical analyses are based only on 
participants who were not diabetic in 1982 (see Chapter 7, Statistical Methods). 

initial Dioxin WgmM'^'WM :f|g;f|iI^gVp^|:S; WIMnM^BW'k MW^W9ZM:S- *Z&W9fä:^ 
Low 6 (4.0) 10(6.7) 11(7.3) 23 (16.0) 32(21.2) 

(151) (149) (151) (144) (151) 
Medium 7 (4.5) 13 (8.6) 12 (7.9) 25(16.4)   4 35 (22.6) 

(155) (152) (151) (152) (155) 
High 8 (5.2) 16 (10.7) 21 (14.1) 25 (16.9) 39 (25.5) 

(153) (150) (149) (148) (153) 

Initial Dioxin Category Summ af£< Statistics ■   ■■•'.■■'■ ■ ;;■.   Analysis Results■forLpg2 (initial Dioxin)^ ';'■-"..]■■: 

Normal mwmBMW&SM 

Initial Dioxin llli^' (95% C.I.)b                              p-Value 

Low 
Medium 
High 

145 
148 
145 

26 (17.9) 
28 (18.9) 
31 (21.4) 

1.28(1.04,1.57)                        0.019 

a Adjusted for percent body fat at the time of the blood measurement of dioxin and age in 1997. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for 
participants who attended the 1982,1987, and 1997 examinations. Summary statistics for 1992 are provided 
for reference purposes for participants who attended the 1982,1992, and 1997 examinations. Statistical 
analyses are based only on participants who were not diabetic in 1982 (see Chapter 7, Statistical Methods). 
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Table 16-35.   Longitudinal Analysis of Composite Diabetes Indicator (Continued) 

(c) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY 

Number (%) Diabetic/(n) | 
^.Examination '.■;''....;! 

Dioxin Category ■;-mmt^)^iq:^ 1985 1987 ■■1992 1997 
Comparison 

Background RH 

LowRH 

HighRH 

Low plus High RH 

24 (2.6) 
(932) 

9(2.6) 
(345) 

11(4.9) 
(226) 

10 (4.3) 
(233) 

21 (4.6) 
(459) 

47(5.1) 
(916) 

13 (13.9) 
(337) 

18 (8.1) 
(221) 

21 (9.1) 
(230) 

39 (8.6) 
(451) 

61 (6.7) 
(906) 

19 (5.8) 
(328) 

18(8.1) 
(223) 

26(11.4) 
(228) 

44 (9.8) 
(451) 

103(11.4) 
(900) 

27 (8.1) 
(332) 

36(16.6) 
(217) 

37 (16.3) 
(227) 

73 (16.4) 
(444) 

Adj. Relative Risk 
;    (95%CX)ab:   \ 

154 (16.5) 
(932) 

35 (10.1) 
(345) 

49 (21.7) 
(226) 

57 (24.5) 
(233) 

106 (23.1) 
(459) 

;;;;i ::i;v;-:;:;;;;:;r::r::^:::;: J; ;V:; :|^oirm^:iä ;.::|. 9§2-g'::;:;:; v: ■;; ■;>;|>;:;:::;,:;; 

:..;:'piöxin.Gätegpi^"!'■■.'■■ ■; tSiS^ä^MMS. Diabetic in 1997   "■';.'• S^Si^i^^SSRi 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

908 

336 
215 
223 
438 

130 (14.3) 

26   (7.7) 
38 (17.7) 
47(21.1) 
85 (19.4) 

0.55 (0.35,0.88) 
1.11(0.72,1.71) 
1.61 (1.07,2.42) 
1.34(0.97,1.86) 

0.012 
0.634 
0.023 
0.079 

a Relative risk and confidence interval relative to Comparisons. 
Adjusted for percent body fat at the time of the blood measurement of dioxin and age in 1997. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin >10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin >10 ppt, Initial Dioxin > 94 ppt. 

Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for 
participants who attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided 
for reference purposes for participants who attended the 1982, 1992, and 1997 examinations. Statistical 
analyses are based only on participants who were not diabetic in 1982 (see Chapter 7, Statistical Methods). 

The Model 2 longitudinal analysis revealed a significant positive association between initial dioxin and 
the percentage of diabetic participants (Table 16-35(b): Adj. RR=1.28, p=0.019). The percentages of 
diabetic participants in 1997 who were nondiabetic in 1982 were 17.9, 18.9, and 21.4 in the low, medium, 
and high initial dioxin categories, respectively. 

Three significant contrasts were seen in the Model 3 longitudinal analysis of composite diabetes indicator: 
Ranch Hands in the background dioxin category versus Comparisons (Table 16-35(c): Adj. RR=0.55, 
p=0,012), Ranch Hands in the high dioxin category versus Comparisons (Table 16-35(c): Adj. RR=1.61, 
p=0.023), and Ranch Hands in the low plus high dioxin category versus Comparisons (Table 16-35(c): 
Adj. RR=1.34, p=0.079). The percentages of participants who were nondiabetic in 1982 and diabetic in 
1997 were 7.7, 21.1, 19.4, and 14.3 for Ranch Hands in the background dioxin category, Ranch Hands in 
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the high dioxin category, Ranch Hands in the low plus high dioxin category, and Comparisons, 
respectively. 

16.2.3.2 Laboratory Examination Variables 

16.2.3.2.1 TSH (Continuo us) 

The longitudinal analyses in Models 1 through 3 did not reveal a significant association between dioxin 
and change in mean TSH level (Table 16-36(a-c): p>0.26 for each analysis). 

Table 16-36. Longitudinal Analysis of TSH (ulU/ml) (Continuous) 

(ä)M(>pELl; RANCH HANDS VS/GOMPAHISONS 

Occupational 
l^'jr;Gir^Bp^f|i^ 

Examination 
..■Exam.;. :■; 

Mean 
Change1^;-: 

Difference of 
Exam. Mean 

[:;V':. Change \ ! •■■;'.; i^l^iSi^^Ä-^] 1982 || $$|8S| \ W7.:j V1992A; 1997 p-Value0 

All Ranch Hand 

Comparison 

3.64 
(791) 
3.49 
(929) 

1.21 
(773) 
1.16 
(911) 

0.91 
(762) 
0.87 
(904) 

1.60 
(770) 
1.56 
(910) 

1.87 
(791) 
1.79 
(929) 

-1.76 

-1.70 

-0.06 0.525 

Officer Ranch Hand 

Comparison 

3.78 
(298) 
3.47 
(358) 

1.28 
(294) 
1.18 

(352) 

0.99 
(289) 
0.89 
(347) 

1.73 
(293) 
1.62 

(353) 

2.00 
(298) 
1.84 

(358) 

-1.78 

-1.63 

-0.15 0.700 

Enlisted 
Flyer 

Ranch Hand 

Comparison 

3.46 
(141) 
3.66 
(139) 

1.16 
(138) 
1.15 

(138) 

0.84 
(135) 
0.87 
(137) 

1.43 
(139) 
1.53 

(137) 

1.72 
(141) 
1.89 

(139) 

-1.74 

-1.77 

0.03 0.440 

Enlisted 
Groundcrew 

Ranch Hand 

Comparison 

3.59 
(352) 
3.45 
(432) 

1.17 
(341) 
1.15 

(421) 

0.89 
(338) 
0.84 
(420) 

1.56 
(338) 
1.52 

(420) 

1.83 
(352) 
1.71 

(432) 

-1.76 

-1.74 

-0.02 0.263 

a Transformed from natural logarithm scale. 
Difference between 1997 and 1982 examination means after transformation to original scale. 

c P-value is based on analysis of natural logarithm of TSH; results adjusted for natural logarithm of TSH in 1982 and 
age in 1997. 

Note: Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for participants who 
attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided for reference purposes 
for participants who attended the 1982, 1992, and 1997 examinations. 
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Table 16-36. Longitudinal Analysis o f TSH (ßlu/ml) (Continuous) 

(b)MODEL2: RANCH HANDS - INITIAL DIOXIN 

Initial Dioxin Category Summary Statistics Analysis Results for Log2 (Initial Dioxin)1' 

SS: HWw^m MZ-'/.              ";::-l Äaimnatiön;;;: % ;/;;;;;; ;:;; Adjusted Slope 
Initial Dioxin .1982  ■ 1985 1987 1992 1997 (StcL Error)                        p-Value 
Low 

Medium 

High 

3.62 
(151) 

3.56 
(155) 

3.59 
(145) 

1.22 
(148) 

1.23 
(152) 

1.17 
(142) 

0.95 
(150) 

0.91 
(151) 

0.89 
(140) 

1.60 
(146) 

1.57 
(153) 

1.55 
(142) 

1.94 
(151) 

1.86 
(155) 

1.80 
(145) 

-0.007 (0.020)                     0.717 

Transformed from natural logarithm scale. 
b Results based on difference between natural logarithm of 1997 TSH and natural logarithm of 1982 TSH versus 
log2 (initial dioxin); results adjusted for percent body fat at the date of the blood measurement of dioxin, natural 
logarithm of 1982 TSH, and age in 1997. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 1985, 
and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for participants who 
attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided for reference 
purposes for participants who attended the 1982, 1992, and 1997 examinations. 

(e) MODEL 3: ;$$^|^ 
Mean7(n). ■:   Exam. Difference of 

?":^o!;TOÖiiiäft^i'*\;l> Examination 

'.. -Change6..'"; 
■ ■ Exam^-Mean'., 

■;; :Change.;' .: ■ Category mwzm 
3.49 

Wi$$& Yl^imM^:. 1992 WMWIm- p-Valuec 

Comparison 1.16 0.86 1.56 1.79 -1.70 
(901) (886) (878) (883) (901) 

Background 3.69 1.21 0.91 1.63 1.87 -1.81 -0.11 0.934 
RH (334) (326) (316) (324) (334) 
LowRH 3.58 1.23 0.95 1.61 1.90 -1.67 0.03 0.514 

(224) (218) (221) (217) (224) 
HighRH 3.60 1.18 0.88 1.54 1.83 -1.77 -0.07 0.681 

(227) (224) (220) (224) (227) 
Low plus 3.59 1.21 0.91 1.57 1.87 -1.72 -0.02 0.492 
HighRH (451) (442) (441) (441) (451) 

a Transformed from natural logarithm scale. 
Difference between 1997 and 1982 examination means after transformation to original scale. 

c P-value is based on analysis of natural logarithm of 1997 TSH; results adjusted for percent body fat at the date of 
the blood measurement of dioxin, natural logarithm of 1982 TSH, and age in 1997. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for 
participants who attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided 
for reference purposes for participants who attended the 1982, 1992, and 1997 examinations. 
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16.2.3.2.2 TSH (Discrete) 

The longitudinal analysis of high 1997 TSH levels for participants who had normal TSH levels in 1982 
was not significantly associated with group or dioxin in Models 1 through 3 (Table 16-37(a-c): p>0.23 
for each analysis). 

Table 16-37. Longitudinal Analysis of TSH (Discrete) 

(a) MODEL!: RANCH HANDS VS. COMPARISONS 

Occupational 
: Group 

Number ■(%) High/(nj 
Exaniination 

lEDl'M^ 
;:^:^^Ä;^Sii^Öigr}|V!:;:i WMM&m ■     .,.   -1985'    ... \ . .1987 ■ ■■■'.;■ / ■1992 1997 
All                                 Ranch Hand 

Comparison 

Officer                           Ranch Hand 

Comparison 

Enlisted Flyer                Ranch Hand 

Comparison 

Enlisted Groundcrew     Ranch Hand 

Comparison 

5(0.6) 
(791) 
4(0.4) 
(929) 

2 (0.7) 
(298) 

1 (0.3) 
(359) 

0 (0.0) 
(141) 
1 (0.7) 
(139) 

3 (0.9) 
(352) 

2 (0.5) 
(432) 

9(1.2) 
(773) 

14(1.5) 
(911) 

4(1.4) 
(294) 

6(1.7) 
(352) 

1 (0.7) 
(138) 

2(1.4) 
(138) 

4(1.2) 
(341) 
6(1.4) 
(421) 

10(1.3) 
(762) 

11 (1.2) 
(904) 

5 (1-7) 
(289) 

5(1.4) 
(347) 

1 (0.7) 
(135) 

1 (0.7) 
(137) 

4(1.2) 
(338) 

5 (1.2) 
(420) 

10(1.3) 
(770) 

19 (2.1) 
(910) 

4 (1.4) 
(293) 

12 (3.4) 
(353) 

2(1.4) 
(139) 

1 (0.7) 
(137) 

4 (1.2) 
(338) 

6 (1.4) 
(420) 

32 (4.0) 
(791) 

29 (3.1) 
(929) 

12 (4.0) 
(298) 

11(3.1) 
(358) 

3 (2.1) 
(141) 

5 (3.6) 
(139) 

17 (4.8) 
(352) 

13 (3.0) 
(432) 

t:V         Normal.in 1982 r>:         : / 
:   ■ :::^^i:;;Äeiäö^e;Risks'.:: Occupational 

Category |^^-=gßri^^;;g^i( n in 1997 
:■ Number (%) High 1 

p-Value*   ;■''■■'■'■ 

All 

Officer 

Enlisted Flyer 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 
Ranch Hand 
Comparison 
Ranch Hand 
Comparison 

786 
925 

296 
357 
141 
138 
349 
430 

28(3.6) 
27(2.9) 

11 (3.7) 
11(3.1) 
3 (2.1) 
5 (3.6) 

14 (4.0) 
11(2.6) 

1.23 (0.72,2.10) 

1.20(0.51,2.81) 

0.57(0.13,2.45) 

1.63(0.73,3.65) 

0.454 

0.675 

0.452 

0.233 

a Relative risk, confidence interval, and p-values are in reference to a contrast of 1982 and 1997 results; results 
adjusted for age in 1997. 

Note: Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for participants who 
attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided for reference purposes 
for participants who attended the 1982, 1992, and 1997 examinations. Statistical analyses are based only on 
participants who had a normal TSH level in 1982 (see Chapter 7, Statistical Methods). 
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Table 16-37.   Longitudinal Analysis of TSH (Discrete) (Continued) 

(b)MODEL 2: j^^^BtÄNl^ir -INITIAL DIOXIN 

Number (%)High/(n) 
Examination 

Initial Dioxin '<-MW^W%^^ /\}::^mt0j^&2 :^%%$i^'::n;0i:^^ 1992 1997 
Low 

Medium 

High 

0 (0.0) 
(151) 

1 (0.6) 
(155) 

1 (0.7) 
(145) 

1 (0.7) 
(148) 

3 (2.0) 
(152) 

1 (0.7) 
(142) 

1 (0.7) 
(150) 

2(1.3) 
(151) 
2(1.4) 
(140) 

0 (0.0) 
(146) 

1 (0.7) 
(153) 

5 (3.5) 
(142) 

6 (4.0) 
(151) 

4(2.6) 
(155) 

7 (4.8) 
(145) 

^Vr:;:;:/IiUti&pipxify^                                                . v.-/;-,'.:- Analysis Results for Log2 (InitialDioxin)3    .. 
;;:;Ä^ 

Adj. Relative; Risk 
Initial Dioxin - v.n^997:-.-"■,'•:'.''' 

Number (%) High 
p-Value 

Low 
Medium 
High 

151 
154 
144 

6 (4.0) 
3 (1.9) 
6 (4.2) 

1.16(0.78,1.72) 0.486 

Adjusted for percent body fat at the time of the blood measurement of dioxin and age in 1997. 
Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt 

Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for 
participants who attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided 
for reference purposes for participants who attended the 1982, 1992, and 1997 examinations. Statistical 
analyses are based only on participants who had a normal TSH level in 1982 (see Chapter 7, Statistical 
Methods). 

i^ ■^j^g^PlSi';^ 

^■:Wo^m(ß^'MMk/^0 
-■■•■■':;:'^:i:.;.Exariiihatipri;:- 

'^^m^^Jä^fi^öl^^^rj mmMM^mMm ililBSSÄS Wm§$IMMMM §g^}mm ^M'^MMMW] 
Comparison 4 (0.4) 14 (1 6) 11 <\ V[ 1Q (0 1\ 9Q C\ 0\ -r ^vr.-iy AT \i.u; 11  \X*JJ z,y \J.Z,J 

(901) (886) (878) (883) (901) 

Background RH 3 (0.9) 4(1.2) 5 (1.6) 4 (1.2) 14 (4.2) 
(334) (326) (316) (324) (334) 

LowRH 0 (0.0) 2 (0.9) 2 (0.9) 1 (0.5) 7(3.1) 
(224) (218) (221) (217) (224) 

High RH 2 (0.9) 3(13) 3(1.4) 5(2.2) 10(4.4) 
(227) (224) (220) (224) (227) 

Low plus High RH 2 (0.4) 5(1.1) 5(1.1) 6(1.4) 17 (3.8) 
(451) (442) (441) (441) (451) 
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Table 16-37.   Longitudinal A na fysis of TSH (Discrete) (Continued) 

Normal in 1982 

Adj.'Relative Risk 
■   (95% CJ.)8b ; Dioxin Category                  n in 1997 

Number (%) High   '.■' 
in 1997 ■p-Valueb 

Comparison                              897 

Background RH                       331 
Low RH                                   224 
High RH                                   225 
Low plus High RH                   449 

27 (3.0) 

12 (3.6) 
7 (3.1) 
8 (3.6) 

15 (3.3) 

1.10 (0.55,2.22) 
1.01 (0.43,2.35) 
1.42(0.63,3.22) 
1.20(0.63,2.29) 

0.782 
0.984 
0.399 
0.585 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin and age in 1997. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin >10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin >10 ppt, Initial Dioxin > 94 ppt. 

Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for 
participants who attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided 
for reference purposes for participants who attended the 1982,1992, and 1997 examinations. Statistical 
analyses are based only on participants who had a normal TSH level in 1982 (see Chapter 7, Statistical 
Methods). 

16.23.23 Fasting Glucose (Continuous) 

Analysis of Models 1 through 3 showed no significant relations between dioxin and the change in mean 
fasting glucose between 1982 and 1997 (Table 16-38(a-c): p>0.14 for each analysis). 

Table 16-38. Longitudinal Analysis of Fasting Glucose (mg/dl) (Continuous) 

■:(a)MODEL:j li RANCH HANDS VS COME ̂ KÖi§!i3a§ 

Occupational 
%Miß^i^iipS^Pm 

.',;Exahv ;': '-.-}; Difference of   ■-! 
;;¥;;j$eaA^ 

i^^MMMt^M ilÄi • 1985 11198711 ÜÜÜ mi$M<i ■;:pVy.aliie'-.:: 
All 

Officer 

Enlisted 
Flyer 

Ranch Hand 

Comparison 

Ranch Hand 

Comparison 

Ranch Hand 

Comparison 

97.4 
(817) 
96.8 
(974) 

98.1 
(310) 
96.9 
(380) 

98.2 
(148) 
97.9 
(145) 

98.9 
(799) 
98.0 
(956) 

100.1 
(306) 
97.9 
(374) 

98.4 
(145) 
99.0 
(144) 

100.2 
(790) 
99.8 
(948) 

101.4 
(302) 
100.3 
(368) 

100.5 
(143) 
100.3 
(143) 

104.5 
(795) 
104.1 
(954) 

105.1 
(305) 
104.4 
(375) 

104.4 
(145) 
104.7 
(143) 

101.7 
(817) 
101.5 
(974) 

101.6 
(310) 
100.5 
(380) 

102.8 
(148) 
103.5 
(145) 

4.3 

4.6 

3.5 

3.6 

4.6 

5.6 

-0.3 

-0.1 

-1.0 

0.817 

0.962 

0.693 
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Table 16-38.   Longitudinal Analysis of Fasting Glucose (mg/df) (Continuous) (Continued) 

:;M>:M0I)EI^ 

Occupational 
/    MeanVCn).  . 

Examination' 
Exam,    ■ 
.Mean 

Changeb 

Difference of 
Exam. Mean 

Change Category             Group 1982 1985 1987 1?92 1997 p-Value* 

Enlisted            Ranch Hand 
Groundcrew 

Comparison 

96.5 
(359) 
96.4 
(449) 

98.0 
(348) 
97.7 
(438) 

99.1 
(345) 
99.3 
(437) 

104.1 
(345) 
103.6 
(436) 

101.4 
(359) 
101.6 
(449) 

4.8 

5.2 

-0.4 0.871 

a Transformed from natural logarithm scale. 
Difference between 1997 and 1982 examination means after transformation to original scale. 

c P-value is based on analysis of natural logarithm of fasting glucose; results adjusted for natural logarithm of fasting 
glucose in 1982 and age in 1997. 

Note: Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for participants who 
attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided for reference purposes 
for participants who attended the 1982, 1992, and 1997 examinations. 

Initial Dioxin Category $ummary Statistics Analysis Results for Log2 (Initial Dioxin)*1 

Examination Adjusted Slope 
Initial Dioxin       1982 :;gl?85;-:i :-^:"MMkM 1992 1997 '.'■■:   p-Value ■:  ' 

Low 97.5 
(153) 

99.7 
(150) 

101.4 
(152) 

105.1 
(148) 

101.5 
(153) 

0.008 (0.007) 0.261 

Medium 98.3 
(158) 

99.4 
(155) 

100.7 
(155) 

105.0 
(155) 

104.6 
(158) 

High 99.2 
(153) 

101.3 
(150) 

103.4 
(148) 

109.6 
(150) 

105.5 
(153) 

a Transformed from natural logarithm scale. 
b Results based on difference between natural logarithm of 1997 fasting glucose and natural logarithm of 1982 
fasting glucose versus log2 (initial dioxin); results adjusted for percent body fat at the date of the blood measurement 
of dioxin, natural logarithm of 1982 fasting glucose, and age in 1997. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for 
participants who attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided 
for reference purposes for participants who attended the 1982, 1992, and 1997 examinations. 

16-123 



Table 16-38.   Longitudinal Analysis of Fasting Glucose (mg/dl) (Continuous) (Continued) 

y($:WM®&M RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY 

t3m$f$&- Exam. Difference of 
Dioxin Examination Mean 

Change11     ; 
■  .: Exam.Mean ■ 

Change :   : ■: ;■:. Category; :' I 1982    i ::SP85-# fifiiftsi 1992    ; 1997 p-Valuec 

Comparison 96.8 97.9 99.7 103.9 101.3 4.5 
(946) (931) (922) (927) (946) 

Background 96.2 97.3 98.1 101.8 98.6 2.4 -2.1 0.484 
RH (347) (339) (330) (337) (347) 
LowRH 97.9 100.0 100.9 105.3 101.5 3.5 -1.0 0.312 

(229) (223) (226) (222) (229) 
High RH 98.7 100.1 102.7 107.7 106.3 7.5 3.0 0.146 

(235) (232) (229) (231) (235) 
Low plus 98.3 100.1 101.8 106.5 103.9 5.5 1.0 0.755 
High RH (464) (455) (455) (453) (464) 

a Transformed from natural logarithm scale. 
Difference between 1997 and 1982 examination means after transformation to original scale. 

c P-value is based on analysis of natural logarithm of 1997 fasting glucose; results adjusted for percent body fat at 
the date of the blood measurement of dioxin, natural logarithm of 1982 fasting glucose, and age in 1997. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for 
participants who attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided 
for reference purposes for participants who attended the 1982,1992, and 1997 examinations. 

16.2.3.2.4 Fasting Glucose (Discrete) 

The Model 1 longitudinal analysis of high fasting glucose levels in 1997 did not reveal a significant 
difference between Ranch Hands and Comparisons across all occupations or within each occupational 
stratum (Table 16-39(a): p>0.25 for each analysis). 
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Table 16-39. Longitudinal Analysis of Fasting Glucose (Discrete) 

ijXa):^ 

Occupational 
Group 

■    Number (%) High/(n)   . 
Examination . 

Category .     1982;:. ,j 1985 1987                1992 1997 
All Ranch Hand 

Comparison 

37(4.5) 
(817) 

34 (3.5) 
(974) 

76(9.5) 
(799) 

88 (9.2) 
(956) 

94(11.9)       106(13.3) 
(790)              (795) 

122 (12.9)       125 (13.1) 
(948)              (954) 

149 (18.2) 
(817) 

158 (16.2) 
(974) 

Officer Ranch Hand 

Comparison 

12 (3.9) 
(310) 

11(2.9) 
(380) 

27 (8.8) 
(306) 

33 (8.8) 
(374) 

40 (13.2)        39 (12.8) 
(302)              (305) 

48(13.0)        50(13.3) 
(368)              (375) 

54 (17.4) 
(310) 

58 (15.3) 
(380) 

Enlisted Flyer Ranch Hand 

Comparison 

11(7.4) 
(148) 

6(4.1) 
(145) 

16(11.0) 
(145) 

14 (9.7) 
(144) 

18(12.6)        20(13.8) 
(143)              (145) 

20(14.0)        17(11.9) 
(143)              (143) 

28(18.9) 
(148) 

25 (17.2) 
(145) 

Enlisted Groundcre w     Ranch Hand 

Comparison 

14 (3.9) 
(359) 

17 (3.8) 
(449) 

33 (9.5) 
(348) 

41 (9.4) 
(438) 

36 (10.4)        47 (13.6) 
(345)              (345) 

54 (12.4)        58 (13.3) 
(437)              (436) 

67 (18.7) 
(359) 

75 (16.7) 
(449) 

■■:.'.: Normal in 1982; '■;;•; 
Occupational     : 

l*E?\fi$^i$'%?^$M i|tt|in|S^|Jf| 
Ö^mb:e^(-%):Higl i       Adj. Relative Risk 

>i:^;f;:g p-Value8 '■.■:   ', 
All Ranch Hand 

Comparison 
780 
940 

116(14.9) 
124 (13.2) 

1.16(0.88,1.52) 0.303 

Officer 

Enlisted Flyer 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 
Ranch Hand 
Comparison 
Ranch Hand 
Comparison 

298 
369 
137 
139 
345 
432 

44 (14.8) 
47 (12.7) 
17 (12.4) 
19(13.7) 
55 (15.9) 
58 (13.4) 

1.18 (0.76,1.85) 

0.89(0.44,1.81) 

1.26(0.84,1.89) 

0.462 

0.758 

0.256 

a Relative risk, confidence interval, and p-values are in reference to a contrast of 1982 and 1997 results; results 
adjusted for age in 1997. 

Note: Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for participants who 
attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided for reference purposes 
for participants who attended the 1982, 1992, and 1997 examinations. Statistical analyses are based only on 
participants who had a normal fasting glucose level in 1982 (see Chapter 7, Statistical Methods). 
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Table 16-39.   Longitudinal Analysis of Fasting Glucose (Discrete) (Continued) 

(b)M^ — INITIAL DiOSON 

Hip<srC%) High /(D)! 
Examination 

Initial Dioxin 1382; IWM 1987 1992 1997 
Low 

Medium 

High 

10 (6.5) 
(153) 

9 (5.7) 
(158) 

11(7.2) 
(153) 

15 (10.0) 
(150) 

21 (13.5) 
(155) 

20 (13.3) 
(150) 

21 (13.8) 
(152) 

20 (12.9) 
(155) 

25(16.9) 
(148) 

25 (16.9) 
(148) 

23 (14.8) 
(155) 

26 (17.3) 
(150) 

28 (18.3) 
(153) 

35 (22.2) 
(158) 

38 (24.8) 
(153) 

Initial Dioxin .Category. Summary Statistics':. Analysis Results for Log2 (Initial Dioxin)5 

^^ 

Initial Dioxin ri in 1997 
Number (%) High >''■::::'Adj.';:Relative Risk: ■■ ' ''■ ?-       i;i: ■'; R::;■ ■ ■ • ■:; : 

Low 
Medium 
High 

143 
149 
142 

19(13.3) 
27 (18.1) 
28 (19.7) 

1.26(1.02,1.56)                          0.029 

Adjusted for percent body fat at the time of the blood measurement of dioxin and age in 1997. 
Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for 
participants who attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided 
for reference purposes for participants who attended the 1982, 1992, and 1997 examinations. Statistical 
analyses are based only on participants who had a normal fasting glucose level in 1982 (see Chapter 7, 
Statistical Methods). 

(c) MODEL=3; RANCH HANDS AND COMPÄIUSONS BY DIOXm GATEQOR^ 

yW&^^^^S^^^MSW^S$$^ PäÄ&flÄi y::"v-^ ;;|;^?f|a^SS|5;? 
Comparison                       32 (3.4) 

(946) 

Background RH                  7 (2.0) 
(347) 

LowRH                             14(6.1) 
(229) 

High RH                             16 (6.8) 
(235) 

Low plus High RH             30 (6.5) 
(464) 

84 (9.0) 
(931) 

20(5.9) 
(339) 

25(11.2) 
(223) 

31 (13.4) 
(232) 

56 (12.3) 
(455) 

117(12.7)             120(12.9) 
(922)                    (927) 

27 (8,2)                31 (9.2) 
(330) (337) 

31 (13.7)             38 (17.1) 
(226) (222) 

35 (15.3)              36 (15.6) 
(229) (231) 

66 (14.5)             74 (16.3) 
(455)                    (453) 

152(16.1) 
(946) 

46 (13.3) 
(347) 

43 (18.8) 
(229) 

58 (24.7) 
(235) 

101 (21.8) 
(464) 
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Table 16-39.   Longitudinal Analysis of Fasting Glucose (Discrete) (Continued) 

;■.'.';■'■'.■"    : Normal] in 1982    '         .;:.7!fi 
Adj. Relative Risk 

llji (95%;CX)ab:.7 Dioxin Category   . ■■;/nml997;;  :■   ':■.] 
Number (%) High 

■       '; mI997 p- Value" 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

914 

340 
215 
219 
434 

120(13.1) 

40(11.8) 
30(14.0) 
44 (20.1) 
74(17.1) 

1.04 (0.69,1.55) 
0.89 (0.56,1.42) 
1.58(1.04,2.39) 
1.19(0.84,1.68) 

0.867 
0.636 
0.033 
0.319 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin and age in 1997. 

Note: RH = Ranch Hand. 
Comparison:  1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand):  1987 Dioxin >10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand):  1987 Dioxin >10 ppt, Initial Dioxin > 94 ppt. 

Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for 
participants who attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided 
for reference purposes for participants who attended the 1982, 1992, and 1997 examinations. Statistical 
analyses are based only on participants who had a normal fasting glucose level in 1982 (see Chapter 7, 
Statistical Methods). 

The Model 2 longitudinal analysis of fasting glucose revealed a significant positive association between 
initial dioxin and high fasting glucose values (Table 16-39(b): Adj. RR=1.26, p=0.029). In the low, 
medium, and high initial dioxin categories, 13.3 percent, 18.1 percent, and 19.7 percent of participants, 
respectively, who had normal fasting glucose levels in 1982 had high fasting glucose levels in 1997. 

The Model 3 analysis of the change in percentage of abnormal fasting glucose values revealed a 
significant difference between Ranch Hands in the high dioxin category and Comparisons (Table 
16-39(c): Adj. RR=L58, p=0.033). For Ranch Hands in the high dioxin category, 20.1 percent had 
normal fasting glucose levels in 1982 and high fasting glucose levels in 1997. For Comparisons, 13.1 
percent had normal fasting glucose levels in 1982 and high fasting glucose levels in 1997. 

16.2.3.2.5 2-Hour Postprandial Glucose (Continuous) 

The Model 1 analysis of the mean change in 2-hour postprandial glucose did not uncover a significant 
difference between all Ranch Hands and Comparisons (Table 16-40(a): p=0.982). Stratifying by 
occupation showed a marginally significant group difference in the officer stratum (Table 16-40(a): 
difference of means=3.8 mg/dl, p=0.096). The Ranch Hand officers had a mean increase of 17.0 mg/dl 
between 1982 and 1997 versus 13.2 mg/dl for the Comparison officers. 

The mean change in 2-hour postprandial glucose between 1982 and 1997 was not significantly associated 
with dioxin in Models 2 and 3 (Table 16-40(b,c): p>0.67 for each analysis). 
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Table 16-40. Longitudinal Analysis of 2-Hour Postprandial Glucose (mg/dl) (Continuous) 

(a) MODEL 1:RANGH HANDS VS. COMPARISONS 

Occupational 
)'■■:'::■'"■ Group:. ;■;■; 

..    Mearia/(n) 
Examination 

Exam. 
:. Mean! 
Change" \: 

Difference of 
;. Exam.,Mean.     : 

Change Category   J 1982 #85 1987   : >;i?9?:Ä 1997 | p-VaIuec.: 
All Ranch Hand 

Comparison 

89.9 
(665) 
90.2 
(797) 

101.8 
(651) 
104.1 
(781) 

106.7 
(641) 
106.4 
(775) 

102.6 
(641) 
104.0 
(773) 

105.5 
(665) 
105.6 
(797) 

15.6 

15.4 

0.2 0.982 

Officer Ranch Hand 

Comparison 

89.5 
(257) 
88.8 

(318) 

104.5 
(254) 
102.6 
(311) 

107.0 
(250) 
104.8 
(305) 

103.5 
(251) 
102.1 
(315) 

106.5 
(257) 
102.1 
(318) 

17.0 

13.2 

3.8 0.096 

Enlisted 
Flyer 

Ranch Hand 

Comparison 

91.7 
(119) 
92.8 
(115) 

100.6 
(117) 
107.5 
(115) 

108.4 
(115) 
108.6 
(114) 

103.8 
(116) 
108.9 
(114) 

107.5 
(119) 
111.9 
(115) 

15.8 

19.0 

-3.2 0.332 

Enlisted 
Groundcrew 

Ranch Hand 

Comparison 

89.5 
(289) 
90.6 
(364) 

99.8 
(280) 
104.2 
(355) 

105.8 
(276) 
107.1 
(356) 

101.3 
(274) 
104.1 
(344) 

103.8 
(289) 
106.9 
(364) 

14.3 

16.3 

-2.0 0.326 

a Transformed from natural logarithm scale. 
b Difference between 1997 and 1982 examination means after transformation to original scale. 
c P-value is based on analysis of natural logarithm of 2-hour postprandial glucose; results adjusted for natural 
logarithm of 2-hour postprandial glucose in 1982 and age in 1997. 

Note: Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for participants who 
attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided for reference purposes 
for participants who attended the 1982, 1992, and 1997 examinations. 
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Table 16-40. Longitudinal Analysis of 2-Hour Postprandial Glucose (mg/dl) (Continuous) 
(Continued) 

-(b) MODEL 2: RANCH HANDS - INITIAL DIOXIN 

Initial Dioxin Category Summary Statistics Analysis Results for Log2 (Initial Dioxin)5 

W:]; WM-^WiWä^&:      WW&S 3 ■:;peaiv%ii)a-i;             :j! ^:V::;-' :■:-; 
;s  .£: );■:**%y, W[ySyl :0}<^$%%ri "%i:t ^l^äOTnätiön':':;:£/^:.;:.; J 0'' ;.': -Adjusted Slope 

Initial Dioxin 1982. 1985 1987 1992 1997 '•-.■■■;.:.(St&Error)  ..               :     p-Value   :. 
Low 

Medium 

High 

90.8 
(119) 

91.1 
(120) 

92.0 
(114) 

105.4 
(117) 

102.3 
(117) 

99.6 
(112) 

112.3 
(119) 

105.4 
(116) 

106.5 
(110) 

102.0 
(113) 

106.6 
(117) 

102.5 
(112) 

107.8 
(119) 

105.9 
(120) 

107.3 
(114) 

-0.005 (0.012)                    0.670 

Transformed from natural logarithm scale. 
Results based on difference between natural logarithm of 1997 2~hour postprandial glucose and natural logarithm 

of 1982 2-hour postprandial glucose versus log2 (initial dioxin); results adjusted for percent body fat at the date of 
the blood measurement of dioxin, natural logarithm of 1982 2-hour postprandial glucose, and age in 1997. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for 
participants who attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided 
for reference purposes for participants who attended the 1982, 1992, and 1997 examinations. 
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Table 16-40. Longitudinal Analysis o 
(Continued) 

f 2-Hour Postprandial Glucose (mg/dl) (Continuous) 

(c) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY 

Dioxin 
Meana/(n) 1 

Examination! 
' Exam. 

. Mean 
Change0 :J 

Difference of ■.'; 
■   Exam. Mean   . 

Change H^fMß^r^M^M p: 19S2;-:: ■,] 1985 1987 1992 1997 p-VaIuec 

Comparison 90.1 103.9 106.5 103.7 105.7 15.6 
(778) (764) (757) (755) (778) 

Background 88.4 101.1 105.4 101.5 103.9 15.5 -0.1 0.991 
RH 
LowRH 

(310) 
91.3 

(303) 
103.9 

(294) 
109.8 

(297) 
103.1 

(310) 
107.6 16.3 0.7 0.689 

HighRH 
(177) 
91.2 

(12) 
101.0 

(174) 
106.4 

(169) 
104.3 

(177) 
106.4 15.1 -0.5 0.999 

Low plus 
(176) 
91.3 

(174) 
102.5 

(171) 
108.1 

(173) 
103.7 

(176) 
107.0 15.7 0.1 0.795 

HighRH (353) (346) (345) (342) (353) 

a Transformed from natural logarithm scale. 
b Difference between 1997 and 1982 examination means after transformation to original scale. 
c P-value is based on analysis of natural logarithm of 1997 2-hour postprandial glucose; results adjusted for percent 
body fat at the date of the blood measurement of dioxin, natural logarithm of 1982 2-hour postprandial glucose, and 
age in 1997. 

Note: RH = Ranch Hand. 
Comparison:  1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for 
participants who attended the 1982,1987, and 1997 examinations. Summary statistics for 1992 are provided 
for reference purposes for participants who attended the 1982, 1992, and 1997 examinations. 

16,2.3.2.6 2-Hour Postprandial Glucose (Discrete) 

The Model 1 analysis of the change in percentage of abnormal 2-hour postprandial glucose levels did not 
reveal a significant difference between Ranch Hands and Comparisons across all occupations (Table 
16-41(a): p=0.795). Stratifying by occupation revealed a significant difference between Ranch Hands 
and Comparison officers (Table 16-41(a): Adj. RR=L65, p=0.045). For officers with normal 2-hour 
postprandial glucose levels in 1982, 17.7 percent of the Ranch Hands and 11.4 percent of the 
Comparisons had impaired 2-hour postprandial glucose levels in 1997. 
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Table 16-41. Longitudinal Analysis of 2-Hour Postprandial Glucose (Discrete) 

(a) MODEL!: RANCH HANDS VS. COMPARISONS 

Occupational 
Group 

Examination^ 
eu7(n): 

Category 1982:..,; 1985 im 1992 1997 
All                                Ranch Hand 

Comparison 

Officer                           Ranch Hand 

Comparison 

Enlisted Flyer                Ranch Hand 

Comparison 

Enlisted Groundcrew     Ranch Hand 

Comparison 

40(6.0) 
(665) 

57(7.2) 
(797) 

14 (5.4) 
(257) 

19 (6.0) 
(318) 

9 (7.6) 
(119) 

16 (13.9) 
(115) 

17 (5.9) 
(289) 

22 (6.0) 
(364) 

53 (8.1) 
(651) 

83 (10.6) 
(781) 

23 (9.1) 
(254) 

27 (8.7) 
(311) 

10(8.5) 
(117) 

17 (14.8) 
(115) 

20(7.1) 
(280) 

39(11.0) 
(355) 

88(13.7) 
(641) 

84 (10.8) 
(775) 

31 (12.4) 
(250) 

23 (7.5) 
(305) 

21 (18.3) 
(115) 

17 (14.9) 
(114) 

36 (13.0) 
(276) 

44 (12.4) 
(356) 

80(12.5) 
(641) 

91 (11.8) 
(773) 

31 (12.4) 
(251) 

33 (10.5) 
(315) 

12 (10.3) 
(116) 

20 (17.5) 
(114) 

37 (13.5) 
(274) 

38(11.0) 
(344) 

110(16.5) 
(665) 

132 (16.6) 
(797) 

50 (19.5) 
(257) 

41 (12.9) 
(318) 

22 (18.5) 
(119) 

25 (21.7) 
(115) 

38 (13.1) 
(289) 

66(18.1) 
(364) 

Normal in 1982  . 
:■       Occupational   ■;-j 

■ ■ ■.'.':. "Group'. ; - '\\ ;-iijni?^>; :•;■.;! 
.': Number {%).'.'; 
Impaired in 1997 

Adj. Reh 
(95% p-Valuea 

All 

Officer 

Enlisted Flyer 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 
Ranch Hand 
Comparison 
Ranch Hand 
Comparison 

625 
740 

243 
299 
110 
99 

272 
342 

92 (14.7) 
106 (14.3) 

43 (17.7) 
34(11.4) 
18 (16.4) 
18 (18.2) 
31(11.4) 
54 (15.8) 

1.04(0.77,1.41) 

1.65(1.01,2.71) 

0.90(0.44,1.87) 

0.73(0.45,1.18) 

0.795 

0.045 

0.783 

0.199 

a Relative risk, confidence interval, and p-values are in reference to a contrast of 1982 and 1997 results; results 
adjusted for age in 1997. 

Note: Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for participants who 
attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided for reference purposes 
for participants who attended the 1982,1992, and 1997 examinations. Statistical analyses are based only on 
participants who had a normal 2-hour postprandial glucose level in 1982 (see Chapter 7, Statistical Methods). 
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Table 16-41. Longitudinal Analysis of 2-Hour Postprandial Glucose (Discrete) 
(Continued) 

(b) MODEL 2; RANCH HANDS - ^ITp^JjjpXlN 

Number (%) Impaired/{n) 
Examination 

Initial Dioxin ■:MWi!/^2BMl ^^fe^^^;^^:i '.;  1987                        ...1992...; 1997 
Low 

Medium 

High 

6 (5.0) 
(119) 

10(8.3) 
(120) 

7(6.1) 
014) 

11(9.4) 
(117) 

8 (6.8) 
(117) 

10 (8.9) 
(112) 

21 (17.6) 15 (13.3) 
(119)                       (113) 

14(12.1) 18(15.4) 
(116)                       (117) 

16(14.5) 14(12.5) 
(110)                       (112) 

23 (19.3) 
(119) 

22(18.3) 
(120) 

20 (17.5) 
(114) 

Initial Dioxin 'Category Summary Statistics   ...:'\' Analysis Results for Log2 (Initial Dioxin)8 

^i^^:; ■:■'-1[;::; _': S
:;;;:,: ^;; > ;:=i;^^;: J^r lldtal in!982 :>.:'--X.\-;.■:,:•". 

'■":"■ >ÄÖjiJ:RelätiyeMsic:::'::lv::^ "■ :'■-'■.-. 
Initial Dioxin 

•■ -':'■■■:■' '■. ■::■:..-C'v. ■■■ ;:   Number,(%) Impaired '■ 
p-Valuc: 

Low 
Medium 
High 

113 
110 
107 

20 (17.7) 
17 (15.5) 
18(16.8) 

1.04(0.81,1.34) 0.765 

* Adjusted for percent body fat at the time of the blood measurement of dioxin and age in 1997. 
Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for 
participants who attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided 
for reference purposes for participants who attended the 1982, 1992, and 1997 examinations. Statistical 
analyses are based only on participants who had a normal 2-hour postprandial glucose level in 1982 (see 
Chapter 7, Statistical Methods). 

(c) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN C ÄTEGORY 

Number (%) Impaire 
.. '        Exami nation 

fyMSMiM'WM 

:..;: Dioxin Category ■ ■•'■:. mmM^MMM iSHÄIf! illliiiJilKtKij MXSMS^&:W'% ̂ MS^M^W>/ 
Comparison 

Background RH 

LowRH 

High RH 

Low plus High RH 

54 (6.9) 
(778) 

17 (5.5) 
(310) 

13 (7.3) 
(117) 

10(5.7) 
(176) 

23 (6.5) 
(353) 

80(10.5) 
(764) 

24 (7.9) 
(303) 

15 (8.7) 
(172) 

14 (8.0) 
(174) 

29 (8.4) 
(346) 

82 (10.8) 
(757) 

37 (12.6) 
(294) 

26 (14.9) 
(174) 

25 (14.6) 
(171) 

51 (14.8) 
(345) 

87(11.5) 
(755) 

33(11.1) 
(297) 

22 (13.0) 
(169) 

25 (14.5) 
(173) 

47 (13.7) 
(342) 

129 (16.6) 
(778) 

45 (14.5) 
(310) 

34 (19.2) 
(177) 

31 (17.6) 
(176) 

65 (18.4) 
(353) 
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Table 16-41.    Longitudinal Analysis of 2-Hour Postprandial Glucose (Discrete) 
(Continued) 

';.:.; Normal in 11982   7, 

Adj, Relative Risk 
Iff- (95%C,I.jab   .'■'': Dioxin Category nml997 

::..Number (%)\ ■    . ; 
Impaired in 1997 p-Valueb : 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

724 

293 
164 
166 
330 

105 (14,5) 

37 (12.6) 
28 (17.1) 
27 (16.3) 
55 (16.7) 

0.87(0.58,1.32) 
1.14(0.71,1.83) 
1.24(0.77,2.01) 
1.19(0.82,1.72) 

0.524 
0.584 
0.382 
0.356 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin and age in 1997. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin >10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand):  1987 Dioxin >10 ppt, Initial Dioxin > 94 ppt. 

Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for 
participants who attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided 
for reference purposes for participants who attended the 1982, 1992, and 1997 examinations. Statistical 
analyses are based only on participants who had a normal 2-hour postprandial glucose level in 1982 (see 
Chapter 7, Statistical Methods). 

The longitudinal analyses in Models 2 and 3 did not reveal a significant association between dioxin and 
the change in 2-hour postprandial glucose levels between 1982 and 1997 (Table 16-41(b,c): p>0.35 for 
each analysis). 

16.23.2.7 Total Testosterone (Continuous) 

The Model 1 analysis of the change in mean total testosterone did not reveal a significant difference 
between Ranch Hands and Comparisons across all occupations or within each occupational stratum 
(Table 16-42(a): p>0.35 for each analysis). 
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Table 16-42. Longitudinal Analysi is of Total Testosterone (ng/dl) (Continuous) 

(a) MODEL 1: RANCH HANDS VS. COMPARISONS 

Occupational 
Group 

:-;;;;;:JMeanJ/(tt);:;:;; ... 
Examination 

■Exam...; 
i^j-z-l^an1:--"!::^ 

; Change* 

Difference of 
I    Exam.'Mean : 

Change Category ; 1982 | 1985 1 1987 1992 !    1997   1 p-VaIuec 

All Ranch Hand 

Comparison 

640.8 
(800) 
626.7 
(953) 

600.6 
(780) 
581.6 
(936) 

532.1 
(773) 
525.9 
(929) 

509.6 
(775) 
498.3 
(929) 

424.1 
(800) 
423.1 
(953) 

-216.7 

-203.6 

•13.1 0.380 

Officer Ranch Hand 

Comparison 

601.7 
(302) 
60L8 
(371) 

573.8 
(295) 
556.0 
(367) 

502.0 
(294) 
499.4 
(361) 

490.5 
(295) 
475.5 
(365) 

401.9 
(302) 
413.1 
(371) 

-199.8 

-188.7 

-11.1 0.353 

Enlisted 
Flyer 

Ranch Hand 

Comparison 

651.3 
(143) 
634.3 
(140) 

611.6 
(140) 
588.3 
(139) 

530.9 
(138) 
537.0 
(138) 

518.9 
(140) 
508.4 
(138) 

446.3 
(143) 
432.0 
(140) 

-205.0 

-202.2 

-2.8 0.788 

Enlisted 
Groundcrew 

Ranch Hand 

Comparison 

670.9 
(355) 
645.5 
(442) 

619.5 
(345) 
601.7 
(430) 

559.4 
(341) 
545.2 
(430) 

522.7 
(340) 
515.0 
(426) 

434.5 
(355) 
428.6 
(442) 

-236.3 

-216.8 

-19.5 0.472 

a Transformed from the square root of total testosterone. 
Difference between 1997 and 1982 examination means after transformation to original scale. 

c P-value is based on analysis of the square root of total testosterone; results adjusted for the square root of total 
testosterone in 1982 and age in 1997. 

Note: Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for participants who 
attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided for reference purposes 
for participants who attended the 1982, 1992, and 1997 examinations. 
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Table 16-42.   Longitudinal Analysis of Total Testosterone (ng/dl) (Continuous) 
(Continued) 

(b) MODEL 2: J^NGR HANDS r- INITIAL DIOXIN 

Initial Dioxin Category Summary Statistics Analysis Results for Log2 (Initial Dioxin)b 

; ■■■;:':':; 'ft V'^'^i           "ftft-'% #'x ^ftft^V^'ft :^ ^^äiiiinatiori:-: |' ;'&';fti:: ■ ^.' Adjusted Slope 
Initial Dioxin 1982 ,1985 1987 1992 1997 :   .       ;;'(Std.'Error):     : ;p-Value. 
Low 

Medium 

High 

639.7 
(150) 

621.7 
(157) 

616.6 
(149) 

573.0 
(146) 

559.1 
(154) 

586.4 
(147) 

515.1 
(149) 

518.1 
(154) 

515.2 
(144) 

507.1 
(145) 

472.9 
(154) 

486.7 
(146) 

404.3 
(150) 

394.7 
(157) 

421.6 
(149) 

0.280(0.143)                     0.051 

a Transformed from square root of total testosterone. 
Results based on difference between the square root of 1997 total testosterone and the square root of 1982 total 

testosterone versus log2 (initial dioxin); results adjusted for percent body fat at the date of the blood measurement of 
dioxin, square root of 1982 total testosterone, and age in 1997. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for 
participants who attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided 
for reference purposes for participants who attended the 1982, 1992, and 1997 examinations. 
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Table 16-42. Longitudinal Analysis o 
(Continued) 

f Total Testostei rone (ng/dl) (Continuous) 

(c)MODEL3: :$$^^ 

Dioxin  " Examination 
..Exam. ■:. 

Mean 
Change"   ...| 

Difference of 
|:-:' .Exam. Mean 

•', Change M^:0^d0^;-^('4. :K*^:K£ 1985 'XWMSM ;,,I992-.-;. ; |    1997   1 p-VaIuec 

Comparison 628.1 581.6 527.1 498.4 423.6 -204.5 
(925) (911) (903) (902) (925) 

Background 662.6 639.4 554.6 540.7 448.7 -213.9 -9.4 0.789 
RH 
LowRH 

(339) 
630.9 

(329) 
564.5 

(322) 
513.9 

(326) 
498.8 

(339) 
400.9 -230.0 -25.5 0.070 

High RH 
(225) 
621.1 

(218) 
580.3 

(222) 
518.4 

(218) 
478.6 

(225) 
412.1 -209.0 -4.5 0.885 

Low plus 
(231) 
625.9 

(229) 
572.5 

(225) 
516.2 

(227) 
488.4 

(231) 
406.6 -219.3 -14.8 0.287 

High RH (456) (447) (447) (445) (456) 

a Transformed from the square root of total testosterone. 
b Difference between 1997 and 1982 examination means after transformation to original scale. 
c P-value is based on analysis of the square root of 1997 total testosterone; results adjusted for percent body fat at the 
date of the blood measurement of dioxin, the square root of 1982 total testosterone, and age in 1997. 

Note:   RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand):  1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for 
participants who attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided 
for reference purposes for participants who attended the 1982, 1992, and 1997 examinations. 

The Model 2 longitudinal analysis revealed a marginally significant positive association between initial 
dioxin and change in mean total testosterone levels (Table 16-42(b): adjusted slope=0.280, p=0.051). 

The Model 3 analysis of change in mean total testosterone levels between 1982 and 1997 revealed a 
marginally significant difference between Ranch Hands in the low dioxin category and Comparisons 
(Table 16-42(c): difference of means=-25.5 ng/dl, p=0.070). The mean decrease between 1982 and 1997 
for Ranch Hands in the low dioxin category was 230.0 ng/dl versus 204.5 ng/dl for Comparisons. 

16.2.3.2.8 Total Testosterone (Discrete) 

The longitudinal analysis in Models 1 through 3 of low total testosterone levels was not significantly 
associated with group or dioxin (Table 16-43(a-c): p>0.15 for each analysis). 
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Table 16-43. Lon gitudinal Analyst: 

men HANDS VSj 

s of Total Testosterone (Discrete) 

■■(a)MODEL h R4 ,€OMPARIS< ONS       . 

Occupational j 
\::- ■:.■...';:.■:Group.   •"; 

;:    Number (%) LowV(ii)       ..        : 
Examination 

^V^;o=A^;l?ä^^iP5^;^:;i WkM*9&M .   1985.;     \ 1987 1992 1997 
All                                Ranch Hand 

Comparison 

Officer                           Ranch Hand 

Comparison 

Enlisted Flyer                Ranch Hand 

Comparison 

Enlisted Groundcrew     Ranch Hand 

Comparison 

37(4.6) 
(800) 

47(4.9) 
(953) 

15 (5.0) 
(302) 

20 (5.4) 
(371) 

8 (5.6) 
(143) 

8 (5.7) 
(140) 

14 (3.9) 
(355) 

19 (4.3) 
(442) 

21 (2.7) 
(780) 

24(2.6) 
(936) 

10 (3.4) 
(295) 

14 (3.8) 
(367) 

4 (2.9) 
(140) 

2(1.4) 
(139) 

7 (2.0) 
(345) 

8 (1.9) 
(430) 

14(1.8) 
(773) 

13 (1.4) 
(929) 

6 (2.0) 
(294) 

7 (1.9) 
(361) 

5 (3.6) 
(138) 

1 (0.7) 
(138) 

3 (0.9) 
(341) 

5 (1.2) 
(430) 

34 (4.4) 
(775) 

50 (5.4) 
(929) 

14 (4.7) 
(295) 

19 (5.2) 
(365) 

5 (3.6) 
(140) 

7(5.1) 
(138) 

15 (4.4) 
(340) 

24 (5.6) 
(426) 

67(8.4) 
(800) 

80 (8.4) 
(953) 

27 (8.9) 
(302) 

30(8.1) 
(371) 

11(7.7) 
(143) 

10(7.1) 
(140) 

29 (8.2) 
(355) 

40(9.1) 
(442) 

;^^;'^;^;^^0)rma i) in. 1982... 
Qccupatiorial     | 

'^v-^^jGrt^Ü^^^^ v =-^:j n in 1997        j 
Number (%) Low        Adj. Relativ 

p-Value* 
All 

Officer 

Enlisted Flyer 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 
Ranch Hand 
Comparison 
Ranch Hand 
Comparison 

763 
906 

287 
351 
135 
132 
341 
423 

54(7.1) 
64 (7.1) 

21 (7.3) 
25 (7.1) 
9(6.7) 
7 (5.3) 

24 (7.0) 
32 (7.6) 

LOO (0.69,1.46) 

1.03(0.56,1.87) 

1.28(0.46,3.54) 

0.94 (0.54,1.62) 

0.984 

0.935 

0.637 

0.817 

a Relative risk, confidence interval, and p-values are in reference to a contrast of 1982 and 1997 results; results 
adjusted for age in 1997. 

Note: Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for participants who 
attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided for reference purposes 
for participants who attended the 1982, 1992, and 1997 examinations. Statistical analyses are based only on 
participants who had a normal total testosterone level in 1982 (see Chapter 7, Statistical Methods). 
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Table 16-43.   Longitudinal Analysis of Total Testosterone (Discrete) (Continued) 

■(b) MODEL 2: RANCH HANDS.- -INITIAL DIOXIN 

Number (%) Low/(n) ; 
Examination 

Initial Dioxin iypWM^M::\ WA-AM^M^M 1987 1992 1997 
Low 

Medium 

High 

6 (4.0) 
(150) 

8 (5.1) 
(157) 

10 (6.7) 
(149) 

2(1.4) 
(146) 

6(3.9) 
(154) 

3 (2.0) 
(147) 

5 (3.4) 
(149) 

2(1.3) 
(154) 

3 (2.1) 
(144) 

5 (3.4) 
(145) 

10 (6.5) 
(154) 

10 (6.8) 
(146) 

13 (8.7) 
(150) 

18(11.5) 
(157) 

16(10.7) 
(149) 

Initial Dioxin Category Summary Statistics Analysis Results for;Log2 (Initial Dioxin)11: 
;;;<f;:rg 

Adj. Relati ve Risk: 
:..■:       (95%. 'CX)b-'.< ■;■■ Initial Dioxin '■/;';n iri.l997\";;V :' 

■Number{%) Low 
t%:- In 1997 p-Vaiue ■'■. 

Low 
Medium 
High 

144 
149 
139 

10  (6.9) 
16 (10.7) 
14(10.1) 

1.04(0.80,1.35) 0.760 

a Adjusted for percent body fat at the time of the blood measurement of dioxin and age in 1997. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for 
participants who attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided 
for reference purposes for participants who attended the 1982, 1992, and 1997 examinations. Statistical 
analyses are based only on participants who had a normal total testosterone level in 1982 (see Chapter 7, 
Statistical Methods). 

K;|§^ 

■  Number (%) Low/(n)^:: 
Examination 

Dioxin Category W:g::§^m;M^ WAgß^lM ^MMSM^S£$Sm Mwm&& im/^i^Pg^A 
Comparison 45 (4.9) 24 (2.6) 13 (1.4) 49 (5.4) 78 (8.4) 

(925) (911) (903) (902) (925) 
Background RH 13 (3.8) 10(3.0) 4(1.2) 9 (2.8) 20 (5.9) 

(339) (329) (322) (326) (339) 
LowRH 11 (4.9) 5(2.3) 7 (3.2) 7 (3.2) 19 (8.4) 

(225) (218) (222) (218) (225) 
High RH 13 (5.6) 6 (2.6) 3 (1.3) 18 (7.9) 28(12.1) 

(231) (229) (225) (227) (231) 
Low plus High RH 24 (5.3) 11(2.5) 10 (2.2) 25 (5.6) 47 (10.3) 

(456) (447) (447) (445) (456) 
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Table 16-43.   Longitudinal Analysis of Total Testosterone (Discrete) (Continued) 

Normal: in 1982 

Adj. Relative Risk 
; (95% CX)ab Dioxin Category ivml997 in 1997 p-Value6 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

880 

326 
214 
218 
432 

64   (7.3) 

14   (4.3) 
16   (7.5) 
24(11.0) 
40   (9.3) 

0.71 (0.39,1.31) 
0.93(0.52,1.67) 
1.46(0.87,2.44) 
1.17(0.76,1.79) 

0.278 
0.812 
0.153 
0.482 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin and age in 1997. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand):  1987 Dioxin >10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin >10 ppt, Initial Dioxin > 94 ppt. 

Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for 
participants who attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided 
for reference purposes for participants who attended the 1982, 1992, and 1997 examinations. Statistical 
analyses are based only on participants who had a normal total testosterone level in 1982 (see Chapter 7, 
Statistical Methods). 

16.3   DISCUSSION 

The historical, physical examination, and laboratory data analyzed in this chapter provide a 
comprehensive assessment of thyroid, gonadal, and endocrine pancreatic function in the population under 
study. The current laboratory database includes several indices relevant to the possibility that dioxin may 
influence glucose metabolism. The a-l-C hemoglobin measurement reflects the average blood sugar 
over a 3- to 4-month period and is a more accurate index of diabetic control than random or fasting blood 
sugar measurements. In general, participants with diabetes were of the adult-onset variety (Type 2), as 
associated with obesity and characterized by an acquired defect in insulin receptors with elevated serum 
insulin levels. 

Serum levels of TSH, LH, and FSH are indices of pituitary and hypothalamic function, while the T4 and 
testosterone levels reflect the integrity of the thyroid gland and testicles, respectively. Additional physical 
examination variables pertinent to endocrine function—body habitus, ocular signs, and deep tendon 
reflexes—were included in the general and neurological examinations and are reported in Chapters 9 and 
Irrespectively. 

In the analysis of historical variables verified by a medical records review, the prevalence of thyroid 
disorders and diabetes was similar in the Ranch Hand and Comparison cohorts (7.5% versus 8.4% and 
16.9% versus 17.0%, respectively). For Ranch Hands, in a pattern consistent with a dose-response, a 
significant positive association was noted between the current body burden of dioxin and the development 
of diabetes, specifically in the later stages requiring oral hypoglycemic and insulin therapy. Ranch Hands 
with higher levels of initial and 1987 serum dioxin were significantly more likely to develop diabetes 
sooner after their exposure than those with lower serum dioxin levels. 
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After analyzing the physical examination and all laboratory indices of thyroid function (T4, TSH, and 
anti-thyroid antibodies), no significant group differences were defined. Consistent with the 1985, 1987, 
and 1992 examinations, Ranch Hands continued to have a slightly higher mean serum TSH than 
Comparisons (1.88 ulU/ml versus 1.81 ulU/ml), but the difference is not statistically significant. By 
discrete analysis, the prevalence of abnormal T4 results was identical in the two cohorts (2.7%). In the 
assessment of glucose metabolism without regard to dioxin levels, no significant group differences were 
noted in any of the historical or laboratory variables examined, and the history of diabetes by the 
composite indicator was similar in the Ranch Hand and Comparison cohorts. With respect to the 
possibility that dioxin exposure might be a risk factor for the development of diabetes, 1987 serum dioxin 
levels were strongly associated, in a dose-response pattern, with abnormal elevations in fasting blood 
sugar in both discrete and continuous forms and with the occurrence of fasting glycosuria. Similar 
statistical significance (p<0.001) was found, by both continuous and discrete analyses, in the association 
of both initial and 1987 serum dioxin with elevations in ot-l-C hemoglobin which, as noted above, is a 
more accurate reflection of blood sugar levels over time. 

In the analyses of diabetic severity, Ranch Hands were significantly more likely than Comparisons to 
require insulin for control (2.8% versus 1.4%), particularly in the officer and enlisted groundcrew 
occupational groups (3.6% versus 1.4% and 2.4% versus 1.1%, respectively). Further, in a dose-response 
pattern, requiring insulin to treat diabetes was significantly more common in Ranch Hands with high 
1987 levels of serum dioxin than in Comparisons. 

In 1992, a significant association was noted between serum insulin and 1987 serum dioxin in 
nondiabetics. In the 1997 examination, after adjustment for covariates, no significant association was 
found between serum insulin and 1987 serum dioxin. 

In the assessment of gonadal function, no significant group differences were defined on physical 
examination or with respect to the laboratory indices analyzed. Consistent with all previous 
examinations, mean serum levels of free and total testosterone were slightly higher in Ranch Hands than 
in Comparisons but differences were minimal. The unadjusted analysis of total serum testosterone 
yielded results consistent with a dioxin effect: total testosterone decreased as the 1987 dioxin level 
increased in Ranch Hands. After adjustment for covariates, the difference was no longer significant. 
Similar results were noted in the analyses of the biologically active free form of testosterone. 

Dependent variable-covariate analyses confirmed associations that are well established in clinical 
practice. The classic risk factors of age, obesity, and family history of diabetes were strongly and 
positively associated with all diabetic indices. A significant negative association was noted between age 
and testicular size and serum testosterone. Blacks were at significantly greater risk for the development 
of diabetes by the composite indicator and by all laboratory indices of glucose metabolism. 

The longitudinal analyses yielded results that would be anticipated in this aging population with no 
significant group differences defined. The increasing history of diabetes by the composite indicator was 
similar in Ranch Hands and Comparisons (17.7% versus 16.9%, respectively), as were abnormal 
elevations in both fasting and two-hour postprandial blood sugar (18.2% versus 16.2% and 16.5% versus 
16.6%, respectively). Evidence for a dioxin effect was apparent in several analyses. In a dose-response 
pattern, an increasing history of diabetes was noted in Ranch Hands in the low, medium, and high initial 
dioxin categories (17.9%, 18.9%, and 21.4%, respectively; p=0.019), and Ranch Hands in the high serum 
dioxin category were at significantly greater risk for the development of diabetes relative to Comparisons 
(RR=1.61, p=0.023). In both cohorts, serum testosterone continues to decrease with advancing years. 

In summary, after 15 years of observation, the prevalence of diabetes, thyroid disorders, and gonadal 
dysfunction remains similar in Ranch Hands and Comparisons, although significant adverse relations 
exist between glucose intolerance and dioxin among Ranch Hands. Although cause and effect have not 
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been established, the results cited above provide additional evidence for an association between diabetes 
and elevated serum dioxin levels. 

16.4   SUMMARY 

Dependent variables to assess thyroid, gonadal, and pancreatic function were examined in the endocrine 
assessment. Each health endpoint was examined for an association with exposure group (Model 1), initial 
dioxin (Model 2), categorized dioxin (Model 3), and 1987 dioxin levels (Model 4). Significant results 
based on adjusted analyses are discussed below. 

16.4.1   Modell: Group Analysis 

The adjusted group analysis of diabetic severity showed that a greater percentage of Ranch Hands than 
Comparisons required insulin to treat diabetes when combining all occupations. Stratifying by 
occupation revealed a marginally significant increase in the need for insulin to treat diabetes for Ranch 
Hand officers and enlisted groundcrew. A marginally significant increase in the presence of 2-hour 
postprandial urinary glucose in Ranch Hands was observed when combining all occupations. Stratifying 
the adjusted analysis by occupation revealed Ranch Hand officers had a significantly higher prevalence of 
2-hour postprandial urinary glucose than did Comparison officers. 

Significant results for the thyroid function revealed a significantly greater percentage of abnormally high 
TSH values in Ranch Hand enlisted groundcrew than Comparison enlisted groundcrew. In addition, 
Comparison officers had a significantly lower mean estradiol level than Ranch Hand officers. 

The results of all unadjusted and adjusted Model 1 analyses are summarized in Table 16-44. 

Table 16-44. Summary of Group Analysis (Model 1) for Endocrine Variables (Ranch Hands vs. 
Comparisons) 

g:g:K^;:!i;p^ 
- :£|; 3: l;i::;

; /I: :f ;:;1 ;;;S:EbHste^: p£; f'i |^l|;E|i|i?;|:::: 
:;: :;r;;'';::;:-; ■;:-:;'.: ;;^:;:-_.?

:i :::";;;?-tf:';-:::":':.: ■;;■■:; ^^riabie; t -: -     :/i;_'-/■ r :'v::/;: ';t
:;;: -• -| >::::': >:; j ■^\:Mi:''.\.--;::

:: ■ £;; >$0igr, --0M -     ;0'0iy^tMu j' £ ;'■■ Groundcrew ;: ■■ 
Medical Records 
Past Thyroid Disease (D) ns ns                         NS ns 
Composite Diabetes Indicator (D) ns NS                         ns ns 
Diabetic Severity (D): 

No Treatment vs. None NS ns                         ns NS 
Diet Only vs. None NS NS                        NS NS 
Oral Hypoglycemics vs. None ns* ns                         ns ns 
Requiring Insulin vs. None +0.026 NS*                        ns NS 

Time to Diabetes Onset (C)a NS ns                       NS NS 

Physical Examination 
Thyroid Gland (D) ns ns                         NS ns 
Testicular Exam (D) NS ns                       NS NS 
Laboratory 
TSH (C) NS NS                         ns NS 
TSH (D): 

Low vs. Normal NS NS                        NS ns 
High vs. Normal NS NS                         ns +0.044 

Thyroxine (C)a 
NS ns                         NS NS 

Thyroxine (D) NS NS                        NS ns 
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Table 16-44.    Summary of Group Analysis (Model 1) for Endocrine Variables (Ranch 
Hands vs. Comparisons) (Continued) 

: ■■;;/-:     :
;               :                                     '      ;-:';>; '                             ;    UNADJUSTED"..                                           - 

' ;i :i':;                    .    v'^Eilisted:-; Enlisted 
:k:i--W--&t      'i:: %l¥^öfefe.::vrriv^^'.-.-           iS-SJ WümMiü Officer                  ■   Flyer Groundcrew 
Anti-Thyroid Antibodies (D) NS ns                        NS ns 
Fasting Glucose (C) ns NS                         ns ns 
Fasting Glucose (D) NS NS                        NS NS 
2-Hour Postprandial Glucose (C) NS NS*                        ns ns 
2-Hour Postprandial Glucose (D) NS NS*                        ns ns 
Fasting Urinary Glucose (D) ns NS                        NS ns 
2-Hour Postprandial Urinary Glucose (D) NS +0.034                      ns NS 
Serum Insulin (C) NS NS                         ns ns 
Serum Insulin (D): 

Low vs. Normal ns ns                         NS ns 
High vs. Normal ns NS                         ns ns 

a-l-C Hemoglobin (C) ns NS                         ns ns 
oe-l-C Hemoglobin (D) NS NS                         ns NS 
Total Testosterone (C)a NS ns                        NS NS 
Total Testosterone (D) NS NS                        NS NS 
Free Testosterone (C)a NS ns                         NS NS 
Free Testosterone (D) NS NS                       NS* ns 
Estradiol (C) ns -0.003                     NS NS 
Estradiol (D) ns ns                         ns NS     • 
LH(C) NS NS                         ns ns 
LH(D) NS NS                         ns ns 
FSH (C) NS NS*                       NS ns 
FSH (D) NS NS                        NS ns 

Note: NSorns: Not significant (p>0.10). 
NS* or ns*: Marginally significant (0.05<p<0.10). 
C: Continuous analysis. 
D: Discrete analysis. 
+: Relative risk > 1.00. 
-: Difference of means negative. 
a Negative difference considered adverse for this variable. 

P-value given if p<0.05. 

A capital "NS" denotes a relative risk of 1.00 or greater for discrete analysis or differences of means 
nonnegative for continuous analysis. A lowercase "ns" denotes a relative risk less than 1.00 for discrete 
analysis or difference of means negative for continuous analysis. 

;III,;ä 
|g|:;i!||'ii;;::!&;';l $MmWtäs$M:$&: 

Variable i^li^iiiiiliiii i? '^;.::: ;j|; ::
:-::|; ;;||l^c^r>^;^ :?:i':;| 

i;.:^y"|^ ;;':::^: ;.j;\ ^:i^4;v:!3^^^'r&;?';:::r: =--:::: :'-
i;:i Groundcrew 

Medical Records 
Past Thyroid Disease (D) ns ns                         NS ns 
Composite Diabetes Indicator (D) NS NS                         ns NS 
Diabetic Severity (D): 

No Treatment vs. None NS ns                         ns NS 
Diet Only vs. None NS NS                        NS NS 
Oral Hypoglycemics vs. None ns ns                          ns ns 
Requiring Insulin vs. None +0.017 NS*                       NS NS* 

Time to Diabetes Onset (C)a NS ns                         NS ns 
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Table 16-44.   Summary of Group Analysis (Model 1) for Endocrine Variables (Ranch 
Hands vs. Comparisons) (Continued) 

;:;.;;;:;::;;:   .;.;;. -■-::.;._;■/;=■=     _: ,;■ "^.--::;r   :   :-;K --.:.:;-:-■ -::;';:: ^v;:-:-:■:.-;s':: =:'':':--         :■;: -v-fvv;:;^: :;r::.:, -^\-■■;:■■:-■-;:;=:■::-:;-:-::"'-■■ ;■" ■.'::■;';."'..^MP^FüS■OTTEör;;--;:.;.;:■-:-■;:;,■ ,■ -:v;:■:;-: '■ -::-:■.:::;,':
;.:■ _-:::J 

:;:-..;-:■. ■ ■ -:' ■ ■-rv;::-■:\:-;■■::>:■.:: 

-,'■;.■■■   Enlisted  ':■ Enlisted 
■     "':/;'-. !;»■;.';     '■% -; Väriäfe:; U£             . <pM::-. ;.'■'. ,'AII ;   ■■;.; Officer                     Flyer Groundcrew 

Physical Examination 
Thyroid Gland (D) ns ns                          NS ns 
Testicular Exam (D) NS ns                         NS NS 
Laboratory 
TSH (C) NS NS                         ns NS* 
TSH (D): 

Low vs. Normal NS NS                        NS ns 
High vs. Normal NS NS                       ns +0.037 

Thyroxine (C)a 
NS ns                       NS NS 

Thyroxine (D) NS NS                        NS ns 
Anti-Thyroid Antibodies (D) NS ns                         NS ns 
Fasting Glucose (C) NS NS                         ns ns 
Fasting Glucose (D) NS NS                         ns NS 
2-Hour Postprandial Glucose (C) NS NS*                        ns ns 
2-Hour Postprandial Glucose (D) ns NS                         ns ns 
Fasting Urinary Glucose (D) ns NS                        NS ns 
2-Hour Postprandial Urinary Glucose (D) NS* +0.044                      ns NS 
Serum Insulin (C) NS NS                          ns NS 
Serum Insulin (D): 

Low vs. Normal ns ns                          ns ns 
High vs. Normal ns NS                         ns ns 

cc-l-C Hemoglobin (C) NS NS                         ns NS 
cc~l-C Hemoglobin (D) NS NS                         ns NS* 
Total Testosterone (C) a ns ns                         NS ns 
Total Testosterone (D) NS NS                        NS NS 
Free Testosterone (C)a NS ns                         NS NS 
Free Testosterone (D) NS NS                       NS* ns 
Estradiol (C) ns -0.003                     NS NS 
Estradiol (D) ns ns                          ns NS 
LH(C) ns NS                         ns ns 
LH(D) NS NS                         ns ns 
FSH (C) NS NS                         ns ns 
FSH (D) NS NS                        NS ns 

Note: NS or ns: Not significant (p>0.10). 
NS* or ns*: Marginally significant (0.05<p<0.10). 
C: Continuous analysis. 
D: Discrete analysis. 
+: Relative risk > 1.00. 
-: Difference of means negative. 
a Negative difference considered adverse for this variable. 

P-value given if p<0.05. 

A capital "NS" denotes a relative risk of 1.00 or greater for discrete analysis or differences of means 
nonnegative for continuous analysis. A lowercase "ns" denotes a relative risk less than 1.00 for discrete 
analysis or difference of means negative for continuous analysis. 
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16.4.2  Model 2: Initial Dioxin Analysis 

A positive association between initial dioxin and diabetes was observed. The need for insulin to treat 
diabetes increased as initial dioxin increased. A marginally significant increase in the percentage of 
Ranch Hands taking oral hypoglycemics also was observed. The time to diabetes onset was significantly 
shorter for Ranch Hands with higher initial dioxin levels. The adjusted analysis of laboratory measures of 
diabetes revealed a positive association between initial dioxin and both fasting glucose and ct-l-C 
hemoglobin, in both continuous and discrete forms. 

A marginally significant decrease in low free testosterone levels was observed as initial dioxin increased. 
The results of all unadjusted and adjusted Model 2 analyses are summarized in Table 16-45. 

Table 16-45. Summary of Initial Dioxin Analysis (Model 2) for Endocrine Variables (Ranch 
Hands Only) 

Low vs. Normal ns 

 Variable              Unadjusted Adjusted 
Medical Records 
Past Thyroid Disease (D) NS NS 
Composite Diabetes Indicator (D) NS +0.005 
Diabetic Severity (D): 

No Treatment vs. None NS NS 
Diet Only vs. None NS NS 
Oral Hypoglycemics vs. None NS NS* 
Requiring Insulin vs. None NS +0.001 

Time to Diabetes Onset (C)a ns -0.013 
Physical Examination 
Thyroid Gland (D) ns NS 
Testicular Exam (D) ns NS 
Laboratory 
TSH(C) ns ns 
TSH (D): 

Low vs. Normal NS NS 
High vs. Normal NS NS 

Thyroxine (C)a NS ns 
Thyroxine (D) NS NS 
Anti-Thyroid Antibodies (D) ns NS 
Fasting Glucose (C) NS +0.014 
Fasting Glucose (D) NS +0.013 
2-Hour Postprandial Glucose (C) ns NS 
2-Hour Postprandial Glucose (D) ns ns 
Fasting Urinary Glucose (D) NS NS 
2-Hour Postprandial Urinary Glucose (D) ns ns 
Serum Insulin (C) NS NS 
Serum Insulin (D): 

ns 
High vs. Normal NS NS 

a-1 -C Hemoglobin (C) +0.009 +0.001 
a-l-C Hemoglobin (D) +0.013 +0.001 
Total Testosterone (C)a +0.047 ns 
Total Testosterone (D) NS NS 
Free Testosterone (C)a +0.003 ns 
Free Testosterone (D) -0.019 ns* 
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Table 16-45.   Summary of Initial Dioxin Analysis (Model 2) for Endocrine Variables 
(Ranch Hands Only) (Continued) 

Jxj;'';):i:g-yf;;:1''gVariablegg-;':> ^j!;£•;:::; .I;-\>;;;^
!         ;;:',; |;<Unadjusted:;'v j;■;iH; ^ ,;■ ; ;g:-- ■;. . ;.'.■ Ädjlisted'-- /; 

Estradiol (C) ~~                           NS* NS 
Estradiol(D) +0.045 NS 
LH (C)' ns ns 
LH (D) ns ns 
FSH (C) ns* ns 
FSH (D) ns NS 

Note: NS or ns: Not significant (p>0.10). 
NS* or ns*: Marginally significant (0.05<p<0.10).     • ■    ■ 
C: Continuous analysis. 
D: Discrete analysis. 
+: Relative risk >1.00 for discrete analysis; slope nonnegative for continuous analysis. 
-: Relative risk <1.00 for discrete analysis; slope negative for continuous analysis. 
a Negative slope considered adverse for this variable. 

P-value given if p<0.05. 

A capital "NS" denotes a relative risk of 1.00 or greater for discrete analysis or slope nonnegative for 
continuous analysis. A lowercase "ns" denotes a relative risk less than 1.00 for discrete analysis or slope 
negative for continuous analysis. 

16.4.3   Model 3: Categorized Dioxin Analysis 

The percentages of diabetes for Ranch Hands in the high dioxin category and in the low plus high dioxin 
category were significantly greater than for Comparisons. Ranch Hands in the background dioxin 
category had fewer participants taking oral hypoglycemics than did Comparisons. Ranch Hands in the 
low dioxin category used insulin for the treatment of diabetes more often than Comparisons. The 
percentages of Ranch Hands in the high dioxin category and Ranch Hands in the low plus high dioxin 
category requiring insulin also were significantly greater than Comparisons. 

The time to diabetes onset was significantly longer for Ranch Hands in the background dioxin category 
than for Comparisons. Relative to Comparisons, a marginally significant decrease in the time to diabetes 
onset was seen for Ranch Hands in the high dioxin category and Ranch Hands in the low plus high dioxin 
category. 

Analysis of laboratory measures of diabetes revealed a significantly higher mean a-l-C hemoglobin level 
for Ranch Hands in the high dioxin category than for Comparisons. A greater percentage of high a-l-C 
hemoglobin values was seen for Ranch Hands in the high dioxin category than for Comparisons. 

The results of all unadjusted and adjusted Model 3 analyses are summarized in Table 16-46. 
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Table 16-46. Summary of Categorized Dioxin Analysis (Model 3) for Endocrine Variables (Ranch 
Hands vs. Comparisons) 

KffSlttlJ 
/Background' ■■■; [;i^L^;;^Ii<^:^K^:>1 High Low plus High 
Ranch Hands !'; Ranch Hands    ! Ranch Hands Ranch Hands 

|; :^S\ r) § : '1' ^M ;?:'^Äriäj)fe' ;^Jt'K-       ■ 1' 4v £S! vs. Comparisons vs. Comparisons | vs. Comparisons vs. Comparisons.;' 
Medical Records 
Past Thyroid Disease (D) ns ns ns ns 
Composite Diabetes Indicator (D) -0.041 NS NS NS* 
Diabetic Severity (D): 

No Treatment vs. None ns NS NS NS 
Diet Only vs. None NS NS NS NS 
Oral Hypoglycemics vs. None -0.006 ns NS NS 
Requiring Insulin vs. None NS +0.042 +0.046 +0.013 

Time to Diabetes Onset (C)a +0.013 ns ns ns 
Physical Examination 
Thyroid Gland (D) ns ns ns ns 
Testicular Exam (D) ns NS* NS NS 
Laboratory 
TSH (C) NS NS NS NS 
TSH (D): 

Low vs. Normal NS ns NS ns 
High vs. Normal NS ns NS NS 

Thyroxine (C) a ns NS NS* NS* 
Thyroxine (D) NS ns NS ns 
Anti-Thyroid Antibodies (D) NS ns ns ns 
Fasting Glucose (C) ns ns NS NS 
Fasting Glucose (D) ns NS NS* NS 
2-Hour Postprandial Glucose (C) NS NS ns NS 
2-Hour Postprandial Glucose (D) ns NS NS NS 
Fasting Urinary Glucose (D) ns ns NS NS 
2-Hour Postprandial Urinary Glucose (D) NS +0.050 NS NS 
Serum Insulin (C) ns NS NS +0.046 
Serum Insulin (D): 

Low vs. Normal ns ns ns* ns 
High vs. Normal ns NS ns NS 

cc-l-C Hemoglobin (C) ns ns +0.005 NS 
oc-l-C Hemoglobin (D) ns ns +0.006 NS 
Total Testosterone (C)a NS ns NS ns 
Total Testosterone (D) NS NS NS NS 
Free Testosterone (C)a ns -0.022 +0.006 NS 
Free Testosterone (D) ns NS ns ns 
Estradiol (C) ns ns '       NS ns 
Estradiol (D) ns ns NS ns 
LH(C) NS ns ns ns 
LH(D) NS ns ns ns 
FSH (C) NS NS ns ns 
FSH (D) NS NS ns Ns 
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Table 16-46.   Summary of Categorized Dioxin Analysis (Model 3) for Endocrine Variables 
(Ranch Hands vs. Comparisons) (Continued) 

Note: NSorns: Not significant (p>0.10). 
NS* or ns*: Marginally significant (0.05<p<0.10). 
C: Continuous analysis. 
D: Discrete analysis. 
+: Relative risk >1.00 for discrete analysis; difference of means nonnegative for continuous analysis. 
-: Relative risk < 1.00. 
a Negative difference considered adverse for this variable. 

P-value given if p<0.05. 

A capital "NS" denotes a relative risk of 1.00 or greater for discrete analysis or differences of means 
nonnegative for continuous analysis. A lowercase "ns" denotes a relative risk less than 1.00 for discrete 
analysis or difference of means negative for continuous analysis. 

■ .- ADJUSTED :;;,::.;■.,; ■■'.; 
Background ^^y^XA^^V^i :'.•;;':--;,:pgh ■;!;■:• -;'■;■ Low plus High 

:.: Ranch Hands ..■'; Ranch Hands Ranch: Hands Ranch Hands 
^ ^"; f ^ r:;,:;;:-- ^ ;^ ;L 

:";';; -_:;=;=>5;;;; ^ j' v ^ :;■ ^ v-^ ?: ■ v:: ;l?%;?r^jE-i a liiie^ ■; ^ ;;=:.;=';■ :;r;=:; :^.1; v::; ri - :r ^ ^ ;■ ■ _ - ='=■ ;■ ■ "r !;■; :^:- :.\ 1 vs. Comparisons vs. .Comparisons [ :*s. Comparisons  ; vs. Comparisons 
Medical Records 
Past Thyroid Disease (D) ns ns NS ns 
Composite Diabetes Indicator (D) ns* NS +0.048 +0.049 
Diabetic Severity (D): 

No Treatment vs. None ns ns NS*' NS 
Diet Only vs. None NS NS NS* NS 
Oral Hypoglycemics vs. None -0.008 ns NS NS 
Requiring Insulin vs. None NS +0.050 +0.009 +0.004 

Time to Diabetes Onset (C)a +0.021 ns ns* ns* 
Physical Examination 
Thyroid Gland (D) ns ns ns ns 
Testicular Exam (D) ns NS NS NS 
Laboratory 
TSH (C) NS NS NS NS 
TSH (D): 

Low vs. Normal NS ns NS ns 
High vs. Normal NS ns NS NS 

Thyroxine (C) a NS NS NS NS 
Thyroxine (D) NS ns NS ns 
Anti-Thyroid Antibodies (D) NS ns NS ns 
Fasting Glucose (C) ns ns NS NS 

, Fasting Glucose (D) ns NS NS* NS 
2-Hour Postprandial Glucose (C) NS NS ns NS 
2-Hour Postprandial Glucose (D) ns NS NS NS 
Fasting Urinary Glucose (D) ns ns NS NS 
2-Hour Postprandial Urinary Glucose NS* NS* ns NS 
(D) 
Serum Insulin (C) ns NS NS NS 
Serum Insulin (D): 

Low vs. Normal ns ns ns* ns* 
High vs. Normal ns NS ns ns 

cc-l-C Hemoglobin (C) ns ns +0.022 NS 
a-l-C Hemoglobin (D) ns ns +0.008 NS 
Total Testosterone (C)a NS ns ns ns 
Total Testosterone (D) ns ns NS* NS 
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Table 16-46.   Summary of Categorized Dioxin Analysis (Model 3) for Endocrine Variables 
(Ranch Hands vs. Comparisons) (Continued) 

Variable- 
Free Testosterone (C) 
Free Testosterone (D) 
Estradiol (C) 
Estradiol (D) 
LH(C) 
LH(D) 
FSH (C) 
FSH (D) 

■\;:j.: ADJUSTED ;-;•.;:.';•; 
Background Low ffiSh Low plus High 
Ranch Hands Ranch Hands Ranch Hands Ranch Hands 

vs. Comparisons vs. Comparisons V vs. Comparisons vs. Comparisons 

NS ns NS ns 
ns NS ns ns 
ns ns NS ns 
ns ns NS ns 
NS ns ns ns 
NS ns ns ns 
NS NS ns NS 
NS ns NS NS 

Note: NSorns: Not significant (p>0.10). 

NS* or ns*: Marginally significant (0.05<p<0.10). 
C: Continuous analysis. 
D: Discrete analysis. 

+: Relative risk >1.00 for discrete analysis; difference of means nonnegative for continuous analysis. 
-: Relative risk < 1.00. 
a Negative difference considered adverse for this variable. 

P-value given if p<0.05. 

A capital "NS" denotes a relative risk of 1.00 or greater for discrete analysis or differences of means 
nonnegative for continuous analysis. A lowercase "ns" denotes a relative risk less than 1.00 for discrete 
analysis or difference of means negative for continuous analysis. 

16.4.4   Model 4:  1987 Dioxin Level Analysis 

As 1987 dioxin levels increased, the prevalence of diabetes increased. In addition, the use of diet and oral 
hypoglycemics to treat diabetes increased as 1987 dioxin levels increased. Marginally significant 
increases with 1987 dioxin also were seen for Ranch Hands using no treatment and Ranch Hands who 
required insulin to treat diabetes. The time to diabetes onset was significantly shorter for Ranch Hands 
with higher 1987 dioxin levels. 

Analyses of laboratory examination variables revealed significant positive associations between 1987 
dioxin and both the continuous and discrete forms of fasting glucose and a-l-C hemoglobin. The 
presence of fasting urinary glucose also increased with 1987 dioxin. The results of all unadjusted and 
adjusted Model 4 analyses are summarized in Table 16-47. 

Table 16-47. Summary of 1987 Dioxin Analysis (Model 4) for Endocrine Variables (Ranch 
Hands Only) 

Variable Unadjusted Adjusted 
Medical Records 
Past Thyroid Disease (D) 
Composite Diabetes Indicator (D) 
Diabetic Severity (D): 

No Treatment vs. None 
Diet Only vs. None 

NS 
+<0.001 

+0.010 
NS 

NS 
+<0.001 

NS* 
+0.048 
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Table 16-47.    Summary of 1987 Dioxin Analysis (Model 4) for Endocrine Variables (Ranch 
Hands Only) (Continued) 

Variable Unadjusted Adjusted 
Oral Hypoglycemics vs. None 
Requiring Insulin vs. None 

Time to Diabetes Onset (C)a 

Physical Examination 
Thyroid Gland (D) 
Testicular Exam (D) 
Laboratory 
TSH (C) 
TSH (D): 

Low vs. Normal 
High vs. Normal 

Thyroxine (C)a 

Thyroxine (D) 
Anti-Thyroid Antibodies (D) 
Fasting Glucose (C) 
Fasting Glucose (D) 
2-Hour Postprandial Glucose (C) 
2-Hour Postprandial Glucose (D) 
Fasting Urinary Glucose (D) 
2-Hour Postprandial Urinary Glucose (D) 
Serum Insulin (C) 
Serum Insulin (D): 

Low vs. Normal 
High vs. Normal 

a-1-C Hemoglobin (C) 
oc-l-C Hemoglobin (D) 
Total Testosterone (C)a 

Total Testosterone (D) 
Free Testosterone (C)a 

Free Testosterone (D) 
Estradiol (C) 
Estradiol (D) 
LH(C) 
LH(D) 
FSH (C) 
FSH (D) 

+<0.001 
NS 

-<0.001 

ns 
NS 

ns 

ns 
ns 

+0.009 
ns 
ns 

+<0.001 
+<0.001 

NS 
NS 

+0.004 
ns 

+<0.001 

-0.050 
+0.008 

+<0.001 
+<0.001 
-0.003 
+0.013 

ns 
ns 
NS 
NS 

-0.042 
ns* 
ns 
ns 

+<0.001 
NS* 

-<0.001 

NS 
NS 

NS 

NS 
ns 
ns 
NS 
ns 

+0.002 
+0.003 

NS 
NS 

+0.006 
ns 
NS 

ns 
NS 

+<0.001 
+<0.001 

ns 
NS 
ns* 
ns 

NS 
ns 
ns 
ns 
ns 

NS 

Note: NS or ns: Not significant (p>0.10). 
NS* or ns*: Marginally significant (0.05<p<0.10). 
C: Continuous analysis. 
D: Discrete analysis. 
+: Relative risk >L00 for discrete analysis; slope nonnegative for continuous analysis. 
-: Relative risk <1.00 for discrete analysis; slope negative for continuous analysis. 
a Negative slope considered adverse for this variable. 

P-value given if p<0.05. 

A capital "NS" denotes a relative risk of 1.00 or greater for discrete analysis or slope nonnegative for 
continuous analysis. A lowercase "ns" denotes a relative risk less than 1.00 for discrete analysis or slope 
negative for continuous analysis. *"* 
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16.5   CONCLUSION 

The assessment of the endocrine system included an extensive evaluation of thyroid, pancreatic, and 
gonadal function and their relation to dioxin exposure. A significantly greater percentage of abnormally 
high TSH values was found in Ranch Hand enlisted groundcrew. 

A positive association between diabetes and initial and 1987 dioxin was observed. Consistent with 
previous reports, the prevalence of diabetes for Ranch Hands with high dioxin levels was significantly 
greater than for Comparisons. A greater percentage of Ranch Hands than Comparisons used insulin to 
control their type 2 diabetes, primarily officers and enlisted groundcrew. The percentage of Ranch Hands 
requiring insulin to control their type 2 diabetes increased with initial dioxin. A greater percentage of 
Ranch Hands in the high dioxin category required insulin to control their type 2 diabetes than did 
Comparisons. The percentage of participants who treated their diabetes through diet only and the 
percentage of participants who used oral hypoglycemics increased with 1987 dioxin level. 

The time to diabetes onset was significantly shorter for Ranch Hands with higher initial and 1987 dioxin 
levels. Both fasting glucose and a-l-C hemoglobin increased in Ranch Hands as initial dioxin and 1987 
dioxin increased. Increased a-l-C hemoglobin levels also were observed for Ranch Hands with high 
dioxin levels. The presence of fasting urinary glucose also increased with 1987 dioxin. 

In summary, current data reveal no relation between gonadal disorders and thyroid function and herbicide 
or dioxin exposure; however, current and past results indicate a consistent and potentially meaningful 
adverse relation between serum dioxin levels and diabetes. A significant dose-response relation was 
found, with Ranch Hands in the high dioxin category exhibiting an increase in disease prevalence 
(relative risk=1.47, 95% confidence interval: [1.00, 2.17]). A dioxin-related increase in disease severity, 
a decrease in the time from exposure to first diagnosis, and an increase in fasting glucose and a-l-C 
hemoglobin support this finding. Similar patterns were observed in 1992 and 1987. 
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17  IMMUNOLOGIC ASSESSMENT 

17.1    INTRODUCTION 

17.1.1   Background 

Of the many chemical compounds known to cause immune system dysfunction in laboratory animals, the 
polyhalogenated aromatic hydrocarbons have been the most extensively studied and, among these, 
2,3,7,8-tetrachlorodibenzo-p-dioxin (dioxin) has proven to be the most toxic. Since the early 1970s, when 
dioxin was shown to cause marked involution of the thymus gland in experimental animals (1-4), the 
extensive body of literature pertinent to dioxin-induced immunotoxicity has been summarized in several 
review articles (5-10). 

In laboratory animals, dioxin has proven to have a wide range of toxic effects on all components of the 
immune system, including direct thymotoxic effects, particularly on the epithelial cells (8, 11-14), 
compromised cell mediated (1, 13, 15-18) and humoral (1, 17, 19-22) immune function, impaired myelo- 
(23, 24) and lymphoproliferative (13, 25-27) responses, and suppressed complement activity (28-31). 

The crucial role of the immune system in resistance to infection has been well established, and numerous 
animal studies have demonstrated that exposure to dioxin increases host susceptibility to a broad range of 
bacterial (19,23, 29,32, 33), parasitic (34), and viral (35, 36) infectious agents. 

The role of the aryl hydrocarbon (Ah) receptor as a mediator in dioxin toxicity has been long recognized 
(37, 38) and summarized in numerous reviews (6, 39,40). Much of the basic research in laboratory 
animals has focused on the role of the Ah receptor in some but not all manifestations of dioxin-induced 
immunotoxicity, including suppressed humoral (20, 22,41-46) and cellular (47,48) responses and 
impaired complement activity (49). Other studies have demonstrated that dioxin exposure can cause 
immune system responses independent of the Ah receptor (42,43,45,50-52). Although the Ah receptor 
has been identified in several human tissues (see references 43,51-53, and 55 in Chapter 9, General 
Health Assessment), the relevance of these observations to dioxin toxicity in humans remains unknown. 
In an attempt to provide data more relevant to humans, two laboratories have conducted experiments of 
the effects of dioxin on peripheral lymphocyte subpopulations in marmoset (52-56) and rhesus (57) 
monkeys. These studies were carried out in vitro, employing lymphocyte cell cultures, and in vivo, with 
single-dose injections of dioxin in various concentrations. In these experiments, the ratios of selected 
lymphocyte subsets varied inconsistently in response to the dose (high versus low) and duration (acute 
versus chronic) of exposure. In none of the in vivo studies did the animals demonstrate any overt illness. 

The demonstration that human tonsils contain the Ah receptor (58) and the development of a tonsillar 
lymphocyte culture model have established a scientifically valid basis for comparison of the effects of 
dioxin on experimental animals and humans at the cellular level. In published results from two series of 
experiments, dioxin had identical effects on both human and murine B lymphocytes with dose-dependent 
suppression of cellular proliferation and a significant reduction in the secretion of immunoglobulins IgM 
and IgG (59, 60). Although the mechanism is not known, these experiments provide strong evidence that 
the human lymphocyte is sensitive to dioxin. These results are consistent with those reported from 
another laboratory investigating the effect of dioxin on human lymphocytes isolated from peripheral 
blood (61). As noted below, these experimental models have been applied recently to human populations 
exposed to dioxin (62, 63). 
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Immune system indices have been included in epidemiological studies of populations exposed to dioxin 
consequent to industrial accidents (64-72), by occupation (62, 63, 73-75), by environmental 
contamination (76-81), and during military service in Vietnam (82-86). Industrial accidents have 
resulted in the most severe human exposure to dioxin on record. In three reports published shortly after 
the 1976 chemical explosion in Seveso, Italy, no immune system abnormalities were found in exposed 
children (64, 65) or cleanup workers (66). In contrast, other investigators documented abnormal immune 
indices in children with chloracne (67, 68) that resolved over time and were not associated with any 
clinical immune deficiency illness (69, 70). Similarly, the immunologic testing abnormalities noted in a 
cohort of chemical workers exposed to dioxin in an industrial accident in England in 1968 were not 
associated with any clinical illness (71, 72). 

Most of the recently published epidemiological studies have reported on the results of clinical 
examinations of workers who experienced significant occupational exposure to dioxin during 
employment at chemical factories in Germany (62, 63, 73-75). These studies, which incorporated 
immune system parameters in the examination protocols, are strengthened by the inclusion of serum 
dioxin data in the analyses. None of these studies showed any evidence in those exposed for clinical 
illness associated with immune system disorders nor, in relation to the body burden of dioxin, any 
statistically significant abnormalities in the laboratory indices. 

Resident populations in the Times Beach, Missouri, area have been the subject of several studies yielding 
conflicting results, some of which can be attributed to methodological limitations. In two early reports, 
abnormalities were documented in several indices of immune function, including impaired delayed 
sensitivity by skin testing and nonsignificant variations in several peripheral lymphocyte subsets and 
ratios (76-78). In subsequent follow-up examinations of the same subjects, there were no significant 
differences between the exposed and control cohorts (79, 80). 

A subsequent report of the subject Missouri population included serum dioxin levels that ranged from less 
than 20 parts per trillion (ppt) to 750 ppt. In this study, a correlation was noted between serum dioxin and 
an increasing percentage of CD8+ (suppressor T cells) and Tn+ subsets of T lymphocytes, as well as 
statistically nonsignificant increases in serum IgA and complement components C3 and C4 (81). As in 
the other Missouri studies, there was no evidence for clinical illness in the exposed cohort relative to 
controls. 

Finally, in the 1987 and 1992 examinations of the Air Force Health Study (AFHS), multiple immunologic 
indices have been examined in relation to serum dioxin levels (85, 86). In the 1987 examination and, to a 
lesser degree, in the 1992 examination, serum IgA immunoglobulin levels were significantly higher in the 
Ranch Hand cohort than controls in a pattern consistent with a dose-response effect. Although of 
uncertain significance, this finding is of interest as one that has been noted in two other epidemiological 
studies cited above (74, 81) and, separately, a report of a laboratory animal study (87) that documented a 
selective increase in the IgA globulin fraction after a single injection of dioxin. There have been no other 
significant immune system differences between the Ranch Hands and Comparisons across the baseline, 
1985, 1987, and 1992 examinations. 

17.1.2   Summary of Previous Analyses of the Air Force Health Study 

17.1.2.1   1982 Baseline Study Summary Results 

Immunologic function and phenotypic marker studies were performed on 592 participants (297 Ranch 
Hands, 295 Comparisons) randomly selected by the terminal digit of their case number. Because of 
laboratory problems (e.g., fluctuating quality control and lack of simultaneous differential counts on the 
peripheral mononuclear cells), data could be analyzed on a group basis only. 
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Analyses of the cell surface markers (CD2+ or Tj i [T cells], CD3+ or T3 [T cells], CD4+ or T4 [helper T 
cells], CD8+ or T8 [suppressor T cells], CD20+ [B cells], the CD4-CD8 or T4-T8 ratio) and the total 
lymphocyte count (TLC) showed no significant group differences. Smoking was significantly associated 
with increases in most cell counts, but not with the CD4-CD8 ratio and CD20+ cells, whereas increasing 
age was significantly associated with decreasing TLC and CD8+ cells. 

Functional studies of T and B cells via reaction to antigenic (tetanus toxoid) or mitogen 
(phytohemagglutinin [PHA], concanavalin A, and pokeweed) stimulation showed no group differences. 
Similarly, unadjusted and adjusted mean values of the four assays were not significantly different 
between groups. 

In summary, neither immunologic function nor cell marker studies showed significant impairment in the 
Ranch Hand group, nor did they show patterns supportive of an herbicide effect. Smoking was associated 
with a significant increase in the marker cells CD2+ (T cells), CD3+ (T cells), CD4+ (helper T cells), and 
CD8+ (suppressor T cells), and in the TLC, with a concomitant increase in lymphocytic response to 
pokeweed mitogen (PWM). 

17.1.2,2   1985 Follow-up Summaiy Results 

The 1985 AFHS physical examination placed more emphasis on the immunologic assessment than did the 
1982 baseline examination profile. Immunologic competence was measured by cell surface marker 
(phenotypic) studies and cell stimulation studies on 47 percent of the study population, and by a series of 
four skin test antigens in 76 percent of the participants to assess the delayed hypersensitivity response. 

Surface marker studies were conducted for CD2+ cells (T cells), CD4+ cells (T cells), CD8+ cells 
(suppressor T cells), CD20+ (B cells), CD14+ cells (monocytes), and HLA-DR cells. The ratio of CD4 to 
CD8 cells also was included in the analysis. Because of inherent significant day-to-day and batch-to- 
batch variation, all results (including functional stimulation studies) were adjusted for blood-draw day. 
Statistical testing of the seven phenotypic cell markers did not reveal any significant group differences, 
either unadjusted or adjusted, for the covariates of age, race, occupation, current smoking, lifetime 
smoking history, current alcohol use, or lifetime alcohol use. Similarly, none of the unadjusted or 
adjusted analyses of the functional stimulation studies (for PHA, PWM, or mixed lymphocyte culture 
[MLC]) showed any statistically significant group differences. Overall, no pattern was identified to 
suggest an adverse health effect in any subgroup of either the Ranch Hands or Comparisons. 

The effects of age, race, smoking, and alcohol use affected most variables in the phenotypic and 
stimulation studies. Consistently decreasing values of all cell markers and stimulated cells were 
associated with increasing age, whereas increased levels of smoking usually were associated with 
increases in the values of those variables. Blacks had consistently higher stimulated cell counts than non- 
Blacks, but this effect was not observed for counts of T cells, B cells, or HLA-DR cells. Enlisted 
personnel generally had higher cell surface marker counts than officers. 

The delayed hypersensitivity response was assessed by the skin test antigens of mumps, Candida 
albicansy Trichophyton, and staph-phage lysate. The 48-hour measurements of skin induration and 
erythema for the four tests showed marked inter-reader variation. Consequently, all skin test data were 
declared invalid and were not used in the assessment of group differences. The skin test reading problems 
led to the use of additional clinical quality control procedures for the 1987 follow-up examination. 

In conclusion, no significant group differences were found for the comprehensive cell surface marker or 
functional stimulation studies. The effects of age, smoking, and alcohol use were observed in these 
immunologic tests. 
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17.1.2.3  1987 Follow-up Study Summary Results 

For the assessment of the 1987 immunologic examination data, results from a composite skin reaction test 
were evaluated. Various laboratory examination measurements from cell surface marker studies, three 
groups of functional stimulation tests, and quantitative immunoglobulins also were analyzed. Ranch 
Hands had a higher frequency of individuals with possibly abnormal reactions on skin testing than 
Comparisons. The unadjusted analyses of the laboratory examination data indicated no significant group 
difference between Ranch Hands and Comparisons. For the adjusted analyses of the natural killer assay 
measurements with and without Interleukin 2 (IL-2), significant interactions between group and race were 
present. The clinical meaning of these findings was not apparent and did not point to any known clinical 
endpoints. 

17.1.2A  Serum Dioxin Analysis of 1987 Follow-up Study Summary Results 

In general, the composite skin test diagnosis results were not associated with serum dioxin levels. The 
Ranch Hand analyses using initial dioxin and the analyses using current dioxin and time since duty in 
Southeast Asia (SEA) generally displayed nonsignificant decreased risks. For the analyses contrasting 
Ranch Hands with unknown, low, and high current dioxin to Comparisons with background current 
dioxin levels, the risks were increased but nonsignificant. 

For the most part, the cell surface marker variables and TLC did not display significant associations with 
serum dioxin. The longitudinal analyses of the CD4-CD8 ratio did not consistently show significant 
differences in the 1987 ratio relative to the 1985 measurement of the ratio. 

For the analyses of PHA net responses, significant or marginally significant positive associations with 
initial dioxin were found. For the analyses involving current dioxin and time since duty in SEA, the 
maximum PHA net response also displayed some significant or marginally significant positive 
associations. Depressed immune function would be expected to demonstrate lower PHA net response. 

For unstimulated MLC and MLC net response, the three statistical analysis approaches generally 
displayed nonsignificant associations with serum dioxin. For the analysis involving Ranch Hands in the 
high current dioxin category and Comparisons in the background current dioxin category, Ranch Hands 
had a significantly higher unstimulated MLC mean. The analyses of the natural killer cell variables 
generally were nonsignificant. 

Significant positive associations generally were found between IgA and initial dioxin. The analyses for 
IgA, IgG, and IgM using current dioxin and time since duty in SEA were, for the most part, 
nonsignificant. For the three immunoglobulins, the overall contrasts of Ranch Hands in the unknown, 
low, and high current dioxin categories versus Comparisons in the background current dioxin category 
generally were significant or marginally significant. For IgA and IgG, the contrasts of Ranch Hands in 
the unknown current dioxin category versus Comparisons in the background current dioxin category were 
significant with Ranch Hands having lower immunoglobulin averages. For IgM, the contrasts of Ranch 
Hands in the low current dioxin category versus Comparisons in the background current dioxin category 
were marginally significant with Ranch Hands again having lower averages. Ranch Hands in the high 
dioxin category were not significantly different from Comparisons. 

The indices of immune responses analyzed in the 1987 examination provided a comprehensive reflection 
of in vivo and in vitro immune function in the study population. No clinically meaningful indicators 
reflecting a relation between the current body burden of dioxin or the extrapolated initial exposure and 
immune function were found. Increased IgA levels may have represented a chronic inflammatory 
response to dioxin exposure. Elevated erythrocyte sedimentation rates (as discussed in the general health 
assessment) and increased white blood cell and platelet counts (as discussed in the hematologic 
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assessment) were other examples of indicators that may have represented a chronic inflammatory 
response to dioxin exposure. 

17.1.2.5  1992 Follow-up Study Summary Results 

In general, the composite skin test diagnosis results did not differ significantly between Ranch Hands and 
Comparisons and were not positively associated with initial or current dioxin levels. For the most part, 
the cell surface marker variables and total lymphocyte count did not display significant associations with 
serum dioxin. The longitudinal analyses of the CD4-CD8 ratio did not consistently show significant 
differences between the 1992 ratio relative to the 1985 measurement of the ratio. 

Marginally significant positive associations were found between IgA and initial dioxin. A negative 
association would be expected in immunologic deficiency, but the increased IgA levels could represent a 
chronic inflammatory response to dioxin exposure and thus suggested long-term evaluation. 

The prevalence of some lupus panel antibodies, such as the MSK smooth muscle antibody and the 
rheumatoid factor, decreased as dioxin exposure increased. This finding was inconsistent with a harmful 
effect from dioxin. The presence of lupus panel antibodies generally was considered abnormal. A 
smaller prevalence of the lupus panel antibodies was found in this study than would be expected in the 
general population. The presence of a smaller prevalence of abnormalities than expected also may have 
been regarded as an abnormal finding, suggesting a possible early immune alteration. 

17.1.3   Parameters for the 1997 Immunologic Assessment 

17.1.3.1  Dependent Variables 

Table 17-1 presents the immunologic parameters evaluated and describes their medical importance. The 
absolute lymphocyte and immunoglobulin studies and lupus panel tests were examined for all 
participants, whereas the cell surface marker studies were carried out on a random sample of 
approximately 40 percent of the participants because of the complexity of the assay and the expense of 
the tests. 
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Table 17-1. Medical Significance of the Immunologie Data 

Immunologie 
Rationale of the Measurement Disease/Syndrome/Condition Endpoint 

Cell Surface Marker Studies 

CD3+ 

CD4+ 

CD8+ 

CD20+ (Bl) 

CD3+CD4+ 

CD 16+56+ (CD3-) 

Pan-T cell marker (similar to CD2 in 
previous AFHS examinations). Measures 
all mature T cells (includes CD4, CD8, 
etc.). Generally 70% or more of peripheral 
blood lymphocytes are CD3 positive. 

Measures T cells that exhibit 
helper/inducer phenotype. CD4 cells 
initiate an immune response to processed 
antigens. 

Measures T cells that exhibit suppressor 
and cytotoxic functions. Responsible for 
appropriate down regulation of an immune 
response after antigen has been cleared. 

Measures peripheral blood B cells; no 
reaction with T cells, granulocytes, or 
monocytes. 

Decrease in absolute number of T cells 
indicates immunodeficiency. May occur 
because of direct effects of malignancy 
(e.g., lymphoma), acquired immune 
deficiency syndrome (AIDS), or 
chemotherapy. Increase may occur in 
lymphoproliferative disorders or in some 
infections. 

Markedly decreased in people with AIDS 
because of human immunodeficiency virus 
(HIV) infection of CD4+ cells; increased in 
autoimmune diseases. 

Variable in autoimmune diseases; 
increased in some viral illnesses and 
immunodeficiencies. 

Decreased result in humoral immune 
deficiency with impaired production of 
antibodies; increased in 
lymphoproliferative disorders. 

Double Labeled Cells (cells that express both markers) 

Helper T cells and excludes monocytes but     Same as CD4. 
more specific than CD4. 

Normally these markers do not occur on 
the same cells. Measures natural killer 
(NK) cells that can lyse foreign cells 
independent of antibody or prior contact 
with the target. CD 16 is an IgG receptor 
that appears on NK cells and neutrophils; 
CD56 is more restricted to NK cells; joint 
use of CD 16 and CD56 enhances 
enumeration of NK cells. 

NK cells are thought to attack neoplasms 
and naturally prevent growth of cancers. 

Absolute Lymphocytes 

Measures absolute number of total 
lymphocytes circulating in peripheral 
blood. Major immune mechanism against 
fungi and viruses. 

Decreased in immunodeficiency; increased 
in lymphoproliferative disorders. 
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Table 17-1.   Medical Significance of the Immunologie Data (Continued) 

Immunologie j 
lp$ Measure;::. ■■■: Rationale of the Measurement Disease/Syndrome/Condition Endpoint 

Immunoglobulins 

IgG 
IgA 
IgM 

Lupus Panel 

Antinuclear 
Antibody (ANA) 
Test 

ANA Thyroid 
Microsomal 
Antibody 

MSK Smooth 
Muscle 
Antibody 

MSK 
Mitochondrial 
Antibody 

MSK Parietal 
Antibody 

Rheumatoid Factor 

Each measures ability of specific B cell 
subgroup to secrete specific antibody class 
of molecules. Antibodies normally rise in 
response to infections or immunizations 
with bacteria, fungi, and viruses. Major 
immune mechanism against bacteria. 

Increased in hyperglobulinemia or 
myeloma (monoclonal). Decreased in 
selective or total B cell immunodeficiency. 
Polyclonal increases in chronic 
inflammation and liver disease (cirrhosis). 

The test composition of this profile was chosen to include the most frequently 
encountered autoantibodies. Presence of autoantibodies may indicate specific 
autoimmune diseases, especially if multiple autoantibodies are present. The individually 
named autoantibodies (excluding ANA and B cell clones) are associated with specific 
diseases. Any of these tests may also turn positive as a participant's immune system ages 
or otherwise is dysregulated. 

Screening assay (performed with 
monolayers of HEP-2) for many clinically 
meaningful autoantibodies that occur in 
systemic rheumatologic diseases. 

Measures autoantibodies against thyroid 
microsomal antigen. 

MSK indicates the tissues used in the assay 
(mouse stomach kidney); measures 
autoantibodies against actin in smooth 
muscle. 

Measures autoantibodies against 
mitochondrial antigens. 

Measures autoantibodies against parietal 
cells of the stomach that make intrinsic 
factor for the absorption of vitamin B12. 

Autoantibodies reactive with a person's 
own antibodies. 

Positive result suggests possible 
rheumatologic disease; likelihood increases 
with number of different positive 
autoantibodies. 

Present in autoimmune thyroiditis. 

Present in autoimmune liver diseases, 
especially chronic active hepatitis. 

Present in autoimmune liver diseases, 
especially primary biliary cirrhosis. 

Present in pernicious anemia (failure to 
absorb vitamin B12). 

Present in rheumatoid arthritis; also in 
some infections, chronic pulmonary 
diseases, and other inflammatory or 
autoimmune diseases. 

17.1.3.1.1     Laboratory Examination Data 

The results of cell surface marker studies, absolute lymphocytes, quantitative immunoglobulins, and a 
lupus panel were analyzed. Participants who were taking anti-inflammatory medication (except aspirin 
and nonsteroidal) or immunosuppressant medication at the time of the 1997 physical examination were 
excluded from analysis. Participants who had recently received x-ray treatment or chemotherapy for 
cancer and participants who tested positive for HIV also were excluded from analysis. 
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17.13 A. LI Cell S uff a ce Marke r (Phenotypic) Studies 

Quantification of the different cell populations was carried out with the use of reagent mouse monoclonal 
antibodies. Cell surface markers were analyzed in the statistical evaluation of the immunologic system. 
The unit of measurement was cells/mm3. The CD3+CD4+ (helper T cells) double labeled cell surface 
marker was introduced to the AFHS for the 1997 follow-up examination. 

17.1.3.1.1.2 Absolute Lymphocytes 

Absolute lymphocytes indicate the density of lymphocytes in the blood. Lymphocytes recognize and 
destroy bacteria, fungi, viruses, and other foreign bodies. Statistical analyses were performed on absolute 
lymphocytes, measured in cells/mm3. 

Absolute lymphocytes also were analyzed in Chapter 15, Hematology Assessment (Table 15-19). The 
analysis of absolute lymphocytes in the Hematology Assessment chapter included nonreactive 
lymphocytes, whereas the analysis in this chapter included nonreactive and reactive lymphocytes. In 
addition, the analysis in this chapter included age, race, military occupation, current cigarette smoking, 
lifetime cigarette smoking history, current alcohol use, lifetime alcohol history, and a physical activity 
index as covariates. The analysis in the Hematology Assessment chapter did not include current alcohol 
use, lifetime alcohol history, or the physical activity index. The exclusions for analysis in the 
Hematology Assessment included participants with body temperatures greater than or equal to 100° 
Fahrenheit and participants testing positive for HIV. The exclusions in this chapter included participants 
who were taking anti-inflammatory (except aspirin and nonsteroidal) or immunosuppressant medication 
at the time of the 1997 physical examination. Participants who had recently received x-ray treatment or 
chemotherapy for cancer and participants who tested positive for HIV also were excluded from analysis 
in this chapter. 

17.L3.1.1.3 Immunoglobulins 

Immunoglobulins measure the ability of a specific B cell subgroup to secrete a specific antibody class of 
molecules. The antibodies usually rise in response to infections or immunizations with bacteria, fungi, 
and viruses. Statistical analyses were performed on the immunoglobulins IgA, IgG, and IgM, measured 
in mg/dl. 

17.1.3.1.1.4 Lupus Panel 

This group of laboratory tests was configured to detect the most frequent autoantibodies found in both 
patients and asymptomatic individuals. Autoantibodies are markers for autoimmune diseases, and the 
lupus panel is considered a screening assay for a wide spectrum of autoimmune disorders (e.g., 
rheumatoid arthritis, systemic lupus erythematosus). Occasionally, autoantibodies are detected in 
asymptomatic persons; this is alternatively explained as evidence for incipient autoimmune disease or a 
finding of unknown meaning. In any instance, the finding of an autoantibody is not normal and should be 
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interpreted as an aberration of the immune system. The lupus panel was composed of the following 
individual tests on serum: 

• Antinuclear antibody (ANA) performed on HEP-2 cells 

• Mouse stomach kidney (MSK) section stain for the following specific autoantibodies: 

- Smooth muscle 

- Mitochondrial 

- Parietal cell 

• Thyroid microsomal antibody 

• Rheumatoid factor. 

All of the autoantibodies derive from abnormalities of the B cell portion, the part of the immune system 
that produces immunoglobulins. 

Statistical analyses were performed on the ANA, ANA thyroid microsomal antibody, MSK smooth 
muscle antibody, MSK mitochondrial antibody, MSK parietal cell antibody, and rheumatoid factor, with 
the response to these tests scored as present or absent. 

17.1.3.2  Covariates 

Covariates to be used in the immunologic evaluation for adjusted statistical analyses included age, race, 
military occupation, current alcohol use (drinks/day), lifetime alcohol history (drink-years), current 
cigarette smoking (cigarettes/day), lifetime cigarette smoking history (pack-years), and exercise history 
(an index combining both duration and intensity). 

Age, race, and military occupation were determined from military records. Lifetime alcohol history was 
based on information from the 1997 questionnaire and combined with similar information gathered at the 
1987 and 1992 follow-up examinations. Each participant was asked about his drinking patterns 
throughout his lifetime. When a participant's drinking patterns changed, he was asked to describe how 
his alcohol consumption differed and the duration of time that the drinking pattern lasted. The 
participant's average daily alcohol consumption was determined for each of the reported drinking pattern 
periods throughout his lifetime, and an estimate of the corresponding total number of drink-years was 
derived. One drink-year was the equivalent of drinking 1.5 ounces of an 80-proof alcoholic beverage, one 
12-ounce beer, or one 5-ounce glass of wine per day for 1 year. Current alcohol use was defined as the 
average number of drinks per day during the month prior to completing the questionnaire. 

Current cigarette smoking and lifetime cigarette smoking history were based on questionnaire data. For 
lifetime cigarette smoking history, the respondent's average smoking was estimated over his lifetime 
based on his responses to the 1997 questionnaire, with 1 pack-year defined as 365 packs of cigarettes 
smoked during a single year. 

A series of questions concerning exercise patterns in the 2 weeks prior to the physical examination were 
included as part of the 1997 questionnaire. The participants were asked questions on frequency, average 
duration per frequency, and increase of heart rate or breathing for more than 20 different activities. The 
answers to these questions were used and combined to determine an index of physical activity 
incorporating duration and intensity (88, 89), and this covariate was used in adjusted statistical analyses. 
A participant was classified as active, moderately active, or sedentary based on his responses to the series 
of questions regarding exercise patterns. 
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17.1.4   Statistical Methods 

Chapter 7, Statistical Methods, describes the basic statistical methods to be used in the immunologic 
assessment. For the 1985, 1897, and 1992 follow-up studies, large variation was observed from 
examination group variability. Because of the variation, this covariate generally was incorporated into the 
unadjusted and the adjusted models of the respective immunologic assessments for the 1985, 1987, and 
1992 studies. Plans had been made to use examination group as a covariate in the analysis of the 1997 
immunologic data; however, examination group was not significantly associated with immunologic data 
in the 1997 follow-up study and, consequently, examination group was not used as a covariate in the 
analyses described in this chapter. 

Table 17-2 summarizes the statistical analyses to be performed for the analysis of the immunologic 
assessment. The first part of this table lists the dependent variables to be analyzed. The second part of 
the table further describes the covariates to be examined. A covariate was used in its continuous form 
whenever possible for all adjusted analyses. If the covariate was inherently discrete (e.g., military 
occupation), or if a categorized form was needed to develop measures of association with the dependent 
variables, the covariate was categorized as shown in Table 17-2. 

Table 17-2. Statistical Analysis for the Immunologic Assessment 

Dependent Variables 

[ ■' ;■- >; ;K; v;:.:;':;;: ^^^iTlai1bi^:; jtXJJQiits)'::: ::;.=->^;;t:-;': o ■ '.Source...; Form j Outpoints3       Covariatesb         Exclusions0 

/Statistical 
""'.''.■ Analysis, arid; 

CD3+Cells (T Cells) 
(cells/mm3) 

LAB C 700-2,400             ( 0                   (a) U:GLM 
A:GLM 

CD4+ Cells (Helper 
T Cells) (cells/mm3) 

LAB c 400-1,400             ( 0                    (a) U:GLM 
A:GLM 

CD8+ Cells (Suppressor 
Cells) (cells/mm3) 

LAB c 300-900              ( I)                     (a) U:GLM 
A:GLM 

CD16+56+Cells (Natural 
Killer Cells) (cells/mm3) 

LAB c 48-450                ( I)                     (a) U:GLM 
A:GLM 

CD20+ Cells (B Cells) 
(cells/mm3) 

LAB c ( I)                      (a) U:GLM 
A:GLM 

CD3+CD4+ Cells (Helper 
T Cells) (cells/mm3) 

LAB c 400-1,400             ( L)                     (a) U:GLM 
A:GLM 

Absolute Lymphocytes 
(cells/mm3) 

LAB c 1,000-4,800           ( L)                     (a) U:GLM 
A:GLM 

IgA(mg/dl) LAB c 69-382              (1 0                     (a) U:GLM 
A:GLM 

IgG (mg/dl) LAB c 723-1,685            (] 0                     (a) U:GLM 
A:GLM 

IgM (mg/dl) LAB c 63-277                (] I)                     (a) U:GLM 
A:GLM 

Lupus Panel: ANA Test LAB D Present               (1 
Absent 

0                    (a) U:LR 
A:LR 

Lupus Panel: ANA 
Thyroid Microsomal 
Antibody 

LAB D Present                (] 
Absent 

0                    (a) U:LR 
A:LR 

17-10 



Table 17-2.   Statistical Analysis for the Immunologie Assessment (Continued) 

;     Variable (Units)  ■ 
; , Data 

Source    j 
;.:  :Däta;:v. 

■Form';--.; 

Normal 
Range/ 

Cutpoifitsa  ] Covariates13 ;■ Exclusions0   : 

Statistical 
Analysis and 

. " Methods- 

Lupus Panel: MSK 
Smooth Muscle Antibody 

LAB D Present 
Absent 

(1) (a) U:LR 
A:LR 

Lupus Panel: MSK 
Mitochondrial Antibody 

LAB D Present 
Absent 

(1) (a) U:LR,CS 
A:LR 

Lupus Panel: MSK 
Parietal Antibody 

LAB D Present 
Absent 

(1) (a) U:LR 
A:LR 

Lupus Panel: Rheumatoid 
Factor 

LAB D Present 
Absent 

(1) (a) U:LR 
A:LR 

a Normal ranges are presented for cell surface markers, absolute lymphocytes, and immunoglobulins for reference 
purposes. Statistical analyses were done only on the continuous form of these dependent variables. 
b Covariates: 
(1): age, race, military occupation, current cigarette smoking, lifetime cigarette smoking history, current alcohol 
use, lifetime alcohol history, physical activity index. 
c Exclusions: 
(a): participants taking anti-inflammatory (except aspirin and nonsteroidal) or immunosuppression medications, 
participants testing positive for HIV, participants who recently received x-ray treatment or chemotherapy for cancer. 

Covariates 

;pi■'v;:--:::'if^tv:i-^>;::::;^;:>--;;^jaB^i^bie;;.i^slltSJi";:|:Vi;;:'^':^:£; ;;:■;; Data Source ■■';.:.; ;,■   Data Form f';B^:C ;|;;S:C^t^n^;:. ;;■; • |^ ■  ZM'P^         :ii 

Age (years) MIL D/C Born>1942 
Born<1942 

Race MIL D Black 
Non-Black 

Occupation MIL D Officer 
Enlisted Flyer 
Enlisted Groundcrew 

Current Cigarette Smoking 
(cigarettes/day) 

Q-SR D/C 0-Never 
O-Former 
>0-20 
>20 

Lifetime Cigarette Smoking 
History (pack-years) 

Q-SR D/C 0 
>0-10 
>10 

Current Alcohol Use (drinks/day) Q-SR D/C 0-1 
>l-4 
>4 
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Table 17-2.   Statistical Analysis for the Immunologie Assessment (Continued) 

Variable (Units): Data Source j Data Form Outpoints 
Lifetime Alcohol History (drink- 
years) 

Physical Activity Index 
(kcal/kg/day) 

Q-SR 

Q-SR 

D/C 

D 

0 
>(W0 
>40 
Sedentary: <1.45 
Moderate: L45-<2.95 
Very Active: >2.95 

Abbreviations 

Data Source: 

Data Form: 

LAB: 1997 laboratory results 
MIL: Air Force military records 
Q-SR: Health questionnaires (self-reported) 

D: Discrete analysis only 
C: Continuous analysis only 
D/C: Appropriate form for analysis (either discrete or continuous) for covariates 

Statistical Analysis:    U: Unadjusted analysis 
A: Adjusted analysis 

Statistical Methods:    CS: Chi-square contingency table analysis (continuity-adjusted) 
GLM: General linear models analysis 
LR: Logistic regression analysis 

Table 17-3 provides a summary of participants with missing dependent variable and covariate data. In 
addition, the number of participants excluded is given. Because approximately 40 percent of the 
participants were assayed for cell surface markers, Table 17-3 is divided into two parts: (1) a summary 
for cell surface markers and (2) a summary for absolute lymphocytes, immunoglobulins, and the lupus 
panel. 

Table 17-3.  Number of Participants Excluded or with Missing Data for the Immunologie 
Assessment 

Group (Ranch Hands Only)       Cateeorized Dioxin 

Variable Ranch ililrli! 
||t§:||:IM i!::..:.,TJig|j|: :|SlB»|::fI? Comparison Initial liilÄi iijaMg Comparison 

Cell Surface Markers 
CD20+ Cells (B Cells) DEP 1 0 1 i 1 0 
Current Cigarette Smoking COV 1 0 0 i 1 0 
Lifetime Cigarette Smoking COV 2 1 1 2 2 1 
History 
Current Alcohol Use COV 1 0 0 1 1 0 
Lifetime Alcohol History COV 2 0 1 2 2 0 
Physical Activity Index COV 3 3 1 3 3 3 
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Table 17-3.  Number of Participants with Missing Data for the Immunologie Assessment 
(Continued) 

Group 
Dioxin 

(Ranch Hands Only) Categorized Dioxin 

Variable 
Variable     Ranch 

Use Hand      Comparison Initial 
Ranch 

iI987        Hand     Comparison] 
Taking Anti-Inflammatory or 
Immunosuppressant 
Medications 

EXC 12 

Recent X-ray Treatment or EXC 10 
Chemotherapy for Cancer 
HIV Positive EXC 0 

Absolute Lymphocytes, 
Immunoglobulins, and 
Lupus Panel 
Current Cigarette Smoking 
Lifetime Cigarette Smoking 
History 
Current Alcohol Use 

COV 
cov 

cov 

1 
2 

1 
Lifetime Alcohol History cov 6 
Physical Activity Index 
Taking Anti-Inflammatory or 
Immunosuppressant 
Medications 

cov 
EXC 

6 
23 

Recent X-ray Treatment or EXC 14 
Chemotherapy for Cancer 
HIV Positive EXC 3 

12 12 

10 

0 

0 
1 

0 
2 
8 

34 

17 

2 

12 

10 

0 

11 

7 

2 

0 1 1 0 
1 2 2 1 

0 1 1 0 
3 6 6 1 
2 6 6 8 

14 23 23 32 

12 13 13 16 

3 3 3 2 

Note:   DEP = Dependent variable. 
COV = Covariate. 
EXC = Exclusion. 

Cell Surface Markers: 
341 Ranch Hands and 477 Comparisons. 
192 Ranch Hands for initial dioxin; 339 Ranch Hands for 1987 dioxin. 
339 Ranch Hands and 460 Comparisons for categorized dioxin. 

Absolute Lymphocytes, Immunoglobulins, and Lupus Panel: 
870 Ranch Hands and 1,251 Comparisons. 
482 Ranch Hands for initial dioxin; 863 Ranch Hands for 1987 dioxin. 
863 Ranch Hands and 1,213 Comparisons for categorized dioxin. 

17.2   RESULTS 

17.2.1   Dependent Variable-Covariate Associations 

Tests of association between the immunologic dependent variables and each of the covariates given in 
Table 17-2 were conducted. The results are presented in Appendix Table F-9. These associations are 
pairwise between the dependent variable and the covariate and are not adjusted for any other covariates. 
Participants taking anti-inflammatory medications, taking immunosuppression medication, testing 
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positive for HIV, or who have recently received x-ray treatment or chemotherapy for cancer were 
excluded from all analyses. 

The analysis of CD3+ cells (T cells) revealed a significant association with age (p=0.006), indicating a 
decrease in the CD3+ cell count as age increased. A marginally significant association was found 
between race and CD3+ cell count (p=0.095). Blacks displayed a higher mean CD3+ cell count 
(mean=l,363.1 cells/mm3) than non-Blacks (mean=l,239.6 cells/mm3). Analyses also revealed 
significant associations between CD3+ cell count and current cigarette smoking (p<0.001) and between 
CD3+ cell count and the physical activity index (p<0.001). CD3+ cell count increased as the number of 
cigarettes per day increased and as the activity level decreased. 

Tests of association for CD4+ cell (helper T cell) count were significant for age (p<0.001), race 
(p=0.023), current cigarette smoking (p<0.001), and the physical activity index (p=0.001). A marginally 
significant association was found with lifetime cigarette smoking history (p=0.053). The CD4+ cell count 
decreased with age, and the CD4+ cell count mean was higher for Blacks (mean=958.7 cells/mm3) than 
for non-Blacks (mean=844.4 cells/mm3). As the number of cigarettes per day increased, the CD4+ cell 
count increased. Participants with the lowest activity level displayed the highest average CD4+ cell 
counts (mean=889.2 cells/mm3); the cell count increased as the number of cigarette pack-years increased. 

Significant associations with the CD8+ cell (suppressor T cell) count were found for the current cigarette 
smoking (p<0.001) and the physical activity index covariates (p=0.005). The CD8+ cell count increased 
as the number of cigarettes smoked per day increased. The mean CD8+ cell count was highest among 
those participants classified as sedentary (mean=608.3 cells/mm3). Participants classified as active 
displayed the next highest CD8+ cell count mean (mean=548.3 cells/mm3), followed by those with a 
moderately active index (mean=539.1 cells/mm3). 

Covariate association tests conducted for the CD 16+56+ cell (natural killer cell) count analysis resulted in 
significant findings for age (p=0.005) and current cigarette smoking (p<0.001). The CD 16+56+ cell 
count increased as age increased and as the number of cigarettes smoked per day decreased. 

Significant covariate associations with the CD20+ cell (B cell) count were found for age (p<0.001), race 
(p=0.007), occupation (p=0.002), current cigarette smoking (p<0.001), current alcohol use (p=0.007), and 
the physical activity index (p=0.017). The CD20+ cell count decreased with age, and the CD20+ cell 
count mean was higher for Blacks (mean=232.9 cells/mm3) than for non-Blacks (mean= 182.2 cells/mm3). 
Enlisted groundcrew showed the highest average CD20+ cell count (mean=200.9 cells/mm3), followed by 
enlisted flyers (mean=178.8 cells/mm3) and officers (mean=170.8 cells/mm3). The CD20+ cell count 
increased as the number of cigarettes smoked per day increased and as the number of drinks per day 
decreased. The CD20+ cell count increased as the physical activity level decreased. 

Tests of covariate associations with the CD3+CD4+ cell (helper T cell) count were significant for age 
(p<0.001), current cigarette smoking (p<0.001), lifetime cigarette smoking history (p=0.032), and the 
physical activity index (p=0.001), and marginally significant for race (p=0.061). The CD3+CD4+ cell 
count decreased with age. The mean CD3+CD4+ cell count was higher for Blacks (mean=860.6 
cells/mm3) than for non-Blacks (mean=770.2 cells/mm3). The CD3+CD4+ cell count increased as current 
and lifetime cigarette smoking increased. Participants in the sedentary category of the physical activity 
index showed the highest CD3+CD4+ cell count (mean=814.3 cells/mm3). 

Association tests for absolute lymphocytes revealed significant findings for age (p<0.001), occupation 
(p<0.001), current cigarette smoking (p<0.001), lifetime cigarette smoking history (p<0.001), and the 
physical activity index (p<0.001). The association between absolute lymphocytes and race was 

17-14 



marginally significant (p=0.070). Absolute lymphocytes decreased with age and increased as cigarette 
smoking increased. Enlisted groundcrew had the highest average absolute lymphocyte count 
(mean=l,845.8 cells/mm3), followed by enlisted flyers (mean=l,788.5 cells/mm3), then officers 
(mean= 1,703.3 cells/mm3). Blacks displayed a higher mean absolute lymphocyte count (mean= 1,879.4 
cells/mm3) than did non-Blacks (mean= 1,772.9 cells/mm3). The least active participants displayed the 
highest average absolute lymphocyte count (mean= 1,831.0 cells/mm3), compared to those who were 
moderately active (mean= 1,722.7 cells/mm3) and active (mean=1,719.7 cells/mm3). 

The covariate association analysis for IgA displayed significant findings for age (p=0.012), occupation 
(p=0.030), and current alcohol use (p=0.032). Marginally significant findings resulted for lifetime 
alcohol use (p=0.086) and the physical activity index (p=0.088). IgA levels increased with age, current 
alcohol use, and lifetime alcohol use. Average IgA levels were highest among enlisted groundcrew 
(mean=238.7 mg/dl), followed by enlisted flyers (mean=237.3 mg/dl), then officers (mean=225.0 mg/dl). 
Participants with the lowest activity levels displayed the highest mean IgA levels. 

Analysis of IgG revealed significant associations with race (p<0.001), occupation (p=0.019), current 
cigarette smoking (p<0.001), lifetime cigarette smoking (p<0.001), current alcohol use (p<0.001), and 
lifetime alcohol history (p=0.007). Blacks exhibited a higher average IgG level (mean= 1,266.8 mg/dl) 
than non-Blacks (mean= 1,029.2 mg/dl). Enlisted groundcrew exhibited the highest average IgG level 
(mean=l,058.6 mg/dl) among the occupational strata, followed by enlisted flyers (mean=l,036,8 mg/dl), 
then officers (mean= 1,026.7 mg/dl). IgA levels decreased as current and lifetime cigarette smoking 
increased and as current and lifetime alcohol use increased. 

The covariate analysis of IgM levels revealed significant associations with age (p=0.005), race (p=0.004), 
and current alcohol use (p=0.010). IgM levels decreased as age increased. Non-Blacks displayed higher 
average levels of IgM (mean=98.4 mg/dl) as compared to Blacks (mean=85.4 mg/dl). IgM levels 
increased as the current alcohol use increased. 

Tests of association between covariates and ANA revealed a marginally significant relation with age 
(p=0.098) and significant relations with current cigarette smoking (p=0.001) and lifetime cigarette 
smoking history (p=0.033). The presence of the ANA was higher among older participants (53.7%) than 
among younger participants (49.9%). Cigarette smokers who smoke at most 20 cigarettes per day and 
those with more than 10 pack-years exhibited the greatest percentages of the ANA present (63.2% and 
55.1%, respectively). 

A marginally significant association between thyroid microsomal antibody and the physical activity index 
was observed (p=0.061). The highest percentage of participants with the thyroid microsomal antibody 
present was found in the moderately active category (4.3%), followed by those classified as sedentary 
(2.9%), then those classified as active (1.7%). 

Significant covariate associations for the MSK smooth muscle antibody test included race (p=0.018) and 
current cigarette smoking (p=0.037). A marginally significant association with the physical activity index 
was observed (p=0.085). Blacks exhibited a higher presence of the MSK smooth muscle antibody than 
non-Blacks (19.2% vs. 11.7%, respectively). Cigarette smokers who smoked at most 20 cigarettes per 
day displayed the highest presence of the smooth muscle antibody (17.2%). Participants categorized as 
moderately active exhibited the highest presence of the smooth muscle antibody (13.5%), followed by 
those who were classified as sedentary (12.9%), then those who were active (9.5%). 
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Tests of covariate association for the MSK mitochondrial antibody revealed a marginally significant 
association with occupation (p=0.060). Officers had the highest prevalence of the antibody (0.6%), 
followed by enlisted flyers (0.3%), then enlisted groundcrew (0.0%). 

The MSK parietal antibody test displayed a significant covariate association with race (p=0.001). For 
Blacks, 10.4 percent exhibited the presence of the antibody, as compared to 3.9 percent of non-Blacks. 

Association tests for the rheumatoid factor showed age to be marginally significant (p=0.064) and 
occupation and lifetime cigarette smoking history to be significant (p=0.038 and p=0.006, respectively). 
The presence of the rheumatoid factor was higher among the older participants (12.2%), compared to a 
prevalence of 9.5 percent for the younger participants. Enlisted flyers displayed the highest prevalence of 
a positive rheumatoid factor (13.1%), followed by officers (12.3%), then enlisted groundcrew (9.0%). 
The heaviest lifetime smokers (in terms of pack-years) showed the highest presence of the rheumatoid 
factor (12.8%), followed by nonsmokers (11.6%), then moderate lifetime smokers (7.4%). 

17.2.2   Exposure Analysis 

The following section presents results of the statistical analyses of the dependent variables shown in 
Table 17-2. Dependent variables were derived from the results of the laboratory portion of the 1997 
follow-up examination. 

Four models were examined for each dependent variable given in Table 17-2. The analyses of these 
models are presented below. Further details on dioxin and the modeling strategy are found in Chapters 2 
and 7, respectively. These analyses were performed both unadjusted and adjusted for relevant covariates. 
Model 1 examined the relation between the dependent variable and group (i.e., Ranch Hand or 
Comparison). In this model, exposure was defined as "yes" for Ranch Hands and "no" for Comparisons 
without regard to the magnitude of the exposure. As an attempt to quantify exposure, three contrasts of 
Ranch Hands and Comparisons were performed along with the overall Ranch Hand versus Comparison 
contrast. These three contrasts compared Ranch Hands and Comparisons within each occupational 
category (i.e., officers, enlisted flyers, and enlisted groundcrew). As described in previous reports and 
Table 2-8, the average levels of exposure to dioxin were highest for enlisted groundcrew, followed by 
enlisted flyers, then officers. 

Model 2 explored the relation between the dependent variable and an extrapolated initial dioxin measure 
for Ranch Hands who had a 1987 dioxin measurement greater than 10 ppt. If a participant did not have a 
1987 dioxin level, the 1992 level was used to estimate the initial dioxin level. If a participant did not have 
a 1987 or a 1992 dioxin level, the 1997 level was used to estimate the initial dioxin level. A statistical 
adjustment for the percentage of body fat at the time of the participant's blood measurement of dioxin 
was included in this model to account for body-fat-related differences in elimination rate (90). 

Model 3 divided the Ranch Hands examined in Model 2 into two categories based on their initial dioxin 
measures. These two categories are referred to as "low Ranch Hand" and "high Ranch Hand." Two 
additional categories, Ranch Hands with 1987 serum dioxin levels at or below 10 ppt and Comparisons 
with 1987 serum dioxin levels at or below 10 ppt, were formed and included in the model. Ranch Hands 
with 1987 serum dioxin levels at or below 10 ppt are referred to as the "background Ranch Hand" 
category. Dioxin levels in 1992 were used if the 1987 level was not available and dioxin levels in 1997 
were used if the 1987 and 1992 levels were not available. These four categories—Comparison, 
background Ranch Hands, low Ranch Hands, and high Ranch Hands—-were used in Model 3 analyses. 
The relation between the dependent variable in each of the three Ranch Hand categories and the 
dependent variable in the Comparison category was examined. A fourth contrast, exploring the relation 
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of the dependent variable in the combined low and high Ranch Hand categories relative to Comparisons, 
also was conducted. This combination is referred to in the tables as the "low plus high Ranch Hand" 
category. As in Model 2, a statistical adjustment for the percentage of body fat at the time of the 
participant's blood measurement of dioxin was included in this model. 

Model 4 examined the relation between the dependent variable and 1987 lipid-adjusted dioxin levels in all 
Ranch Hands with a dioxin measurement. If a participant did not have a 1987 dioxin measurement, the 
1992 measurement was used to determine the dioxin level. If a participant did not have a 1987 or a 1992 
dioxin measurement, the 1997 measurement was used to determine the dioxin level. 

17.2.2.1  Laboratory Variables 

17.2.2.1.1     CD3+ Cells (T Cells) 

The Model 1 adjusted analysis of CD3+ cells revealed a marginally significant difference in means 
between Ranch Hands and Comparisons within the enlisted groundcrew stratum (Table 17-4(b): p=0.073, 
difference of adjusted means=-91.7 cells/mm3). The mean CD3+ cell count was higher for Comparisons 
than for Ranch Hands. All other Model 1 contrasts, as well as the Model 2 and Model 3 analyses, were 
nonsignificant (Table 17-4(a-f): p>0.11 for all analyses). 

Results from the Model 4 unadjusted analysis of CD3+ cells were nonsignificant (Table 17-4(g): 
p=0.316). After adjustment for covariates, a significant and positive association between the 1987 dioxin 
levels and CD3+ cell count was observed (Table 17-4(h): p=0.046, adjusted slope=0.035). CD3+ cell 
counts increased as 1987 dioxin levels increased. 

Table 17-4. Analysis of CD3+ Cells (T Cells) (cells/mm3) 

|:^MgB|l;|||R|g 

^^^i^^äpMÄM1 

All Ranch Hand 319 1,231.0 -26.7- 0.431 
Comparison 455 1,257.7 

Officer Ranch Hand 135 1,230.0 39.8 - 0.449 
Comparison 164 1,190.2 

Enlisted Flyer Ranch Hand 56 1,197.2 -89.6 -- 0.270 
Comparison 78 1,286.8 

Enlisted Ranch Hand 128 1,247.1 -54.2- 0.308 
Groundcrew Comparison 213 1,301.3 

a Transformed from natural logarithm scale. 
b Difference of means after transformation to original scale; confidence interval on difference of means not 
presented because analysis was performed on natural logarithm scale. 
c P-value is based on difference of means on natural logarithm scale. 
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Table 17-4.   Analysis of CD3+ Cells (T Cells) (cells/mm3) (Continued) 

(b). MODEL; 1: RANCH HANDS VS. COMPARISONS -ADJUSTED 

Occupational 
Category Group '%.^-n^^M;:^ 

■Adjusted Difference of Adj. Means 
p-Value*' 

All Ranch Hand 
Comparison 

316 
451 

1,245.2 
1,283.7 

-38.5- 0.255 

Officer Ranch Hand 
Comparison 

134 
162 

1,313.3 
1,266.5 

46.8 - 0.392 

Enlisted Flyer Ranch Hand 
Comparison 

56 
77 

1,201.6 
1,298.4 

-96.8 -- 0.224 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

126 
212 

1,205.6 
1,297.3 

-91.7- 0.073 

a Transformed from natural logarithm scale. 
Difference of means after transformation to original scale; confidence interval on difference of means not 

presented because analysis was performed on natural logarithm scale. 
c P-value is based on difference of means on natural logarithm scale. 

!Ö:Ä Summary 3iä|iM^5^^^W■ Analysis Results for Log2 (Initial Dioxin)h 

Iriitiäl Dioxin WM§M'%''M^i-:^ :|f;;;M|aii|v.;' ̂ i^liilSlfi 
Low 
Medium 
High 

52 

61 

62 

1,163.0 

1,288.6 

1,263.7 

1,166.8 

1,285.9 

1,262.9 

0.013           0.023 (0.023)                0.317 

a Transformed from natural logarithm scale. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 
0 Slope and standard error based on natural logarithm of CD3+ cells versus log2 (initial dioxin). 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(d) MODEL 2: RANCH HANDS - - INITIAL DIOXIN - liöatfjfE^ 
Initial Dioxin Category Summary ||||S|K1|1I lljllpf^ 

Initial Dioxin mMWiMM Illllellllllj 
iiisifiiii 
i!!IM 

Low 
Medium 
High 

52 
60 
62 

1,237.6 
1,358.6 
1,388.6 

0.132                     0.042(0.027)             0.113 

a Transformed from natural logarithm scale. 
b Slope and standard error based on natural logarithm of CD3+ cells versus log2 (initial dioxin). 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 
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Table 17-4.   Analysis of CD3+ Cells (T Cells) (cells/mm3) (Continued) 

(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - UNADJUSTED 

Dioxin Category 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

B: 

440 

142 
84 
91 

175 

Mean3 Ädj^Mean8 

1,252.8 1,252.1 

1,210.4 1,220.8 
1,230.2 1,225.9 
1,251.6 1,242.7 
1,241.3 1,234.6 

Difference of Adj. Mean 
v&v Comparisons 

■31.3- 
-26.2 - 
-9.4 - 
-17.5 - 

:P-Value" 

0.490 
0.636 
0.862 
0.676 

a Transformed from natural logarithm scale. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 
c Difference of means after transformation to original scale; confidence interval on difference of means not presented 
because analysis was performed on natural logarithm scale. 
d P-value is based on difference of means on natural logarithm scale. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand):  1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

3$|^.Ä 

:^s;!;^:0-;i^yyr:-i-^<E^I|ii ::CaT^gf^a^y:^7 ;!i-::-; :"::t v ■$■:■;=■';| M^M'PM-MPM:B t:;l :;■;■::■>■';: ;.|;S::> 
;:^^:^;^fepri^';;:-:;:-::;;..;; ;^i 

Difference of Adj. Mean 

p-VaIuec 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

436 

140 
83 
91 

174 

1,284.8 

1,237.1 
1,272.3 
1,239.3 
1,254.9 

-47.7 -- 
-12.5 - 
-45.5 - 
-29.9 ~~ 

0.308 
0.823 
0.403 
0.474 

a Transformed from natural logarithm scale. 
b Difference of means after transformation to original scale; confidence interval on difference of means not presented 
because analysis was performed on natural logarithm scale. 
c P-value is based on difference of means on natural logarithm scale. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 17-4.   Analysis of CD3+ Cells (T Cells) (cells/mm3) (Continued) 

(g) MODEL 4: 
:!i^NcH;w^ -immoMN} -.M&tiJÄ 

1987 Dioxin Category Summary Statistics :;;■■'.   Analysis Results tor Logv (1.987 Dioxin +1)  . 

1987 Dioxin £;^::^;^''ÄSS>:l:;i:-:S yQ-^5;M^ji?;pl5; 
£ -;^:}:v:?■ :;';.:;;:'v:Sl6piei ■:'^:; ■   ■■> ■';;'.:■,■ 

■■■   .:R2. '■.           ■ "■: (Std.Error)b   '              p-Vaiue 
Low 
Medium 
High 

110 
100 
107 

1,196.2 
1,216.1 
1,271.3 

0.003              0.015 (0.015)               0.316 

a Transformed from natural logarithm scale. 
b Slope and standard error based on natural logarithm of CD3+ cells versus log2 (1987 dioxin + 1). 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(h)MOI>EL4: ^RANCH'HANDS^ 1987 DIOXIN - 1$$^^ 
:::- .'■■;: ...^ SMÄ^^ 

^M$^^^0M^;'^j ll^l^!^yi^§ 
%itk ■■■!:'■   -i; -f:':;~. '4:-■-£4:;i::Äxijusted;;Slope-;; f:';":;;.-^ -P''^   -^'-/^-■ V ■ -;-/■:■ % 

Low 
Medium 
High 

108 
100 
106 

1,149.8 
1,220.5 
1,286.6 

0.088              0.035 (0.018)               0.046 

a Transformed from natural logarithm scale. 
b Slope and standard error based on natural logarithm of CD3+ cells versus log2 (1987 dioxin +1). 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

17.2.2.1.2     CD4+ Cells (Helper T Cells) 

The unadjusted and adjusted analyses of CD4+ cells in Models 1, 2, and 3, as well as the unadjusted 
analysis in Model 4, were nonsignificant (Table 17-5(a-g): p>0.11 for all analyses). The adjusted 
analysis of Model 4 revealed a significant and positive association between the 1987 dioxin levels and the 
CD4+ cell count (Table 17-5(h): p=0.033, adjusted slope=0.038). CD4+ cell counts increased as 1987 
dioxin increased. 
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Table 17-5. Analysis of CD4+ Cells (Helper T Cells) (cells/mm3) 

(a) MODEL 1: RANCH HANDS VS. COMPARISONS - UNADJUSTED 

Occupational 
.■;:,;'.':'Gategory; : Group %^::^m^X:V:n:^ 

. Difference of Means ■  '. 
J    p^Valuec : 

All Ranch Hand 
Comparison 

319 
455 

842.0                           -15.0" 
857.0 

0.511 

Officer Ranch Hand 
Comparison 

135 
164 

838.0                            13.3 - 
824.7 

0.708 

Enlisted Flyer Ranch Hand 
Comparison 

56 
78 

808.4                            -61.8-- 
870.2 

0.254 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

128 
213 

861.4                           -16.5" 
877.9 

0.646 

a Transformed from natural logarithm scale. 
Difference of means after transformation to original scale; confidence interval on difference of means not 

presented because analysis was performed on natural logarithm scale. 
c P-value is based on difference of means on natural logarithm scale. 

Occujpational llffMlS^jiiÄä^Mv! Difference of Adj. Means 
r;i|;:--tf';!Ga^gÖJ^;::;v- ■ - i'i ^' • 1:>'--^.föpÖ!*1 P.:';';-1 a--;-;' ^-Vr:'v':" 

:x%;^M:Wi-+M :^M:M'd0^^^MBM. .;.■;;.■,;.:.;  . ■;'(9S%:'>C.l)b:':-"■''::--/; p-Valuec 

All Ranch Hand 316 871.6 -22.4- 0.333 
Comparison 451 894.0 

Officer Ranch Hand 134 926.9 20.0« 0.601 
Comparison 162 906.9 

Enlisted Flyer Ranch Hand 56 835.6 -61.0» 0.261 
Comparison 77 896.5 

Enlisted Ranch Hand 126 842.4 -44.0 -- 0.205 
Groundcrew Comparison 212 886.4 

a Transformed from natural logarithm scale. 
Difference of means after transformation to original scale; confidence interval on difference of means not 

presented because analysis was performed on natural logarithm scale. 
c P-value is based on difference of means on natural logarithm scale. 

(c) MODEL 2: RANCH HANDS - INITIAL DIOXIN - UNADJUSTED 

^/^l^lp'^fmMi^äl^tk Category Summary §iSäiB,^SäiM"?willi Analysis Results for Log2 (Initial Dioxin)1* 

;       M BPBSiiS'- Meana |p||i||^§:| R2                (Std.Error)c                 p-Value 
Low 
Medium 
High 

52 
61 
62 

804.2 
883.0 
869.6 

807.5 
880.6 
868.8 

0.018           0.027 (0.023)                0.254 

a Transformed from natural logarithm scale. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 
c Slope and standard error based on natural logarithm of CD4+ cells versus log2 (initial dioxin). 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 
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Table 17-5.   Analysis of CD4+ Cells (Helper T Cells) (cells/mm3) (Continued) 

(d) MODEL 2: RANCH HANDS -INITIAL DIOXIN - 4:ADJUSTEDKM 

Initial Dioxin Category 'SummaryStatistics Analysis Results for Logj (Initial Dioxin) 

Initial Dioxin SX:-M-::M:-'':^M'^.'t- Adj. Meana
:  ';' 

i-',s ^ ':■:? ■ ?        :~-: "m %%X?iA Adj. Sloper-?. 

Low 
Medium 
High 

52 
60 
62 

885.8 
961.1 
967.0 

0.152                       0.041(0.026)              0.119 

a Transformed from natural logarithm scale. 
b Slope and standard error based on natural logarithm of CD4+ cells versus log2 (initial dioxin). 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High - >152 ppt. 

■'■■(e) MODEL 3: RANCH HANDS AND COMPARISONS BY D^ 

Dioxin Category Mean8 Adj. Mean3 

Difference of Adj. Mean 
vs. Comparisons 

p-Va!ued 

Comparison 440 855.4 854.9 

Background RH 142 823.0 830.4 -24.5 - 0.421 
LowRH 84 838.7 835.6 -19.3 -- 0.605 
High RH 91 868.7 862.2 7.3- 0.842 
Low plus High RH 175 854.2 849.3 -5.6 - 0.844 

a Transformed from natural logarithm scale. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 
c Difference of means after transformation to original scale; confidence interval on difference of means not presented 
because analysis was performed on natural logarithm scale. 
d P-value is based on difference of means on natural logarithm scale. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

r(fKMÖ^^ 

Dioxin Category Adj.'Mearf 

Difference of Adj. Mean 
Kf?trlv^,CÖiBttpän^ns:;i^:; 

p-Value0: 
Comparison 436 897.9 

Background RH 140 854.8 -43.1 -- 0.176 
LowRH 83 893.6 -4.3 - 0.911 
HighRH 91 886.1 -11.8- 0.752 
Low plus High RH 174 889.7 -8.2 - 0.774 

a Transformed from natural logarithm scale. 
b Difference of means after transformation to original scale; confidence interval on difference of means not presented 
because analysis was performed on natural logarithm scale. 
c P-value is based on difference of means on natural logarithm scale. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 17-5.   Analysis of CD4+ Cells (Helper T Cells) (cells/mm3) (Continued) 

(g)MODEL4: RANCH HANDS- 1987 DIOXIN xüiiöjüSTE^ 
1987 Dioxin Category Summary Statistics :    Analysis Results for Log2 (1987 Dioxin+1)       .          ; 

1987 Dioxin •::=;-'?;■ :^:'^^^ ;$;M&^<£S,|? ■:;R2;'                        (Std,Error)b   .            p-Vahie 
Low 
Medium 
High 

110 
100 
107 

813.6 
825.4 
882.5 

0.004                     0.017 (0.015)               0.255 

a Transformed from natural logarithm scale. 
b Slope and standard error based on natural logarithm of CD4+ cells versus log2 (1987 dioxin + 1). 

Note: Low - <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(h) MODEL 4: RANCH HANDS - 19S7DIOXIN -ADJUSTED. :■■          :\,v-/-':-    :■'■:,'■:'; \ 

iSS^^^\ n Category Summary SMÖsÜ^-i^^llsl^ ;:p:;3 

iryß^Mti Ä^;Meä^:\':-':' 
Low 
Medium 
High 

108 
100 
106 

821.6 
865.5 
944.0 

0.091                     0.038 (0.018)               0.033 

a Transformed from natural logarithm scale. 
b Slope and standard error based on natural logarithm of CD4+ cells versus log2 (1987 dioxin + 1). 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

17.2.2.1.3     CD8+ Cells (Suppressor T Cells) 

All results from the analyses of CD8+ cells in Models 1 through 4 were nonsignificant (Table 17~6(a-h): 
p>0.11 for all analyses). 

Table 17-6. Analysis of CD8+ Cells (Suppressor T Cells) (cells/mm3) 

(a) MODEL 1: RANCH HANDS VS. COMPARISONS - UNADJUSTED 

Occupational illii'Mft 
^W^M^$0^^S: W^i^^oj^MiMM il^l&^Mi$w¥lfW^ ifc^llllllll-;^ ^R^SlPll^^H'^-^))^'-- 
All Ranch Hand 319 564.5                           -22.6- 0.254 

Comparison 455 587.1 

Officer Ranch Hand 135 558.7                               7.0- 0.818 
Comparison 164 551.7 

Enlisted Flyer Ranch Hand 56 563.9                           -61.7- 0.207 
Comparison 78 625.6 

Enlisted Ranch Hand 128 571.0                         -30.7- 0.319 
Groundcrew Comparison 213 601.7 

a Transformed from natural logarithm scale. 
b Difference of means after transformation to original scale; confidence interval on difference of means not 
presented because analysis was performed on natural logarithm scale. 
c P-value is based on difference of means on natural logarithm scale. 
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Table 17-6.   Analysis of CD8+ Cells (Suppressor T Cells) (cells/mm ) (Continued) 

Occupational 
Category Group 

Adjusted Difference of Adj. Means 

All Ranch Hand 316 565.6 -27.4 
Comparison 451 593.0 

Officer Ranch Hand 134 565.9 7.3 
Comparison 162 558.6 

Enlisted Flyer Ranch Hand 56 551.8 -72.5 
Comparison 77 624.3 

Enlisted Groundcrew Ranch Hand 126 564.7 -42.2 
Comparison 212 606.9 

0.169 

0.812 

0.132 

0.170 

a Transformed from natural logarithm scale. 
fa Difference of means after transformation to original scale; confidence interval on difference of means not 
presented because analysis was performed on natural logarithm scale. 
c P-value is based on difference of means on natural logarithm scale. 

^*)lvl0D^ 

|:^jv:::JiS||r:i:^ Category xSummary $MJM&I:S1:MM ■ .'■;.,;" . Analysis. Jiesults for lK)g2.(Initial; Dioxin)b:.:. 

Initial Dioxin %ii;piM • ■;; Mean3 ;-0;::Adj.:Meanab ■':.'; 

Low 

Medium 

High 

52 

61 

62 

531.7 

584.9 

568.7 

531.9 

584.7 

568.7 

0.001          0.012(0.029)               0.688 

a Transformed from natural logarithm scale. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 
c Slope and standard error based on natural logarithm of CD8+ cells versus log2 (initial dioxin). 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

^"^|;:|^^fi^|(^ecah Category Summary Statistics l^l;5^l^!ä-:,=^A?^ysi$ Results for.I>6g2::(Im 

Initial Dioxin n                     Adj. Mean8 9S^MMM 
Low 
Medium 
High 

52                    546.2 
60                   608.0 
62                    609.7 

0.039 

- 

0.023 (0.034)              0.505 

a Transformed from natural logarithm scale. 
b Slope and standard error based on natural logarithm of CD8+ cells versus log2 (initial dioxin). 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 
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Table 17-6.   Analysis of CD8+ Cells (Suppressor T Cells) (cells/mm3) (Continued) 

(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY -UNADJUSTED 

Dioxin Category f:^0 ä;t&: ■$'&{;$ :;':. Meant'  ::; Adj,Meanab 

Difference of Adj. Mean 
vs: Comparisons        ... 

.."v.' - (95%CX)C                 p-Valued 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

440 

142 
84 
91 

175 

584.2 

563.2 
572.7 
554.1 
562.9 

584.1 

565.3 
571.8 
552.4 
561.6 

-18.8 -                    0.479 
-12.3»                   0.706 
-31.7--                   0.307 
-22.5 --                    0.355 

a Transformed from natural logarithm scale. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin, 
c Difference of means after transformation to original scale; confidence interval on difference of means not presented 
because analysis was performed on natural logarithm scale. 
d P-value is based on difference of means on natural logarithm scale. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

:f$;;fiQJÄ^ 

:-|;:||::^^ W^'MM^M^:^:M^M r;:;; ;;■;;;?;;!;:;i^ijjt; Ä^^uöt^ :::;,; ^ 

:   : Difference of Adj. Mean. ■ ..■ 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

436 

140 
83 
91 

174 

592.0 

576.2 
576.2 
541.9 
558.0 

-15.8 -                       0.574 
-15.8 --                       0.634 
-50.1--                       0.112 
-34.0"                         0.164 

a Transformed from natural logarithm scale. 
Difference of means after transformation to original scale; confidence interval on difference of means not presented 

because analysis was performed on natural logarithm scale. 
c P-value is based on difference of means on natural logarithm scale. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 17-6.   Analysis of CD8+ Cells (Suppressor T Cells) (cells/mm3) (Continued) 

'l(jjg$§pgi?$ ;:;ÄM0j|;JHßM^:if -1987DIOXIN- -UNADJUSTED 

: '■. ■ 1987 Dioxin Category Summary Statistics _■: Analysis Results for Log2 (1987 Dioxin +1) 

1987 Dioxin W.^-i:$:■&}■ ?l'*i W^t ?\- Meana 
!V;■: i' i?"'' X;                     -;;;/--;-;';' - ■ Slope:

:^ ^? -; ;.'.;- 
.    R2   ■     v;        (Std.Error)b       ■      p-Value 

Low 
Medium 
High 

110 
100 
107 

550.0 
571.5 
569.0 

0.001              0.009 (0.019)             0.640 

a Transformed from natural logarithm scale. 
b Slope and standard error based on natural logarithm of CD8+ cells versus log2 (1987 dioxin + 1). 

Note: Low = <7.9 ppt; Medium = >7.9~19.6 ppt; High = >19.6 ppt. 

\:ih)Mpppj-4i RANCH HANDS -1987 DIOXIN /-ADJUSTED; 

:: ;•' :; . ..l'987':piöxin Category 'Summary; Statistics C;:-./; Analysis Results for Log2 (1?87 Dioxin + 1).  ■     ': 

^S'^^S^AvJ^ Adj. Mean3 

Low 
Medium 
High 

108 
100 
106 

519.5 
553.2 
539.0 

0.049                      0.014 (0.022)              0.540 

a Transformed from natural logarithm scale. 
b Slope and standard error based on natural logarithm of CD8+ cells versus log2 (1987 dioxin + 1). 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

17.2.2,1.4     CD 16+56+ Cells (Natural Killer Cells) 

The Model 1 unadjusted analysis of CD 16+56+ cell count revealed a marginally significant difference 
between Ranch Hands and Comparisons when examined across all occupational strata (Table 17-7(a): 
p=0.082, difference of means=-16.6 cells/mm3). In addition, a significant difference among Ranch 
Hands and Comparisons was found within the enlisted flyer stratum for both the unadjusted and adjusted 
analyses (Table 17-7(a,b): p-0.018, difference of means=-53.5 cells/mm3; p=0.011, difference of 
adjusted means=-58.7 cells/mm3). Each analysis displayed a higher CD 16+56+ cell count mean for 
Comparisons. All other Model 1 contrasts and both the unadjusted and adjusted analyses from Model 2 
were nonsignificant (Table 17-7(a-d): p>0.10 for all analyses). 

17-26 



Table 17-7. Analysis of CD16+56+ Cells (Natural Killer Cells) (cells/mm3) 

(a) MODEL 1; RANCH HANDS VS. COMPARISONS - UNADJUSTED 

Occupational 
Category Groups Mean* 

Difference of Means  : 
■ .. ';^%;C40b;; ;.;....■;.,;•■'    p-Valuel 

All Ranch Hand 
Comparison 

319 
455 

259.3 
275.9 

-16.6- 0.082 

Officer Ranch Hand 
Comparison 

135 
164 

266.2 
276.1 

-9.9 - 0.521 ' 

Enlisted Flyer Ranch Hand 
Comparison 

56 
78 

236.7 
290.2 

-53.5 -- 0.018 

Enlisted Ranch Hand 128 262.4 -8.2 - 0.572 
Groundcrew Comparison 213 270.6 

a Transformed from natural logarithm scale. 
Difference of means after transformation to original scale; confidence interval on difference of means not 

presented because analysis was performed on natural logarithm scale. 
c P-value is based on difference of means on natural logarithm scale. 

(b)MQDELl: S;$|g||||^^ 
Occupational 

^^^(^M%^M ^#£;lfei':0 
Difference of Adj. Means 

p-Value* ■■ 

AU Ranch Hand 
Comparison 

316 
451 

265.8 
281.6 

-15.8- 0.106 

Officer Ranch Hand 
Comparison 

134 
162 

261.0 
271.7 

-10.7 - 0.478 

Enlisted Flyer Ranch Hand 
Comparison 

56 
77 

241.8 
300.4 

-58.7-' 0.011 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

126 
212 

280.8 
283.3 

-2.5 - 0.869 

a Transformed from natural logarithm scale. 
Difference of means after transformation to original scale; confidence interval on difference of means not 

presented because analysis was performed on natural logarithm scale. 
c P-value is based on difference of means on natural logarithm scale. 
:;(C):MODEL:;2^^ 

Initial Dioxin Category Summary ifflsiisiliiiiiiii; llli!f:j;Än 

:£y|Sti^ |;l|||nl||||:| llliSiÄ;: iiii^jiiil^iij 
Low 
Medium 
High 

52 
61 
62 

273.6 
265.1 
254.8 

276.7 
263.2 
254.2 

0.038         -0.029 (0.032)              0.370 

a Transformed from natural logarithm scale. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 
c Slope and standard error based on natural logarithm of CD16+56+ cells versus log2 (initial dioxin). 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 
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Table 17-7.   Analysis of CD16+56+ Cells (Natural Killer Cells) (cells/mm3) (Continued) 

. (d) MODEL 2: RANCH HANDS ~ INITIAL DIOXIN- -ADJUSTED :..;■,':"''■                                 ,111 

InitialDioxin'Category Summary Statistics Analysis Results for Log2 (Initial Dioxin) 

Initial Dioxin ■3'Mf:S*S<iMS:£i ^ifl;(j^i^?^iv5 
;:;;>'h > -b-    .■ ivv:i-■ *■'-'< '■ ■                 &£M<$-'Slope --;■■'                 .    - 
..■..':.  ■  -R2 "■','   ■  :'    . '    ,(Std.Error)b:. .:   p-Value  ;■ 

Low 
Medium 
High 

52 
60 
62 

265.4 
268.8 
246.9 

0.112                    -0.030 (0.038)            0.429 

a Transformed from natural logarithm scale. 
b Slope and standard error based on natural logarithm of CD16+56+ cells versus log2 (initial dioxin). 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(e) MODEL 3J RANCH HANDS AND COMPA 

Dioxin Category Mean* Adj. Mean3 

Difference of Adj, Mean 
:&!:-:Vsl:Cömßäris'öns- :- : ",■   ' ■ ■ ■. .   : ":-:^- 

Comparison 440 275.8 275.4 

Background RH 142 254.1 258.9 -16.5 -- 0.192 
LowRH 84 283.3 281.1 5.7- 0.726 
HighRH 91 247.1 243.3 -32.1 -- 0.028 
Low plus High RH 175 263.9 260.7 -14.7 - 0.209 

a Transformed from natural logarithm scale. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 
c Difference of means after transformation to original scale; confidence interval on difference of means not presented 
because analysis was performed on natural logarithm scale. 

P-value is based on difference of means on natural logarithm scale. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand):  1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(£} MODEL 3: RANCH HAMS AND ^ 

■ ■■:: --"-:- ^?;-tiil^ei^fe^^'0;:^iPhä^ÖLi ^Ppi^iti"^    %-i'l MIS '■ 9; ■% U-E'v 
i?:-'^^^- ':?-'>fr-^^ll-*^^jifip!£ä^$ÖJriS Nt^?^: ^ ^>VIH^^\^^}-:^-

==
'XJ::;'^?^?^; 

Dioxin Category      ? R^Jl^Sii^SS iiiisiiifÄiii^ii g:i^ 
Comparison 436 282.6 

Background RH 140 268.0 -14.6 -                       0.285 
LowRH 83 286.7 4.1 -                       0.805 
HighRH 91 252.0 -30.6 -                       0.046 
Low plus High RH 174 268.0 -14.6 -                         0.227 

a Transformed from natural logarithm scale. 
Difference of means after transformation to original scale; confidence interval on difference of means not presented 

because analysis was performed on natural logarithm scale. 
c P-value is based on difference of means on natural logarithm scale. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 17-7.   Analysis of CD16+56+ Cells (Natural Killer Cells) (cells/mm3) (Continued) 

(g) MODEL 4: RANCH HANDS - -1987 DIOXIN »LINADJUSTED 

1987 Pioxin Category Summary Statistics Analysis Results.for"Log2 (1987 Dioxin+1) 

1987 Dioxin ^■y^'^s#PS?K:V^:yH v:%;:;'-Ä R2                        (Std.Error)b                 p-Value 
Low 
Medium 
High 

110 
100 
107 

258.5 
263.0 
257.1 

<0.001                 0.006 (0.021)               0.772 

a Transformed from natural logarithm scale. 
b Slope and standard error based on natural logarithm of CD 16+56+ cells versus log2 (1987 dioxin + 1). 

Note: Low = <7.9 ppt; Medium = >7.9~19.6 ppt; High = >19.6 ppt. 

(h)MODEL4: RANCH HANDS" -i^ifiiöxs|g^ 
p|:;;;;^^ ,:./.Analysis :.ResüIts:.for:I^ 

"JMWt-M^Q-W^ ■. Adj. :Meana ' ■.-:'■•■■' 
Low 
Medium 
High 

108 
100 
106 

265.6 
263.8 
258.6 

0.059                  -0.001 (0.025)               0.960 

a Transformed from natural logarithm scale. 
b Slope and standard error based on natural logarithm of CD16+56+ cells versus log2 (1987 dioxin + 1). 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

The results from the Model 3 analysis of CD 16+56+ cell count revealed similar results in the unadjusted 
and adjusted analyses. Comparisons were found to have a significantly higher mean CD 16+56+ cell 
count than Ranch Hands in the high dioxin category in both the unadjusted and adjusted analyses (Table 
17-7(e,f): p=0.028, difference of adjusted means=-32.1 cells/mm3; p=0.046, difference of adjusted 
means=-30.6 cells/mm3, respectively). All other Model 3 contrasts, as well as each analysis for Model 4, 
were nonsignificant (Table 17-7(e-h): p>0.19 for all analyses). 

17.2.2.1.5    CD2Ö+ Cells (B Cells) 

All results from the analysis of CD20+ cell count were nonsignificant for Models 1, 3, and 4 (Table 
17-8(a,b,e-h): p>0.14 for each analysis). The Model 2 unadjusted analysis revealed a significant and 
positive association between initial dioxin and CD20+ cell count (Table 17-8(c): p=0.024, slope=0.081). 
The Model 2 results became marginally significant after adjustment for covariates (Table 17-8(d): 
p=0.052, adjusted slope=0.075). 
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Table 17-8. Analysis of CD20+ Cells (B Cells) (cells/mm3) 

(a) MODEL 1: RANCH HANDS VS. COMPARISONS- 

Occupational 
','■;■: -Category': Group SÄ-felP^f:* 

:.■ ■: '.'.-'.'■■.   :■'-■■:;-' ■' ■   '■■:' i ::Öilferencei;ÖfiMeattsr- ■ 
p-VaIuec 

All Ranch Hand 
Comparison 

318 
455 

184.0                            -1.5" 
185.5 

0.858 

Officer Ranch Hand 
Comparison 

134 
164 

175.3                             8.1- 
167.1 

0.496 

Enlisted Flyer Ranch Hand 
Comparison 

56 
78 

170.2                         -15.0 - 
185.2 

0.420 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

128 
213 

200.4                            -0.7 - 
201.1 

0.961 

a Transformed from natural logarithm scale. 
b Difference of means after transformation to original scale; confidence interval on difference of means not 
presented because analysis was performed on natural logarithm scale. 
c P-value is based on difference of means on natural logarithm scale. 

Occupational 
Category ;■ Group'] 

Adjusted.:-v ...   Difference of Adj. Means 
|ifeii§:;:B 

All Ranch Hand 315 196.2 
Comparison 451 198.2 

Officer Ranch Hand 133 211.3 
Comparison 162 198.2 

Enlisted Flyer Ranch Hand 56 185.0 
Comparison 77 199.7 

Enlisted Ranch Hand 126 189.2 
Groundcrew Comparison 212 199.3 

-2.0 

13.1 

•14.7 

10.1 

0.808 

0.343 

0.450 

0.422 

a Transformed from natural logarithm scale. 
b Difference of means after transformation to original scale; confidence interval on difference of means not 
presented because analysis was performed on natural logarithm scale. 
0 P-value is based on difference of means on natural logarithm scale. 

]llt]M\ :T::-JPgSii! 1 Dioxii Category Summary Statistics g£l§f!® 

Initial Dioxin . ;u[-:^Xl lIlSiMllS '■'^^^&i^;3 
Low 
Medium 
High 

51 
61 
62 

153.6 
198.4 
191.7 

154.9 
197.3 
191.4 

0.052           0.081 (0.035)              0.024 

a Transformed from natural logarithm scale. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 
c Slope and standard error based on natural logarithm of CD20+ cells versus log2 (initial dioxin). 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 
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Table 17-8.   Analysis of CD20+ Cells (B Cells) (cells/mm3) (Continued) 

(d) MODEL 2: RANCH HANDS -INITIAL DIOXIN- -pXI^TE)^ 

Initial Dioxin Category Summary Statistics Analysis Results for Log2 (Initial Dioxin) 

Initial Dioxin 'l-Ji^l/rtt^Tft^l-fi^ Adj. Mean8 
l Adj. Slope 1      .- 

R2                   ;v     (Std.Errorf               p-Value 
Low 
Medium 
High 

51 
60 
62 

203.2 
247.8 
238.9 

0.236                     0.075 (0.038)             0.052 

a Transformed from natural logarithm scale. 
b Slope and standard error based on natural logarithm of CD20+ cells versus log2 (initial dioxin). 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

/(e);M0im 

Dioxin Category- Mean1 Adj. Mean* 

Difference of Adj. Mean   . 
ill ii-i^is^CöM^äriSonä':;:; |: ■/:■ \ >¥.   'lll|;lli"': 

Comparison 440 185.0 185.0 

Background RH 142 182.9 183.9 -1.1- 0.918 
LowRH 83 167.1 166.7 -18.3 -- 0.141 
High RH 91 196.4 195.5 10.5 - 0.419 
Low plus High RH 174 181.8 181.1 -3.9- 0.694 

a Transformed from natural logarithm scale. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 
c Difference of means after transformation to original scale; confidence interval on difference of means not presented 
because analysis was performed on natural logarithm scale. 
d P-value is based on difference of means on natural logarithm scale. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand):  1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(f) MODEL 3r RANCH HA^ 

;;;;M^ WM'i§M-M§MMf:iM -^^wSäl^^iöij ^SyÄdaiif;!^>:^ 

Difference of Adj, Mean     :. ^''5 ■ £::\::\: ■. : 

Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH 

436 

140 
82 

91 
173 

198.1 

200.6 
185.2 

194.6 
190.1 

2.5 --                       0.827 
-12.9 --                       0.325 
-3.5 -                       0.788 
-8.0"                       0.419 

a Transformed from natural logarithm scale. 
Difference of means after transformation to original scale; confidence interval on difference of means not presented 

because analysis was performed on natural logarithm scale. 
c P-value is based on difference of means on natural logarithm scale. 

Note: RH = Ranch Hand. 
Comparison:  1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 17-8.   Analysis of CD20+ Ceils (B Ceils) (cells/mm3) (Continued) 

(g)MODEL4: ;ips^^si^^ -1987 DIOXIN- -^ADJUSTED;;.;; 

■'■,.., 1.987 Dioxin Category Summary Statistics ' :■ .■    Analysis Results for Log2 (1987 Dioxin +1): '.. 

1987 Dioxin ^&'*0Mt ■■■&■<&*■•£: ■"■.■'■.Mean*    :.,, R2     '.              ;.:;.(Std.;Error)b: .      .    p-Value 

Low 
Medium 
High 

110 
99 

107 

179.1 
170.0 
197.9 

0.004                 0.026 (0.023)             0.260 

a Transformed from natural logarithm scale. 
b Slope and standard error based on natural logarithm of CD20+ cells versus log2 (1987 dioxin + 1). 

Note: Low = <7.9 ppt; Medium = >7.9~19.6 ppt; High - >19.6 ppt 

(h) MODEL 4: RANCH HANDS- -1987PIOXIN- -ADJUSTED-.: >' ■-■■".:■ -;:.;■:;■ .:;y;y.;.; :■;,,.;.■■ -.v ■..,.,: :y;._ 

§^ % Analysis -.Results;- for Lpg2 (19^7 Dioxin 4 1) 

Adj. Mean0 $f ;i;;v|y;;f>;:;:;y;:g'R2
:-r 

Low                             108 
Medium                         99 
High                             106 

199.9 
194.4 
214.6 

0.105                 0.030(0.026)             0.253 

a Transformed from natural logarithm scale. 
b Slope and standard error based on natural logarithm of CD20+ cells versus log2 (1987 dioxin + 1). 

Note: Low = <7.9 ppt; Medium = >7.9~19.6 ppt; High = >19.6 ppt. 

17.2.2.1.6    CD3+CD4+ Cells (Helper T Cells) 

All contrasts examined within the CD3+CD4+ cell count analysis of Models 1 and 3 were nonsignificant 
(Table 17-9(a,b and e,f): p>0.15 for all contrasts). The Model 2 unadjusted analysis of CD3+CD4+ cell 
count was also nonsignificant (Table 17-9(c): p=0.226), although the adjusted analysis revealed a 
marginally significant and positive association between initial dioxin and the CD3+CD4+ cell count 
(Table 17-9(d): p=0.098, adjusted slope=0.046). The Model 4 analysis of CD3+CD4+ cell count was 
also nonsignificant in the unadjusted analysis (Table 17-9(g): p=0.228) and significant in the adjusted 
analysis, with a positive association between the 1987 dioxin levels and the CD3+CD4+ cell count (Table 
17-9(h): p=0.025, adjusted slope=0.042). 

17-32 



Table 17-9. Analysis of CD3+CD4+ Cells (Helper T Cells) (cells/mm3) 

r^gmmi^ix RANCH HANDS VS. COMPARISONS-UNADJUSTED 

Occupational 
:■■   Category', ;: Group >;^:^^'li-::i:i¥;:^|?|j 

Difference of Means 
p-Vaiuec 

All Ranch Hand 
Comparison 

319 
455 

767.4                         -13.4" 
780.9 

0.541 

Officer Ranch Hand 
Comparison 

135 
164 

763.1                              13.5- 
749.6 

0.693 

Enlisted Flyer Ranch Hand 
Comparison 

56 
78 

737.4                           -54.5 - 
791.9 

0.296 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

128 
213 

785.6                           -16.1 — 
801.8 

0.641 

a Transformed from natural logarithm scale. 
b Difference of means after transformation to original scale; confidence interval on difference of means not 
presented because analysis was performed on natural logarithm scale. 
c P-value is based on difference of means on natural logarithm scale. 

(b)MQDELl: RANCH HANDS VS COMPARISONS --ADJUSTED 

Occupational 
Group f;§rM;Zy,£-&& 

kAdjusted   . Difference of Adj. Means 
p-Valuec 

All Ranch Hand 
Comparison 

316 
451 

786.5 
807.2 

-20.7- 0.347 

Officer Ranch Hand 
Comparison 

134 
162 

839.6 
820.0 

19.6- 0.589 

Enlisted Flyer Ranch Hand 
Comparison 

56 
77 

753.7 
807.5 

-53.8 - 0.296 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

126 
212 

758.1 
800.7 

-42.5 - 0.196 

a Transformed from natural logarithm scale. 
Difference of means after transformation to original scale; confidence interval on difference of means not 

presented because analysis was performed on natural logarithm scale. 
c P-value is based on difference of means on natural logarithm scale. 

(c) MODEL 2: RANCH HANDS - INITIAL DIOXIN - UNADJUSTED 

Ä:;S Summary §l|itf|iftSIBI^l;llil Analysis Results for Log3 (Initial Dioxin)b 

IHJ=4JMÖ^4SISäIS^^^K^I WM^SMM'M üüüB ül^Mü^liii 
Low 
Medium 
High 

52 
61 
62 

730.7 
807.5 
798.1 

733.6 
805.4 
797.5 

0.018          0.030(0.024)               0.226 

a Transformed from natural logarithm scale. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 
c Slope and standard error based on natural logarithm of CD3+CD4+ cells versus log2 (initial dioxin). 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 
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Table 17-9.   Analysis of CD3+CD4+ Cells (Helper T Cells) (cells/mm3) (Continued) 

(d) MODEL 2: RÄNCHHÄNDS - INITIAL DIOXIN - -ADJUSTED ,;.'...;•:■;: 
Initial Dioxin Category Summary Statistics Analysis Results for Log2 (Initial Dioxin) 

Initial Dioxin ~$S'W&:%:Wi'fr'y'^ Ä(lj.';Meana'    :. 
i:f-M$;-:;-;-!:■                     :-^Adj; Slope : - '■::                      \ 

'"'■■ ■Ä>.::. -■■:                    (Std.Error)b               p-Value 
Low 
Medium 
High 

52 
60 
62 

790.9 
861.0 
874.2 

0.159                     0.046(0.028)             0.098 

a Transformed from natural logarithm scale. 
b Slope and standard error based on natural logarithm of CD3+CD4+ cells versus log2 (initial dioxin). 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

■(e) MODEL 3; RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY -UNADJUSTED 

Dioxin Category Mean8 Adj.Mean"b 

; Difference, of Adj. Mean.: 
vs. Comparisons 

p-Value* 
Comparison 440 779.1 778.6 

Background RH 142 747.7 753.7 -24.9 - 0.395 
LowRH 84 764.0 761.5 -17.1 - 0.632 
High RH 91 796.2 790.8 12.2 -- 0.731 
Low plus High RH 175 780.6 776.6 -2.0 - 0.940 

a Transformed from natural logarithm scale. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 
c Difference of means after transformation to original scale; confidence interval on difference of means not presented 
because analysis was performed on natural logarithm scale. 

P-value is based on difference of means on natural logarithm scale. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand):  1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

-(0MODEL'3r-M^ 

Dioxin Category Adj. Mean* 

Difference of Adj. Mean 

p-Value' 
Comparison 436 809.9 

Background RH 140 766.6 -43.3 - 0.151 
LowRH 83 806.9 -3.0-- 0.935 
High RH 91 803.8 -6.1 - 0.865 
Low plus High RH 174 805.3 -4.6- 0.866 

a Transformed from natural logarithm scale. 
b Difference of means after transformation to original scale; confidence interval on difference of means not presented 
because analysis was performed on natural logarithm scale. 
c P-value is based on difference of means on natural logarithm scale. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand):  1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 17-9.   Analysis of CD3+CD4+ Cells (Helper T Cells) (cells/mm3) (Continued) 

(g) MODEL 4: !jÄj^]^i>s,.> -1987 DIOXIN -UNADJUSTED 

1987 Dioxin Category Summary Statistics Analysis Results for Log2 (1987 Dioxin+1) 

1987 Dioxin ^'^^Sffi^l?^'?■'&*■ r:^^0{^}SS§ R2                         (Std. Error)'*              p-Value 
Low 
Medium 
High 

110 
100 
107 

738.7 
750.2 
809.7 

0,005                  0.019 (0.016)             0.228 

a Transformed from natural logarithm scale. 
b Slope and standard error based on natural logarithm of CD3+CD4+ cells versus log2 (1987 dioxin + 1). 

Note: Low = <7S »ppt , Medium = >7.9-19.6 ppt; High = > 19.6 ppt. 

(h)MpDEI |4g; RANCH HANDS - 1987 DIOXIN -, #IÜ§opI>|::^^ 

ß^^B^S^Si^si^ in C itegory Summary Statistics-:-.---.-;:.-'; Analysis Results for Log2(19S7 Dioxin + 1) 

).;.'.-',■■ Dioxin '$ frfpB W'--- % W^^^^'M^^^MiM R2                          (Std. Error)"               p-Value 
Low 
Medium 
High 

108                     731.1 
100                      775.5 
106                       854.8 

0.097                   0.042 (0.019)             0.025 

a Transformed from natural logarithm scale. 
b Slope and standard error based on natural logarithm of CD3+CD4+ cells versus log2 (1987 dioxin + 1). 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

17.2.2.1.7    Absolute Lymphocytes 

All analysis results from Models 1 through 4 for absolute lymphocytes were nonsignificant (Table 
17-10(a-h): p>0.10). 

Table 17-10. Analysis of Absolute Lymphocytes (cells/mm3) 

(a) MODEL 1 iiiiiii^ 
Occupational Difference of Means 

^■:¥i^^ory!M isijWiiGl^ftjftfe^i^ 'M:^\l^$§'§§Si^ ill!! WSBSUUMiSSl S !:■> *:'^;1P^^VS-Ö^S:
::

:
:
 
; '• v-; 

All Ranch Hand 830 1,781.2 3.2- 0.909 
Comparison 1,199 1,777.9 

Officer Ranch Hand 327 1,730.0 44.8 -- 0.292 
Comparison 475 1,685.2 

Enlisted Flyer Ranch Hand 142 1,753.3 -63.8 -- 0.360 
Comparison 178 1,817.2 

Enlisted Ranch Hand 361 1,840.2 -9.5 -- 0.828 
Groundcrew Comparison 546 1,849.6 

a Transformed from natural logarithm scale. 
b Difference of means after transformation to original scale; confidence interval on difference of means not 
presented because analysis was performed on natural logarithm scale. 
c P-value is based on difference of means on natural logarithm scale. 

17-35 



Table 17-10.   Analysis of Absolute Lymphocytes (cells/mm3) (Continued) 

•(b) MODEL 1: :;:R||^H;§!N^ 

Occupational 
.:'v   Category ^ v^l^rl'-^rQti^:^;?;^ ^■:i;}!,i^n;^S^'^:;'i 

'■;. -Adjusted 
OMeanV    • 

Difference of Adj, Means 
(95%CX)b p-Valuec 

All Ranch Hand 
Comparison 

820 
1,188 

1,787.3 
1,793.3 

-6.1- 0.827 

Officer Ranch Hand 
Comparison 

324 
470 

1,805.1 
1,752.2 

52.9 -- 0.227 

Enlisted Flyer Ranch Hand 
Comparison 

140 
176 

1,740.1 
1,814.4 

-74.3 - 0.279 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

356 
542 

1,795.4 
1,830.0 

-34.6 -- 0.412 

a Transformed from natural logarithm scale. 
b Difference of means after transformation to original scale; confidence interval on difference of means not 
presented because analysis was performed on natural logarithm scale. 
c P-value is based on difference of means on natural logarithm scale. 

Initial Dioxin Category Summary Starj^ticM:!^ Analysis Results for Log2 (Initial Dioxin)b 

;    Initial Dioxin ■fM"[M:W'. ■;..'-":Mean8( liiplliiiiliii 
Low 
Medium 
High 

148 
152 
153 

1,731.1 
1,777.4 
1,838.8 

1,737.8 
1,777.7 
1,831.7 

0.019           0.019(0.012)              0.121 

a Transformed from natural logarithm scale. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 
c Slope and standard error based on natural logarithm of absolute lymphocytes versus log2 (initial dioxin). 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(d)MODEL2- RANCH HANDS -INITIAL DIOXIN- liBäöi^^ 
Initial Dioxin Category Summary Statistics l!PfS;:© 

Initial Dioxin ^MKM'y- ^iKplll 
":^:;-i:; ■-;;: ^-JE'H:^.'^; 

::-;,::;':::::;; -f .::;:ir-. h-;-' :=:■';i;- '^-r rtj-i' K^;
1
 l»-:-;:.:' ^vlr^äJ^Slö jpe-;::; ::

J ' ?:■ :S'T^:r:::'; ■:: ■::;'; ■-;';:;; ftl^ W:t';:;':: ■'| '■:::-;:; 

Low 
Medium 
High 

148 
150 
151 

1,742.9 
1,781.8 
1,837.5 

0.066                     0.023 (0.014)             0.109 

a Transformed from natural logarithm scale. 
Slope and standard error based on natural logarithm of absolute lymphocytes versus log2 (initial dioxin). 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 
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Table 17-10.   Analysis of Absolute Lymphocytes (cells/mm3) (Continued) 

(e) MODEL 3t RANCH HANDS AND COMM 

Dioxin Category Mean8 Adj. Mean* 

Difference of Adj. Mean 
vs. Comparisons 

p-yaiüed 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,164 

371 
222 
231 
453 

1,776.6 

1,772.5 
1,757.0 
1,807.3 
1,782.5 

1,775.7 

1,786.3 
1,752.0 
1,794.5 
1,773.5 

10.6 - 
-23.7 - 

18.8- 
-2.2 - 

0.777 
0.598 
0.676 
0.959 

a Transformed from natural logarithm scale. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 
c Difference of means after transformation to original scale; confidence interval on difference of means not presented 
because analysis was performed on natural logarithm scale. 
d P-value is based on difference of means on natural logarithm scale. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(f) MODEL 3* RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - ADJUS 

\ Dioxi ii Category j Adj. Mean" 

Difference of Adj. Mean 
vs. Comparisons 

[..f;;_:<9S^eX)^.;;;..-CJ p-Valuec 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,154 

365 
220 
229 
449 

1,794.7 

1,821.6 
1,768.7 
1,755.8 
1,762.1 

26.9 - 
-26.0 ~ 
-38.9 - 
-32.6 - 

0.477 
0.562 
0.389 
0.340 

a Transformed from natural logarithm scale. 
b Difference of means after transformation to original scale; confidence interval on difference of means not presented 
because analysis was performed on natural logarithm scale. 
c P-value is based on difference of means on natural logarithm scale. 

Note: RH = Ranch Hand. 

Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(g) MODEL 4: RANCH HANDS - 1987 DIOXIN - UNADJUSTED 

§IHiS^^HB! Category Summary ;iH|ipi|f:|llj|f P|;:|||:^|fflal^lSIS Results ■föijSjg^^ 

ii^v-^^^iÄvi;--::^:;: ̂ ^Ä"i%!^^^VJ^-fe-^ß?:s^s SSSSiiiSi WBM§U§ 
Low 
Medium 
High 

281 
271 
272 

1,730.6 
1,788.5 
1,817.6 

0.002 0.010 (0.008)           0.222 

a Transformed from natural logarithm scale. 
b Slope and standard error based on natural logarithm of absolute lymphocytes versus log2 (1987 dioxin + 1). 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 
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Table 17-10.   Analysis of Absolute Lymphocytes (cells/mm3) (Continued) 

(h) MODEL 4: RANCH HANDS - "1987 DIOXIN- -ADJUSTED,   .. . 

1987 Dioxin Category Summary Statistics Analysis Results for Log2 (1987 Dioxin + 1)   ; 

.:   1987 
Dioxin ^iV^-7;^;n;:;;t:;;|;|^S^:i^ Adj. Mean5* 

... -''Adjusted Slope            ■ 
R2                         (Std.Error)b ."';■■>Value 

Low 
Medium 
High 

277 
269 
268 

1,723.8 
1,783.7 
1,776.6 

0.046                 0.008 (0.009)           0.393 

a Transformed from natural logarithm scale. 
b Slope and standard error based on natural logarithm of absolute lymphocytes versus log2 (1987 dioxin + 1). 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

17.2.2.1.8    IgA 

Examination of contrasts for Models 1 and 3 in both the unadjusted and adjusted analyses revealed no 
significant differences in IgA levels between Ranch Hands and Comparisons (Table 17-1 l(a,b and e,f): 
p>0.29 for all contrasts). The Model 2 unadjusted analysis of IgA was also nonsignificant (Table 
17-11(c): p=0.224), although after adjustment for covariates, the association between initial dioxin and 
IgA levels was significant and positive (Table 17-11(d): p=0.046, adjusted slope=0.040). The Model 4 
unadjusted analysis of IgA revealed a marginally significant and positive association between the 1987 
dioxin levels and IgA levels (Table 17-11(g): p=0.051, adjusted slope=0.022), whereas the adjusted 
Model 4 analysis was nonsignificant (Table 17-11(h): p=0.115). 

Table 17-11. Analysis of IgA (mg/dl) 

(a)MODELl r RANCH HA^ 

Occupational ;■ ;: Diffej rence of Means 
W0$$$&fö%or^;? i;::]H%M^S5Wß^^S:^'; S^£H3:^P.Ö"- ■■■■■ .'Mean3; (95%C.I.)b ■■.-:,;   p-Value0 

All Ranch Hand 
Comparison 

830 
1,199 

232.4 
233.3 

-0.9- 0.860 

Officer Ranch Hand 
Comparison 

327 
475 

224.8 
225.2 

-0.4 - 0.958 

Enlisted Flyer Ranch Hand 
Comparison 

142 
178 

238.1 
236.6 

1.4- 0.912 

Enlisted Ranch Hand 361 237.3 -2.2 - 0.779 
Groundcrew Comparison 546 239.5 

a Transformed from natural logarithm scale. 
Difference of means after transformation to original scale; confidence interval on difference of means not 

presented because analysis was performed on natural logarithm scale. 
c P-value is based on difference of means on natural logarithm scale. 
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Table 17-11.   Analysis of IgA (mg/dl) (Continued) 

(h) M0PEE1: RANCH HANDS VS. COMPARISONS - ADJUSTED 

Occupational 
Category Group 

Adjusted Difference of Adj. Means 

All Ranch Hand 820 234.9 
Comparison 1,188 236.2 

Officer Ranch Hand 324 221.5 
Comparison 470 224.0 

Enlisted Flyer Ranch Hand 140 238.2 
Comparison 176 238.1 

Enlisted Ranch Hand 356 246.1 
Groundcrew Comparison 542 246.8 

1.4 

-2.5 

0.1 

-0.7 

0.790 

0.740 

0.995 

0.927 

a Transformed from natural logarithm scale. 
b Difference of means after transformation to original scale; confidence interval on difference of means not 
presented because analysis was performed on natural logarithm scale. 
c P-value is based on difference of means on natural logarithm scale. 

/    '-: ■ Initial Dioxin Category Summary $i^ti^!^^^>S^;4^ Analysis Results for Log2 (Initial Dioxin)* 

Initial Dioxin o;-jif<^;'t \ ..Mean8 'W:;^§mMBi 
Low 
Medium 
High 

148 
152 
153 

230.8 
241.6 
241.1 

231A 
241.6 
240.4 

0.007           0.021 (0.017)              0.224 

a Transformed from natural logarithm scale. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 
c Slope and standard error based on natural logarithm of IgA versus log2 (initial dioxin). 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

Initial Ilioxiii Category Summar; r Statistics--'■:•;■'■';■ ^ Wm:MW$^W^yßtö Resultsifoir Lbg2 (InitialDlpxin)     ; 

Initial Dioxin ^^BSlil ■v■ Vi;■;:V:=:'■ ■«{Sp;:£rror)b j:. i;
:;;. ;/;. ip-Value'   \ 

Low 
Medium 
High 

148 
150 
151 

257.2 
270.3 
275.8 

0.049 0.040 (0.020)              0.046 

a Transformed from natural logarithm scale. 
b Slope and standard error based on natural logarithm of IgA versus log2 (initial dioxin). 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 
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Table 17-11.   Analysis of IgA (mg/df) (Continued) 

(t) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - UNADJUSTED 

Dioxin Category W&&M Adj. Mean" 

;-Difference of Adj. Mean 
vs. Comparisons 

, •■{95%C.L)C   .        '     p-Valued 

Comparison 1,164 233.8 233.6 

Background RH 371 225.0 226.8 -6.8 - 0.297 
LowRH 222 233.0 232.3 -1.3- 0.868 
High RH 231 242.6 240.9 7.3- 0.373 
Low plus High RH 453 237.8 236.6 3.0- 0.629 

a Transformed from natural logarithm scale. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 
c Difference of means after transformation to original scale; confidence interval on difference of means not presented 
because analysis was performed on natural logarithm scale. 
d P-value is based on difference of means on natural logarithm scale. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(D MODEL 3: RANCH HANDS A 

Dioxin Category Adj. Mean" 

Difference of Adj. Mean 
vs. Comparisons 

p-Value0 

Comparison 1,154 

Background RH 365 
LowRH 220 
HighRH 229 
Low plus High RH 449 

236.3 

231.0 
233.2 
241.0 
237.1 

♦5.3 - 0.435 
-3.1 -- 0.707 
4.7- 0.575 
0.8- 0.890 

a Transformed from natural logarithm scale. 
Difference of means after transformation to original scale; confidence interval on difference of means not presented 

because analysis was performed on natural logarithm scale. 
c P-value is based on difference of means on natural logarithm scale. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

r;(g),MODEL;4:- 

1987 Dioxin Category Summary Statistics ;:fc||:::||if^ 

|||^|ipp|l ̂ §Mi^W^;,^M Illll 
Low 
Medium 
High 

281 
271 
272 

221.1 
231.1 
244.7 

0.005                  0.022(0.011)             0.051 

a Transformed from natural logarithm scale. 
b Slope and standard error based on natural logarithm of IgA versus log2 (1987 dioxin + 1). 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 
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Table 17-11.   Analysis of IgA (mg/dl) (Continued) 

(h) MODEL 4: RANCH HANDS »1987 DIOXIN - ADJUSTED 

1987 Dioxin Category Summary Statistics Analysis Results for Log2 (1987 Dioxin+1) 

/Dioxin-    ■' ■M-^^^%'xy'r'i'- .           Ad j. Mean*         ' . 
Adjusted Slope 

:    : ■".   ;
R2

       ■           .     .;{Std.:Erro.r)V        ; ; p-Vame 
Low 
Medium 
High 

277 
269 
268 

240.7 
247.3 
265.1 

0.031                   0.021(0.013)              0.115 

a Transformed from natural logarithm scale, 
b Slope and standard error based on natural logarithm of IgA versus log2 (1987 dioxin + 1). 

Note: Low = <7.9 ppt; Medium - >7.9-19.6 ppt; High - >19.6 ppt. 

17.2.2.1.9    IgG 

All analyses of IgG from Models 1 through 4 were nonsignificant (Table 17-12 (a-h): p>0.21). 

Table 17-12. Analysis of IgG (mg/dl) 

Occupational 
Group! Mean" 

;Xfiffere^nee;0^:M 

All Ranch Hand 830 1,035.5 -11.8- 0.273 
Comparison 1,199 1,047.3 

Officer Ranch Hand 327 1,022.2 -1.1 - 0.649 
Comparison 475 1,029.8 

Enlisted Flyer Ranch Hand 142 1,021.8 -27.2 - 0.307 
Comparison 178 1,048.9 

Enlisted Ranch Hand 361 1,053.3 -8.9» 0.587 
Groundcrew Comparison 546 1,062.2 

a Transformed from natural logarithm scale. 
b Difference of means after transformation to original scale; confidence interval on difference of means not 
presented because analysis was performed on natural logarithm scale. 
c P-value is based on difference of means on natural logarithm scale. 
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Table 17-12.   Analysis of IgG (mg/dl) (Continued) 

(b) MODEL 1: RANCH HANDS VS. COMPARISONS - ADJUSTED 

Occupational 
> Category n Group 

Adjusted Difference of Adj. Means 
tMeÄf;/;^ 

All Ranch Hand 820 1,121.4 -13.9 
Comparison 1,188 1,135.4 

Officer Ranch Hand 324 1,101.3 -14.3 
Comparison 470 1,115.6 

Enlisted Flyer Ranch Hand 140 1,111.7 -32.3 
Comparison 176 1,144.1 

Enlisted Ranch Hand 356 1,145.3 -6.8 
Groundcrew Comparison 542 1,152.2 

0.217 

0.417 

0.251 

0.694 

a Transformed from natural logarithm scale. 
Difference of means after transformation to original scale; confidence interval on difference of means not 

presented because analysis was performed on natural logarithm scale. 
c P-value is based on difference of means on natural logarithm scale. 

(c) MODEL 2: RANCH HANDS - INITIAL DIOXIN - UNADJUSTED 

IM%^I-M^^s I Dioxin Category Summary .Statistics.. Analysis Results for I^gj (Initial Dioxin)b ;           ; 

Initial Dioxin %M-A~'-S^^ä-y^ i-^'^-liean8;' |R;A$;:;M^ 
Low 
Medium 
High 

148 
152 
153 

1,040.7 
1,061.9 
1,025.2 

1,039.6 
1,061.8 
1,026.3 

0.002          -0.001 (0.009)               0.922 

a Transformed from natural logarithm scale. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 
c Slope and standard error based on natural logarithm of IgG versus log2 (initial dioxin). 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(d) MODEL 2: RANCH HANDS - -INITIAL DIOXIN- illlM^^ 
Initial Dioxin Category Summa n ̂ S|aÖs^ii^l;|-^;:;^. Pi--9i;Ä 

Initial Dioxin W$WBWM Mllllllllll p-Value  '■; 

Low 
Medium 
High 

148 
150 
151 

1,132.3 
1,162.9 
1,107.0 

0.119                    -0.003(0.010) 0.761 

a Transformed from natural logarithm scale. 
b Slope and standard error based on natural logarithm of IgG versus log2 (initial dioxin). 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 
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Table 17-12.   Analysis of IgG (mg/dl) (Continued) 

(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - UNADJUSTED 

■ ■:. ■   Dioxin Category.   .-: iS::-;i v^-('}}':^:: }^h'M$^4^ '' ■AcljVMeanab- 

Difference of Adj. Mean 
vs. Comparisons 

:...;■ .'■ (95%; C.I.)C ■'.'■. p-Value" 
Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH 

1,164 

371 
222 
231 
453 

1,048.3 

1,029.2 
1,042.7 
1,042.2 
1,042.5 

1,048.1 

1,031.9 
1,041.7 
1,039.6 
1,040.7 

-16.2 - 
-6.4 - 
-8.5 - 
-7.4 - 

0.254 
0.713 
0.621 
0.572 

a Transformed from natural logarithm scale. 
Adjusted for percent body fat at the time of the blood measurement of dioxin. 

c Difference of means after transformation to original scale; confidence interval on difference of means not presented 
because analysis was performed on natural logarithm scale. 

P-value is based on difference of means on natural logarithm scale. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - ADJUSTED 

Difference of Adj. Mean 
vs. Comparisons 

;;^n ;>; "i:::;:];:' -:;CI^ÖMn :^at^öry ':{;^: > -i;" ■'[ J::; ^:^M4-^:'l^l':^%^^' |f|jg?^;|||^|g^;yi: S;fti|S;0£^i^^|?K , ;'' p-Valuec   . 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,154 

365 
220 
229 
449 

1,136.6 

1,122.1 
1,121.4 
1,125.1 
1,123.3 

-14.5 - 
-15.2- 
-11.5- 
-13.3 - 

0.340 
0.404 
0.535 
0.340 

a Transformed from natural logarithm scale. 
Difference of means after transformation to original scale; confidence interval on difference of means not presented 

because analysis was performed on natural logarithm scale. 
c P-value is based on difference of means on natural logarithm scale. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(g) MODEL 4: RANCH HANDS- -l^gi^ 

s^iiiii^s^^ic Category Summary Statistics itiSSIK 

^:l3iWsMäifö|r^iii ■%M£:WMIWMt f:f^e^00-& 
Low 
Medium 
High 

281 
271 
272 

1,019.6 
1,040.5 
1,050.1 

<0.001                 0.002 (0.005)             0.652 

Transformed from natural logarithm scale. 
Slope and standard error based on natural logarithm of IgG versus log2 (1987 dioxin + 1). 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 
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Table 17-12.   Analysis of IgG (mg/dl) (Continued) 

(h) MODEL 4: RANCH HANDS ^ -1987 DIOXIN - ADJUSTED 

1987 Dioxin Category Summary Statistics Analysis Results for Log2 (1987 Dioxin + 1) 

1987 
Dioxin {:'•;;•:^'!:^i'^:■■7^■V^v^i:^'-,;^ Ädj.Meana   ■ : 

Adjusted Slope 
R2 ■ .            ::;;. IStd. Error)"              p-Value   j 

Low 

Medium 
High 

111 
269 
268 

1,115.5 
1,132.4 
1,142.7 

0.073                 -0.001 (0.006)            0.920 

a Transformed from natural logarithm scale. 
b Slope and standard error based on natural logarithm of IgG versus log2 (1987 dioxin + 1). 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

17.22.L10 IgM 

Each result from the analyses of IgM was nonsignificant for Models 1 through 4 (Table 17-13 (a-h): 
p>0.10 for all analyses). 

Table 17-13. Analysis of IgM (mg/dl) 

(a) MODEL 1: RANCH HANDS VS. COMPARISONS - UNADJUSTED 

Occupational 
"\ Category;;) \ Group;; Mean* 

Difference of Means  .    ■ 
':■ {95% CX}bV,.. ■     :■'■,/■;.   p-Valuec 

All Ranch Hand 
Comparison 

830 
1,199 

96.3 
98.4 

-2.1 - 0.373 

Officer Ranch Hand 
Comparison 

327 
475 

95.2 
95.9 

-0.6 - 0.862 

Enlisted Flyer Ranch Hand 
Comparison 

142 
178 

94.6 
104.4 

-9.7 - 0.102 

Enlisted Ranch Hand 361 98.0 -0.8 - 0.831 
Groundcrew Comparison 546 98.7 

a Transformed from natural logarithm scale. 
b Difference of means after transformation to original scale; confidence interval on difference of means not 
presented because analysis was performed on natural logarithm scale. 
c P-value is based on difference of means on natural logarithm scale. 
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Table 17-13.   Analysis of IgM (mg/dl) (Continued) 

(b) MODEL 1: RANCH HANDS VS. COMPARISONS - ADJUSTED 

Occupational 
.  Category Group ^■'^:::-'-^VM}~^%:- 

■■■;■..-'■'Adjusted ■■ •■■..;■ 
Meana 

Difference of Adj. Means 
(95%CX)b p-Valuec 

All Ranch Hand 
Comparison 

820 
1,188 

90.5 
92.4 

-2.0- 0.365 

Officer Ranch Hand 
Comparison 

324 
470 

89.2 
89.9 

-0.7 -- 0.831 

Enlisted Flyer Ranch Hand 
Comparison 

140 
176 

89.3 
98.1 

-8.7 - 0.120 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

356 
542 

90.7 
91.4 

-0.7 - 0.824 

a Transformed from natural logarithm scale. 
Difference of means after transformation to original scale; confidence interval on difference of means not 

presented because analysis was performed on natural logarithm scale. 
c P-value is based on difference of means on natural logarithm scale. 

K{C)';MODEL;2:.M ■ ■ :■■:.'■.":,   - 

Initial Dioxin Category Summary 'Stäli^ä^j^i|;^i;>;j^^ Analysis Results for Log2 (Initial Dioxin)11 

Initial Dioxin :M§:^&:M$^h ISÄäP -|;fS$^^ 
Low 
Medium 
High 

148 
152 
153 

93.9 
96.5 
96.0 

93.5 
96.5 
96.3 

0.005          0.007(0.019)             0.711 

a Transformed from natural logarithm scale. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 
c Slope and standard error based on natural logarithm of IgM versus log2 (initial dioxin). 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(d) MODEL 2: RANCH HANDS - - INITIAL DIOXIN ~:i^pS0pD;e 

initial Dioxin € Category Summarj ̂■SraHs^'^^liy f:^;y;^ 

Initial Dioxin f'^M<'0W0MM IPillillljII S&i:M0%-::^:'^                     ■ ■.■}:■':;: p-vaiue ■. 
Low 
Medium 
High 

148 
150 
151 

86.3 
89.7 
87.9 

0.046                    -0.003 (0.022)            0.896 

a Transformed from natural logarithm scale. 
b Slope and standard error based on natural logarithm of IgM versus log2 (initial dioxin). 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High ->152 ppt. 
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Table 17-13.   Analysis of IgM (mg/dl) (Continued) 

(e)MQD1SL3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY ^UNADJUSTED 

Dioxin Category Mean": Adj. Mean** 

Difference of Adj. Mean 
vs. Comparisons   ■ 

;.::...'V:,(95%;.c,ioc;..JISl p-Value* 
Comparison 1,164 98.2 98.2 

Background RH 371 97.1 96.1 
LowRH 222 95.5 95.8 
HighRH 231 95.5 96.4 
Low plus High RH 453 95.5 96.1 

2,1- 0.487 
2.4- 0.525 
1.8- 0.619 
2.1- 0.459 

a Transformed from natural logarithm scale. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 
c Difference of means after transformation to original scale; confidence interval on difference of means not presented 
because analysis was performed on natural logarithm scale. 
d P-value is based on difference of means on natural logarithm scale. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(f) MODEL 3r RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY■- ADJUSTED 

Dioxin Category Adj. Mean8 

Difference of Adj. Mean 
vs. Comparisons 

p-Vahi^ 
Comparison 1,154 

Background RH 365 
LowRH 220 
HighRH 229 
Low plus High RH 449 

92.5 

91.2 
90.7 
89.4 
90.0 

1.3- 0.659 
1.8- 0.599 
3.1- 0.390 
2.5- 0.358 

a Transformed from natural logarithm scale. 
b Difference of means after transformation to original scale; confidence interval on difference of means not presented 
because analysis was performed on natural logarithm scale. 
c P-value is based on difference of means on natural logarithm scale. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(g) MODEL 4: RANCH HANDS - 

[>xin Category Sumira 

-198' 

*ry St 

7 DIOXIN -UNADJUSTED 

BiiliiÄiJi ^|^S11';II;I IÄ?^;^Mf;?l^ii^t^^|| lllllllf^^ 
}M^$$^^§§i 'OMMIlf; illlillii 'l§X§BM ' tft;:;\:{Siä; Error)'' ';;';: p-Vaiue 
Low 
Medium 
High 

281 
271 
272 

96.4 
96.4 
95.7 

<0.001 -0.001 (0.012) 0.937 

a Transformed from natural logarithm scale. 
b Slope and standard error based on natural logarithm of IgM versus log2 (1987 dioxin + 1). 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 
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Table 17-13.   Analysis of IgM (mg/dl) (Continued) 

(h) MODEL 4; ':^^S^&^;r -:|Ö|7':DIÖxp:- -ADJUSTED 

1987 Dioxin Category Summary Statistics Analysis Results for Log2 (1987 Dioxin +1) 

Dioxin ^^■&t^^%^:^'^ Adj. Mean3 
Adjusted Slope 

.■;■ R2                         (Std,Error)b:    ..         p-Value    ■ 
Low 
Medium 
High 

277 
269 
268 

88.6 
89.3 
86.4 

0.025                 -0.008 (0.014)            0.586 

a Transformed from natural logarithm scale 
b Slope and standard error based on natural logarithm of IgM versus log2 (1987 dioxin + 1). 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

17.2.2.1 Al   Lupus Panel: AN A Test 

All analysis results from Models 1 through 4 for the antinuclear antibody were nonsignificant (Table 
17-14(a~h): p>0.20). 

Table 17-14. Analysis of Lupus Panel: ANA Test 

; (a) MODEL lr RANCH HANDS VS. C^ 

.p.-Value 
All Ranch Hand 

Comparison 
830 

1,199 
432 (52.1) 
624 (52.0) 

1.00 (0.84,1.19) 0.998 

Officer Ranch Hand 
Comparison 

327 
475 

168 (51.4) 
251 (52.8) 

0.94(0.71,1.25) 0.683 

Enlisted Flyer Ranch Hand 
Comparison 

142 
178 

73(51.4) 
87 (48.9) 

1.11(0.71,1.72) 0.653 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

361 
546 

191 (52.9) 
286 (52.4) 

1.02(0.78,1.33) 0.876 

(b) MODELT: RANCH HANDS VS. COMPARISONS - ADJUSTED 

Occupational Category 
Adjusted Relative Risk 

(95% C.I.') p-Value 
All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

1.01 (0.84,1.20) 

0.95 (0.72,1.27) 
1.07(0.68,1.67) 
1.04(0.79,1.36) 

0.946 

0.736 
0.778 
0.801 
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Table 17-14.   Analysis of Lupus Panel:   ANA Test (Continued) 

: (c) MODEL 2: RANCH HANDS - -INITIALDIOXIN-UNADJUSTED 

Initial Dioxin Category Summary Statistics                ' j Analysis Results for IjOg2 (Initial Dioxin)a 

; ;;;;;^0:Initial'' J''£J. W%f-;?;;£l$30)S$1; 
■      Dioxin ': - ; ';... ■''. ■ .'■: n.. 

Estimated Relative Risk 
.. :': ' :■     (95%.C.I;)* : \ ':■' .                  p-Value 

Low                            148 
Medium                      152 
High                            153 

76(51.4) 
71 (46.7) 
85 (55.6) 

1.08 (0.94,1.24)                         0.301 

Adjusted for percent body fat at the time of the blood measurement of dioxin. 
Relative risk for a twofold increase in initial dioxin. 

(d)M0DEL2: ;;RiÖ#HÄ^S^ - INITIAL DIOXIN - AD JUSTED 

\prf^:W^^%M§ 

Analysis Results for Log> 

Adjusted Relative Risk 

.(Initial Dioxin): 

p-Value ■' 
449 1.04(0.88,1.24) 0.622 

a Relative risk for a twofold increase in initial dioxin. 

;,'(e) MODEL;^; RANCH HANDS AND^^G^ -UNADJUSTED 

^|:;:|-^ p-Value 

Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH 

1,164 

371 
222 
231 
453 

606(52.1) 

199 (53.6) 
105 (47.3) 
127 (55.0) 
232(51.2) 

1.05(0.83,1.33) 
0.83(0.62,1.11) 
1.14(0.85,1.51) 
0.97 (0.78,1.21) 

0.674 
0.202 
0.380 
0.810 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand):  1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

mMODEL3: RANCHMAN 

Dioxin Category 
Adjusted Relative Risk 

!|£v^iue| 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,154 

365 
220 
229 
449 

1.04(0.82,1.33) 
0.85(0.63,1.14) 
1.15(0.85,1.55) 
0.99(0.79,1.24) 

0.738 
0.276 
0.364 
0.936 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand):  1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 17-14.   Analysis of Lupus Panel:   ANA Test (Continued) 

(g) MODEL 4: RANCH HANDS flÜfi? DIOXIN -UNADJUSTED                . = :-'                         ' |||| 

1987 Dioxin Category Summary Statistics Analysis Results for Log2 (1987 Dioxin + 1) 

1987 
Dioxin "■M^y-^'^B-'^'W^ 

.''.■':'  Estimated Relative Risk-  '' 
...; ;■' (95%cx)a   ;.: ;. V    '■  ■ ■    p-vaiue. :     . ' 

Low 
Medium 
High 

281 
271 
272 

153 (54.5) 
134 (49.5) 
144 (52.9) 

0.98(0.90,1.08)                                0.732 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(h) MODEL 4: RANCH HANDS - 1987 DIOXIN - ADJUSTED 

; Analysis Results for Log2 (1987 Dioxin +1)! 

Adjusted Relative Risk 
^:ri: ■;: ;

:V;::.;;;::;; ;:^;;i;;: ::;i-: - ;y:v;::-:::: :-■;:; ^::;;i v v:-;■ ^;:;;:;;';; ■;;:;;:^a?L;;:;;.;-:: >.;■; /:-^:-;^:;::!;:,'i;:;-:':-]^-;:>^;::;;.:;' "ji-::-?-- ;-:;;-:.;.:■;■ :r:?'.: r; :^-:' ■ :H::: ■ Ji: / ■;;-;: _^:;; ^:: :":::--:;-::=;" -->>C^^!^^\^-*^>^-:: ■:-:/: i- ;■.:-::^:/ -_r:-::; :■ ■::::;.: F - ■' -1'-/: ■-c :^:: ^:= ::%rMM^^M:^^%^^B^BWSM^ 
814                                           0.96(0.86,1.08) 0.512 

a Relative risk for a twofold increase in 1987 dioxin. 

17.2.2.1.12   Lupus Panel: Thyroid Microsomal Antibody 

All results from the analyses of the thyroid microsomal antibody from Models 1 through 4 were 
nonsignificant (Table 17-15(a-h): p>0.27). 

Table 17-15. Analysis of Lupus Panel: ANA Thyroid Microsomal Antibody 

(a)MQpELl: tiiiil^w^ 
Occupational 

■Category U§W^M^§MB:--:^ fcSi^MB p-Value 
All Ranch Hand 

Comparison 
830 

1,199 
24(2.9)                 1.02(0.60,1:73) 
34 (2.8) 

0.941 

Officer Ranch Hand 
Comparison 

327 
475 

11(3.4)                  1.15(0.51,2.56) 
14 (3.0) 

0.739 

Enlisted Flyer Ranch Hand 
Comparison 

142 
178 

3(2.1)                 0.75(0.18,3-18) 
5 (2.8) 

0.693 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

361 
546 

10(2.8)                 1.01(0.45,2.27) 
15 (2.8) 

0.984 

VCbl^OjÄi: ;<$ÄfpBpÄ                                        ■.; w-x-,': 

-:
!f l>^ 

:|&^usi«llÄ 
p-Value 

All 1.02 (0.59,1.75) 0.947 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

1.14(0.51,2.55) 
0.75(0.17,3.19) 
1.00(0.43,2.35) 

0.750 
0.692 
0.994 
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Table 17-15.   Analysis of Lupus Panel:   ANA Thyroid Microsomal Antibody (Continued) 

:lc)M0^       ,.-    .'■. -'.    :  ■. ; 

Initial Dioxin Category Summary Statistics Analysis Results for Log2 (Initial Dioxin)3 

Initial 
Dioxin '^y4^':^P^'Mi: 

:': Number (%) ■ 
::-;;>;vi::PresentV.;::^ :'i/Q--:I'} 

Estimated Relative Risk 
■ ' :.       , (95% G.L)b :;;:;  .   ■ '■   : •   .p-Value 

Low 
Medium 
High 

148 
152 
153 

6(4.1) 
3 (2.0) 
3 (2.0) 

0.77(0.47,1.26)                        0.272 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

l:^0M^m RANGHHÄNDS -INITIAL DIOXIN-ADJUSTED 

b;;MMbMb:bM:B 

Analysis Results for Log> 

Adjusted Relative Risk 

(Initial Dioxin) 

p-Value 

449 0.77 (0.43,1.35) 0.344 

a Relative risk for a twofold increase in initial dioxin. 

g|)|3g|^S|;|| RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY -UNADJUSTED.'.. 

H^;!-;;^ 

■",; V [:' ■■ [Number-'(%)■;■>: W!$$ Estv -Relairve:Misiff; b 
.:   ; '. (95%;C.i.)a'b;■':.;:'■ p-Value 

Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH 

1,164 

371 
222 
231 
453 

34 (2.9) 

12 (3.2) 
7 (3.2) 
5 (2.2) 

12 (2.7) 

1.13 (0.58,2.22) 
1.08(0.47,2.46) 
0.72(0.28,1.88) 
0.88 (0.45,1.73) 

0.717 
0.862 
0.506 
0.709 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison:  1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 17-15.   Analysis of Lupus Panel:   ANA Thyroid Microsomal Antibody (Continued) 

;::$:S^^ »ADJUSTED 

Dioxin .Category i>:>^^v;-':^^;.^^>^;^:^ 
,■'■' Adjusted Relative Risk 

p-Value 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,154 

365 
220 
229 
449 

1.03(0.51,2.12) 
1.12(0.49,2.59) 
0.81 (0.30,2.16) 
0.95 (0.48,1.90) 

0.925 
0.785 
0.671 
0.883 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 

Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(g)lvIÖDEL !;■ RANCH HANDS -1987DIOXÜS -I  *\\K\\ S\ll> 

v: ■■■■'1987 -Dioxin. Category Summar] ̂ SÄÄMM^:^:^; Analysis Results for Log2 (1987 Dioxin + 1) 

Dioxin ^^K^';^^;S-;Ä'-?yf^.:::v 
Number:(%) ■■■•;■; 

Low 
Medium 
High 

281 
271 
272 

8 (2.9) 
10 (3.7) 
6 (2.2) 

0.90(0.68,1.20)                             0.486 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9~19.6 ppt; High = >19.6 ppt 

(h) MODEL 4: RANCH HANDS - 1987 DIOXIN - ADJUSTED 

Analysis Results for Log2 (1987 Dioxin +1) 

Adjusted Relative Risk 
(95% C.I.)a 

814 0.96 (0.69,1.35) 

p*Value 

0.824 

Relative risk for a twofold increase in 1987 dioxin. 

17.2.2.1.13  Lupus Panel: MSK Smooth Muscle Antibody 

The Model 1 analysis revealed a significant difference in the presence of the MSK smooth muscle 
antibody between Ranch Hands (8.5%) and Comparisons (16.3%) in the enlisted flyer stratum. The 
analyses were significant both unadjusted and adjusted for covariates (Table 17-16(a,b): p=0.040, 
Est. RR=0.47; p=0.045, Adj. RR=0.48, respectively). All other Model 1 contrasts were nonsignificant 
(Table 17-16(a,b): p>0.21). 
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Table 17-16. Analysis of Lupus Panel: MSK Smooth Muscle Antibody 

(a) MODEL It RANCH HANDS VS. COMPARISONS - UNADJUSTED 

Occupational 
Group ■".'Present': 

Est Relative Risk 
;.(95%'C.I.): .■ 1 p-Value 

All Ranch Hand 
Comparison 

830 
1,199 

101 (12.2) 
145 (12.1) 

1.01 (0.77,1.32) 0.959 

Officer Ranch Hand 
Comparison 

327 
475 

43 (13.2) 
49 (10.3) 

1.32 (0.85,2.04) 0.217 

Enlisted Flyer Ranch Hand 
Comparison 

142 
178 

12   (8.5) 
29 (16.3) 

0.47 (0.23,0.97) 0.040 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

361 
546 

46 (12.7) 
67 (12.3) 

1.04(0.70,1.56) 0.833 

(b) MODEL 1: RANCH HANDS VS. COMPARISONS - ADJUSTED 

Occupational Category 
Adjusted Relative Risk 

(95% C.I.) p- Value 
All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

0.99 (0.75,1.31) 

1.30(0.84,2.03) 
0.48 (0.24,0.99) 
1.02(0.68,1.53) 

0.953 

0.239 
0.045 
0.934 

.;:;(e):M0PEL 2; IJB^GH--^^ 
;:--:\'^:i::;V;.^v?Mtirf;PiOM.n-:Gätögörf Summary Statistics ;;-■' : ^Analysis.iResults.fo^                                     ;; 

Initial 
,-MMWi:'i  H-!:M: ■ vM$&s<^iMMMMM 

^MM^MmM^AMMs^^.WjM:i^: WM;-MM^MMS": <-!■■. ':-- :i 
(95% C.I.)b                             p-Value 

Low 
Medium 
High 

148                         18(12.2) 
152 20(13.2) 
153 11   (7.2) 

0.80(0.62,1.02)                       0.061 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

■(d) MODEL 2: RANCH HANDS - INITIAL DIOXIN - ADJUSTED 

Analysis Results for Log2 (Initial Dioxin) 

;:■■■ :Äu^us^Miä^iv^Risl£\,-: 11 * ;V >:       ":-:'"'; 

I-P-Value] 

449 0.77(0.58,1.04) 0.082 

Relative risk for a twofold increase in initial dioxin. 
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Table 17-16.   Analysis of Lupus Panel:   MSK Smooth Muscle Antibody (Continued) 

;(e) MODEL -3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY -UNADJUSTED 

: Dioxin Category ;■:-: n  :. Present (95'%;;CX)Kb,::;.;   | /     ■ p-Value. 1 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,164 

371 
222 
231 
453 

141 (12.1) 

52 (14.0) 
30(13.5) 
19   (8.2) 
49 (10.8) 

1.23 (0.87,1.74) 
1.12(0.73,1.71) 
0.63 (0.38,1.04) 
0.83(0.59,1.19) 

0.235 
0.601 
0.071 
0.315 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand):  1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(f) MODEL 3; RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY -ADJUSTED 

f- ;%£^# ■■R!'Ä£ W'i% :M::■ Q+ &%:'%\• -:'■-: 'ß;. ;y':^ -;f -J;::^- : .:::;:;.: I;::,;^ ^v;-:--;^t3justfexiRelative Btisfc   1 l&i > :#(&£ $A& % 
Dioxin Category n (9.5% C.I.)a  p-Value 

Comparison 1,154 

Background RH                               365                            1.28(0.90,1.83) 0.173 
LowRH                                           220                           1.07(0.70,1.65) 0.752 
HighRH                                           229                           0.59(0.36,1.00) 0.048 
Low plus High RH 449 0.79(0.55,1.14) 0.209 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand):  1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

i|);Mc^L;:|: ;|^^jä^iS|i£^||yigi||f^ii |g|gt^^ 
1987 Dioxin Category Summary Statistics ÖS- ^-:£^ti^^                                                        ;

:-"'    ->■';':::.-.' 

Low 
Medium 
High 

281                 34(12.1) 
271 38 (14.0) 
272 29 (10.7) 

0.88(0.76,1.02)                                0.087 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 
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Table 17-16.   Analysis of Lupus Panel:   MSK Smooth Muscle Antibody (Continued) 

(fc) MOML^r RANCH HANDS Hl» DIOXIN - ADJUSTED 

Analysis Results for Log2 (1987 Dioxin +1) .:'/■ 

__ (95% C.I.)» .■ ^; . :''.V-'.':••;••;'   Vp-Value: 
 814 0.89(0.75,1.05) 0.155 
Relative risk for a twofold increase in 1987 dioxin.    . 

A marginally significant and inverse association was found between initial dioxin and the presence of the 
MSK smooth muscle antibody in both the unadjusted and adjusted analyses of Model 2 (Table 17-16(c,d): 
p=0.061, Est. RR=0.80; p=0.082, Adj. RR=0.77, respectively). As initial dioxin increased, the percentage 
of Ranch Hands with the MSK smooth muscle antibody present decreased. 

The unadjusted analysis of Model 3 uncovered a marginally significant difference in the presence of the 
MSK smooth muscle antibody between Ranch Hands in the high dioxin category (8.2%) and 
Comparisons (12.1%) (Table 17-16(e): p=0.071, Est. RR=0.63). After adjustment for covariates, the 
association became significant (Table 17-16(f): p=0.048, Adj. RR=0.59). All other Model 3 contrasts 
were nonsignificant in both unadjusted and adjusted analyses (Table 17-16(e,f): p>0.17 for all contrasts). 

The Model 4 unadjusted analysis revealed a marginally significant association between the 1987 dioxin 
levels and the presence of the MSK smooth muscle antibody (Table 17-16(g): p=0.087, Est. RR=0.88). 
After adjustment for covariates, the association was nonsignificant (Table 17-16(h): p=0.155). 

17.2.2.1 A4  Lupus Panel: MSK Mitochondrial Antibody 

Due to the sparseness of the presence of the MSK mitochondrial antibody among the study participants, 
analyses were limited.   The Model 1 adjusted analysis of MSK mitochondrial antibody displayed a 
marginally significant difference in the presence of the antibody between Ranch Hands (1.2%) and 
Comparisons (0.2%) in the officer stratum (Table 17-17(b): p=0.098, Adj. RR=6.58). All other Model 1 
analyses performed were nonsignificant (Table 17-17(a,b): p>0.11). 

Table 17-17. , Analysis of Lupus Panel: MSK Mitochondrial Antibody 

XaJMOJOELi; ||if|N|Ö,g^^ 
Occupational 

.?i|-f-p: ^-^:^jÖiraii5p;|i:^i^-- ^^ ;iM&ß$-M 1811M !;'••'". ::-Vp-Value- ; 
All Ranch Hand 

Comparison 
830 

1,199 
4(0.5)                 2.90(0.53,15.86) 
2 (0.2) 

0.203 

Officer Ranch Hand 
Comparison 

327 
475 

4(1.2)                   5.87(0.65,52.76) 
1 (0.2) 

0.114 

Enlisted Flyer Ranch Hand 
Comparison 

142 
178 

0(0.0) 
1 (0.6) 

0.999a 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

361 
546 

0 (0.0) 
0 (0.0) 

- 

P-value determined using a chi-square test with continuity correction because of the sparse number of participants 
with the MSK mitochondrial antibody present. 
«: Results not presented because of the sparse number of participants with the MSK mitochondrial antibody 
present. 
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Table 17-17.   Analysis of Lupus Panel:   MSK Mitochondrial Antibody (Continued) 

(b) MODEL 1: RANCH HANDS VS. COMPARISONS -ADJUSTED 

Occupational Category j 
Adjusted Relative Risk 

p-Value 
All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

2.79(0.51,15.31) 

6.58 (0.70,61.53) 

0.222 

0.098 

--: Results not presented because of the sparse number of participants with the MSK mitochondrial antibody 
present. 

Note: Results are not adjusted for race, occupation (contrast of all Ranch Hands with all Comparisons), current 
alcohol use, and physical activity index because of the sparse number of participants with the MSK mitochondrial 
antibody present. 

-'.(c).MODEL: 2|;;!^]MPH'i|iN|>S::? -ilMTlÄLDIÖXW^ 

; '"'■•}■■": ;'■■!;,:; J;--Init ial Dioxin Category Summary Statistics ..'■■ Analysis Results for! Log2 (Initial Dioxin)0 ■''.■■ 

■..:'.   Initial % 
\-\,.."' Dioxin ;:^:^^!v^^^'@'^ 

■   . • Number (%)||| V. Estimated Melative Risk 7 

Low 
Medium 
High 

148 
152 
153 

2(1.4) 
0 (0.0) 
0 (0.0) 

0.11(0.01,4.01)                         0.034 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(d) MODEL 2: iRANCH iHANDS ;~- INITIAL. DIOXIN -ADJUSTED 

Analysis Results for Log2 (Initial Dioxin) 

': .AdjustedRelative -Risk ■ 
(95%CX)a 

450 0.10(0.01,4.01) 

p-Value 

0.049 

a Relative risk for a twofold increase in initial dioxin. 

Note: Results are not adjusted for race, current alcohol use, and physical activity index due to the sparse number of 
participants with the MSK mitochondrial antibody present. 
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Table 17-17.   Analysis of Lupus Panel:   MSK Mitochondrial Antibody (Continued) 

k^ -UNADJUSTED 

Dioxin Category n         •       ■■■■/■ 'Present       . 
. Est Relative Risk 

:     ■ ■ (95% CX)ab 
:p-Value 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,164                      2(0.2) 

371                     2(0.5) 
222                    2 (0.9) 
231                     0(0.0) 
453                     2 (0.4) 

3.74 (0.51,27.25) 
4.91 (0.68,35.44) 

0.193 
0.114 
0.999c 

0.672c 

Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 
c P-value determined using a chi-square test with continuity correction because of the sparse number of participants 
with the MSK mitochondrial antibody present. 
--: Results not presented because of the sparse number of participants with the MSK mitochondrial antibody 
present. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY A ADJUSTED j 

;--: W: U. ^S:'firll!/-i {M^BiMM'^:- Mi^WMB^-     XM^iM^i^^^'R^M^^Ris^ <M *u X-l & M'Ä U: '■<; % WM; % ■;!; £ ■ X 'X - 
Dioxin Category' n (95% CX)* p-Value 

0.213 
0.156 

a Relative risk and confidence interval relative to Comparisons. 
—: Results not presented because of the sparse number of participants with the MSK mitochondrial antibody 
present. 

Note: RH = Ranch Hand. 
Comparison:  1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand):  1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

Results are not adjusted for race, occupation, current alcohol, and physical activity index because of the 
sparse number of participants with the MSK mitochondrial antibody present. 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,154 

365 
220 
229 
449 

3.55 (0.48,26.04) 
4.30 (0.57,32.27) 
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Table 17-17.   Analysis of Lupus Panel:   MSK Mitochondrial Antibody (Continued) 

(g) MODEL 4: RANCH HANDS -1987 DIOXIN .-UNADJUSTED.   . ■                                                      :   j 

1987 Dioxin Category Summary Statistics Analysis Results for Logj (1987 Dioxin + 1) 

1987 
Dioxin 'M::Ji^^i^;?^:;:^f-!;;'-V 

Nuniber-(%)-: ■■■■:; 
.. Present 

Estimated Relative 'Risk ', 

Low 
Medium 
High 

281 
271 
272 

1 (0.4) 

3(1.1) 
0 (0.0) 

0.62(0.29,1.33)                              0.206 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt 

(h) MODEL'■■4:: RANCH HANDS- 1987 DIOXIN-ADJUSTED 

Analysis Results for Log2 (1987 Dioxin + f)\ 

p-Value 

814 0.65(0.31,1.37) 0.245 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Results are not adjusted for race, occupation, current alcohol, and physical activity index because of the 
sparse number of participants with the MSK mitochondrial antibody present. 

The Model 2 analysis of MSK mitochondrial antibody showed a significant inverse association with 
initial dioxin (Est. RR=0.11, p=0.034, unadjusted; Adj. RR=0.10, p=0.049, adjusted). The percentage of 
participants with MSK mitochondrial antibody increased as initial dioxin decreased. 

All Model 3 and 4 analyses were nonsignificant (Table 17-17 (e,h): p>0.11). 

17.2.2.1.15  Lupus Panel: MSK Parietal Antibody 

The Model 1 unadjusted and adjusted analyses of the MSK parietal antibody found no significant 
differences between Ranch Hands and Comparisons examined across all occupations and within each 
occupational stratum (Table 17-18(a,b): p>0.33). Results were also nonsignificant for the Model 2 and 4 
analyses of MSK parietal antibody (Table 17-18(c,d and g,h): p>0.14). 
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Table 17-18. Analysis of Lupus Panel: MSK Parietal Antibody 

(a) MODEL 1: RANCH HANDS VS. COMPARISONS - UNADJUSTED] 

Occupational 
Category Group 

;:NuMerf%);i 
■  ';. Present,.;;.! 

Est. Relative Risk 
p^ Value 

All 

Officer 

Enlisted Flyer 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

830 
1,199 

327 
475 

142 
178 

361 
546 

36 (4.3) 
51 (4.3) 

14 (4.3) 
15 (3.2) 

5 (3.5) 
10 (5.6) 

17 (4.7) 
26 (4.8) 

1.02 (0.66,1.58) 

1.37 (0.65,2.88) 

0.61 (0.20,1.84) 

0.99 (0.53,1.85) 

0.927 

0.404 

0.382 

0.971 

(b) MODEL 1: RANCH HANDS VS. COMPARISONS - ADJUSTED 

Occupational Category 
Adjusted Relative Risk 

p-Value 
All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

1.00 (0.64,1.56) 

1.36 (0.65,2.87) 
0.58(0.19,1.74) 
0.97 (0.51,1.85) 

0.996 

0.416 
0.331 
0.920 

(c) MODEL 2: RANCH HANDS - INITIAL DIOXIN - UNADJUSTED 

;:-{o;;:\K-^!--;Initi al Dioxin Category Sunini; ürj^il|i^^ ;       Analysis Results for Lpg^^ 

Initial 
Dioxin r^MMM::w0'M::-ir- 

;^NuÄ 
■■■■. & I;; Hr#ent ;#;!; ;;:;;M Z/4 $ 

B^;#EslKn^^ 

Low 
Medium 
High 

148 
152 
153 

10 (6.8) 
10 (6.6) 
6(3.9) 

0.86(0.63,1.18)                        0.335 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

gläij^^ 
K;p;-^ 

SiS'ltfti^^ 
449                                          0.93 (0.64,1.35) 0.694 

Relative risk for a twofold increase in initial dioxin. 
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Table 17-18.   Analysis of Lupus Panel:   MSK Parietal Antibody (Continued) 

:X§;M<pp'^ -UNADJUSTED 

Dioxin Category 
■ /■■,'-- ■   -Number'(%).-. Est Relative Risk 

.      (95%CX)ab
; ■ p-Value 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,164                    50(4.3) 

371                     9(2.4) 
222                   16 (7.2) 
231                   10(4.3) 
453                   26 (5.7) 

0.61 (0.29,1.25) 
1.68(0.94,3.02) 
0.93 (0.46,1.87) 
1.24 (0.75,2.05) 

0.179 
0.082 
0.843 
0.392 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(f) MODELS; RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY- -ADJUSTED 

Dioxin Category. • ; M^l"''-'^^^^^^^^? 
Adjusted Relative Risk ;.; 

p-Value       ■" ■;: -. 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,154 

365 
220 
229 
449 

0.63(0.30,1.31) 
1.50(0.82,2.75) 
0.97(0.47,1.99) 
1.20(0.72,2.00) 

0.216 
0.192 
0.928 
0.490 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison:  1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand):  1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(g) MODEL 4: RANCH HANDS -1987 DIOXIN jipiiDäjÄ 
1987 Dioxin Category Summary ̂ ij^$ä^li:illl ||JI5fi;|||;|Än|l^ 

281 
271 
272 

Number (%) 

Low 
Medium 
High 

6(2.1) 
15 (5.5) 
14 (5.2) 

1.14(0.92,1.42)                               0.245 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 
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Table 17-18.   Analysis of Lupus Panel:   MSK Parietal Antibody (Continued) 

(h) MODEL 4: RANCH HANDS -1987 DIOXIN- ADJUSTED 

Analysis Results for Log2 (1987 Dioxin -f 1)            j 

"W.-';::>L::;^-:/MäM^':m>;.M"-:A'^M-;'-■■ v"c   skäf;?;    J^::;:AH|i^fed;:Rfektiyfe:;Risfe:';> >:.;:<;: :-£'£:;■>>   ;;!'/■ j 
' •■ ■■ pi-Value  ■,■■•'•.■■ 

814                                              1.22(0.93,1.60) 0.140 

a Relative risk for a twofold increase in 1987 dioxin. 

The unadjusted analysis for Model 3 revealed a marginally significant difference in the presence of the 
MSK parietal antibody among Ranch Hands in the low dioxin category and Comparisons (Table 
17-18(e): p=0.082, EsL RR=L68). The percentage of participants with the MSK parietal antibody 
present was 7.2 among Ranch Hands in the low dioxin category and 4.3 for Comparisons. After 
adjustment for covariates, the difference between Ranch Hands in the low dioxin category and 
Comparisons was nonsignificant (Table 17-18(f): p=0.192). All other Model 3 contrasts were 
nonsignificant (Table 17-18(e,f): p>0.17). 

17.2.2.1.16 Lupus Panel: Rheumatoid Factor 

All Model 1 unadjusted and adjusted contrasts examining the presence of a positive rheumatoid factor 
among Ranch Hands and Comparisons were nonsignificant (Table 17-19(a,b): p>0.16). 

Table 17-19. Analysis of Lupus Panel: Rheumatoid Factor 

(a)MODELi: ̂ ifHiHÄNüi 

Occupational 
?^f'^^^R^:£31 fMMy^:M 

\',::-.\ '.dumber(%)..■ '.','.   ;; Esfc-Relative'Risk'; 
■■: p- Value ■;■>- 

All 

Officer 

Enlisted Flyer 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

830 
1,199 

327 
475 

142 
178 

361 
546 

89(10.7)                 0.95(0.72,1.27) 
134 (11.2) 

43(13.2)                  1.13(0.74,1.73) 
56(11.8) 

19(13.4)                  1.04(0.54,2.00) 
23 (12.9) 

27 (7.5)                  0.72(0.45,1.17) 
55(10.1) 

0.748 

0.565 

0.904 

0.184 

i;|^j|ji|iM ipiiiliiiiiiiÄ 

;U:;f.^^ 
tätesM 

p-Value, i 

All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

0.91 (0.69,1.22) 

1.09(0.71,1.68) 
0.98 (0.51,1.91) 
0.71 (0.44,1.15) 

0.540 

0.692 
0.956 
0.167 
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Table 17-19.   Analysis of Lupus Panel:   Rheumatoid Factor (Continued) 

(c) MODEL 2: RANCH HANDS - -INITIALTHQ^ 

Initial Dioxin Category Summary Statistics Analysis Results for Log2 (Initial Dioxin)3 

Initial 
Dioxin iV^nv.-U:':^?-"^--**--;^^^ -:=:_-\-: '"i^ -V-" 

:;v::^:Num^ 
; ■ '■": _;:;;'}_ ^ v /-Present. \::5 ;H;: ::" ■ ?':\^;:" ■:' i;V;::;- 

Estimated Relative Risk 
"-■;■/     (95%;ex)b. ■ ....■;;.        p-vaiue 

Low 
Medium 
High 

148 
152 
153 

15(10.1) 
17(11.2) 
10   (6.5) 

0.75 (0.57,0.99)                         0.033 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(d) MODEL 2r^R^ 

S:?f älttlPsMi^l'^*■;!;■■>?■ 9S:3iMa^Üsied:Äeläti've:Ris;IttW}
:&S-:^~" U'.f '&'MSIii 

:::p«$aliie:;;-: f ;4;: ::h ■ %S; '}■ s; -;- 

449                                          0.83(0.60,1.14) 0.233 

a Relative risk for a twofold increase in initial dioxin. 

(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY -UNADJUSTED 

Dioxin Category WMW^~10M 
Est Relative Risk 

(95%C.I.)9b 
i l'-' PS V Ä^WSi^S'ilv V £% 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,164 

371 
222 
231 
453 

130(11.2) 

46 (12.4) 
27 (12.2) 
15   (6.5) 
42   (9.3) 

1.15 (0.80,1.65) 
1.10(0.70,1.70) 
0.54(0.31,0.95) 
0.77 (0.52,1.12) 

0.458 
0.686 
0.032 
0.170 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 17-19.   Analysis of Lupus Panel:   Rheumatoid Factor (Continued) 

(f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - -ADJUSTED 

•  Dioxin Category.    . s^^'/:\f^"N^a^/j'::^r;'y 
Adjixsted Relative Risk 

(95%CX)a    ■..'.■:■ 'p-Value 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,154 

365 
220 
229 
449 

1.04(0.71,1.51) 
1.03 (0.66,1.61) 
0.59(0.33,1.04) 
0.77(0.53,1.14) 

0.841 
0.890 
0.068 
0.1.95 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand):  1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(g)MODEL4: RANCH HANDS - 1987 DIOXIN 0$$^ 
1987 Dioxin Category Summary Statistics .":,■    ..      Analysis Results for Log-, (1987 Dioxin f 1) ... 

::;vl>^!'^--ff^S':v:;;:..^ :.. Present 
Low 
Medium 
High 

281 
271 
272 

36 (12.8) 
33 (12.2) 
19   (7.0) 

0.81 (0.69,0.96)                              0.010 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(h) MODEL 4: RANCH HANDS - 1987 DIOXIN - ADJUSTED 

Analysis Results for Log2 (1987 Dioxin + 1) 

.-:'■:: - ■ :  KV"? M^ ■ .' 

p'Value 
814 0.86(0.71,1.04) 0.122 

Relative risk for a twofold increase in 1987 dioxin. 

A significant inverse association between initial dioxin and the presence of a positive rheumatoid factor 
was found from the Model 2 unadjusted analysis (Table 17-19(c): p=0.033, Est. RR=0.75). After 
adjustment for covariates, the association became nonsignificant (Table 17-19(d): p=0.233). 

The Model 3 unadjusted analysis displayed a significant difference in the percentage of positive 
rheumatoid factors among Ranch Hands in the high dioxin category (6.5%) and Comparisons (11.2%) 
(Table 17-19(e): p=0.032, Est. RR=0.54). After adjustment for covariates, the difference was marginally 
significant (Table 17-19(f): p=0.068, Adj. RR=0.59). All other unadjusted and adjusted Model 3 
contrasts were nonsignificant (Table 17-19(e,f): p>0.17). 
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A significant inverse association between the 1987 dioxin levels and the presence of a positive 
rheumatoid factor was found in the Model 4 unadjusted analysis (Table 17-19(g): p=0.010, Est. 
RR=0.81). After adjustment for covariates, the association was nonsignificant (Table 17-19(h): 
p=0.122). 

17.3    DISCUSSION 

Immunologie competence was assessed by a combination of laboratory assays on blood samples that 
examined lymphocyte surface markers on a randomized subset of the study population, immunoglobulin 
quantitation, and autoantibodies. 

Evaluation of the human immune system is divided into two separate segments: humoral and cellular 
immunity. Circulating in the plasma phase of blood, the humoral segment consists of the 
immunoglobulins and complement proteins (complement C3 and C4 analysis presented in Chapter 13, 
Gastrointestinal Assessment). Some immunoglobulins (especially Ig A) are prominent at exposed sites of 
the body (e.g., the mucosal surfaces of the mouth, pulmonary tract, and gastrointestinal tract), where 
direct contact with microorganisms is frequent. The serum immunoglobulins are secreted by plasma cells 
within the bone marrow through a process regulated in a sequence of events modulated by macrophages 
and memory lymphocytes. The immunoglobulins serve as a defense against bacterial infections, the 
bloodborne phase of viral infections, and in many other situations when microorganisms invade the body. 

Quantitation of the immunoglobulins IgG, IgA, and IgM in serum gives an overall view of B cell integrity 
when related to the expected reference range values found in a normal, healthy population. Selective 
deficiency of one or more of these antibody classes, whether congenital or acquired, may be associated 
with increased susceptibility to infections (e.g., pneumonia). Congenital deficiencies are usually 
clinically evident early in life due to a large number of infections frequently resulting in death in 
childhood. Acquired deficiencies of immunoglobulins can occur in leukemias and lymphomas that 
invade the bone marrow later in adult life. Elevations of these immunoglobulins in a polyclonal pattern 
are frequently an indication of chronic infections (perhaps as compensation for the impairment of another 
segment of the immune response), of chronic inflammation such as in autoimmune disease, or of faulty 
regulation of B cell responses such as occurs in hepatic cirrhosis. Thus, measurement of 
immunoglobulins in serum yields clinical information relevant to past immunologic stimulation from 
infections, potential to defend the body against further infectious challenges, and the functional capacity 
of the liver in chronic disease. 

Further evidence for the integrity of the immune system in aging individuals is the presence or absence of 
various autoantibodies. The autoantibodies measured in the lupus panel are considered to be 
abnormalities when present. Although autoantibodies often demonstrate an association with specific 
diseases that is useful in diagnosing and monitoring those diseases, sometimes the same autoantibodies 
can be found as isolated laboratory abnormalities in otherwise healthy individuals. In those cases, 
autoantibodies may be interpreted almost as renegade substances deriving from an aging and faltering 
immune system, and as such are markers for deterioration of the B cell regulatory process of immunity. 

The second segment, cellular immunity, consists of both granulocytic and lymphocytic processes. 
Abnormalities of granulocytes can frequently be discerned from examination of the peripheral blood 
smear as part of the complete blood count. In addition, the medical history of individuals is usually 
sufficient to ascertain whether granulocyte deficiency is a consideration. Chapter 16, Hematologic 
Assessment, discusses the effect of dioxin on the components of these cells. 
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The total number of circulating lymphocytes (also called absolute number) provides information relative 
to the basic cellular quantity of cells present and available in the body for mounting an immune response. 
An increase in the total number of lymphocytes is observed in lymphocytic leukemias; it may also occur 
as a defensive immune response to some acute infections. Deficiency in the total number of lymphocytes 
may indicate susceptibility to infections with viruses or fungi. The total number of lymphocytes is 
usually decreased in malnutrition, often leading to infections in malnourished persons. 

Examination of marker proteins on the surfaces of lymphocytes by flow cytometry is an excellent means 
of evaluating whether the regulatory interactions between the subpopulations of T cells, B cells, and 
monocytes are intact. An alteration in the percentages of any of these categories of cells can be 
considered presumptive evidence of an inability to recognize and destroy foreign infectious agents or 
tumor cells. The marker for total T cells was CD3+; the T cells were further broken down into the 
subpopulations of CD4+ (helper cells) and CD8+ (suppressor cells). The body's ability to respond to 
infectious challenges decreases in proportion to depression of the CD4+ count. This relation is 
particularly important in patients with AIDS because the HIV directly infects and destroys CD4+ 
lymphocytes, thereby incapacitating the immune system leading to infections with opportunistic 
organisms that normally would not cause infections in humans. The CD4+ count is also depressed by 
immunosuppressive medications such as cyclosporine, which are used to prevent rejection of organ 
transplants (e.g., kidney, heart). Immunosuppressed persons have a higher rate of malignancies, 
presumably in part because of diminished capacity of the immune system to search for and destroy tumor 
cells. The CD16+56+ markers are found on natural killer lymphocytes that provide a strong line of 
defense against growth of neoplasms through their action of destroying target cells by antibody- 
dependent, complement-mediated cytolysis. Changes in the mean number of CD 16+56+ cells (natural 
killer cells) should not be over interpreted. Scientists know very little about the clinical significance of 
these cells; some authors suggest that these cells alter during times of stress. Occasionally, there has been 
a case report of patients who lack these cells. In general, the natural killer cell population is 
heterogeneous and the role of these cells in humans is unknown. CD20+ is a surface marker for B cells 
and gives an indication of the balance between cellular immunity and the ability to mount a B cell 
response with production of specific antibodies. 

Interpretation of alterations in the relative amounts of B cells, T cells, their subsets, and monocytes is 
based on the expectation that all aspects of the immune system must be intact to prevent infections and to 
guard against development of tumors with unusual surface antigens. The antibodies specific for tumors 
can either help to destroy them by binding complement and lysing the cells or stabilize them if those 
antibodies attach to the tumor surface without binding complement, thereby blocking immune recognition 
and destruction of tumor cells. The T cells also have antigen receptors on their surfaces that similarly call 
into play the destructive power of the entire lymphocyte cell line in an antitumor attack. T cells 
stimulated by interleukin-2 have even greater capacity to attack and destroy foreign antigens and tumors 
by the other recognition factors such as antibodies and complement proteins. 

The immunologic evaluation performed on AFHS participants went far beyond the usual medical 
examinations employed for general health assessments. As a test panel battery, this assessment provided 
an in-depth, broad review of immunologic parameters designed to detect abnormalities or variances that 
may or may not carry clinical import. In fact, the choice of all these sensitive laboratory tests may make 
it statistically possible to detect some subtle effect of dioxin on the immune system. 

This thorough evaluation of the immune system did not reveal any relations between dioxin exposure and 
clinically overt disease, but unknown subclinical effects of dioxin on the immune system cannot be ruled 
out. Some individual elements showed statistical significance, although the magnitude of such relations 
was small and certainly not to be interpreted as conveying health risk. These included the following 
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associations with increasing dioxin level: a slight increase in CD3+ cells (T cells), a slight increase in 
CD4+ cells (helper T cells), a slight decrease in CD 16+56+ cells (natural killer cells), and a slight 
increase in CD20+ cells (B cells). These combinations of results do not necessarily indicate a disorder, 
and the magnitude of each effect in itself is not considered clinically meaningful The difference in the 
magnitude of absolute lymphocytes between the 1992 examination (the mean was approximately 1,940 
cells/mm3) versus the 1997 examination (the mean was approximately 1,780 cells/mm3) was caused by an 
equipment upgrade from the Coulter STKR® in 1992 to the Coulter STKS® in 1997. The Coulter STKS® 
had a slightly lower reference range than the Coulter STKR®. 

In the 1997 study, approximately 50 percent of both Ranch Hand and Comparison participants exhibited 
positive results on the ANA test. This positive rate was much higher than expected for an adult male 
population. The ANA positive rate also was significantly higher in the 1997 study than in the 1992 study, 
when about 15 percent of both Ranch Hand and Comparison groups were positive. A shift in the 
sensitivity of detection for ANA may have occurred from the 1992 study to the 1997 study. In 1997, all 
ANA tests were read by the same dedicated technologist. For the last several months of the study, the 
tests also were backread by an expert reviewer who verified all positive results. This quality control 
procedure guaranteed that the technique for detection was consistent and accurate in the 1997 study. 
ANA is a screening test done at a particular dilution of serum, typically 1:40. Samples that screen 
positive are then titered to endpoint (1:80, 1:160, etc.) and a pattern (e.g., homogeneous, speckled, 
nucleolar, centromere) is identified. Most laboratory clinicians screen at 1:40 and report results that are 
less than or equal to 1:160 as "indeterminate" or "borderline." Borderline ANA test results rarely are 
clinically important (significant). The clinician decides whether the result is clinically important and 
whether to do follow-up tests for more specific antinuclear antibodies. Results of 1:320 or greater are 
considered positive; the higher the titer, the more likely it is to be clinically significant. 

The screening dilution (1:40 in the AFHS) usually is determined by the laboratory to be that concentration 
at which 95 percent of normal individuals are negative. As humans age, it is well recognized that the 
percentage of normal asymptomatic individuals who screen positive increases. It is not practical to adjust 
screening dilutions by age; therefore, screening at a dilution of 1:40 is used for all individuals—regardless 
of their age—knowing that there will be more false positives as age increases. Clinicians usually take that 
into consideration when interpreting the low level positives and borderline results. 

In the AFHS, the ANA test was scored as positive or negative. The percentage positive in the 
Comparison group is more than 5 percent, as it was in the last report, for two reasons: (1) it does not 
distinguish trivial positives from serious positives and (2) the population is getting older. Unfortunately, 
readers lacking knowledge of the test may interpret this as a Vietnam effect, when in fact the increase is 
more likely due to aging and lack of resolution of the degree of abnormality. In future studies, the degree 
of abnormality will be scored. 

An inverse relation was found between dioxin exposure and the presence of autoantibodies against MSK 
smooth muscle. Other autoantibodies examined (ANA in the lupus panel and rheumatoid factor) did not 
show a relation with dioxin in the 1997 follow-up study, although they had previously done so in the 1992 
follow-up examination. The Comparison group showed a rate of abnormal (positive) results for smooth 
muscle autoantibody that is expected in a general population. As in the 1992 follow-up study, the Ranch 
Hand group actually had a lower number of abnormal results for the smooth muscle autoantibody than did 
the Comparison group. This statistically negative association may indicate a highly sensitive but not 
clinically meaningful first indication of a generalized immune suppression, because a certain percentage 
of normal individuals should have been expected to test positive but did not. Clarification of the 
relevance of these findings to a hypothesis of dioxin-induced immune suppression will require 
longitudinal analysis of data from future physical examinations. 
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Serum IgA concentrations increased significantly with initial dioxin. IgA means were not significantly 
increased in Ranch Hand enlisted groundcrew or in the high dioxin category and IgA did not increase 
significantly with 1987 dioxin. Similar results were observed in 1992 and in 1987. In 1992, significant 
increases in IgA with initial dioxin were noted; there were no corresponding increases in Ranch Hand 
enlisted groundcrew or in the high dioxin category. IgA was not significantly related with 1987 dioxin. 
In 1987, IgA increased significantly with initial dioxin, but was not significantly increased in the high 
dioxin category; the Ranch Hand and Comparison IgA means were not significantly different and 
analyses restricted to enlisted groundcrew were not conducted. IgA was not measured in 1982 and 1985. 
These results, although significant, were small in magnitude and their clinical significance is unknown. 

In many instances, statistical correlations existed between immunologic parameters and the covariates 
age, tobacco use, alcohol consumption, and exercise. Consequently, it is important to account for this 
potential source of variation between Ranch Hands and Comparisons. The analysis of covariate 
associations with immunologic variables yielded strong findings, especially with regard to current and 
lifetime cigarette smoking. Recent work has demonstrated the particular effect of tobacco use on the 
immune response (53-57). Current and lifetime alcohol use showed some mild associations, while 
physical activity was important with higher lymphocyte counts and populations of CD3+ cells (T cells), 
CD4+ cells (helper T cells), CD8+ cells (suppressor T cells), and CD20+ cells (B cells) in the more 
sedentary individuals. 

In summary, these findings and the findings from past examinations do not provide evidence of a 
clinically meaningful dose-response effect for body burden of dioxin on parameters of immunologic 
assessment. The statistically significant relations emphasize the need for long-term evaluation. 

17.4   SUMMARY 

The immunologic assessment was based upon data gathered from laboratory collections. Associations 
with group (Model 1), initial dioxin (Model 2), categorized dioxin (Model 3), and 1987 dioxin levels 
(Model 4) were examined for each variable comprising the immunologic assessment. 

17.4.1   Model 1: Group Analysis 

Model 1 analyses revealed significant findings for both the unadjusted and adjusted analyses of 
CD 16+56+ cell (natural killer cell) count and for the MSK smooth muscle antibody test. Each significant 
result was in the enlisted flyer occupational stratum. The mean CD 16+56+ cell count was greater for 
Comparisons than for Ranch Hands, and a greater percentage of Comparisons had a smooth muscle 
antibody present than Ranch Hands. Marginally significant findings were found within the unadjusted 
examination of the CD 16+56+ cell count when all occupations were combined, where the mean 
CD 16+56+ cell count was greater for Comparisons than for Ranch Hands. This association was 
nonsignificant when adjusted for covariates. Among officers, a marginally significant difference in the 
percentage of the participants with the MSK mitochondrial antibody present was found in the adjusted 
analysis, where the antibody was more prevalent among Ranch Hands than among Comparisons. The 
CD3+ cell (T cell) count mean difference for enlisted groundcrew in the adjusted analysis was marginally 
significant. The CD3+ cell count mean was higher among Comparisons than Ranch Hands. Results for 
Model 1 analyses are summarized in Table 17-20. 
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Table 17-20. Summary of Group Analysis (Model 1) for Immunology Variables (Ranch Hands vs. 
Comparisons) 

.^'■::'r';:'::-;;:;f:Vi:;-;;;;;:;:::;;-'I:::::;;;;:;:;.::;^;:;.;K:;-;             ,;:;-:
::;:.:

%:>.-:;;;:':'>;:;;>;;■"' ::>:■;;;;-::;-:;;;;;:;;:;;;:;:;;;;;;;>:;:^;;-;:-::;:;;ä.::;.:::^-::                                   .::;;-':-■;'.:;..:::;■:- ';:::'-:'^.:;::i^":-;:::;;;::■:-;': >;:-':-: 

.     - :7 ':$£ 7:% 7:Enlisted:'. 77 Enlisted 
v';;>- A\. S: ;.;[:■  :;!f■ Variably;:>£%~z£-r,l             / v       7$ ■:■•'■ Alla- ■■■ Officer                     ' Flyer- Groundcrew 

Laboratory 
CD3+ Cells (T Cells) (C) ns NS                         ns ns 
CD4+ Cells (Helper T Cells) (C) ns NS                         ns ns 
CD8+ Cells (Suppressor T Cells) (C) ns NS                         ns ns 
CD 16+56+ Cells (Natural Killer Cells) (C) ns* ns                      -0.018 ns 
CD20+ Cells (B Cells) (C) ns NS                         ns ns 
CD3+CD4+ Cells (Helper T Cells) (C) ns NS                         ns ns 
Absolute Lymphocytes (C) ns NS                         ns ns 
IgA(C) ns ns                         NS ns 
IgG(C) ns ns                        ns ns 
IgM (C) ns ns                          ns ns 
Lupus Panel: ANA Test (D) NS ns                         NS NS 
Lupus Panel: ANA Thyroid Microsomal NS NS                         ns NS 
Antibody (D) 
Lupus Panel: MSK Smooth Muscle NS NS                     -0.040 NS 
Antibody (D) 
Lupus Panel: MSK Mitochondrial NS NS                         ns   
Antibody (D) 
Lupus Panel: MSK Parietal Antibody (D) NS NS                         ns ns 
Lupus Panel: Rheumatoid Factor (D) ns NS                        NS ns 

Note: NSorns: Not significant (p>0.10). 
ns*: Marginally significant (0.05<p<0.10). 
C: Continuous analysis. 
D: Discrete analysis. 
-: Relative risk<1.00 for discrete analysis; difference of means negative for continuous analysis. 
»: Analysis not performed because of the sparse number of participants with the MSK mitochondrial 
antibody present. 

P~value given if p<0.05. 

A capital "NS" denotes a relative risk of 1.00 or greater for discrete analysis or differences of means 
nonnegative for continuous analysis. A lowercase "ns" denotes relative risk less than 1.00 for discrete 
analysis or difference of means negative for continuous analysis. 

Variable AH 
Laboratory 
CD3+Cells (T Cells) (C) 
CD4+ Cells (Helper T Cells) (C) 
CD8+ Cells (Suppressor T Cells) (C) 
CD16+56+ Cells (Natural Killer Cells) (C) 
CD20+ Cells (B Cells) (C) 
CD3+CD4+ Cells (Helper T Cells) (C) 
Absolute Lymphocytes (C) 

ADJUSTED 

Officer 
Enlisted 
': ÜVer  [ 

.'■'Enlisted-;.; 
Groundcrew 

ns NS ns ns* 
ns NS ns ns 
ns NS ns ns 
ns ns -0.011 ns 
ns NS ns ns 
ns NS ns ns 
ns NS ns ns 
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Table 17-20.   Summary of Group Analysis (Model 1) for Immunology Variables (Ranch 
Hands vs. Comparisons) (Continued) 

^;,B^ 
Enlisted Enlisted 

V   {|.■'.r^^^bifevc; "::■ |'?;';.;       ''. :£{;j'£;::'::'. £ S^MJSrXl Officer Flyer Groundcrew 

IgA(C) ns ns NS ns 
IgG (C) ns ns ns ns 
IgM (C) ns ns ns ns 
Lupus Panel: ANA Test (D) NS ns NS NS 
Lupus Panel: ANA Thyroid Microsomal NS NS ns NS 
Antibody (D) 
Lupus Panel: MSK Smooth Muscle ns NS -0.045 NS 
Antibody (D) 
Lupus Panel: MSK Mitochondrial NS NS* — __ 
Antibody (D) 
Lupus Panel: MSK Parietal Antibody (D) NS NS ns ns 
Lupus Panel: Rheumatoid Factor (D) ns NS ns ns 

Note:- NS or ns: Not significant (p>0.10). 
NS* or ns*: Marginally significant (0.05<p<0.10). 
C: Continuous analysis. 
D: Discrete analysis. 
-: Relative risk<1.00 for discrete analysis; difference of means negative for continuous analysis. 
—: Analysis not performed because of the sparse number of participants with the MSK mitochondrial 
antibody present. 

P-value given if p<0.05. 

A capital "NS" denotes a relative risk of 1.00 or greater for discrete analysis or differences of means 
nonnegative for continuous analysis. A lowercase "ns" denotes relative risk less than 1.00 for discrete 
analysis or difference of means negative for continuous analysis. 

17.4.2   Model 2: Initial Dioxin Analysis 

The Model 2 analyses revealed a significant association between CD20+ cell (B cell) count and initial 
dioxin for the unadjusted analysis and a marginally significant association for the adjusted analysis. The 
CD20+ cell count increased as initial dioxin increased. The association between initial dioxin and the 
CD3+CD4+ cell (helper T cells) count was marginally significant in the adjusted analysis, and the 
association between initial dioxin and Ig A was significant in the adjusted analysis. The CD3+CD4+ cell 
count and IgA increased as initial dioxin increased. The association between initial dioxin and the MSK 
smooth muscle antibody test was marginally significant in both the unadjusted and adjusted analyses. 
The association between initial dioxin and the rheumatoid factor was significant in the unadjusted 
analysis. For both the MSK smooth muscle antibody and the rheumatoid factor, the percentage of Ranch 
Hands with a positive reading decreased as initial dioxin increased. Results for Model 2 analyses are 
summarized in Table 17-21. 
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Table 17-21. Summary of Initial Dioxin Analysis (Model 2) for Immunology Variables (Ranch 
Hands Only) 

Variable Unadjusted Adjusted 
Laboratory 
CD3+ Cells (T Cells) (C) NS 
CD4+ Cells (Helper T Cells) (C) NS 
CD8+ Cells (Suppressor T Cells) (C) NS 
CD 16+56+ (Natural Killer Cells) Cells (C) ns 
CD20+ Cells (B Cells) (C) +0.024 
CD3+CD4+ Cells (Helper T Cells) (C) NS 
Absolute Lymphocytes (C) NS 
IgA(C) NS 
IgG (C) ns 
IgM (C) NS 
Lupus Panel: ANA Test (D) NS 
Lupus Panel: ANA Thyroid Microsomal ns 
Antibody (D) 
Lupus Panel: MSK Smooth Muscle Antibody (D) ns* 
Lupus Panel: MSK Mitochondrial Antibody (D) -0.034 
Lupus Panel: MSK Parietal Antibody (D) ns 
Lupus Panel: Rheumatoid Factor (D) -0.033 

NS 
NS 
NS 
ns 

NS* 
NS* 
NS 

+0.046 
ns 
ns 
NS 
ns 

ns* 
-0.049 

ns 
ns 

Note: NSorns: Not significant (p>0.10). 
NS* or ns*: Marginally significant (0.05<p<0.10). 
C: Continuous analysis. 
D: Discrete analysis. 
+: Slope nonnegative for continuous analysis. 
-: Relative risk<l .00 for discrete analysis. 

P-value given if p<0.05. 

A capital "NS" denotes a relative risk of 1.00 or greater for discrete analysis or slope nonnegative for 
continuous analysis. A lowercase "ns" denotes relative risk less than 1.00 for discrete analysis or slope 
negative for continuous analysis. 

17.4.3   Model 3: Categorized Dioxin Analysis 

Results for Model 3 analyses are summarized in Table 17-22. The analysis found a significantly higher 
CD 16+56+ cell (natural killer cell) count mean among Comparisons than Ranch Hands in the high dioxin 
category in both the unadjusted and adjusted analyses. A marginally significant smaller percentage of 
Ranch Hands in the high dioxin category had the MSK smooth muscle antibody present than did 
Comparisons in the unadjusted analysis. This difference between Ranch Hands and Comparisons was 
significant when adjusted for covariates. A significantly smaller percentage of Ranch Hands in the high 
dioxin category had a positive rheumatoid factor than did Comparisons in the unadjusted analysis. This 
difference between Ranch Hands and Comparisons was marginally significant when adjusted for 
covariates. A marginally significant difference in the presence of the MSK parietal antibody among 
Ranch Hands in the low dioxin category and Comparisons was found in the unadjusted analysis. The 
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percentage of participants with the parietal antibody present was higher among Ranch Hands in the low 
dioxin category than among Comparisons, After adjustment for covariates, the results were 
nonsignificant. 

Table 17-22. Summary of Categorized Dioxin Analysis (Model 3) for Immunology Variables (Ranch 
Hands vs. Comparisons) 

;:|;iOT^ 
Background 
Ranch Hands ^-v-^vj;;:^ ■■\::M&^;yy'\ Low plus High 
SISKil^S^ Ranch Hands Ranch Hands Ranch Hands 

;;;';::<;ggSiJ^SS^fc?!PM4S^;■ M:l:":t^S:I. i.;?iS Comparisons ; -vs. Comparisons ; vs.'Comparisons' j ■■ji; vs> Comparisons 

Laboratory 
CD3+ Cells (T Cells) (C) ns ns ns ns 
CD4+ Cells (Helper T Cells) (C) ns ns NS ns 
CD8+ Cells (Suppressor T Cells) (C) ns ns ns ns 
CD16+56+ Cells (Natural Killer Cells) (C) ns NS -0.028 ns 
CD20+ Cells (B Cells) (C) ns ns NS ns 
CD3+CD4+ Cells (T Helper Cells) (C) ns ns NS ns 
Absolute Lymphocytes (C) NS ns NS ns 
IgA (C) ns ns NS NS 
IgG (C) ns ns ns ns 
IgM (C) ns ns ns ns 
Lupus Panel: ANA Test (D) NS ns NS ns 
Lupus Panel: ANA Thyroid Microsomal NS NS ns ns 
Antibody (D) 
Lupus Panel: MSK Smooth Muscle NS NS ns* ns 
Antibody (D) 
Lupus Panel: MSK Mitochondrial NS NS ns NS 
Antibody (D) 
Lupus Panel: MSK Parietal Antibody (D) ns NS* ns NS 
Lupus Panel: Rheumatoid Factor (D) NS NS -0.032 ns 

Note: NS or ns: Not significant (p>0.10). 
NS* or ns*: Marginally significant (0.05<p<0.10). 
C: Continuous analysis. 
D: Discrete analysis. 
-: Relative risk<1.00 for discrete analysis; difference of means negative for continuous analysis. 

P-value given if p<0.05. 

A capital "NS" denotes a relative risk of 1.00 or greater for discrete analysis or differences of means 
nonnegative for continuous analysis. A lowercase "ns" denotes relative risk less than 1.00 for discrete 
analysis or difference of means negative for continuous analysis. 
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Table 17-22. Summary of Categorized Dioxin Analysis (Model 3) for Immunology 
Variables (Ranch Hands vs. Comparisons) (Continued) 

i:'|Ä^^^ 
Background 
Ranch Hands .■^ftj';!:]!^;;':^;^^;^'' High i   Low plus High 

hj^:^^;£'^"?^:i Ranch Hands    ; Ranch Hands Ranch Hands 
j; v:j i£v; ■; ■ ^;;^:;%>|;\_f YariäjSte.Hf-i! ■,;i: ::V';■ ;■;.... t v:: Comparisons vs. Comparisons vs. Comparisons ; vs. Comparisons 

Laboratory 
CD3+ Cells (T Cells) (C) ns ns ns ns 
CD4+ Cells (Helper T Cells) (C) ns ns ns ns 
CD8+ Cells (Suppressor T Cells) (C) ns ns ns ns 
CD16+56+ Cells (Natural Killer Cells) (C) ns NS -0.046 ns 
CD20+ Cells (B Cells) (C) NS ns ns ns 
CD3+CD4+ Cells (Helper T Cells) (C) ns ns ns ns 
Absolute Lymphocytes (C) NS ns ns ns 
IgA (C) ns ns NS NS 
IgG (C) ns ns ns ns 
IgM (C) ns ns ns ns 
Lupus Panel: ANA Test (D) NS ns NS ns 
Lupus Panel: ANA Thyroid Microsomal NS NS ns ns 
Antibody (D) 
Lupus Panel: MSK Smooth Muscle NS NS -0.048 ns 
Antibody (D) 
Lupus Panel: MSK Mitochondrial NS NS __ « 
Antibody (D) 
Lupus Panel: MSK Parietal Antibody ns NS ns NS 
(D) 
Lupus Panel: Rheumatoid Factor (D) NS NS ns* ns 

Note: NSorns: Not significant (p>0.10). 
ns*: Marginally significant (0.05<p<0.10). 
C: Continuous analysis. 
D: Discrete analysis. 
-: Relative risk<1.00 for discrete analysis; difference of means negative for continuous analysis. 
--: Analysis not performed because of the sparse number of participants with the MSK mitochondrial 
antibody present. 

P-value given if p<0.05. 

A capital "NS" denotes a relative risk of 1.00 or greater for discrete analysis or differences of means 
nonnegative for continuous analysis. A lowercase "ns" denotes relative risk less than 1.00 for discrete 
analysis or difference of means negative for continuous analysis. 

17.4.4   Model 4:  1987 Dioxin Level Analysis 

The Model 4 adjusted analyses uncovered significant associations between 1987 dioxin levels and CD3+ 
cell (T cell) count, CD4+ cell (helper T cell) count, and CD3+CD4+ cell (helper T cell) count. The cell 
counts increased as 1987 dioxin increased. Marginally significant associations with 1987 dioxin levels 
were found in the unadjusted analyses of IgA and MSK smooth muscle antibody. The IgA association 
showed an increase in IgA levels as 1987 dioxin increased. The percentage of Ranch Hands with a 
smooth muscle antibody present decreased as 1987 dioxin levels increased. The unadjusted analyses of 
the rheumatoid factor were significant, showing a decrease in the percentage of participants with a 
rheumatoid factor present as 1987 dioxin levels increased. All the significant or marginally significant 
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associations found in the unadjusted analyses were nonsignificant in the adjusted analyses. Results for 
Model 4 analyses are summarized in Table 17-23. 

Table 17-23. Summary of 1987 Dioxin Analysis (Model 4) for Immunology Variables (Ranch 
Hands Only) 

[:444:v;t?y-Sfefö'^'"'■':iÄä*i|i8te■:4-   '-'-:4:\444^:.S§#'444 ■.  Unadjusted ■". . Adjusted 
Laboratory 
CD3+ Cells (T Cells) (C) NS +0.046 
CD4+ Cells (Helper T Cells) (C) NS +0.033 
CD8+ Cells (Suppressor T Cells) (C) NS NS 
CD16+56+ Cells (Natural Killer Cells) (C) NS ns 
CD20+ Cells (B Cells) (C) NS NS 
CD3+CD4+ (Helper T Cells) Cells (C) NS +0.025 
Absolute Lymphocytes (C) NS NS 
IgA (C) NS* NS 
IgG (C) NS ns 
IgM (C) ns ns 
Lupus Panel: ANA Test (D) ns ns 
Lupus Panel: ANA Thyroid Microsomal ns ns 
Antibody (D) 
Lupus Panel: MSK Smooth Muscle Antibody (D) ns* ns 
Lupus Panel: MSK Mitochondrial Antibody (D) ns ns 
Lupus Panel: MSK Parietal Antibody (D) NS NS 
Lupus Panel: Rheumatoid Factor (D) -0.010 ns 

Note: NS or ns: Not significant (p>0.10). 
NS* or ns*: Marginally significant (0.05<p<0.10). 
C: Continuous analysis. 
D: Discrete analysis. 
+: Slope nonnegative for continuous analysis. 
-: Relative risk<1.00 for discrete analysis. 

P-value given if p<0.05. 

A capital "NS" denotes a relative risk of 1.00 or greater for discrete analysis or slope nonnegative for 
continuous analysis. A lowercase "ns" denotes relative risk less than 1.00 for discrete analysis or slope 
negative for continuous analysis. 

17.5   CONCLUSION 

The immunologic assessment was based upon laboratory data on six lymphocyte cell surface markers, 
absolute lymphocyte counts, three quantitative immunoglobulins, and six measurements from an 
autoantibody panel. The six cell marker measurements were carried out on a random sample of 
approximately 40 percent of the participants because of the complexity of the assay and the expense of 
the tests. 

Group analyses revealed significant findings for the adjusted analyses of CD16+56+ cell (natural killer 
cell) count and for the MSK smooth muscle antibody test in enlisted flyers. Among enlisted flyers, the 
mean CD 16+56+ cell count was greater for Comparisons than for Ranch Hands, and a greater percentage 
of Comparisons than Ranch Hands had a smooth muscle antibody present. For these analyses the 
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magnitude of the mean differences was small; therefore, the clinical importance of these findings is 
unknown. 

Consistent with the previous two physical examinations, the mean serum concentration of IgA increased 
significantly with initial dioxin, but was not significantly increased in enlisted groundcrew or the high 
dioxin category; IgA did not increase significantly with 1987 dioxin. The IgA results, although 
significant, were small in magnitude and their clinical significance is unknown. 

When comparing categorized dioxin levels between Ranch Hands and Comparisons, a significantly 
higher CD 16+56+ cell count mean was observed among Comparisons than among Ranch Hands in the 
high dioxin category. Analyses revealed significant associations between 1987 dioxin levels and CD3+ 
cell (T cell) count, CD4+ cell (helper T cell) count, and CD3+CD4+ cell (helper T cell) count. The cell 
counts increased as 1987 dioxin increased. 

In summary, these findings do not provide evidence of a biologically meaningful relation between body 
burden of dioxin and parameters of immunologic assessment. The statistically significant relations point 
out the need for long-term evaluation. 
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18   PULMONARY ASSESSMENT 

18.1    INTRODUCTION 

18.LI   Background 

Apart from irritative tracheo-bronchial symptoms occurring consequent to industrial accidents, there is no 
evidence that the human lung is a target organ for 2,3,7,8-tetrachlorodibenzo-p-dioxin (dioxin) toxicity. 
A single case of hypersensitivity pneumonias was described in a Vietnam veteran occupationally exposed 
to herbicides (1). The respiratory failure that has been reported in rare cases of extreme phenoxy 
herbicide intoxication appears to be related to central nervous system depression rather than primary 
pneumotoxicity (2, 3). 

Research into the pulmonary toxicity of dioxin in laboratory animals has focused on the physicochemical 
properties of the cytosolic aryl hydrocarbon (Ah) receptor and the carcinogenic potential of the 
cytochrome P-450 enzyme system in mice (4), rats (5, 6), and rabbits (7-12). Although these studies 
have demonstrated that dioxin enhances the activity of cytochrome P-450 and of aryl hydrocarbon 
hydroxylase in respiratory tract epithelium, the relevance to the development of lung disease in humans is 
uncertain. 

Other lines of research have heightened interest in the possibility that dioxin might cause pneumotoxicity 
in humans. In one study (13), cytosol preparations were examined from human lung tissue specimens 
obtained at surgery. Only 10 of 53 specimens had detectable Ah receptors that were present at 
concentrations far less (10 to 30 percent) than those found in lung cytosols from laboratory animals. In 
mice, the induction of cytochrome P-450 enzymes by dioxin in lung was found similar to that in liver 
(14). In rats (15, 16), the intratracheal administration of dioxin was associated with significant dose- 
related increases in hepatic enzymes as well, establishing the transpulmonary absorption of dioxin and the 
potential for pneumotoxicity. 

Lung disease has been included infrequently as a clinical endpoint in epidemiological studies of humans 
exposed to phenoxy herbicides. In one report (17), standard pulmonary function tests were included in 
clinical examinations of 367 employees 30 years after a chemical industrial explosion associated with 
high level exposure to 2,4,5-trichlorophenoxyacetic acid (2,4,5-T) and, by contamination, to dioxin. 
Although tissue levels of dioxin were not available, 55 percent of the exposed cohorts developed 
chloracne, reflecting the severity of exposure. The prevalence of abnormal chest radiographs was similar 
in the exposed and unexposed cohorts. Significant reductions in dynamic indices of lung function were 
limited to cigarette smokers. In this sub-cohort, a significant reduction in forced expiratory volume at one 
second (FEV2) was noted, as was a reduction in forced vital capacity (FVC). Even after adjustment for 
cumulative cigarette use, the predicted means for FEVj, FVC, and the derived index, FEVi/FVC, were 
significantly reduced in the exposed cohort relative to controls. These results raise the possibility that 
cigarette use may sensitize the lungs and make them more vulnerable as a target organ for dioxin toxicity. 

In a more recent occupational morbidity study conducted by the National Institute of Occupational Safety 
and Health (NIOSH) (18)—one of the first to include tissue levels of dioxin in the analyses—the 
prevalence of two chronic pulmonary diseases, emphysema and chronic bronchitis, was determined in 
281 workers exposed to dioxin for 15 years in two chemical production factories and compared with 260 
unexposed controls. The clinical examination protocol was similar to the one used in the current Air 
Force Health Study (AFHS) and included dynamic indices of lung function (FEVi, FVC, and FEVj/FVC) 
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and, on the physical examination, nine abnormalities of the thorax and lungs. These nine abnormalities 
were asymmetric chest excursion, abnormal chest shape, abnormal chest expansion, hyperresonant lungs, 
dullness to percussion, diminished breath sounds, crackles on auscultation, wheezes on auscultation, and 
pleural friction rub. The body burden of dioxin was determined by serum dioxin levels: mean level of 
220 parts per trillion (ppt) in the exposed cohort versus 7 ppt in the controls. In contrast to the results 
cited above, the incidence of chronic lung disease and the prevalence of abnormal physical findings and 
pulmonary function tests were similar in the exposed and control groups. 

Although several animal experiments have documented the occurrence of lung cancers associated with 
dioxin toxicity in rats (19, 20), mice (21), and monkeys (22), numerous large-scale epidemiological 
studies in humans exposed occupationally (23, 24), as a consequence of industrial accidents (25-27) or 
during military service (28-35), found no increase in the occurrence of lung cancer in populations at risk. 
In another large retrospective occupational study conducted by NIOSH, mortality associated with cancers 
of the respiratory tract was significantly increased, but only in a sub-cohort of workers with more than 
one year exposure and greater than 20 years of latency (36). 

In one report, Marine veterans who served in Vietnam were found to be at increased risk for the 
development of lung cancer (37). A subsequent proportionate mortality study conducted by the Veterans' 
Administration reviewed the data and concluded that the apparent increase in risk might have been related 
to a lower than expected mortality from lung cancer in the control group of Marines who did not serve in 
Vietnam (38). 

In the 1987 AFHS examinations, Ranch Hand participants were more likely than Comparisons to have 
abnormalities of the thorax and lungs (39). This finding also was seen in the 1992 examination (40). 
Differences between Ranch Hands and Comparisons were not seen in the laboratory measurements in 
1987 or 1992. In both examinations, a slight reduction in FVC and, as a consequence, an increase in the 
FEVi to FVC ratio were noted in association with increasing serum dioxin levels. Although consistent 
with a subtle dose-response effect, the differences in the means were too small to be physiologically 
meaningful. 

18.1.2   Summary of Previous Analyses of the Air Force Health Study 

18.1.2.1   1982 Baseline Study Summary Results 

The 1982 baseline examination explored historical pulmonary disease by questionnaire and active 
pulmonary function by standardized spirometric technique. These areas were of significant interest 
because of reported operational inhalation of Herbicide Orange by some Ranch Hand enlisted flyers and 
enlisted groundcrew. 

The questionnaire revealed no group differences for historical diagnoses of tuberculosis and fungal 
infections, pneumonia, cancer, or chronic sinusitis and upper respiratory disease. At the physical 
examination, the Ranch Hand and Comparison unadjusted means for FEVi (percent predicted), FVC, and 
the ratio of FEVi to FVC were similar. Adjusted mean values were not calculated because of significant 
interactions (group-by-age for FEVi and FVC, group-by-smoking for the ratio of FEVj to FVC). 

Exposure analyses showed two significant associations in the enlisted flyer and enlisted groundcrew 
strata, but neither was indicative of a linear dose-response. Attempts to adjust the means of the 
pulmonary function values for age and smoking revealed several interactions, but the results were 
essentially negative. Overall, there were no pulmonary diseases, pulmonary function data, or associations 
of concern. 
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18.1.2.2 1985 Follow-up Study Summary Results 

Because of the lack of significant results from the pulmonary analyses from the baseline examination, 
pulmonary function (spirometric) studies were not performed during the 1985 follow-up examination. 
Collection of pulmonary data was limited to a questionnaire history of respiratory disease, physical 
examination of the thorax and lungs, and pulmonary abnormalities detected on a routine chest x ray. 
Mortality because of respiratory disease also was evaluated. 

There were no significant group differences found for reported history of asthma, bronchitis, pleurisy, or 
tuberculosis based on the unadjusted analyses. Adjustments for age and lifetime smoking did not alter the 
findings of group similarity, although there was a significant group-by-lifetime smoking interaction for 
pleurisy and tuberculosis. Ranch Hands who were moderate lifetime smokers (up to 10 pack-years) had a 
significantly increased incidence of pleurisy and tuberculosis than did Comparisons who were moderate 
lifetime smokers. 

Similarly, there were no significant group differences in the unadjusted analyses for the radiological and 
clinical respiratory findings of thorax and lungs, asymmetrical expansion, hyperresonance, dullness, 
wheezes, rales, and x-ray interpretations. These findings were supported by the adjusted analyses. Also, 
the exposure index analyses revealed no consistent dose-response pattern. 

18.1.2.3 1987 Follow-up Study Summary Results 

The pulmonary assessment was based on five self-reported respiratory illnesses, seven clinical 
observations, and eight laboratory measurements. The self-reported illnesses were based on participant- 
reported responses to the personal history form and the health history questionnaire. No evidence of an 
herbicide effect was detected in the assessment of the reported respiratory illnesses. The health of the two 
groups was comparable based on the clinical and laboratory variables, although Ranch Hands had a 
significantly higher percentage of thorax and lung abnormalities on examination than did Comparisons, 
based on the unadjusted analysis, and a marginally higher percentage after adjustment for covariates. No 
significant group differences were detected in the adjusted analyses when comparing all Ranch Hands 
with all Comparisons. Exploration of interactions did not reveal a consistent pattern indicating an 
herbicide effect. The adverse effects of smoking on pulmonary status were evident in all analyses. 

18.1.2.4 Serum Dioxin Analysis of 1987 Follow-up Study Summary Results 

In general, there was no association between initial dioxin levels and the discrete variables. For the 
continuous variables, there appeared to be a negative association with initial dioxin. The associations 
with current dioxin did not differ significantly between the two time strata for any of the variables. In the 
categorized current dioxin analyses, the percentage of abnormalities did not differ significantly among the 
four current dioxin categories for any of the questionnaire and physical examination variables, except 
under the adjusted analysis of thorax and lung abnormalities. In this case, Ranch Hands in the low and 
high categories had a higher percentage of abnormalities than did Comparisons in the background 
category; but Ranch Hands in the unknown category had a lower percentage of abnormalities than did 
Comparisons in the background category. For the continuous variables, the means differed among the 
current dioxin categories. For FVC, FEVi, and forced expiratory flow maximum (FEFmax), the mean for 
the Ranch Hands in the unknown category tended to be greater than the mean for the Comparisons in the 
background category, but the means for the low and high categories were less than the mean for the 
background category. In the analysis of the ratio of observed FEVj to observed FVC, this trend was 
reversed. 

In the longitudinal analysis of the ratio of observed FEVi to observed FVC, there was a significant 
positive association with current dioxin and a significant difference among the current dioxin categories, 
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with the mean increase from 1982 to 1987 in the high category greater than the mean increase from 1982 
to 1987 in the background category. 

In summary, the historical, physical examination, and laboratory data analyzed in the 1987 serum dioxin 
follow-up study revealed no evidence for an increased occurrence of pulmonary disease in the Ranch 
Hand cohort in relation to the body burden of dioxin. Analysis of two laboratory variables, FVC and the 
ratio of observed FEV] to observed FVC, yielded results that were consistent with subtle dose-response 
effects related to the body burden of dioxin in Ranch Hands. Body habitus and, more specifically, body 
fat might have played a role in these associations between dioxin and pulmonary function indices, 

18.1.2.5  1992 Follow-up Study Summary Results 

For the medical records and physical examination pulmonary variables, the group analysis revealed 
significant relations for bronchitis and thorax and lung abnormalities only. For enlisted flyers, 
significantly more Ranch Hands than Comparisons had bronchitis and thorax and lung abnormalities. 
The initial dioxin, categorized dioxin, and current dioxin analyses for these variables did not confirm a 
dioxin dose-response relation. 

For the laboratory variables, a statistically significant inverse relation was revealed between percent of 
predicted FVC and initial and current dioxin for Ranch Hands. When Ranch Hands were contrasted with 
Comparisons, no significant differences were detected. Also, the analysis of the ratio of observed FEV! 
to observed FVC within Ranch Hands revealed a significant direct relation with initial dioxin indicating 
that the ratio increases (becomes closer to 1) for increasing levels of initial dioxin, which may have been 
due to the diminishing magnitude of FVC in the denominator of the ratio. 

In the longitudinal analysis of the ratio of observed FEVi to observed FVC, there was a significant group 
difference for the enlisted flyers. The Ranch Hand enlisted flyers had a larger decrease in the ratio 
between 1982 and 1992 than did the Comparison enlisted flyers. 

In summary, the historical, physical examination, and laboratory data analyzed for this assessment 
revealed no consistent evidence of an increased prevalence of pulmonary disease in the Ranch Hand 
cohort in relation to body burden of dioxin. 

18.1.3   Parameters for the 1997 Pulmonary Assessment 

18.1.3.1  Dependent Variables 

The pulmonary assessment was based on questionnaire, physical examination, and laboratory data 
collected at the 1997 follow-up examination. 

18.1.3.1.1 Medical Records Data 

In the self-administered family and personal history section, each study participant was asked whether he 
had ever experienced asthma, bronchitis, or pneumonia. The following International Classification of 
Diseases, 9   Revision, Clinical Modification (ICD-9-CM) codes were used: asthma: 493.0^-93.9; 
bronchitis: 466.0-466.1,490,491.0-491.9,494; and pneumonia: 480.0-486,487.0. This self-reported 
information was combined with information from the 1997 physical examination; the 1985, 1987, and 
1992 follow-up questionnaires and physical examinations; and the baseline questionnaire and 
examination and, subsequently, was verified by a review of the participant's medical records. These three 
variables were individually analyzed as measures of the pulmonary health status of each participant. 
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Participants with occurrences of asthma, bronchitis, or pneumonia before duty in Southeast Asia (SEA) 
were excluded from the analyses of the respective variables. 

18.1.3.1.2 Physical Examination Data 

Part of the pulmonary assessment was based on the results of the physical examination of the thorax and 
lungs. A composite variable, thorax and lung abnormalities, was constructed based on the presence or 
absence of asymmetrical expansion, hyperresonance, dullness, wheezes, rales, or chronic obstructive 
pulmonary disease, as well as the physician's assessment of abnormality. This variable was coded as 
"abnormal" if any of these conditions was present and "normal" if none of these conditions was present. 
No participants were excluded for medical reasons from the analysis of this variable. 

18.13.1.3 Laboratory Examination Data 

The assessment of the laboratory examination data included the analysis of pulmonary abnormalities 
detected on a routine chest x ray. This variable was coded as "normal" or "abnormal." The assessment 
also included the analysis of pulmonary physiologic data collected during the physical examination 
employing standard spirometric techniques. Numerous indices were derived, including FVC—a 
measurement of the amount of air in liters expelled from maximum inspiration to full expiration—and 
FEVj in liters, an index derived from the FVC that quantifies the amount of air expelled at 1 second. The 
values used for these variables were the percentages of predicted values rather than the actual volume or 
flow rate. The calculations of these percentages included an adjustment for age and height, as prescribed 
by the American Thoracic Society. The laboratory used the same predictive values regardless of race. 
For these indices, lower values indicated greater compromise in the lung function. In addition, the ratio 
of observed FEVL to observed FVC was calculated as an index reflective of obstructive airway disease. 
These variables were analyzed as continuous variables. 

Loss of vital capacity and obstructive abnormality were classified by the examiner as none, mild, 
moderate, or severe and were analyzed as part of the pulmonary assessment. Results judged to be 
between none and mild were classified as "mild" for all analyses. A similar methodology was used for 
results between mild and moderate (i.e., classified as "moderate") and between moderate and severe (i.e., 
classified as "severe"). Because of the low frequencies in the moderate and severe categories, these two 
categories were combined in the analysis of loss of vital capacity. No participants were excluded for 
medical reasons from the analysis of these variables. 

As a guideline for categorizing loss of vital capacity and obstructive abnormality, the following percent 
reductions in the FVC and FEVi/FVC, respectively, were used: 

Mild: 70-100% 
Moderate: 60-69% 
Moderately severe: 50-59% 
Severe: 34-49% 
Very severe: <34%. 

These categorizations are based on American Thoracic Society criteria (41). The percent reductions in 
the FVC and the FEVi/FVC were based on the percent of predicted values, which were adjusted for age 
and height. 
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18.1.3.2  Covariates 

The effects of age, race, military occupation, current cigarette smoking (cigarettes/day), lifetime cigarette 
smoking history (pack-years), body fat (percent), and exposure to industrial chemicals (yes, no) were used 
in adjusted statistical analyses evaluating the pulmonary dependent variables. Current cigarette smoking 
was used as a covariate for the physical examination and laboratory variables only. The current level of 
cigarette smoking was not appropriate as a risk factor for an endpoint based on post-SEA history. 
Lifetime cigarette smoking history was used to investigate the cumulative effects of cigarette smoking on 
these endpoints. 

Age, race, and occupation were determined from military records. Current cigarette smoking and lifetime 
cigarette smoking history were based on questionnaire data. For lifetime cigarette smoking history, the 
respondent's average smoking was estimated over his lifetime based on his responses to the 1997 
questionnaire, with 1 pack-year defined as 365 packs of cigarettes smoked during a single year. The 
participant's lifetime exposure through 1992 to industrial chemicals was updated with information 
reported in the 1997 questionnaire. 

Body fat was calculated from a metric body mass index (42); the formula is 

Body Fat (in percent)- 
Weight (kg) 

[Height (m) I2 • 1.264-13305. 

For purposes of covariate associations for discrete dependent variables, body fat was dichotomized as 
"lean or normal" (<25 percent) and "obese" (>25 percent). 

18.1.4   Statistical Methods 

Table 18-1 summarizes the statistical analyses performed for the pulmonary assessment. The first part of 
this table lists the dependent variables analyzed, source of the data, form of the data, cutpoints, covariates, 
and statistical methods. The second part of the table further describes the covariates. A covariate was 
used in its continuous form whenever possible for all adjusted analyses; if the covariate was inherently 
discrete (e.g., military occupation), or if a categorized form was needed to develop measures of 
association with the dependent variables, the covariate was categorized as shown in Table 18-1. Table 
18-2 provides a summary of participants with missing dependent variable and covariate data. In addition, 
the number of participants excluded because of pre-SEA conditions is given. 

Table 18-1. Statistical Analysis for the Pulmonary Assessment 

Dependent Variables 

Variable (Units) 
Data 

Source 
Data 
Form Cutpoints Covariates*     Exclusions11        Methods 

Asthma 

Bronchitis 

Pneumonia 

MR-V 

MR-V 

MR-V 

D 

D 

D 

Yes (1) (a) U:LR 
No A:LR 

Yes (1) (a) U:LR 
No A:LR 

Yes (1) (a) U:LR 
No A:LR 
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Table 18-1.   Statistical Analysis for the Pulmonary Assessment (Continued) 

Variable (Units) 
Data 

Source    j 
Data   : 
Form ■> Cutpoints i Covariatesa 1 ."Exclusions1* -1 

Statistical 
Analysis and 

Methods 
Thorax and Lung 
Abnormalities 

PE D Yes 
No 

(2) None U:LR 
A:LR 

X-ray Interpretation LAB D Abnormal 
Normal 

(2) None U:LR 
A:LR 

Forced Vital Capacity 
(FVC) (percent of predicted) 

LAB C ~ (2) . None U:GLM 
A:GLM 

Forced Expiratory Volume 
in 1 Second (FEVj) 
(percent of predicted) 

LAB c 
" 

(2) None U:GLM 
A:GLM 

Ratio of Observed FEVi to 
Observed FVC 

LAB c (2) None U:GLM 
A:GLM 
L:GLM 

Loss of Vital Capacity LAB D Moderate/Severe 
Mild 
None 

(2) None U:PR 
A:PR 

Obstructive Abnormality LAB D Severe 
Moderate 

Mild 
None 

(2) None U:PR 
A:PR 

aCovariates: 
(1): age, race, military occupation, lifetime cigarette smoking history, body fat, exposure to industrial chemicals. 
(2): age, race, military occupation, current cigarette smoking, lifetime cigarette smoking history, body fat, exposure 
to industrial chemicals. 

Exclusions: 
(a): participants with a pre-SEA history of the disorder. 

Covariates 

;;-;|^ ■;:. : Data'-.Source \ Data Form rtfe^SoiKS;'±©ütfeM^&)^v^J|:;u::'f S i}-:~' 
Age (years) MIL D/C Born>1942 

Born<1942 

Race MIL D Black 
Non-Black 

Occupation MIL D Officer 
Enlisted Flyer 
Enlisted Groundcrew 

Current Cigarette Smoking 
(cigarettes/day) 

Q-SR D/C 0-Never 
O-Former 
>0-20 
>20 

Lifetime Cigarette Smoking 
History (pack-years) 

Q-SR D/C 0 
>0-10 
>10 
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Table 18-1.   Statistical Analysis for the Pulmonary Assessment (Continued) 

■■■•;. ■ Variable (Units)  :  ,: ■ . ::;; Data Source ' Data Form Cutpoints 

Body Fat (percent) PE D/C Lean or Normal: <25% 
Obese: >25% 

Industrial Chemicals Exposure Q-SR D Yes 
No 

Abbreviations 

Data Source:             LAB: 1997 labo: ratory results 
MIL: Air Force military records 
MR-V: Medical records (verified) 
PE:  1997 physical examination 
Q-SR: Health questionnaires (self-reported) 

Data Form: C: Continuous analysis only 
D: Discrete analysis only 
D/C: Appropriate form for analysis (either discrete or continuous) 

Statistical Analysis: U: Unadjusted analysis 
A: Adjusted analysis 
L: Longitudinal analysis 

Statistical Methods: GLM: General linear models analysis 
LR: Logistic regression analysis 
PR: Polytomous logistic regression analysis 

Table 18-2. Number of Participants Excluded or with Missing Data for the Pulmonary Assessment 

iv':::!ij:"\:<:;S^^:Öidxin.'' 

>'. ■■:;■■■ ::;-^--^< 
Jroup■-■:.: (Ranch Hands ;;Önly)::;1 Categorized Dioxin 

Mv''^'^ Ranch  i Ranch 
fi:MrM} ^S;^^^üBäbie^^| %v W%M-^ ■!■ 'JÖse -y-. "i |5^HJaSS(il Comparison ^^■;^Ö^>|>^;;;J Mil Hand ! Comparison 

X-ray Interpretation                     DEP 2 0 2 2 2 0 
FVC                                             DEP 1 2 1 1 1 2 
FEVj                                            DEP 1 2 1 1 1 2 
Ratio of the Observed FEV!         DEP 1 2 1 1 1 2 
to Observed FVC 
Loss of Vital Capacity                 DEP 1 2 1 1 1 2 
Obstructive Abnormality             DEP 1 2 1 1 1 2 
Current Cigarette Smoking          COV 1 0 0 1 1 0 
Lifetime Cigarette Smoking        COV 2 1 1 2 2 1 
History 
Pre-SEA Asthma                         EXC 11 5 7 11 11 5 
Pre-SEA Bronchitis                       EXC 24 27 15 24 24 25 
Pre-SEA Pneumonia                    EXC 44 47 24 44 44 45 
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Table 18-2.  Number of Participants Excluded or with Missing Data for Pulmonary 
Assessment (Continued) 

Note:   DEP = Dependent variable. 
COV = Covariate. 
EXC = Exclusion. 
870 Ranch Hands and 1,251 Comparisons. 
482 Ranch Hands for initial dioxin; 863 Ranch Hands for 1987 dioxin. 
863 Ranch Hands and 1,213 Comparisons for categorized dioxin. 

18. L4.1  Longitudinal Analysis 

Longitudinal analyses were performed to evaluate associations between group or dioxin and the change in 
the ratio of observed FEV! to observed FVC between the 1982 baseline examination and the 1997 
follow-up. 

18.2    RESULTS 

18.2.1   Dependent Variable-Covariate Associations 

Covariate tests of association were performed to examine the relations between the covariates used in the 
adjusted analyses and the dependent variables. Appendix F, Table F-10, provides summary results of 
these analyses to test the statistical significance of the associations. These associations are pairwise 
between the dependent variable and the covariate and are not adjusted for any other covariates. 
Participants with a pre-SEA occurrence of asthma were excluded from the analysis of asthma, and similar 
exclusions were made for bronchitis and pneumonia. Statistically significant associations are discussed 
below. 

Covariate tests of association revealed no significant relations between asthma and any of the covariates 
(p>0.70 for all tests). 

Analysis of bronchitis revealed significant covariate associations with lifetime cigarette smoking history 
(p=0.002) and industrial chemicals exposure (p=0.009), and a marginally significant association with race 
(p=0.069). The prevalence of bronchitis increased as lifetime cigarette smoking history increased. 
Participants who were exposed to industrial chemicals had a higher prevalence of bronchitis than those 
who were not exposed (22.0% vs. 17.2%). Non-Black participants had a higher prevalence of bronchitis 
than did Black participants (20.6% vs. 13.5%). 

Covariate association tests for pneumonia revealed significant associations with age (p=0.002) and 
lifetime cigarette smoking history (p=0.037). Older participants had a higher percentage of pneumonia 
than did the younger participants (13.1% vs. 8.6%). Participants with greater than 10 pack-years had the 
highest prevalence of pneumonia (13.0%), followed by nonsmokers (9.6%) and participants between 0 
and 10 pack-years (9.3%). 

Tests of covariate association for thorax and lung abnormalities showed age (p=0.001)> race (p=0.042), 
occupation (p=0.001), current cigarette smoking (p=0.001), lifetime cigarette smoking history (p=0.001), 
and body fat (p=0.047) to be significant. Exposure to industrial chemicals showed a marginally 
significant association with thorax and lung abnormalities (p=0.062). Older participants had a higher 
percentage of thorax and lung abnormalities (13.6%) than did the younger participants (8.6%). Non- 
Blacks had a higher prevalence of thorax and lungs abnormalities (11.8%) than did Blacks (5.5%). 
Enlisted flyers had the highest prevalence of abnormalities of the thorax and lung (18.6%), followed by 
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enlisted groundcrew (12.1%) and officers (7.7%). For both current cigarette smoking and lifetime 
cigarette smoking history, the prevalence of thorax and lung abnormalities increased as smoking 
increased. Participants with normal body fat had a higher percentage of thorax and lung abnormalities 
than obese participants (12.3% vs. 9.2%). Participants who had been exposed to industrial chemicals had 
a higher percentage of thorax and lung abnormalities (12.5%) than did participants who had not been 
exposed to industrial chemicals (9.7%). 

Covariate association tests for the interpretation of the chest x ray revealed significant associations with 
age and lifetime cigarette smoking history (p=0.018 for both). Older participants had a higher percentage 
of x-ray interpretations showing abnormalities than did the younger participants (11.6% vs. 8.4%). The 
prevalence of x-ray interpretations showing abnormalities increased as lifetime cigarette smoking history 
increased. 

For both current cigarette smoking and lifetime cigarette smoking history, FVC decreased significantly as 
smoking increased (p=0.002 for current cigarette smoking and p<0.001 for lifetime cigarette smoking 
history). FVC decreased significantly as body fat increased (p<0.001). Black participants had a lower 
mean FVC than did non-Black participants (87.84 vs. 99.81 percent of predicted, p<0.001). Occupation 
showed a significant association with FYC (p=0.005). Enlisted groundcrew had the lowest mean FVC 
(97.99 percent), followed by enlisted flyers (99.22 percent) and officers (100.28 percent). 

FEVi decreased significantly with age (p<0.001), current cigarette smoking (p<0.001), lifetime cigarette 
smoking history (p<0.001), and body fat (p=0.001). Black participants had a lower mean FEVi than did 
non-Black participants (86.63 vs. 94.71 percent of predicted, p<0.001). Occupation showed a significant 
association with FEVi (p=0,002). Enlisted flyers had the lowest mean FEVi (91.76 percent), followed by 
enlisted groundcrew (93.90 percent) and officers (95.57 percent). The association between FEVi and 
exposure to industrial chemicals was marginally significant (p=0.092). The mean FEVi for participants 
not exposed to industrial chemicals was 95.04 percent, whereas the mean FEV] for participants exposed 
to industrial chemicals was 93.72 percent. 

Because of the distribution of the data, a natural logarithm transformation of 1.0 minus the ratio of the 
observed FEVL to the observed FVC ratio was used. Because of this transformation, a negative 
correlation implies a positive association between dioxin and the ratio. The ratio of the observed FEVj to 
the observed FVC displayed significant associations with age, race, occupation, current cigarette 
smoking, lifetime cigarette smoking history, and body fat (p<0.001 for each). The ratio decreased with 
age, current cigarette smoking, and lifetime cigarette smoking history, but increased as body fat increased. 
Black participants had a higher mean ratio of the observed FEVi to the observed FVC than did non-Black 
participants (0.791 vs. 0.760). Enlisted groundcrew had the highest mean ratio (0.771), followed by 
officers (0.759) and enlisted flyers (0.745). 

Tests of covariate association for loss of vital capacity showed a significant association with age 
(p=0.031), race (p=0.001), body fat (p=0.001), and lifetime cigarette smoking history (p=0.029). The 
association between loss of vital capacity and exposure to industrial chemicals was marginally significant 
(p=0.064). A higher percentage of older participants had a mild loss of vital capacity and a moderate or 
severe loss of vital capacity (mild: 8.4%, moderate or severe: 1.9%) than did younger participants (mild: 
7.0%, moderate or severe: 0.8%). A higher percentage of Black participants had a mild loss of vital 
capacity and a moderate or severe loss of vital capacity (mild: 17.2%, moderate or severe: 4.7%) than 
did non-Blacks (mild: 7.2%, moderate or severe: 1.2%). Obese participants had a higher percentage of 
loss of vital capacity (mild:  11.9%, moderate or severe: 2.3%) than did those with normal body fat (mild: 
6.1%, moderate or severe: 1.1%). Results also indicate that the percentage of mild loss of vital capacity 
and a moderate or severe loss of vital capacity increased as the number of pack-years increased. A higher 
percentage of participants exposed to industrial chemicals had a mild and moderate or severe loss of vital 
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capacity (mild: 8.5%, moderate or severe:  1.7%) than did participants not exposed to industrial 
chemicals (mild: 6.6%, moderate or severe: 0.9%). 

Covariate analysis with obstructive abnormality revealed significant associations with age, occupation, 
current cigarette smoking, and lifetime cigarette smoking history (p=0.001 for each). Older participants 
had a higher percentage of obstructive abnormalities (mild: 37.1%, moderate: 8.6%, severe: 2.2%) than 
did younger participants (mild: 21.9%, moderate: 2.6%, severe: 0.4%). Enlisted flyers had a higher 
percentage of obstructive abnormalities than did officers or enlisted groundcrew. The percentage of 
obstructive abnormalities increased as the number of cigarettes smoked per day increased and as the 
number of pack-years increased. 

18.2.2   Exposure Analysis 

The following section presents results of the statistical analyses of the dependent variables shown in 
Table 18-1. Asthma, bronchitis, and pneumonia were derived from self-reported responses and verified 
by a medical records review. Additional dependent variables were taken from results of the physical 
examination and laboratory portions of the 1997 follow-up examination. 

Four models were examined for each dependent variable given in Table 18-1. The analyses of these 
models are presented below. Further details on dioxin and the modeling strategy are found in Chapters 2 
and 7, respectively. These analyses were performed both unadjusted and adjusted for relevant covariates. 
Model 1 examined the relation between the dependent variable and group (i.e., Ranch Hand or 
Comparison). In this model, exposure was defined as "yes" for Ranch Hands and "no" for Comparisons 
without regard to the magnitude of the exposure. As an attempt to quantify exposure, three contrasts of 
Ranch Hands and Comparisons were performed along with the overall Ranch Hand versus Comparison 
contrast. These three contrasts compared Ranch Hands and Comparisons within each occupational 
category (i.e., officers, enlisted flyers, and enlisted groundcrew). As described in previous reports and 
Table 2-8, the average levels of exposure to dioxin were highest for enlisted groundcrew, followed by 
enlisted flyers, then officers. 

Model 2 explored the relation between the dependent variable and an extrapolated initial dioxin measure 
for Ranch Hands who had a 1987 dioxin measurement greater than 10 ppt. If a participant did not have a 
1987 dioxin level, the 1992 level was used to estimate the initial dioxin level. If a participant did not have 
a 1987 or a 1992 dioxin level, the 1997 level was used to estimate the initial dioxin level. A statistical 
adjustment for the percentage of body fat at the time of the participant's blood measurement of dioxin 
was included in this model to account for body-fat-related differences in elimination rate (43). 

Model 3 divided the Ranch Hands examined in Model 2 into two categories based on their initial dioxin 
measures. These two categories are referred to as "low Ranch Hand" and "high Ranch Hand." Two 
additional categories, Ranch Hands with 1987 serum dioxin levels at or below 10 ppt and Comparisons 
with 1987 serum dioxin levels at or below 10 ppt, were formed and included in the model. Ranch Hands 
with 1987 serum dioxin levels at or below 10 ppt are referred to as the "background Ranch Hand" 
category. Dioxin levels in 1992 were used if the 1987 level was not available, and dioxin levels in 1997 
were used if the 1987 and 1992 levels were not available. These four categories—Comparisons, 
background Ranch Hands, low Ranch Hands, and high Ranch Hands—were used in Model 3 analyses. 
The relation between the dependent variable in each of the three Ranch Hand categories and the 
dependent variable in the Comparison category was examined. A fourth contrast, exploring the relation 
of the dependent variable in the combined low and high Ranch Hand categories relative to Comparisons, 
also was conducted. This combination is referred to in the tables as the "low plus high Ranch Hand" 
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category. As in Model 2, a statistical adjustment for the percentage of body fat at the time of the 
participant's blood measurement of dioxin was included in this model. 

Model 4 examined the relation between the dependent variable and 1987 lipid-adjusted dioxin levels in all 
Ranch Hands with a dioxin measurement. If a participant did not have a 1987 dioxin measurement, the 
1992 measurement was used to determine the dioxin level. If a participant did not have a 1987 or a 1992 
dioxin measurement, the 1997 measurement was used to determine the dioxin level. 

2 8,2.2.1  Medical Records Variables 

18.2.2.LI Asthma 

All unadjusted and adjusted analyses of asthma for Models 1 through 4 were nonsignificant (Table 
18-3(a-h): p>0.11 for all analyses). 

Table 18-3. Analysis of Asthma 
(a) MODEL 1: RANCH HANDS VS. COMPARISONS - UNADJUSTED 

Occupational 
!; ..Category   | Group j 

Number {%) Esk Relative Risk 
.^ :^(95%:;cx);   j p-Value 

All 

Officer 

Enlisted Flyer 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

859 
1,246 

338 
492 

149 
187 

372 
567 

41 (4.8) 
44(3.5) 

18 (5.3) 
17 (3.5) 

3 (2.0) 
8 (4.3) 

20(5.4) 
19 (3.4) 

1.37 (0.89,2.11) 

1.57(0.80,3.10) 

0.46(0.12,1.76) 

1.64(0.86,3.11) 

0.158 

0.191 

0.257 

0.132 

(b) MODEL 1: RANCH HANDS VS. COMPARISONS - ADJUSTED 

Occupational Category 
Adjusted Relative Risk 

(95% C.I.) p-Value! 

All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

1.36(0.87,2.10) 

1.48(0.74,2.94) 
0.45(0.12,1.74) 
1.69(0.89,3.21) 

0.175 

0.266 
0.247 
0.111 

(c)MODEL 121 RANCH HA.NDS- - INITIAL DIOXIN - UNADJUSTED 

rliUÜSiä tial Dioxin Category §Öj|ffi|ji^ Analysis Results for Log2 (Iratial;piofflh)°- ],; 

-§MmMifwMM$M 
Estimated Relative Risk 

iissiiSSiissiififif ■^Sw§!^^^Mite<:^;;^^ 

Low 
Medium 
High 

156 
161 
158 

8 (5.1) 
4 (2.5) 
9 (5.7) 

1.18 (0.86 1.62) 0.318 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 
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Table 18-3.   Analysis of Asthma (Continued) 

(d) MODEL 2: ;-::I^€H::;IIANDS;:- -INITIAL DIOXIN-ADJUSTED 

:jS^|\^ui^i;--;v^n; ^i 

Analysis Results for Log2 

Adj iisted Relative RJ sk 

(Initial Dioxin) 

:p-Value ; 

474 1.22(0.82,1.82) 0.328 

a Relative risk for ' a twofold increase in initial dioxin. 

i::(e);MÖDEL3:::.| &f^ -UNADJUSTED 

■ "."-:;Dioxin Category;•',  ■ ..■.;;. ,'.;n ■: j 
Est. Relative Risk 

p-Value 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,208 

377 
235 
240 
475 

42 (3.5) 

19 (5.0) 
10 (4.3) 
11(4.6) 
21 (4.4) 

1.47 (0.84,2.58) 
1.23(0.61,2.50) 
1.33(0.67,2.64) 
1.28(0.75,2.19) 

0.174 
0.559 
0.408 
0.363 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison:  1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

____ 

0.149 
0.753 
0.479 

,  0.506 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,207 

376 
234 
240 
474 

1.52 (0.86,2.70) 
1.13(0.54,2.36) 
1.29(0.64,2.61) 
1.21 (0.69,2.10) 
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Table 18-3.   Analysis of Asthma (Continued) 

(g) MODEL 4: RANCH HANDS - 1987 DIOXIN -UNADJUSTED    .                                             § B 

■: ■ 1987 Dioxin Category Summary: Statistics;..' ':':''Analysis Results for Log2 (1987 Dioxin;+ 1) 

Dioxin 
t - Nffi \; V&k H; B dumber j$fe$ 4B-i Estimated Relative Risk 

Low 
Medium 
High 

285                  12 (4.2) 
282                  15 (5.3) 
285                  13 (4.6) 

1.06(0.86,1.31)                              0.594 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-l 9.6 ppt; High = >19.6 ppt. 

£(!|$!M 

law '-■-: -;'^ _-:l;:";-:^: :::;^-Valued' ■^r:=l-^-^:;;t-^'^-';;:::' :;-■ i;: ■;? -'5': 
850                                            1.06(0.81,1.37) 0.680 

a Relative risk for a twofold increase in 1987 dioxin. 

18.2.2. L2 Bronchitis 

The unadjusted and adjusted Model 1 analyses of bronchitis showed no difference between Ranch Hands 
and Comparisons when all occupations were combined (Table 18-4(a,b): p=0.177, unadjusted; p=0.213, 
adjusted). After stratifying by occupation, a marginally significant association was revealed between 
enlisted flyer Ranch Hands and enlisted flyer Comparisons in both the unadjusted and adjusted analyses 
(Table 18-4(a,b): Est. RR=1.63, p=0.066, for the unadjusted analysis; Adj. RR=1.61, p=0.075, for the 
adjusted analysis). The percentage of Ranch Hand enlisted flyers with bronchitis was 27.8, as compared 
to 19.1 percent of the Comparison enlisted flyers. Contrasts of Ranch Hands and Comparisons in the 
other occupations were nonsignificant (Table 18-4(a,b): p>0.49 for all analyses). 

Table 18-4. Analysis of Bronchitis 

|$l3i^ 

*;'lHSP?^SÄ;f-r^ 
All Ranch Hand 

Comparison 
846 

1,224 
183 (21.6) 
235 (19.2) 

1.16(0.94,1.44) 0.177 

Officer Ranch Hand 
Comparison 

329 
482 

60(18.2) 
86 (17.8) 

1.03(0.71,1.48) 0.886 

Enlisted Flyer Ranch Hand 
Comparison 

144 
183 

40 (27.8) 
35 (19.1) 

1.63(0.97,2.73) 0.066 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

373 
559 

83 (22.3) 
114(20.4) 

1.12(0.81,1.54) 0.496 
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Table 18-4.   Analysis of Bronchitis (Continued) 

(b) MODEL 1:RANCH HANDS VS. COMPARISONS^ ADJUSTED 

Occupational Category 
Adjusted Relative Risk 

;; '■;;   ;(95% CX).-    j j 
All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

1.15(0,92,1.43) 

1.02(0.70,1.47) 
1.61 (0.95,2.71) 
1.11(0.81,1.54) 

p-Vahie 

0.213 

0.936 
0.075 
0.514 

(c) MODEL 2: RANCH HANDS ™ INITIAL DIOXIN - ÜNAWUSTED   ^ . 

initial Dioxin Categöi^Sunmiary Statistics Analysis Results for Log2 (Initial Dioxin)8 

Initial   . 
Dioxin 

Estimated Relative Risk 

Low 
Medium 
High 

150                          33 (22.0) 
161                         29(18.0) 
156                        36(23.1) 

1.06(0.89,1.25)                        0.513 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

:;(d>*«PP 

■ ^Yaliie-;:}& 3:M^%;'"!'■ ?-W- 
466                                       1.07 (0.88,1.30) 0.510 

a Relative risk for a twofold increase in initial dioxin. 

(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY -UNADJUSTED 

?v-W--^;X %':iVh$$i&£: ;W:\- ■ -i:-% 
Comparison                            1,188                 230(19.4) 

Background RH                        372                   84(22.6)                    1.22(0.92,1.62) 
LowRH                                    228                   44(19.3)                    1.00(0.70,1.43) 
HighRH                                    239                   54(22.6)                    1.21(0.87,1.70) 
Low plus High RH                    467                   98 (21.0)                    1.10 (0.84,1.44) 

0.174 
0.980 
0.262 
0.479 

a Relative risk and confidence interval relative to Comparisons. 
Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 18-4.   Analysis of Bronchitis (Continued) 

(f) MODEL 3; RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY ™ ADJUSTED 

Dioxin Category 
Adjusted Relative Risk 

:   \ (95%CX)a p-Value 

Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH 

1,187 

371 
227 
239 
466 

1.31 (0.98,1.75) 
0.94(0.65,1.36) 
1.10(0.78,1.56) 
1.02(0.78,1.34) 

0.073 
0.734 
0.584 
0.891 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(g)MODEL4: ::!RgiCHÄ^ |t$$|i|i^^ 
;:■.... ;.■'■ >1987- Dioxin Category Summary Stafe^ HäEll'K 

Dioxin WMil';(9S%";C.L)!-::J;: f;■§              S;: Ki;;|-::;p-Value % % I ■;'|::>;% 

Low 
Medium 
High 

282 63 (22.3) 
274                   56 (20.4) 
283 63 (22.3) 

0.97(0.87,1.08)                                0.579 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

[M 

;;;;>;?;:i:::/;:.;:-:; IV :::f |i;; r:::;;; i;||;:; 
:;|;:;.|; 

;;;i;!; Bt;.^ ;f 5';-:. ■;=/. ;;:0 ;|:i^:l ;1;:: - S; ■ ::;=:: --:i::; J;;:^^;? ;Jfe>|l;-YS'/|:_:.: ; j;^;|: ■ ::l?^:|;i.f ^^?:: liDilli)^. ■ '^ .^r ■; •; i;-: ■'■:: ::^ ■ ;:.-H: ".if:- -■:'■; ..lS:,>^i'ffi^': :l:r ^^^ | % ■fM>:?&$Mi&i vl'l ■'■ 'H ■>,■ JS: 

837                                           0.90(0.79,1.03) 0.137 

a Relative risk for a twofold increase in 1987 dioxin. 

Models 2 and 4 showed no significant associations between dioxin and bronchitis (Table 18-4(c,d,g,h): 
p>0,13 for all analyses). 

The unadjusted Model 3 analysis results of bronchitis were nonsignificant (Table 18-4(e): p>0.17 for 
each contrast). Adjusting for covariates revealed a marginally significant difference between Ranch 
Hands in the background dioxin category and Comparisons (Table 18-4(f): Adj. RR=1.31, p=0.073). 
The percentage of Ranch Hands with bronchitis in the background dioxin category was 22.6, versus 19.4 
percent in the Comparison category. 

18-16 



18.2.2.1.3 Pneumonia 

All unadjusted and adjusted Models 1, 3, and 4 analyses of pneumonia showed no significant results 
(Table 18-5(a,b,e-h): p>0.10 for all analyses). 

Table 18-5. Analysis of Pneumonia 

(a; MODEL 1: RANCH HANDS VS. COMPARISONS - UNADJUSTED 

Occupational 
■ .Category .;..; Group 

Number (%) 
i;l::i#eÄfä 

Est. Relative Risk 
(95% C.I.) p-Value 

All Ranch Hand 
Comparison 

826 
1,204 

85 (10.3) 
140 (11.6) 

0.87(0.66,1.16) 0.344 

Officer Ranch Hand 
Comparison 

322 
470 

34(10.6) 
64(13.6) 

0.75(0.48,1.17) 0.200 

Enlisted Flyer Ranch Hand 
Comparison 

139 
180 

19 (13.7) 
15   (8.3) 

1.74(0.85,3.57) 0.129 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

365 
554 

32   (8.8) 
61(11.0) 

0.78 (0.50,1.22) 0.271 

(b) MODEL 1: RANCH HANDS VS. COMPARISONS - ADJUSTED 

Occupational Category 
Adjusted Relative Risk 

All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

0.87 (0.66,1.16) 

0.74(0.47,1.16) 
1.75(0.85,3.61) 
0.79 (0.50,1.24) 

p-Valuej 

0.354 

0.185 
0.126 
0.304 

(c) MODEL £& RANCH HANDS -INITLiLDIOXIN -UNADJUSTED 

Initial EJioxin Category Summary Statistics          . Analysis Results for Log2 (Initial Dioxin)8 

■      Initial ■ 
Dioxin 

:';■;. Estimated Relative Risk     ■ 
j;4'^^Mj^^0^^^^ i -- 

Low 
Medium 
High 

147                        21 (14.3) 
156                         12  (7.7) 
155                         13   (8.4) 

0.81 (0.63,1.05) 0.097 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

457 0.85(0.63,1.14) 

Relative risk for a twofold increase in initial dioxin. 

0.274 
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Table 18-5.   Analysis of Pneumonia (Continued) 

<e)jM(M>ELr3:i RANCH HANDS AMD COMPARISONS BY DIOXIN CATEGORY - UNADJUSTED 

Dioxin Category 
;:NuMeK(^ Est Relative Risk 

:     (95%CX)8b   '. j p-Value | 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,168 

361 
222 
236 
458 

134(11.5) 

38 (10.5) 
27 (12.2) 
19   (8.1) 
46 (10.0) 

0.93 (0.63,1.36) 
1.06(0.68,1.65) 
0.66 (0.40,1.09) 
0.83(0.58,1.19) 

0.708 
0.790 
0.107 
0.315 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison:  1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

IMöxiri Category 
Adjusted Relative Risk 
Li. ■'i(95'%;:.cx)-:';:.;■ ■! p-Value 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,167 

360 
221 
236 
457 

0.90(0.61,1.33) 
0.98 (0.63,1.54) 
0.74 (0.44,1.25) 
0.85 (0.59,1.23) 

0.602 
0.929 
0.265 
0.386 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand):  1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(g)MÖDEL II Hft*3gfqii. »^?ip^^^^7^j0^Si iljii^^ 
:-;iV::.J1987:I)i oxin Category Summary Statistics IJIIfllÄ 

Low 
Medium 
High 

269 29 (10.8) 
270 33 (12.2) 
280                 22   (7.9) 

0.91 (0.78,1.07)                              0.236 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

18-18 



Table 18-5.   Analysis of Pneumonia (Continued) 

(h) MODEL 4V RANCH HANDS- 1987 DIOXIN-ADJUSTED 

Analysis Results for Log3 (1987 Dioxin + 1) 

Adjusted Relative Risk 

 817 0.89(0.73,1.08) 0.229 

Relative risk for a twofold increase in 1987 dioxin. 

The unadjusted Model 2 analysis found a marginally significant relation between pneumonia and initial 

dioxin (Table 18-5(c): Est. RR=0.81, p=0.097). As initial dioxin increased, the prevalence of pneumonia 

decreased. The percentages of Ranch Hands with pneumonia in the low, medium, and high initial dioxin 

categories were 14.3,7.7, and 8.4, respectively. After adjustment for covariates, the association was 
nonsignificant (Table 18-5(d): p=0.274). 

18.2.2.2  Physical Examination Variable 

18.2.2.2.1  Thorax and Lung Abnormalities 

Results from the unadjusted and adjusted Models 1 through 3 analyses of thorax and lung abnormalities 
were nonsignificant (Table 18-6(a-f): p>0.11 for each analysis). 

Table 18-6. Analysis of Thorax and Lung Abnormalities 

(a) MODEL 1: RANCH HANDS VS. COMPARISONS - UNADJUSTED 

/'/Occupational;.: 
%i~¥WJ&M®ä0iK W-&-:$^::fl : ;-p- Value ■■:;;■';, 

AU Ranch Hand 
Comparison 

870 
1,251 

102 (11.7) 
140 (11.2) 

1.05 (0.80,1.38) 0.704 

Officer Ranch Hand 
Comparison 

341 
494 

31   (9.1) 
33   (6.7) 

1.40(0.84,2.33) 0.200 

Enlisted Flyer Ranch Hand 
Comparison 

151 
187 

29 (19.2) 
34 (18.2) 

1.07(0.62,1.85) 0.810 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

378 
570 

42(11.1) 
73 (12.8) 

0.85(0.57,1.27) 0.434 

(b) MODEL 1: illillOT 

WyiMW^G^^^0^M^^>iMWM^ 
Adjusted Relative Risk 

WiWMWEMWE^Vr^:^^-':] 
All 0.97(0.71,1.31) 0.821 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

1.57(0.90,2.71) 
0.99 (0.53,1.85) 
0.69(0.44,1.09) 

0.110 
0.978 
0.115 

18-19 



Table 18-6.   Analysis of Thorax and Lung Abnormalities (Continued) 

(c)MODEL2: ■RANCH HANDS-^ 

Initial Dioxin Category Summary Statistics Analysis Results for Log2 (Initial Dioxin)11 

Initial 
Dioxin 

Estimated Relative Risk 

Low 
Medium 
High 

160                         22 (13.8) 
162                        23 (14.2) 
160                         17 (10.6) 

1.06(0.86,1.31)                       0.573 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

!$$1^ 

i;;p-Yälüe;:v;W: %;:;;.;%--' W:■::;':; 

481                                           1.14(0.86,1.51) 0.366 

a Relative risk for a twofold increase in initial dioxin. 

(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY -UNADJUSTED 

^;>l^:^ 
Comparison                           1,213                137(11.3) 

Background RH                         381                   39(10.2)                   0.82(0.56,1.20) 
LowRH                                    239                   31(13.0)                    1.19(0.79,1.82) 
HighRH                                    243                   31(12.8)                    1.24(0.82,1.89) 
Low plus High RH                    482                   62(12.9)                    1.22(0.88,1.68) 

0.304 
0.408 
0.313 
0.232 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 18-6.   Analysis of Thorax and Lung Abnormalities (Continued) 

|#ä$^ -ADJUSTED 

Dioxin Category ^■■IJTii .'Ö.v'^Hf 

Adjusted Relative Risk 
p-Value 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,212 

380 
238 
243 
481 

0.84(0.55,1.28) 
1.01 (0.63,1.62) 
1.01 (0.62,1.64) 
1.01 (0.70,1.46) 

0.412 
0.953 
0.977 
0.955 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand):  1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(g) MODEL 4: RANCH HANDS - 1987 DIOXIN ;p|^rg|rp^ 
1987 Dioxin Category Summary Statistics Analysis Results for Log2 (1987 Dioxin + 1) 

Dioxin 
Number (%) A■!fWMiiMatedlRelariveäföslcf £■ & 3&:'i ::M^:'.^-: ^. >-; ;£;I -i%;■:'£-) 

Low 
Medium 
High 

288                32(11.1) 
287 31 (10.8) 
288 38 (13.2) 

1.03 (0.90,1.19)                              0.653 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

<h) MODEL 4; RANCH HANDS--1987 DIOXIN-ADJUSTED 

Analyses Results lorXog^(19S7'Diox^^ 

 861 1.20(1.00,1.43) 0.054 

Relative risk for a twofold increase in 1987 dioxin. 

The unadjusted Model 4 analysis was nonsignificant (Table 18~6(g): p=0.653). After adjusting for 
covariates, a marginally significant association between thorax and lung abnormalities and 1987 dioxin 
was revealed (Table 18-6(h): Adj. RR=1.20, p=0.054). As 1987 dioxin increased, the prevalence of 
thorax and lung abnormalities increased. The percentages of Ranch Hands with thorax and lung 
abnormalities in the low, medium, and high 1987 dioxin categories were 11.1, 10.8, and 13.2, 
respectively. 
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18.2.23 Laboratory Examination Variables 

18.2.2.3.1 X-ray Interpretation 

All unadjusted and adjusted analyses of the chest x-ray interpretation for Models 1 and 2 were 
nonsignificant (Table 18-7(a-d): p>0.15 for each analysis). 

Table 18-7. Analysis of X-ray Interpretation 

(ä) MODEL 1: RANCH HANDS VS. COMPMOSONS - UNADJUSTED 

Occupational 
;^|ff#<^ü^^^^;;^; &!v^»-€r' 

.      ;-: -Number (%) :v.       .   Est: Relative Risk 
p-Value 

All Ranch Hand 
Comparison 

868 
1,251 

98(113)                 1.22(0.92,162) 
118  (9.4) 

0.166 

Officer Ranch Hand 
Comparison 

341 
494 

39(11.4)                 1.39(0.88,2.20) 
42  (8.5) 

0.160 

Enlisted Flyer Ranch Hand 
Comparison 

151 
187 

16(10.6)                  1.19(0.58,2.43) 
17   (9.1) 

0.643 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

376 
570 

43(11.4)                  1.12(0.74,1.70) 
59 (10.4) 

0.599 

(b) MODEL 1: RANCH HANDS VS. COMPARISONS-ADJUSTED 

.-             Occupation^                ' ■ 
All 1.23 (0.92,1.64)                                          0.158 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

1.39 (0.87,2.20)                                           0.167 
1.16(0.56,2.39)                                           0.685 
1.14(0.75,1.73)                                              0.554 

(c) MODEL '"%% JRANCH HANDS --WITIÄL DIOXIN-UNADJUSTED 

Initial Dioxin Category Suminary Statistics   , '[■:■.Analysis■ Resuits.for Lbgi (Initial Dioxin)* 

llllli;: 
Low 
Medium 
High 

160 18(11.3) 
161 14   (8.7) 
159                         11   (6.9) 

0.89(0.70,1.15)                       0.373 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63~152 ppt; High = >152 ppt. 
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Table 18-7.   Analysis of X-ray Interpretation (Continued) 

(d) MODEL2: ;RANCH;HANDS-^ -INITIAL DIOXIN-ADJUSTED 

~''i:'''':.:X^&--^^ 

Analysis Results for Log2 (Initial Dioxin) /'./■■ 

479 0.95(0.71,1.27)                                                  0.730 

a Relative risk for a twofold increase in initial dioxin. 

(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - UNADJUSTED 

Dioxin Category   ■'.'.;.;■■■! M: % :^-»^Y: 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,213 

381 
239 
241 
480 

116  (9.6) 

53 (13.9)                    1.56 (1.10,2.21)                       0.013 
26(10.9)                    1.15(0.73,1.80)                       0.546 
17   (7.1)                   0.70(0.41,1.20)                       0.196 
43   (9.0)                   0.90(0.62,1.31)                       0.576 

a Relative risk and confidence interval relative to Comparisons. 
Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand):  1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - ADJUSTED 

-i;:|::i3Wö^in|t^Mgp^-;w5:^SäiS>±? ■':iIf6;:1-:Y■W^$MM$W^^^C^ij^:!>::B$X-WY$^;:X-W:S;tp-YaIue;"i:;--I 
Comparison 1,212 

Background RH 380 1.69(1.18,2,43) 0.004 
LowRH 238 1.11(0.70,1.75) 0.657 
HighRH 241 0.66(0.38,1.13) 0.127 
Low plus High RH 479 0.85(0.58,1.24) 0.406 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison:  1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 18-7.   Analysis of X-ray Interpretation (Continued) 

;::;(P^ÖDP^:::4; RANCH HANDS -1987 DIOXIN -UNADJUSTED 

1987 Dioxin Category Summary Statistics Analysis Results for Log2 (1987 Dioxin + 1) 

Dioxin S?':h:;w^?fi^SS^ 
:Mmber--(%^;::';v:;;;;. 

Abnormal 
Estimated Relative Risk 

Low 
Medium 
High 

288 
287 
286 

37 (12.8) 
39 (13.6) 
20   (7.0) 

0.83(0.71,0.97)                              0.015 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(fa) MODEL 4: RANCH HANDS - 1987 DIOXIN - ADJUSTED 

Analysis Results for Log2 (1987 Dioxin +1)      ., M      ■:■''.■'•.■■; 

859 0.80 (0.67,0.96)    0.015 

Relative risk for a twofold increase in 1987 dioxin. 

In the Model 3 unadjusted analysis of the x-ray interpretation, a significant difference was revealed 
between Ranch Hands in the background dioxin category and Comparisons (Table 18-7(e): 
Est. RR=1.56, p=0.013). The percentage of Ranch Hands in the background dioxin category with an 
x ray showing abnormalities was 13.9 percent, versus 9.6 percent of Comparisons. The same contrast was 
significant in the adjusted analysis (Table 18-7(f): Adj. RR=1.69, p=0.004). Unadjusted and adjusted 
contrasts of the low, high, and low plus high dioxin Ranch Hand categories with Comparisons were all 
nonsignificant (Table 18-7(e,f): p>0.12 for all analyses). 

Both the unadjusted and adjusted Model 4 analyses revealed significant associations between the x-ray 
interpretation and 1987 dioxin (Table 18-7(g,h): Est. RR=0.83, p=0.015; Adj. RR=0.80, p=0.015, 
respectively). As the 1987 dioxin level increased, the prevalence of an x ray showing abnormalities 
decreased. The percentages of participants with an x-ray interpretation showing abnormalities in the low, 
medium, and high 1987 dioxin categories were 12.8, 13.6, and 7.0, respectively. 

18.2.2.3.2 FVC (Percent of Predicted) 

All unadjusted and adjusted analyses of the FVC were nonsignificant (Table 18-8: p>0.32 for all 
analyses). 
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Table 18-8. Analysis of FVC (Percent of Predicted) 

(a) MODEL 1: RANCH HANDS VS. COMPARISONS -IJNMXFÜSTEß 

Occupational 
'■'.'Category./..': Group »Mean: 

; Difference of Means! 
p-Value 

All Ranch Hand             869 
Comparison           1,249 

99.31 
98.93 

0.38 (-0.91,1.68) 0.564 

Officer Ranch Hand 
Comparison 

341 
494 

100.48 
100.14 

0.33 (-1.73,2.39) 0.753 

Enlisted Flyer Ranch Hand 
Comparison 

151 
186 

99.64 
98.88 

0.75 (-2.45,3.96) 0.645 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

377 
569 

98.14 
97.90 

0.24 (-1.71,2.18) 0.811 

(b) MODEL 1: RANCH HANDS VS. COMPARISONS-ADJUSTED 

:V':;: :;^;:-;:|^ ;.§; ;v:'S^^jpäti^i^'-;i? '^: vl/|f/;[;::., :^;^/;?;::; ::|> ■: ^;.;: ^v- i ;s:' ■ ;i ;l-j;': 
Category                        Group 8£;?''feSS 

'.; Adjusted :,•'.:' Difference of Adj. Means 
p-Value 

All Ranch Hand 
Comparison 

867 
1,248 

94.21 
93.79 

0.41 (-0.81,1.64) 0.506 

Officer Ranch Hand 
Comparison 

340 
494 

94.31 
93.76 

0.56 (-1.39,2.50) 0.575 

Enlisted Flyer Ranch Hand 
Comparison 

151 
186 

95.01 
94.45 

0.56 (-2.47,3.59) 0.716 

Enlisted Groundcrew        Ranch Hand 
Comparison 

376 
568 

93.36 
93.12 

0.23 (-1.61,2.07) 0.804 

(c) MODEL 2: RANCH HANDS - INITIAL DIOXIN - UNADJUSTED! 

Initial-Dioxin Category Summary Ö ltetistfcC#:; ::;^:/::^ ^?: ;:M/^::. ■: ->f-r":S> ■      :.. Analysis Results.forL^g2 (Imtiafpiöxin),;,'; -: 

:  Initial Dioxin Mn^/iz> v-;.:\:-;;Mean;- -;:/ ; Atij ^Päeanl- ■'■[.'. 
■;■ /;:

:'.r""''\' y.'- ■'■ .;•.'' -;•: Slope/8;;;:/ ;"■■;■: ■ \" 8:■.'■■:':■!''. :'' "■';■■ 
■! ■//vf ;R/J.'. :?/ Vy^H ■ >^(S^|;Eirof) MMM - § "■'■P8^Y $*&- :f--MH 

Low 
Medium 
High 

160 
161 
160 

98.34 
97.80 
99.44 

98.13 
97.76 
99.68 

0.018         0.332(0.491)                  0.499 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(d) MODEL 2: RANCH HANDS - INITIAL DIOXIN - WM^^MMMM^^SSSM^i 
|i||lii|||ioxin(. ategory Summary Statistics MW'M&MM M0^^^^^^^ß^^^0^W^MiiiM ]'K W& 

Initial Dioxin ;/|f::rpi Adj. Mean '/;^;#';:;;::://'' ';:'U;:/;;;;/:i'X^             ;:/'■; _"■: p-Value 
Low 
Medium 
High 

159 
161 
160 

95.17 
94.32 
95.09 

0.099                    -0.303 (0.558) 0.588 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 
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Table 18-8.   Analysis of FVC (Percent of Predicted) (Continued) 

(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - UNADJUSTED 

Dioxin Category Mean' Adj. Mean3 

Difference of Adj. Mean 
vs. Comparisons 

. (95% CM.) p-Value 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,211 

381 
238 
243 
481 

99.09 

100.18 
98.07 
98.97 
98.52 

99.14 

99.33 
98.34 
99.79 
99.07 

0.19 (-1.50,1.88) 
-0.80 (»2.83,1.23) 

0.66 (-1.36,2.67) 
-0.06 (-1.61,1.48) 

0.825 
0.439 
0.523 
0.935 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH - Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand):  1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

Dioxin Category Adj. Mean 

Difference of Adj. Mean 
vs. Comparisons:. 

p-Value 
Comparison 1,210 

Background RH 380 
LowRH 237 
High RH 243 
Low plus High RH 480 

93.87 

93.72 
94.29 
94.61 
94.45 

-0.15 (-1.80,1.50) 
0.42 (-1.54,2.39) 
0.75 (-1.25,2.74) 
0.59 (-0.92,2.09) 

0.859 
0.674 
0.465 
0.445 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt 
Low (Ranch Hand):  1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(g) MODEL 4: RANCH HANDS- 1987 DIOXIN - -^AiXJUSTEp'^ 

'-, 'W-'i'ä ^!^'|?S7Mb^n:^te|or^ Summary Statistics t|ipjÄ^ 

s^^s^^^^s^^^ lFI§1^j|f|^¥§SSI ;K^^ 
Low                            288 
Medium                      287 
High                            287 

100.86 
98.03 
98.86 

0.001              -0.312 (0.338)            0.356 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 
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Table 18-8.   Analysis of FVC (Percent of Predicted) (Continued) 

(h) JMODEL 4: RANCH HANDS - 1987 DIOXIN -ADJUSTED 

1987 Dioxin Category Summary Statistics :;
:i;'i;,;;:V5.;:i:^v^|lysis Results for Log2 (1987 Dioxin + 1) 

Dioxin ^oP^rÄ'^! ::;V;;=;/|yAiiji:Me^|f;|v.j| SIISÄIÄ-: 
Adjusted Slope 
■ (Std. Error) ;'              p-Value 

Low 
Medium 
High 

287 
286 
287 

94.50 
94.05 
95.18 

0.111 0.377 (0.385)              0.329 

Note: Low = <7.9 ppt; Medium = = >7.9-19.6 ppt; High = >19.6 ppt. 

18.2.23.3 FEVj (Percent of Predicted) 

No significant relations were observed between group or dioxin and FEV, in any of the analyses (Table 
18-9(a-h): p>0.13 for all analyses). 

Table 18-9. Analysis of FEVT (Percent of Predicted) 

(a) MODEL 1: RANCH HANDS VS. COMPARISONS - UNADJUSTED 

Occupational 
|^^!JJ^Ü|*;jr$;/^^: \¥W^'^:^:BM^. ;^Sf^P?3!Öfö^!fW/.:::l. 

. Difference of Means ■ ■.; 
^^p^yäiu^i^^i;1:. 

All Ranch Hand 
Comparison 

869 
1,249 

94.13 
94.28 

-0.15 (-1.66,1.37) 0.849 

Officer Ranch Hand 
Comparison 

341 
494 

95.47 
95.65 

-0.18 (-2.58,2.23) 0.886 

Enlisted Flyer Ranch Hand 
Comparison 

151 
186 

91.09 
92.30 

-1.21 (-4.95,2.54) 0.527 

Enlisted Ranch Hand 377 94.14 0.40 (-1.87,2.67) 0.729 
Groundcrew        Comparison 569 93.74 

(b) MODEL 1: RANCH HANDS VS. COMPARISONS - ADJUSTED 

..':        Occupational 
fM\§Mfe<^B%'i ■M'^M0M 

IJPffjustedv,: Difference of Adj. Means 
p-Value 

All Ranch Hand 
Comparison 

867 
1,248 

90.23 
90.06 

0.17 (-1.24,1.57) 0.814 

Officer Ranch Hand 
Comparison 

340 
494 

90.92 
90.81 

0.11 (-2.13,2.35) 0.925 

Enlisted Flyer Ranch Hand 
Comparison 

151 
186 

89.19 
90.46 

-1.27 (-4.75,2.21) 0.475 

Enlisted Groundcrew Ranch Hand 
Comparison 

376 
568 

90.07 
89.32 

0.75 (-1.36,2.87) 0.484 
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Table 18-9.   Analysis of FEVi (Percent of Predicted) (Continued) 

(c) MODEL 2: RANCH HANDS -INITL4L DIOXIN -UNADJUSTED 

Initial Dioxin Category Summary Statistics ;■..'■■.'.'■ Analysis Results for Log2 (Initial Dioxin) 

Initial Dioxin ■^?^cW^wM^-^'% .Mean..  . Adj. Mean8 
W\Mi]: Slope"":."<;:; - 

R2  :    .   .-.   (Sid, Error) .          :    p-Value'- 
Low 
Medium 
High 

160 
161 
160 

93.08 
91.83 
97.27 

93.14 
91.84 
97.20 

0.006          0.870(0.581)               0.135 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(d) MODEL 2: RANCH HANDS - INITIAL DIOXIN - t;^ii§TEp;;;;|^ 

.; Initial Dioxin Category Summary Statistics ■ "; Analysis Results for^Lpg2 (initial Dioxin) .;;,:.. 

Initial Dioxin ;-::[- :.;>;: ^|^^^^^:1^;^^ ^f vv?: :!.|fApÖ^ÄÄ^*i'^H-: ^? 
Low 
Medium 
High 

159 91.50 
161                   90.10 
160 93.52 

0.143                     0.007 (0.637)             0.991 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

»MODEL 3: RANCH HANDS ;&N0 <X)MPAÄISONS BY DIOXIN CATEGORY.- UNADJUSTED 

Dioxin Category M«ean Adj. Mean8 

Difference of Adj. Mean 

(95% C.I.) p-Value 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,211 

381 
238 
243 
481 

94.36 

94.17 
92.82 
95.27 
94.06 

94.38 

93.94 
92.89 
95.50 
94.21 

-0.44 (-2.46,1.57) 
-1.48 (-3.90,0.93) 

1.12 (-1.28,3.53) 
-0.17 (-2.01,1.67) 

0.668 
0.229 
0.360 
0.859 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 18-9.   Analysis of FEVi (Percent of Predicted) (Continued) 

.(f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - ADJUSTED 

Dioxin Category Adj. Mean 

Difference of Adj. Mean 
vs. Comparisons 

L; :; \{95%c.t) . '■'.:■: p-Value 
Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH 

1,210 

380 
237 
243 
480 

90.03 

89.32 
90.58 
91.19 
90.89 

-0.70 (-2.59,1.19) 
0.55 (-1.70,2.80) 
1.16 (-1.13,3.45) 
0.86 (-0.86,2.58) 

0.469 
0.632 
0.319 
0.328 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

ij^Äjläiili W^^$§^s§!i^:$$(XM -UNADJUSTED 

■;;i987; Dioxin -Category Sunmiai^ Statistics;:   ;: v.'- ■ Analysis' Results forLog2 (1987 Dioxin +1)    : 

■    1987 Dioxin JMrly ^fl ^ M        M W:$'z -M f£'ffiW$i% WXMm :■■' -Slope;.{Std.':Error>;'-;;'^.'"■.-.:-p-Valiie';■;■-:■■'; 
Low 

Medium 

High 

288                         94.88 
287                           92.76 
287                           94.69 

0.002 0.496 (0.402)              0.217 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(h) MODEL 4: '^^^j^^^^^ipx^^ WiMJ^M^B™§ 
1987 Dioxin Category Summary Statistics J ;:;•■;=■; <;■ I' :t;:;; [i:^ ^^i: H;::|;:>^mai3^si s. :-Rö^iiKS; fö^*:1tS5>g^^987 ^JDl-Öxm;^ ■ pi^: ;:-|;'

:>;;-:; ■:-:;"'::^::l ;■ "v:, ■ r:: 

~W;: M^'xi MMM^-M 'WM$$M^X(pM issfiiÄii^iii 
^f< ■ 'lA^östed ^opeMi' ^ M3MM- VMM;-!' >l 

Low 
Medium 
High 

287                  89.98 
286 89.99 
287 91.21 

0.161 0.652(0.443)             0.142 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; Hig ti = > 19.6 ppt. 

18.2.2.3A Ratio of Observed FEV} to Observed FVC 

Because of the distribution of the data, a natural logarithm transformation of 1.0 minus the ratio was used. 
Because of this transformation, a negative slope in Models 2 and 4 implies a positive association between 
dioxin and the ratio of observed FEV! to FVC. A negative association, which would be represented by a 
positive slope, is considered adverse for this variable. 

Model 1 showed no significant difference between Ranch Hands and Comparisons in the mean ratio of 
observed FEVi to observed FVC (Table 18-10(a,b): p>0.36 for each contrast). 

The Model 2 unadjusted analysis showed a significant positive association between the ratio of observed 
FEVi to observed FVC and initial dioxin (Table 18-10(c): slope=-0.026, p=0.023). The mean ratios in 
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the low, medium, and high initial dioxin categories were 0.759, 0.756, and 0.783, respectively. The 
adjusted analysis was nonsignificant (Table 1840(d): p=0.360). 

The Model 3 unadjusted and adjusted analyses showed no significant difference between any of the 
Ranch Hand dioxin categories and the Comparison group (Table 18-10(e,f): p>0.16 for each contrast). 

The unadjusted Model 4 analysis found a significant positive association between 1987 dioxin and the 
ratio of observed FEVi to observed FVC (slope=-0.031, p<0.001). The mean ratios in the low, medium, 
and high 1987 dioxin categories were 0.753,0.757, and 0.771, respectively. After adjusting for 
covariates, the results were nonsignificant (p=0.161). 

Table 18-10. Analysis of the Ratio of Observed FEv*! to Observed FVC 

(a)MOpELl:| |f||igp 
Occupational 1 

"$^§::;:^^^;:f^W^ '£$'& K;:-tt -:'-; ^-r;;£-3 
?£$x'-'% i\ ■. z Mm/' '%-%:r$-'^ >) v :Öi ftferöri ce- "of Means:'-} ■. :V -M 

p-Valuec 

All Ranch Hand 
Comparison 

869 
1,249 

0J60                        -0.003- 
0.763 

0.366 

Officer Ranch Hand 
Comparison 

341 
494 

0.756                         -0.005 -- 
0.761 

0.376 

Enlisted Flyer Ranch Hand 
Comparison 

151 
186 

0.741                           -0.007 -- 
0.748 

0.431 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

377 
569 

0.772                             0.001 - 
0.771 

0.843 

a Transformed from natural logarithm scale of 1.0 - ratio. 
Difference of means after transformation to original scale; confidence interval on difference of means not 

presented because analysis was performed on natural logarithm scale of 1.0 - ratio. 
c P- value is based on difference of means on natural logarithm scale of 1.0 - ratio. 

1$$)^ COMPARISONS-] ll^sfE»;!^ 
.;

: -:;-"',:   Occupational ■■■■■.■■"] 
.■'.■: Group ,;i ^■|u^K"::S 

Adjusted ■|||:äS;Dittei 
p-Yahiec  . 

All Ranch Hand 
Comparison 

867 
1,248 

0.770 
0.771 

-0.001 -- 0.701 

Officer Ranch Hand 
Comparison 

340 
494 

0.171 
0.775 

-0.004 -- 0.411 

Enlisted Flyer Ranch Hand 
Comparison 

151 
186 

0.764 
0.770 

-0.005 -- 0.486 

Enlisted Groundcrew Ranch Hand 
Comparison 

376 
568 

0.774 
0.771 

0.003 -- 0.532 

a Transformed from natural logarithm scale of 1.0 - ratio. 
b Difference of means after transformation to original scale; confidence interval on difference of means not 
presented because analysis was performed on natural logarithm scale of 1.0 - ratio. 
c P-value is based on difference of means on natural logarithm scale of 1.0 - ratio. 
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Table 18-10.   Analysis of the Ratio of Observed FEVi to Observed FVC (Continued) 

(c)MODEL2: RANCH HANDS -INITIAL DIOXIN™ UNADJUSTED 

Initial Dioxin Category Summary Statistics Analysis Results for Log2 (Initial Dioxin.) 

Initial Dioxin :;;;vl:.;';x;;V;#iv^ ;/:; Mean0 .   :Adj,Meanabv: R2      .    ,   .(Std.Error)c   .'            p-Value 

Low 
Medium 
High 

160 
161 
160 

0.757 
0.756 
0.785 

0.759 
0.756 
0.783 

0.053         -0.026(0.011)              0.023 

a Transformed from natural logarithm scale of 1.0 - ratio. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 
c Slope and standard error based on natural logarithm of (1.0 - ratio) versus log2 (initial dioxin); because of this 
transformation, a negative slope implies a positive association between the ratio and log2 (initial dioxin). 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High - >152 ppt. 

(d) MODEL 2v RANCH HANDS ™ INITIAL DIOXIN ™ ADJUSTED 

.       Initial Dioxin Category Summary Statistics; Analysis Results forLog2 (Initial Dioxin) 

/"'■Initial Dioxin ::/:>n ///; ;;///. //-/. A.QJ i,;;M6anf Sv':"f/ 
M^-ii'-x:.;'J ':tx-'-?-          / :^/;/'|/'^(Ä^i::§lope/I-C;-:;?;■;;-x^l-WW--- 
K~W-k%:Mx.:  '         1 ä'';/'$$$&$$.Öirfc!§•;';::::;-;<^-y|lue!::g 

Low 
Medium 
High 

159 0.773 
161                    0.770 
160 0.788 

0.216                    -0.011 (0.012)            0.360 

a Transformed from natural logarithm scale of 1.0 ~ ratio. 
b Slope and standard error based on natural logarithm of (1.0 — ratio) versus log2 (initial dioxin); because of this 
transformation, a negative slope implies a positive association between the ratio and log2 (initial dioxin). 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(e)MODEL3: RANCH HANDS AND COMPÄIUSONS BY DIOXIN CATEGORY-UNADJUSTED 

Dioxin Category Mean3 AdJ.Meana!> 

Difference of Adj. Mean 
vs. Comparisons 

fp-Value*1; 
Comparison 1,211 0.763 0.763 

Background RH 381 0.753 0.757 -0.006 - 0.192 
LowRH 238 0.759 0.757 -0.006 - 0.341 
HighRH 243 0.774 0.770 0.007 - 0.164 
Low plus High RH 481 0.766 0.764 0.001 -- 0.764 

a Transformed from natural logarithm scale of 1.0 - ratio. 
Adjusted for percent body fat at the time of the blood measurement of dioxin. 

c Difference of means after transformation to original scale; confidence interval on difference of means not presented 
because analysis was performed on natural logarithm scale of 1.0 - ratio. 
d P-value is based on difference of means on natural logarithm scale of 1.0 - ratio. 

Note: RH = Ranch Hand. 
Comparison:  1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand):  1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 18-10.   Analysis of the Ratio of Observed FEVi to Observed FVC (Continued) 

(f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - ADJUSTED          ||| 

Dioxin Category i^.::^ -K^:';-Vi:^-iPt"^-.: I^j :^>:;r:.'=. .,:.:;■.:■ Adj.Mean3  ;.• 

Difference of Adj. Mean 
vs. Comparisons 

:,;,.;(95%cx)b ... p-VaIuec 

Comparison 1,210 0.770 

Background RH 380 0.766 -0.004 -- 0.376 
LowRH 237 0.772 0.002 - 0.740 
High RH 243 0.774 0.004 - 0.466 
Low plus High RH 480 0.773 0.003 -- 0.481 

a Transformed from natural logarithm scale of 1.0 - ratio. 
b Difference of means after transformation to original scale; confidence interval on difference of means not presented 
because analysis was performed on natural logarithm scale of 1.0 - ratio. 
c P-value is based on difference of means on natural logarithm scale of 1.0 - ratio. 

Note: RH - Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

l:^^0&^ii ;^ii||ili^^s:i 1987DIOXIN- lja$^ 

§i§g$MiM&M<B* Category Summ ary Statistics ■ .■'■■.;. V-; ■'Analysis'- Results foTX^^(19^Di6^n}^) 

1987 Dioxin -^Pt-vW^ ■j^iB(il^afi?^§ :|||i|l;:;R|:;|V:
:;; 

Low 
Medium 
High 

288 
287 
287 

0.753 
0.757 
0.771 

0.018              -0.031 (0.008)           <0.001 

a Transformed from natural logarithm scale of 1.0 - ratio. 
b Slope and standard error based on natural logarithm of (1.0 - ratio) versus log2 (1987 dioxin + 1); because of this 
transformation, a negative slope implies a positive association between the ratio and log2 (1987 dioxin +1). 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(h) MODEL §• R4NCHHÄNDS §wmMm^m [•-.ADJUSTED.■;■.:";' \C-<-Zf^[^                                 ■■■:: 

¥<M^Mmwm n Category Summary \^a^s6fö^|f;-J|-|. 'MS^iMS^M^^^MÜ^^^S^^^^ä^^^&&^^$S^ 
1987 

WS%ßM^M%B§M^ :Aä|MiÄ:S;S 
Low 
Medium 
High 

287 
- 286 

287 

0.767 
0.770 
0.773 

0.218                    -0.012 (0.008)            0.161 

a Transformed from natural logarithm scale of 1.0 - ratio. 
b Slope and standard error based on natural logarithm of (1.0 - ratio) versus log2 (1987 dioxin + 1); because of this 
transformation, a negative slope implies a positive association between the ratio and Iog2 (1987 dioxin+1). 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High - > 19.6 ppt. 

18.2.2.3.5   Loss of Vital Capacity 

No significant relations were observed between group or dioxin and the loss of vital capacity in Models 1 
through 3 (Table 18-1 l(a-f): p>0.11 for each analysis). 
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Table 18-11. Analysis of Loss of Vital Capacity 

00 

a) MODEL 1: RANCH HANDS VS. COMPARISONS — UNADJUSTED 

Occupational 
Cateeorv Groupl None 

Number (9 Mild vs. None 

Moderate 
or Severe 

Est Relative 
Risk (95% C.I< p-Vahi 

Moderate or Severe vs. None 

Risk (95 % C.T.)       p-Value 
All Ranch Hand 

Comparison 
869 

1,249 
792 (91.1) 

1,131 (90.6) 
67(7.7) 
98 (7.8) 

10 (1.2) 
20 (1.6) 

0.98(0.71,1.35) 0.885 0.71 (0.33,1.53) 0.388 

Officer Ranch Hand 
Comparison 

341 
494 

312(91.5) 
457 (92.5) 

24 (7,0) 
32 (6.5) 

5 (1.5) 
5 (1.0) 

1.10(0.63,1.90) 0.737 1.46(0.42,5.10) 0.549 

Enlisted Flyer Ranch Hand 
Comparison 

151 
186 

139(92.1) 
164 (88.2) 

11(7.3) 
18 (9.7) 

1 (0.7) 
4 (2.2) 

0.72(0.33,1.58) 0.413 0.29 (0.03,2.67) 0.277 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

377 
569 

341 (90.5) 
510(89.6) 

32 (8.5) 
48 (8.4) 

4(1.1) 
11(1.9) 

1.00(0.62,1.59) 0.990 0.54(0.17,1.72) 0.300 

(b) MODEL 1: RANCH HANDS VS. COMPARISONS — ADJUSTED 

Mild vs. None Moderate or Severe vs. None 

"-:i':-:^ iÄiiil^ !:: =■■ v Adj. Relative.Risk -   :"" 
:--^iv^W^^M^&^^W^M^& ^SäBS^SÄ^^Ät*)      ü K^^ :::/':;:;;:-^;:;:^^V& ;;;;;■::.;-;'::_;; =J;;;-.;.. ;;; :^ r ?;; f ;;{9S:|% ^^1^): ?.:;:; ^; ;-j:; V;;.:';;:.:; ---: ■":;;-,: ■;;: ?: ""■S-::''^ 

All 0.96(0.69,1.35) 0.832 0.67 (0.31,1.47) 0.324 

Officer 1.09(0.62,1.90) 0.768 1.42(0.40,5.00) 0.586 

Enlisted Flyer 0.68(0.31,1.52) 0.349 0.25 (0.03,2.30) 0.220 

Enlisted Groundcrew 1.00(0.61,1.63) 0.999 0.52(0.16,1.70) 0.279 
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Table 18-11.   Analysis of Loss of Vital Capacity (Continued) 

(c) MODEL 2; RANCH HANDS — INITIAL DIOXIN — UNADJUSTED 

;C:.VAiiaiysipResu^ 

Mild vs. None Moderate or Severe vs. None 

Initial Dioxin Moderate or Est. Relative Risk EsL Relative Risk 
;:t;:Äll:Cäteg 6ryf;':;::, ii±'*M*£- S|S0Öhev-::.J!;;:;^:V;- i:|'lÄll^lS:i:?i l^ljl'fS&fei^liili SS&iSSBSSSl p-Value ■■'■'■ lm§ilißSUB^S^ jp-Value 

Low 160 146(91.3) 12 (7.5) 2 (1.3) 0.88 (0.67,1.15) 0.345 0.73 (0.31,1.76) 0.489 

Medium 161 145 (90.1) 15 (9.3) 1 (0.6) 

High 160 151 (94.4) 8 (5.0) 1 (0.6) 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(d) MODEL 2: RANCH HANDS— INITIAL DIOXIN — ADJUSTED 

Analysis Results for Log2 (Initial Dioxin) 

Mild vs •;H6Ä0^:;: 1 ll'i-f :f ;|tMftf^ 

rr^fps^® Sßp^alüel^ 
;:;:I|;:SlijS:;Ma 

480 0.91 (0.66,1.24) 0.539 1.02(0.35,2.99)                             0.973 

Relative risk for a twofold increase in initial dioxin. 

Note: Results not adjusted for race, current cigarette smoking, and industrial chemicals exposure because of the sparse number of moderate or severe 
measurements. 



Table 18-11.   Analysis of Loss of Vital Capacity (Continued) 

(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — UNADJUSTED 

Dioxin Category None p-Value 

Moderate or Severe vs. None 

p-Value 
Est Relative Risl 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,211 

381 
238 
243 
481 

1,096 (90.5) 

344 (90.3) 
218 (91.6) 
224 (92.2) 
442(91.9) 

97 (8.0) 

31(8.1) 
18 (7.6) 
17 (7.0) 
35 (7.3) 

18(1.5) 

6(1.6) 
2 (0.8) 
2 (0.8) 
4 (0.8) 

1.18(0.77,1.81) 
0.89(0.52,1.51) 
0.75 (0.43,1.29) 
0.81 (0.54,1.23) 

0.456 
0.663 
0.295 
0.325 

1.27(0.50,3.27) 
0.52(0.12,2.28) 
0.46 (0.10,2.00) 
0.49(0.16,1.46) 

0.616 
0.387 
0.297 
0.199 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
Comparison: 1987 Dioxin < 10 ppt. High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 

(0 MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — ADJUSTED 

^^:MWiMMM^M^ry'';:. |flll;|lnill;||-fvl 
BlllAofäleiÄ 

p-Value 

Moderate or Seve 

■... AdJ, Relative-Risk- ..'."■ . 
(95% C.I.)a p-Valüe 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,210 

380 
237 
243 
480 

1.28(0.82,1.99) 
0.71 (0.41,1.24) 
0.75 (0.43,1.32) 
0.73(0.48,1.12) 

0.284 
0.235 
0.325 
0.151 

1.44(0.54,3.81) 
0.34(0.07,1.57) 
0.47 (0.10,2.17) 
0.40(0.13,1.25) 

0.468 
0.165 
0.337 
0.115 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
Comparison:  1987 Dioxin < 10 ppt. High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 



Table 18-11.   Analysis of Loss of Vital Capacity (Continued) 

[g) MODEL 4: RANCH HANDS — 1987 DIOXIN — UNADJUSTED 

1987 Dioxin Category Summary Statistics j 

IlllllllglllllS Mild vs. None Moderate or Severe vs. None 

1987 Dioxin Moderate or Est. Relative Risk Est Relative Risk 
■■^^^&wWiv^i§M lllPllli |||||f^btte^'".::-.:il:«:^: i;..';nÄdK:;:r }§:^^SW<^S§$ lSi!;8i&Bi|||!iliBl?l p-Value SIlS@§^>SilISSSI-,r |^pHg:f^ 

Low 288 265 (92.0) 19  (6.6) 4(1.4) 0.94 (0.79,1.12) 0.480 0.83(0.53,1.31) 0.430 

Medium 287 254 (88.5) 29 (10.1) 4(1.4) 

High 287 267 (93.0) 18   (6.3) 2 (0.7) 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

.(h) MODEL 4; RANCH HANDS —1987 DIOXIN — ADJUSTED 

Analysis Results for Log2 (1987 Dioxin + 1) 

Moderate or Severe vs. None 

Adj. Relative Risk Adj. Relative Risk 
^M^S^MmS^^^^^^^^^^^Si^iSmM j'^ ä:;;':; 'p^iip^äiüfe-lig i i;^:: s [:> ;.';:;;s ■: ^:;-::: ki; |:- ;;:;;ä;S',^^ ;. . .-.   p-"Value■'.■    ■■': ■ ■ ■   ; 

860                       0.80 (0.65,1.00) 0.046 0.87(0.50,1.50) 0.605 

a Relative risk for a twofold increase in 1987 dioxin. 



The Model 4 unadjusted analysis of loss of vital capacity was nonsignificant (Table 18-11(g): p>0.43 for 
each contrast). After adjusting for covariates, a significant association between a mild loss of vital 
capacity and 1987 dioxin was revealed (Table 18-11(h): Adj. RR=0.80, p=0.046). The prevalence of a 
mild loss of vital capacity decreased as 1987 dioxin increased, after accounting for covariate effects. The 
percentages of participants with a mild loss of vital capacity in the low, medium, and high 1987 dioxin 
categories were 6.6, 10.1, and 6.3, respectively. 

18.2.2.3.6 Obstructive Abnormality 

The Model 1 unadjusted and adjusted analyses showed no group difference for obstructive abnormalities 
when combining all occupations (p>0.23 for each analysis). After stratifying by occupation, both the 
unadjusted and adjusted analyses revealed a significant difference between Ranch Hand and Comparison 
officers in the percentage of mild obstructive abnormalities (Table 18-12(a,b): Est. RR=1.38, p=0.034; 
Adj. RR=1.38, p=0.041, respectively). The percentage of Ranch Hand officers with mild obstructive 
abnormalities was higher than the percentage of Comparison officers with mild obstructive abnormalities 
(36.4% vs. 29.8%). No significant differences were noted for any occupation for the contrast of moderate 
versus no obstructive abnormalities (p>0.36 for all analyses) or for the contrast of severe versus no 
obstructive abnormalities (p>0.18 for all analyses). 

Table 18-12. Analysis of Obstructive Abnormality 

(al) MODEL 1: RANCH HANDS VS. COMPARISONS — UNADJUSTED 

Occupational 
Group None 

Numbe 

Moderate Severe 
All Ranch Hand 

Comparison 
869 

1,249 
528(60.8) 
790 (63.3) 

276 (31.8) 
368 (29.5) 

51 (5.9) 
75 (6.0) 

14(1.6) 
16(1.3) 

Officer Ranch Hand 
Comparison 

341 
494 

193 (56.6) 
316(64.0) 

124 (36.4) 
147 (29.8) 

19 (5.6) 
26 (5.3) 

5 (1.5) 
5(1.0) 

Enlisted Flyer Ranch Hand 
Comparison 

151 
186 

82 (54.3) 
97 (52.2) 

49 (32.5) 
72 (38.7) 

14 (9.3) 
12 (6.5) 

6 (4.0) 
5 (2.7) 

Enlisted Groundcrew Ranch Hand 
Comparison 

377 
569 

253 (67.1) 
377 (66.3) 

103 (27.3) 
149 (26.2) 

18 (4.8) 
37 (6.5) 

3 (0.8) 
6(1.1) 

;(a2) MODEL 1: RANCH HANDS VS. COM] PRISONS — UNADJUSTED 

Severe vs. None 

Occupational 
ll||l:lliiligo'r|^Äli:i 

Est Relative Risk 
p-Value 

Est. Relative Risk 
p-Value 

Est Relative Risk 
I|j|HÄr;: 

All 1.12(0.93,1.36) 0.237 1.02 (0.70,1.48) 0.928 1.31 (0.63,2.70) 0.467 

Officer 1.38(1.02,1.86) 0.034 1.20(0.64,2.22) 0.569 1.64(0.47,5.73) 0.440 

Enlisted Flyer 0.81 (0.50,1.28) 0.363 1.38 (0.60,3.15) 0.444 1.42(0.42,4.82) 0.574 

Enlisted 
Groundcrew 

1.03(0.77,1.39) 0.845 0.72 (0.40,1.30) 0.281 0.75(0.18,3.00) 0.679 
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Table 18-12.   Analysis of Obstructive Abnormality (Continued) 

\(b) MODEL 1: RANCH HANDS VS. COMPARISONS — ADJUSTED 

||n|;:Ä :^%^§^IM^^K^M' ^ÖÄ^llPl-;!: 1 ^|$it|i$^                       * ;f 

Occupational 
p-Valiie 

Est. Relative Risk 
f^RrSÄiÄil 

;;:EsLRelauVe:Risk-' 
(95% C.I.) p-Value 

All 1.08(0.88,132) 0.449 0.97(0.66,1.44) 0.887 1.22 (0.57,2.59) 0.605 

Officer 1.38(1.01,1.89) 0.041 1.21 (0.63,2.32) 0.560 1.81 (0.50,6.57) 0.366 

Enlisted Flyer 0.79(0.48,1.29) 0.345 1.36(0.57,3.23) 0.492 1.27 (0.35,4.58) 0.715 

Enlisted 
Groundcrew 

0.96(0.70,132) 0.821 0.65 (0.35,1.22) 0.180 0.69(0.16,2.87) 0.607 

(cl) MODEL 2: RANCH HANDS — INITIAL DIOXIN — UNADJUSTED 

Initial Dioxin 
;;l'i>Cä1te^i^ll§W ':&mtimk:iM- None 
Low 160 93 (58,1) 

Medium 161 94 (58.4) 

High 160 121 (75.6) 

Initial Dioxin Category Summary Statistics 

Mild:] Moderate 
52(32.5) 

56 (34.8) 

32 (20.0) 

11 (6.9) 

8 (5.0) 

7 (4.4) 

Severe 

4 (2.5) 

3 (1.9) 

0 (0.0) 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(c2) MODEL 2: RANCH HANDS — INITIAL DIOXIN — UNADJUSTED 

Mild vs. Nonei 

Analysis Results for Log2 (Initial Dioxin] 

Est Relative Risk 
IfciB^liiBilll p-Value p-Value 

A KO. ((\0A 1 0W ft 1^1 

Adjusted for percent body fat at the time of the blood measurement of dioxin. 
Relative risk for a twofold increase in initial dioxin. 

(d) MODEL 2: RANCH HANDS — INITIAL DIOXIN — ADJUSTED 

Mild vs. None Moderate vs. N one Severe vs. N one 

Adj. Relative Risk Adj. Relative Risk Adj. Relative Risk 
Ifföililiß lSiffi|ÄSÄÄte:^!:'^ p-Value  1 

0.98 (0.67,1.42) 

p-Value jgMßStKMSM p-Value 
480 0.86 (0.72,1.02) 0.082    || 0.902 0.63 (0.28,1.44) 0.276 

a Relative risk for a twofold increase in initial dioxin. 

Note: Results not adjusted for race, occupation, and industrial chemicals exposure because of the sparse number of 
severe obstructive abnormalities. 
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Table 18-12.   Analysis of Obstructive Abnormality (Continued) 

(el)MODEL3: RA NCH HAr sDS AND COMPARISONS BY DIOXIN CATEGORY r -UNADJUSTED!;. !i-■ 

^^■';t! ;;;:;;:= ■ :^';; :'f ■:; 1;:=-r-;l-|;=::: |=;;; >;; "3^ümtii0S^i i.( ̂ |i||fi||l^ 
\\:; ;'-piöMri\Gategpry: ■■ ■ ^MpM*^:^f;i^WM WmPi'MBf§MMXM WMtä^Me^M, Severe 

Comparison 1,211 767 (63.3) 356 (29.4) 73 (6.0) 15 (1.2) 

Background RH 381 218(57.2) 131 (34.4) 25 (6.6) 7(1.8) 
LowRH 238 134 (56.3) 85 (35.7) 13 (5.5) 6 (2.5) 
HighRH 243 174 (71.6) 55 (22.6) 13 (5.3) 1 (0.4) 
Low plus High RH 481 308 (64.0) 140(29.1) 26(5.4) 7(1.5) 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

(el) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — UNADJUSTED 

Mild vs. Non< Moderate vs* -NOIM Severe vs. None 

illlillBI 
Dioxin Category Risk (95% C.I.)H       p-Value       Risk (95% C.I.)a        p-Value       Risk (95% C.I.)        p-Value 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1.26(0.98,1.62) 
1.38(1.02,1.86) 
0.70 (0.50,0.97) 
0.98(0.77,1.24) 

0.071 
0.037 
0.031 
0.838 

1.14(0.70,1.85) 
1.03(0.56,1.92) 
0.82(0.44,1.52) 
0.92(0.58,1.47) 

0.595 
0.915 
0.533 
0.731 

1.42(0.57,3.55) 
2.37 (0.90,6.24) 
0.33 (0.04,2.56) 
0.88 (0.27,2.90) 

0.453 
0.080 
0.291 
0.835 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table 18-12.   Analysis of Obstructive Abnormality (Continued) 

ffimXWL 3: RANCH HANDS AND COMPARISONS BY DIOONCA1E00RX ~~ ADJUSTER 

W<M:§p;i 

;l::\\.,:-Wtäy&B 

■i./jpt-yafluev. 

'■-..'■;;: '.Moderatevs.: 

Adj. Relative 
.: p-Value': 

V-.-fyi': H^^^jSe^eft^iv^S]^ >ne|V;:C|v^;l 

' ■■■'■ Dioxin. Category ■"■'.: 
Adj. Relative 

Risk (95% C£)a 
Adj. Relative 

p-Value 1 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

1,210 

380 

237 

243 

480 

1.21 (0.93,1.58) 

1.17(0.85,1.60) 

0.74 (0.52,1.06) 

0.93 (0.72,1.20) 

0.164 

0.338 

0.096 

0.556 

1.22(0.73,2.04) 

0.78(0.40,1.52) 

0.76(0.39,1.49) 

0.77 (0.46,1.28) 

0.440 

0.459 

0.429 

0.311 

1.64(0.62,4.34) 

1.75 (0.62,4.89) 

0.28 (0.03,2.26) 

0.69 (0.20,2.37) 

0.323 

0.289 

0.232 

0.557 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand):  1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

ilgilMiiiiii RANCH HANDS —1987 

cßM^:Mßßß^^:^ 
DIOXIr> 

xin Categ 
Nun 

j _ UNADJt 

ory Summarj' 

JS 

St 

TED 

atistics 

'^0^i^!$MW mM0^t^BMM%0 
Low 

Medium 

High 

288 

287 

287 

168 (58.3) 

161 (56.1) 

197 (68.6) 

97 (33.7) 

101 (35.2) 

73 (25.4) 

17 (5.9) 

20 (7.0) 

14 (4.9) 

6(2.1) 

5 (1.7) 

3 (1.0) 

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt 

(g2) MODEL 4: RANCH HANDS — 3987 DIOXIN — UNADJUSTED 

Mild vs. Nonei 

Analysis Results for Log2 (1987 Dioxin+1) 

IS W:M Ü0S? W^MM^k^^-:^ÖüM0M04A K i Severe vs. None! 

Est Relative Risk 
:  (95% CD* P-Vali 

Est Relative Risk 
p-Value 

Est. Relative Risk 
(95% C.LV p-Value 

0.83 (0.75,0.92) <0.001 0.86 (0.70,1.05) 0.145 1   0.70 (0.47, 1.04) 0.078 

Relative risk for a twofold increase in 1987 dioxin. 

(h) MODEL 4: RANCH HANDS — 1987 DIOXIN — ADJUSTED 

Mild vs. None 

Analysis Results for Log2 (1987 Dioxin+1) 

Severe vs. None 

siiiiisiiÄ 
Adj. Relative Risk Adj. Relative Risk 

l^'ljlliiaföfe'il-' 
860        0.91 (0.80,1.04)         0.177 0.87(0.67,1.12) 0.269 0.78 (0.50,1.22) 0.272 
a Relative risk for a twofold increase in 1987 dioxin. 
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In each of the unadjusted and adjusted Model 2 analyses, a significant or marginally significant decreased 
risk of mild obstructive abnormalities for increasing initial dioxin levels was revealed (Table 18-12(c,d): 
Est. RR=0.79, p=0.005; Adj. RR=0.86, p=0.082, respectively). The percentages of mild obstructive 
abnormalities in the low, medium, and high initial dioxin categories were 32.5, 34.8, and 20.0, 
respectively. No significant difference was seen in the moderate versus no obstructive abnormalities 
contrast or the severe versus no obstructive abnormalities contrast (p>0.13 for all analyses). 

The unadjusted Model 3 analysis revealed three significant or marginally significant differences between 
Ranch Hands and Comparisons in the percentage of participants with mild abnormalities. Ranch Hands 
in the background dioxin category had a higher percentage of mild obstructive abnormalities than did 
Comparisons (Table 18-12(e): 34.4% vs. 29.4%, Est. RR=L26, p=0.071), as did Ranch Hands in the low 
dioxin category (Table 18-12(e): 35.7% vs. 29.4%, Est. RR=1.38, p=0.037). Ranch Hands in the high 
dioxin category had a lower percentage of mild obstructive abnormalities than did Comparisons (Table 
18-12(e): 22.6% vs. 29.4%, Est. RR=0.70, p=0.031). A marginally significant greater percentage of 
Ranch Hands in the low dioxin category had a severe obstructive abnormality than did Comparisons 
(Table 18-12(e): 2.5% vs. 1.2%, Est. RR=2.37, p=0.080). After adjusting for covariates, only the 
difference in mild obstructive abnormalities between Ranch Hands in the high dioxin category and 
Comparisons remained marginally significant (Table 18-12(f): Adj. RR=0.74, p=0.096). No significant 
difference was detected in the moderate versus no obstructive abnormalities contrast (p>0.31 for all 
analyses). 

The unadjusted Model 4 analysis showed a significant or marginally significant decreased risk of mild 
and severe obstructive abnormalities with increasing 1987 dioxin levels (Table 18-12(g): Est. RR=0.83, 
p<0.001, for the mild versus no obstructive abnormalities contrast; Est. RR=0.70, p=0.078, for the severe 
versus no obstructive abnormalities contrast). The percentages of mild obstructive abnormalities in the 
low, medium, and high 1987 dioxin categories were 33.7, 35.2, and 25.4, respectively. The percentages 
of severe obstructive abnormalities in the low, medium, and high 1987 dioxin categories were 2.1, 1.7, 
and 1.0, respectively. After adjusting for covariates, both contrasts became nonsignificant (p>0.17 for 
each contrast). No significant difference was observed in the moderate versus no obstructive 
abnormalities contrast (p>0.14 for all analyses). 

18.2.3   Longitudinal Analysis 

Longitudinal analyses were conducted on the ratio of observed FEV! to observed FVC to examine 
whether changes across time differed with respect to group membership (Model 1), initial dioxin (Model 
2), and categorized dioxin (Model 3). Model 4 was not examined in longitudinal analyses because 1987 
dioxin, the measure of exposure in these models, changes over time and was not available for all 
participants for 1982 or 1997. Summary statistics are provided for reference purposes for the 1987 and 
1992 examinations. This measurement was not collected for the 1985 follow-up examination. 

The longitudinal analysis for the ratio of observed FEVi to observed FVC examined the paired difference 
between the measurements from 1982 and 1997. These paired differences measured the change in the 
ratio over time. A logarithmic transformation was applied to 1.0 minus this ratio prior to calculating the 
paired differences for analytic purposes. Each of the three models used in the longitudinal analysis was 
adjusted for age and the ratio as measured in 1982 (see Chapter 7, Statistical Methods). The analyses of 
Models 2 and 3 also were adjusted for body fat at the time of the blood measurement of dioxin. 
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18.2.3.1  Laboratory Examination Variable 

18.2.3.1.1 Ratio of Observed FEV2 to Observed FVC 

The Model 1 analysis of the change in the mean ratio of observed FEVi to observed FVC revealed a 
significant difference between Ranch Hands and Comparisons when combining all occupations (Table 
18-13(a): difference=-0.005, p=0.048). The Ranch Hand group had a decrease in the mean ratio of 
0.057 from 1982 to 1997, whereas the Comparison group showed a decrease of 0.052. Stratifying 
by occupation showed a marginally significant group difference among the enlisted flyers 
(difference=-0.014, p=0.072). The Ranch Hand enlisted flyers showed a decrease in the mean ratio of 
0.072 between 1982 and 1997, compared to a decrease of 0.058 for the Comparison enlisted flyers. 

The Model 2 analysis did not reveal a significant association between the change in the ratio of observed 
FEVj to observed FVC and initial dioxin (p=0.726). 

The Model 3 analysis of the change in the ratio of observed FEVi to observed FVC revealed a marginally 
significant difference between the low and high dioxin categories combined and Comparisons (Table 
18-13(c): difference=-0.004> p=0.052). The low and high dioxin categories combined had a decrease in 
the mean ratio of 0.056 between 1982 and 1997, versus a decrease of the mean ratio of 0.052 for the 
Comparison category. 

Table 18-13. Longitudinal Analysis of the Ratio of Observed FEVi to Observed FVC 

■■:(a):MOREL1 ̂ i^f^-l(^ffi$i^i ̂ IVJRÄ:^SMS:-|::;;'i:;j 

Occupational 
'l,^-Wf$fti^:SM\ 

;■".-' ■'..Examination-: ■]: ' Exam/:: ;:i 

"Change*-..! 

Difference of    | 
/■v Exam.;.Mean z] 

Category V; 1.982:. ■; :§;l|p7|f:j [■-i992%i mW&M p-Valuec 

All Ranch Hand 0.817 
(817) 

0.818 
(790) 

0.764 
(795) 

0.760 
(817) 

-0.057 -0.005 0.048 

Comparison 0.816 
(973) 

0.818 
(948) 

0.765 
(953) 

0.764 
(973) 

-0.052 

Officer Ranch Hand 0.810 
(311) 

0.812 
(304) 

0.755 
(306) 

0.755 
(311) 

-0.055 -0.001 0.763 

Comparison 0.813 
(380) 

0.812 
(368) 

0.758 
(375) 

0.760 
(380) 

-0.054 

Enlisted Ranch Hand 0.812 0.802 0.746 0.740 -0.072 -0.014 0.072 
Flyer (148) (142) (145) (148) 

Comparison 0.806 
(143) 

0.807 
(141) 

0.756 
(141) 

0.748 
(143) 

-0.058 

Enlisted Ranch Hand 0.826 0.829 0.779 0.772 -0.054 -0.006 0.152 
Groundcrew (358) (344) (344) (358) 

Comparison 0.821 
(450) 

0.826 
(439) 

0.775 
(437) 

0.773 
(450) 

-0.048 

a Transformed from natural logarithm scale of (1 - ratio of observed FEVj to observed FVC). 
Difference between 1997 and 1982 examination means after transformation to original scale. 

c P-value is based on analysis of natural logarithm of (1 - ratio of observed FEVt to observed FVC); results adjusted 
for natural logarithm of (1 - ratio of observed FEV! to observed FVC) in 1982 and age in 1997. 

Note: Summary statistics for 1987 are provided for reference purposes for participants who attended the 1982, 
1987, and 1997 examinations. Summary statistics for 1992 are provided for reference purposes for participants who 
attended the 1982, 1992, and 1997 examinations. 
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Table 18-13.    Longitudinal Analysis of the Ratio of Observed FEVi to Observed FVC 
(Continued) 

(b)MODJ EL-2: MNGHl^VNDS-- INITIAL DIOXIN 

, Initial Dioxin Category SummaryStatistics Analysis Results for Log2 (Initial Dioxin)** 

xiii"/' 

'■. Mean7(n)' 
:r   Examination        ... 

Adjusted Slope 
.      ..  :;(Std. Error)               .■      p-Value Initial Dio iW$%%i 1987 !|^fe;i^:flii 1997 

Low 0.816 0.815 0.759 0.757 0.003 (0.009)                     0.726 
(154) (153) (149) (154) 

Medium 0.816 0.813 0.763 0.755 
(158) (155) (155) (158) 

High 0.835 0.842 0.792 0.785 
(153) (148) (150) (153) 

a Transformed from natural logarithm scale of (1 - ratio of observed FEVj to observed FVC). 
b Results based on difference between natural logarithm of (1 - 1997 ratio of observed FEV! to observed FVC) and 
natural logarithm of (1 - 1982 ratio of observed FEVi to observed FVC) versus log2 (initial dioxin); results adjusted 
for percent body fat at the date of the blood measurement of dioxin, natural logarithm of (1 - 1982 ratio of observed 
FEV! to observed FVC), and age in 1997; because of the transformation used, a negative slope implies a positive 
association between the ratio and log2 (initial dioxin). 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

Summary statistics for 1987 are provided for reference purposes for participants who attended the 1982, 
1987, and 1997 examinations. Summary statistics for 1992 are provided for reference purposes for 
participants who attended the 1982, 1992, and 1997 examinations. 
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Table 18-13, Longitudinal Analysis of the Ratio of Observed FEVi to Observed FVC 
(Contini jed) 

(c) MODEL 3:; RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY 

'"'■'■Dioxin'--- ■■■■'_; 

' Meana/(n) 
Examination ■: Exahju." 

Mean 
Difference of   ■; 

I ■;.   Category     ..:l ̂ iSi^MM L-";'1987';" ';■; 1992 1997 Change^:.; Change :' p-Valuec 

Comparison 0.816 0.818 0.765 0.763 -0.052 
(945) (922) (926) (945) 

Background 0.810 0.809 0.754 0.752 -0.059 -0.007 0.486 
RH (346) (329) (336) (346) 
LowRH 0.819 0.816 0.763 0.758 -0.061 -0.009 0.109 

(229) (226) (222) (229) 
High RH 0.826 0.831 0.780 0.774 -0.052 0.000 0.161 

(236) (230) (232) (236) 
Low plus 0.822 0.823 0.772 0.766 -0.056 -0.004 0.052 
High RH (465) (456) (454) (465) 

a Transformed from natural logarithm scale of (1 - ratio of observed FEVi to observed FVC). 
b Difference between 1997 and 1982 examination means after transformation to original scale. 
c P-value is based on analysis of natural logarithm of (1 - 1997 ratio of observed FEV! to observed FVC); results 
adjusted for percent body fat at the date of the blood measurement of dioxin, natural logarithm of (1 
observed FEV! to observed FVC), and age in 1997. 

1982 ratio of 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand):  1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 

Summary statistics for 1987 are provided for reference purposes for participants who attended the 1982, 
1987, and 1997 examinations. Summary statistics for 1992 are provided for reference purposes for 
participants who attended the 1982, 1992, and 1997 examinations. 

18.3   DISCUSSION 

Although the presence of pulmonary disease is often apparent based on the participant's history and 
physical examination, confirmation of the diagnosis and quantification of the degree of pulmonary 
impairment usually requires collection of the laboratory data analyzed in the current chapter. In addition, 
because the lung is often involved secondarily in numerous infectious, inflammatory, and neoplastic 
disorders, the assessment of lung disease should include the type of comprehensive multi-system review 
conducted in these examinations and reported in other chapters. 

Historical information on the occurrence of pulmonary disease must be interpreted with caution in the 
absence of medical record verification. Many of the cardinal symptoms of lung disease, including 
dyspnea, chest pain, and exercise intolerance, are common to cardiovascular disease as well, particularly 
ischemic heart disease, and are misinterpreted frequently as to cause. Wheezing, assumed by the patient 
to be indicative of asthma, may in fact be reflective of hemodynamic compromise in congestive heart 
failure. "Pneumonia" and "pneumonitis" are often confused by patients in relating the medical history. 
Thus, all episodes of pulmonary disease were verified by medical records and only documented 
occurrences were analyzed. 
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The physical examination variables studied can provide valuable clues to the presence of pulmonary 
disease; however, in lacking specificity, these data have limitations in confirming a diagnosis. Wheezes 
and hyperresonance, for example, will occur in obstructive airway disease in asthma or in emphysema 
secondary to cigarette use. Dullness to percussion, a finding common to many disorders, will occur in 
consolidation from atelectasis, infections, pleural thickening, or pleural effusion. 

In view of the limitations of the participant's history and physical examination noted above, added 
emphasis is placed on screening laboratory data in the diagnosis of respiratory disease. The chest x ray, 
when normal, is highly reliable in excluding pulmonary parenchymal disease, although several exceptions 
must be recognized. Solitary lesions less than 6 millimeters, miliary granulomatous infection, and early 
interstitial disease, among others, may be present but not detectable radiographically. Furthermore, it is 
recognized clinically that the chest x ray is not sensitive to the detection of obstructive airway disease in 
an early stage. On the other hand, the chest x ray may reveal an early occult malignancy in an 
asymptomatic patient and afford a rare opportunity for cure. 

Spirometry has been used as a clinical tool to measure static lung volumes and to detect respiratory 
disease for more than a century. Dynamic indices, relating changes in lung volume to time, were first 
developed more than 50 years ago and, with computerization, have been refined to a high degree of 
accuracy and reproducibility. To be valid, spirometry requires that particular attention be paid to 
technician training and to eliciting the full cooperation of the patient. In spirometry, a premium is placed 
on using identical techniques in longitudinal studies. These factors received special emphasis in this 
study. 

The spirometric indices evaluated in this section, FEVi and FVC, are designed to measure lung volume. 
Height is the principal determinant of static lung volume, as measured by the vital capacity, whereas 
dynamic flow measurements depend more on physical strength. Accordingly, all indices require 
correction for height and age. Race-specific variations in spirometric indices, reflective of differences in 
body habitus, have been well documented and recently summarized (44). Blacks, for example, have FVC 
and FEVi values that average 12 to 15 percent less than Caucasian Americans of comparable height. 

In clinical practice, it is convenient to divide respiratory disease into two broad categories: "restrictive" 
and "obstructive." "Restrictive" disease is characterized by reduced vital capacity as seen in interstitial 
fibrosis or reduced lung volume consequent to surgical resection. In "obstructive" disease, whether 
associated with asthma or with cigarette use, the flow-dependent index, FEVi, is abnormally prolonged. 

The analyses of the dependent variable-covariate associations confirm observations that are well 
established in clinical practice. Lifetime cigarette smoking history was a consistent and highly significant 
risk factor for the development of bronchitis and, in a dose-response pattern, associated with 
abnormalities in all of the laboratory indices examined. At each of the AFHS examinations, all nicotine- 
dependent participants were counseled on smoking cessation. Of interest, over the 15-year course of 
these examinations, the percentage of nicotine-dependent participants has fallen from 42 percent in 1982 
to just under 20 percent in 1997. With advancing age, an increase in respiratory disease was confirmed 
by history and on physical examination, as was a progressive age-related reduction in the dynamic index 
of pulmonary function, the FEVi and, to a lesser extent, the vital capacity. Because spirometric indices 
were not corrected for race in this follow-up examination, Blacks were found to have reductions of 
approximately 10 percent in FVC, FEVb and the ratio of observed FEVi to observed FVC. Finally, the 
analyses of body fat confirmed the well recognized reduction in vital capacity and its derived indices 
associated with obesity. 
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The analyses of historical variables yielded inconsistent results. Ranch Hands were more likely than 
Comparisons to have had bronchitis and asthma, whereas the prevalence of pneumonia was greater in 
Comparisons. In none of the contrasts were the differences significant. Similar to the 1992 examinations, 
but of unknown cause, Ranch Hand enlisted flyers appeared to be at selective risk relative to Comparisons 
with respect to the history of bronchitis (27.8% vs. 19.1%). Within this occupational stratum, there are no 
longer any significant group differences on physical examination or by chest x ray. Further, in none of 
these analyses was there any relation with the body burden of dioxin. 

A significantly increased risk of mild obstructive abnormality was found in Ranch Hand officers. This 
finding was not present in 1992. The meaning of the finding is uncertain because the risk was not 
significantly increased in Ranch Hand enlisted groundcrew—the subgroup with the highest dioxin levels. 
The relation between mild obstructive abnormality in Ranch Hand officers and indicators of herbicide 
exposure, such as job (pilot, navigator, nonflyer), the number of missions flown, the percentage of 
missions that were herbicide missions, and reported drinking of herbicide (yes, no) will be summarized in 
a separate report. 

In none of the static and dynamic spirometric indices were any significant group differences defined, nor 
was there evidence for any adverse effect associated with prior dioxin exposure. 

Longitudinal analyses of the ratio of observed FEVi to observed FVC confirms the gradual decline in this 
index associated with age in both the Ranch Hand and Comparison cohorts. Similar to the 1992 results, 
in the enlisted flyer category, Ranch Hands had a slightly greater reduction in the ratio than did 
Comparisons, but the difference (-0.072 vs. -0.058) is not physiologically meaningful. 

In conclusion, apart from the marginally significant increase in bronchitis in enlisted flyers noted above, 
the historical, physical examination, and laboratory data analyzed in the current section revealed no 
evidence for an increase in pulmonary disease in the Ranch Hand cohort relative to Comparisons. The 
results also confirmed numerous dependent variable-covariate associations documented in previous 
AFHS examinations. 

18.4   SUMMARY 

18.4.1   Model 1: Group Analysis 

A marginally significant difference in bronchitis was observed between Ranch Hand and Comparison 
enlisted flyers in unadjusted and adjusted analyses. Ranch Hand enlisted flyers had a higher prevalence 
of bronchitis than did Comparison enlisted flyers. Ranch Hand officers had a significantly higher 
prevalence of mild obstructive abnormality than did Comparison officers in both unadjusted and adjusted 
analyses. All other tests of the association of group and the pulmonary variables were nonsignificant. 
The results of the group analyses are summarized in Table 18-14. 
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Table 18-14. Summary of Group Analysis (Model 1) for Pulmonary Variables (Ranch Hands vs. 
Comparisons) 

~™^~™~~^^     -.   '. UNADJUSTED.:. . '. V...   ,..    ■ 

Enlisted Enlisted 
£:|4i?fB"0-:&¥0./variable;W0'■■?% -:- :/>r'Ö;>:-.;-;-';3 fii&Äffl Officer WWM?0W:0 Groundcrew 

Medical Records 
Asthma (D) NS NS ns NS 
Bronchitis (D) NS NS NS* NS 
Pneumonia (D) ns ns NS ns 
Physical Examination 
Thorax and Lung Abnormalities (D) NS NS NS ns 
Laboratory 
X-ray Interpretation (D) NS NS NS NS 
FVC(C) NS NS NS NS 
FEV! (C) ns ns ns NS 
Ratio of Observed FEV] to Observed FVC (C)a ns ns ns NS 
Loss of Vital Capacity (D): 

Mild vs. None ns NS ns NS 
Moderate or Severe vs. None ns NS ns ns 

Obstructive Abnormality (D): 
Mild vs. None NS +0.034 ns NS 
Moderate vs. None NS NS NS ns 
Severe vs. None NS NS NS ns 

Note: NSorns: Not significant (p>0.10). 
NS*: Marginally significant (0.05<p<0.10). 
C: Continuous analysis. 
D: Discrete analysis. 
+: Relative risk > 1.00 for discrete analysis. 
difference of means negative considered adverse for this variable. 

P-value given if p<0.05. 

A capital "NS" denotes a relative risk of 1.00 or greater for discrete analysis or differences of means 
nonnegative for continuous analysis. A lowercase "ns" denotes relative risk less than 1.00 for discrete 
analysis or difference of means negative for continuous analysis. 

Variable All Officer 
Enlisted 

' ^Fiver.'- 
'"Enlisted;./! 
Groundcrew 

Medical Records 
Asthma (D) NS NS ns NS 
Bronchitis (D) NS NS NS* NS 
Pneumonia (D) ns ns NS ns 
Physical Examination 
Thorax and Lung Abnormalities (D) ns NS ns ns 
Laboratory 
X-ray Interpretation (D) NS NS NS NS 
FVC(C) NS NS NS NS 
FEVI (C) NS NS ns NS 
Ratio of Observed FEVj to Observed FVC (C)a ns ns ns NS 
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Table 18-14. Summary of Group Analysis (Model 1) for Pulmonary Variables (Ranch 
Hands vs. Comparisons) (Continued) 

Variable 

^WüJSTEi) 

>äII;-: Officer 
Enlisted 

Flyer 
Enlisted    j 

Groundcrewj 
Loss of Vital Capacity (D): 

Mild vs. None 
Moderate or Severe vs. None 

Obstructive Abnormality (D): 
Mild vs. None 
Moderate vs. None 
Severe vs. None 

ns NS ns NS 
ns NS ns ns 

NS +0.041 ns ns 
ns NS NS ns 
NS NS NS ns 

Note: NS or ns: Not significant (p>0.10). 
NS*: Marginally significant (0.05<p<0.10). 
C: Continuous analysis. 
D: Discrete analysis. 
+: Relative risk > 1.00 for discrete analysis. 
difference of means negative considered adverse for this variable. 

P-value given if p<0.05. 

A capital "NS" denotes a relative risk of 1.00 or greater for discrete analysis or differences of means 
nonnegative for continuous analysis. A lowercase "ns" denotes relative risk less than 1.00 for discrete 
analysis or difference of means negative for continuous analysis. 

18.4.2   Model 2: Initial Dioxin Analysis 

The results of the tests of association between the pulmonary variables and initial dioxin are summarized 
in Table 18-15. For the unadjusted analysis of pneumonia, a significant decrease in pneumonia was found 
as initial dioxin increased. After covariate adjustment, the association was no longer significant. The 
ratio of the observed FEVi to the observed FVC significantly increased as initial dioxin increased, but this 
association was also nonsignificant after adjustment for covariates. The prevalence of a mild obstructive 
abnormality significantly decreased as initial dioxin increased in the unadjusted analysis. This association 
was marginally significant after adjustment for covariates. All other tests of association with initial 
dioxin were nonsignificant. 

Table 18-15. Summary of Initial Dioxin Analysis (Model 2) for Pulmonary Variables (Ranch Hands 
Only) 

Variable Unadjusted 

Medical Records 
Asthma (D) 
Bronchitis (D) 
Pneumonia (D) 
Physical Examination 
Thorax and Lung Abnormalities 
Laboratory 
X-ray Interpretation (D) 
FVC(C) 
FEVr (C) 

NS 
NS 
ns* 

NS 

ns 
NS 
NS 

Adjusted 

NS 
NS 
ns 

NS 

ns 
ns 
NS 
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Table 18-15. Summary of Initial Dioxin Analyses (Model 2) for Pulmonary Variables 
(Ranch Hands Only) (Continued) 

■Variable Unadjusted Adjusted 
ns 

ns 
NS 

Ratio of Observed FEV, to Observed FVC (C)a 
-0.023 

Loss of Vital Capacity (D): 
Mild vs. None ns 
Moderate or Severe vs. None ns 

Obstructive Abnormality (D): 
Mild vs. None -0.005 
Moderate vs. None ns 
Severe vs. None ns 

ns^ 
ns 
ns 

Note: NSorns: Not significant (p>0.10). 
ns*: Marginally significant (0.05<p<0.10). 
C: Continuous analysis. 
D: Discrete analysis. 
-: Relative risk <1.00 for discrete analysis; slope negative for continuous analysis. 
a Positive slope considered adverse for this variable; a negative slope implies an increase in the ratio because 
of the data transformation used. 

P-value given if p<0.05. 

A capital "NS" denotes a relative risk of 1.00 or greater for discrete analysis or slope nonnegative for 
continuous analysis. A lowercase "ns" denotes relative risk less than 1.00 for discrete analysis or slope 
negative for continuous analysis. 

18.4.3   Model 3: Categorized Dioxin Analysis 

The results of the categorized dioxin analysis of the pulmonary variables are summarized in Table 18-16. 
Ranch Hands in the background dioxin category showed a marginally significant increase in bronchitis 
relative to Comparisons in the adjusted analysis. For the unadjusted and adjusted analyses of the x-ray 
interpretation, the background Ranch Hands exhibited a significantly higher percentage of abnormalities 
on the x ray than Comparisons. Unadjusted analyses revealed a higher prevalence of a mild obstructive 
abnormality for Ranch Hands in the background and low dioxin categories than for Comparisons. These 
differences between Ranch Hands and Comparisons became nonsignificant after adjustment for 
covariates. Ranch Hands in the high dioxin category had a significantly smaller prevalence of a mild 
obstructive abnormality than did Comparisons without adjustment for covariates. The prevalence was 
marginally significant after adjustment for covariates. Unadjusted analyses revealed a marginally higher 
prevalence of a severe obstructive abnormality between Ranch Hands in the low dioxin category and 
Comparisons. This difference between Ranch Hands and Comparisons became nonsignificant after 
adjustment for covariates. 
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Table 18-16. Summary of Categorized Dioxin Analysis (Model 3) for Pulmonary Variables (Ranch 
Hands vs. Comparisons) 

!;;!&!>i^^ 
Background Low " ■ +"?'Ö'gbr.:;r-'.: Low plus High 
Ranch Hands Ranch Hands Ranch Hands Ranch Hands 

fc mim 'Bt-:-:M &MWMw0.: i^W:t^ i    £#? vs. Comparisons vs. Comparisons vs. Comparisons vs. Comparisons 

Medical Records 
Asthma (D) NS NS NS NS 
Bronchitis (D) NS NS NS NS 
Pneumonia (D) ns NS ns ns 
Physical Examination 
Thorax and Lung Abnormalities (D) ns NS NS NS 
Laboratory 
X-ray Interpretation (D) +0.013 NS ns ns 
FVC(C) NS ns NS ns 
FEV! (C) ns ns NS ns 
Ratio of Observed FEV] to Observed ns ns NS NS 
FVC (C)a 

Loss of Vital Capacity (D): 
Mild vs. None NS ns ns ns 
Moderate or Severe vs. None NS ns ns ns 

Obstructive Abnormality (D): 
Mild vs. None NS* +0.037 -0.031 ns 
Moderate vs. None NS NS ns ns 
Severe vs. None NS NS* ns ns 

Note: NSorns: Not significant (p>0.10). 
NS*: Marginally significant (0.05<p<0.10). 
C: Continuous analysis. 
D: Discrete analysis. 
+: Relative risk > 1.00 for discrete analysis. 
-: Relative risk < LOO for discrete analysis. 
a Difference of means negative considered adverse for this variable. 

P-value given if p<0.05. 

A capital "NS" denotes a relative risk of 1.00 or greater for discrete analysis or differences of means 
nonnegative for continuous analysis. A lowercase "ns" denotes relative risk less than 1.00 for discrete 
analysis or difference of means negative for continuous analysis. 

:^fü^^^'/yß^2 
Background SllllllÄwl WggSMmlmM Low plus High 

Ranch Hands Ranch Hands Ranch Hands Ranch Hands 
^Ä vs. Comparisons vs. Comparisons vs. Comparisons vs. Comparisons 

Medical Records 
Asthma (D) NS NS NS NS 
Bronchitis (D) NS* ns NS NS 
Pneumonia (D) ns ns ns ns 
Physical Examination 
Thorax and Lung Abnormalities (D) ns NS NS NS 
Laboratory 
X-ray Interpretation (D) +0.004 NS ns ns 
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Table 18-16.   Summary of Categorized Dioxin Analysis (Model 3) for Pulmonary Variables 
(Ranch Hands vs. Comparisons) (Continued) 

ADJUSTED           :        1 

Background I^^'-'AXJOW: .':           High Xow plus High 
Ranch Hands Ranch Hands Ranch Hands Ranch Hands 

f :/!■:;>--V;::|:;:::'%-V-[n^ijtöfeigi ■ ,f;'!'<'-it sK    it;:ij ; vsi Comparisons | vs. Comparisons : vs. Comparisons ; vs. Comparisons 

FVC(C) ns NS NS NS 
FEVj (C) ns NS NS NS 
Ratio of Observed FEV! to Observed ns NS NS NS 
FVC (C)a 

Loss of Vital Capacity (D): 
Mild vs. None NS ns ns ns 
Moderate or Severe vs. None NS ns ns ns 

Obstructive Abnormality (D): 
Mild vs. None NS NS ns* ns 
Moderate vs. None NS ns ns ns 
Severe vs. None NS NS ns ns 

Note: NSorns: Not significant (p>0.10). 
NS* or ns*: Marginally significant (0.05<p<0.10). 
C: Continuous analysis. 
D: Discrete analysis. 
+: Relative risk > 1.00 for discrete analysis. 
a Difference of means negative considered adverse for this variable 

P-value given if p<0.05. 

A capital "NS" denotes a relative risk of 1.00 or greater for discrete analysis or differences of means 
nonnegative for continuous analysis. A lowercase "ns" denotes relative risk less than 1.00 for discrete 
analysis or difference of means negative for continuous analysis. 

18.4.4   Model 4:  1987 Dioxin Level Analysis 

The adjusted analysis of thorax and lung abnormalities revealed a marginally significant association 
between the prevalence of abnormalities and 1987 dioxin. The prevalence of abnormalities increased as 
1987 dioxin increased. The unadjusted and adjusted analyses of the x-ray interpretation each exhibited a 
significant decrease in the prevalence of an x ray with abnormalities with an increase in 1987 dioxin. The 
ratio of the observed FEVj to the observed FVC significantly increased as 1987 dioxin increased, but this 
association was nonsignificant after adjustment for covariates. The adjusted analysis for a mild loss of 
vital capacity revealed a significant decrease in the loss of vital capacity as 1987 dioxin increased. The 
prevalence of a mild obstructive abnormality significantly decreased as 1987 dioxin increased in the 
unadjusted analysis. This association was nonsignificant after adjustment for covariates. The prevalence 
of a severe obstructive abnormality showed a marginally significant decrease as 1987 dioxin increased, 
but this association was also nonsignificant after adjustment for covariates. The results for the variables 
described above, as well as the other pulmonary variables, are summarized in Table 18-17. 
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Medical Records 
Asthma (D) NS 
Bronchitis (D) ns 
Pneumonia (D) ns 
Physical Examination 
Thorax and Lung Abnormalities (D) NS 
Laboratory 
X-ray Interpretation (D) -0.015 
FVC(C) ns 
FEV! (C) NS 
Ratio of Observed FEV! to Observed FVC (C)a -<0.001 
Loss of Vital Capacity (D): 

Mild vs. None ns 
Moderate or Severe vs. None ns 

Obstructive Abnormality (D): 
Mild vs. None -<0.001 
Moderate vs. None ns 
Severe vs. None ns* 

Table 18-17. Summary of 1987 Dioxin Analysis (Model 4) for Pulmonary Variables (Ranch 
Hands Only) 

Variable ''Unadjusted    ^ Adjusted 

NS 
ns 
ns 

NS* 

-0.015 
NS 
NS 
ns 

-0.046 
ns 

ns 
ns 
 ns  

Note: NS or ns: Not significant (p>0.10). 
NS* or ns*: Marginally significant (0.05<p<0.10). 
C: Continuous analysis. 
D: Discrete analysis. 
-: Relative risk <1.00 for discrete analysis; slope negative for continuous analysis. 
a Positive slope considered adverse for this variable; a negative slope implies an increase in the ratio because 
of the data transformation used. 

P-value given if p<0.05. 

A capital "NS" denotes a relative risk of 1.00 or greater for discrete analysis or slope nonnegative for 
continuous analysis. A lowercase "ns" denotes relative risk less than 1.00 for discrete analysis or slope 
negative for continuous analysis. 

18.5    CONCLUSION 

To assess the pulmonary status for the 1997 AFHS follow-up examination, verified histories of asthma, 
bronchitis, and pneumonia were studied. A composite measure of thorax and lung abnormalities, as 
determined from the presence of asymmetrical expansion, hyperresonance, dullness, wheezes, rales, 
chronic obstructive pulmonary diseases, or the physician's assessment of abnormality, also was analyzed. 
A routine chest x ray and five measures of pulmonary function using standard spirometric techniques 
were analyzed. 

Few significant increases in adverse pulmonary conditions were observed for Ranch Hands, and isolated 
and inconsistent associations between the pulmonary endpoints and increased dioxin were seen. No 
consistent pattern or dose-response relation was evident. Ranch Hands in the background dioxin category 
exhibited a significantly higher percentage of abnormalities on the chest x-ray than did Comparisons. 
Ranch Hand officers had a significantly higher prevalence of mild obstructive abnormality than did 
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Comparison officers; the corresponding contrast was not significant in 1992, and officers were not 
analyzed as a separate stratum in 1982, 1985, or 1987. 

In summary, analysis of historical, physical examination, and laboratory data revealed no relation 
between dioxin levels and pulmonary disease; however, the prevalence of mild obstructive abnormalities 
was significantly increased in Ranch Hand officers. The meaning of this finding is unclear because the 
risk was not significantly increased in Ranch Hand enlisted groundcrew—the military occupation with the 
highest dioxin levels. 
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19  CONCLUSIONS 

19.1    INTRODUCTION 

This section summarizes the conclusions drawn from the statistical analyses of data from the 1997 
follow-up examination of the Air Force Health Study (AFHS). The 1997 follow-up examination was an 
extension of the baseline, 1985, 1987, and 1992 follow-up examinations. Health endpoints measured at 
the 1997 examination were analyzed for associations with herbicide exposure and body burden of serum 
dioxin and were examined longitudinally in relation to data from previous AFHS examinations. A full 
explanation of the study design and methodology, terminology, and interpretive considerations is 
provided in Chapters 1 through 8 of this report. 

19.2 STUDY PERFORMANCE ASPECTS 

A total of 2,121 veterans participated in the 1997 follow-up examination. Of the 1,101 eligible Ranch 
Hands, 870 (79.0%) participated in the 1997 follow-up examination. Participation was voluntary and 
consent forms were signed by the participant at the examination site. A total of 839 of the 1,151 eligible 
Original Comparisons (72.9%) participated. Of the 768 Replacement Comparisons eligible for the 1997 
follow-up examination, 412 (53.6%) chose to attend the examination. A total of 1,251 Comparisons 
attended the 1997 follow-up examination. Eighty-six percent (819 of 949) of living Ranch Hands and 87 
percent of living Comparisons (976 of 1,116) who were fully compliant at the baseline examination 
returned for the 1997 follow-up examination. 

Although more Comparisons than Ranch Hands refused to participate in the 1997 follow-up examination, 
there were no significant differences in the reasons for refusal among the two groups. Logistics and 
health reasons were the most common reasons for refusal, although approximately 25 percent of 
noncompliant veterans were deemed hostile and a reason for refusal was not determined. Approximately 
91 percent of noncompliant Original Comparisons were either replaced or required no replacement (e.g., 
the Original Comparison was deceased and no Replacement Comparison had been contacted previously). 

Ranch Hands reported fair or poor health more often than did Comparisons. This pattern of Ranch 
Hands reporting poorer health has been observed since the baseline examination. In both groups, 
veterans who refused were more likely to report fair or poor health than those who were fully compliant. 
Ranch Hands reported a slightly higher use of medications, but no difference was seen in reported work 
loss between Ranch Hands and Comparisons. 

In summary, the results of these analyses suggested that Ranch Hands may be reporting poorer health 
than Comparisons and that these group differences are present for both fully compliant participants and 
refusals. This holds true even after accounting for rank and age differences. In addition, the difference 
in the percentage of fully compliant participants and refusals reporting fair or poor health was similar for 
Ranch Hands and Comparisons. 

19.3   STATISTICAL MODELS 

The analysis of the 1997 follow-up examination results used four statistical models to evaluate the 
relation between the health status of study participants and their dioxin exposure and serum dioxin levels. 
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The first model specified contrasts between Ranch Hands and Comparisons using group as a proxy for 
herbicide exposure and did not incorporate serum dioxin measurements. The remaining three models all 
incorporated serum dioxin measurements in either 1987 dioxin levels or an estimate of initial exposure 
based on a first-order extrapolation to the time of tour of duty in Southeast Asia (SEA). The four models 
are summarized as follows: 

Model 1: Ranch Hands versus Comparisons, for all military occupations (officer, enlisted flyer, 
enlisted groundcrew) combined and for each military occupation separately 

Model 2: Estimated initial serum dioxin levels using Ranch Hand participants with greater than 
10 parts per trillion (ppt) of 1987 lipid-adjusted dioxin 

Model 3: Ranch Hands categorized according to serum dioxin levels versus Comparisons with 
10 ppt of 1987 lipid-adjusted dioxin or less 

♦      Model 4:  1987 lipid-adjusted serum dioxin using Ranch Hands only. 

In Model 1, the use of group and occupation as a surrogate for herbicide exposure was less subject to the 
possible biases based on health conditions that may occur with variation in dioxin elimination rates. An 
implicit underlying assumption was that Ranch Hands were exposed and Comparisons were not exposed 
to herbicides. Model 2 was based on initial dioxin levels that were extrapolated from lipid-adjusted 
dioxin measurements above background levels (10 ppt), assuming first-order kinetics and a constant 
dioxin elimination rate. These lipid-adjusted dioxin measurements were collected primarily at the 1987 
examination and supplemented with measurements from the 1992 or 1997 examination when a 1987 
measurement was not available. Model 3 was less dependent on the accuracy of the initial dioxin 
estimation algorithm, but all Ranch Hands with high serum dioxin levels were treated alike without 
emphasizing the unusually large dioxin doses received by some Ranch Hands. Model 4 was based on 
lipid-adjusted dioxin measurements and assumed nothing about dioxin elimination other than that Ranch 
Hands were exposed in Vietnam and their body burdens have decreased over time in an unspecified 
manner. The extrapolated initial dose and lipid-adjusted dioxin measurements may not be accurate 
measures of exposure if elimination rates differed among individuals. 

Statistical analyses often were applied to clinical endpoints in continuous form (i.e., original 
measurements) as well as in discrete form (i.e., measurements grouped into categories based on abnormal 
levels). Analyses also were performed to account for the effects that demographic and personal 
characteristics (covariates) may have had on the clinical measurements. Such analyses are termed 
"adjusted analyses." The relation between health and the measures of exposure in the four models 
described above are summarized in the next section. The relation between covariates and measures of 
herbicide or dioxin exposure are described in Chapter 8. 

Throughout this report, dioxin levels were used as measures of both exposure to dioxin itself and 
exposure to dioxin-contaminated herbicides, including Herbicide Orange. Direct contrasts of Ranch 
Hand and Comparison veterans (Model 1) address the hypothesis of health effects attributable to any 
herbicide exposure experienced by Ranch Hand veterans during Operation Ranch Hand. Models 
involving dioxin levels address the hypothesis that health effects change with the amount of exposure. 
Dioxin levels were used as a measure of exposure to dioxin-contaminated herbicides because it was 
expected that as exposure to such herbicides increased, dioxin levels should increase. The dioxin levels, 
therefore, served as a direct biomarker of exposure to dioxin-contaminated herbicides. No other direct 
measure or estimate of herbicide exposure is available to address hypothetical dose-response relations 
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with health. Some indirect measures, such as self-report of skin contact among enlisted groundcrew, or 
simply being a Ranch Hand enlisted groundcrew member, are valuable alternatives because dioxin 
measures suggest that enlisted groundcrew experienced the heaviest exposures. Reported skin exposure 
was not addressed in this report, but enlisted groundcrew status was used in Model 1. The use of dioxin 
as a surrogate measure of exposure to dioxin-contaminated herbicides is consistent with the goal of the 
study, which is to determine whether health effects exist and can be attributed to occupational exposure 
to Herbicide Orange. 

19.4   CLINICAL RESULTS 

This section provides the conclusions from the analyses of the 10 clinical areas—general health, 
neoplasia, neurology, psychology, gastrointestinal, cardiovascular, hematology, endocrine, immunology, 
and pulmonary. Tables G-l through G-24 of Appendix G present the results of the exposure analyses for 
each of the four models for 257 health endpoints analyzed in the 10 clinical chapters. 

19.4.1   General Health Assessment 

The self-perception of health analysis revealed significant differences between Ranch Hands and 
Comparisons, with more Ranch Hands than Comparisons indicating their health as fair or poor. As in 
previous examinations, the difference was most apparent in enlisted groundcrew, who had the highest 
average dioxin levels. This observation also was confirmed in the categorized dioxin analysis, where 
Ranch Hands with the highest dioxin levels perceived their health as fair or poor more often than 
Comparisons. Also, among Ranch Hands, those with the higher 1987 dioxin levels reported fair or poor 
health more often than Ranch Hands with lower levels. These results were consistent with the 1985, 
1987, and 1992 examinations. No group differences were noted in the appearance of illness or relative 
age, as recorded by examining physicians, nor were these variables correlated with serum dioxin levels in 
the Ranch Hand cohort. 

The analysis of body fat indicated positive associations with dioxin levels. The results of the 1997 
examination confirmed those of the 1992 examination and appear consistent with a difference in dioxin 
pharmacokinetics in obese versus lean individuals. 

No differences in the percentages of abnormal erythrocyte sedimentation rates between Ranch Hands and 
Comparisons or relations between abnormal erythrocyte sedimentation rates and dioxin levels were 
observed during the 1997 examination, Erythrocyte sedimentation rates increased as 1987 dioxin levels 
increased. 

Longitudinal analyses showed that Ranch Hands, particularly the two enlisted strata, had a greater 
percentage of abnormal erythrocyte sedimentation rates than did Comparisons during the 15 years of the 
study since 1982. These analyses also showed that the percentages of abnormalities increased from 1982 
to 1997 as dioxin levels increased. This result was seen at the 1987 study, but not in 1992. This positive 
association raises the possibility of a subtle inflammatory, infectious, or occult malignant disease process 
related to the body burden of dioxin. 

In conclusion, fair or poor self-perception of health displayed an adverse association with dioxin, but the 
relation with other health conditions is unknown. Increased body fat was associated with increased 
levels of dioxin, a finding most likely related to the pharmacokinetics of dioxin. Longitudinal analyses 
indicated an increased risk of an abnormal erythrocyte sedimentation rate in Ranch Hands over 
Comparisons in the 15 years of the AFHS, and a relation between abnormal erythrocyte sedimentation 
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rates and levels of dioxin during these 15 years. Other measures of general health revealed no 
association with levels of dioxin. 

19.4.2 Malignant Neoplastic Diseases 

At the end of 15 years of surveillance, Ranch Hands as a group exhibited a nonsignificant increase in the 
risk of malignant neoplastic disease relative to Comparisons (relative risk=1.06, 95% confidence interval: 
[0.80,1.41]). Military occupation contrasts were inconsistent and, therefore, not supportive of an adverse 
effect of herbicide or dioxin exposure on the occurrence of malignancies. Ranch Hand enlisted 
groundcrew, the occupation with the highest dioxin levels and, presumably, the highest herbicide 
exposure, exhibited a decreased prevalence (relative risk=0.78, 95% confidence interval: [0.51,1.19]). 
Enlisted flyers (relative risk=1.63, 95% confidence interval: [0.91,2.92]) and officers (relative risk=1.14, 
95% confidence interval: [0.79,1.65]), occupations with lower dioxin levels, exhibited nonsignificant 
increases in the prevalence of malignant disease. The risk of malignant disease was nonsignificantly 
increased among Ranch Hands having the highest dioxin levels (relative risk=1.01, 95% confidence 
interval: [0.66,1.57]). Longitudinal analyses found no significant group differences with regard to the 
risk of malignancy and no pattern suggestive of an adverse relation between herbicide or dioxin exposure 
and the occurrence of malignant neoplastic disease. 

19.4.3 Neurological Assessment 

Four neurological disorders and extensive physical examination data on cranial nerve function, 
peripheral nerve status, and central nervous system coordination processes were analyzed in the 
neurological assessment. Inflammatory diseases, as verified by a medical records review, were increased 
in Ranch Hands relative to Comparisons in terms of both a group designation and categorized dioxin 
levels. However, three of the seven Ranch Hand diseases were caused by bacterial infections, suggesting 
that this finding is unrelated to herbicide or dioxin exposure. Peripheral disorders, as verified by a 
medical records review, increased in Ranch Hands as levels of 1987 dioxin increased. Neck range of 
motion abnormalities were increased in Ranch Hands relative to Comparisons in terms of both a group 
designation and categorized dioxin levels. The increase in abnormalities for Ranch Hands relative to 
Comparisons was noted in enlisted flyers. An increase in the risk of an abnormal muscle status was 
observed in Ranch Hand enlisted groundcrew. A significant association between initial dioxin and 
abnormalities of both visual fields and the patellar reflex was observed. Indices of polyneuropathy 
showed an increase in the prevalence of abnormality in Ranch Hands relative to Comparisons, and a 
positive association with initial dioxin, categorized dioxin, and 1987 dioxin levels. 

In summary, although a common etiology in these findings is not apparent, a statistically significant 
increase in neurological disease appears in Ranch Hands historically, on physical examination, and as 
reflected in several of the composite polyneuropathy indices. Further, the associations of neck range of 
motion with categorized dioxin and a history of peripheral disorders with 1987 dioxin provide evidence 
of an association of neurological disease with elevated dioxin levels. The results of the analysis of the 
polyneuropathy indices also provide support of a statistical association between elevated dioxin levels 
and neurological disease; however, the clinical importance of this finding is uncertain. 

19.4.4 Psychological Assessment 

Five psychological disorders, which were verified by a medical records review, and 12 measures from the 
Symptom Checklist-90-Revised (SCL-90-R) inventory were examined in the psychological assessment. 
The SCL-90-R consisted of nine primary symptom dimensions and three broad indices of psychological 

19-4 



distress. In enlisted groundcrew, a significantly greater percentage of Ranch Hands than Comparisons 
had a history of other neuroses. All other significant results from analyses of Ranch Hands versus 
Comparisons showed a greater percentage of Comparisons than Ranch Hands with high SCL-90-R 
scores. 

Associations between initial dioxin and the psychological endpoints were either nonsignificant or 
revealed a significant decrease in high (adverse) SCL-90-R scores as initial dioxin increased. 

Differences in the history of psychological disorders and the prevalence of high SCL-90-R scores were 
examined between Comparisons and Ranch Hands categorized by dioxin levels. Ranch Hands in the low 
dioxin category and the low plus high dioxin category displayed a significantly higher occurrence of 
other neuroses than did Comparisons. 

The relation between the 1987 dioxin levels and the psychological endpoints was examined and all 
results were nonsignificant. 

In summary, Ranch Hand veterans exhibited a significantly increased prevalence of other neuroses 
among enlisted groundcrew, the military occupation with the highest dioxin levels and, presumably, the 
greatest herbicide exposure. Consistent increases in the prevalence of other neuroses with dioxin levels 
were found. No consistent relation was found between any SCL-90-R score and any measure of 
herbicide or dioxin exposure. The relation between other neuroses and herbicide exposure and dioxin 
levels will be described in greater detail in a separate report. 

19.4.5   Gastrointestinal Assessment 

The gastrointestinal assessment was based on eight disorders as determined from a review and 
verification of each participant's medical records, a physical examination determination of 
hepatomegaly, and 29 laboratory measurements or indices. The laboratory parameters included 
measurements of hepatic enzyme activity, hepatobiliary function, lipid and carbohydrate indices, and a 
protein profile. In addition, the presence of hepatitis and fecal occult blood was investigated. 

Analyses of Ranch Hands versus Comparisons showed higher mean levels of alkaline phosphatase, 
a-1-antitrypsin, and haptoglobin in Ranch Hands than in Comparisons. In addition, significantly more 
Ranch Hands than Comparisons had high haptoglobin levels. A review of medical records showed a 
positive association between initial dioxin and other liver disorders. The other liver disorders condition 
consisted primarily of nonspecific laboratory test elevations. A significant association between initial 
dioxin and high levels of aspartate aminotransferase (AST) also was revealed. 

Analyses of categorized dioxin revealed a significantly higher percentage of other liver disorders among 
Ranch Hands in the high dioxin category than among Comparisons. Higher mean levels of gamma 
glutamyl transferase (GGT), triglycerides, and a-1-antitrypsin were observed in Ranch Hands in the high 
dioxin category than in Comparisons. Ranch Hands in the high dioxin category had a greater prevalence 
of abnormal AST, triglyceride, and prealbumin levels than did Comparisons. 

Many significant associations between the laboratory examination variables and 1987 dioxin levels were 
observed. In both the continuous and discrete forms, the hepatic enzymes alanine aminotransferase 
(ALT), AST, and GGT revealed significant, positive associations with 1987 dioxin. In addition, 
significant positive associations between 1987 dioxin and the ratio of cholesterol to high-density 
lipoprotein (HDL), triglycerides, and creatine phosphokinase were present. 
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In summary, the analysis of the 1997 follow-up data reflected patterns that have been observed and 
documented in prior examinations. Isolated group differences exist, but 1987 dioxin levels are strongly 
related to hepatic enzymes such as AST, ALT, and GGT, and to lipid-related health indices such as 
cholesterol, HDL, and triglycerides. These results are consistent with a dose-response effect and may be 
related to unknown subclinical effects of dioxin. Although hepatic enzymes and lipid-related indices 
showed an association with dioxin, there was no evidence of an increase in overt liver disease. 

19.4.6 Cardiovascular Assessment 

Analyses revealed that Ranch Hands had a significantly higher percentage of participants with a history 
of heart disease (excluding essential hypertension) than Comparisons and, in particular, among enlisted 
flyers. However, the risk of disease was not significantly increased in Ranch Hand enlisted 
groundcrew—the military occupation with the highest dioxin levels. The association between heart 
disease and initial dioxin showed a negative dose-response trend, with heart disease decreasing as initial 
dioxin increased. Furthermore, Ranch Hands in the background and low dioxin categories had more 
heart disease than did Comparisons, but this increase was not seen in Ranch Hands in the high dioxin 
category. Increases in tachycardia and other electrocardiograph (ECG) findings, such as pre-excitation, 
were seen for Ranch Hands in the high dioxin category, although the analyses were based on a small 
number of abnormalities. A significant positive association between initial dioxin and evidence of prior 
myocardial infarction from the ECG was observed in Ranch Hands, and a marginally significant positive 
association was observed between 1987 dioxin and evidence of prior myocardial infarction from the 
ECG. A positive association between 1987 dioxin and a history of essential hypertension also was 
observed in Ranch Hands. In contrast to previous APHS examinations, no relation was found between 
peripheral pulse abnormalities and any measure of exposure. 

In summary, in contrast to prior examinations, the current study has documented that Ranch Hands are 
more likely than Comparisons to have historical evidence for heart disease (excluding essential 
hypertension), but are no longer at greater risk for the occurrence of pulse deficits. By all other indices, 
the prevalence of cardiovascular disease appears similar in both cohorts. For the first time, there is 
evidence that levels of dioxin may be a risk factor for the development of essential hypertension and 
prior myocardial infarction as indicated by interpretation of the ECG. As of 1997, the verified history of 
essential hypertension was associated with 1987 dioxin, and the evidence of prior myocardial infarction 
from the ECG was associated with initial dioxin. These findings, in conjunction with the increase in the 
number of deaths caused by diseases of the circulatory system for Ranch Hand nonflying enlisted 
personnel based on the 1994 AFHS mortality update, showed associations that require further study. A 
biological mechanism for the relation among dioxin levels and heart disease is unknown. 

19.4.7 Hematologic Assessment 

Five cell count measures, six measures of absolute blood counts, a coagulation measure, and red blood 
cell morphology were analyzed. In the analyses of these variables, only platelet count exhibited 
significant dose-response associations with the levels of dioxin. Among enlisted personnel, Ranch Hands 
exhibited significantly higher mean platelet counts than did Comparisons. Ranch Hands in the high 
dioxin category also exhibited a significantly higher mean platelet count than did Comparisons. The 
mean differences were small and, therefore, the clinical importance of these findings is unknown. The 
results in the 1997 follow-up study parallel the findings of the 1987 and 1992 follow-up studies. In 
conclusion, apart from platelet count, there appears to be little evidence to support a relation between 
prior dioxin exposure and hematopoietic toxicity. 
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19.4.8 Endocrine Assessment 

The assessment of the endocrine system yielded an extensive evaluation of thyroid, pancreatic, and 
gonadal function and their relation to dioxin exposure. A significantly increased risk of abnormally high 
thyroid stimulating hormone values was found in Ranch Hand enlisted groundcrew. 

A positive association between diabetes and initial and 1987 dioxin was observed. Consistent with 
previous reports, the prevalence of diabetes among Ranch Hands with high dioxin levels was increased. 
A greater percentage of Ranch Hands than Comparisons used insulin to control their type 2 diabetes, 
primarily among officers and enlisted groundcrew. The percentage of Ranch Hands requiring insulin to 
control their type 2 diabetes increased with initial dioxin. A greater percentage of Ranch Hands in the 
high dioxin category required insulin to control their type 2 diabetes than did Comparisons. The 
percentage of Ranch Hands who treated their diabetes through diet only and the percentage who used 
oral hypoglycemics increased with 1987 dioxin level. 

The time to diabetes onset was significantly shorter for Ranch Hands with higher initial dioxin and 1987 
levels. Both fasting glucose and oc-l~C hemoglobin increased in Ranch Hands as initial dioxin and 1987 
dioxin increased. Increased a-l-C hemoglobin levels also were observed for Ranch Hands with high 
dioxin levels. The presence of fasting urinary glucose also increased with 1987 dioxin. 

Although cause and effect have not been established, the results cited above provide further evidence for 
an association between diabetes and levels of dioxin. 

19.4.9 Immunologie Assessment 

The immunologic assessment was based on laboratory data on six lymphocyte cell surface markers, 
absolute lymphocyte counts, three quantitative immunoglobulins, and six measurements from an 
autoantibody panel. The six cell marker measurements were carried out on a random sample of 
approximately 40 percent of the participants because of the complexity of the assay and the expense of 
the tests. 

Group analyses revealed significant findings for the analyses of CD 16+56+ cell (natural killer cell) 
counts and for the mouse stomach kidney (MSK) smooth muscle antibody test in enlisted flyers. Among 
enlisted flyers, the mean CD16+56+ cell count was greater for Comparisons than for Ranch Hands, and a 
greater percentage of Comparisons than Ranch Hands had a smooth muscle antibody present. Negative 
smooth muscle antibody tests are considered to be normal. For these analyses, the magnitude of the 
mean differences was small and, therefore, the clinical importance of these findings is unknown. 

Consistent with the previous two physical examinations, IgA increased significantly with initial dioxin, 
but was not significantly increased in enlisted groundcrew or the high dioxin category, and IgA did not 
increase significantly with 1987 dioxin. The IgA results, although significant, were small in magnitude 
and their clinical importance is unknown. 

When comparing categorized dioxin levels between Ranch Hands and Comparisons, a significantly 
higher CD 16+56+ cell count mean was observed among Comparisons than among Ranch Hands in the 
high dioxin category. Analyses revealed significant associations between 1987 dioxin levels and CD3+ 
cell (T cell) count, CD4+ cell (helper T cell) count, and CD3+CD4+ cell (helper T cell) count. The cell 
counts increased as 1987 dioxin increased. 
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In summary, these findings and the findings from past examinations do not provide evidence of a 
biologically meaningful dose-response effect for body burden of dioxin on parameters of immunologic 
assessment. The statistically significant relations suggest the need for continued evaluation. 

19.4.10    Pulmonary Assessment 

To assess pulmonary status, verified histories of asthma, bronchitis, and pneumonia were studied. A 
composite measure of thorax and lung abnormalities, as determined from the presence of asymmetrical 
expansion, hyperresonance, dullness, wheezes, rales, chronic obstructive pulmonary diseases, or the 
physician's assessment of abnormality, also was analyzed. A routine chest x ray and five measures of 
pulmonary function using standard spirometric techniques were analyzed. 

Few significant increases in adverse pulmonary conditions were observed for Ranch Hands, and isolated 
and inconsistent associations between the pulmonary endpoints and dioxin were seen. No consistent 
pattern or dose-response relation was evident. Ranch Hands in the background dioxin category exhibited 
a significantly higher percentage of abnormalities on the chest x ray than did Comparisons. Ranch Hand 
officers had a significantly higher prevalence of mild obstructive abnormality than did Comparison 
officers; the corresponding contrast was not significant in 1992, and officers were not analyzed as a 
separate stratum in 1982, 1985, or 1987. The relation between mild obstructive abnormality in Ranch 
Hand officers and other indicators of herbicide exposure, such as job (pilot, navigator, nonflyer), the 
number of missions flown, the percentage of missions that were herbicide missions, and reported 
drinking of herbicide (yes, no) will be summarized in a separate report. 

In summary, analysis of historical, physical examination, and laboratory data revealed no consistent 
relation between herbicide exposure or dioxin levels and pulmonary disease. The prevalence of mild 
obstructive abnormalities was significantly increased in Ranch Hand officers. The meaning of this 
finding is unclear because the risk was not significantly increased in Ranch Hand enlisted groundcrew— 
the military occupation with the highest dioxin levels. 

19.5    INTERPRETIVE CONSIDERATIONS 

Certain facts should be considered when drawing conclusions from the statistical analysis of the 1997 
follow-up examination results. For example, there are often difficulties associated with multiple testing. 
With repeated statistical testing, the likelihood of a test indicating some artifactual association is high. 
But longitudinal comparisons of previous examinations may show a consistent association, supporting a 
non-artifactual relation. Longitudinal tests, however, of the same population clearly are not independent 
tests. If a chance association was present at the first physical examination, it would tend to persist in 
subsequent examinations. Conversely, depending on site and mode of action, the association would be 
expected to increase with time (if latency or other chronic effects predominate) or decrease with time (if 
the current dioxin level predominates in the mechanism). It is also important to note that some 
conditions do not appear with reasonable frequency until middle age or later. Therefore, in the early 
years of the study, an increased relative risk might have been masked by abnormalities too sparse for 
meaningful analysis. 

The site and mode of action of dioxin in the body could itself either cause or obscure a relation. 
Receptors might be activated only after a certain dioxin threshold value had been exceeded—that is, a 
value exceeding the body's capability to safely store dioxin. If, on the other hand, dioxin caused a 
competitive inhibition of receptor actions normally stimulated by other substances, there might be a 
"no-threshold" effect. Depending on the nature (lipid or non-lipid) and type of function of the 
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hypothetical receptor site, an increase in body fat over time might either cause an increase in dioxin 
effect because of a greater volume of distribution or a decrease in dioxin effect because of a lesser 
concentration at the receptor site. 

Statistical power is also an issue in a study of a population this size. A study with a population of 2,121 
lacks power to determine increases in relative risks for rare events (such as soft tissue sarcoma) because 
such events are unlikely to occur in large numbers in a group this small. While certain occupational 
toxins have a clear diagnostic pathology (e.g., mesothelioma for asbestos, hepatic angiosarcoma for vinyl 
chloride) virtually nonexistent in the absence of the toxin, other toxins merely increase the risk of 
nondiagnostic pathology. For example, this study would likely not discern an increase in the relative risk 
for a rare tumor that does not have a clear diagnostic pathology. By assessing the pathology observed in 
association with other known environmental risk factors (e.g., tobacco use, alcohol use) it is sometimes 
possible to provide a limit in the magnitude of effect missed; however, this study has inherent bounds in 
detecting modest increases in relative risk for infrequent pathology. 

A final difficulty is the presence of a true association that is noncausal. An example might be a condition 
not caused by dioxin, but resulting in or from an altered dioxin half-life. In this case, a correlation might 
be high in the total absence of causality. 

Clearly, there are many issues to be considered in interpreting these results. With these issues in mind, 
certain assessments were made by looking at a number of factors. Among these factors are longitudinal 
trends, biological plausibility, consistency with animal toxicology, the presence of a dose-response 
relation, and strength of association. But, meeting all of these criteria would not guarantee causality, nor 
would failing these criteria guarantee the lack of an effect. It can be argued, however, that the good faith 
application of these particular methods should be the starting point for generating hypotheses for 
experimental examination through in vitro and in vivo testing, as well as through further epidemiological 
analysis of these and other dioxin-exposed groups. 

19.6   SUMMARY 

Based on the findings of the 1997 examination, and subject to the qualifications considered above, the 
study investigators have drawn the following conclusions. 

19.6.1 Diabetes 

Consistent with previously reported results, current data indicate a significant and potentially meaningful 
adverse relation between serum dioxin levels and diabetes. A significant dose-response was found, with 
Ranch Hands in the high dioxin category exhibiting an increase in disease prevalence (relative risk=1.47, 
95% confidence interval: [1.00,2.17]). The finding is supported by a dioxin-related increase in disease 
severity, a decrease in the time from exposure to first diagnosis, and an increase in fasting glucose and 
ot-l-C hemoglobin. Similar patterns were observed in 1987 and 1992. 

19.6.2 Cardiovascular Abnormalities 

Cardiovascular findings are mixed, but, in context with the increased cardiovascular mortality in 
nonflying enlisted Ranch Hands, are suggestive of an adverse effect of herbicide and dioxin exposure. 
As a group, Ranch Hands have experienced a statistically significant increase in the prevalence of heart 
disease (excluding essential hypertension) (relative risk=1.26,95% confidence interval: [1.05,1.51]). 
The increase was more than doubled among enlisted flyers (relative risk-2.10, 95% confidence interval: 
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[1.27,3.28]) but not significantly increased among enlisted groundcrew (relative risk=1.10, 95% 
confidence interval: [0.84,1.42])—the military occupation with the highest dioxin levels. The 
prevalence of diagnosed essential hypertension and the percentage of Ranch Hands with ECG findings of 
prior myocardial infarction increased significantly with initial dioxin. Peripheral pulse abnormalities 
increased with dioxin levels in 1987 and 1992, but did not increase with dioxin levels in 1997. These 
findings, together with increased cardiovascular mortality in Ranch Hand nonflying enlisted personnel, 
suggest that herbicide or dioxin exposure may be related to cardiovascular abnormalities. 

19.6.3 Peripheral Polyneuropathy 

Although a common etiology is not apparent, a statistically significant increase in neurological disease 
appears in Ranch Hands historically, on physical examination, and as reflected in several of the 
composite polyneuropathy indices. Peripheral disorders, as verified by a medical records review, 
increased in Ranch Hands as levels of 1987 dioxin increased. Indices of bilateral peripheral 
polyneuropathy, confirmed by vibrotactile measurements in the feet, were significantly increased with 
initial dioxin level, significantly increased in the high dioxin category, and significantly increased with 
1987 dioxin. These findings are new and appear consistent with polyneuropathies observed in studies of 
industrial exposure; however, the numbers of affected veterans are small and the clinical importance of 
the finding is uncertain. 

19.6.4 Serum Lipid Abnormalities 

There were consistent and significant increases in cholesterol, triglycerides, and the cholesterol-HDL 
ratio with initial and 1987 dioxin. HDL decreased significantly as dioxin increased. These findings also 
were observed in 1987 and 1992. 

19.6.5 Liver Enzymes 

Analysis of liver function reflected patterns that have been observed in prior examinations. Isolated 
group differences existed, but 1987 dioxin levels were strongly related to increases in hepatic enzymes, 
such as AST, ALT, and GGT and, as previously noted, cholesterol, triglycerides, and HDL. These 
results were consistent with an adverse dose-response and may be related to subclinical effects of 
unknown importance. Although hepatic enzymes increased with dioxin, there is no evidence of a 
corresponding increase in overt liver disease. 

19.6.6 Malignant Neoplastic Disease 

At the end of 15 years of surveillance, Ranch Hands as a group exhibited a nonsignificant increase in the 
risk of malignant neoplastic disease relative to Comparisons (relative risk=1.06, 95% confidence interval: 
[0.80,1.41]). Military occupation contrasts were inconsistent and, therefore, not supportive of an adverse 
effect of herbicide or dioxin exposure on the occurrence of malignancies. Ranch Hand enlisted 
groundcrew, the occupation with the highest dioxin levels and, presumably, the highest herbicide 
exposure, exhibited a decreased prevalence (relative risk=0.78, 95% confidence interval: [0.51,1.19]). 
Enlisted flyers (relative risk=1.63, 95% confidence interval: [0.91,2.92]) and officers (relative risk=1.14, 
95% confidence interval: [0.79,1.65]), occupations with lower dioxin levels, exhibited nonsignificant 
increases in the prevalence of malignant disease. The risk of malignant disease was nonsignificantly 
increased among Ranch Hands having the highest dioxin levels (relative risk=1.01, 95% confidence 
interval: [0.66,1.57]). Longitudinal analyses found no significant group differences with regard to the 
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risk of malignancy and no pattern suggestive of an adverse relation between herbicide or dioxin exposure 
and the occurrence of malignant neoplastic disease. 

19.7   CONCLUSION 

In conclusion, diabetes and cardiovascular abnormalities represent the most important dioxin-related 
health problems seen in the AFHS. These two areas appear to have the greatest magnitude of effect in 
terms of quality of life and healthcare costs. Clearly, there are biological interrelations among both of 
these outcomes that make interpretations difficult. From a public health perspective, these two areas 
demand the greatest attention. 
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20  FUTURE DIRECTIONS 

A careful review of the results of the last five physical examinations provides an opportunity to refine and 
focus the remaining examination of the Air Force Health Study. The current and prior examination 
outcomes have identified several medical tests requiring more intense evaluation and other analyses that 
can be reduced or eliminated in the 2002 study while still satisfying the study protocol. 

The recently completed pharmacokinetic study of dioxin elimination in Ranch Hand veterans suggests 
that additional measurements per subject will not increase the precision of the estimated elimination rate. 
Thus, only those participants new to the study or those who have not already had a dioxin measurement 
will be invited to give blood for a dioxin assay in 2002. 

In the final morbidity report, the Air Force intends to present a review of all herbicides sprayed by 
Operation Ranch Hand: 2,4-D, 2,4,5-T, picloram, and cacodylic acid, as well as 2,3,7,8-tetrachlorodibenzo- 
p-dioxin (TCDD, or dioxin). 

The Jenkins Activity Survey, used to determine personality type (a covariate in the analysis of 
cardiovascular data), has become inappropriate to administer to elderly retired men because the survey 
questions refer to on-the-job situations. Alternative measures of personality type will be sought as a 
replacement for this instrument. In this regard, a thorough reassessment of covariate adjustments across 
all clinical areas will be made. New covariates may be added and out-of-date covariates may be dropped. 

A new series of statistical analyses, accounting for disease outcomes that may cross two or more clinical 
areas, will be considered. The possibility of second-order effects will be studied for inclusion in the next 
report. A multifactor approach may be used to assess psychological outcomes, for example. Changes to 
or replacement of the current longitudinal analyses will be considered to explicitly account for loss-to- 
follow-up and time-dependent covariates. 

Statistical modeling will be reviewed. In particular, Model 2 will be reassessed to address possible 
changes in the elimination rate with body fat. An analysis stratified by category of body fat measured in 
an earlier examination may be used. Interactions between extrapolated initial dose, disease outcome, and 
percent body fat will be considered as alternate approaches. 

Special efforts will be made to address loss-to-follow-up and possible differential compliance due to ill 
health or other reasons that would bias the study. Expanded questionnaires may be administered to 
noncompliant veterans and consideration will be given to sending medical teams to the homes of veterans 
who report that they are too ill to attend the physical examination. 

Analyses of disease prevalence among all study subjects, regardless of their compliance to the 2002 
physical examination, will be accomplished and summarized in the final report. 
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APPENDIX A. POLICIES AND PROCEDURES FOR DIOXIN BLOOD COLLECTION AND PROCESSING 

This appendix contains the following Scripps Clinic Policies and Procedures documents: 

1. Dioxin Blood Collection 

2. Dioxin Blood Processing 

3. Dioxin Mailouts. 



POLICIES AND PROCEDURES 

Scripps Clinic 
Department of Pathology 
10666 N. Torrey Pines Road 
LaJollaCA 92037 

LABORATORY SECTION: PHLEBOTOMY 
TITLE: AFHS - DIOXIN BLOOD COLLECTION 
P.P. NUMBER: ISSUE DATE:    3/92 REVISION DATE:  

1.0      PURPOSE 

1.1      To collect blood sample for dioxin testing in accordance with Center for Disease 
Control standards. 

2.0      SCOPE 

2.1       Applies to designated Air Force Health Study participants. 

3.0      MATERIALS 

3.1 Blood - pack unit without anticoagulant - 600ml. 
3.2 Alcohol swabs 
3.3 PDI duo swabs 
3.4 Sterile gauze 
3.5 Adhesive tape 
3.6 Gloves 
3.7 Coban 
3.8 Unit holders 

4.0      PROCEDURE 

4.1 On day 2, blood is drawn from designated participants with a 15 gauge needle into 
blood pack unit without anticoagulant 
4.1.1    Blood pack units have been previously tested by the CDC for dioxin 

contamination. 
4.2 Participants will have 280ml of blood drawn. 
4.3 Select site for venipuncture. 

4.3.1    On patients who have not yet had their physical exam, the dominant arm is 
preferred. 
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etc. 

4.4 Prepare site for venipuncture in the following manner: 
4.4.1 Ask participant if they are allergic to iodine. 

4.4.1.1 If allergic to iodine, use alcohol prep (70% isopropyl alcohol) 
4.4.2 Wash hands. 
4.4.3 Apply gloves. 
4.4.4 Scrub venipuncture site with Povidine-Iodine Scrub*1 moving outward in a 

concentric spiral for at least 30 seconds to clean away fat, oils, dirt, 

4.4.5 Remove scrub prep in a concentric spiral with sterile gauze and allow to dry. 
4.4.6 Apply tincture of iodine (Povidine-Iodine Scrub011) in a circular fashion, 

starting at the proposed needle site, working outward. Allow to dry. (If 
allergic to iodine, use alcohol prep [70% isopropyl alcohol]). 

4.4.7 If not ready to do venipuncture immediately, cover site with dry sterile gauze. 
4.5 Perform venipuncture and securely tape needle and tubing to arm. 
4.6 Blood is collected into unit bag. 

4.6.1    Amount of blood is determined by weighing sample. 
4.6.1.1 When using Terumo scale, set scale at "0", fill bag to 280 ml. 
4.6.1.2 When using balance scale, set balance to 381gms. 
4.6.1.3 When amount needed is reached, release tourniquet, and clamp tubing 

with hemostat 
4.7 Remove needle from vein. 
4.8 Have patient apply pressure to site for several minutes. 
4.9 Apply pressure bandage to site using gauze and coban. 

4.9.1    Instruct patient not to remove bandage for at least 30-45 minutes. 
4.10 Clamp tubing twice with hand sealer and clips. 

4.10.1 Cut tubing above clips. 
4.10.2 Dispose of needle in needle container. 

4.11 Label unit bag with pre-printed label. 
4.12 Place unit bag upright in vertical holder. 

4.12.1 Vertical unit holders are numbered according to order drawn. 
4.12.2 Units are placed in holders according to order of draw. 
4.12.3 Units are to remain upright at room temperature and allowed to clot for at 

least 7 hours. 

5.0      SHORT DRAWS 

5.1       In the event of a short draw, unit pack is to be weighed and the amount of blood 
noted on the unit label. "Short draw" should also be written on label in large letters. 

6.0      MULTIPLE VENIPUNCTURES 

6.1 If unable to collect sample with one venipuncture, ask patient if he is willing to be 
drawn again. If patient is willing, start procedure from beginning. 

6.2 If patient is unwilling to be redrawn, notify nurse coordinator and Air Force monitor. 
6.2.1    Save labels and have test credited. 
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POLICIES AND PROCEDURES 

Scripps Clinic 
Department of Pathology 
10666 N. Torrey Pines Road 
La Joila CA 92037   
LABORATORY SECTION: SPECIMEN PROCESSING 
TITLE AIR FORCE HEALTH STUDY - DIOXIN BLOOD PROCESSING 
P.P. NUMBER: ISSUE DATE:     2/92 REVISION DATE:    2/97  

1.0      PURPOSE; To process blood samples for dioxin testing using Center for Disease Control 
Standards as a guideline. 

2.0       SCOPE:   Applies to Clinical Pathology Medical Technicians involved in processing dioxin 
samples. 

3.0       MATERIALS 

3.1 Transfer pack units - 3 00 ml 
3.2 Plasma transfer set 
3.3 Plasma extractor 
3.4 Vertical unit holders 
3.5 Vertical unit holder boxes 
3.6 Teflon lined lids 
3.7 Teflon stoppers 
3.8 Aluminum sealing caps 
3.9 Aluminum cap sealer 
3.10 Centrifuge bags 
3.11 Handsealer/stripper 
3.12 Shipping List 
3.13 Wheaton bottles 

3.13.1 5 ml, 10 ml 120 ml 
3.14 Styrofoam mailing boxes 
3.15 Dry ice 

4.0      PROCEDURE 

4.1 On the specific day the blood is drawn for dioxins, the units will be brought from the 
blood drawing station to specimen processing and allowed to clot, upright in their 
unit holders, at room temperature for a total of 7 hours. 

4.2 Shipping list 

/itesr.t'u   zJ'*J<?-l 
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4.2.1 The shipping list is a modified version of the list provided by the CDC. 
4.2.2 Shipping list is prepared as follows: write participants name, ED number, 

Accession number, age, and check bottle sent. 
4.2.3 Specify any deviations from collection, storage and shipment protocols, and 

date of occurrence. 
4.3 Centrifuge of unit bags 

4.3.1 Set temperature on floor model blood bank centrifuge between 4-10°C. 
4.3.2 Unit bags are centrifuged in the order they are drawn. 
4.3.3 The units of blood are placed inside plastic centrifuge bags. 

4.3.3.1 The centrifuge bags are then balanced on the blood bank balance. No 
more than 3 units per centrifuge bag should be used. 

4.3.3.2 If one centrifuge bag is heavier than the other, place small rubber 
stoppers into the centrifuge cups until units are balanced. 

4.3.4 Centrifuge bags are placed into the centrifuge caps and spun for 15 minutes at 
4500 RPMs. 

4.3.5 Balance next group of unit bags for centrifuging. 
4.4 Transfer of serum from unit bags to transfer packs. 

4.4.1 Label transfer packs with patients aliquot label. 
4.4.2 Labeled transfer packs are placed in vertical unit holders in the sequence they 

are to be transferred. 
4.4.3 Serum is transferred from the spun unit bag to the transfer pack by plasmas 

extractor. 
4.4.3.1 Place the unit bag on the plasma extractor with side not containing 

manufacturers label toward you. 
4.4.3.2 Remove coupler cover of transfer pack unit 
4.4.3.3 Expose outlet port of blood pack unit. 
4.4.3.4 Insert coupler into outlet port. 
4.4.3.5 Release handle of plasma extractor and express the serum into the 

transfer pack. Do not allow red cells to enter the transfer pack. It is 
important to transfer the predominant amount of serum while 
preventing red cell contamination. 

4.4.3.6 When the desired amount of serum is transferred, release the plasma 
extractor and clamp the tubing between the blood bag and the transfer 
pack using a hemostat clamp. 

4.4.3.7 Seal the transfer tubing in 2 spots 1 inch apart using the Fenwal 
Hematron electronic sealer and severe tubing between seal$ 

4.4.4 Transfer packs containing serum and any unit bags that need to be respun are 
placed in unsequential vertical unit holders and placed in verticaL holder boxes. 

4.4.5 Spinning of transfer packs 
4.4.5.1 No more than 4 units (transfer packs) per centrifuge bag are to be 

balances at one time. In a 6 cup centrifuge this allows for 24 units of 
transferred serum to be spun at one time. 

4.4.5.2 Transfer packs are to be spun at 4-10°C for 15 minutes at 4500 RPM 
in the floor model blood bank centrifuge. 

4.5       Transfer of serum from transfer packs to Wheaton bottles 
4.5.1    Wheaton bottles are labeled with patient aliquot labels 

4 oz Wheaton bottle   S1 Serum dioxin 
5 ml Wheaton bottle   S3 Lipid profile 
10 ml Wheaton bottle S4 Serum reserve 
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4 oz Wheaton bottle   S1 Serum dioxin 
(glass jar with screw cap) 
5 ml Wheaton bottle   S3 Lipid profile 
10 ml Wheaton bottle S4 Serum reserve 
4 oz Wheaton bottle   S2 Serum dioxin *Save the S2 label and do not put on 

bottle. This label will only be used if the amount of serum available 
warrants it. 

4.5.1.1 Insert the sharp end into one of the outlet ports in top of the bag. 

4.5.1.2 Close tubing with thumb roller on tubing. 

4.5.1.3 Press bag with plasma extractor. 

4.5.1.4 Hold open end of tubing over prelabeled Wheaton bottles. 

4.5.1.5 Open tubing and put 5 ml serum in "S3" bottle, 10 ml in "S4" and 
completely fill "SI" 4 oz bottle. Do not use "S2" bottle unless you 

have left over serum. 

4.5.1.6 Extract only the serum being careful that cells do not enter the bottle. 
Recap and tighten. Crimp on aluminum caps to S3 and S4. 

4.5.1.7 Log in the serum samples and store at -70° C until shipment. 

5.0       SHORT DRAWS 

5.1       In the event of a short draw, the participant involved maybe drawn again thus having 
2 smaller units. The units from these should be treated as all the others with regard 

to processing. Also, when aliquotting serum into the Wheaton bottles they may be 
pooled from both units. 

6.0      MAILING OF SAMPLES 

6.1       Frozen samples are mailed weekly to Brooks AFB,TX via Airborne overnight mail. 
See Mailouts Policy and Procedure. 
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POLICIES AN'P PROCEDURES 

Scnpps Clinic 
Department of Pathology 
10666 N Toirey Pines Road 
LaJollaCA 92037 „ —  
LABORATORY SECTION SPECIMEN CONTROL 
TITLE \f HS - DIOXLN MAILOL'TS TO BROOK AFB 
p p NX-MBER:       ISSUE DATE:     4/20/92 REVISION DATE: 3/97  

1.0       PURPOSE: 

t 1       Procedure for mailing out Wheaton bottles with serum for dioxin testing to 
Brooks AFB. 

2.0       SCOPE: 

2.1       Applies to all medical technicians and technologists involved in the mailing of 
AFHS serum samples. 

3.0       PROCEDURE 

3.1 Serum drawn for dioxin testing will be mailed out once a week on each of the 
designated dioxin participant from the previous week. 

3.2 Specimens will be packaged and mailed each Tuesday and will include all specimens 
drawn on the participants of the previous two groups. 

J.J Each participant will have three Wheaton bottles sent. (In some instances, there may 
be four Wheaton bottles on a participant.) 

3.4       Shipment 

3.4.1 The set of 3 aliquots will be removed from the -T0°C freezer. 

3.4.2 The aliquots will be placed in a 4" x   71/2" bubble pack bag. Each participant 
will have 2 bags. The 5 ml and 10 ml Wheaton bottles will be placed in one 
bubble pack per participant. The one 120 ml Wheaton bottle will be placed in 
a separate bubble pack bag. These aliquots will be placed in a bubble pack 
lined styrofoam shipping container. A third bag will be used if there are 4 
Wheaton bottles on a participant. 

 REVEWlZD BY/DATE " REVIEWED BY/DA1E: REVIEWED BY/DATE: 

A*rr/&:/>) 

REVIEWED BY/DATE: REVIEWED BY/DATE. REVIEWED BY/DATE 
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3.4.3 As each of the participants are packed for shipping, they will be logged on the 
shipping list. This list will include the participant's name, age. ID# and 
accession number. The shipping list will have a comment section for any 
unusual occurrences, i.e., short draw. etc. Make a copy of shipping list and 
give to Sharon Bodmer. 

3.4.4 Once all specimens are packed, add a sufficient amount of dry ice 
(approximately 15 lbs) above the specimens to keep them frozen for overnite 
shipment. Buffer package with additional bubble pack as needed. 

3.4.5 Place the shipping list in a zip lock baggy and place inside the shipping box. 
Close the box and seal it with strapping tape. 

3.4.4.1 Aside from sending the shipping list with the specimens. Fax a copy to 
Brooks AFB, attention Vince Elequin at (210) 536-3567. 

3.4.6 Specimens will be mailed via FED EX overnight mail. 

3.4.5.1 Fill out the overnite mail slip as follows:     . 

AL/AOEP 
2606 Doolittle Road 
Building 808 
Brooks AFB, TX 78235-5250 
ATTN: Vince Elequin 

This will be billed to acct. #20-227-7530 

In comment section of the mailing slip, write in "Diagnostic Specimens" and 

indicate on "Dry Ice". 

•3.4.7    Once the shipping box is securely taped and mailing slip filled out, transport to 
shipping department before 1430 for shipping. 

3.5      Procedural note 

3.5.1    Specimen processing will be given a list of participants that require dioxin 
draws. If these participants are not drawn for any reason, i.e. Hemoglobin 
<12.5 mg/dl, they should be placed on the shipping list with their appropriate 
group and the reason for a non-draw placed in the comment section. The 
reason for a non-draw will be communicated from the AFHS nurse 
coordinator to the Laboratory Services Coordinator to the laboratory staff. 
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CONTACT PERSON: 
PHONE NUMBER: 

Sharon Boomer 
(619)554-9552 

GROUP #   
PREPARED BY: 
DATE SHIPPED: 
TOTAL: 

AFHS DIOXIN SHIPPING LIST 
BOTTLES 

PARTICIPANT'S NAME CASED) 
NUMBER 

ACCESSION 
NUMBER 

A 
G 
E 

SI S2 S3 S4 COMMENTS 

. 
i 

I 
i 

- -... 

1 

! 

i 

1 
1 
1 i 

' 
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APPENDIX B. PHYSICAL EXAMINATION METHODOLOGY 

This appendix contains the following items: 

1. The Examiners'Handbook 

2. The data collection forms. 
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ADDENDUM A 

STATEMENT OF WORK 

FOR THE 

AIR FORCE HEALTH STUDY 

1997 FOLLOW-UP EXAMINATION 

AIR FORCE HEALTH STUDY 
EXAMINERS HANDBOOK 

3 July 1996 
(Statement of Work Updates through 30 April 1999 included) 
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AIR FORCE HEALTH STUDY EXAMINERS HANDBOOK 

A.      GENERAL INSTRUCTIONS 

The Air Force Health Study is a multiyear prospective study to determine whether Air Force personnel 
who were engaged with spraying herbicides in Vietnam have developed adverse health effects from 
exposure to herbicides and their contaminant, 2,3,7,8-tetrachlorodibenzo-p-dioxin (dioxin). Detailed 
surveys of the scientific literature have been used to design the questionnaires, the physical examination 
protocol, and select laboratory tests. 

This phase of the study involves a follow-up cross-sectional assessment of each subject's health at the 
time of the examination. It is important that examiners remain unaware of the subject's exposure status 
(Ranch Hand, Comparison). The physician examiner is tasked to examine each subject and objectively 
record findings. The examining physician is not, and cannot be expected, to arrive at any definitive 
diagnoses, since the full history and physical examination findings and laboratory results will not be 
available. Medical history, laboratory results, and physical examination findings will be evaluated by an 
independent diagnostician employed by the contractor. The diagnostician will formulate diagnoses and 
differential diagnoses, if appropriate. Additional procedures to treat or evaluate emergency or urgent 
medical conditions will be directed only by the diagnostician. In addition, the diagnostician will present 
a detailed analysis and debriefing to each study subject and provide a copy of the analysis to the subject's 
personal physician, if authorized by the subject. 

The physicians performing examinations for the study should be aware that the report of the examination 
will become a permanent record. The report will be referenced not only in the near future as the cross- 
sectional data is analyzed, but also during future follow-up phases of the study. These examinations will 
define the health status of the subjects at a point in time and will establish the presence or absence of 
abnormal physical findings. After statistical review of the study groups, these findings may permit 
definition of chronic or latent effects due to exposure. An inaccurate examination may lead to fallacious 
results in two ways: a presumed syndrome may be defined which does not in fact exist, or a syndrome 
which in fact exists may not be defined with enough validity to warrant further action. 

The examining physician is responsible for recording a complete and detailed report of the physical 
examination. In this role, the examining physician is tasked with collecting evidence of the presence or 
absence of physical signs of abnormality only. All items on the physical examination report form must 
be completed. It is imperative that physicians make such additional remarks as may be required to 
adequately describe existing physical abnormalities. Since clinical endpoints have not been well defined 
following exposure to Agent Orange, the examining physician and the diagnostician must not definitively 
ascribe abnormalities to herbicide exposure during the course of the examination or during the 
debriefings. If, during the examination, the physician discovers evidence of acute serious illness 
requiring immediate treatment, the normal emergency or urgent care procedure of the medical facility 
would apply. The Air Force is not responsible for the cost of such emergency or urgent care. 

The debriefing physician shall ask each participant if he received additional testing or additional medical 
treatment during the physical examination time period and shall annotate any such circumstances or 
results on the debriefing form. The ultimate value of the study will lie in the collection of complete, 
accurate and, whenever possible, quantitative data permitting the most stringent and powerful statistical 
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analysis. For this reason, the physical examination protocol requires, whenever possible, exact 
measurements and well defined semi-quantitative indicators of abnormalities. 

B.      CONDUCT OF THE EXAMINATION 

1. Overview 

Upon arrival at the examining facility, the subject should be briefed by a representative of the contractor 
on the appointments that have been arranged, their times, and locations. Consent forms covering all 
examination procedures will be provided to each subject. The subject may decline to participate in any 
individual portion of the examination, even if he previously signed a consent form. 

The examination will be conducted in a manner identical to that used in prior phases of the study and in 
accord with detail in subsequent sections of this handbook and the Statement of Work. 

2. General Physical Examination 

The general physical examination shall include an assessment of 

1. Appearance (well nourished, obese, under nourished) 
2. Appearance relative to stated age (same as, older than, younger than) 
3. Appearance of illness or distress (no, yes) 
4. Hair distribution (normal, abnormal) 
5. Vital signs (height in centimeters, weight undressed in kilograms, oral temperature) 
6. Systolic and diastolic blood pressure 
7. Pulse rate 
8. Premature beats per minute 
9. Pulse diagnosis (regular, irregular, irregularly irregular) 
10. An eye examination (funduscopic and external observation) 
11. An ENT/neck examination 
12. A thorax and lung examination 
13. Waist, chest and neck measurements in centimeters 
14. A heart examination including an overall diagnosis (normal, abnormal, refused) 
15. An examination of the abdomen, extremities and peripheral pulses, musculature and spine 
16. An examination of extremities 
17. An examination of peripheral pulses 
18. An examination of musculature 
19. An examination of the spine 
20. An examination of the genitourinary system 
21. A rectal examination 
22. An assessment of the lymph nodes (normal, enlarged, tender, hard, fixed, confluent, other) 
23. A summary of follow-up indicated or recommended. 
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3. Dermatologic Examination And Biopsy 

The examination shall include 

1. An examination of the skin 
2. Skin biopsy, if indicated 
3. Physical features 
4    Mapping of lesions on an anatomical chart. 

4. Neurological Examination 

The examination shall include 

1. An examination of the head and neck 
2. An examination of motor systems 
3. An examination of muscle status 
4. An assessment of abnormal movements 
5. An assessment of tremors 
6. An assessment of coordination 
7. An assessment of deep tendon reflexes 
8. An assessment of cranial nerves and mental status 
9. An assessment of meningeal irritation and sensory system 
10. An examination of cranial nerves (I, VII) 
11. An examination of cranial nerves (H) 
12. An examination of cranial nerves (HI, IV, VI) 
13. An examination of cranial nerves (V, DC, XI, XII) 
14. An impression of the entire neurological examination. 

5. Psychological Testing 

The Symptom Check List-90-Revised (SCL-90-R) will be given to all study subjects. This self- 
administered test was chosen to ensure adequate analysis of alleged psychological manifestations of 
herbicide toxicity. The psychologist in charge will interpret the results of the test, record those 
interpretations on a form, and provide them to the debriefing physician. The contractor shall forward all 
test materials as scored with annotations, interpretations, and impressions to the diagnostician for 
inclusion in the subject's file. 

6. Electrocardiogram 

A standard 12-lead scalar electrocardiogram is required. If an arrhythmia is observed, a 1-minute rhythm 
strip is additionally requested. This electrocardiogram will be accomplished after a minimum 4-hour 
abstinence from smoking, food, and liquid intake. The tracing should be mounted in the usual manner of 
the laboratory for the recorder used. The electrocardiograms will be interpreted by cardiologists at the 
examination facility. Forward the mounted tracing and rhythm strip, if obtained, to the diagnostician. 

7. Pulmonary Function Testing 

Standard evaluation of pulmonary function will be conducted on each subject following at least 4 hours 
abstention from the use of tobacco products and will include, as minimum, forced expiratory volume at 1 
second, total vital capacity, and the ratio of the two measurements. 
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8. Automated Blood Pressure Determination 

An electronic device will be used to measure blood pressure. The device to be used will be selected by 
the contractor, subject to approval by the Air Force. 

9. Stool Examination For Occult Blood 

Three stool smears from each subject will be tested for the presence of occult blood. Subjects with 
positive tests will be advised and appropriate follow-up will be arranged. 

10. Radiographic Examination 

A standard 14x17 inch, standing, roentgenogram in the posterior-anterior (PA) position will be 
administered to all subjects. A board-certified radiologist at the examining facility will interpret the 
roentgenogram, record the results, and forward them to the diagnostician. 

11. Doppler Testing Of Peripheral Pulses 

A Doppler device shall be used to quantitatively measure peripheral pulses. This procedure shall be 
conducted after a minimum of 4 hours abstinence from smoking. 

12. Measurement Of Height And Weight 

The contractor shall determine the height in meters and weight in kilograms following a standard 
protocol on each subject. The contractor also shall measure the circumference of the waist at the navel 
and the circumference of the neck in centimeters. 

13. Adipose Tissue Samples 

The contractor shall: 

1. Collect 10-15 gm fat tissue by liposuction procedure or any other alternative method. 
2. Rinse one time with ice-cold normal phosphate-buffered saline (PBS). 
3. Remove any excess of PBS solution from the tissue using paper towel, 
4. Either snap freeze immediately in liquid nitrogen or keep it on ice until snap freezing (no longer 

than 30 minutes). 
5. Store at -80 °C until delivery to Brooks Air Force Base. 

14.   Laboratory Procedures - General Instructions 

On the first day, the subject should report in the morning in a fasting state having had only water after 
midnight. Blood for the serum dioxin measurement will be drawn on 650 selected subjects who consent 
to this procedure. Sufficient blood for the dioxin measurement will be drawn to bring the total volume 
collected over the 2 days to not more than 450 cc from these volunteers. 

All study subjects should be informed that they should abstain from alcohol for 24 hours prior to the start 
of the physical examination. 
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15.   Laboratory Procedures - Specific Tests To Be Performed 

1. Erythrocyte sedimentation rate (mm/hr) 
2. Prostate specific antigen (ng/ml) 
3. AST(U/L) 
4. ALT(U/L) 
5. GGT(U/L) 
6. Alkaline phosphatase (U/L) 
7. Total bilirubin (mg/dl) 
8. Direct bilirubin (mg/dl) 
9. Lactic dehydrogenase (U/L) 
10. Cholesterol (mg/dl) 
11. HDL cholesterol (mg/dl) 
12. Trigiycerides (mg/dl) 
13. Creatine phosphokinase (U/L) 
14. Serum amylase (U/L) 
15. Antibodies for hepatitis A, B, C and D 
16. Serological evidence of prior hepatitis B infection (positive anti-HBs or anti-HBc) 
17. Protein profile: pre-albumin (mg/dl) 
18. Protein profile: albumin (mg/dl) 
19. Protein profile: oc-l-glycoprotein (mg/dl) 
20. Protein profile: oc-1-antitrypsin (mg/dl) 
21. Protein profile: a-2-macroglobulin (mg/dl) 
22. Protein profile: apolipoprotein (mg/dl) 
23. Protein profile: C3 complement (mg/dl) 
24. Protein profile: C4 compliment (mg/dl) 
25. Protein profile: haptoglobin (mg/dl) 
26. Protein profile: transferrin (mg/dl) 
27. Red blood cell count (million/cu mm) 
28. White blood cell count (thousand/cu mm) 
29. Hemoglobin (gm/dl) 
30. Hematocrit (percent) 
31. Platelet count (thousand/cu mm) 
32. Prothrombin time (seconds) 
33. RBC morphology (abnormal, normal) 
34. Absolute neutrophils (segs) (million/cu mm) 
35. Absolute neutrophils (bands) (million/cu mm) 
36. Absolute lymphocytes (million/cu mm) 
37. Absolute monocytes (million/cu mm) 
38. Absolute eosinophils (million/cu mm) 
39. Absolute basophils (million/cu mm) 
40. Urinary occult blood (RBC/HPF) 
41. Urinary protein (present, absent) 
42. Urine white blood cell count (WBC/HPF) 
43. Serum creatinine (mg/dl) 
44. Urine specific gravity 
45. Anti-thyroid antibodies (present, absent) 
46. Thyroid stimulating hormone ((iIU/ml) 
47. T4(ug/dl) 
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48. Fasting glucose (mg/dl) 
49. Fasting urinary glucose (present, absent) 
50. Serum insulin (ulU/ml) 
51. <x~l~C hemoglobin (percent) 
52. Luteinizing hormone (mTU/ml) 
53. Follicle stimulating hormone (mIU/ml) 
54. Total testosterone (ng/dl) 
55. Free testosterone (pg/ml) 
56. Estradiol (pg/ml) 
57. Two-hour postprandial glucose (mg/dl) (non-diabetics only) 
58. Two-hour postprandial urinary glucose (present, absent) (non-diabetics only) 
59. CD3+ (T Cells) (cells/cu mm and percent) 
60. CD4+ (Helper T Cells) (cells/cu mm and percent) 
61. CD8+ (Suppressor T Cells) (cells/cu mm and percent) 
62. CD3+CD8+ (Suppressor T Cells) (cells/cu mm and percent) 
63. CD16+56+(CD3~) (Natural Killer Cells) (cells/cu mm and percent) 
64. CD20+ (B Cells) (cells/cu mm and percent) 
65. CD3+CD4+ (Helper T Cells) (cells/cu mm and percent) 
66. CD45+(CD14-) (used as quality control marker) 
67. Absolute lymphocytes (cells/cu mm) 
68. IgG (mg/dl) 
69. IgM (mg/dl) 
70. IgA (mg/dl) 
71. Lupus panel: ANA test (present, absent) 
72. Lupus panel: ANA thyroid microsomal antibody (present, absent) 
73. Lupus panel: MSK smooth muscle antibody (present, absent) 
74. Lupus panel: MSK mitrochondrial antibody (present, absent) 
75. Lupus panel: MSK parietal antibody (present, absent) 
76. Lupus panel: Rheumatoid factor (present, absent) 
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FORM AFHS-3A PHYSICAL EXAMINATION (PART 1) (SHEET 1 OF 2) 

GENERAL PHYSICAL APPEARANCE 

APPEARANCE 

O WELL NOURISHED 
O 08ESE 
O UNDER NOURISHED 

APPEARANCE VS 
STATED AGE 

O SAME AS 
O OLDER THAN 
O YOUNGER THAN 

APPEARANCE OF 
ILLNESS OR DISTRESS 

ONO 

OYES 
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DISTRIBUTION 

O NORMAL 

O ABNORMAL 

®® COMMENTS? OO 
OO 
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NOTE: FILL IN VITAL SIGNS WITH MAXIMUM VALUES IF REFUSED. 
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SUMMARY 

O NORMAL 

O ABNORMAL 

O REFUSED 

O LEFT EYE 
ABSENT 

Q RIGHT EYE 
ABSENT 

EYES 

FUNDOSCOPIC EXAM 

YES NO 
© ® f   LIGHT REFLEX 

© ® A-V NICKING 

© ® ARTERIOLAR SPASM 

® ® PAPILLEDEMA 

YES NO 
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OO 
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FORM AFHS-3A PHYSICAL EXAMINATION {PART 1) (SHEET 2 OF %) 
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® - REFUSED © - LEFT 
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OTHER 

® ® 
®® COMMENTS? 
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oo 
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O NORMAL 
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Q REFUSED 

©® ASYMMETRICAL EXPANSION 
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oo 
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O O © ® DULLNESS 

OO 
OO®® WHEEZES 
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00®®RALES 
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OO®® SUSPECTED COPD 
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PARTICIPANT LABEL CASE NUMBER 
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FORM AFHS-3B PHYSICAL EXAMINATION (PART 2) (SHEET 1 OF 2) 
ABDOMEN 

Y)® ABDOMEN ABNORMALITY COMMENTS? 
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FOLLOW UP 

oo 
oo 
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O NORMAL 

O ABNORMAL 

O REFUSED 
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YES 

o 
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O    LIVER TENDERNESS 
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O    SPLEEN TENDERNESS 

OTHER MASS?* ; 
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EDEMA 

®o® 
CLUBBED 

NAILS 

®o® 
VARicosrriES 

®@® 
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®©@ ®©@ ®o® ®®® ®©@ 
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LOSS 

®@® 
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® ® DESCRIBE ABSENCES & / OR ABNORMALITIES 

PERIPHERAL PULSES 
FEMORAL BRUIT(S) PRESENT? 

(N = NONE, L = LEFT, R» RIGHT) 
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OO 
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o 
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COULD NOT ® ® ® © ® 
EXAMINE  

® ® ® ® ® 

0® PULSE COMMENTS 
OO 
OO 

ONORMAL 

O ABNORMAL 

O REFUSED 

STRAIGHT LEG RAISE ABNORMAL? 

ANY WEAKNESS NOTED? 
ANY TENDERNESS NOTED? 

ANY ATROPHY NOTED? 

ABNORMAL CONSISTENCY? 

OTHER ABNORMALITY? 

O NORMAL 

O ABNORMAL 

O REFUSED 

ANY SCOLIOSIS NOTED? 

ANY KYPHOSIS NOTED? 

PELVIC TILT NOTED? 

| RANGE OF MOTION? 

NO 

o 
o 
o 
o 

YES 

o 
o 
o 
o 

CNE 

© 
© 
® 
® 

NO    YES   CNE 

o o ® 
o o © 
o o ® 
o o ® 
o o ® 
o^^«> 

SPINAL TENDERNESS 
O NONE NOTED 
O CERVICAL AREA 

O THORACIC AREA 

O LUMBAR AREA 
Q SACRALAREA 

0® COMMENTS? 

0® COMMENTS? 

OO 
oo 
oo 
oo 
oo 
oo 
O0j 

o 
oo 

FORM QA AUDIT BY: 

©©©©©©INITIALS: 

DATE: 
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©0©©©©®©®® 
®©©®©®®@®® 
®©©®©®®®©® 
®©©©@®®©©® 
®©©®®®®®®® 
®©©©@®©©®® 

GROUP NUMBER 
®©©®©®®©®® 
®®©®®®®©_®® 

BÖUWNBRW 
®©©®©©©©®® 
®©@®®®®©®® 
®©®@®®®®M 

L1.J 

FORM AFHS-3B PHYSICAL EXAMINATION (PART 2) (SHEET 2 OF 2) 
GENITOURINARY EXAM _ 

: YEAR 15 

FOLLOW UP 

PE PART 2 CONTINUED) 

GENITOURINARY 
EXAM 

O NORMAL 

O ABNORMAL 

O REFUSED 

YES     NO   REFUSED 
©      ®      ®    RIGHT INGUINAL HERNIA? 

©      ®      ®    LEFT INGUINAL HERNIA? 
©      ®      ®    SCROTAL MASS PRESENT? 

TESTES 
NORMAL 

LEFT O 

RIGHT O 

ENLARGED 

o 
o 

NODULE 

o 
o 

ATROPHIC 

o 
o 

ABSENT 

o 
o 

OTHER 

o 
o 

YES     NO    REFUSED 
©      ®      ®    VARICOCELE 
®      ®      ®    EPIDtDYMAL ABNORMALITY 

®®©©©®@©®0    SCROTAL MASS SIZE 
(DIAMETER IN CM) 

©©COMMENTS: 
OO 
OO 
OO 
QO 

RECTAL EXAM 
RECTAL EXAM 
O NORMAL 

O ABNORMAL 

O REFUSED 

HEMORRHOIDS 
EXTERNAL 

INTERNAL 

NONE APPARENT 

o 
o 

REFUSED 

o 
o 

BLEEDING 

o 
o 

THROMBOSED 

o 
o 

OTHER 

o 
o 

YES    NO   REFUSED 

o 
o 

o 
o 

o 
o 

PROSTATIC ENLARGEMENT? 

RECTAL MASS(ES)? 

©©COMMENTS? 
OO 
OO 
OO 

O 
LYMPH NODES 

NORMAL    ENLARGED    TENDER 

O NORMAL 

O ABNORMAL 

O REFUSED 

CERVICAL 

OCCIPITAL 

SUPRACLAVICULAR 

AXILLARY 

EPITROCHLEAR 

INGUINAL 

FEMORAL 

O 
o 
o 
o 
o 
o 
o 

o 
o 
o 
o 
o 
o 
o 

o 
o 
o 
o 
o 
o 
o 

HARD 

o 
o 
o 
o 
o 
o 
o 

FIXED 

o 
o 
o 
o 
o 
o 
o 

CONFLUENT    OTHER 

o 
o 
o 
o 
o 
o 
o 

o 
o 
o 
o 
o 
o 
o 

©©COMMENTS: ÜÜ 
OO 
OO 
OO 

SUMMARY OF FOLLOW-UP INDICATED OR RECOMMENDED 
SUMMARY OF FINDINGS 

ENTIRE EXAM WAS: 

O ALL NORMAL 
O NORMAL WITH NOTED VARIATIONS 
O ABNORM AL AS SUMMARIZED 

O REFUSED ENTIRE EXAM 

© ® ANY OTHER TESTS INDICATED? 

© ® ANY OTHER TESTS ORDERED? 

@® OTHER TESTS DESCRIBED? 

I® © COMMENTS: OO 
OO 
OO 
OO 
QO 
OO 
OO 

PRINTED NAME OF 
EXAMINING PHYSICIAN 

INITIALS / DATE FORM QA AUDIT BY: 

©©©©©©INITIALS: 

DATE; 
M»rk8efta»byNCSMM211966-1       65432t Printed In U.S.A. 



I .   JL .   k 

mammf.mam' CASE NUMBER 

®©©©®®®©©® 
®©©®®©®©©® 
@©©®®®®®®® 
®©@®®®®©®® 
®©©®©®®©®® 
®®©@®©®®®® 

@©©®®®®®®©, 
EXAMINER KB. 

®©@®®®®©®® 
®©©®©®®®@® 
@©®©©®®®@® 

FORM AFHS-4A DERMATOLOGiC EXAMINATION AND BIOPSY 

FOR POSITIVE FINDINGS NOTE TYPE AND LOCATION ON ANATOMIC CHART 
AND DARKEN THE APPROPRIATE CIRCLE BELOW 

YEAR 15; .1 
FOLLOW UP 

EXAM WAS: ©NORMAi^ON^^ O REFUSED I ANATOMICAL CHART USED?   ®® 

YES NO TYPE 

O O 1 COMEDONES 

O O 2 ACNEIFORM LESiONS 

O O 3 ACNEIFORM SCARS 

O O 4 DEPIGMENTATION 

O O 5 INCLUSION CYSTS 

O O 6 CUTIS RHOMBOIDALIS 

O O 7 HYPERPIGMENTATSON 

O O 6 JAUNDICE 

O O 9 SPIDER ANGIOM ATA 

O O 10 PALMAR ERYTHEMA 

O O 11 SUSPECTED MELANOMA 

O O 12 PALMAR KERATOSES 

O O 13 ACTINIC KERATOSES 

O O 14 PETECHtAE 

O O 15 ECCHYMOSES 

O O 16 CONJUNCTIVAL ABNORMALITY 

YES   NO 

o  o 
TYPE 

17 

o o 18 

o o 19 

o o 20 

o o 21 

o o 22 

o o 23 

o o 24 

o o 25 

o 
'■&:■ 

26 

Ö-; iQl- 27 

■Q;;: ■&i 
: W 

O o 29 

O o 30 

o o 31 

ORAL MUCOSAL ABNORMALITY 

FINGER NAIL ABNORMALITY 

TOE NAIL ABNORMALITY 

DERMATOGRAPHIA 

SUSPECTED BASAL CELL CARCINOMA 

SUSPECTED SQUAMOUS CELL CARCINOMA 

ATYPICAL/UNUSUAL NEVUS 

VITIUGO 

TINEA PEDIS 

INTERTRIGO 

UPÖMÄ 

ECZEMA 

PSORIASIS 

SEBORRHEIC DERMATITIS 

OTHER ABNORMALITY(IES) 

O BIOPSY NOT INDICATED 
O BIOPSY INDICATED, IF SO 

#SAMPLES   ©0©©©®©®©® 
♦ O BIOPSY PERFORMED, IF SO—1--*  YES © CONSENT FORM OBTAINED 

© BIOPSY REFUSED 
O BIOPSY PEI 
Q REFERRED 

C 
©      ® SAMPLE # TYPE AND LOCATION CODE(S) ÖOI©     ® COMMENT(S)/SUSPECTED DIAGNOSIS ©O 

OO 
oo 
OO 

PRINTED NAME OF EXAMINING PHYSICIAN 

OO 
OO 
OO. 

INITIALS    /    DATE FORMQA AUDIT BY; 
0®®©®© INITIALS: 

DATE; 

M«rtlB«ftex»byNCSMM212097-1       654321 GS99 Printed in U.S.A, 
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PARTICIPANT LABEL CASE NUMBER 

®®©®0©©0©© 
©©©©©©©©©© 
©©©©©©©©©© 
®©©®©©©©®® 
®©®®®®®©®@ 
®®©®®©©©®© 

©©©©©©©©©©! 
fflfO©©©©®©©© 

EXAMINER I.D. 

©©©©©©©©©© 
®©®®®®®©®© 
®©®®©®©®©© 

FORM AFHS-4B PHYSICAL FEATURES 
YEAR 15 

FOLLOW UP 

© ® © WEARING COLORED OR TINTED CONTACTS? 

EYE COLOR 
LEFT RIGHT 

BROWN o o 
HAZEL o o 
GREEN o o 
GREY o o 
BLUE o o 
ABSENT o o 

GREYS 
HAIR COLOR 

SOLID COLOR   

BLACKS       ©       ®@ 
BROWNS     ©@@@@@ 
BLONDS      @      ® 
REDS ®      ® 
BALD ©      ® NOT NEEDED 
(NOTE: 151 - BLACK AND GREY) 

© © IS HAIR DYED OR ALTERED? 

SKIN COLOR 

NN 

®®®®®®©©©®®@® 

© ©©COMMENTS? oo 
oo 
oo 
oo 
oo 

PRINTED NAME OF EXAMINING PHYSICIAN INITIALS    /    DATE FORM QA AUDIT BY: 
©®®®®®«*mALS: 

DATE; 
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'Witicrt»A»irSÄgii 
|®©<2)©©®©©©© 
®©©@@®®®®® 
®®®@®@®®®® 
®0©®®©®®®® 
®©©@®®®®®® 
®©©®®®®©©® 

fUJHJÖP NUMBER" -": 
I®©©©©©©©©'®! 
i®®©®®®®©®® 

EXAMINER I.D. 
I® © © © © ® ® © ® ®M 
®©@©©©©©@®f 
®©©®®©®©®@j 

FORM AFHS - 5 NEUROLOGIC EXAMINATION (SHfeET 1 ÖF^t) FOLLOW Uf* 

INSPECTION AND PALPATION 
ONE YES NO 

O NORMAL ® © ® ASYMMETRY 

O ABNORMAL ® ® ® DEPRESSION 

®@® SCAR 

®@® OTHER 

HEAD AND NECK 
NECK RANGE OF MOTION 

LEFT 

RIGHT 

FORWARD 

BACKWARD 

NORMAL DECEASED 

O O 
O O 
O O 
O O 

©©COMMENTS 

MOTOR SYSTEMS 

© NORMAL 

O ABNORMAL 

O COULD NOT 
EXAMINE 

GAIT 

©® BROAD BASED 

®® SMALL STEPPED 

©® ATAXIC 
©©OTHER   ► 

©©COMMENTS O 
O 
O 
O 
O 

CNE 

® 
® 
® 
® 

ARM SWING MOVEMENT 

NORMAL   ABNORMAL   CNE 

LEFT      O O ® 
RIGHT    O O ® 

O NORMAL BULK 
—    TONE     

UPPER EXTREMITIES 

LOWER EXTREMITIES 

  STRENGTH    

DISTAL WRIST EXTENSORS 

ANKLE/TOE FLEXORS 
PROXIMAL DELTOIDS 

HIP FLEXORS 

O ABNORMAL 

NORMAL     CNE 

O 

IVIUSCLE STATUS 
DECREASED INCREASED ©® COMMENT: 

o 
o 
o 
o 
o 

LEFT RIGHT BOTH LEFT RIGHT BOTH 

o o o o O o 
o o o o o o 
o o o 
o o o 
o o o 
o o o 

TICS, CHOREAS FASICULATIONS 

© 
® 

® 
® 
® 
® 
        ABNORMAL MOVEMENTS 

TREMOR(S) 

oo 
oo 
oo 
oo 
oo 
oo 
oo 
oo 
oo 

NOTREMOR 

RESTING 

ESSENTIAL 

INTENTION 

OTHER 

1 EQUILIBRÄTORY (ROMBERG) 

2 FINGER-NOSE-RNGER 

3 HEEL-KNEE-SHIN 
4 HAND PRONATION/SUPINATION 

5 RAPID PATTING 

EXTREMITY 
UPPER              LOWER 

LEFT RIGHT LEFT RIGHT 

o o o o 
o o o o 
o o o o 
o o o o 
o o o o 

© ® COMMENTS 

©@©l©® COMMENTS 

OO 
SPEECH 

O NORMAL     O DYSARTHRIA 

O O O APHASIA     O AGNOSIA 
OOP OTHER ABNORMALITY 

NORMAL 

o 
o 
o 
o 
o 

I— 
LEFT 

o 
o 
o 

COORDINATION 
ABNORMAL 

RIGHT 

o 
o 
o 

CNE 
OTH ® 
o ® 
o ® 
o ® 
O   ;. .   ® 

OO©® COMMENTS 

OO 
OO 
OO 
oo 

®® COMMENTS 

DEEP TENDON REFLEXES 
(0 »ABSENT, ', „ SLUGGISH.  2 » ACTIVE, 
3 «VERY ACTIVE, X.CNE)       

C**£: 

BICEPS 

TRICEPS 
PATELLAR 

ACHILLES 

BABINSK! 

•EFT ACTIVITY  

®       ©       ©       @       ® 
® © © ® ® 
© © ® © © 
®       ©      ©      ®       ® 

PRESENT O ABSENT Q      © 

AcnvrrY 
®    ©    ®    © ® 
®    0    ©    © ® 
®    ©    ®    ® ® 
©    ©    ©    © ® 

PRESENT O ABSENT Q ® 

PATELLAR 

ACHILLES 

NORMAL 

O 
o 

LEFT 
THANSIENT      SUSTAiNFD 

CLONUS 
CNE      NORMAL 

RiGHT 
TRANSIENT     SUSTAINED 

O 
o 

o 
o 

® 
® 

o 
o 

o 
o 

o 
o 

CNE 

® 
® 

(?) ® COMMENTS 

o 
o 
O 
O 
o 

oo 
oo 
oo 
oo 
oo 
oo 
oo 
oo 
oo 
oo 
oo 
oo 

®@ COMMENTS oo 
oo 

FORM QA AUDIT BY: 

®@®®@® 

DATE: 

INITIALS: 
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PARTICIPANT LABEL 
|©®©®®©®0®© 
®©®®®©®©®® 
©©©©©©©©©© 
®©®®©©©®©® 
®©®®®©®©®® 
®©®®®®®©®® 

GB0BPNUWB6P ; 
®®®®®®®®®® 
@©®@®®®©®® 

:      EXAMINER |.P' 
I®®®®®®®®®® 
®®@®®®®®®® 
@©©®@®®®®® 

FORM AFHS - 5 NEUROLOGIC EXAMINATION   (SHEET 2 OF 2) 
CRANIAL NERVES AND MENTAL STATUS 

CODES: 
0 = COULD NOT EXAMINE ® 

(R) « DEVIATED TO RIGHT SIDE © 

NO; NOT NORMAL 
DEVIATED TO LEFT SIDE 

®= YES,, NORMAL 

STRAIGHT LEG RAISING 

LIGHT TOUCH 

PIN PRICK 
VIBRATION AT ANKLE (128 HZ} 

POSITION (GREAT TOE) 

MENINGEAL IRRITATION AND SENSORY SYSTEM 

o o 
o o 
o o 
o o 
o o 

ABNORM* iL- ®® COMMENTS 

RIGHT BOTH CNE 

o o ® 
o o ® 
o o ® 
o o ® 
o o ® 
CRANIAL NERVES (L VII) 

LEFT RIGHT 

®@® ®@® 
®@® ®®® 
®®@ . ©©© 

LEFT RIGHT 

0® COMMENTS (I. VII} 

SENSE OF SMELL PRESENT? 

SMILE NORMAL? 
FALPEBRALiFISSURENORMAL? 

CRANIAL NERVES (II) 
©©COMMENTS 

®@® 
®@® 
®@® 
®@® 
®@® 

UEEI 
®@® 
®@© 
 > 
®@® 
®®® 
®®® 
®®® 
®®@ 
@®@ 
0®© 
®@® 

®®® 
®@© 
®@® 
®@® 
®@© 

RIQHT 
®®0 
®@® 
®@® 
®@® 
®@® 
®@® 
®@® 
®@® 
®@® 
®@® 
®@© 

FUNDOSCOPIC EXAM NORMAL? 

ABSENCE OF DISK PALLOR/ATROPHY? 

ABSENCE OF EXUDATE? 
ABSENCE OF PAPILLEDEMA? 

ABSENCE OF HEMORRHAGE? 

CRANIAL NERVES (III, IV, VI] 

CONTACT LENS REMOVED? 
VISUAL FIELDS NORMAL TO CONFRONTATION? 

-> PUPILS EQUAL SIZE? DIFFERENCE-™*® ® @® ©  mm 
PUPIL SHAPE/POSITION ROUND & NORMAL? 

LIGHT REACTION NORMAL? 

HORIZONTAL NYSTAGMUS 

VERTICAL NYSTAGMUS 

ROTARY NYSTAGMUS 

EYEBALL POSITION NORMAL?- 

PTOSIS ABSENT? 
CORNEAL REFLEX NORMAL? 

@® COMMENTS (HUVr VI) 

DRAW ABNORMAL POSffIONS 

CRANIAL NERVES (V, IX, XI, XII) 

LEEE   SUSHI 
®@® ®@® 
®®@ ®@® 
®@® ®@® 
®@® ®@® 

®® 
®® ®© 
®® @© 
©©   @® 

© ® COMMENTS (V, IX. XI, XII) 

TRIGEMINALV1 SENSORY NORMAL? 

TRIGEMiNAL V2 SENSORY NORMAL? 

TRIGEMINAL V3 SENSORY NORMAL? 

PALATE REFLEX NORMAL? 
TONGUE PROTRUDESTO MIDDLE, NOT DEVIATED? 

TONGUE NORMAL, NOT ATROPHIED? 

CLENCH JAW SYMMETRIC (NOT DEVIATED)? 

PALATE & UVULA MOVEMENT (NOT DEVIATED)? 

® ® MENTAL STATUS GROSSLY ORIENTED S NORMAL? 

®® COMMENTS 

YEAR 15 

oo 
oo 
oo 
oo 
oo 
oo 
oo 
oq 
oo 
oo 

>o 
o 

oo 
oo 
oo 
oo 
oo 
oo 
oo 
oo 
oo 
oo 
oo 
oo 
oo 
oo 
oo 
oo 
oo 
oo 
oo 
oo 
oo 
oo 
oo 
oo 
oo 
oo 
o 
o 

IMPRESSION OF ENTIRE NEUROLOGIC EXAM 
0 COMPLETELY NORMAL EXAM 

O NORMAL WITH MINOR VARIATIONS NOTED 

O ABNORMAL WITH NO FOLLOW-UP NEEDED 
Q ABNORMAL WITH FOLLOW-UP RECOMMENDED 

Mark Reflex» by NCS MM212100-1       554 

0® COMMENTS FORM QA AUDIT BY; 

®®©0® ©INITIALS: 

PRINTED NAME OF EXAMINING PHYSICIAN/DATE 

DATE: 
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PARTICIPANT LABEL. CASE NUMBER 
®©©@®©©©®© 
®©©®©®©©®© 
®©@®®®®©®® 
®©@®©©®©©© 
®©©@©®©©©® 
®®@®®®®©®® 

GROUP NUMBER 
®©©®©©®®®® 
®©©®®®®©©® 

sawiiNERm-;!;;v '•-. XI 
®©®®®@®®®® 
®©®®®®®©®® 
®Q®@®®®®®® 

FORM AFHS - 9 ANATOMICAL CHART   (SHEET 1 OF 2) 
YEAR 15 

FOLLOW UP 

RIGHT 

RIGHT LIEFT 

© ® LESION(S) PRESENT ON FRONT 

LESION TYPE LEGEND                                                              [ 

1 COMEDONES 17 ORAL MUCOSAL ABNORMALITY                   I 

2 ACNEIFORM LESIONS 18 FINGERNAIL ABNORMALITY                          \ 

3 ACNEIFORM SCARS 19 TOENAILABNORMALITY                                 \ 

4 DEPIGMENTATION 20 DERMATOGRAPHIA                                           \ 

5 INCLUSION CYSTS 21 SUS. BASAL CELL CARCINOMA                         \ 

6 CUTfS RHOMB01DAUS 22 SUS. SQUAMOUS CELL CARCINOMA 

7 HYPERPiGMENTATION 23 ATYPICAL/UNUSUAL NEVUS                              / 

8 JAUNDICE 24 VITILIGO                                                               j 

9 SPIDER ANGIOMATA 25 TINEA PEDIS                                                       £ 

10 PALMAR ERYTHEMA 26 INTERTRIGO                                                       " 

11 SUSPECTED MELANOMA 27 UPOMA 

12 PALMAR KERATOSES 28 ECZEMA 

13 ACTINIC KERATOSES 29 PSORIASIS 

14 PETECHIAE 30 SEBORRHEIC DERMATITIS 

15 ECCHYMOSES 31 OTHER ABNORMALiTY(lES) 

16 CONJUNCTIVAL ABNORMALITY 

Mark* teffex« b¥ NCS MM212101 -1        654321          GS99 Printed in U.S.A. 

FORM QA AUDIT BY: 

©©©©©© 

DATE: 

INITIALS; 



I .   I 

I8ÄTICIPANT LAB«, CASE NUMBER 
®©@©©®®©©© 
®©®©©®®©®© 
®©©®®®®®®@ 
®©®®®®®®®(I 
®©©©©®©®®® 
®©®©®®®®®® 

GROUP NUMBER 

I©©©®©©®©®® 
i©©©®©@©©®® 

EXAMINER i.D. 

D©®®®©®©®® 
®®@®©®®®®® 
@®®©@©©©®® 

FORM AFHS - 9 ANATOMICAL CHART »SHEET 2 OF 2) 

mi 
.ro&öw UP 

RIGHT 

LEFT 

© ® LESION(S) PRESENT ON BACK 

LESION TYPE LEGEND 

COMEDONES 17 

ACNEtFORM LESIONS 18 

ACNFJFORM SCARS 19 

DEPIGMENTATION 20 

INCLUSION CYSTS 21 

CUTIS RHQMBOIDAUS 22 

HYPERPIGMENTATiON 23 

JAUNDICE 24 

SPIDER ANGIOMATA 25 

PALMAR ERYTHEMA 28 
SUSPECTED MELANOMA 27 

PALMAR KERATOSES 28 
ACTINIC KERATOSES                           " 29 

PETECHSAE 30 

ECCHYMOSES 31 

CONJUNCTiVAL ABNORMALITY 

ORAL MUCOSAL ABNORMALITY 

FINGERNAIL ABNORMALITY 

TOENAIL ABNORMALITY 

DERMATOGRAPHIA 

SUS, BASAL CELL CARCINOMA 
SUS. SQUAMOUS CELL CARCINOMA 

ATYPICAL'UNUSUAL NEVUS 

VITILIGO 
TINEA PEDIS 

INTERTRIGO 
LIPOMA 

ECZEMA 

PSORIASIS 

SE80RRHEIC DERMATITIS 
OTHER ABNORMALITY(IES) 

PRINTED NAME OF EXAMINING PHYSICIAN SIGNATURE/DATE FORM QA AUDIT BY: 

©©©0®® INITIALS: 

DATE: 
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I ,   1 

PARTICIPANT tABEL CASE NUMBER 
®0@®©®©0®® 
®©®®©©©0®® 
®©®®®@®®®® 
®0@®©®®©®® 
®©@®©®®®®® 
®©@®®®®©®® 

GROUP NUMBER 
®©@®®®®0©® 
©©®©@©©©©® 

EXAMINER I.D. 

®©®®®@®©®® 
®©@®®®®0®® 
®©@®©®®®®® 

m. IP M 
^43S3^ 

FORM ÄFHS -10 ELECTROCARDIOGRAM REPORT 
•> .YEAR 15:- ^ 

FOLLOW-UP 

ECG EXAM WAS/IS: 
FOLLOW-UP RECOMMENDED? 

PARTICIPANT COMPLY 
WITH 4 HOUR ABSTINENCE 

TECHNICALLY 
RHYTHM: NORMAL SINUS 

TACHYCARDIA     BRADYCARDIA 
>100 <50 

®® 
0© 
@© 
@® 
®® 
©® 
®® 
0® 
®® 
®® 

@®@ 
©©© 
®@® 
®@® 
®®® 
®@® 
®®® 
©®© 
©®® 
®®@ 

CHAMBER ENLARGEMENT 

RIGHT ATRIAL © ® 

LEFT ATRIAL © ® 
RIGHT VENTRIC ® ® 

LEFTVENTRIC © ® 

PRIOR INFARCTION ©     ® 

- INFERIOR O 
-ANTEROSEPTAL O 

•ANTERIOR O 

-LATERAL Q 

OTHER OLOWQRSVOLTAGE 

O ANEURYSM 

O EARLY REPOLARIZATJON 

Q PRE EXCITATION  

O NORMAL 

ONO 

OYES 

O SATISFACTORY 
QYES 

O ABNORMAL 

OYES 
ONO 

O UNSATISFACTORY 

QNO 

O REFUSED 

INTERVALS 

PR 

QRS 

QT 

AXIS; 

MORPHOLOGY 

P-WAVE: 
QRS 
ST-T 
Q-WAVE 
Ü-WAVE 

O SHORTENED 

ORBBB 

O NORMAL 
O NORMAL 

O NORMAL 

ONORMAL 
Ö PRESENT 

O NORMAL 
O NORMAL 

OLBBB 
O NORMAL 

O NORMAL 

O ABNORMAL 

O ABNORMAL 

O ABNORMAL 

O ABNORMAL 

O ABSENT 

O PROLONGED 

O PROLONGED 

O OIVCD 

O PROLONGED 

O RIGHT    OLEFT 

O OTHER 

ARRHYTHMIA?  O YES 
IF YES RHYTHM STRIP ATTACHED © 

WILL REQUEST PREVIOUS RHYTHM STRIPS   © 

NOTE TYPE 

® 
® 

O ATRIAL FLUTTER 

O ATRtAL FIBRILLATION 

O A-V DISSOCIATION 

O JUNCTIONAL RHYTHM 
O MULTtFOCAL ATRIAL RHYTHM 

O MULTtFOCAL O pvcs 

O UNIFOCAL O pvcs 

O OTHER (DESCRIBE IN COMMENTS) 

-A-V NODAL ©     ® 
1st0 A-V BLOCK      © 
2nd0 A-V BLOCK      © 

3rd° A-V BLOCK       Q  

O PACS 

O PACS 

O INFERIOR 

Q WPW 

O ANTERIOR 

Q LGL 

O ANTEROSEPTAL   Q LATERAL 

OTHER 

®® COMMENTS Ü 

PRINTED NAME OF CARDIOLOGIST/DATE 

TECHNICIANS 

oo©®®©@® 
oo  

ID#    INITIALS 

ID# INITIALS FORM QA AUDIT BY: 
®®@®©®^™^ 

DATE; 

Mark Knfi*x» by MCS MM212104-1       654321 Printed in U.S.A, 



PARTICIPANT LABEL CASE NUMBER 
©®©®®®©®®® 
®©®©©®®®®® 
®®®®@®©®®® 
®©@®®®©®®® 
®©@®®®®©®® 
©®@@©®®®®® 

GROUP NUMBER 
®©©®®©@©©® 
®©®©®®®®®® 

®©@®®@®®®® 
®©©®©©®®®® 
®©@®©®®®®® 

FORM ÄFHS -11  RADIOLOGY EXAMINATION FOliOftMJR 

CHEST X-RAY EXAM WAS: O NORMAL NO O NORMAL WITH      O ABNORMAL O NEED PRIOR O REFUSED 
FINDINGS FINDINGS FILM(S) 

FILM QUALITY IS: O GOOD O FAIR O WAS REPEATED 

FOLLOW-UP NEEDED: O YES O NO 

COMMENTS/RECOMMENDATIONS: O YES O NO 

NORMAL ABNORMAL 

ANTERIOR 
(PLEASE NOTE THE LOCATIONS IN ABOVE DIAGRAM) 

®® LUNGS GRANULOMATUS 
CHANGES 

® 
© 

OOLD 
©OLD 

O SUSPECT 
Q SUSPECT 

2    INFILTRATE ®      ÖACÜTE   0 CHRONIC 
©       Q ACUTE   Q CHRONIO 

3    HYPERINFLATION ®      O C0PD     Ö OTHER 
©      QCQPP     Qi OTHER 

LESIÖN/NODULE/DENSITY 

® O BENIGN       O SUSPECT   0 CALCIFIED 

© Q BENIGN       Q SUSPECT    Q CALCIFIED 

5   ©      © INTERSTITIAL MARKINGS 

6   ®       © OTHER 

©® ARTERIAL 
VASCULATURE 

Q DILATED/TORTUOUS AORTA 

0 ASC        ©DESC     Q ARCH 

O AORTIC/TORTUOUS AORTA 

QASC        Q DESC     Q ARCH 

O CALCIFICATIONS 

O OTHER; 

O ASC        Ö DESC     O ARCH 

O ASC        O DESC     Q ARCH 

©® VENOUS 
VASCULATURE 

O A~V MALFORMATION 
O PULMONARY VENOUS CONGESTION 

Ö OTHER 

®@ DIAPHRAGMS ELEVATED   ®© 

0 HIATAL HERNIA 

0 OTHER 

HEART NORMAL © ® 

CHAMBER   f ® © ATRIAL 
©©VENTRICULAR 

©©OTHER ■—x 

PLEURA NORMAL 
®@ THICKENED 

©©APICAL 

©©BASE 

©©OTHER 

0® RIGHT ®®LEFT 

BONEY STRUCTURES 

COMMENT        (v>® 

NORMAL     ®      ® 

PRIOR FRACTURES: Q STERNUM 0 SPINE 
O CLAVICLE 0 RIBS 

DEGENERATIVE CHANGES: 0 CERVICAL 
0 DORSAL 

SPINAL CURVATURE: O SCOUOSIS 
0 KYPHOSIS 

RIB ABNORMALITY 0 CERVICAL 

0 HYPOPLASTIC 

0 FUSED 

POST SURGICAL CHANGES 

0 PRIOR THORACTOMY 

0 PRIOR CARDIAC SURGERY 

0 PACEMAKER 

0 OTHER: —» 

X-RAY TECHNOLOGIST ID# INITIALS/DATE 

®©®®®@®®®® 
®®®@®@®®®® 

©®®©@® 
FORM QA AUDIT BY: 

DATE: 

INITIALS: 

«ark Reflex« by NCSJWM212107-1       654321 GS99 Printed in U,S.A. 



1,1     L 

"PARTICIPANT LABEL CASE NUMBER 
®©®®®©©©®® 
®©®®©®®©®® 
®©®®©©©©©® 
®®®®©®©®®® 
®©®®©®®®®® 
®®@®®©©®©® 

GROUP NUMBER 
@©®©©©®®®® 
©Q®®®©©©®® 

EXAMINER 1.0. 

®®@®©®®©®® 
®©©®©®®®®® 
®©©®©@®®®® 

NMQSB>Jr: 

FORM AFHS -14 VASCULAR LABORATORY - DOPPLER 
££AR15 

FOLLOW UP 

yes    no 
©     ®     Are films attached? How many? 

®     ®      Did participant comply with 4 hour abstinence requirement? 

FLVASCULAR 

Right 
cne 

Radial 

Femoral 

Popliteal 

Dorsalis Pedis 

Posterior Tibial 

®       ©    ©    ©    © 

cne 
® ©     ©     ®     ® 

cne 
® ®     ©     ®     ® 

cne 
® ®     ®     ®     ® 

cne 
® ®     ©     ®     ® 

Follow-up: ©    ® 

Comments/Recommendations:©    ® 

O Participant refused 

0 - no arterial flow 
1 * monophasic arteriaf flow 
2 s biphasic arterial flow 
3 = triphasic arterial flow 

LJ/ASCULAR 

cne 
® ®     ©     ®     ® 

cne 
® ©     ©     ®     © 

cne 
® ®     ©     ®     © 

cne 
® ®     ©     ®     ® 

cne 
® ®     ©     ©     ® 

VASCULAR 
oo 
oo 
oo 
oo 
oo 
oo 
oo 
oo 
oo 
oo 

PRINTED NAME OF R.V.TJDATE ID# INITIALS TECHNICIAN ID# 

©@®©©® 
iNrriALS FORM QA AUDIT BY: 

0®®®®® INITIALS: 

DATE: 

Mar* R^x» by NCS «1*212108-1       654321 GS99 Printed In li,SA. 



PARTICIPANT LABEL: piw^ 

YEAR 15 FOLLOW UP 

FORM AFHS - 16A  DIAGNOSTIC  SUMMARY  (MEDICAL) 

ICD-9-CM 
CODE 

CHECK     ONE: 
DIAGNOSIS BASED ON PHYSICAL EXAMS; ECG; HEMOCCULT; CHEST X-RAY; SPIROMETRY; 
VASCULAR; AND LABORATORY STUDIES 

PRE- 
EXISTING 

NEWLY 
DIAGNOSED 

I HEALTH   PROMOTION   SUGGESTIONS: WEIGHT: SMOKING ALCOHOL: 

COMMENTS: FOLLOW-UP NEEDED: 

1. 

COPIES GIVEN TO PARTICIPANT: 
YES                 NO 

1. 

2 2. 

a a 

4. 4. 

RESULTS  OF THE  EXAMINATION  AND  RECOMMENDATIONS  FOR  FOLLOW-UP  HAVE  BEEN  REVIEWED WITH 
ME 

PARTICIPANT:.™ 
SIGNATURE 

DIAGNOSTICIAN: 
SIGNATURE 

IDA- 

DATE:. 

DATE: 

FORM QA AUDIT DONE BY: 
ID# INITIALS        DATE 



I.I      I 

PARTICIPANT LABEL: 
DATE OF DIAGNOSIS (MO/DAY/YR): 

f2?*R**?Si 
YEAR 15 FOLLOW UP 

FORM AFHS  - 16B   DIAGNOSTIC   SUMMARY  (PSYCHOMETRIC) 

ICD-9-CM 
CODE 

—era? ONE- ■ 
DIAGNOSIS BASED ON PSYCHOLOGICAL TESTING: SCL-90-R PRE-            NEWLY 

EXISTING      DIAGNOSED 

COMMENTS: 

PRINTED NAME OF PSYCHOLOGIST: ID» INITIALS DATE FORM QA AUDIT DONE BY: 
ID# INITIALS DATE 



I .   I 

#ttläi8iiitiföMfö: CASE NUMBS? 
®©®®©®©®®© 
®®@®®®®®®® 
®®@®®®®®®® 
®®@®®®®®®® 
®®@®®®®®®® 
®®®@®®®®®® 

:lÄJUP'NUMffl|S 
®®@®®®®®®® 
®Q®@©®®®®® 

EXAMINER I.D. 
®®@®®®®®®@ 
®®®®®@®®®® 
®®@®®®®®®® 

^sjggjj^ 

PART1 

FORM AFHS-22 HEMOCCULT EXAMINATION 

(TO BE COMPLETED BY PARTICIPANT) 

■  YEAR IS 
FOLLOW UP 

Please record the date of each stoo! sampled beiow and describe any alterations from the hemoccuit diet. 
The clinic will complete part 2, 

Date of smear: 

PACKET 1 PACKET 2 PACKETS 

mm ■Mt- 8j3ß MO ©AY . VJtf WB SPtf »is 
| 

®® ®® ® ®® ®® ® ®®@® ® 
©0 00 © ®® ©© © ®®0® © 

© ®® © © ©@ © ©@© © 
® ®® ® © ©® ® ®©@ ® 
© © © © © © ® © © 
® ® © © © ® ® © © 
® ® ® © ® © © © ® 
0 © ® © ® © © © © 
® ® ® ® ® © © © ® 
® ® ®® © ® ®© © ©®@ 

Comply with diet? ©     ® ©     ® ©     ® 

®® COMMENTS: OO 
OO 
OO 
OO 
OO 
OO 

PART 2 

Results: 

SKD HEMOCCULT II SLIDE SAMPLE KIT EXAMINATION RESULTS 
(TO BE COMPLETED BY THE CLINIC) 

PACKET 1 PACKET 2 PACKET 3 
O Positive O Positive O Positive 

O Negative 

Q No sample 

O Negative 

Q No sample 
SLIDE SAMPLE KIT WAS: 

O Complete (al! 3 packets) 

O Incomplete (< 3 packets) 

Q Sampled at rectal exam (0 packets) 

O Negative 

Q No sample 
HEMOCCULT EXAM WAS: 

O All negative 

O At least 1 positive 

©® COMMENTS/RECOMMENDATIONS; OO 
OO 
OO 
OO 
OO 
OO 

PRINTED NAME OF GASTROENTEROLOGIST ID# INITIALS DATE FORM QA AUDIT BY: 

©©©©©© INITIALS: 

DATE: 

Mark Reflex® by NCS MM211967-1      654321        Printed in USA. 



1,1    I 

U.S. AIR FORCE HEALTH STUDY - La Joila, California GROUP NUMBER 

©0©©©®©©®© 
@®®®®©©©@© 

FORM AFHS - 31  EVALUATION 

■ '' ■©•£  'ä 

^OgHj&r 

YEAR 15'/: 
FOLLOW-ilP 

Dear Health Study Participant: 

To serve you and future study participants in the best way possible, please complete this 
short evaluation form. The form may be completed and delivered to the Health Study Logistic 
Coordinator following your outbriefing at the Scripps Clinic on the second day of your examination. 

Initial phone contact and recruitment 
Travel agent contact and travel arrangements 

Logistics Information Packet (mailed) 
Airport/Hote! shuttle service 

Hotel/Clinic van service 
Hotel accommodations 

Evening orientation meeting 
Wives orientation meeting 

Cafeteria meals at the Clinic 
Examination schedule at the Clinic 

Technicians (e.g., blood draw) 
Interviews 

Nursing Staff 
Psychological tests 

Examining physicians 
Clinical outbriefing 

Air Force Health Study Monitor 
Overall clinical experience 

excellent good satisfactory unsatisfactory not appli 

o o o o o 
o o o o o 
o o o o 0 
o o o o o 
o o o o o 
o o o o o 
o o o o o 
o o o o o 
o o o o o 
o o o o o 
o o o o o 
o o o o o 
o o o o o 
o o o o o 
o o o o o 
o o o o o 

•  o o o o o 
o o o o o 

Did any examining physician ask about your specific duties in Southeast Asia? 
(if yes, please see the Air Force On-site Monitor immediately) 

© ® Additional comments or acknowledgements: 

O yes       O no 

Name: 
(not required) 

Mailing Address: Air Force Health Study M/S C5 
Science Applications international Corporation 

10260 Campus Point Drive 
San Diego, California 92121 

Mark Reflex« byNCSMM212109-1       6S4321 GS9S Printed In U.S.A. 



PARTICIPANT LABEL CASENUMBgRj üftöUPHUtÄBEB 
_ 

®©©®©®©®®® 
®©®®®©®®®® 
®®®®®®©©®® 
®0®®©©©®®S 

@©©g>@@@©@© 
™* 

®©®®©®®©(a 
©©©©©©©©(! 
®®@®©®®®Ö 

FORM AFHS - 33 CHECKLIST FOR PARTICIPANT FOLDER 

i if :l ft-,, v M 

.   YEARlS^j 
FOl-LbWÜP] 

N 
O 
R 
C 

® 

, 3   3   4   4 
C        A   B  A   B        5 

®  oooo  o 

16 16 
9  10 11 14 A   B 22 32 

oooooooo 
©©© 

BLOOD DRAW INDICATED? 
DONE? 

DIOX 

®® 
@® 

IMMUNE 

©® 
@® 

DX 

REFUSED O 
RECENT OPERATION O 
GAVE BLOOD RECENTLY O 
HEMOGLOBIN < 12.5 O 
SICK (HAD TEMP. ETC)     O 
OTHER: O 

IM 

o 
o 
o 
o 
o 
o 

S J P L 
C N Ü A 
L   K   L   B 

ooo® 
© 

FOLLOW-UP INDICATED? 
AUTHORIZATIONS ENCL? 

©® 
©® 

COPY LETTER ENCLOSED?    ® ® 

CONSENT FORMS ENCLOSED? 

PLEASE SPECIFY OTHER: 

DX  

IM ^____„_ 

INCIDENT? 

COMMENTS: 

®® 

©® 

MONITOR ID    ©®®©®® 

PHYS EX/PSYCH ®® 
ADIPOSE TISSUE 0® 
HIV TEST ®® 
SKIN BIOPSY ®® 

©® 
®® 

HEMOCCULT SLIDE ENCL? ©® 
MEDICAL RECORDS   (£ )@© 

A OOOO 

B oooo 

c OOOO 

D oooo 

E oooo 

LEGEND: P*INDIVtD PHOTO ENCLOSED   FORM 10: T=£CG TRACINGS ENCLOSED 
FORM 11: C=CHEST (X-RAY ENCLOSED) 
FORM 14: T*TRACtNGS ENCLOSED 
LAB: PRELIMINARY RESULTS ENCLOSED, CaCOMPLETED RESULTS ENCLOSED 
MEDICAL RECORDS: P=PART1C1PANT, S*SPOUSE, C*CH!LD (ENCLOSED) 
DX=DIOXIN    IM^IMMUNE 

FORMQAAUDiTBY: 

®©®©0® INITIALS: 

DATE: 

Mai* Reflex« by NCSMM212110-1       654321 GS99        Printed in U.S«A. 



PÄWfICtMNf IäBBL CÄSfiNÖttOift 
®©@©®®®®®® 
©®@®®©®©®® 
®©®©@®®©®® 
®©®©®@®®®® 
®©®@@©®®®® 
®©®©®©©©^« 

äRäUpMiMBin 
®®@®®®®®®@ 
®®@®@®®®®® 

EXMKNER I.D. 

äf - » 

®®®@®®®©®® 
®©®©©®©®®® 
©®®®®@®®©® 

ifeW.Ji 
^*HmW^l 

FORM AFHS - JAS    JENKINS ACTIVITY SURVEY 
YEAR 15 

FOLLOW UP 

MARKING INSTRUCTIONS 

• Use No. 2 pencil only» 

• Do not use ink or felt tip pens. 

• Erase cleanly any mark you wish to change. 

• Make solid marks that fill the circles completely, 

• Make no stray marks on this form. 

CORRECT MARK        •   • 

INCORRECT MARKS 0®Ö© 

1®@© 

2®@© 

3®@©@ 

4®®©@© 

5®® 

6®®©® 

7®@© 

8®@© 

9®@© 

10 ®@© 

11 ®@© 

12 ®@© 

13 ®@© 

14®@©@ 

15®®©® 

16 CA)®(C}iD 

17 (&{&)W) 

18®®©® 

19®®© 

20®®©® 

21 ®@©@ 

22®@©@ 

23®®©® 

24®®©® 

25®®©® 

26®®©® 

27 ®@© 

28®®©® 

29 ®@© 

30 ®@© 

31 ®@© 

32 ®@© 

33 ®@© 

34 ®® 

35 ®@© 

36 ®@© 

37®®© 

38®@©@ 

39 ®® 

40 ®@© 

41 ®@© 

42®®©® 

43 ®@©® 

44®®©® 

45 ®@©@ 

AGE 

®® 
©© 
@® 
@® 
®® 
®@ 
©@ 
©® 
®© 
®® 

46 {£)1&)1S)1& 

47 ®@© 

48 ®@© 

49 ®@© 

50®®©©® 

51 ®@®®®®@® 

52 ®@© 

FORM QA AUDIT BY: 

©©©©©© 

DATE: 

INITIALS: 

Mark Reflex» by NCSMM212112-1       654321 C.5S3 Printed in U.S.A. 
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APPENDIX C. STUDY SELECTION AND PARTICIPATION 
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Table C-1. Compliance of Ranch Hands by Examination Year 

Disposition 

:: .: Basi tfme Compliance      } 

: Time Period   ■ :   FC   , j '■ ■■■ F€ ■  ■ R   | : ■ ': UNL:;;:     : ,' NS : Total 

Baseline 1,046 127 34 2 - 1,209 

1985 Examination Eligible 1,046 127 34 2 -- 1,209 

Between Baseline & New to Study — - — - 9 9 
1985 Examination Died (10) m (0) (Q) (0) (19) 

Remaining Eligible 1,036 118 34 2 9 1,199 
Subject Unlocatable (27) (12) (0) (0) (0) (39) 
Refused (37) (67) (29) (1) (0) (134) 

Partially Compliant zz zz 15} £Q} (4) 19} 

Fully Compliant 972 39 0 i 5 7,077 

1987 Examination Eligible 1,036 118 34 2 9 1,199 

Between 1985 & New to Study — — — „ 4 4 

1987 Examination Died 02) (2} ill £0} (0) (15) 

Remaining Eligible 1,024 116 33 2 73 1,188 

Subject Unlocatable (8) (10) (2) (0) (0) (20) 

Refused (71) (69) (27) (1) (3) (171) 
Partially Compliant zz zz ill (0) (0) £1} 

Fully Compliant 945 37 3 7 70 996 

1992 Examination Eligible 1,024 116 33 2 73 1,188 

Between 1987 & New to Study — „ - - (0) (0) 
1992 Examination Died (35) (2) m (0) (0) (39) 

Remaining Eligible 989 114 31 2 73 1,149 

Subject Unlocatable (5) (4) (2) (1) (0) (12) 
Refused (82) (75) (23) (0) (4) (184) 

Fully Compliant 902 35 6 i P 953 

1997 Examination Eligible 989 114 31 2 73 1,149 

Between 1992 & New to Study - - - - (0) (0) 
1997 Examination Died (40) m Ü1 IQ} (0) (48) 

Remaining Eligible 949 107 30 2 73 1,101 

Subject Unlocatable (1) (0) (2) (1) (0) (4) 
Refused (129) (71) (23) IQ} (4) (227) 

Fully Compliant 819 36 5 7 P 870 

FC    =    Fully Compliant at Baseline UNL = Unlocatable at Baseline 

PC    =    Partially Compliant at Baseline NS      = New to Study Since Baseline 

R      =    Refusal at Baseline = Undefined Categories 

C-2 



Table C-2. Compliance of Comparisons by Examination Year 

: . Disposition    . 

::.  Ba seline Compl liance 

Time Period -■ i FC ::;;  j ■:-';;;B€   =■'; •;' •■: -% ,Ä : , ;;;NS 'j Total 

Baseline 1,223 301 133 9 1,666 

1985 Examination Eligible 1,223 301 133 9 - 1,666 

Between Baseline & New to Study — - ~ - 73 73 
1985 Examination Died (16) m ill ffi] (0) (26) 

Remaining Eligible 1,207 292 132 5> 73 1,713 
Subject Unlocatable (38) (26) (0) (0) (1) (65) 
Refused (31) (173) (87) (5) (30) (326) 
Partially Compliant zz Zl (24) (Q) £61 (30) 

Fully Compliant 1,138 93 21 4 36 1,292 

1987 Examination Eligible 1,207 292 132 9 73 1,713 

Between 1985 & New to Study — — — „ 33 33 
1987 Examination Died (14) m ill (0) (0} (16) 

Remaining Eligible 1,193 291 131 9 i06 1,730 
Subject Unlocatable (8) (20) (9) (3) (7) (47) 
Refused (73) (178) (88) (3) (16) (358) 
Partially Compliant n zz. (13) £0} (14) (27) 

Fully Compliant 1,112 93 21 3 69 1,298 

1992 Examination Eligible 1,193 291 131 9 106 1,730 

Between 1987 & New to Study -- - - - 83 83 
1992 Examination Died (37) (8) Ü) (0} (6) (52) 

Remaining Eligible 1,156 283 130 9 i*3 1,761 
Subject Unlocatable (9) (8) (7) (3) (29) (56) 
No Health-Match ~ » - „ (11) (11) 
Refused (85) (179) (95) 13} (52) (414) 

Fully Compliant 1,062 96 2* 3 91 1,280 

1997 Examination Eligible 1,156 283 /30 9 183 1,761 

Between 1992 & New to Study — - -- -- 236 236 
1997 Examination No Health-Match in 1992 — „ ._ - (11) (11) 

Died (40) m £2} (0) (16) (67) 

Remaining Eligible 1,116 274 128 9 392 1,919 
Subject Unlocatable (4) (4) (7) (2) (12) (29) 
No Health-Match — — - - (91) (91) 
Refused (136) (176) (91) (3) (142) (548) 

Fully Compliant 976 94 30 4 247 1,251 

FC    =    Fully Compliant at Baseline UNL  = Unlocatable at Baseline 

PC    =     Partially Compliant at Baseline NS     = New to Study Since Baseline 
R      =    Refusal at Baseline = Undefined Categories 

C-3 



Table C-3. Compliance of Original Comparisons by Examination Year 

:-     ■'' -Bas<| line Conipl SÄiel;. :i 1 

..Time Period ■                          '-'Disposition : r- ■ -FC;: '■ : I :PC =: ; \ \ ": ;*t . ;. ■IJNL-:-] ■m ;; total 

Baseline 935 216 81 3 - 7,235 

1985 Examination                 Eligible 935 216 81 3 - 1,235 

Between Baseline &    New to Study — — ._ ._ 17 17 
1985 Examination    Died illl 12) ill (0) (0) (21) 

Remaining Eligible 924 207 80 3 /7 7,237 
Subject Unlocatable (28) (19) (0) (0) (1) (48) 
Refused (25) (127) (62) (2) (4) (220) 
Partially Compliant zz zz. £8} (0) ID 19} 

Fully Compliant 871 61 10 1 // 254 

1987 Examination                 Eligible 924 207 80 3 17 1,231 

Between 1985 &    New to Study — — — — 4 4 
1987 Examination    Died (12) m (0) im 10} (13) 

Remaining Eligible 912 206 80 3 2/ 1,222 
Subject Unlocatable (7) (12) (9) (2) (1) (31) 
Refused (51) (131) (53) (1) (6) (242) 
Partially Compliant zz zz im (Q) £0] £11} 

Fully Compliant 854 63 7 0 i^/ 938 

1992 Examination                 Eligible 912 206 80 3 27 1,222 

Between 1987 &    New to Study — — -- - 2 2 
1992 Examination    Died (25) (6) 10] (0) (2) (33) 

Remaining Eligible 887 200 80 3 27 1,191 
Subject Unlocatable (6) (4) (3) (2) (0) (15) 
Refused (61) (132) (64) £D (6) (264) 

Fully Compliant 820 64 13 ö 75 972 

1997 Examination                 Eligible 887 200 80 5 27 1,191 

Between 1992 &    New to Study „ — — - 2 2 
1997 Examination    Died (32) (9) ill (0) (0) (42) 

Remaining Eligible 855 191 79 3 23 1,151 
Subject Unlocatable (3) (3) (4) (0) (0) (10) 
Refused (106) (125) (61) (2) £8) (302) 

Fully Compliant 746 63 14 1 75 S39 

FC    =     Fully Compliant at Baseline UNL = Unlocatable at Baseline 
PC    =     Partially Compliant at Baseline NS     = New to Study Since Baseline 
R      =     Refusal at Baseline — Undefined Categories 

C-4 



Table C-4. Compliance of Replacement Comparisons by Examination Year 

'.;'■■ Disposition  : 

Baseline Compliance 

:; Time. Period I-. I :FC.;':. ;  -PC;  | "-:: ""-  R : 
:: UN£ r II $11 Total 

Baseline 288 85 52 6 - 431 

1985 Examination Eligible 288 85 52 6 - 431 

Between Baseline & New to Study __ — — „ 56 56 
1985 Examination Died (5) (01 (Ql (01 (01 (51 

Remaining Eligible 283 85 52 6 56 482 
Subject Unlocatable (10) (7) (0) (0) (0) (17) 
Refused (6) (46) (25) (3) (26) (106) 
Partially Compliant ~ (16) (01 (51 (21) 

Fully Compliant 267 32 11 3 25 33« 

1987 Examination Eligible 283 85 52 6 5d 482 

Between 1985 & New to Study - „ - - 29 29 
1987 Examination Died (21 (Ql m (0) (01 (31 

Remaining Eligible 281 85 51 6 85 508 
Subject Unlocatable (1) (8) (0) Ü) (6) (16) 
Refused (22) (47) (35) (2) (10) (116) 
Partially Compliant - ~ (2) (01 (14) (16) 

Fully Compliant 258 30 14 3 55 360 

1992 Examination Eligible 281 85 51 6 85 508 

Between 1987 & New to Study — „ ~ - 81 81 
1992 Examination Died (12) (21 (1) (01 (41 (19) 

Remaining Eligible 269 83 50 6 262 570 
Subject Unlocatable (3) (4) (4) (1) (29) (41) 
No Health-Match — -- „ -- (11) (11) 
Refused (24) (47) (31) (21 (46) (150) 

Fully Compliant 242 32 15 3 76 368 

1997 Examination Eligible 269 83 50 6 /62 570 

Between 1992 & New to Study - - - - 234 234 
1997 Examination No Health-Match in 1992 — — - - (U) (11) 

Died (8) (Q) m (01 (16) (25) 

Remaining Eligible 261 83 49 6 365> 768 
Subject Unlocatable (1) (1) (3) (2) (12) (19) 
No Health-Match — -- - - (91) (91) 
Refused (30) (51) (30) (!) (134) (246) 

Fully Compliant 230 31 16 3 132 412 

FC    =     Fully Compliant at Baseline UNL = Unlocatable at Baseline 

PC    =     Partially Compliant at Baseline NS      = New to Study Since Baseline 

R      =    Refusal at Baseline = Undefined Categories 
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APPENDIX D. COEFFICIENTS OF VARIATION FOR QUALITY CONTROL 

This appendix contains a table of the coefficients of variation (CVs) for each of the 49 laboratory quality 
control assays. Included in this table are the target CVs and actual CVs. The targets and standard 
deviations are given for low, medium, and high level controls. A different entry is provided where 
control lots were changed. The targets and standard deviations for the separate time periods often 
change, and these changes should be incorporated into any analysis of these data. 
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Table D-1. Coefficients of Variation for Quality Control—Trilevel Control Data for the 1997 Air Force Health Study 

Test (Variable Name) (units)                               Time Period                 Low        Medium       High.-       bw        Medium       High 

2-hour Postprandial Glucose (AF2HGL) (mg/dl) 5/1/97-end 3.0 1.6 1.5 2.4 1.9 1.8 

a-1-Acid Glycoprotein (AFA1AG) (mg/dl) 5/2/97-8/20/97 5.0 4.8 4.8 2.5 2.9 4.4 

8/21/97-end 8.5 7.5 7.6 3.1 3.6 4.7 

a-1-Antitrypsin (AFA1AT) (mg/dl) 5/2/97-8/20/97 6.2 4.2 4.5 7.5 3.6 4.7 

8/21/97-end 12.0 9.9 10.1 8.0 4.1 5.7 

a-2-Macroglobulin (AFA2MG) (mg/dl) 5/2/97-8/20/97 4.8 4.4 5.0 4.2 3.9 5.2 

8/21/97-end 12.6 10.0 10.0 5.7 5.5 6.1 

Albumin (AFALBU) (mg/dl) 5/2/97-8/20/97 4.8 4.4 4.1 3.4 3.1 3.3 

8/21/97-end 7.6 7.5 7.5 4.6 5.1 5.8 

Alkaline Phosphatase (ALKA) (U/l) 5/1/97-6/30/97 10.2 4.5 5.1 10.2 4.1 4.9 

7/1/97-end 10.6 4.7 5.4 12.2 5.5 6.0 

ALT (ALT) (U/l) 5/1/97-end 4.5 4.5 4.8 3.6 5.5 3.3 

Amylase (AMY) (U/l) 5/1/97-end 2.5 1.8 2.2 2.2 1:3 1.1 

Apolipoprotein B (AFAPO) (mg/dl) 5/2/97-8/20/97 5.4 5.2 4.9 2.5 2.8 3.0 

8/21/97-end 10.0 9.0 8.6 4.4 4.4 4.3 

AST (ASTA) (U/l) 5/1/97-end 7.6 4.3 3.4 7.3 3.7 2.3 

C3 Complement (AFC3C) (mg/dl) 5/2/97-8/20/97 8.6 4.8 4.7 9.3 3.6 4.6 

8/21/97-end 9.5 8.9 8.5 7.7 4.7 5.8 



Table D-1.  Coefficients of Variation for Quality Control—Trilevel Control Data for the 1997 Air Force Health Study 
(Continued) 

a 

:  Test (Variable Name) {units} 

C4 Comnlement (AFC4C^ (mcr/dll 

Türm Period 

5/2/97 8/20/97 

Low 

Target 

Medium iliHigR-;?:;1; Low 

Actual 

Medium ÖIÄ^; 
4.8 5.0 4.9 3.5 3.4 

8/21/97-end 10.0 8.7 9.0 4.6 4.6 4.9 

Cholesterol (CHOLA) (mg/dl) 5/1/97-end 3.8 3.2 2.7 3.0 2.3 3.3 

Creatine Phosphokinase (CPKA) (U/l) 5/1/97-end 6.1 2.6 3.8 4.2 3.0 2.6 

Creatinine (CRETA) (mg/dl) 5/1/97-end 5.6 3.4 2.6 6.4 2.7 2.3 

Direct Bilirubin (DBILA) (mg/dl) 5/1/97-end 25.0 20.0 11.1 39.8 10.7 5.8 

Estradiol (AFESTR) (pg/ml) 5/1/97-end 9.8 10.0 10.0 12.6 8.7 9.2 

Free Testosterone (AFTESF) (pg/ml) 5/1/97-end 14.2 14.7 15.0 21.2 14.0 12.2 

FSH (APFSHR) (mIU/ml) 5/1/97-9/15/97 5.2 5.4 5.0 5.1 4.4 4.8 

9/16/97-end 5.0 5.3 4.9 6.0 4.5 4.7 

GGT (GGTA) (U/l) 5/1/97-end 6.0 2.4 3.8 5.4 1.9 1.5 

Glucose (GLUCA) (mg/dl) 5/1/97-end 3.0 1.6 1.5 2.4 1.8 1.8 

Glycated Hemoglobin (ot-l-C Hemoglobin) 
(AFHA1C) (percent) 

5/1/97-end 12.7 10.1 8.2 8.9 7.5 7.8 

Haptoglobin (AFHAPT) (mg/dl) 5/2/97-8/20/97 4.9 4.6 4.6 2.9 3.4 3.8 

8/21/97-end 7.5 7.0 7.0 3.7 4.0 4.1 

HDL Cholesterol (HDLA) (mg/dl) 5/1/97-end 6.3 11.4 3.7 7.6 6.8 5.2 



Table D-1.  Coefficients of Variation for Quality Control—Trilevel Control Data for the 1997 Air Force Health Study 
(Continued) 

SSlilM^BMlS*''*^* Name) (units')                                 Tim« Period Low 

Target 

Medium        High           Low 

Actual, 

Medium 
:MM^^ 

Hematocrit (HCT) (percent) 4/22/97-5/21/97 4.8 2.6 2.8 1.9 1.4 l .i 

5/22/97-6/25/97 5.1 2.6 3.1 1.3 1.1 1.2 

6/26/97-7/21/97 5.1 2.6 2.7 2.0 1.2 2.1 

H22I91-my 9i 5.2 2.6 2.8 1.0 1.3 0.9 

8/14/97-9/8/97 5.1 2.6 2.7 1.1 0.9 0.9 

9/9/97-10/8/97 5.0 2.6 2.7 1.3 1.5 1.8 

10/9/97-11/12/97 5.0 2.7 2.8 1.4 1.4 1.5 

11/13/97-12/10/97 5.0 2.6 2.7 1.6 1.0 2.4 

12/11/97-1/14/98 5.0 2.6 2.8 2.3 1.4 1.7 

1/15/98-2/11/98 5.0 2.6 2.8 1.7 1.4 1.0 

2/12/98-3/18/98 5.1 2.6 2.8 2.2 1.7 1.6 

3/19/98-end 5.0 2.6 2.8 1.1 0.9 1.1 



Table D-1.  Coefficients of Variation 
(Continued) 

for Quality Control—Trilevel Control Data for the 1997 Air Force Health Study 

Test (Variable Name) (units) Time Period ::ftjjOWv;:;:!:i';!l 

Target 

Medium High Low 

Actual 

Medium liSffS] 
Hemoglobin (HGB) (gm/dl) 4/22/97-5/21/97 2.9 1.6 1.8 1.1 1.0 0.9 

5/22/97-6/25/97 2.9 1.6 1.8 0.8 0.7 1.0 

6/26/97-7/21/97 2.9 1.6 1.8 1.8 0.7 1.0 

7/22/97-8/13/97 3.0 1.6 1.8 1.0 0.6 1.3 

8/14/97-9/8/97 2.9 1.6 1.8 0.5 0.5 0.4 

9/9/97-10/8/97 2.9 1.6 1.8 1.0 0.9 1.3 

10/9/97-11/12/97 2.9 1.6 1.8 1.0 0.9 1.4 

11/13/97-12/10/97 2.9 1.6 1.8 0.9 0.7 1.0 

12/11/97-1/14/98 2.9 1.5 1.8 1.1 0.7 0.8 

1/15/98-2/11/98 2.9 1.6 1.8 0.9 0.8 0.9 

2/12/98-3/18/98 2.9 1.6 1.8 1.1 0.8 0.7 

3/19/98-end 2.9 1.6 1.8 1.1 0.5 0.4 

IgA (AFIGA) (mg/dl) 5/2/97-8/20/97 4.9 4.0 4.8 2.9 2.5 3.1 

8/21/97-end 7.6 7.0 7.1 3.8 3.5 3.7 

IgG (AFIGG) (mg/dl) 5/2/97-8/20/97 4.7 4.5 5.2 2.3 3.2 3.2 

8/21/97-end 8.0 7.1 6.9 2.9 3.4 3.5 

IgM (AFIGM) (mg/dl) 5/2/97-8/20/97 4.3 4.6 4.9 3.3 3.1 3.6 

8/21/97-end 10.0 9.1 8.9 4.3 4.0 4.0 

Insulin (AFINS) (uIU/ml @ 2 hrs.) 5/1/97-2/4/98 7.1 4.4 4.0 5.1 5.2 5.6 

2/5/98-end 7.7 7.4 5.3 6.6 8.3 6.7 

LDH (LDHA) (U/l) 5/1/97-end 4.5 3.0 3.3 3.6 3.0 2.7 

Luteinizing Hormone (AFLH) (mIU/ml) 5/1/97-end 5.0 4.9 4.9 6.0 5.1 6.1 



Table D-1.   Coefficients of Variation for Quality Control—Trilevel Control Data for the 1997 Air Force Health Study 
(Continued) 

Test (Variable Name} (units)                    I            Time Period tow 

Target                      1 

Medium       High          Low 

Actual 

Medium SHftfeK 
Mean Corpuscular Hemoglobin (MCH) (pg) 4/22/97-5/21/97 2.8 2.0 2.4 1.1 1.0 0.7 

5/22/97-6/25/97 2.8 2.0 2.4 0.9 1.1 1.0 

6/26/97-7/21/97 2.8 2.0 2.4 1.0 0.9 0.8 

7/22/97-8/13/97 2.9 2.0 2.4 1.4 1.3 1.3 

8/14/97-9/8/97 2.8 2.0 2.4 1.1 0.6 0.6 

9/9/97-10/8/97 2.8 2.0 2.4 1.2 0.8 0.9 

10/9/97-11/12/97 2.8 2.0 2.4 1.3 1.0 1.0 

11/13/97-12/10/97 2.8 2.0 2.4 1.5 0.8 1.1 

12/11/97-1/14/98 2.8 2.0 2.4 1.6 1.3 0.9 

1/15/98-2/11/98 2.8 2.0 2.4 1.3 1.1 1.0 

2/12/98-3/18/98 2.8 2.0 2.4 1.3 1.2 1.1 

3/19/98-end 2.9 2.0 2.4 1.0 0.8 0.9 



Table D-1.  Coefficients of Variation for Quality Control—Trilevel Control Data for the 1997 Air Force Health Study 
(Continued) 

Test (Variable Name) (units)                   l           Time Period Low     J Medium       High          Low     I Medium 1     High 

Mean Corpuscular Hemoglobin Concentration 
(MCHC) (gm/dl) 

4/22/97-5/21/97 2.5 3.8 3.1 1.1 1.5 0.6 

5/22/97-6/25/97 2.5 3.9 3.2 1.3 1.7 1.5 

6/26/97-7/21/97 2.5 3.8 3.1 1.4 0.9 0.9 

7/22/97-8/13/97 2.5 4.0 3.2 1.2 3.2 1.0 

8/14/97-9/8/97 2.5 3.9 3.2 0.9 1.3 0.8 

9/9/97-10/8/97 2.5 3.9 3.1 l.l 1.2 1.0 

10/9/97-11/12/97 2.5 3.9 3.1 0.9 1.2 1.0 

11/13/97-12/10/97 2.5 3.9 3.1 1.7 1.8 1.3 

12/11/97-1/14/98 2.5 3.9 3.1 2.0 2.4 1.4 

1/15/98-2/11/98 2.5 3.9 3.1 1.5 1.8 1.3 

2/12/98-3/18/98 2.5 3.8 3.1 1.8 1.7 2.0 

3/19/98-end 2.5 3.9 3.1 1.1 1.0 1.1 



Table D-1,   Coefficients of Variation for Quality Control—Trilevel Control Data for the 1997 Air Force Health Study 
(Continued) 

Ö 

Test (Variable Name) (units) Time Period                 Low        Mediom       High Low ■ 

Actual 

Medium lj;yp;l| 
Mean Corpuscular Volume (MCV) (cu. micra) 1 8 1.7 1.7 0 8 0.6 0.7 

5/22/97-6/25/97 1.8 1.7 1.7 1.4 0.8 0.5 

6/26/97-7/21/97 1.8 1.7 1.7 0.9 0.9 1.4 

7/22/97-8/13/97 1.9 1.7 1.7 0.9 1.1 1.0 

8/14/97-9/8/97 1.8 1.7 1.7 0.5 0.5 0.5 

9/9/97-10/8/97 1.8 1.7 1.7 0.7 0.6 0.6 

10/9/97-11/12/97 1.8 1.7 1.7 0.7 0.7 0.7 

11/13/97-12/10/97 1.8 1.7 1.7 1.0 0.7 1.2 

12/11/97-1/14/98 1.8 1.7 1.7 1.2 0.9 0.7 

1/15/98-2/11/98 1.8 1.7 1.7 0.7 0.8 0.7 

2/12/98-3/18/98 1.8 1.7 1.7 1.8 1.3 0.8 

3/19/98-end 1.9 1.7 1.7 0.5 0.3 0.6 



Table D-1.   Coefficients of Variation for Quality Control—Trilevel Control Data for the 1997 Air Force Health Study 
(Continued) 

Target ÄBifiiai- S"V -^i;f^ 
'^^MSi^^^^^^S^^^^^^^^^^^^^^^^^^^^^^^^^!^1^'-''''' ■■■■'"'■ (■'■■ --LOW    1 -Medium" [ :  High     1     Low Medium        High 

Platelet Count (PLT) (thousand/mm3) 4/22/97-5/21/97 10.1 5.5 4.5 4.8 4.5 2.7 

5/22/97-6/25/97 9.4 5.1 4.3 3.0 2.3 3.3 

6/26/97-7/21/97 9.7 5.2 4.5 2.5 2.7 2.0 

7/22/97-8/13/97 9.4 5.0 4.4 3.2 2.2 2.1 

8/14/97-9/8/97 9.4 5.0 4.5 1.8 1.8 1.6 

9/9/97-10/8/97 9.1 5.0 4.4 2.2 1.8 1.8 

10/9/97-11/12/97 9.1 5.1 4.5 4.5 2.6 2.1 

11/13/97-12/10/97 10.1 5.4 4.6 2.2 2.5 2.8 

12/11/97-1/14/98 9.7 5.3 4.6 2.1 2.0 2.2 

1/15/98-2/11/98 10.0 5.4 4.6 2.7 3.5 2.0 

2/12/98-3/18/98 10.3 5.7 4.8 3.3 2.8 2.6 

3/19/98-end 9.9 5.4 4.7 2.1 1.9 2.4 

Prealbumin (AFPRAL) (mg/dl) 5/2/97-8/20/97 4.9 4.5 5.0 2.7 3.2 5.4 

8/21/97-end 7.5 7.1 8.0 3.2 3.7 6.4 

Prostate Specific Antigen (AFPSA) (ng/ml) 4/30/97-8/10/97 13.2 9.9 10.0 5.6 6.2 6.3 

8/11/97-11/17/97 5.4 5.6 4.4 7.3 5.8 7.1 

11/18/97-2/11/98 5.7 7.0 10.3 5.3 5.5 7.4 

2/12/98-end 5.1 3.8 4.5 4.2 4.5 5.8 

Prothrombin Time (AFPTP) (seconds) 5/1/97-end 2.5 2.9 5.0 1.9 2.0 2.2 



Table D-1.   Coefficients of Variation for Quality Control—Trilevel Control Data for the 1997 Air Force Health Study 
(Continued) 

a 
o 

Test (Variable Name) (units)                              .time Period                 Low        Medium       High          Low        Medium       High 

Red Blood Cell Count (RBC) (million/mm3) 4/22/97-5/21/97 2.2 1.5 1.6 1.5 0.9 1.0 

5/22/97-6/25/97 2.2 1.5 1.6 1.0 0.7 1.1 

6/26/97-7/21/97 2.2 1.5 1.6 1.3 0.8 1.1 

7/22/97-8/13/97 2.2 1.5 1.7 0.9 1.7 1.0 

8/14/97-9/8/97 2,2 1.5 1.6 0.8 0.6 0.6 

9/9/97-10/8/97 2.2 1.5 1.6 1.0 1.5 1.5 

10/9/97-11/12/97 2.2 1.5 1.7 1.4 1.4 1.3 

11/13/97-12/10/97 2.2 1.5 1.6 1.5 1.0 1.5 

12/11/97-1/14/98 2.2 1.4 1.6 1.7 0.7 1.1 

1/15/98-2/11/98 2.2 1.5 1.6 1.2 0.8 0.7 

2/12/98-3/18/98 2.2 1.5 1.6 1.1 0.9 1.0 

3/19/98-end 2.2 1.5 1.6 1.0 0.7 0.8 

Rheumatoid Factor (AFLATX) (IU/ml) 5/1/97-end 50.0 5.0 5.0 0.0 3.6 3.5 

T4(AFT4)(u£/dl) 5/1/97-10/5/97 7.8 7.8 7.7 7.8 5.6 5.0 

10/6/97-end 7.8 7.8 7.7 11.4 6.5 6.3 

Total Bilirubin (TBILA) (mg/dl) 5/1/97-end 15.7 5.8 5.1 8.0 2.8 3.2 

Total Testosterone (AFTEST) (ng/dl) 5/1/97-12/3/97 10.4 9.8 4.2 11.5 9.5 7.0 

12/4/97-end 8.2 8.2 7.4 9.0 7.2 6.8 

Transferrin (AFTRFR) (mg/dl) 5/2/97-8/26/97 4.6 4.7 4.6 4.6 2.8 3.8 

8/27/97-end 7.6 6.9 7.0 3.8 4.1 5.8 

Triglycerides (TRIGA) (mg/dl) 5/1/97-end 16.1 3.7 3.8 15.3 2.9 3.0 



Table D-1.   Coefficients of Variation for Quality Control—Trilevel Control Data for the 1997 Air Force Health Study 
(Continued) 

TSH (AFTSH) (jilU/ml) 5/1/97-2/14/98 10.0 8.4 8.3 10.1 9.9 11.2 

2/15/98-end 10.0 7.6 7.8 6.1 5.8 5.9 

Urinary pH (UAPH) 4/97-end 8.3 6.7 6.3 2.5 3.2 1.2 

White Blood Cell Count (WBC) (thousand/mm3) 4/22/97-5/21/97 5.7 3.8 2.9 2.8 2.4 1.0 

5/22/97-6/25/97 5.9 4.0 2.8 2.4 3.7 0.9 

6/26/97-7/21/97 5.7 3.8 2.8 2.9 1.6 2.3 

7/22/97-8/13/97 5.6 3.8 2.9 2.7 2.4 1.5 

8/14/97-9/8/97 5.7 3.9 2.8 2.5 1.8 0.6 

9/9/97-10/8/97 5.4 3.8 2.8 2.7 2.0 1.3 

10/9/97-11/12/97 5.4 3.9 2.8 2.6 2.6 1.4 

11/13/97-12/10/97 5.4 3.9 2.7 2.3 2.2 1.1 

12/11/97-1/14/98 5.6 4.0 2.8 3.4 2.0 1.0 

1/15/98-2/11/98 5.9 4.0 2.8 2.9 2.8 1.3 

2/12/98-3/18/98 5.7 3.9 2.8 3.6 1.9 1.2 

3/19/98-end 5.6 3.8 2.8 1.6 1.1 0.9 
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Table E-1. Approximate 
Significance 

Power To Detect an Initial Dioxin Effect at a 
(Discrete Dependent Variable) 

5-Percent Level of 

Prevalence of Relative Risk 

Condition 1.10 1.20 1.30 1.40 1.50 1.75 ; 2,00 10.00 20.00 

0.005 0.05 0.07 0.09 0.13 0.18 0.35 0.56 1.00 1.00 

0.01 0.06 0.09 0.14 0.21 0.30 0.59 0.82 1.00 1.00 

0.02 0.07 0.13 0.23 0.36 0.52 0.84 0.97 1.00 1.00 

0.03 0.08 0.16 0.31 0.49 0.67 0.94 0.99 1.00 1.00 

0.04 0.09 0.20 0.39 0.60 0.78 0.98 1.00 1.00 1.00 

0.05 0.10 0.24 0.46 0.68 0.85 0.99 1.00 1.00 1.00 

0.10 0.14 0.39 0.70 0.90 0.98 1.00 1.00 1.00 1.00 

0.15 0.17 0.51 0.82 0.96 0.99 1.00 1.00 1.00 1.00 

0.20 0.20 0.59 0.89 0.98 1.00 1.00 1.00 1.00 1.00 

Table E-2. Approximate Power To Detect a Categorized Dioxin Effect (Low plus High Ranch 
Hands vs. Comparisons) at a 5-Percent Level of Significance (Discrete Dependent 
Variable) 

Prevalence of Relative Risk 

Condition 1.10 1.2Ö 1.30 1.40 1.50 i   1.75 2.00 10.00 20.00 

0.005 0.05 0.06 0.07 0.08 0.09 0.13 0.18 0.95 0.99 

0.01 0.05 0.06 0.08 0.10 0.13 0.21 0.30 1.00 1.00 

0.02 0.06 0.08 0.11 0.15 0.21 0.36 0.53 1.00 1.00 

0.03 0.06 0.09 0.14 0.21 0.28 0.50 0.69 1.00 1.00 

0.04 0.06 0.11 0.17 0.26 0.35 0.61 0.81 1.00 1.00 

0.05 0.07 0.12 0.20 0.30 0.42 0.70 0.88 1.00 1.00 

0.10 0.08 0.18 0.33 0.51 0.67 0.92 0.99 1.00 1.00 

0.15 0.10 0.24 0.44 0.65 0.81 0.98 1.00 1.00 1.00 

0.20 0.11 0.28 0.52 0.74 0.88 0.99 1.00 1.00 LOO 
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Table E-3. Approximate Power To Detect a Lipid-adjusted 1987 Dioxin Effect at a 5-Percent Level 
of Significance (Discrete Dependent Variable) 

Prevalence of Relative Risk 

Condition 1.10 1.20 130 1.40 1.50 1.75 2.00 10.00 20.00 

0.005 0.06 0.09 0.15 0.23 0.34 0.65 0.89 1.00 1.00 

0.01 0.07 0.14 0.25 0.40 0.57 0.90 0.99 1.00 1.00 

0.02 0.09 0.22 0.43 0.66 0.84 0.99 1.00 1.00 1.00 

0.03 0.11 0.30 0.58 0.82 0.95 1.00 1.00 1.00 1.00 

0.04 0.13 0.38 0.69 0.90 0.98 1.00 1.00 1.00 1.00 

0.05 0.15 0.45 0.78 0.95 0.99 1.00 1.00 1.00 1.00 

0.10 0.25 0.70 0.95 1.00 1.00 1.00 1.00 1.00 1.00 

0.15 0.32 0.83 0.99 1.00 1.00 1.00 1.00 1.00 1.00 

0.20 0.39 0.90 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

Table E-4. Approximate Power To Detect an Initial Dioxin Effect at a 5-Percent Level of 
Significance (Continuous Dependent Variable) 

Hill   Coefficient of Variation (100 o/ji) _~~ 

Mean Change ; \ 5'   ; 10 15 25 50 75 

0.005 0.82 0.30 0.16 0.09 0.06 0.05 

0.01 1.00 0.82 0.49 0.21 0.09 0.07 

0.02 1.00 1.00 0.97 0.64 0.21 0.12 

0.03 1.00 1.00 1.00 0.93 0.41 0.21 

0.04 1.00 1.00 1.00 1.00 0.64 0.34 

0.05 1.00 1.00 1.00 1.00 0.82 0.49 

0.10 1.00 1.00 1.00 1.00 1.00 0.97 
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Table E-5. Approximate Power To Detect a Categorized Dioxin Effect (Low plus High Ranch 
Hands vs. Comparisons) at a 5-Percent Level of Significance (Continuous Dependent 
Variable) 

Coefficient of Variation (100 a/\l) 

Mean Change 5 10 15 25 50 75 

0.005 0.46 0.15 0.09 0.07 0.05 0.05 

0.01 0.96 0.46 0.24 0.12 0.07 0.06 

0.02 1.00 0.96 0.70 0.32 0.12 0.08 

0.03 1.00 1.00 0.96 0.61 0.20 0.12 

0.04 1.00 1.00 1.00 0.84 0.32 0.17 

0.05 1.00 1.00 1.00 0.96 0.46 0.24 

0.10 1.00 1.00 1.00 1.00 0.96 0.70 

Table E-6. Approximate Power To Detect a Lipid-adjusted 1987 Dioxin Effect at a 5-Percenlt Level 
of Significance (Continuous Dependent Variable) 

Coefficient of Variation (100 p/ji) j 

Mean Change 5 10 15 :  25; 50 75 

0.005 0.99 0.58 0.30 0.14 0.07 0.06 

0.01 1.00 0.99 0.82 0.41 0.14 0.09 

0.02 1.00 1.00 1.00 0.93 0.41 0.21 

0.03 1.00 1.00 1.00 1.00 0.74 0.41 

0.04 1.00 1.00 1.00 1.00 0.93 0.63 

0.05 1.00 1.00 1.00 1.00 0.99 0.82 

0.10 1.00 1.00 1.00 1.00 1.00 1.00 
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APPENDIX F. DEPENDENT VARIABLE-COVARIATE ASSOCIATIONS  

This appendix contains results of tests of association between each dependent variable and covariates for 
the adjusted analysis of each dependent variable. Pearson's chi-square test (continuity-adjusted for 2x2 
tables) is used for significance testing of the associations between each discrete dependent variable and 
the covariate. When a covariate is continuous in nature (for example, age), the covariate is discretized 
prior to the analysis of the discrete dependent variable. Pearson's correlation coefficient is used for 
significance testing of the associations between each continuous dependent variable and a continuous 
candidate covariate. When a covariate is discrete in nature, means (transformed back to the original 
scale, if necessary) are presented and an analysis of variance is used to investigate the difference between 
the means. 
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Table F-1. Dependent Variable-Covariate Associations for the General Health Assessment 

Dependent 
WtlM&KMM- 

: ■= Age ;;■ ■:: :      ':!|::;::':: ^ |: ^"; ^i.;;^ _:: ij^!: v! I ■=:             ■,: ■::::■:■:;-' :|i'If :::..;:::|: ■ill; .:;^ :::|: :J.: ;l| :;-;■;; 

Born £1942 Borii<1942 p-Value ;   Black   =;: Non-Black p-Value 

Self-perception 
of Health 

Fairor 
Poor 

(n=932) 
10.7% 

(n=l,188) 
13.0% 0.132 

(n=128) 
19.5% 

(n=l,992) 
11.5% 0.010 

Appearance of 
Illness or Distress Yes 

(n=933) 
1.0% 

(n=l,188) 
1.7% 0.220 

(n=128) 
4.7% 

(n=l,993) 
1.2% 0.003 

Relative Age 
Appearance Older 

(n=933) 
7.8% 

(n=l,188) 
10.2% 0.072 

(n=128) 
7.0% 

(ii=l,993) 
9.3% 0.485 

Body Fat (n=933) (n=l,188) (n=128) (n=l,993) 

(continuous)* 
(discrete) Obese 

r=- 
30.2% 

0.011 
28.5% 

0.621 
0.399 

1=22.59 
35.2% 

x =22.18 
28.9% 

0.410 
0.156 

Erythrocyte 
Sedimentation Rate 

(n=933) (n=l,188) (n=128) (n=l,993) 

(continuous) 
(discrete) Abnormal 

r=0.179 
6.1%              8.7% 

<0.001 
0.033 

x=5.33 
10.2% 

x=4.74 
7.4% 

0.184 
0.326 

fBHÄI'lB 

Occupation Personality Ty pe 
Dependent 

Officer 
Enlisted 

lämyerj: ■; 
Enlisted 

Groondcrew p-Value T>peA TypeB p-Value 

Self-perception of 
Health 

Fair or 
Poor 

(n=835) 
7.7% 

(n=338) 
14.5% 

(n=947) 
14.9% 0.001 

(n=819) 
11.4% 

(n=l,298) 
12.4% 0.513 

Appearance of 
Illness or Distress Yes 

(n=835) 
0.8% 

(n=338) 
1.5% 

(n=948) 
1.8% 0.219 ~ — ~ 

Relative Age 
Appearance Older 

(n=835) 
5.6% 

(n=338) 
12.7% 

(n=948) 
11.0% 0.001 - - - 

Body Fat (n=S35) (n=338) (n=948) 

(continuous) 
(discrete) Obese 

x =21.94 
25.3% 

x =21.97 
28.1% 

x =22.52 
33.1% 

0.059 
0.001 — 

-- 
- 

Erythrocyte 
Sedimentation Rate 

(n=835) (n=338) (n=948) (n=820) (n=l,298) 

(continuous) 
(discrete) Abnormal 

x=4.39 
6.5% 

x=5.61 
9.2% 

x =4.85 
7.9% 

<0.001 
0.240 

x=4.56 
6.3% 

x=4.91 
8.3% 

0.090 
0.111 
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Table F-1.   Dependent Variable-Covariate Associations for the General Health 
Assessment (Continued) 

:|ll:lBi^'l'i-:|;!| 
Current ( Cigarette Smoking (cigarettes/day) 

>■'■ W*ey«r';:;':-.■"! 0-Former            >0-20 5 ;:-:? ;;->3$^ :::?;.:] p-Yalue 

Self-perception 
of Health 

Fair or 
Poor 

(n=595) 
7.7% 

(n=l,116)         (n=272) 
11.9%              19.9% 

(n=137) 
15.3% 0.001 

Appearance of 
Illness or Distress Yes 

(n=595) 
0.5% 

(n=l,116)         (n=272) 
1.3%               2.9% 

(n=137) 
2.2% 0.030 

Relative Age 
Appearance Older 

(n=595) 
3.9% 

(n=U16)         (n=272) 
6.5%             23.2% 

(n=137) 
25.6% 0.001 

Body Fat 
(continuous)8 

(discrete) Obese 

(n=595) 

27.1% 

(n=l,116)         (n=272) 
r=-0.187 

33.6%             21.3% 

(n=137) 

19.0% 
<0.001 

0.001 

Erythrocyte 
Sedimentation Rate 
(continuous)5 

(discrete) Abnormal 

(n=595) 

4.7% 

(n=l,116)         (n=272) 

r=0.021 
7.9%               9.9% 

(n=137) 

12.4% 

0.330 

0.003 

iiff^iliiäfitiiif-"! 

■H ^HH'ih Lifetime C igarette Smoking ] Sistory (pack-years) 

z-"-i ■:;■■::■'^:ff: «.-l- ;|"p&lftj;:"; ;     ■;• >10 p- Value 

Self-perception 
of Health 

Fair or 
Poor 

(n=595) 
7.7% 

(n=558) 
10.8% 

(n=965) 
15.2% 0.001 

Appearance of 
Illness or Distress Yes 

(n=595) 
0.5% 

(n=558) 
1.1% 

(n=965) 
2.1% 0.027 

Relative Age 
Appearance Older 

(n=595) 
3.9% 

(n=558) 
7.7% 

(n=965) 
13.2% 0.001 

Body Fat 
(continuous)8 

(discrete) Obese 

(n=595) 

27.1% 

(n=558) 
r=-0.018 

33.7% 

(n=965) 

28.1% 
0.399 
0.026 

Erythrocyte 
Sedimentation Rate 
(continuous) 
(discrete) Abnormal 

(n=595) 

4.7% 

(n=558) 

r=0.155 
7.2% 

(n=965) 

9.5% 

<0.001 

0.002 
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Table F-1.   Dependent Variable-Covariate Associations for the General Health 
Assessment (Continued) 

i'i^iäÄtiif! 
Current Alcohol Use (drinks/day) 

:: i-o^I ?: '■} :;- '■-:.::: ;; :;:>i^4::: :=: l::- rJ j\:/i-:W'i'H  ■  '::] ̂ l^iiwSft^§f' 
Self-perception 
of Health 

Fair or 
Poor 

(n=l,699) 
11.7% 

(n=371) 
13.5% 

(n=50) 
10.0% 0.580 

Appearance of 
Illness or Distress Yes 

(11=1,699) 
1.7% 

(n=371) 
0.3% 

(n=50) 
0.0% 0.082 

Relative Age 
Appearance Older 

(n=l,699) 
8.7% 

(n=371) 
11.6% 

(n=50) 
6.0% 0.161 

Body Fat 
(continuous)3 

(discrete) Obese 

(11=1,699) 

30.9% 

(n=371) 
r=-0.094 

22.6% 

(n=50) 

22.0% 
<0.001 

0.003 

Erythrocyte 
Sedimentation Rate 
(continuous) 
(discrete) Abnormal 

(n=l,699) 

7.5% 

(n=371) 

r=-0.027 
8.4% 

(n=50) 

4.0% 

0.217 

0.532 

nAfUiulfint 

Ki^i|&iii^fi?i 

Lifetime Alcohol History (drink-years) 

i^trSliSliiiife *!' I'.'--- >■ i [.u^i-i-'rii '■'■^it'-t^4^':^:::-\ >40 li?^IÄiW!i€^i3 
Self-perception 
of Health 

Fair or 
Poor 

(n=118) 
15.3% 

(n=l,379) 
11.2% 

(n=616) 
13.3% 0.214 

Appearance of 
Illness or Distress Yes 

(n=118) 
0.9% 

(n=l,379) 
1.1% 

(n=616) 
2.1% 0.170 

Relative Age 
Appearance Older 

(n=118) 
7.6% 

(»=1,379) 
8.4% 

(n=616) 
11.2% 0.114 

Body Fat 
(continuous)51 

(discrete) Obese 

(n=118) 

25.4% 

(n=l,379) 
r=-0.050 

29.5% 

(n=616) 

29.4% 
0.022 
0.642 

Erythrocyte 
Sedimentation Rate 
(continuous)b 

(discrete) Abnormal 

(n=118) 

6.8% 

(n=l,379) 

r=0.051 
6.7% 

(n=616) 

9.4% 

0.019 

0.107 

a Analysis performed on natural logarithm scale; means transformed from natural logarithm scale. 
Analysis performed on natural logarithm scale of sedimentation rate + 0.1; means transformed from natural 

logarithm scale of sedimentation rate + 0.1. 
—: Covariate not applicable for dependent variable. 

Note: Correlations (r) are based on total sample size and are not category-specific. 
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Table F-2. Dependent Variable-Covariate Associations for the Neopiasia Assessment 

iiital -!* 

- :H:%e:; ■■':■ ; ■■' :|' ■: |i; ■:. 1;;: ;i!RBKii;lü       ■ ■■(:;;:: IF:: ::];1: ■=■!;: 

¥i:':i- ili^l^ÄÄÄÄÄI.I: ::  BornSlN? Born <1942 p-Value Bte# Non-Black p-Value 

Any Skin Neoplasm (n=855) (n=l,118) 
Yes 31.5% 41.0% <0.001 — - - 

Malignant Skin Neoplasm (n=855) (n=l,118) 
Yes 10.9% 21.3% <0.001 - - - 

Benign Skin Neoplasm (n=927) (11=1,173) 
Yes 22.6% 23.9% 0.509 - - - 

Skin Neoplasm of Uncertain (n=855) (0=1,118) 
Behavior or Unspecified Nature Yes 0.7% 0.8% 0.999 - - - 
Any Basal Cell Carcinoma (n=855) (n=l,118) 

Yes 8.8% 18.0% <0.001 - - - 
Basal Cell Carcinoma on Ear, (n=855) (n=l,118) 
Face, Head, or Neck Yes 5.5% 14.9% <0.001 - - - 
Basal Cell Carcinoma on Trunk (n=855) (n=l,118) 

Yes 2.9% 5.6% 0.007 .. - - 
Basal Cell Carcinoma on Upper (n=855) (n=l,118) 
Extremities Yes 2.0% 3.8% 0.031 - - - 
Basal Cell Carcinoma on Lower (n=855) (n=l,118) 
Extremities Yes 0.4% 0.6% 0.594 - - -- 
Squamous Cell Carcinoma (n=855) (o=l,118) 

Yes 0.9% 3.0% 0.002 — - - 
Nonmelanoma (n=855) (o=l,118) 

Yes 9.7% 20.3% <0.001 - - - 
Melanoma (n=855) (0=1,118) 

Yes 1.2% 1.7% 0.435 -- - - 
Any Systemic Neoplasm (n=927) (0=1,170) (n=127) (n=l,970) 

Yes 21.8% 37.2% <0.001 24.4% 30.8% 0.159 
Malignant Systemic Neoplasm (n=931) (0=1,179) (ii=127) (n=l,983) 

Yes 2.4% 10.2% <0.001 6.3% 6.8% 0.986 
Benign Systemic Neoplasm (n=927) (n=l,170) (n=127) (ns 1,970) 

Yes 19.2% 28.9% <0.001 18.9% 25.0% 0.151 
Systemic Neoplasm of (n=931) (n=l,179) (o=127) (o=l,983) 
Uncertain Behavior or Yes 1.4% 2.4% 0.145 1.6% 2.0% 0.999 
Unspecified Nature 
Malignant Systemic Neoplasm (n=931) (n=l,179) (n=127) (o=l,983) 
on Eye, Ear, Face, Head, or Yes 0.4% 1.4% 0.035 0.8% 1.0% 0.999 
Neck 
Malignant Systemic Neoplasm (n=931) (n=l,179) (n=127) (ii=l,983) 
of Oral Cavity, Pharynx, or Yes 0.1% 0.9% 0.041 0.8% 0.5% 0.999 
Larynx 
Malignant Systemic Neoplasm (n=931) (n=l,179) (n=127) (o=l,983) 
of Thymus, Heart, or Yes 0.2% 0.0% 0.379 0.0% 0.1% 0.999 
Mediastinum 
Malignant Systemic Neoplasm (n=931) (n=l,179) (n=127) (0=1,983) 
of Thyroid Gland Yes 0.0% 0.3% 0.202 0.0% 0.2% 0.999 
Malignant Systemic Neoplasm (n=931) (n=l,179) (n=127) (o=l,983) 
of Bronchus or Lung Yes 0.2% 0.9% 0.070 0.0% 0.7% 0.741 
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Table F-2.   Dependent Variable-Covariate Associations for the Neoplasia Assessment 
(Continued) 

MiÄtftt 
¥McSU:'sK :,;? ;        v $bm >'       .; 

Dependent Variable Born £1942 Bora<1942 p-Value ■■. Äi&;;.? Non-Black p-Value 

Malignant Systemic Neoplasm (n=931) (n=l,179) (n=127) (11=1,983) 
of Liver Yes 0.2% 0.2% 0.999 0.0% 0.2% 0.999 
Malignant Systemic Neoplasm (n=931) (n=l,179) (n=127) (n=l,983) 
of Colon or Rectum Yes 0.6% 0.8% 0.951 0.0% 0.8% 0.661 
Malignant Systemic Neoplasm (n=931) (n=l,179) (n=127) (n=l,983) 
of Kidney or Bladder Yes 0.2% 1.3% 0.014 0.8% 0.8% 0.999 
Malignant Systemic Neoplasm (n=931) (n=l,179) (ii=127) (n=l,983) 
of Prostate Yes 0.2% 5.3% <0.001 4.7% 3.0% 0.400 
Malignant Systemic Neoplasm (n=931) (n=l,179) (n=127) (n=l,983) 
of Testicles Yes 0.0% 0.3% 0.338 0.0% 0.2% 0.999 
Malignant Systemic Neoplasm (n=931) (n=l,179) (n=127) (n=l,983) 
of Connective or Other Soft Yes 0.2% 0.1% 0.837 0.0% 0.2% 0.999 
Tissue 
Hodgkin's Disease (n=931) (n=l,179) (n=127) (11=1,983) 

Yes 0.2% 0.2% 0.999 0.0% 0.2% 0.999 
Non-Hodgkin's Lymphoma (n=931) (n=l,179) (n=127) (0=1,983) 

Yes 0.1% 0.3% 0.789 0.0% 0.2% 0.999 
Other Malignant Systemic (n=931) (n=l,179) (n=127) (n=l,983) 
Neoplasms of Lymphoid or Yes 0.1% 0.4% 0.345 0.0% 0.3% 0.999 
Histiocytic Tissue 
All Malignant Skin and (n=925) (n=l,164) (n=126) (n=l,963) 
Systemic Neoplasms Yes 11.9% 26.6% <0.001 6.4% 21.0% <0.001 
All Skin and Systemic (n=922) (n=l,156) (n=l26) (n=l,952) 
Neoplasms Yes 43.9% 59.5% <0.001 37.3% 53.6% <0.001 
Prostate-Specific Antigen (n=927) (n=l,092) (n=121) (n=l,898) 

(continuous)8 r=0.258 <0.001 x=1.16 x=l.ll 0.535 
(discrete) Abnormal 2.3% 9.7% <0.001 6.6% 6.3% 0.999 

Occupation 

Dependent Variable Level Officer 
Enlisted 

Fiver 
Enlisted 

Groundcrew p-Value 

Any Skin Neoplasm 

Malignant Skin Neoplasm 

Benign Skin Neoplasm 

Skin Neoplasm of Uncertain Behavior or 
Unspecified Nature 
Any Basal Cell Carcinoma 

Basal Cell Carcinoma on Ear, Face, Head, or Neck 

Basal Cell Carcinoma on Trunk 

Basal Cell Carcinoma on Upper Extremities 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

(n=809) 
41.2% 

(n=809) 
21.3% 

(n=823) 
24.7% 

(n=809) 
0.4% 

(n=809) 
18.2% 

(n=809) 
13.5% 

(n=809) 
7.2% 

(n=809) 
5.1% 

(n=313) 
33.9% 

(n=313) 
16.3% 

(n=335) 
19.7% 

(n=313) 
0.3% 

(n=313) 
14.4% 

(n=313) 
12.5% 

(n=313) 
2.9% 

(n=313) 
1.0% 

(n=851) 
33.8% 

(n=851) 
12.7% 

(n=942) 
23.4% 

(n=851) 
1.3% 

(n=851) 
9.9% 

(n=851) 
7.6% 

(n=851) 
2.4% 

(n=851) 
1.8% 

0.004 

<0.001 

0.193 

0.060 

<0.001 

<0.001 

<0.001 

<0.001 
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Table F-2.   Dependent Variable-Covariate Associations for the Neoplasia Assessment 
(Continued) 

|;;t;läüÖccitpati< 3i^E' 

:'|;vij'#^^^ 11lJe|tfl"l{l^ CMBcir- f.: 
Enlisted 

:;.- .pfer i ■■,€ 
Enlisted 

rroundcrew p-Value 

Basal Cell Carcinoma on Lower Extremities 
Yes 

(n=809) 
0.9% 

(n=313) 
0.0% 

(n=851) 
0.4% 0.132 

Squamous Cell Carcinoma 
Yes 

(n=809) 
3.3% 

(n=313) 
1.6% 

(n=851) 
1.2% 0.007 

Nonmelanoma 
Yes 

(n=809) 
20.0% 

(n=313) 
16.0% 

(n=851) 
11.5%. <0.001 

Melanoma 
Yes 

(n=809) 
2.0% 

(n=313) 
0.3% 

(n=851) 
1.4% 0.115 

Any Systemic Neoplasm 
Yes 

(n=821) 
33.9% 

(n=334) 
31.1% 

(n=942) 
27.1% 0.008 

Malignant Systemic Neoplasm 
Yes 

(n=829) 
8.6% 

(n=336) 
8.6% 

(n=945) 
4.4% <0.001 

Benign Systemic Neoplasm 
Yes 

(n=821) 
25.8% 

(n=334) 
26.1% 

(n=942) 
23.0% 0.320 

Systemic Neoplasm of Uncertain Behavior or 
Unspecified Nature 
Malignant Systemic Neoplasm on Eye, Ear, Face, 
Head, or Neck 
Malignant Systemic Neoplasm of Oral Cavity, 
Pharynx, or Larynx 
Malignant Systemic Neoplasm of Thymus, Heart, or 
Mediastinum 
Malignant Systemic Neoplasm of Thyroid Gland 

Yes 

Yes 

Yes 

Yes 

Yes 

(n=829) 
2.9% 

(n=829) 
1.2% 

(n=829) 
0.5% 

(n=829) 
0.1% 

(n=829) 
0.4% 

(n=336) 
0.9% 

(n=336) 
1.2% 

(n=336) 
0.9% 

(n=336) 
0.0% 

(n=336) 
0.0% 

(n=945) 
1.5% 

(n=945) 
0.7% 

(n=945) 
0.4% 

(n=945) 
0.1% 

(n=945) 
0.1% 

0.031 

0.570 

0.579 

0.823 

0.318 

Malignant Systemic Neoplasm of Bronchus or Lung 
Yes 

(n=829) 
0.8% 

(n=336) 
1.2% 

(n=945) 
0.2% 0.080 

Malignant Systemic Neoplasm of Liver 
Yes 

(n=829) 
0.1% 

(n=336) 
0.3% 

(n=945) 
0.2% 0.803 

Malignant Systemic Neoplasm of Colon or Rectum 
Yes 

(n=829) 
0.6% 

(n=336) 
1.2% 

(n=945) 
0.6% 0.520 

Malignant Systemic Neoplasm of Kidney or Bladder 
Yes 

(n=829) 
1.2% 

(n=336) 
0.9% 

(n=945) 
0.4% 0.180 

Malignant Systemic Neoplasm of Prostate 
Yes 

(n=829) 
4.6% 

(n=336) 
3.3% 

(n=945) 
1.7% 0.002 

Malignant Systemic Neoplasm of Testicles 
Yes 

(n=829) 
0.1% 

(n=336) 
0.3% 

(n=945) 
0.1% 0.709 

Malignant Systemic Neoplasm of Connective or 
Other Soft Tissue 
Hodgkin's Disease 

Yes 

Yes 

(n=829) 
0.0% 

(n=829) 
0.4% 

<n=336) 
0.3% 

(n=336) 
0.0% 

(n=945) 
0.2% 

(n=945) 
0.1% 

0.355 

0.318 

Non-Hodgkin's Lymphoma 
Yes 

(n=829) 
0.2% 

(n=336) 
0.0% 

(n=945) 
0.2% 0.677 

Other Malignant Systemic Neoplasms of Lymphoid 
or Histiocytic Tissue 
All Malignant Skin and Systemic Neoplasms 

Yes 

Yes 

(n=829) 
0.4% 

(n=817) 
25.8% 

(n=336) 
0.3% 

(n=333) 
21.0% 

(n=945) 
0.2% 

(n=939) 
14.8% 

0.838 

<0.001 

All Skin and Systemic Neoplasms 
Yes 

(n=811) 
57.7% 

(n=331) 
53.2% 

(n=936) 
48.0% <0.001 
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Table F-2.   Dependent Variable 
(Continued) 

Dependent Variable 

Covariate Associations for the Neoplasia Assessment 

Occupation 

MM 
'■■■ SSnlsiedl :;: :;; Enisled J -MM 

Officer Flyer        Groundcrew    p-Value; 

Prostate-Specific Antigen 

(continuous)3 

(discrete)  Abnormal 

(n=778) (n=321) (n=920) 

x = 1.22        x = 1.24        x = 1.00      <0.001 
7.7% 7.8% 4.6% 0.014 

Skin Color Hair Color 

Dependent Variable Level   Non-Peach       Peach       p-Value Brown       Blonde, Red, Bald    p-Value 

Any Skin Neoplasm (n=456) (n=l,517) (n=l,345) (n=626) 
Yes 28.7% 39.3% <0.001 35.5% 39.6% 0.090 

Malignant Skin Neoplasm (n=456) (n=l,517) (n= 1,345) (n=626) 
Yes 12.1% 18.2% 0.003 15.5% 19.7% 0.025 

Benign Skin Neoplasm (n=575) (n=l,525) (n= 1,466) (n=632) 
Yes 19.8% 24.6% 0.025 23.3 % 23.1% 0.955 

Skin Neoplasm of Uncertain (n=456) (n=l,517) (n=l,345) (n=626) 
Behavior or Unspecified Nature Yes 0.7% 0.8% 0.999 0.7% 0.8% 0.999 
Any Basal Cell Carcinoma (n=456) (n=l,517) (n= 1,345) (n=626) 

Yes 10.5% 15.0% 0.019 12.7% 16.8% 0.019 
Basal Cell Carcinoma on Ear, (n=456) (n=l,517) (n= 1,345) (n=626) 
Face, Head, or Neck Yes 7.7% 11.7% 0.018 9.4% 13.7% 0.005 
Basal Cell Carcinoma on Trunk (n=456) (n=l,517) (n=l,34S) (n=626) 

Yes 3.3% 4.8% 0.231 4.0% 5.3% 0.251 
Basal Cell Carcinoma on Upper (n=456) (n=l,517) (n=l,345) (n=626) 
Extremities Yes 2.4% 3.2% 0.503 2.7% 3.7% 0.286 
Basal Cell Carcinoma on Lower (n=456) (n=l,517) (n=l,345) (n=626) 
Extremities Yes 0.9% 0.4% 0.371 0.5% 0.6% 0.825 
Squamous Cell Carcinoma (n=456) (n=l,517) (n=l,345) (n=626) 

Yes 0.9% 2.5% 0.054 1.9% 2.6% 0.469 
Nonmelanoma (n=456) (n=l,517) (n=l,345) (n=626) 

Yes 11.2% 17.1% 0.003 14.4% 18.7% 0.016 
Melanoma (n=456) (n=l,517) (n=l,345) (n=626) 

Yes 1.1% 1.6% 0.594 1.4% 1.6% 0.907 
Any Systemic Neoplasm 

Malignant Systemic Neoplasm 
_ _ 

Benign Systemic Neoplasm 

Systemic Neoplasm of 
Uncertain Behavior or - - - — — — 
Unspecified Nature 
Malignant Systemic Neoplasm 
on Eye, Ear, Face, Head, or - -- — — — — 
Neck 
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Table F-2.   Dependent Variable-Covariate Associations for the Neoplasia Assessment 
(Continued) 

Skin Color Hair Color 

Dependent Variable JLevel   Non-Peach       Peach      p-Value       Brown       Blonde, Red, Bald    p-Value 

Malignant Systemic Neoplasm 
of Oral Cavity, Pharynx, or 
Larynx 
Malignant Systemic Neoplasm 
of Thymus, Heart, and 
Mediastinum 
Malignant Systemic Neoplasm 
of Thyroid Gland 
Malignant Systemic Neoplasm 
of Bronchus or Lung 
Malignant Systemic Neoplasm 
of Liver 
Malignant Systemic Neoplasm 
of Colon or Rectum 
Malignant Systemic Neoplasm 
of Kidney or Bladder 
Malignant Systemic Neoplasm 
of Prostate 
Malignant Systemic Neoplasm 
of Testicles 
Malignant Systemic Neoplasm 
of Connective or Other Soft 
Tissue 
Hodgkin's Disease 

Non-Hodgkin's Lymphoma 

Other Malignant Systemic 
Neoplasms of Lymphoid or 
Histiocytic Tissue 
All Malignant Skin and 
Systemic Neoplasms 
All Skin and Systemic 
Neoplasms 
Prostate-Specific Antigen 

Yes 

Yes 

(n=572) (0=1,517) (n=l,460) (n=627) 
13.6% 22.5%      <0.001 18.2% 24.7% <0.001 

(n=569) (n=l,509) (n= 1,453) (n=623) 
44.1% 55.8%      <0.001 51.3% 55.5% 0.088 
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Table F-2.   Dependent Variable-Covariate Associations for the Neoplasia Assessment 
(Continued) 

|v|;l^l^i:;':lLlv;|§|.tol0r. 

Dependent Variable           j tvlBÄlf: liflfti^ii^l^l^lj iielilfe^^ Gray, Blue WWMj^$Mß§§:4 

Any Skin Neoplasm (n=604) (n=523) (n=846) 
Yes 32.5% 39.2% 38.5% 0.026 

Malignant Skin Neoplasm (n=604) (n=523) (n=846) 
Yes 13.4% 17.4% 18.8% 0.023 

Benign Skin Neoplasm (n=727) (n=527) (n=846) 
Yes 21.2% 25.2% 23.9% 0.213 

Skin Neoplasm of Uncertain (n=604) (n=523) (n=846) 
Behavior or Unspecified Nature Yes 1.0% 1.3% 0.2% 0.054 
Any Basal Cell Carcinoma (n=604) (n=523) (n=846) 

Yes 10.9% 15.3% 15.4% 0.034 
Basal Cell Carcinoma on Ear, (n=604) (n=523) (n=846) 
Face, Head, or Neck Yes 8.6% 11.1% 12.2% 0.095 
Basal Cell Carcinoma on Trunk (n=604) (n=523) (n=846) 

Yes 3.2% 5.9% 4.4% 0.076 
Basal Cell Carcinoma on Upper (n=604) (n=523) (n=846) 
Extremities Yes 1.2% 4.2% 3.6% 0.005 
Basal Cell Carcinoma on Lower (n=604) (n=523) (n=846) 
Extremities Yes 0.3% 0.6% 0.6% 0.765 
Squamous Cell Carcinoma (n=604) (n=523) (n=846) 

Yes 1.5% 1.9% 2.7% 0.257 
Nonmelanoma (n=604) (n=523) (n=846) 

Yes 12.6% 16.8% 17.3% 0.039 
Melanoma (n=604) (n=523) (n=846) 

Yes 1.0% 1.0% 2.1% 0.109 
Any Systemic Neoplasm 

Malignant Systemic Neoplasm 

Benign Systemic Neoplasm 

Systemic Neoplasm of Uncertain 
Behavior or Unspecified Nature 
Malignant Systemic Neoplasm on 
Eye, Ear, Face, Head, or Neck 
Malignant Systemic Neoplasm of 
Oral Cavity, Pharynx, or Larynx 
Malignant Systemic Neoplasm of 
Thymus, Heart, and Mediastinum 
Malignant Systemic Neoplasm of 
Thyroid Gland 
Malignant Systemic Neoplasm of 
Bronchus or Lung 
Malignant Systemic Neoplasm of 
Liver 
Malignant Systemic Neoplasm of 
Colon or Rectum 
Malignant Systemic Neoplasm of 
Kidney or Bladder 
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Table F-2.   Dependent Variabfe-Covariate Associations for the Neoplasia Assessment 
(Continued) 

Dependent Variable Level Brown 

Malignant Systemic Neoplasm of 
Prostate 
Malignant Systemic Neoplasm of 
Testicles 
Malignant Systemic Neoplasm of 
Connective or Other Soft Tissue 
Hodgkin's Disease 

Non-Hodgkin's Lymphoma 

Other Malignant Systemic 
Neoplasms of Lymphoid or 
Histiocytic Tissue 
All Malignant Skin and Systemic 
Neoplasms 
All Skin and Systemic 
Neoplasms 
Prostate-Specific Antigen 

Eve Color 

Hazel. Green Grav. Blue p-Value 

(n=724) (n=525) (n=840) 
Yes 14.4% 23.2% 23.1% <0.001 

(n=722) (n=520) (n=836) 
Yes 45.4% 57.7% 55.6% <0.001 

Dependent Variable 

Skin Reaction to SUB after First Exposure 

Level    No Reaction   Some Redness Only     Boras      Painfully Burns     p» Value 

Any Skin Neoplasm 

Malignant Skin Neoplasm 

Benign Skin Neoplasm 

Skin Neoplasm of Uncertain 
Behavior or Unspecified Nature 
Any Basal Cell Carcinoma 

Basal Cell Carcinoma on Ear, 
Face, Head, or Neck 
Basal Cell Carcinoma on Trunk 

Basal Cell Carcinoma on Upper 
Extremities 
Basal Cell Carcinoma on Lower 
Extremities 
Squamous Cell Carcinoma 

Nonmelanoma 

Melanoma 

Any Systemic Neoplasm 

(n=715) (n=796) (n=301) (n=160) 
Yes 30.8% 37.6% 43.5% 48.1% <0.001 

(n=715) (n=796) (n=301) (n=160) 
Yes 9.8% 18.5% 23.6% 26.9% <0.001 

(n=819) (n=809) (n=311) (n=160) 
Yes 22.2% 22.7% 25.1% 28.1% 0.346 

(n=715) (n=796) (n=301) (n=160) 
Yes 0.7% 0.9% 0.7% 0.6% 0.967 

(n=715) (n=796) (n=301) (n=160) 
Yes 8.1% 15.0% 20.9% 22.5% <0.001 

(n=715) (n=796) (n=301) (n=160) 
Yes 6.2% 11.3% 16.3% 18.8% <0.001 

(n=715) (n=796) (n=301) (n=160) 
Yes 2.5% 4.8% 6.3% 7.5% 0.006 

(n=715) (n=796) (n=301) (n=160) 
Yes 1.3% 3.4% 4.3% 6.3% <0.001 

(n=715) (n=796) (n=301) (n=160) 
Yes 0,0% 1.0% 0.3% 0.6% 0.051 

(n=715) (n=796) (n=301) (n=160) 
Yes 1.3% 1.9% 3.3% 5.0% 0.011 

(n=715) (n=796) (n=301) (n=160) 
Yes 9.1% 17.0% 22.9% 25.6% <0.001 

(n=715) (n=796) (n=301) (n=160) 
Yes 0.8% 2.0% 1.0% 2.5% 0.158 
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Table F-2.   Dependent Variable-Coy ariate Associations for the Neopfasia Assessment 
(Continued) 

Skin Reaction to Sun after First Exposure 

Dependent Variable Level    No Reaction   Some Redness Onlv     Burns       Painfully Burns     p*Value 

Malignant Systemic Neoplasm 

Benign Systemic Neoplasm 

Systemic Neoplasm of 
Uncertain Behavior or 
Unspecified Nature 
Malignant Systemic Neoplasm 
on Eye, Ear, Face, Head, or 
Neck 
Malignant Systemic Neoplasm 
of Oral Cavity, Pharynx, or 
Larynx 
Malignant Systemic Neoplasm 
of Thymus, Heart, and 
Mediastinum 
Malignant Systemic Neoplasm 
of Thyroid Gland 
Malignant Systemic Neoplasm 
of Bronchus or Lung 
Malignant Systemic Neoplasm 
of Liver 
Malignant Systemic Neoplasm 
of Colon or Rectum 
Malignant Systemic Neoplasm 
of Kidney or Bladder 
Malignant Systemic Neoplasm 
of Prostate 
Malignant Systemic Neoplasm 
of Testicles 
Malignant Systemic Neoplasm 
of Connective or Other Soft 
Tissue 
Hodgkin's Disease 

Non-Hodgkin's Lymphoma 

Other Malignant Systemic 
Neoplasms of Lymphoid or - — — — — 
Histiocytic Tissue 
All Malignant Skin and (n=813) (n=806) (n=310) (n=159) 
Systemic Neoplasms Yes 13.3% 22.2% 26.8% 31.5% <0.001 

All Skin and Systemic (n=806) (n=804) (n=308) (n=159) 

Neoplasms Yes 47.5% 53.9% 59.1% 59,8% <0.001 

Prostate-Specific Antigen -- - ~ — — 
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Table F-2.   Dependent Variable-Covariate Associations for the Neoplasia Assessment 
(Continued) 

Level 

Skin Reaction to Sun after Repeated Exposure 

;i;::. -;||':
:'::  :l|;.:'i:: ■:,|:^■. ■ |:::-: ;:| i.;::|:.: >£)^^&li^«BIOÄ:'^W^fcis||isj*s|)j;;::■;&. ■ ■ |[:=:-;

;-f;: |v'::- :;K ■.:'il;■ ;^:■=■£■:.:::if: 1 Deep Tan Moderate Tan Mild Tan Freckles p-Value 

Any Skin Neoplasm 
Yes 

(n=553) 
31.1% 

(n=980) 
36.7% 

(n=368) 
43.2% 

(n=71) 
50.7% <0.001 

Malignant Skin Neoplasm 
Yes 

0=553) 
9.2% 

(n=980) 
16.1% 

(n=368) 
26.4% 

(n=71) 
35.2% <0.001 

Benign Skin Neoplasm 
Yes 

(n=620) 
23.4% 

(n=l,011) 
24.0% 

(n=383) 
21.2% 

(n=85) 
23.5% 0.728 

Skin Neoplasm of Uncertain Behavior or 
Unspecified Nature 
Any Basal Cell Carcinoma 

Yes 

Yes 

(n=553) 
1.1% 

(n=553) 
7.6% 

(n=980) 
0.5% 

(n=980) 
13.2% 

(n=368) 
0.5% 

(n=368) 
22.8% 

(n=71) 
2.8% 

(n=71) 
29.6% 

0.122 

<0.001 
Basal Cell Carcinoma on Ear, Face, Head, or 
Neck Yes 

(n=553) 
6.5% 

(n=980) 
10.2% 

(n=368) 
15.8% 

(n=71) 
26.8% <0.001 

Basal Cell Carcinoma on Trunk 
Yes 

(n=553) 
1.6% 

(n=980) 
4.5% 

(n=368) 
7.1% 

(n=71) 
11.3% <0.001 

Basal Cell Carcinoma on Upper Extremities 
Yes 

(n=553) 
0.9% 

(n=980) 
3.2% 

(n=368) 
5.2% 

(n=71) 
5.6% <0.001 

Basal Cell Carcinoma on Lower Extremities 
Yes 

(n=553) 
0.5% 

(n=980) 
0.3% 

(n=368) 
0.8% 

(n=71) 
1.4% 0.452 

Squamous Cell Carcinoma 
Yes 

(n=553) 
0.9% 

(n=980) 
2.1% 

(n=368) 
2.7% 

(n=71) 
8.5% <0.001 

Nonmelanoma 
Yes 

(n=553) 
8.7% 

(n=980) 
14.8% 

(n=368) 
25.3% 

(n=71) 
33.8% <0.001 

Melanoma 
Yes 

(n=553) 
0.9% 

(n=980) 
1.7% 

(n=368) 
1.4% 

(n=71) 
2.8% 0.455 

Any Systemic Neoplasm 

Malignant Systemic Neoplasm 

Benign Systemic Neoplasm 

Systemic Neoplasm of Uncertain Behavior or 
Unspecified Nature 
Malignant Systemic Neoplasm on Eye, Ear, 
Face, Head, or Neck 
Malignant Systemic Neoplasm of Oral 
Cavity, Pharynx, or Larynx 
Malignant Systemic Neoplasm of Thymus, 
Heart, or Mediastinum 

Malignant Systemic Neoplasm of Thyroid 
Gland 
Malignant Systemic Neoplasm of Bronchus 
or Lung 
Malignant Systemic Neoplasm of Liver 

Malignant Systemic Neoplasm of Colon or 
Rectum 
Malignant Systemic Neoplasm of Kidney or 
Bladder 
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Table F-2.   Dependent Variable-Covariate Associations for the Neoplasia Assessment 
(Continued) 

Dependent Variable 

Skin Reaction to Sun after Repeated Exposure 

Level    Deep Tan   Moderate Tan   Mild Tan      Freckles      p-Value 

Malignant Systemic Neoplasm of Prostate 

Malignant Systemic Neoplasm of Testicles 

Malignant Systemic Neoplasm of Connective 
or Other Soft Tissue 
Hodgkin's Disease 

Non-Hodgkin's Lymphoma 

Other Malignant Systemic Neoplasms of 
Lymphoid or Histiocytic Tissue 
All Malignant Skin and Systemic Neoplasms 

Yes 
(n=617) 
13.9% 

(n= 1,005) 
19.7% 

(n=382) 
28.8% 

(n=84) 
31.0% <0.001 

All Skin and Systemic Neoplasms 
Yes 

(n=613) 
48.6% 

(n=999) 
52.5% 

(n=381) 
58.5% 

(n=84) 
57.1% 0.019 

Prostate-Specific Antigen — — - - - 

I^licJtfeS'i 

Composite Sinn-Reaction lode &§I;;MMW^ 

111113^ llllHlBri|;   ■:!=! Medium f;.J*igb:. ; p. Value 

Any Skin Neoplasm 
Yes 

(n=l,304) 
33.4% 

(n=471) 
41.4% 

(n=197) 
48.7% <0.001 

Malignant Skin Neoplasm 
Yes 

(n=l,304) 
13.0% 

(n=47i) 
22.5% 

(n=197) 
27.9% <0.001 

Benign Skin Neoplasm 
Yes 

(n=l,394) 
22.9% 

(n=494) 
22.7% 

(n=211) 
27.5% 0.314 

Skin Neoplasm of Uncertain Behavior or Unspecified 
Nature Yes 

(n=l,304) 
0.8% 

(n=471) 
0.6% 

(n=197) 
1.0% 0.876 

Any Basal Cell Carcinoma 
Yes 

(n=l,304) 
10.5% 

(n=471) 
19.8% 

(n=197) 
23.4% <0.001 

Basal Cell Carcinoma on Ear, Face, Head, or Neck 
Yes 

(n=l,304) 
8.5% 

(n=471) 
13.6% 

(n=197) 
19.3% <0.001 

Basal Cell Carcinoma on Trunk 
Yes 

(n= 1,304) 
3.2% 

(n=471) 
5.7% 

(n=197) 
9.1% <0.001 

Basal Cell Carcinoma on Upper Extremities 
Yes 

(n=l,304) 
2.0% 

(n=471) 
4.5% 

(n=197) 
6.1% <0.001 

Basal Cell Carcinoma on Lower Extremities 
Yes 

(n=l,304) 
0.4% 

(n=471) 
0.6% 

(n=197) 
1.0% 0.458 

Squamous Cell Carcinoma 
Yes 

(n=l,304) 
1.5% 

(n=471) 
2.3% 

(n=197) 
5.6% <0.001 

Nonmelanoma 
Yes 

(n=l,304) 
11.9% 

(n=471) 
21.9% 

(n=197) 
26.4% <0.001 

Melanoma 
Yes 

(ii=l,304) 
1.5% 

(n=471) 
0.9% 

(n=197) 
3.1% 0.099 

Any Systemic Neoplasm 
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Table F-2.   Dependent Variable-Covariate Associations for the Neoplasia Assessment 
(Continued) 

Composite Skin-Reaction Index 

Dependent Variable Level Medium High      p- Value 

Malignant Systemic Neoplasm 

Benign Systemic Neoplasm 

Systemic Neoplasm of Uncertain Behavior or 
Unspecified Nature 
Malignant Systemic Neoplasm on Eye, Ear, Face, Head, 
or Neck 
Malignant Systemic Neoplasm of Oral Cavity, Pharynx, 
or Larynx 
Malignant Systemic Neoplasm of Thymus, Heart, or 
Mediastinum 
Malignant Systemic Neoplasm of Thyroid Gland 

Malignant Systemic Neoplasm of Bronchus or Lung 

Malignant Systemic Neoplasm of Liver 

Malignant Systemic Neoplasm of Colon or Rectum 

Malignant Systemic Neoplasm of Kidney or Bladder 

Malignant Systemic Neoplasm of Prostate 

Malignant Systemic Neoplasm of Testicles 

Malignant Systemic Neoplasm of Connective or Other 
Soft Tissue 
Hodgkin's Disease 

Non-Hodgkin's Lymphoma 

Other Malignant Systemic Neoplasms of Lymphoid or 
Histiocytic Tissue 
All Malignant Skin and Systemic Neoplasms 

All Skin and Systemic Neoplasms 

Prostate-Specific Antigen 

(n=l,386) (n=493) (n=209) 
Yes 16.7% 25.6% 29.7% <0.001 

(n=l,378) (n=490) (n=209) 
Yes 50.0% 56.9% 59.8% 0.003 
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Table F-2.   Dependent Variable 
(Continued) 

Covariate Associations for the Neoplasfa Assessment 

Average I Jfetime Residential 

-.. i-iivei:: 

History Ionizing Radiation Exposure 

j;'i;ll':lj;:Ötiä :: :;:'<37»r: ■■ iätfK ;; p-Value t: N© ■? :■ ■' •■'fes?'"- p-Value 

Any Skin Neoplasm (n=993) (n=980) (n=l,484) (n=489) 
Yes 39.5% 34.2% 0.017 34.9% 42.7% 0.002 

Malignant Skin Neoplasm (n=993) (n=980) (n=l,484) (n=489) 
Yes 20.3% 13.2% <0.001 15.7% 20.0% 0.031 

Benign Skin Neoplasm (n=l,073) (n=l,027) (n=l,572) (n=528) 
Yes 22.7% 23.9% 0.580 22.5% 25.8% 0.135 

Skin Neoplasm of Uncertain (n=993) (n=980) (n=l,484) (n=489) 
Behavior or Unspecified Nature Yes 0.6% 0.9% 0.586 0.7% 1.0% 0.639 
Any Basal Cell Carcinoma (n=993) (n=980) (n=l,484) (n=489) 

Yes 17.9% 10.0% <0.001 13.1% 16.6% 0.069 
Basal Cell Carcinoma on Ear, Face, (n=993) (n=980) (n=l,484) (n=489) 
Head, or Neck Yes 14.1% 7.5% <0.001 10.0% 13.3% 0.049 
Basal Cell Carcinoma on Trunk (n=993) (n=980) (n=l,484) (n=489) 

Yes 5.9% 2.9% <0.001 4.3% 4.7% 0.812 
Basal Cell Carcinoma on Upper (n=993) (n=980) (n=l,484) (n=489) 
Extremities Yes 3.8% 2.1% 0.039 3.2% 2.5% 0.516 
Basal Cell Carcinoma on Lower (n=993) (n=980) (n=l,484) (n=489) 
Extremities Yes 0.5% 0.5% 0.999 0.6% 0.2% 0.472 
Squamous Cell Carcinoma (n=993) (n=980) (n=l,484) (n=489) 

Yes 3.0% 1.2% 0.009 2.0% 2.7% 0.450 
Nonmelanoma (n=993) (n=980) (n=l,484) (n=489) 

Yes 19.9% 11.4% <0.001 14.9% 18.2% 0.095 
Melanoma 0=993) (n=980) (n=l,484) (n=489) 

Yes 0.7% 2.2% 0.008 1.3% 2.0% 0.316 
Any Systemic Neoplasm (n=l,565) (n=532) 

Yes — — — 29.8% 32.0% 0.389 
Malignant Systemic Neoplasm (n=l,573) (n=537) 

Yes — — — 5.8% 9.5% 0.004 
Benign Systemic Neoplasm (n=l,565) (n=532) 

Yes — — — 24.6% 24.6% 0.999 
Systemic Neoplasm of Uncertain (n=l,573) (n=537) 
Behavior or Unspecified Nature Yes - „ - 1.9% 2.1% 0.981 
Malignant Systemic Neoplasm on (n=l,573) (n=537) 
Eye, Ear, Face, Head, or Neck Yes - - - 0.9% 1.3% 0.561 
Malignant Systemic Neoplasm of (n=l,573) (n=537) 
Oral Cavity, Pharynx, or Larynx Yes - - - 0.3% 1.1% 0.061 
Malignant Systemic Neoplasm of (n=l,573) (n=537) 
Thymus, Heart, or Mediastinum Yes — „ - 0.1% 0.2% 0.999 
Malignant Systemic Neoplasm of (n= 1,573) (n=537) 
Thyroid Gland Yes - - - 0.3% 0.0% 0.552 
Malignant Systemic Neoplasm of (n=l,573) (n=537) 
Bronchus or Lung Yes - - - 0.5% 0.9% 0.447 
Malignant Systemic Neoplasm of (11=1,573) (n=537) 
Liver Yes — - - 0.1% 0.4% 0.580 

Malignant Systemic Neoplasm of (n=l,573) (n=537) 
Colon or Rectum Yes - - - 0.6% 1.1% 0.317 
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Table F-2.   Dependent Variable-Covariate Associations for the Neoplasia Assessment 
(Continued) 

Average Lifetime Residential 

iVB:liv*i::n 
/1| ^:::§:; ■ tl;:::-::3;:;:: ^ii:: ijMÄcirä?" £|

;l ^;-S;: ■■: :!'|} ■:: ^ :!"■' ;'|; ^ -1^'. ■ ■ 'II::::: ■ |:' Ionizing Radiation Exposure 

|:13;1K:^^^^ :;;' '*<&*;;- !■ '■' *2$H: vi : jfrV*li*e •) - ; No i :: ■: :Yes:. J; p-Value 

Malignant Systemic Neoplasm of (n=l,573) (n=537) 
Kidney or Bladder Yes ._ 0.6% 1.5% 0.076 
Malignant Systemic Neoplasm of (n=l,573) (n=537) 
Prostate Yes .- 2.6% 4.5% 0.044 
Malignant Systemic Neoplasm of (n=l,573) (n=537) 
Testicles Yes __ 0.2% 0.0% 0.727 
Malignant Systemic Neoplasm of (n=l,573) (n=537) 
Connective or Other Soft Tissue Yes __ 0.1% 0.4% 0.329 
Hodgkin's Disease ' (n=l,573) (n=537) 

Yes __ 0.2% 0.2% 0.999 
Non-Hodgkin's Lymphoma (n=l,573) (n=537) 

Yes __ 0.2% 0.2% 0.999 
Other Malignant Systemic (n=l,573) (n=537) 
Neoplasms of Lymphoid or Yes - 0.3% 0.4% 0.999 
Histiocytic Tissue 
All Malignant Skin and Systemic (n=l,067) (n=l,022) (n=l,562) (n=527) 
Neoplasms Yes 23.0%        17.1%     <0.001 18.6% 24.5% 0.005 
All Skin and Systemic Neoplasms (n=l,061) (n=l,017) (n=l,556) (n=522) 

Yes 54.3%       50.8%       0.126 51.0% 57.3% 0.015 
Prostate-Specific Antigen (n=l,518) (n=501) 

(continuous)51 x=1.10 1=1.17 0.112 
(discrete) Abnormal -- 6.0% 7.2% 0.398 

Level 

Industrial Chemicals E xposure Herbicide Exposure 

Dependent Variable ?!v: ? No ;:| -;i 
::lliii!l:l p-Valoe ?i::, %-i':: Yes         p-Value 

Any Skin Neoplasm (n=759) (n=l,214) 
Yes 36.6% 37.0% 0.910 - - 

Malignant Skin Neoplasm (n=759) (n=l,214) 
Yes 17.1% 16.6% 0.788 ~ - 

Benign Skin Neoplasm (n=796) (n=l,304) 
Yes 23.6% 23.1% 0.819 - - 

Skin Neoplasm of Uncertain (n=759) (n=l,214) 
Behavior or Unspecified Nature Yes 0.4% 1.0% 0.226 - - 
Any Basal Cell Carcinoma (n=759) (n=l,214) 

Yes 14.6% 13.6% 0.564 „ - 
Basal Cell Carcinoma on Ear, Face, (n=759) (n=l,214) 
Head, or Neck Yes 10.9% 10.7% 0.933 - - 
Basal Cell Carcinoma on Trunk (n=759) (n=l,214) 

Yes 5.1% 4.0% 0.257 - - 
Basal Cell Carcinoma on Upper (n=759) (n=l,214) 
Extremities Yes 3.4% 2.7% 0.446 - - 
Basal Cell Carcinoma on Lower (n=759) (n=l,214) 
Extremities Yes 0.5% 0.5% 0.999 - - 
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Table F-2.   Dependent Variable-Covarlate Associations for the Neoplasia Assessment 
(Continued) 

Industrial Chemicals Exposure Herbicide Exposure 

. ; ■ :!:■■ ■ .-■ :>: III ■':?^|E3N^peiE^«iii: :|Mii#i#lSi#.p^!l'::■ "11-:i|:=■ :|^:|:; ^ HälBtlll: >i ■ 'No-;:: ::■ ■:;^- ■ p-Value 1I1ÄI; -:: Yes.': ■=■ p-Value 

Squamous Cell Carcinoma (n=759) (n=l,214) 
Yes 2.6% 1.8% 0.284 - - - 

Nonmelanoma (n=759) (n=l,214) 
Yes 16.5% 15.2% 0.505 _> - - 

Melanoma (n=759) (n=l,214) 
Yes 1.2% 1.7% 0.524 _- - - 

Any Systemic Neoplasm (n=762 )   (n=l,335) 
Yes — — _- 26.4% 32.7% 0.003 

Malignant Systemic Neoplasm (n=765 )   (n=l,345) 
Yes — _. — 4.6% 8.0% 0.004 

Benign Systemic Neoplasm (n=762 )   (11=1,335) 
Yes — — — 22.1% 26.1% 0.045 

Systemic Neoplasm of Uncertain (n=765 )   (n=l,345) 
Behavior or Unspecified Nature Yes - - - 1.4% 2.2% 0.270 
Malignant Systemic Neoplasm on (n=765 )   (n=l,345) 
Eye» Ear, Face, Head, or Neck Yes „ - - 0.8% 1.1% 0.611 
Malignant Systemic Neoplasm of (n=765 )   (n=l,345) 
Oral Cavity, Pharynx, or Larynx Yes - -- -- 0.3% 0.7% 0.349 
Malignant Systemic Neoplasm of (n=765 )   (n= 1,345) 
Thymus, Heart, or Mediastinum Yes — - « 0.0% 0.2% 0.740 
Malignant Systemic Neoplasm of (n=765 )   (n=l,345) 
Thyroid Gland Yes » - - 0.3% 0.2% 0.959 
Malignant Systemic Neoplasm of (n=765 )   (n=l,345) 
Bronchus or Lung Yes — - - 0.1% 0.9% 0.063 
Malignant Systemic Neoplasm of (n=765 )   (n=l,345) 
Liver Yes — — — 0.0% 0.3% 0.323 
Malignant Systemic Neoplasm of (n=765 )   (n=l,345) 
Colon or Rectum Yes - — „ 0.7% 0.7% 0.999 
Malignant Systemic Neoplasm of (n=765. )   (n= 1,345) 
Kidney or Bladder Yes -- - - 0.4% 1.0% 0.177 
Malignant Systemic Neoplasm of (n=765^ )   (n=l,345) 
Prostate Yes — — — 2.0% 3.7% 0.035 
Malignant Systemic Neoplasm of (n=765, )   (n=l,345) 
Testicles Yes — - - 0.0% 0.2% 0.480 
Malignant Systemic Neoplasm of (n=765. )   (n=l,345) 
Connective or Other Soft Tissue Yes — __ - 0.1% 0.2% 0.999 
Hodgkin's Disease (n=765: >   (n=l,345) 

Yes — — — 0.1% 0.2% 0.999 
Non-Hodgkin's Lymphoma (n=765; ►   (n=l,345) 

Yes — — — 0.1% 0.2% 0.999 
Other Malignant Systemic (n=765; )   (n=l,345) 
Neoplasms of Lymphoid or Yes -- - -- 0.3% 0.3% 0.999 
Histiocytic Tissue 
All Malignant Skin and Systemic (n=794) (n=l,295) (n=762; (n=l,327) 
Neoplasms Yes 21.0% 19.5% 0.440 15.8% 22.6% <0.001 
All Skin and Systemic Neoplasms (n=789) (n=l,289) (n=759: (n=l,319) 

Yes 54.3% 51.6% 0.258 45.9% 56.5% <0.001 
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Table F-2.   Dependent Variable-Covariate Associations for the Neoplasia Assessment 
(Continued) 

:i'5tiM ■■-] 
Industrial Chemicals Exposure Herbicide Exposure 

;.;=■;.■■■; ^.Itep«^^ntVari8hte:::-:: ■■' ; ;i:;'|ftl iflÄi'3^§: 1:11^15^ p-Value 

Prostate-Specific Antigen 

(continuous)3 

(discrete) Abnormal 
-- 

(n=739)   (n=l,280) 

x=1.12    x=l.ll 
5.8%         6.6% 

0.808 
0.570 

Lifetime Cigarette Smoking History (pack-years) 

Dependent Variable Level »0-10 10 p-Value 

Any Skin Neoplasm 

Malignant Skin Neoplasm 

Benign Skin Neoplasm 

Skin Neoplasm of Uncertain Behavior or Unspecified 
Nature 
Any Basal Cell Carcinoma 

Basal Cell Carcinoma on Ear, Face, Head, or Neck 

Basal Cell Carcinoma on Trunk 

Basal Cell Carcinoma on Upper Extremities 

Basal Cell Carcinoma on Lower Extremities 

Squamous Cell Carcinoma 

Nonmelanoma 

Melanoma 

Any Systemic Neoplasm 

Malignant Systemic Neoplasm 

Benign Systemic Neoplasm 

Systemic Neoplasm of Uncertain Behavior or 
Unspecified Nature 
Malignant Systemic Neoplasm on Eye, Ear, Face, 
Head, or Neck 
Malignant Systemic Neoplasm of Oral Cavity, 
Pharynx, or Larynx 
Malignant Systemic Neoplasm of Thymus, Heart, and 
Mediastinum 
Malignant Systemic Neoplasm of Thyroid Gland 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

(n=589) (n=553) (n=952) 
29.4% 28.8% 31.9% 

(n=592) (n=556) (n=959) 
5.4% 4.1% 9.1% 

(n=589) (n=553) (n=952) 
25.0% 25.1% 24.1% 

(n=592) (n=556) (n=959) 
1.4% 1.6% 2.5% 

(n=592) (n=556) (n=959) 
1.0% 0.4% 1.4% 

(n=592) (n=556) (n=959) 
0.3% 0.2% 0.8% 

(n=592) (n=556) (n=959) 
0.0% 0.0% 0.2% 

(n=592) (n=556) (n=959) 
0.5% 0.0% 0.1% 

0.357 

<0.001 

0.870 

0.227 

0.170 

0.179 

0.302 

0.102 
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Table F-2.   Dependent Variable-Covariate Associations for the Neoplasia Assessment 
(Continued) 

FflÄlSJi»! 

Lifetime < 

I '■; * ® - :; 

iüiearette Smoking History (pack-years) 

|:t:'t:'|::l:I^;'g :.:; :>0-fc :: \ r-Hte-i ': ■■■ p-Valiie- . ■ I 

Malignant Systemic Neoplasm of Bronchus or Lung (n=592) (n=556) (n=959) 
Yes 0.0% 0.0% 1.4% <0.001 

Malignant Systemic Neoplasm of Liver (n=592) (n=556) (n=959) 
Yes 0.0% 0.2% 0.3% 0.388 

Malignant Systemic Neoplasm of Colon or Rectum (n=592) (n=556) (n=959) 
Yes 0.7% 0.5% 0.8% 0.800 

Malignant Systemic Neoplasm of Kidney or Bladder (n=592) (n=556) (n=959) 
Yes 0.0% 0.4% 1.6% <0.001 

Malignant Systemic Neoplasm of Prostate (n=592) (n=556) (n=959) 
Yes 3.0% 1.4% 4.1% 0.017 

Malignant Systemic Neoplasm of Testicles (n=592) (n=556) (n=959) 
Yes 0.0% 0.2% 0.2% 0.550 

Malignant Systemic Neoplasm of Connective or (n=592) (n=556) (n=959) 
Other Soft Tissue Yes 0.0% 0.2% 0.2% 0.550 
Hodgkin's Disease (n=592) (n=556) (n=959) 

Yes 0.3% 0.2% 0.1% 0.589 
Non-Hodgkin's Lymphoma (n=592) (n=556) (n=959) 

Yes 0.3% 0.4% 0.0% 0.187 
Other Malignant Systemic Neoplasms of Lymphoid (n=592) (n=556) (n=959) 
or Histiocytic Tissue Yes 0.2% 0.4% 0.3% 0.812 
All Malignant Skin and Systemic Neoplasms (n=585) (n=552) (n=949) 

Yes 20.7% 17.4% 21.4% 0.163 
All Skin and Systemic Neoplasms (n=583) (n=549) (n=943) 

Yes 52.0% 51.7% 53.6% 0.740 
Prostate-Specific Antigen (n=569) (n=542) (n=906) 
(continuous)8 r=-0.016 0.468 
(discrete) Abnormal 7.7% 5.2% 6.0% 0.187 

lifetime Alcohol History (drink-years) 

viS>i-:)(^ &§it-l ::T';i :M^: :.'■:■ "I llliS|Sii3 p-Value 

Any Skin Neoplasm 

Malignant Skin Neoplasm 

Benign SJdn Neoplasm 

Skin Neoplasm of Uncertain Behavior or 
Unspecified Nature 
Any Basal Cell Carcinoma 

Basal Cell Carcinoma on Ear, Face, Head, or 
Neck 
Basal Cell Carcinoma on Trunk 

Basal Cell Carcinoma on Upper Extremities 
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Table F-2.   Dependent Variable-Covariate Associations for the Neoplasia Assessment 
(Continued) 

Lifetime Alcohol History (drink-years) 

Dependent Variable Level ><M0 >4§! p* Value 

Basal Cell Carcinoma on Lower Extremities 

Squamous Cell Carcinoma 

Nonmelanoma 

Melanoma 

Any Systemic Neoplasm 

Malignant Systemic Neoplasm 

Benign Systemic Neoplasm 

Systemic Neoplasm of Uncertain Behavior or 
Unspecified Nature 
Malignant Systemic Neoplasm on Eye, Ear, 
Face, Head, or Neck 
Malignant Systemic Neoplasm of Oral Cavity, 
Pharynx, or Larynx 
Malignant Systemic Neoplasm of Thymus, 
Heart, or Mediastinum 
Malignant Systemic Neoplasm of Thyroid 
Gland 
Malignant Systemic Neoplasm of Bronchus or 
Lung 
Malignant Systemic Neoplasm of Liver 

Malignant Systemic Neoplasm of Colon or 
Rectum 
Malignant Systemic Neoplasm of Kidney or 
Bladder 
Malignant Systemic Neoplasm of Prostate 

Malignant Systemic Neoplasm of Testicles 

Malignant Systemic Neoplasm of Connective 
or Other Soft Tissue 
Hodgkin's Disease 

Non-Hodgkin's Lymphoma 

Other Malignant Systemic Neoplasms of 
Lymphoid or Histiocytic Tissue 
All Malignant Skin and Systemic Neoplasms 

All Skin and Systemic Neoplasms 

(n=115 )         (n=l,368) (n=607) 
Yes 34.8% 30.4% 29.5% 0.527 

(n=118 )         (n=l,374) (n=610) 
Yes 6.8% 6.3% 7.7% 0.494 

(n=H5, )         (n=l,368) (n=607) 
Yes 30.4% 24.6% 23.6% 0.292 

(n=118. )         (n=l,374) (n=610) 
Yes 0.0% 1.9% 2.5% 0.202 

(n=118; )         (n=l,374) (n=610) 
Yes 0.0% 1.0% 1.3% 0.400 

(n=118; )         (n=l,374) (n=610) 
Yes 0.0% 0.4% 0.8% 0.397 

(n=118] >         (n=l,374) (n=610) 
Yes 0.0% 0.2% 0.0% 0.588 

(n=118; >         (n=l,374) (n=610) 
Yes 0.0% 0.2% 0.2% 0.859 

(n=118; )         (n=l,374) (n=610) 
Yes 0.0% 0.7% 0.5% 0.560 

(n=118; >         (n=l,374) (n=610) 
Yes 0.0% 0.2% 0.2% 0.859 

(n=118; >         (n=l,374) (n=610) 
Yes 0.9% 0.7% 0.8% 0.908 

(n=118; >         (n=l,374) (n=610) 
Yes 3.4% 0.2% 1.6% <0.001 

(n=118; >         (n=l,374) (n=610) 
Yes 1.7% 3.0% 3.4% 0.585 

(n=118; (n=l,374) (n=610) 
Yes 0.0% 0.2% 0.0% 0.451 

(n=118; (n=l,374) (n=610) 
Yes 0.9% 0.2% 0.0% 0.083 

(n=118; (n=l,374) (n=610) 
Yes 0.0% 0.2% 0.2% 0.859 

(n=118] (n=l,374) (n=610) 
Yes 0.0% 0.2% 0.3% 0.613 

(n=118; (n=l,374) (n=610) 
Yes 0.0% 0.3% 0.3% 0.828 

(n=115; (n=l,364) (n=602) 
Yes 19.1% 19.7% 21.3% 0.688 

(n=113] (n=l,358) (n=600) 
Yes 54.0% 52.7% 52.3% 0.949 
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Table F-2.   Dependent Variable-Covariate Associations for the Neoplasia Assessment 
(Continued) 

U¥HWÜ^-iM 
: : ; :-::■ }) Lifetime Alcohol History (drink-years) 

ii:i;|:l lii&Sm P :><Me!: ;: :;:; ■'1;>I: !::1::"^SII«1: 'WS":P^S^Ä*ö?rt:: 
Prostate-Specific Antigen 
(continuous)8 

(discrete) Abnormal 

(n=112) 

7.1% 

(n=l,317) 
r=-0.011 
6.5% 

(n=583) 
0.616 

5.8%               0.818 

a Analysis performed on natural logarithm scale; means transformed from natural logarithm scale. 
—: Covariate not applicable for dependent variable. 

Note: Correlations (r) are based on total sample size and are not category-specific. 
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Table F-3. Dependent Varia ble-Covariate Associations for the Neurology Assessment 

- ■ ■ Age" '   ■ lii^iJi l;.tf:.;l'ISii:iii^lläi>i^i'l 
Born Born 

Dependent Variable iiläÄ^ivlk ■ ::£l942r' • : :: <1942  , p-Value ■ ::.BtoK- : '   K«M*BI*Ä:;: p-Value 

Inflammatory Diseases (n=926) (n=l,182) (n=128) (n=l,980) 
Yes 0.4% 0.3% 0.999 0.0% 0.4% 0.999 

Hereditary and (n=929) (n=l,186) (n=128) (n=l,987) 
Degenerative Diseases Yes 7.0% 10.4% 0.009 7.0% 9.0% 0.547 
Peripheral Disorders (n=928) (n=l,182) (n=128) (n=l,982) 

Yes 14.9% 24.6% <0.001 17.2% 20.5% 0.424 
Other Neurological (n=925) (n=l,181) (n=127) (n=l,979) 
Disorders Yes 13.4% 22.0% <0.001 33.1% 17.3% <0.001 
Smell (n=926) (n=l,183) (n=128) (n=l,981) 

Abnormal 1.6% 2.0% 0.597 3.1% 1.8% 0.443 
Visual Fields (n=928) (n=l,183) (n=127) (n=l,984) 

Abnormal 0.2% 0.4% 0.660 1.6% 0.3% 0.086 
Light Reaction (n=926) (n=U82) (n=128) (n=l,980) 

Abnormal 0.4% 0.8% 0.497 2.3% 0.5% 0.046 
Ocular Movement (n=929) (n=l,186) (n=128) (n=l,987) 

Abnormal 1.2% 1.7% 0.440 0.8% 1.5% 0.775 
Facial Sensation (n=929) (n=l,184) (n=128) (n= 1,985) 

Abnormal 0.0% 0.3% 0.204 0.0% 0.2% 0.999 
Jaw Clench (n=929) (n=l,186) (n=128) (n=l,987) 

Deviated 0.0% 0.2% 0.590 0.0% 0.1% 0.999 
Smile (n=929) (n=l,186) (n=128) (n=l,987) 

Abnormal 0.4% 0.6% 0.840 1.6% 0.5% 0.290 
Palpebral Fissure (n=929) (n=l,186) (n=128) (n=l,987) 

Abnormal 0.5% 1.2% 0.186 2.3% 0.8% 0.192 
Balance (n=929) (n=l,185) (n=127) (n=l,987) 

Abnormal 0.7% 0.7% 0.999 0.8% 0.7% 0.999 
Speech (n=929) (n=l,186) (n=128) (n=l,987) 

Abnormal 0.5% 0.8% 0.726 0.8% 0.7% 0.999 
Tongue Position Relative (n=929) (n=l,186) (n=128) (n=l,987) 
to Midline Deviated 0.0% 0.2% 0.590 0.0% 0.1% 0.999 
Palate and Uvula (n=929) (n=l,186) (n=128) (n=l,987) 
Movement Deviated 0.0% 0.1% 0.999 0.0% 0.1% 0.999 
Cranial Nerve Index (n=917) (n=l,178) (n=128) (n=l,967) 

Abnormal 4.4% 7.5% 0.004 10.2% 5.9% 0.075 
Neck Range of Motion (n=929) (n=l,186) (n=128) (n=l,987) 

Abnormal 9.9% 22.0% <0.001 10.9% 17.1% 0.093 
Pinprick (n=910) (n=l,097) (n=124) (n=l,883) 

Abnormal 4.5% 7.6% 0.006 4.0% 6.3% 0.405 
Light Touch (n=910) (n=l,097) (n=124) (n= 1,883) 

Abnormal 3.0% 5.1% 0.022 4.0% 4.1% 0.999 
Muscle Status (n=928) (n=l,186) (n=128) (n=l,986) 

Abnormal 2.7% 4.3% 0.064 3.1% 3.6% 0.960 
Patellar Reflex (n=928) (n=l,183) (n=128) (n=l,983) 

Abnormal 1.3% 4.0% <0.001 6.3% 2.6% 0.030 
Achilles Reflex (n=925) (n=l,184) (n=128) (n=l,981) 

Abnormal 9.3% 22.8% <0.001 20.3% 16.7% 0.343 
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Table F-3.   Dependent Variable-Covariate Associations for the Neurology Assessment 
(Continued) 

;;:.;;'Age • :;;: Ü^vlSSs-.^1'itl;/!1' "iP^'ÄiiNäi^-i|b lf:;l '■■IPr:®^!-:S"fl= 

I::l-B«i4:-'lt;| 'S'lwiri/i^l^ 
Dependent Variable fHi:$ifcil/K;l ;^;:&#42:r ::; i4j&&'h p-Value l -rfflÄ .:? Non-Black p-Value 

Biceps Reflex (n=928) (n=l,186) (n=128) (n=l,986) 
Abnormal 1.0% 1.3% 0.668 0.8% 1.2% 0.999 

Babinski Reflex (n=929) (0=1,183) (n=127) (n=l,985) 
Abnormal 0.7% 1.3% 0.227 0.8% 1.0% 0.999 

Polyneuropathy Severity (n=907) (n=l,096) (n=123) (11=1,880) 
Index None/Mild 99.2% 97.1% 0.002 97.6% 98.1% 0.005 

Moderate 0.7% 2.6% 0.8% 1.8% 
Severe 0.1% 0.4% 1.6% 0.2% 

Polyneuropathy (n=907) (n=l,097) (n=124) (n=l,880) 
Prevalence Index Abnormal 8.8% 20.9% <0.001 18.6% 15.2% 0.385 
Multiple Polyneuropathy (n=907) (11=1,097) (n=124) (n=l,880) 
Index Abnormal 1.8% 5.7% <0.001 4.0% 3.9% 0.999 
Confirmed (n=905) (n=l,082) (n=121) (n=l,866) 
Polyneuropathy Indicator Abnormal 0.2% 1.5% 0.007 0.8% 0.9% 0.999 
Tremor (n=929) (n=l,186) (n=128) (n=l,987) 

Abnormal 6.0% 8.0% 0.095 6.3% 7.2% 0.821 
Coordination (n=928) (n=l,185) (n=127) (n=l,986) 

Abnormal 1.8% 2.8% 0.198 3.2% 2.3% 0.766 
Romberg Sign (n=929) (n=l,185) (n=127) (n=l,987) 

Abnormal 0.7% 0.7% 0.999 0.8% 0.7% 0.999 
Gait (n=929) (n=l,186) (n=128) (n=l,987) 

Abnormal 2.8% 6.8% <0.001 4.7% 5.1% 0.999 
Central Nervous System (n=928) (n=l,186) (n=128) (n=l,986) 
Index Abnormal 8.7% 14.7% <0.001 10.9% 12.1% 0.792 
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Table F-3.   Dependent Variable-Covariate Associations for the Neurology Assessment 
(Continued) 

[■■■}> ■Level ;■■;; 

WlmWlrQ® i|l|iHfiiB#i;   :        I:■ 41' ■:vil:>:^c:,:■"■ll:■ ^ 

Dependent Variable <|pilffel:^ Enlisted Flyer     Enlisted Groundcrew p-Value 

Inflammatory Diseases 
Yes 

:n=830) 
0.2% 

(n=336) 
0.6% 

(n=942) 
0.4% 0.642 

Hereditary and Degenerative 
Diseases Yes 

;n=833) 
8.0% 

(n=338) 
11.2% 

(n=944) 
8.8% 0.217 

Peripheral Disorders 
Yes 

;n=831) 
20.3% 

(n=336) 
23.8% 

(n=943) 
19.1% 0.182 

Other Neurological Disorders 
Yes 

:n=830) 
8.1% 

(n=337) 
27.0% 

(n=939) 
24.1% <0.001 

Smell 
Abnormal 

[n=829) 
1.8% 

(n=338) 
2.1% 

(n=942) 
1.8% 0.947 

Visual Fields 
Abnormal 

[n=832) 
0.1% 

(n=337) 
0.9% 

(n=942) 
0.3% 0.116 

Light Reaction 
Abnormal 

(n=829) 
0.4% 

(n=338) 
1.5% 

(n=941) 
0.5% 0.078 

Ocular Movement 
Abnormal 

[n=833) 
0.8% 

(n=338) 
1.5% 

(n=944) 
2.0% 0.122 

Facial Sensation 
Abnormal 

(n=832) 
0.2% 

(n=338) 
0.3% 

(n=943) 
0.1% 0.717 

Jaw Clench 
Deviated 

(n=833) 
0.2% 

(n=338) 
0.0% 

(n=944) 
0.0% 0.214 

Smile 
Abnormal 

(n=833) 
0.4% 

(n=338) 
0.3% 

(n=944) 
0.7% 0.442 

Palpebral Fissure 
Abnormal 

(n=833) 
0.8% 

(n=338) 
0.6% 

(n=944) 
1.1% 0.718 

Balance 
Abnormal 

(n=833) 
0.8% 

(n=337) 
0.3% 

(n=944) 
0.6% 0.578 

Speech 
Abnormal 

(n=833) 
0.4% 

(n=338) 
0.3% 

(n=944) 
1.1% 0.128 

Tongue Position Relative to 
Midline Deviated 

(n=833) 
0.2% 

(n=338) 
0.0% 

(n=944) 
0.0% 0.214 

Palate and Uvula Movement 
Deviated 

(n=833) 
0.1% 

(n=338) 
0.0% 

(n=944) 
0.0% 0.463 

Cranial Nerve Index 
Abnormal 

(n=821) 
5.2% 

(n=337) 
6.8% 

(n=937) 
6.6% 0.405 

Neck Range of Motion 
Abnormal 

[n=833) 
18.1% 

(n=338) 
20.7% 

(n=944) 
14.0% 0.006 

Pinprick 
Abnormal 

(n=791) 
5.3% 

(n=327) 
10.1% 

(n=889) 
5.5% 0.006 

Light Touch 
Abnormal 

[n=791) 
3.5% 

(n=327) 
6.7% 

(n=889) 
3.7% 0.036 

Muscle Status 
Abnormal 

(n=833) 
3.7% 

(n=338) 
5.0% 

(n=943) 
3.0% 0.211 

Patellar Reflex 
Abnormal 

[n=833) 
3.4% 

(n=337) 
2.4% 

(n=941) 
2.4% 0.443 

Achilles Reflex 
Abnormal 

[n=831) 
17.9% 

(n=337) 
19.9% 

(n=941) 
14.9% 0.064 

Biceps Reflex 
Abnormal 

[n=833) 
1.3% 

(n=338) 
1.2% 

(n=943) 
1.0% 0.765 
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Table F-3.   Dependent Variable-Covariate Associations for the Neurology Assessment 
(Continued) 

^i'i'i^iäÄ^S'ivi^ 
Bl?l;irIo.IÄws*i™,l 

:;   Dep^iKlent Variable '■. -\Z .] ;;'"-;':;:Officer;' i: Enlisted Flyer     Enlisted Groundcrew p-Value 

Babinski Reflex 
Abnormal 

(n=832) 
0.6% 

(n=336) 
1.2% 

(n=944) 
1.3% 0.337 

Polyneuropathy Severity 
Index None/Mild 

(n=790) 
98.0% 

(n=326) 
97.2% 

(n=887) 
98.4% 0.378 

Moderate 1.7% 2.8% 1.4% 
Severe 0.4% 0.0% 0.2% 

Polyneuropathy Prevalence 
Index Abnormal 

(n=790) 
16.5% 

(n=327) 
20.8% 

(n=887) 
12.5% <0.001 

Multiple Polyneuropathy 
Index Abnormal 

(n=790) 
4.2% 

(n=327) 
6.7% 

(n=887) 
2.7% 0.006 

Confirmed Polyneuropathy 
Indicator Abnormal 

(n=786) 
1.0% 

(n=322) 
1.2% 

(n=879) 
0.7% 0.605 

Tremor 
Abnormal 

(n=833) 
6.1% 

(n=338) 
8.9% 

(n=944) 
7.4% 0.229 

Coordination 
Abnormal 

(n=833) 
2.2% 

(n=337) 
1.5% 

(n=943) 
2.9% 0.317 

Romberg Sign 
Abnormal 

(n=833) 
0.8% 

(n=337) 
0.3% 

(n=944) 
0.6% 0.578 

Gait 
Abnormal 

(n=833) 
5.4% 

(n=338) 
6.5% 

(n=944) 
4.2% 0.222 

Central Nervous System 
Index Abnormal 

(n=833) 
11.0% 

(n=338) 
15.4% 

(n=943) 
11.8% 0.110 
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Table F-3.   Dependent Variable 
(Continued) 

Covariate Associations for the Neurology Assessment 

ij^i8iiäni'i"i^,'i 

Lifetime Alcohol History (drink-years) 

ii:'ll:If#S^ J . *■■:?'::,£. ^^i/iWr - 'K >t^ ;;:' N p-Value 

Inflammatory Diseases 
Yes 

(n=116) 
0.0% 

(n=l,371) 
0.4% 

(n=613) 
0.5% 0.725 

Hereditary and Degenerative Diseases 
Yes 

(n=118) 
5.9% 

(n=l,374) 
8.4% 

(n=615) 
10.6% 0.154 

Peripheral Disorders 
Yes 

(n=118) 
24.6% 

(n=l,371) 
19.4% 

(n=613) 
21.9% 0.233 

Other Neurological Disorders 
Yes 

(n=117) 
18.8% 

(n=l,368) 
17.9% 

(n=613) 
18.9% 0.854 

Smell 
Abnormal 

(n=117) 
1.7% 

(n=l,369) 
2.1% 

(n=615) 
1.3% 0.514 

Visual Fields 
Abnormal 

(n=118) 
0.0% 

(n=l,372) 
0.4% 

(n=613) 
0.2% 0.502 

Light Reaction 
Abnormal 

(n=118) 
0.9% 

(n=l,369) 
0.7% 

(n=613) 
0.5% 0.861 

Ocular Movement 
Abnormal 

(n=118) 
2.5% 

(n=L374) 
1.5% 

(n=615) 
1.3% 0.589 

Facial Sensation 
Abnormal 

(n=118) 
0.0% 

(n=l,372) 
0.1% 

(n=615) 
0.5% 0.129 

Jaw Clench 
Deviated 

(n=118) 
0.0% 

(n=l,374) 
0.1% 

(n=615) 
0.2% 0.787 

Smile 
Abnormal 

(n=118) 
0.9% 

(n=l,374) 
0.4% 

(n=615) 
0.8% 0.386 

Palpebral Fissure 
Abnormal 

(n=118) 
1.7% 

(n=l,374) 
0.6% 

(n=615) 
1.3% 0.163 

Balance 
Abnormal 

(n=118) 
0.9% 

(n=l,373) 
0.5% 

(n=615) 
1.0% 0.482 

Speech 
Abnormal 

(n=118) 
0.0% 

(n=l,374) 
0.6% 

(n=615) 
1.0% 0.400 

Tongue Position Relative to Midline 
Deviated 

(n=118) 
0.0% 

(n=L374) 
0.1% 

(n=615) 
0.2% 0.787 

Palate and Uvula Movement 
Deviated 

(n=118) 
0.0% 

(n=l,374) 
0.0% 

(n=615) 
0.2% 0.297 

Cranial Nerve Index 
Abnormal 

(n=116) 
7.8% 

(n=l,356) 
5.5% 

(n=615) 
6.8% 0.387 

Neck Range of Motion 
Abnormal 

(n=118) 
15.3% 

(n=l,374) 
15.8% 

(n=615) 
19.2% 0.156 

Pinprick 
Abnormal 

(n=107) 
9.4% 

(n=l,309) 
5.4% 

(n=583) 
7.2% 0.122 

Light Touch 
Abnormal 

(n=107) 
4.7% 

(n=l,309) 
3.5% 

(n=583) 
5.3% 0.180 

Muscle Status 
Abnormal 

(n=118) 
5.1% 

(n=l,373) 
3.1% 

(n=615) 
4.4% 0.257 

Patellar Reflex 
Abnormal 

(n=118) 
5.1% 

(n=l,370) 
2.6% 

(n=615) 
2.8% 0.300 

Achilles Reflex 
Abnormal 

(n=118) 
18.6% 

(n=l,368) 
15.4% 

(n=615) 
20.2% 0.027 
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Table F-3.   Dependent Variable 
(Continued) 

Covariate Associations for the Neurology Assessment 

:i-S':ll'ÖÄl'K^ 

Lifetime Alcohol History (drink-years) 

!'■;; liej^^eiit-lStMBbte':! :-.Vi^ 11; -.:. Y *&&::: * : -:>M/^ :-:l p-Value 

Biceps Reflex 
Abnormal 

(n=118) 
1.7% 

(n=l,373) 
1.2% 

(n=615) 
0.8% 0.635 

Babinski Reflex 
Abnormal 

(n=118) 
2.5% 

(0=1,371) 
0.9% 

(n=615) 
0.8% 0.184 

Polyneuropathy Severity Index 
None/Mild 

(n=107) 
99.1% 

(n=l,305) 
98.3% 

(n=583) 
97.3% 0.088 

Moderate 0.0% 1.6% 2.2% 
Severe 0.9% 0.1% 0.5% 

Polyneuropathy Prevalence Index 
Abnormal 

(n=107) 
13.1% 

(n=l,306) 
13.5% 

(n=583) 
20.2% <0.001 

Multiple Polyneuropathy Index 
Abnormal 

(n=107) 
3.7% 

(n=l,306) 
3.2% 

(n=583) 
5.5% 0.062 

Confirmed Polyneuropathy Indicator 
Abnormal 

(n=105) 
1.0% 

(n=l,299) 
0.9% 

(n=575) 
1.0% 0.917 

Tremor 
Abnormal 

(n=118) 
3.4% 

(n=l,374) 
7.0% 

(n=615) 
8.3% 0.152 

Coordination 
Abnormal 

(n=118) 
0.9% 

(n=l,372) 
2.0% 

(n=615) 
3.4% 0.095 

Romberg Sign 
Abnormal 

(n=U8) 
0.9% 

(n=l,373) 
0.5% 

(n=615) 
1.0% 0.482 

Gait 
Abnormal 

(n=118) 
5.1% 

(n=lf374) 
4.9% 

(n=615) 
5.5% 0.829 

Central Nervous System Index 
Abnormal 

(n=118) 
9.3% 

(n=l,373) 
11.4% 

(n=615) 
14.2% 0.146 
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Table F-3.   Dependent Variable-Covariate Associations for the Neurology Assessment 
(Continued) 

;11:l^l5l9*l:l' 
|;|^;Sli|ei^fcili: feppÄi: -If ■■§■ Industrial Chemical Exposure 

t '^^I^^IÄÖeiBMä^aÄ: ;:R^iljilftliilä:; 1 -: :;^fl;;:: :■■■ :■: ■■■ J4" ::;■■ i\. ;:;lW. .j:- p-Value ::: ::; M 11 i ? Yes;: ? p-Value 

Inflammatory Diseases 
Yes 

(n=619) 
0.7% 

(n=l,489) 
0.3% 0.371 

(n=796) 
0.1% 

(n=l,312) 
0.5% 0.266 

Hereditary and Degenerative 
Diseases Yes 

(n=621) 
7.1% 

(n= 1,494) 
9.6% 0,073 

(n=799) 
7.0% 

(n=l,316) 
10.0% 0.022 

Peripheral Disorders 
Yes 

(n=621) 
16.9% 

(n=l,489) 
21.8% 0.014 

(n=798) 
20.2% 

(n=l,312) 
20.4% 0.934 

Other Neurological 
Disorders Yes 

(n=620) 
15.7% 

(n=l,486) 
19.3% 0.054 

(n=797) 
13.3% 

(n=l,309) 
21.2% <0.001 

Smell 
Abnormal 

(n=621) 
1.5% 

(n=l,488) 
2.0% 0.482 

(n=798) 
1.9% 

(n=l,311) 
1.8% 0.999 

Visual Fields 
Abnormal 

(n=620) 
0.5% 

(n=l,491) 
0.3% 0.712 

(n=798) 
0.5% 

(n=l,313) 
0.2% 0.505 

Light Reaction 
Abnormal 

(n=621) 
1.1% 

(n=l,487) 
0.4% 0.103 

(n=797) 
0.8% 

(n=l,311) 
0.5% 0.737 

Ocular Movement 
Abnormal 

(n=621) 
1.3% 

(n=l,494) 
1.5% 0.811 

(n=799) 
1.4% 

(n=l,316) 
1.5% 0.937 

Facial Sensation 
Abnormal 

(n=621) 
0.0% 

(n=l,492) 
0.3% 0.458 

(n=798) 
0.1% 

(n=l,315) 
0.2% 0.991 

Jaw Clench 
Deviated 

(n=621) 
0.0% 

(n=l,494) 
0.1% 0.892 

(n=799) 
0.1% 

(n=l,316) 
0.1% 0.999 

Smile 
Abnormal 

(n=621) 
0.3% 

(n=l,494) 
0.6% 0.628 

(n=799) 
0.4% 

(n=l,316) 
0.6% 0.683 

Palpebral Fissure 
Abnormal 

(n=621) 
0.5% 

(n=l,494) 
1.1% 0.293 

(n=799) 
1.1% 

(n=l,316) 
0.8% 0.530 

Balance 
Abnormal 

(n=620) 
0.5% 

(n=l,494) 
0.7% 0.721 

(n=798) 
0.5% 

(n=l,316) 
0.8% 0.664 

Speech 
Abnormal 

(n=621) 
0.8% 

(n=l,494) 
0.6% 0.819 

(n=799) 
0.8% 

(n=l,316) 
0.6% 0.907 

Tongue Position Relative to 
Midline Deviated 

(n=621) 
0.0% 

(n=l,494) 
0.1% 0.892 

(n=799) 
0.1% 

(n=l,316) 
0.1% 0.999 

Palate and Uvula Movement 
Deviated 

(n=621) 
0.0% 

(n=l,494) 
0.1% 0.999 

(n=799) 
0.0% 

(n=l,316) 
0.1% 0.999 

Cranial Nerve Index 
Abnormal 

(n=617) 
5.4% 

(n=l,478) 
6.4% 0.401 

(n=792) 
6.4% 

(n=l,303) 
5.9% 0.691 

Neck Range of Motion 
Abnormal 

(n=621) 
15.3% 

(n=l,494) 
17.3% 0.297 

(n=799) 
17.8% 

(n=l,316) 
16.0% 0.327 

Pinprick 
Abnormal 

(n=597) 
5.7% 

(n=l,410) 
6.4% 0.629 

(n=751) 
6.3% 

(n=l,256) 
6.1% 0.985 

Light Touch 
Abnormal 

(n=597) 
3.5% 

(n=l,410) 
4.4% 0.434 

(n=751) 
4.7% 

(n=l,256) 
3.8% 0.425 

Muscle Status 
Abnormal 

(n=621) 
2.4% 

(n=l,493) 
4.1% 0.080 

(n=799) 
3.4% 

(n=l,315) 
3.7% 0.768 

Patellar Reflex 
Abnormal 

(n=620) 
2.7% 

(n=l,491) 
2.8% 0.999 

(n=798) 
2.6% 

(n=l,313) 
2.9% 0.827 

Achilles Reflex 
Abnormal 

(n=619) 
15.8% 

(n=l,490) 
17.3% 0.445 

(n=796) 
17.8% 

(n=l,313) 
16.3% 0.392 

Biceps Reflex 
Abnormal 

(n=620) 
1.1% 

(n= 1,494) 
1.1% 0.999 

(n=798) 
1.5% 

(n=l,316) 
0.9% 0.301 
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Table F-3.   Dependent Variable-Covariate Associations for the Neurology Assessment 
(Continued) 

■; '.-'i ';&v#:/ :|: 

11^ &Ä ecocide Exposure Industrial Chemical EJ 

No               Yes 

tposure 

Dependent Variable Yes p-Value p-Value 

Babinski Reflex (n=619) (n=l,493) (n=797) (n=l,315) 
Abnormal 1.1% 0.9% 0.868 0.6% 1.2% 0.273 

Polyneuropathy Severity (n=596) (n=l,407) (n=749) (n=l,254) 
Index None/Mild 98.7% 97.8% 0.443 98.0% 98.1% 0.561 

Moderate 1.2% 1.9% 1.6% 1.8% 
Severe 0.2% 0.3% 0.4% 0.2% 

Polyneuropathy Prevalence (n=597) (n= 1,407) (n=750) (n=l,254) 
Index Abnormal 14.1% 16.0% 0.307 16.7% 14.7% 0.258 
Multiple Polyneuropathy (n=597) (n=l,407) (n=750) (n=l,254) 
Index Abnormal 3.7% 4.1% 0.795 4.4% 3.7% 0.486 
Confirmed Polyneuropathy (n=591) (n=l,396) (n=744) (n=l,243) 
Indicator Abnormal 0.5% 1.1% 0.337 0.8% 1.0% 0.907 
Tremor (n=621) (n=l,494) (n=799) (n=l,316) 

Abnormal 4.5% 8.2% 0.003 5.0% 8.4% 0.004 
Coordination (n=619) (n=l,494) (n=797) (n=l,316) 

Abnormal 1.6% 2.7% 0.192 2.3% 2.4% 0.915 
Romberg Sign (n=620) (n= 1,494) (n=798) (n=l,316) 

Abnormal 0.5% 0.7% 0.721 0.5% 0.8% 0.664 
Gait (n=621) (n= 1,494) (n=799) (n=l,316) 

Abnormal 3.9% 5.6% 0.132 5.0% 5.1% 0.999 
Central Nervous (n=620) (n=l,494) (n=798) (n=l,316) 
System Index Abnormal 8.2% 13.7% <0.001 9.9% 13.4% 0.021 
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Table F'3.   Dependent Variable-Covariate Associations 
(Continued) 

for the Neurology Assessment 

MWlXM^fMA 

Degreasing Chemical £ xposure Diabetic Class 

Diabetic Dependent Variable ;;■;::: :Mo:: '■. ::. -Yes ■: ■ : p-Value ^l?Plä)Ä;IPl Impaired p-Valae 

Inflammatory (n=751) (n=l,357) (n=l,453) (o=273) (n=355) 
Diseases Yes 0.1% 0.5% 0.318 0.5% 0.0% 0.3% 0.470 
Hereditary and (n=752) (n=l,363) (11=1,458) (o=273) (n=357) 
Degenerative Yes 9.2% 8.7% 0.792 8.0% 10.6% 10.9% 0.123 
Diseases 
Peripheral Disorders (n=752) (n=l,358) (n=l,454) (o=273) (n=356) 

Yes 18.5% 21.4% 0.130 17.5% 18.7% 33.4% <0.001 
Other Neurological (n=748) (n=l,358) (n=l,451) (o=272) (n=356) 
Disorders Yes 13.9% 20.6% <0.001 16.0% 21.3% 23.9% <0.001 
Smell (n=750) (n=l,359) (n=l,454) (n=273) (n=355) 

Abnormal 2.0% 1.8% 0.831 1.5% 2.9% 1.7% 0.257 
Visual Fields (n=751) (n=l,360) (n=l,456) (o=273) (n=355) 

Abnormal 0.1% 0.4% 0.434 0.3% 0.4% 0.6% 0.698 
Light Reaction (n=750) (n=l,358) (11=1,453) (o=273) (n=355) 

Abnormal 0.7% 0.6% 0.999 0.6% 0.4% 1.1% 0.394 
Ocular Movement (n=752) (n=l,363) (n=l,458) (o=273) (n=357) 

Abnormal 1.2% 1.6% 0.565 1.3% 1.5% 2.2% 0.422 
Facial Sensation (n=750) (n=l,363) (n=l,457) (o=272) (n=357) 

Abnormal 0.1% 0.2% 0.999 0.2% 0.0% 0.3% 0.711 
Jaw Clench (n=752) (n=l,363) (n=l,458) (o=273) (n=357) 

Deviated 0.1% 0.1% 0.999 0.0% 0.4% 0.3% 0.093 
Smile (n=752) (n=l,363) (n=l,458) (o=273) (n=357) 

Abnormal 0.3% 0.7% 0.373 0.4% 0.0% 1.4% 0.030 
Palpebral Fissure (n=752) (n=l,363) (n=l,458) (o=273) (n=357) 

Abnormal 0.4% 1.2% 0.117 0.8% 0.0% 2.2% 0.007 
Balance (n=752) (n=l,362) (n=l,458) (n=273) (n=356) 

Abnormal 0.8% 0.6% 0.771 0.5% 0.4% 1.7% 0.036 
Speech (n=752) (n=l,363) (n=l,458) (n=273) (n=357) 

Abnormal 0.5% 0.7% 0.789 0.6% 0.7% 0.8% 0.890 
Tongue Position (n=752) (n=l,363) (D=1,458) (n=273) (n=357) 
Relative to Midline Deviated 0.1% 0.1% 0.999 0.0% 0.4% 0.3% 0.093 
Palate and Uvula (n=752) (n=l,363) (n=l,458) (n=273) (n=357) 
Movement Deviated 0.0% 0.1% 0.999 0.0% 0.0% 0.3% 0.088 
Cranial Nerve Index (n=743) (n=l,352) (n=l,443) (n=271) (n=354) 

Abnormal 5.8% 6.3% 0.718 5.2% 6.3% 9.3% 0.014 
Neck Range of (n=752) (n=l,363) (o=l,458) (n=273) (n=357) 
Motion Abnormal 17.8% 16.1% 0.330 15.6% 15.4% 21.6% 0.022 
Pinprick (n=712) (o=l,295) (n=l,408) (n=251) (n=322) 

Abnormal 6.0% 6.3% 0.924 4.1% 4.0% 16.8% <0.001 
Light Touch (n=712) (o=l,295) (0=1,408) (n=251) (n=322) 

Abnormal 4.1% 4.2% 0.999 3.0% 2.0% 10.6% <0.001 

Muscle Status (n=752) (o=l,362) (o=l,457) (n=273) (n=357) 
Abnormal 3.9% 3.5% 0.721 3.3% 2.6% 5.6% 0.068 

Patellar Reflex (n=751) (o=l,360) (0=1,455) (n=273) (n=356) 
Abnormal 2.8% 2.8% 0.999 1.8% 2.6% 7.3% <0.001 

Achilles Reflex (o=748) (n=l,361) (0=1,453) (n=272) (n=357) 
Abnormal 18.9% 15.8% 0.084 13.4% 16.2% 31.9% <0.001 
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Table F-3.   Dependent Variable-Covariate Associations 
(Continued) 

for the Neurology Assessment 

Ipya] 

Degreasing Chemical £ xposure 

p-Value 

Diabetic Class 

Dcoendent Variable Normal Impaired Diabetic p-Value 

Biceps Reflex (n=751) (n=l,363) (n=l,458) (n=272) (n=357) 
Abnormal 1.3% 1.0% 0.676 0.7% 1.8% 2.5% 0.007 

Babinski Reflex (n=751) (n=l,361) (n=l,456) (n=273) (n=356) 
Abnormal 0.9% 1.0% 0.999 0.9% 1.1% 1.4% 0.678 

Polyneuropathy (n=710) (n=l,293) (n=l,405) (n=251) (n=321) 
Severity Index None/Mild 98.0% 98.0% 0.482 98.9% 99.6% 93.2% <0.001 

Moderate 1.6% 1.8% 0.9% 0.4% 5.9% 
Severe 0.4% 0.2% 0.1% 0.0% 0.9% 

Polyneuropathy (n=710) (n=l,294) (n=l,405) (n=251) (n=322) 
Prevalence Index Abnormal 16.5% 14.8% 0.364 12.0% 12.4% 32.9% <0.001 
Multiple (n=710) (n=l,294) (n=l,405) (n=251) (n^322) 
Polyneuropathy Abnormal 3.9% 3.9% 0.999 2.4% 1.2% 12.7% <0.001 
Index 
Confirmed (n=704) (n=l,283) (n=l,397) (n=251) (n=313) 
Polyneuropathy Abnormal 0.7% 1.0% 0.664 0.6% 0.0% 2.9% <0.001 
Indicator 
Tremor (n=752) (n=l,363) (n=l,458) (n=273) (n=357) 

Abnormal 6.4% 7.6% 0.360 7.2% 7.3% 6.4% 0.870 
Coordination (n=751) (n=l,362) (n=l,458) (n=272) (n=356) 

Abnormal 2.7% 2.2% 0.605 1.9% 2.2% 4.5% 0.013 
Romberg Sign (n=752) (n=l,362) (n=l,458) (n=273) (n=356) 

Abnormal 0.8% 0.6% 0.771 0.5% 0.4% 1.7% 0.036 
Gait (n=752) (n=l,363) (n=l,458) (n=273) (n=357) 

Abnormal 4.9% 5.1% 0.910 3.9% 5.1% 9.2% <0.001 
Central Nervous (n=751) (n=l,363) (n=l,458) (n=272) (n=357) 
System Index Abnormal 11.2% 12.6% 0.396 11.0% 12.9% 15.4% 0.062 

Dependent Variable Level 

Composite Exposure to Heavy Metals 

1-M 
Confirmed Polyneuropathy 
Indicator Abnormal 

(n=l,714)        (n=272) 
0.8% 1.5% 0.476 

Worked With Vibrating Power 
Equipment or Tools 

(n=l,446)     (n=538) 
1.0% 0.7% 0.839 
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Table F-4. Dependent Variable-Covariate Associations for the Psychology Assessment 

■ Depertdeiat 
:;lEeMto:i 

:: : Age: ^|/P|Ä^|:1';|' 
^ 't'; ^ :fp ^ at --J J" ■ |': :;;!■: ;^apr|sil>|ei; :>;;: ^; |;;-;; l^ll. ';|: ■:; Bom £1942 :

: Borri<1942 p-Value Black Non-Black p- Value 

Psychoses (n=929) (n=l,187) (n=128) (n=l,988) 
Yes 4.2% 3.6% 0.571 3.9% 3.9% 0.999 

Alcohol Dependence (n=928) (n=l,187) (n=127) (n=l,988) 
Yes 6.6% 7.1% 0.713 10.2% 6.6% 0.169 

Drug Dependence (n=929) (n=l,187) (n=128) (n=l,988) 
Yes 0.5% 0.1% 0.124 1.6% 0.2% 0.051 

Anxiety (n=926) (n=l,183) (n=128) (n=l,981) 

Yes 28.3% 25.7% 0.198 25.0% 27.0% 0.703 

Other Neuroses (n=921) (n=l,174) (n=127) (n=l,968) 
Yes 54.8% 53.0% 0.424 55.9% 53.7% 0.689 

SCL-90-R Anxiety (n=929) (n=l,186) (n=128) (n=l,987) 
High 11.8% 9.4% 0.087 11.7% 10.4% 0.751 

SCL-90-R Depression (n=929) (n=l,186) (n=128) (n=l,987) 

High 16.8% 13.5% 0.040 14.1% 15.0% 0.873 

SCL-90-R Hostility (n=929) (n=l,186) (n=128) (n=l,987) 
High 9.6% 7.0% 0.038 8.6% 8.1% 0.976 

SCL-90-R Interpersonal (n=929) (n=l,186) (n=128) (n=l,987) 

Sensitivity High 17.3% 13.6% 0.020 16.4% 15.2% 0.797 

SCL-90-R Obsessive- (n=929) (n=l,186) (n=128) (n=l,987) 

Compulsive Behavior High 15.5% 15.4% 0.970 14.1% 15.5% 0.756 

SCL-90-R Paranoid (n=929) (n=l,186) (n=128) (n=l,987) 

Ideation High 9.0% 5.2% 0.001 10.9% 6.6% 0.093 

SCL-90-R Phobic (n=929) (n=l,186) (n=128) (n=l,987) 

Anxiety High 12.4% 8.5% 0.005 14.8% 9.9% 0.102 

SCL-90-R Psychoticism (n=929) (n=l,186) (n=128) (n=l,987) 
High 15.6% 12.1% 0.025 18.8% 13.3% 0.111 

SCL-90-R Somatization (n=929) (n=l,186) (n=128) (n=l,987) 
High 17.2% 15.5% 0.319 20.3% 16.0% 0.247 

SCL-90-R Global (n=929) (n=l,186) (n=128) (n=l,987) 

Severity Index High 16.6% 13.4% 0.048 15.6% 14.8% 0.886 

SCL-90-R Positive (n=929) (n=l,186) (n=128) (n=l,987) 

Symptom Total High 17.6% 14.6% 0.074 18.0% 15.8% 0.589 

SCL-90-R Positive (n=929) (n=l,186) (n=128) (n=l,987) 

Symptom Distress Index High 8.4% 6.3% 0.082 8.6% 7.2% 0.662 
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Table F-4.   Dependent Variable 
(Continued) 

■Covariate Associations for the Psychology Assessment 

vWM^IfS^^^^^&MM-i ;:ft      ;;f;:::;::|;::';I'-:;|:"' ■ il:;ls|l^iij^t|i3ai|::':; :;' ;1 ^; ;:|l:-::::l:: V%'Mf:£M 

r!;ll :;f|?fi§Äl8|^:'ls|:i:Ji:l| 1:1'lSpSllJ^ ■■ ;:Officer: ;■ Enlisted Flyer Enlisted Groundcrew p-Value 

Psychoses (n=834) (n=338) (n=944) 
Yes 2.5% 5.0% 4.7% 0.032 

Alcohol Dependence (n=834) (n=338) (n=943) 

Yes 4.9% 8.9% 7.9% 0.014 
Drug Dependence (n=834) (n=338) (n=944) 

Yes 0.1% 0.0% 0.5% 0.152 
Anxiety (n=833) (n=337) (n=939) 

Yes 17.3% 30.9% 33.9% 0.001 
Other Neuroses (n=829) (n=334) (n=932) 

Yes 43.7% 61.4% 60.1% 0.001 
SCL-90-R Anxiety (n=834) (n=337) (n=944) 

High 5.0% 13.4% 14.3% 0.001 
SCL-90-R Depression (n=834) (n=337) (n=944) 

High 9.0% 17.5% 19.3% 0.001 
SCL-90-R Hostility (n=834) (n=337) (n=944) 

High 4.1% 9.5% 11.2% 0.001 
SCL-90-R Interpersonal (n=834) (n=337) (n=944) 

Sensitivity High 7.8% 19.0% 20.4% 0.001 
SCL-90-R Obsessive- (n=834) (n=337) (n=944) 

Compulsive Behavior High 9.2% 20.5% 19.1% 0.001 

SCL-90-R Paranoid (n=834) (n=337) (n=944) 

Ideation High 2.8% 7.4% 10.4% 0.001 
SCL-90-R Phobic (n=834) (n=337) (n=944) 

Anxiety High 4.6% 12.5% 14.4% 0.001 
SCL-90-R Psychoticism (n=834) (n=337) (n=944) 

High 7.9% 14.8% 18.3% 0.001 
SCL-90-R Somatization (n=834) (n=337) (n=944) 

High 7.3% 25.2% 21.0% 0.001 
SCL-90-R Global (n=834) (n=337) (n=944) 

Severity Index High 7.2% 18.7% 20.1% 0.001 
SCL-90-R Positive (n=834) (n=337) (n=944) 

Symptom Total High 8.5% 20.2% 20.9% 0.001 
SCL-90-R Positive (n=834) (n=337) (n=944) 

Symptom Distress Index High 3.7% 9.5% 9.5% 0.001 
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Table F-4.   Dependent Variable 
(Continued) 

■Covariate Associations for the Psychology Assessment 

)^Mf:i.t3:MXM$M^j'M^l^t^f^ ; .Edticatipri; ■ 

s:   -; .: -Variable '■   ■■=■.;: llt'il;.;K|M»:tfel^|:l'li :!; :<Mi«ge':':; 

(n=976) 

p-Value 

Psychoses (o=l,139) 
Yes 3.3% 4.6% 0.132 

Alcohol Dependence (o=l,139) (n=975) 
Yes 6.0% 7.9% 0.097 

Drug Dependence (n=l,139) (n=976) 
Yes 0.4% 0.2% 0.826 

Anxiety (n=l,136) (n=972) 
Yes 23.1% 31.3% 0.001 

Other Neuroses (n=l,133) (n=961) 
Yes 47.8% 60.9% 0.001 

SCL-90-R Anxiety (n=l,139) (n=975) 
High 7.5% 14.1% 0.001 

SCL-90-R Depression (n=l,139) (n=975) 
High 11.2% 19.4% 0.001 

SCL-90-R Hostility (0=1,139) (n=975) 
High 5.4% 11.3% 0.001 

SCL-90-R Interpersonal (n=l,139) (n=975) 
Sensitivity High 10.8% 20.4% 0.001 

SCL-90-R Obsessive- (0=1,139) (n=975) 

Compulsive Behavior High 11.8% 19.7% 0.001 

SCL-90-R Paranoid (o=l,139) (n=975) 

Ideation High 4.5% 9.7% 0.001 

SCL-90-R Phobic (0=1,139) (n=975) 
Anxiety High 6.6% 14.5% 0.001 

SCL-90-R Psychoticism (o=l,139) (n=975) 
High 10.7% 17.1% 0.001 

SCL-90-R Somatization (o=l,139) (n=975) 
High 11.2% 22.3% 0.001 

SCL-90-R Global (0=1,139) (n=975) 

Severity Index High 11.1% 19.2% 0.001 

SCL-90-R Positive (n=l,139) (n=975) 

Symptom Total High 11.7% 20.8% 0.001 

SCL-90-R Positive (o=l,139) (n=975) 

Symptom Distress Index High 5.3% 9.5% 0.001 
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Table F-4.   Dependent Variable-Covariate Associations for the Psychology Assessment 
(Continued) 

S:l(feÄt4iSS.I 

Current Alcohol Use (drinks/day) 

!;:::" 1;: ^W; i :■-■:::';: fiMj::::.:; I: ■• .■;.:--;f>4;:: \ ;: ■! p*Value 

Alcohol Dependence — — __ — 

Drug Dependence - __ — — 

Anxiety - - — — 
Other Neuroses - - - — 
SCL-90-R Anxiety (n=l,694) (n=370) (n=50) 

High 10.6% 8.9% 20.0% 0.055 

SCL-90-R Depression (n=l,694) (n=370) (n=50) 
High 14.9% 13.2% 28.0% 0.023 

SCL-90-R Hostility (n=l,694) (n=370) (n=50) 
High 8.2% 6.8% 18.0% 0.024 

SCL-90-R Interpersonal (n=l,694) (n=370) (n=50) 
Sensitivity High 15.8% 11.6% 22.0% 0.051 
SCL-90-R Obsessive- (n=l,694) (n=370) (n=50) 
Compulsive Behavior High 15.5% 13.8% 26.0% 0.080 

SCL-90-R Paranoid (n=l,694) (n=370) (n=50) 

Ideation High 7.0% 6.0% 12.0% 0.278 
SCL-90-R Phobic (n=l,694) (n=370) (n=50) 

Anxiety High 10.0% 10.5% 14.0% 0.643 
SCL-90-R Psychoticism (n=l,694) (n=370) (n=50) 

High 13.5% 13.0% 24.0% 0.095 

SCL-90-R Somatization (n=l,694) (n=370) (n=50) 
High 17.1% 11.9% 20.0% 0.037 

SCL-90-R Global (n=l,694) (n=370) (n=50) 
Severity Index High 14.9% 12.7% 28.0% 0.017 
SCL-90-R Positive (n=l,694) (n=370) (n=50) 

Symptom Total High 16.1% 14.1% 22.0% 0.302 

SCL-90-R Positive (n=l,694) (n=370) (n=50) 
Symptom Distress Index High 7.7% 43% 12.0% 0.030 
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Table F-4.   Dependent Variable-Covariate Associations for the Psychology Assessment 
(Continued) 

l^f ;l;lffeiä#ÄI |.f v MM% 

MM m:iM:^W^tii:M: %%iMäili$MMM 

Lifetiire Alcohol History (drink-years) 

0 ■t■;;■ ;>#-10:i.:;; ?■;;:■ ::'■:: >10v" *'i ■ p-Value.- 

Psychoses (n=118) (n=l,375) (n=615) 

Yes 3.4% 3.3% 5.4% 0.080 

Alcohol Dependence - - - - 
Drug Dependence (n=118) (n=l,375) (n=615) 

Yes 0.0% 0.2% 0.5% 0.485 

Anxiety (n=118) (n=l,371) (n=612) 

Yes 27.1% 26.4% 27.6% 0.851 

Other Neuroses (n=118) (n=l,364) (n=605) 

Yes 50.9% 50.2% 62.8% 0.001 

SCL-90-R Anxiety (n=118) (n=l,374) (n=615) 

High 11.0% 9.1% 13.7% 0.009 

SCL-90-R Depression (n=118) (n=l,374) (n=615) 

High 17.0% 12.9% 19.4% 0.001 

SCL-90-R Hostility (n=118) (n=l,374) (n=615) 

High 3.4% 7.4% 10.9% 0.004 

SCL-90-R Interpersonal (n=118) (n=l,374) (n=615) 

Sensitivity High 14.4% 14.1% 18.2% 0.056 

SCL-90-R Obsessive- (n=118) (0=1,374) (n=615) 

Compulsive Behavior High 14.4% 13.6% 19.8% 0.002 

SCL-90-R Paranoid (n=118) (n=l,374) (n=615) 

Ideation High 5.1% 6.3% 8.8% 0.089 

SCL-90-R Phobic (n=118) (n=l,374) (n=615) 

Anxiety High 5.9% 9.4% 13.0% 0.014 

SCL-90-R Psychoticism (n=118) (n=l,374) (n=615) 

High 11.9% 12.2% 17.6% 0.004 

SCL-90-R Somatization (n=118) (n=l,374) (n=615) 

High 12.7% 15.6% 18.7% 0.121 

SCL-90-R Global (n=118) (n=l,374) (n=615) 

Severity Index High 15.3% 12.7% 19.5% 0.001 

SCL-90-R Positive (n=118) (n=l,374) (n=615) 

Symptom Total High 16.1% 14.0% 20.3% 0.002 

SCL-90-R Positive (n=118) (n=l,374) (n=615) 

Symptom Distress Index High 7.6% 7.1% 7.6% 0.887 
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Table F-4  Dependent Variable-Coyariate Associations for the Psychology Assessment 
(Continued) 

if l':'|: ällÄiÄI:'ffi'-Ä Current Total Household Income Current Employment 

' ili ^' ..-;;:;;:f If: ■ ;f ■ ^^äal^^'-^if -1^: 1;" f !■ ;lf=r iKÄff :lfÄi5iöftlf:! :::jS$6f,W-;; r p-Value Yes No p-Value 

Psychoses (n=l,062) (n=l,030) (n=l,385) (n=730) 

Yes 5.0% 2.7% 0.010 3.3% 5.1% 0.052 

Alcohol Dependence (n=l,061) (n=l,030) (n=l,384) (n=730) 

Yes 8.8% 5.0% 0.001 6.0% 8.5% 0.039 

Drug Dependence (n=l,062) (n=l,030) (n=l,385) (n=730) 

Yes 0.4% 0.2% 0.710 0.4% 0.0% 0.177 

Anxiety (n=l,059) (n=l,027) (n=l,381) (n=727) 

Yes 32.8% 20.9% 0.001 26.5% 27.5% 0.657 

Other Neuroses (n= 1,048) (n=l,023) (n=l,373) (n=721) 

Yes 61.6% 45.7% 0.001 52.4% 56.3% 0.101 

SCL-90-R Anxiety (n=l,062) (n=l,029) (n=l,384) (n=730) 

High 14.5% 6.2% 0.001 10.3% 11.0% 0.672 

SCL-90-R Depression (n=l,062) (n=l,029) (n= 1,384) (n=730) 

High 19.7% 9.8% 0.001 14.7% 15.3% 0.760 

SCL-90-R Hostility (n=l,062) (n=l,029) (n=l,384) (n=730) 

High 10.6% 5.4% 0.001 8.2% 8.0% 0.881 

SCL-90-R Interpersonal (n=l,062) (n=l,029) (n=l,384) (n=730) 

Sensitivity High 20.0% 10.2% 0.001 15.2% 15.3% 0.969 

SCL-90-R Obsessive- (n=l,062) (n=l,029) (n=l,384) (n=730) 

Compulsive Behavior High 20.8% 9.8% 0.001 14.3% 17.5% 0.059 

SCL-90-R Paranoid (n=l,062) (n=l,029) (n=l,384) (n=730) 

Ideation High 9.7% 3.8% 0.001 7.4% 6.0% 0.286 

SCL-90-R Phobic (n=l,062) (n=l,029) (n=l,384) (n=730) 

Anxiety High 14.1% 5.9% 0.001 9.5% 11.5% 0.178 

SCL-90-R Psychoticism (n=l,062) (n=l,029) (n=l,384) (n=730) 

High 18.1% 8.9% 0.001 13.5% 14.0% 0.821 

SCL-90-R Somatization (n=l,062) (n=l,029) (n=l,384) (n=730) 

High 21.8% 10.5% 0.001 14.9% 18.9% 0.020 

SCL-90-R Global (n=l,062) (n=l,029) (n=l,384) (n=730) 

Severity Index High 19.9% 9.5% 0.001 14.2% 15.9% 0.340 

SCL-90-R Positive (n=l,062) (n=l,029) (n=l,384) (n=730) 

Symptom Total High 21.0% 10.5% 0.001 15.5% 16.7% 0.493 

SCL-90-R Positive (n=l,062) (n=l,029) (n=l,384) (n=730) 

Symptom Distress Index High 8.7% 5.7% 0.012 6.8% 8.1% 0.317 
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Table F-4  Dependent Variable-Covariate Associations for the Psychology Assessment 
(Continued) 

;C^«ntMaifcal:Sta*iS:' :' Current Parental Statu WMWMM 

; -; J:: ■ y| ,'.|Si;p ■>-. ;| ll«ip|^^teil|ii:;-.;;;;:.: :II;;;;:;::'v 1:: ::;|-:] ■ääwktfc No Child<18 

I^J'I;!";! i'ji^diNäBiiliiii^ ^^'-"[ftif "^ '';ll:'-^ --J 
:LMel { Married Not Married p-Value Years Old :;::" Yeaii gm I p-Value 

Psychoses (n=l,745) (n=370) (n=290) (n=l,825) 

Yes 3.0% 7.8% 0.001 3.5% 4.0% 0.808 

Alcohol Dependence (n=l,745) (n=369) (n=290) (n=l,824) 

Yes 5.3% 14.4% 0.001 3.1% 7.5% 0.009 

Drug Dependence (n=l,745) (n=370) (n=290) (n=l,825) 

Yes 0.1% 1.1% 0.008 0.3% 0.3% 0.999 

Anxiety (n=l,740) (n=368) (n=290) (n=l,818) 

Yes 25.3% 34.0% 0.001 23.8% 27.3% 0.233 

Other Neuroses (n=l,730) (n=364) (n=288) (n=l,806) 

Yes 51.9% 62.9% 0.001 56.3% 53.4% 0.398 

SCL-90-R Anxiety (n=l,745) (n=369) (n=290) (n=l,824) 

High 9.8% 13.8% 0.028 10.7% 10.5% 0.992 

SCL-90-R Depression (0=1,743) (n=369) (n=290) (n=l,824) 

High 13.8% 20.3% 0.002 16.6% 14.7% 0.462 

SCL-90-R Hostility (n=l,745) (n=369) (n=290) (n=l,824) 

High 8.5% 6.5% 0.247 9.3% 8.0% 0.502 

SCL-90-R Interpersonal (n=l,745) (n=369) (n=290) (n=l,824) 

Sensitivity High 14.4% 19.2% 0.023 14.5% 15.4% 0.769 

SCL-90-R Obsessive- (n=l,745) (n=369) (n=290) (n=l,824) 

Compulsive Behavior High 14.8% 18.4% 0.093 13.8% 15.7% 0.460 

SCL-90-R Paranoid (n=l,745) (n=369) (n=290) (0=1,824) 

Ideation High 6.1% 10.8% 0.002 7.9% 6.7% 0.538 

SCL-90-R Phobic (n=l,745) (n=369) (n=290) (n=l,824) 

Anxiety High 9.6% 13.0% 0.064 8.6% 10.5% 0.389 

SCL-90-R Psychoticism (n=l/745) (n=369) (n=290) (n=l,S24) 

High 12.5% 19.2% 0.001 14.8% 13.5% 0.599 

SCL-90-R Somatization (n=l,745) (n=369) (n=290) (n=l,824) 

High 15.6% 19.5% 0.075 14.8% 16.5% 0.527 

SCL-90-R Global (n=l,745) (n=369) (n=290) (n=l,824) 

Severity Index High 13.9% 19.0% 0.016 14.5% 14.9% 0.938 

SCL-90-R Positive (n=l,745) (n=369) (n=290) (n=l,824) 

Symptom Total High 15.2% 19.2% 0.063 16.2% 15.8% 0.944 

SCL-90-R Positive (n=l/745) (n=369) (n=290) (n=l,824) 

Symptom Distress Index 

—: Covariate not applicable 

High 7.0% 8.4% 0.402 9.0% 7.0% 0.271 

j for dependent variable. 
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Table F-5. Dependent Variable-Covariate Associations for the Gastrointestinal Assessment 

FiÄÄ'? 
■ ■■ Age;:;;   % l:|::IBJäcii5j|'.ji,;j 

Dependent Variable Born £1942 2 Born<i$42 s p-Value Black Non-Black p*VaIue 

Uncharacterized 
Hepatitis Yes 

(n=928) 
2.3% 

(n=l,179) 
1.4% 0.215 

(n=128) 
2.3% 

(n=l,979) 
1.8% 0.896 

Jaundice (Unspecified) 
Yes 

(n=914) 
2.0% 

(n=l,152) 
2.5% 0.494 

(n=127) 
1.6% 

(n=l,938) 
2.3% 0.810 

Chronic Liver Disease 
and Cirrhosis of the Yes 

(n=880) 
4.2% 

(n=l,118) 
5.2% 0.358 

(n=116) 
9.5% 

(n=l,882) 
4.5% 0.025 

Liver (Alcohol-related) 

Chronic Liver Disease 
and Cirrhosis of the Yes 

(n=933) 
1.7% 

(n=l,187) 
1.0% 0.223 

(n=128) 
1.6% 

(n=l,992) 
1.3% 0.999 

Liver (Non-alcohol- 
related) 

Liver Abscess 
and Sequelae of Yes 

(n=933) 
0.0% 

(n=l,188) 
0.2% 0.588 

(n=128) 
0.0% 

(n=l,993) 
0.1% 0.999 

Chronic Liver Disease 

Enlarged Liver 
(Hepatomegaly) Yes 

(n=932) 
1.2% 

(II=1,186) 

2.5% 0.038 
(n=127) 

2.4% 
(n=l,991) 

1.9% 0.978 

Other Liver Disorders 
Yes 

(n=927) 
27.2% 

(n=l,179) 
26.2% 0.650 

(n=128) 
43.0% 

(n=l,978) 
25.6% 0.001 

Current Hepatomegaly 
Yes 

(n=914) 
0.5% 

(n=l,177) 
1.0% 0.343 

(n=120) 
0.0% 

(n=l,971) 
0.9% 0.618 

AST (n=913) (n=l,177) (n=120) (n=l,970) 

(continuous) 
(discrete) High 

r=- 
7.8% 

-0.025 
6.3% 

0.247 
0.214 

x =23.44 
6.7% 

x =22.90 
7.0% 

0.454 
0.999 

ALT (n=913) (n=l,177) (n=120) (n=l,970) 

(continuous) 

(discrete) High 
r=- 

10.0% 
-0.204 

5.4% 
<0.001 

0.001 
x =41.94 

7.5% 

x =42.54 
7.4% 

0.596 
0.999 

GGT (n=913) (n=l,177) (n=120) (n=l,970) 

(continuous) 

(discrete) High 
r=- 

12.6% 
-0.103 

8.3% 
<0.001 

0.002 
x =48.65 

13.3% 

x =42.70 
10.0% 

0.012 
0.309 

Alkaline Phosphatase (n=913) (n=l,177) (n=120) (n=l,970) 

(continuous) 

(discrete) High 

r=0.003 
2.5%              i.9% 

0.909 
0.435 

x =82.64 

3.3% 

x =80.40 
2.1% 

0.274 
0.582 

Total Bilirubin (n=913) (n=l,177) (n=120) (n=l,970) 

(continuous) 
(discrete) High 

r=0.061 
6.1%              5.6% 

0.005 
0.678 

x =0.489 
6.7% 

x =0.521 
5.8% 

0.153 
0.843 

Direct Bilirubin 
High 

(n=913) 
0.1% 

(n=l,177) 
0.4% 0.355 

(n=120) 
0.8% 

(n=l,970) 
0.3% 0.785 
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Table F-5.   Dependent Variable-Covariate Associations for the 
Assessment (Continued) 

Gastrointestinal 

■;; JLeÄ£ ? 

I ■Afee::: :■'■■■ :;i;: .:::Ra#f ;: 

Dependent Variable Born £1942 
;:  %&ri<mt : p»VaIue ..;: M  -l Non-Black p-Value 

Lactic Dehydrogenase (n=913) (n=l,175) (n=119) (n=l,969) 

(continuous) 
(discrete) High 

r=0.078 
9.9%              10.2% 

<0.001 
0.846 

x =157.5 
12.6% 

x =153.7 
9.9% 

0.131 
0.427 

Cholesterol (n=913) (n=l,177) (n=120) (n=l,970) 

(continuous) 
(discrete) High 16.2% 

0.049 
13.9% 

0.025 
0.166 

x =212.7 
12.5% 

x =211.5 
15.1% 

0.726 
0.524 

HDL Cholesterol (n=912) (n=l,176) (n=120) (n=l,968) 

(continuous) 
(discrete) Low 

r=0.035 
7.2%              8.1% 

0.114 
0.527 

x =48.17 
3.3% 

x =44.70 
8.0% 

0.002 
0.094 

Cholesterol-HDL Ratio (n=912) (n=l,176) (n=120) (n=l,968) 

(continuous) 
(discrete) High 

r=- 
44.5% 

-0.066 
38.7% 

0.003 
0.008 

x=4.39 
28.3% 

x=4.69 
42.0% 

0.011 
0.004 

Triglycerides (n=913) (n=l,176) (n=120) (n=l,969) 

(continuous) 
(discrete) High 

r=-0.073 
24.0%             18.6% 

0.001 
0.003 

x=93.0 
6.7% 

x =123.5 
21.8% 

<0.001 
0.001 

Creatine 
Phosphokinase (n=913) (n=l,177) (n=120) (n=l,970) 

(continuous) 
(discrete) 
Serum Amylase 

High 11.0% 
(n=913) 

-0.090 
7.4% 

(n=U77) 

<0.001 
0.006 

x =195.9 
34.2% 

(n=120) 

x =102.0 
7.1% 

(n=l,970) 

<0.001 
0.001 

(continuous) 
(discrete) High 

r=0.037 
2.7%              3.2% 

0.094 
0.602 

x =72.71 
10.8% 

x =56.04 
2.5% 

<0.001 
0.001 

Antibodies for 
Hepatitis A Yes 

(n=933) 
23.5% 

(n=l,187) 
40.9% 0.001 

(n=128) 
43.8% 

(n=l,992) 
32.5% 0.012 

Serological Evidence 
of Prior Hepatitis B 
Infection 

Yes 
(n=931) 
11.2% 

(n=l,187) 
12.0% 0.579 

(n=127) 
26.8% 

(n=l,991) 
10.7% 0.001 

Current Hepatitis B 
Yes 

(n=933) 
0.2% 

(n=l,188) 
0.1% 0.834 

(n=128) 
1.6% 

(n= 1,993) 
0.1% 0.001 

Antibodies for 
Hepatitis C Yes 

(n=933) 
1.8% 

(n=l,188) 
0.8% 0.071 

(n=128) 
4.7% 

(n=l,993) 
1.1% 0.002 

Stool Hemoccult 
Yes 

(n=878) 
2.6% 

(n=l,152) 
5.1% 0.006 

(n=lll) 
5.4% 

(n=l,919) 
4.0% 0.614 

Prealbumin (n=913) (n=l,177) (n=120) (n=l,970) 

(continuous) 
(discrete) Low 

r=-0.146 
0.7%               1.5% 

<0.001 
0.099 

x =29.53 
0.8% 

x =29.59 
1.2% 

0.901 
0.999 
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Table F-S.   Dependent Variable-Covariate Associations for the Gastrointestinal 
Assessment (Continued) 

:-l^l;lAM-f^f:; 

~.:;-;- ;; * 1";:. -Age h- :  r' :::■ v ,:;Raee; ,.:' 

Dependent Variable Born 21942     Bora<1942 p>Value >-B1äE :: Non-Black p-Value 

Albumin (n=913)        (!i=l,177) (n=120) (n=l,970) 

(continuous) 
(discrete) Low 

r=-0.140 
0.3%             0.8% 

<0.001 
0.222 

x =4,161.4 
1.7% 

x =4,201.2 
6.6% 

0.209 
0.367 

a-1-Acid Glycoprotein (n=913)        (n=l,177) (n=120) (n=l,970) 

(continuous) 
(discrete) High 

r=-0.012 
3.2%              4.1% 

0.586 
0.333 

x =81.87 
4.2% 

x =84.51 
3.7% 

0.131 
0.969 

a-1-Antitrypsin (n=913)        (n=l,177) (n=120) (n=l,970) 

(continuous) 
(discrete) Abn. Low 

Normal 
Abn. High 

r=0.087 
1.3%              1.4% 

98.2%             97.8% 
0.4%               0.8% 

<0.001 
0.620 

x =141.8 
0.0% 

100.0% 
0.0% 

x =148.3 
1.5% 

97.9% 
0.7% 

0.006 
0.271 

a-2-Macroglobulin (n=913)        (n=l,177) (n=120) (n=l,970) 

(continuous) 
(discrete) High 

r=0.299 
1.2%              5.1% 

<0.001 
0.001 

x =152.1 
0.0% 

x =172.2 
3.6% 

<0.001 
0.063 

Apolipoprotein B (n=913)        (n=l,177) (n=120) (n=l,970) 

(continuous) 
(discrete) High 

r=-0.050 
53.6%             49.9% 

0.023 
0.103 

x=111.0 
50.0% 

x =111.1 
51.6% 

0.951 
0.810 

C3 Complement (n=913)        (n=l,177) (n=120) (n=l,970) 

(continuous) 
(discrete) Low 

r=-0.048 
2.2%              2.0% 

0.027 
0.824 

x =124.0 
0.0% 

x =118.4 
2.2% 

0.002 
0.192 

C4 Complement (n=913)        (n=l,177) (n=120) (n=l,970) 

(continuous) 
(discrete) Low 

r=-0.020 
0.1%              0.3% 

0.371 
0.803 

x =29.00 
0.0% 

x =25.65 
0.2% 

<0.001 
0.999 

Haptoglobin (n=913)         (n=l,177) (n=120) (n=l,970) 

(continuous) 
(discrete) High 

r=0.032 
29.0%             30.5% 

0.139 
0.494 

x =119.8 
25.8% 

x =130.7 
30.1% 

0.057 
0.374 

Transferrin (n=913)        (n=l,177) (n=120) (n=l,970) 

(continuous) 
(discrete) Low 

r=-0.050 
8.2%              11.0% 

0.022 
0.043 

x =237.8 
20.8% 

* 

x =251.7 
9.1% 

<0.001 
0.001 
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Table F-5.   Dependent Variable-Covariate Associations for the Gastrointestinal 
Assessment (Continued) 

IJ'WÖ'iÄ'.t-H 

Occupation 

;' j- DiScjir:;" ■:;- 
Enlisted 

1 h-WfyeßS^l Grotmdcrew p-Value 

Uncharacterized Hepatitis 
Yes 

(n=826) 
1.5% 

(n=338) 
2.1% 

(n=943) 
2.0% 0.622 

Jaundice (Unspecified) 
Yes 

(n=807) 
3.1% 

(n=330) 
1.2% 

(n=928) 
1.9% 0.100 

Chronic Liver Disease and 
Cirrhosis (Alcohol-related) Yes 

(n=798) 
3.6% 

(n=318) 
6.0% 

(n=882) 
5.3% 0.142 

Chronic Liver Disease and 
Cirrhosis (Non-alcohol-related) Yes 

(n=834) 
1.0% 

(n=338) 
1.5% 

(n=948) 
1.6% 0.497 

Liver Abscess and Sequelae of 
Chronic Liver Disease Yes 

(n=835) 
0.1% 

(n=338) 
0.0% 

(n=948) 
0.1% 0.823 

Enlarged Liver (Hepatomegaly) 
Yes 

(n=833) 
1.7% 

(n=338) 
2.7% 

(n=947) 
1.9% 0.540 

Other Liver Disorders 
Yes 

(n=824) 
26.0% 

(n=338) 
26.0% 

(n=944) 
27.4% 0.756 

Current Hepatomegaly 
Yes 

(n=830) 
0.7% 

(n=335) 
0.6% 

(n=926) 
1.0% 0.753 

AST (n=830) (n=335) (n=925) 

(continuous) 

(discrete) High 
x =23.37 

6.7% 
x =22.34 

7.8% 
x =22.76 

6.8% 

0.073 
0.810 

ALT (n=830) (n=335) (n=925) 

(continuous) 
(discrete) High 

x =41.96 
5.4% 

x =41.97 
10.1% 

x =43.19 
8.2% 

0.069 
0.009 

GGT (n=830) (n=335) (n=925) 

xa 
(continuous) 
(discrete) High 

x =41.38 
8.2% 

x =44.91 
14.3% 

x =43.87 
10.5% 

0.026 
0.007 

Alkaline Phosphatase (n=830) (n=335) (n=925) 

(continuous) 
(discrete) High 

x =77.43 
1.9% 

x =83.60 
•      3.0% 

x =82.29 
2.2% 

<0.001 
0.535 

Total Bilirubin (n=830) (n=335) (n=925) 

(continuous) 
(discrete) High 

x =0.544 
6.9% 

x =0.502 
5.1% 

x =0.504 
5.2% 

0.001 
0.264 

Direct Bilirubin 
High 

(n=830) 
0.5% 

(n=335) 
0.0% 

(n=925) 
0.2% 0.328 

Lactic Dehydrogenase (n=829) (n=334) (n=925) 

(continuous) 
High 

x =154.2 
10.3% 

x =152.4 
8.4% 

x =154.2 
10.5% 

0.531 
0.533 
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Table F-5.   Dependentblariable-Covariate Associations for the Gastrointestinal 
Assessmenti(Continued) 

......... , „.   .   ...    .....        1II       ..           .            .      _    ..     ^ 

"';'I>;liJ|?;t&^;|v| 

^l^v:; j:^-';; j|; ;j;v'::|;; ||Jcij(pi^iilf :;||:'. ■ JJ!:: ';:|:':':: :lj i i jjv'ij 

Sf .1 'I 'fiiijyyBtf'■ ill'f    f i1 
: [Zftfkp--.: 1 

Enlisted 
Groundcrew p-Value 

Cholesterol (n=830) (n=335) (n=925) 

(continuous) 
(discrete) High 

x =208.5 
12.9% 

x =215.7 
14.9% 

x =212.9 
16.8% 

0.004 
0.076 

HDL Cholesterol (n=829) (n=334) (n=925) 

.a 
(continuous) 
(discrete) Low 

x =46.67 
5.2% 

x =44.24 
10.2% 

x =43.59 
9.1% 

<0.001 
0.002 

Cholesterol-HDL Ratio (n=829) (n=334) (n=925) 

(continuous) 
(discrete) High 

x=4.43 
32.6% 

x=4.84 
43.4% 

x=4.85 
48.2% 

<0.001 
0.001 

Triglycerides (n=829) (n=335) (n=925) 

(continuous) 
(discrete) High 

x =113.0 
17.1% 

x =131.3 
24.2% 

x =126.1 
23.2% 

<0.001 
0.002 

Creatine Phosphokinase (n=830) (n=335) (n=925) 

(continuous) 
(discrete) High 

x =104.9 
8.4% 

x=99.2 
6.6% 

x =109.2 
10.3% 

0.038 
0.101 

Serum Amylase (n=830) (n=335) (n=925) 

(continuous) 
(discrete) High 

x =56.62 
3.5% 

x =57.03 
2.1% 

x =57.06 
2.9% 

0.906 
0.436 

Antibodies for Hepatitis A 
Yes 

(n=834) 
27.0% 

(n=338) 
47.3% 

(n=948) 
33.6% 0.001 

Serological Evidence of Pri< 
Hepatitis B Yes 

(n=834) 
6.0% 

(n=338) 
16.6% 

(n=946) 
14.9% 0.001 

Current Hepatitis B 
Yes 

(n=835) 
0.0% 

(n=338) 
0.0% 

(n=948) 
0.3% 0.156 

Antibodies for Hepatitis C 
Yes 

(n=835) 
0.6% 

(n=338) 
0.9% 

(n=948) 
2.0% 0.024 

Stool Hemoccult 
Yes 

(n=815) 
4.4% 

(n=325) 
2.8% 

(n=890) 
4.2% 0.431 

Prealbumin (n=830) (n=335) (n=925) 

(continuous) 
(discrete) Low 

x =29.78 
1.4% 

x =29.44 
0.6% 

x =29.46 
1.1% 

0.353 
0.454 

Albumin (n=830) (n=335) (n=925) 

(continuous) 
Low 

x =4,191.6. 
0.8% 

x =4,173.4 
0.3% 

x =4,214.6 
0.5% 

0.115 
0.516 
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Table F-5.   Dependent Variable-Covariate Associations 
Assessment (Continued) 

for the Gastrointestinal 

='■? !Jj(^f:::i:5?' 

;|:":J;:J::fv# 

:-:    Variable o ..:: -Officer :: 
Enlisted 

!= ;i> ;|Nylr;: £ \ 
'^-"i ;:::■ iPalted;: ■■■ -1 

Groundcrew :$:-i^0S^m:i 

a-1-Acid Glycoprotein (n=830) (n=335) (n=925) 

(continuous) 

(discrete) High 
x =81.68 

2.8% 
x =85.71 

4.8% 
x =86.34 

4.1% 
<0.001 

0.170 

a-1-Antitrypsin (n=830) (n=335) (n=925) 

(continuous) 
(discrete) Abnormal Low 

Normal 

x =143.4 
2.3% 

97.5% 

x =153.0 
0.6% 

98.5% 

x =150.2 
0.9% 

98.3% 

<0.001 
0.022 

Abnormal High 0.2% 0.9% 0.9% 

a-2-Macroglobulin (n=830) (n=335) (n=925) 

(continuous) 
(discrete) High 

x =170.8 
3.1% 

x =177.2 
4.8% 

x =169.0 
3.1% 

0.013 
0.315 

Apolipoprotein B (n=830) (n=335) (n=925) 

(continuous) 
(discrete) High 

x =108.3 
47.1% 

x =114.3 
56.1% 

x =112.4 
53.7% 

<0.001 
0.004 

C3 Complement (n=830) (n=335) (n=925) 

(continuous) 

(discrete) Low 
x =114.7 

2.4% 
x =120.5 

1.8% 
x=121.6 

1.8% 
<0.001 

0.654 

C4 Complement (n=830) (n=335) (n=925) 

(continuous) 
(discrete) Low 

x =25.21 
0.4% 

x =25.95 
0.3% 

x =26.35 
0.0% 

<0.001 
0.199 

Haptoglobin (n=830) (n=335) (n=925) 

(continuous) 
(discrete) High 

x =118.7 
22.9% 

x =142.0 
36.1% 

x =136.3 
33.8% 

<0.001 
0.001 

Transferrin (n=830) (n=335) (n=925) 

(continuous) 
(discrete) Low 

x =249.1 
9.2% 

x =252.8 
10.7% 

x =251.8 
9.9% 

0.139 
0.688 

Current Alcohol Use (drinks/day) 

\N. *■'{ level :;!; -Is-;-,' '"iMu \l*&~i     '    ":   =-::^- :i l {:::>4;i: :.; " : j ̂ .■fe!pÄÄ|:'ilJ\ 

Uncharacterized Hepatitis 

Jaundice (Unspecified) 

Chronic Liver Disease and 
Cirrhosis (Alcohol-related) 

Chronic Liver Disease and 
Cirrhosis (Non-alcohol-related) 
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Table F-5.   Dependent Variable-Covariate Associations for the Gastrointestinal 
Assessment (Continued) 

Dependent 
Variable 

Current Alcohol Use (drinks/day) 

Level 0-1 >l-4 

Liver Abscess and Sequelae of 
Chronic Liver Disease 

Enlarged Liver 
(Hepatomegaly) 

Other Liver Disorders 

p- Value 

Current Hepatomegaly 
Yes 

(n=l,676) 
0.7% 

(n=369) 
1.6% 

(n=46) 
0.0% 0.141 

AST (n=l,675) (n=369) (n=46) 

(continuous) 
(discrete) High 6.3% 

r=0.114 
8.1% 21.7% 

<0.001 
0.001 

ALT (n=l,675) (n=369) (n=46) 

(continuous) 
(discrete) High 7.3% 

r=0.057 
7.9% 8.7% 

0.009 
0.879 

GGT (n=l,675) (n=369) (n=46) 

(continuous) 
(discrete) High 7.3% 

"   r=0.255 
20.1% 34.8% 

<0.001 
0.001 

Total Bilirubin (n=l,675) (n=369) (n=46) 

(continuous) 
(discrete) High 5.7% 

r=0.093 
5.4% 15.2% 

<0.001 
0.023 

Direct Bilirubin 
High 

(n=l,675) 
0.1% 

(n=369) 
0.8% 

(n=46) 
2.2% 0.004 

Lactic Dehydrogenase (n=l,675) (n=368) (n=45) 

(continuous) 
(discrete) High 10.4% 

r=-0.031 
9.0% 6.7% 

0.159 
0.533 

Cholesterol (n=l,675) (n=369) (n=46) 

(continuous) 
(discrete) High 13.7% 

r=0.080 
19.8% 19.6% 

<0.001 
0.009 

HDL Cholesterol (n=l,673) (n=369) (n=46) 

(continuous) 
(discrete) Low 9.0% 

r=0.215 
2.4% 4.3% 

<0.001 
0.001 

Cholesterol-HDL Ratio (n=l,673) (n=369) (n=46) 

(continuous) 
(discrete) High 44.2% 

r=-0.152 
29.3% 28.3% 

<0.001 
0.001 

Triglycerides 
(continuous) 
(discrete) High 

(n=l,675) 

20.6% 

(n=368) 
r=0.015 
21.7% 

(n=46) 

28.3% 
0.493 
0.417 

Creatine Phosphokinase 
(continuous) 
(discrete) High 

(n=l,675) 

9.7% 

(n=369) 
r=-0.054 

5.1% 

(n=46) 

10.9% 
0.013 
0.018 

F-46 



Table F-5.   Dependent Variable-Covariate Associations for the Gastrointestinal 
Assessment (Continued) 

i/o 1/tÄiäiiiitt'l". 
;/         :   Variable    ■ ;:;       ■■ Efl^Äi::':ls/l 

Current Alcohol Use (drinks/day) 

/ =■ 0~i;:; •;.;:: ::;; :: z ■ >t4 : ■■ ■■ I; i - >4;:: - :hi 
(n=46) 

0.0% 

::/lI/;|;-:§4^iÄ|':|' 

Serum Amylase 
(continuous) 
(discrete) High 

(n=l,675) 

3.0% 

(n=369) 
r=-0.074 

3.3% 
0.001 
0.471 

Antibodies for Hepatitis A 
Yes 

(n=l,698) 
33.5% 

(n=371) 
32.3% 

(n=50) 
30.0% 0.808 

Serological Evidence of Prior 
Hepatitis B Yes 

(n=l,696) 
12.0% 

(n=371) 
9.7% 

(n=50) 
14.0% 0.393 

Current Hepatitis B 
Yes 

(n=l,699) 
0.1% 

(n=371) 
0.0% 

(n=50) 
2.0% 0.002 

Antibodies for Hepatitis C 
Yes 

(n=l,699) 
1.2% 

(n=371) 
0.5% 

(n=50) 
6.0% 0.004 

Stool Hemoccult 
Yes 

(n=l,633) 
3.7% 

(n=355) 
5.4% 

(n=42) 
4.8% 0.364 

Prealbumin 
(continuous) 
(discrete) Low 

(n=l,675) 

0.8% 

(n=369) 
r=0.117 

2.4% 

(n=46) 

4.3% 
<0.001 

0.003 

Albumin 
(continuous) 
(discrete) Low 

(n=l,675) 

0.4% 

(n=369) 
r=-0.015 

1.4% 

(n=46) 

2.2% 
0.506 
0.047 

a-1-Acid Glycoprotein 
(continuous) 
(discrete) High 

(n=l,675) 

3.0% 

(n=369) 
r=0.093 

6.5% 

(n=46) 

6.5% 
<0.001 

0.003 

a-2-Macroglobulin 
(continuous) 
(discrete) High 

(ii=lf675) 

3.7% 

(n=369) 
r=-0.047 

2.2% 

(n=46) 

2.2% 
0.031 
0.304 

Apolipoprotein B 
(continuous) 
(discrete) High 

(n= 1,675) 

51.0% 

(n=369) 
r=0.016 
53.1% 

(n=46) 

54.3% 
0.472 
0.714 

C3 Complement 
(continuous) 
(discrete) Low 

(n=l,675) 

1.6% 

(n=369) 
r=-0.132 

4.6% 

(n=46) 

0.0% 
<0.001 

0.001 

C4 Complement 
(continuous) 
(discrete) Low 

(n=l,675) 

0.1% 

(n=369) 
r=~0.007 

0.5% 

(n=46) 

0.0% 
0.752 
0.233 

Haptoglobin 
(continuous) 
(discrete) High 

(n=l,675) 

28.3% 

(n=369) 
r=0.054 
35.5% 

(n=46) 

41.3% 
0.013 
0.005 

Transferrin 
(continuous) 
(discrete) Low 

(n=l,675) 

10.2% 

(n=369) 
r=0.050 

8.7% 

(n=46) 

2.2% 
0.022 
0.143 
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Table F-5.   Dependent Variable-Covariate Associations for the Gastrointestinal 
Assessment (Continued) 

■ -"itevet ::l':- \ 

Lifetime Alcohol History (drink-years) 

IfBÄlIl .:  :>ö-4#i';;' :: |:J: >4Ö'.:: :: :' ^|!^;[B{:.ß«?3fciljl^^^ffl:! 

Uncharacterized Hepatitis 
Yes 

(n=117) 
3.4% 

(n=l,370) 
2.3% 

(n=612) 
0.5% 0.010 

Jaundice (Unspecified) 
Yes 

(n=115) 
4.3% 

(n=l,339) 
2.3% 

(n=603) 
1.8% 0.250 

Chronic Liver Disease and 
Cirrhosis (Alcohol-related) Yes 

— (n=l,378) 
1.3% 

(n=612) 
12.6% 0.001 

Chronic Liver Disease and 
Cirrhosis (Non-alcohol-related) Yes 

(n=118) 
1.7% 

(n=l,378) 
1.8% 

(n=616) 
0.2% 0.011 

Liver Abscess and Sequelae of 
Chronic Liver Disease Yes 

(n=118) 
0.0% 

(n=l,379) 
0.1% 

(n=616) 
0.2% 0.786 

Enlarged Liver (Hepatomegaly) 
Yes 

(n=118) 
0.8% 

(n=l,377) 
1.0% 

(n=615) 
4.2% 0.001 

Other Liver Disorders 
Yes 

(n=117) 
23.9% 

(n=l,368) 
25.1% 

(n=613) 
30.3% 0.043 

Current Hepatomegaly 
Yes 

(n=118) 
0.0% 

(n=l,363) 
0.7% 

(n=603) 
1.3% 0.190 

AST (n=118) (n=l,362) (n=603) 

(continuous) 
(discrete) High 6.8% 

r=0.068 
6.1% 9.0% 

0.002 
0.071 

ALT (n=118) (n=l,362) (n=603) 

(continuous) 
(discrete) High 10.2% 

r=-0.007 
7.3% 7.0% 

0.737 
0.474 

GGT (n=118) (n=l,362) (n=603) 

(continuous) 
(discrete) High 4.2% 

r=0.096 
8.7% 14.9% 

<0.001 
0.001 

Total Bilirubin (n=118) (n=l,362) (n=603) 

(continuous) 
(discrete) High 3.4% 

r=0.016 
5.7% 6.5% 

0.459 
0.415 

Direct Bilirubin 
High 

(n=118) 
0.0% 

(n=l,362) 
0.1% 

(n=603) 
0.8% 0.013 

Lactic Dehydrogenase 
(continuous) 
(discrete) High 

(n=118) 

14.4% 

(n=l,362) 
r=0.001 
10.4% 

(n=601) 

8.3% 
0.952 
0.096 

Cholesterol (n=118) (n=l,362) (n=603) 

(continuous) 
(discrete) High 11.9% 

r=0.035 
14.0% 17.9% 

0.108 
0.047 

HDL Cholesterol (n=118) (n=l,360) (n=603) 

(continuous) 
(discrete) Low 14.4% 

r=0.127 
8.4% 4.8% 

<0.001 
0.001 

Cholesterol-HDL Ratio (n=118) (n=l,360) (n=603) 

(continuous) 
(discrete) High 53.4%» 

r=-0.098 
43.3% 34.2% 

<0.001 
0.001 
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Table F-5.   Dependent Variable-Covariate Associations for the Gastrointestinal 
Assessment (Continued) 

Lifetime Alcohol History (drink-years) 

K-^ifcerei - :: :;;: :0 5 ■ ::::.■ 11 >0-#:: ;=:.      :;: ■'■ MO'i-.-: " * S Wl^fiM&^iMi 

Triglycerides 
(continuous) 
(discrete) High 

(n=118) 

20.3% 

(n=l,361) 
r=-0.006 

21.0% 

(n=603) 

21.2% 
0.797 
0.976 

Creatine Phosphokinase 
(continuous) 
(discrete) High 

(n=118) 

6.8% 

(ii=l,362) 
r=-0.029 

9.7% 

(n=603) 

7.3% 
0.188 
0.163 

Serum Amylase 
(continuous) 
(discrete) High 

(n=118) 

5.1% 

(n=l,362) 
r=-0.022 

2.8% 

(n=603) 

3.2% 
0.323 
0.369 

Antibodies for Hepatitis A 
Yes 

(n=118) 
45.8% 

(n=l,378) 
30.9% 

(n=616) 
35.9% 0.001 

Serological Evidence of Prior 
Hepatitis B Yes 

(n=118) 
5.9% 

(n=l,376) 
10.2% 

(n=616) 
16.1% 0.001 

Current Hepatitis B 
Yes 

(n=118) 
0.0% 

(n=l,379) 
0.1% 

(n=616) 
0.2% 0.911 

Antibodies for Hepatitis C 
Yes 

(n=118) 
0.0% 

<n=l,379) 
1.0% 

(n=616) 
1.9% 0.100 

Stool Hemoccult 
Yes 

(n=107) 
4.7% 

(n=l,331) 
3.6% 

(n=585) 
5.0% 0.364 

Prealbumin 
(continuous) 
(discrete) Low 

(n=118) 

1.7% 

(n=l,362) 
r=0.030 

0.6% 

(n=603) 

2.3% 
0.170 
0.003 

Albumin 
(continuous) 
(discrete) Low 

(n=118) 

0.8% 

(0=1,362) 
r=-0.030 

0.5% 

(n=603) 

0.8% 
0.176 
0.680 

a-1-Acid Glycoprotein 
(continuous) 
(discrete) High 

(n=118) 

3.4% 

(n=l,362) 
r=0.094 

3.1% 

(n=603) 

5.1% 
<0.001 

0.082 

a-1-Antitrypsin 
(continuous) 
(discrete) Abn. Low 

Normal 
Abn. High 

(n=118) 

0.8% 
97.5% 

1.7% 

(0=1,362) 
r=0.077 

1.3% 
98.3% 

0.4% 

(n=603) 

1.5% 
97.5% 

1.0% 

0.001 
0.259 

a-2-Macroglobulin 
(continuous) 
(discrete) High 

(n=118) 

9.3% 

(n=l,362) 
r=0.015 

2.9% 

(n=603) 

3.3% 
0.501 
0.001 

Apolipoprotein B 
(continuous) 
(discrete) High 

(n=118) 

50.8% 

(n=l,362) 
r=-0.002 

51.8% 

(n=603) 

50.9% 
0.919 
0.921 

C3 Complement 
(continuous) 
(discrete) Low 

(n=118) 

0.0% 

(n=l,362) 
r=-0.046 

1.9% 

(n=603) 

2.8% 
0.034 
0.114 
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Table F-5.   Dependent Variable-Covariate Associations for the Gastrointestinal 
Assessment (Continued) 

Dependent 
Variable 

C4 Complement 
(continuous) 
(discrete) 

Haptoglobin 
(continuous) 
(discrete) 

Transferrin 
(continuous) 
(discrete) 

Lifetime Alcohol History (drink-years) 

Level 

Low 

High 

Low 

■mm >40 p-Value 

(n=118) (n=l,362) (n=603) 

r=0.009 0.668 
0.0% 0.2% 0.2% 0.858 

(n=118) (n=l,362) (n=603) 

r=0.082 <0.001 
30.5% 27.8% 34.2% 0.018 

(n=118) (n=l,362) (n=603) 

r=0.003 0.893 
11.9% 9.0% 11.1% 0.265 

SättSItB 

Industrial Chemical E Epj|ul# 111 

p-Value 

Degreasin g Chemical E iMpidiri'I^cf 

';;'?:■ 'Ho.;: ; '- i: ;fes :; .;;-.:: :  f% ; %  ;':; •':.?tef/::'- Ht:|r^MÄI^I 
Uncharacterized 
Hepatitis Yes 

(n=797) 
1.3% 

(n=l,310) 
2.1% 0.191 

(n=748) 
1.6% 

(n=l,359) 
1.9% 0.735 

Jaundice 
(Unspecified) Yes 

(n=778) 
2.7% 

(n=l,287) 
2.0% 0.395 

(n=734) 
2.0% 

(n=l,331) 
2.4% 0.710 

Chronic Liver Disease 
and Cirrhosis of the Yes 

(n=756) 
3.3% 

(n=l,242) 
5.6% 0.024 

(n=711) 
4.2% 

(n=l,287) 
5.1% 0.468 

Liver (Alcohol- 
related) 

Chronic Liver Disease 
and Cirrhosis of the Yes 

(n=804) 
1.1% 

(n=l,316) 
1.4% 0.661 

(n=755) 
1.2% 

(n=l,365) 
1.4% 0.851 

Liver (Non-alcohol- 
related) 

Liver Abscess and 
Sequelae of Chronic Yes 

(n=804) 
0.1% 

(n=l,317) 
0.1% 0.999 

(n=755) 
0.1% 

(n=l,366) 
0.1% 0.999 

Liver Disease 

Enlarged Liver 
(Hepatomegaly) Yes 

(n=803) 
1.9% 

(n=l,315) 
2.0% 0.988 

(n=754) 
1.9% 

(n=l,364) 
2.0% 0.975 

Other Liver Disorders 
Yes 

(n=796) 
26.0% 

(n=l,310) 
27.0% 0.644 

(n=750) 
25.5% 

(n=l,356) 
27.3% 0.394 

Current Hepatomegaly 
Yes 

(n=799) 
1.1% 

(n=l,292) 
0.6% 0.315 

(n=749) 
0.5% 

(n=l,342) 
1.0% 0.420 

AST (n=799) (n=l,291) (n=749) (n=l,341) 

(continuous) 
(discrete) High 

x =23.33 
7.1% 

x =22.69 
6.8% 

0.063 
0.850 

x =23.17 
7.2% 

x =22.80 
6.8% 

0.294 
0.783 

ALT (n=799) (n=l,29D (n=749) (n=l,341) 

(continuous) 
(discrete) High 

x =42.58 
7.8% 

x =42.45 
7.2% 

0.805 
0.700 

x =42.33 
7.1% 

x =42.60 
7.6% 

0.619 
0.721 
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Table F-5.   Dependent Variable-Coy ariate Associations for the Gastrointestinal 
Assessment (Continued) 

Level 

Industri al Chemical E: Kpos*ire : Decreasing Chemical E f jl*iÄf! I^IyP' 
y: :'--m;.:::l ; -Yes *'.; p-Value !::;: ■;;' :NÄ ;;■ ::; :'".;::: Yes r ;; ^:lflpjviu^^«i'i- 

GGT (n=799) (n=l,29D (n=749) (n=l,341) 

(continuous) x =43.27 x =42.88 0.717 x =42.55 x =43.29 0.494 
(discrete) High 10.0% 10.3% 0.890 8.9% 10.9% 0.183 

Alkaline Phosphatase (n=799) (n=l,29D (n=749) (n=l,341) 

(continuous) x =79.87 x =80.94 0.266 x =79.91 x =80.88 0.324 
(discrete) High 2.6% 1.9% 0.371 2,8% 1.9% 0.212 

Total Bilirubin (n=799) (n=l,291) (n=749) (n=l,341) 

(continuous) x =0.533 x =0.511 0.052 x =0.536 x =0.510 0.020 
(discrete) High 5.6% 6.0% 0.827 5.6% 6.0% 0.812 

Direct Bilirubin (n=799) (n=l,29D (n=749) (n=l,341) 
High 0.4% 0.2% 0.862 0.3% 0.3% 0.999 

Lactic Dehydrogenase (n=797) (n=l,291) (n=747) (n=l,341) 

(continuous) x =153.8 x =154.0 0.856 x =153.9 x =153.9 0.962 
(discrete) High 9.5% 10.4% 0.584 9.8% 10.2% 0.805 

Cholesterol (n=799) (n=l,291) (n=749) (n=l,341) 

(continuous) x =210.2 x =212.4 0.193 x =210.0 x =212.5 0.157 
(discrete) High 14.0% 15.5% 0.392 13.5% 15.7% 0.187 

HDL Cholesterol (n=798) (n=l,290) (n=749) (n=l,339) 

(continuous) x =45.81 x =44.33 0.005 x =46.07 x =44.25 0.001 
(discrete) Low 6.0% 8.8% 0.028 5.9% 8.7% 0.023 

CholesteroI-HDL 
Ratio (n=798) (n=l,290) (n=749) (n=l,339) 

(continuous)1 x=4.55 x=4.75 <0.001 x=4.52 x=4.76 <0.001 
(discrete) High 35.7% 44.7% 0.001 36.2% 44.1% 0.001 

Triglycerides (n=799) (n=l,290) (n=749) (n=l,340) 

(continuous) x =116.4 x =124.9 0.013 x =114,7 x =125.6 0.002 

(discrete) High 18.5% 22.5% 0.035 17.9% 22.7% 0.012 

Creatine (n=799) (n=l,291) (n=749) (n=l,341) 
Phosphokinase 
(continuous) x =104.8 x =106.5 0.568 x =107.7 x =104.8 0.321   . 

(discrete) High 8.0% 9.5% 0.270 9.5% 8.7% 0.578 

Serum Amylase (n=799) (n=l,291) (n=749) (n=l,341) 

(continuous) x =56.47 x =57.14 0.489 x =56.75 x =56.95 0.839 

(discrete) High 3.4% 2.8% 0.525 3.3% 2.8% 0.608 

Antibodies for (n=804) (n=l,316) (n=755) (n=l,365) 

Hepatitis A Yes 33.2% 33.2% 0.999 34.0% 32.7% 0.578 
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Table F-5.   Dependent Variable-Covariate Associations 
Assessment (Continued) 

for the Gastrointestinal 

1 !;■ ;| IlSi^iÄiÄi' f 
='|^i;läiÖ'l::l 

Industrie *I Chemical E tposure ll"ifrli;:lJ!iSgiÄii ig Chemical JSa 

Yes 

v^^ämM:$S§< 

; ::;No, '■; ;: Yes p-Value • :;W ;; ;:: fM^^^MMl; 

Serological Evidence 
of Prior Hepatitis B 
Infection 

Yes 
(n=803) 
10.1% 

(n=l,315) 
12.6% 0.090 

(n=755) 
10.6% 

(n=l,363) 
12.3% 0.286 

Current Hepatitis B 
Yes 

(n=804) 
0.1% 

(n=l,317) 
0.2% 0.999 

(n=755) 
0.1% 

(n=l,366) 
0.1% 0.999 

Antibodies for 
Hepatitis C Yes 

(n=804) 
0.5% 

(n=l,317) 
1.7% 0.022 

(n=755) 
0.7% 

(n=l,366) 
1.6% 0.096 

Stool Hemoccult 
Yes 

(n=781) 
5.4% 

(11=1,249) 
3.2% 0.021 

(n=726) 
4.8% 

(n=l,304) 
3.6% 0.224 

Prealbumin (n=799) (n=l,291) (n=749) (n=l,341) 

(continuous) 
(discrete) High 

x =29.80 
1.3% 

x =29.45 
1.1% 

0.130 
0.891 

x =29.69 
1.1% 

x =29.52 
1.2% 

0.452 
0.966 

Albumin (n=799) (n=l,291) (n=749) (n=l,341) 

(continuous) 
(discrete) High 

x =4,207.4 
0.8% 

x =4,193.6 
0.5% 

0.364 
0.761 

x =4,222.3 
0.5% 

1=4,185.8 
0.7% 

0.017 
0.927 

a-1-Acid Glycoprotein (n=799) (n=l,291) (n=749) (n=l,341) 

(continuous) 
(discrete) High 

x =83.38 
3.4% 

x =84.97 
3.9% 

0.061 
0.643 

x =83.46 
3.9% 

x =84.86 
3.6% 

0.103 
0.826 

a-1-Antitrypsin (n=799) (n=l,291) (n=749) (n=l,341) 

(continuous) 
(discrete) Abn. Low 

Normal 
Abn. High 

x =145.7 
2.1% 

97.0% 
0.9% 

x =149.3 
0.9% 

98.6% 
0.5% 

0.001 
0.037 

x =146.2 
1.6% 

97.7% 
0.7% 

x =148.9 
1.3% 

98.1% 
0.6% 

0.023 
0.805 

a-2-Macroglobulin (n=799) (n=l,291) (n=749) (n=l,341) 

(continuous) 
(discrete) High 

x =171.7 
2.6% 

x =170.6 
3.9% 

0.560 
0.161 

x =171.8 
3.2% 

x =170.6 
3.5% 

0.529 
0.812 

Apolipoprotein B (n=799) (n=l,291) (n=749) (n=l,341) 

(continuous) 
(discrete) High 

x =110.4 
50.8% 

x=111.5 
51.9% 

0.319 
0.662 

x =110.0 
49.3% 

x =111.7 
52.7% 

0.131 
0.141 

C3 Complement (n=799) (n=l,291) (n=749) (n=l,341) 

(continuous) 
(discrete) Low 

x =116.7 
1.9% 

x =119.9 
2.2% 

<0.001 
0.766 

x =116.6 
2.4% 

x =119.9 
1.9% 

<0.001 
0.502 

C4 Complement (n=799) (n=l,291) (n=749) (n=l,341) 

(continuous) 
(discrete) Low 

x =25.51 
0.4% 

x =26.02 
0.1% 

0.029 
0.317 

1=25.63 
0.5% 

x =25.94 
0.0% 

0.204 
0.031 

Haptoglobin (n=799) (n=l,291) (n=749) (n=l,341) 

(continuous) 
(discrete) High 

x =125.8 
26.5% 

x =132.7 
31.9% 

0.013 
0.010 

x =124.2 
25.8% 

x =133.4 
32.1% 

0.001 
0.003 
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Table F-5.   Dependent Variabte-Covariate Associations for the Gastrointestinal 
Assessment (Continued) 

: -Dependent 1 
!:>l::l'::lllÄr::l:.- 

Industrial Chemical E ipiure: :1ft t8t::f/l Degre using Chemical E xposure 

V-No:;.:; ; ;: '■ H& ;;j / p-Value l-V    No":     I ■:: ::tm .: ■» ^ii'lpiiiilliii^i"; 

Transferrin 

(continuous) 
(discrete) Low 

(n=799) 

x =250.3 
8.8% 

(n=l,291) 

x =251.2 
10.4% 

0.568 
0.256 

(n=749) 

x =248.2 
9.5% 

(n=l,341) 

x =252.4 
9.9% 

0.009 
0.805 

Current Wine Consumption (drinks of       Lifetime Wine History (drink-years 

Dependent 
Variable 

wine/day) 

liftl p-Value 

Alkaline Phosphatase 
(continuous) 
(discrete) 

a-1-Antitrypsin 
(continuous) 
(discrete) 

High 

Abn. Low 
Normal 

Abn. High 

(n=l,199)        (n=891) 
r=-0.095 <0.001 

2.6% 1.7% 0.215 

(n=l,199)        (n=891) 
r=-0.077 <0.001 

1.0% 1.9% 0.031 
98.1% 97.9% 

0.9% 0.2% 

IriMneVi 

0 ►0 

(n=585)     (n=l,500) 
r=-0.091 

2.2% 2.2% 

p- Value 

<0.001 
0.999 

a Analysis performed on natural logarithm scale; means transformed from natural logarithm scale. 
b Analysis performed on square root scale; means transformed from square root scale. 
—: Covariate or covariate category not applicable for dependent variable. 

Note: Correlations (r) are based on total sample size and are not category-specific. 
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Table F-6. Dependent Variable-Covariate Associations for the Cardiovascular Assessment 

fÄRM»f?-i 

i-;: ■ &&'■■.. . El^lSSSl';!! 

Dependent Variable Born £1942 "- Boni<i94£ .: p-Value ■;;' Mmk i Non-Black p-Value 

Essential Hvoertension 
Yes 

(n=919) 
32.9% 

(n=l,151) 
48.0% 0.001 

(n=123) 
47.2% 

(n=l,947) 
40.9% 0.202 

Heart Disease 
(Excluding Essential 
Hypertension) 

Yes 
(n=925) 
52.3% 

(n=lf166) 
71.4% 0.001 

(n=124) 
69.4% 

(n=l,967) 
62.6% 0.156 

Myocardial Infarction 
Yes 

(n=925) 
3.7% 

(n=l,166) 
12.2% 0.001 

(n=124) 
5.6% 

(n=l,967) 
8.6% 0.327 

Stroke or Transient 
Ischemia Attack Yes 

(n=925) 
0.8% 

(n=l,166) 
1.5% 0.149 

(n=124) 
1.6% 

(n=l,967) 
1.2% 0.988 

Systolic Blood Pressure 
(mmHg) (n=925) (n=l,166) (n=124) (n=l,967) 

(continuous) 
(discrete) High 

r=0.214 
13.9%            26.9% 

<0.001 
0.001 

x-126.7 
20.2% 

x =125.2 
21.3% 

0.377 
0.861 

Diastolic Blood 
Pressure (mm Hg) (n=925) (n=l,166) (n=124) (n=l,967) 

(continuous) 
(discrete) High 

r=- 
5.3% 

0.057 
4.9% 

0.009 
0.747 

x =76.69 
8.9% 

x =74.46 
4.8% 

0.010 
0.075 

Heart Sounds 
Abnormal 

(n=925) 
2.4% 

(11=1,166) 
6.1% 0.001 

(n=124) 
4.8% 

(n=l,967) 
4.4% 0.999 

Overall 
Electrocardiograph 
(ECG) 

Abnormal 
(n=925) 
19.1% 

(n=l,166) 
40.7% 0.001 

(n=124) 
35.5% 

(n=l,967) 
30.9% 0.334 

ECG: Right Bundle 
Branch Block Yes 

(n=925) 
0.9% 

(n=l,166) 
3.9% 0.001 

(n=124) 
3.2% 

(n=l,967) 
2.5% 0.862 

ECG: Left Bundle 
Branch Block Yes 

(n=925) 
0.4% 

(n=l,166) 
1,1% 0.139 

(n=124) 
0.0% 

(n=l,967) 
0.9% 0.600 

ECG: Non-specific ST- 
and T-Wave Changes Yes 

(n=925) 
11.8% 

(n=l,166) 
23.4% 0.001 

(n=124) 
22.6% 

(n=l,967) 
18.0% 0.245 

ECG: Bradycardia 
Yes 

(n=925) 
3.1% 

(n=l,166) 
3.8% 0.503 

(n=124) 
1.6% 

(n=l,967) 
3.6% 0.356 

ECG: Tachycardia 
Yes 

(n=925) 
0.3% 

(n=l,166) 
0.6% 0.555 

(n=124) 
0.8% 

(n=l,967) 
0.5% 0.999 

ECG: Arrhythmia 
Yes 

(n=*25) 
2.4% 

(n=l,166) 
8.3% 0.001 

(n=124) 
5.6% 

(n=l,967) 
5.7% 0.999 

ECG: Evidence of Prior 
Myocardial Infarction Yes 

(n=925) 
1.8% 

(n=l,166) 
6.0% 0.001 

(n=124) 
1.6% 

(n=l,967) 
4.3% 0.218 

ECG: Other Diagnoses 
Yes 

(n=925) 
0.2% 

(n=l,166) 
0.2% 0.999 

(n=124) 
0.8% 

(n=l,967) 
0.2% 0.578 
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Table F-6.   Dependent Variable-Coy ariate Associations for the Cardiovascular 
Assessment (Continued) 

Kfß#i=f'J; 

■■ :::Äge;: : lA'^MskMM'i 

Dependent Variable Born £1942 V'iora^i942 :;. p-Value Black Non-Black i-lHÄiit i 
Funduscopic 
Examination Abnormal 

(n=925) 
6.4% 

(n=l,164) 
17.4% 0.001 

(n=124) 
16.1% 

(11=1,965) 
12.3% 0.262 

Carotid Bruits 
Present 

(n=925) 
1.1% 

(n=l,166) 
3.9% 0.001 

(n=124) 
3.2% 

(n=l,967) 
2.6% 0.918 

Radial Pulses 
Abnormal 

(n=925) 
0.5% 

(n=l,166) 
0.5% 0.999 

(n=124) 
2.4% 

(n=l,967) 
0.4% 0.018 

Femoral Pulses 
Abnormal 

(n=925) 
0.8% 

(n=l,165) 
2.3% 0.009 

(n=124) 
3.2% 

(11=1,966) 
1.5% 0.278 

Popliteal Pulses 
Abnormal 

(n=925) 
1.1% 

(n=l,164) 
3.5% 0.001 

(n=124) 
4.0% 

(n=l,965) 
2.3% 0.377 

Dorsalis Pedis Pulses 
Abnormal 

(n=925) 
4.4% 

(11=1,164) 
10.6% 0.001 

(n=124) 
11.3% 

(n=l,965) 
7.6% 0.195 

Posterior Tibial Pulses 
Abnormal 

(n=925) 
3.0% 

(11=1,162) 
8.1% 0.001 

(n=124) 
6.5% 

(n=l,963) 
5.8% 0.921 

Leg Pulses 
Abnormal 

(n=925) 
5.6% 

(n=l,162) 
14.2% 0.001 

(n=124) 
14.5% 

(0=1,963) 
10.1% 0.162 

Peripheral Pulses 
Abnormal 

(n=925) 
5.8% 

(n=l,162) 
14.5% 0.001 

(n=124) 
16.1% 

(n=l,963) 
10.3% 0.061 

Intermittent 
Claudication and Abnormal 

(n=924) 
3.0% 

(n=l,166) 
4.3% 0.164 

(n=124) 
3.2% 

(n=l,966) 
3.8% 0.950 

Vascular Insufficiency 
(ICVI) Index 

* 

^iWSl'I'l^l'l'-' l:'ll;l::::läM'l:^ 

WiM-MMM Occupation 

i::vl:;i,l|#luSp|v!'' Enlisted! Iyer     Gro 
ousted 

Dependent Vai undcrew p-Vahie 

Essential Hypertension 
Yes 

(n=809) 
40.4% 

(n=33: 
4539, 

5)            (n=928) 
7               40.5% 0.254 

Heart Disease (Excluding Essential 
Hypertension) Yes 

(n=818) 
68.7% 

(n=33< 
66.67 

5)             (n=938) 
o              56.7% 0.001 

Myocardial Infarction 
Yes 

(n=818) 
8.6% 

(n=33< 
9.3% 

5)            (n =938) 
8.0% 0.763 

Stroke or Transient Ischemia Attack 
Yes 

(n=818) 
1.2% 

(n=33f 
0.9% 

5)             (n =938) 
1.3% 0.854 

Systolic Blood Pressure (mm Hg) (n=818) (n=33! 5)            (r [=938) 

(continuous) 

(discrete) High 
x =126.1 
23.2% 

x=127 
23.693 

.1           x =123.9 
•>               18.6% 

0.005 
0.029 

Diastolic Blood Pressure (mm Hg) (n=818) (n=33! >)             (n=938) 

(continuous) 

(discrete) High 
x =74.19 

5.1% 
x=75J 

4.8% 
16           x =74.74 

5.1% 
0.224 
0.965 
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Table F-6.   Dependent Variable-Covariate 
Assessment (Continued) 

Associations for the Cardiovascular 

:.;•, -:: ;■?■' :<>€€« BBSte'^l i'jIHI^I 

§;li:l:-||iyi8|i^;l:^ 
"■ DependentVariable; !;-._' v|;|:'llSeä;l^l''l' . 1 OfScW Enlisted Flyer Groundcrew l^jpi^JK^i'l 

Heart Sounds 
Abnormal 

(n=818) 
4.5% 

(n=335) 
5.4% 

(n=938) 
4.1% 0.597 

Overall Electrocardiograph (ECG) 
Abnormal 

(n=818) 
34.6% 

(n=335) 
36.4% 

(n=938) 
26.3% 0.001 

ECG: Right Bundle Branch Block 
Yes 

(n=818) 
2.6% 

(n=335) 
4.5% 

(n=938) 
1.9% 0.040 

ECG: Left Bundle Branch Block (n=818; (n=335) (n=938) 
Yes 1.0% 0.3% 0.9% 0.498 

ECG: Non-specific ST- and T-Wave 
Changes Yes 

(»*8i8; 
20.2% 

(n=335) 
20.0% 

(n=938) 
16.0% 0.052 

ECG: Bradycardia 
Yes 

(n=818; 
5.6% 

(n=335) 
3.0% 

(n=938) 
1.8% 0.001 

ECG: Tachycardia 
Yes 

(n=818; 
0.2% 

(n=335) 
0.9% 

(n=938) 
0.5% 0.329 

ECG: Arrhythmia 
Yes 

(n=818; 
6.1% 

(n=335) 
7.5% 

(n=938) 
4.7% 0.137 

ECG: Evidence of Prior Myocardial 
Infarction Yes 

(n=818; 
4.6% 

(n=335) 
4.8% 

(n=938) 
3.5% 0.412 

ECG: Other Diagnoses 
Yes 

(n=818] 
0.1% 

(n=335) 
0.0% 

(n=938) 
0.3% 0.436 

Funduscopic Examination 
Abnormal 

(n=817; 
11.1% 

>            (n=334) 
18.6% 

(n=938) 
11.5% 0.001 

Carotid Bruits 
Present 

(n=818 
2.2% 

>            (n=335) 
3.9% 

(n=938) 
2.7% 0.276 

Radial Pulses 
Abnormal 

(n=818 
0.5% 

)            (n=335) 
0.0% 

(n=938) 
0.7% 0.264 

Femoral Pulses 
Abnormal 

(n=818 
1.8% 

)            (n=334) 
2.4% 

(n=938) 
1.2% 0.265 

Popliteal Pulses 
Abnormal 

(n=817 
2.3% 

)            (n=334) 
2.7% 

(n=938) 
2.5% 0.934 

Dorsalis Pedis Pulses 
Abnormal 

(n=817 
7.2% 

)            (n=334) 
10.5% 

(n=938) 
7.5% 0.147 

Posterior Tibial Pulses 
Abnormal 

(n=817 
5.5% 

)            (n=332) 
8.1% 

(n=938) 
5.3% 0.151 

Leg Pulses 
Abnormal 

(n=817 
9.3% 

)            (n=332) 
14.2% 

(n=938) 
10.0% 0.044 

Peripheral Pulses 
Abnormal 

(n=817 
9.7% 

)            (n=332) 
14.2% 

(n=938) 
10.3% 0.075 

ICVI Index 
Abnormal 

(n=818 
3.4% 

)            (n=335) 
5.7% 

(n=937) 
3.3% 0.123 
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Table F-6.   Dependent Variable-Covariate Associations for the Cardiovascular 
Assessment (Continued) 

Lifetime Alcohol History (drink-years) 

f"i'&i0§^MS^:^U&f:i:$^Mi [;i;jPÄI3ili .;;:.,: ■; :.$■■:;:;: • f >&&& :? :" i f'f imi v ;::
;::;: S'JNMÄIIH 

Essential Hypertension 
Yes 

(n=118) 
39.0% 

(n=l,348) 
38.5% 

(n=596) 
48.2% 0.001 

Heart Disease (Excluding Essential 
Hypertension) Yes 

(n=118) 
62.7% 

(n=l,360) 
63.0% 

(n=605) 
63.1% 0.996 

Myocardial Infarction 
Yes 

(n=118) 
10.2% 

(11=1,360) 
7.9% 

(n=605) 
9.4% 0.410 

Stroke or Transient Ischemia Attack 
Yes 

(n=118) 
1.7% 

(n=l,360) 
1.0% 

(n=605) 
1.7% 0.373 

Systolic Blood Pressure (mm Hg) 
(continuous) 
(discrete) High 

(n=118) 

19.5% 

(n=l,360) 

r=0.086 
19.9% 

(n=605) 

24.6% 
<0.001 

0.051 

Diastolic Blood Pressure (mm Hg) 
(continuous) 
(discrete) High 

(n=118) 

3.4% 

(n=l,360) 
r=0.034 

4.8% 

(n=605) 

6.1% 
0.126 
0.317 

Heart Sounds 
Abnormal 

(n=118) 
4.2% 

(n=l,360) 
4.0% 

(n=605) 
5.5% 0.374 

Overall Electrocardiograph (ECG) 
Abnormal 

(n=118) 
39.0% 

(n=l,360) 
29.9% 

(n=605) 
32.6% 0.082 

ECG: Right Bundle Branch Block 
Yes 

(n=118) 
1.7% 

(n=l,360) 
2.7% 

(n=605) 
2.5% 0.781 

ECG: Left Bundle Branch Block 
Yes 

(n=118) 
0.8% 

(n=l,360) 
1.0% 

(n=605) 
0.5% 0.578 

ECG: Non-specific ST- and T- 
Wave Changes Yes 

(n=118) 
26.3% 

(n=l,360) 
18.5% 

(n=605) 
15.9% 0.024 

ECG: Bradycardia 
Yes 

(n=118) 
0.8% 

(n=l,360) 
3.2% 

(n=605) 
4.6% 0.072 

ECG: Tachycardia 
Yes 

(n=118) 
1.7% 

(n=l,360) 
0.2% 

(n=605) 
0.8% 0.029 

ECG: Arrhythmia 
Yes 

(n=118) 
9.3% 

(11=1,360) 
6.0% 

(n=605) 
4.5% 0.093 

ECG: Evidence of Prior 
Myocardial Infarction Yes 

(n=118) 
5.1% 

(n=l,360) 
4.3% 

(n=605) 
3.8% 0.786 

ECG: Other Diagnoses 
Yes 

(n=118) 
0.0% 

(n=l,360) 
0.2% 

(n=605) 
0.2% 0.857 

Funduscopic Examination 
Abnormal 

(n=118) 
14.4% 

(n=l,359) 
11.2% 

(n=604) 
14.9% 0.057 

Carotid Bruits 
Present 

(n=118) 
2.5% 

(n=l,360) 
2.3% 

(n=605) 
3.6% 0.228 

Radial Pulses 
Abnormal 

(n=118) 
0.0% 

(n=l,360) 
0.2% 

(n=605) 
1.3% 0.006 
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Table F-6.   Dependent Variable-Covariate Associations for the Cardiovascular 
Assessment (Continued) 

Lifetime Alcohol History (drink-years) 

Dependent Variable '■■■ :fmd ■= ::; • ■; '•&■■■ "i X : : 5&4§:, -;;; ■::: ■::: >#• «■:;. l-lrt^ilH'!')l:/"l 
Femoral Pulses 

Abnormal 
(n=118) 

0.0% 
(n=l,359) 

1.1% 
(n=605) 

3.1% 0.002 

Popliteal Pulses 
Abnormal 

(n=118) 
0.8% 

(n=l,358) 
1.9% 

(n=605) 
4.0% 0.013 

Dorsalis Pedis Pulses 
Abnormal 

(n=118) 
8.5% 

(n=l,358) 
6.6% 

(n=605) 
10.6% 0.009 

Posterior Tibial Pulses 
Abnormal 

(n=118) 
3.4% 

(n=l,356) 
5.2% 

(n=605) 
7.9% 0.027 

Leg Pulses 
Abnormal 

(n=118) 
11.0% 

(n=l,356) 
9.0% 

(n=605) 
13.4% 0.013 

Peripheral Pulses 
Abnormal 

(n=118) 
11.0% 

(n=l,356) 
9.1% 

(n=605) 
14.0% 0.005 

ICVI Index 
Abnormal 

(n=118) 
1.7% 

(n=l,360) 
3.5% 

(n=605) 
4.6% 0.239 

Current Alcohol Use (drinks/day) 

llF-IJ:i^^^ l:HI.;l|ife|if:Ä"::ll 0-1 I i ::. %<*k#-.:: '■H ;: ;■!:;■? :P- läÄJI'|::.;ir:'ll. 

Essential Hypertension 

Heart Disease (Excluding Essential 
Hypertension) 

Myocardial Infarction 

Stroke or Transient Ischemia Attack 

Systolic Blood Pressure (mm Hg) 

(continuous) 

(n= 1,673) (n=367) 
r=0.008 

(n=50) 
0.715 

(discrete) High 20.8% 24.0% 14.0% 0.182 

Diastolic Blood Pressure (mm Hg) (ii=l,673) (n=367) (n=50) 

(continuous) 
(discrete) High 4.8% 

r=0.025 
5.7% 8.0% 

0.253 
0.497 

Heart Sounds 
Abnormal 

(n=l,673) 
4.7% 

(n=367) 
3.5% 

(n=50) 
4.0% 0.634 

Overall Electrocardiograph (ECG) 
Abnormal 

(n=l,673) 
30.6% 

(n=367) 
34.6% 

(n=50) 
26.0% 0.236 

ECG: Right Bundle Branch Block 
Yes 

(n=l,673) 
2.7% 

(n=367) 
2.2% 

(n=50) 
2.0% 0.827 

ECG: Left Bundle Branch Block (11=1,673) (n=367) (n=50) 
Yes 0.8% 0.8% 2.0% 0.638 

ECG: Non-specific ST-and 
T-Wave Changes Yes 

(n=lt673) 
18.7% 

(n=367) 
17.4% 

(n=50) 
10.0% 0.263 
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Table F-6.   Dependent Variable-Covariate Associations for the Cardiovascular 
Assessment (Continued) 

l||tl#|'|] 

Current Alcohol Use (drinks/day) 

|\-   ;;:;;:': ■: |:' ;■ |:;: (ijlJifep^Biä^i^t                 ■ ^I.v" :| ■ :!|;" |i;;.: :::■:' I .fi-l: .; . ::;: ■: :'-':>W:::-?i: 1 f: ; ::'■•;;>#■■'. ¥"■■ ;::;■ | ¥^^ä0§:WWät 

ECG: Bradycardia 
Yes 

(n=l,673) 
3.2% 

(n=367) 
5.2% 

(n=50) 
2.0% 0.139 

ECG: Tachycardia 
Yes 

(n=l,673) 
0.5% 

(n=367) 
0.5% 

(n=50) 
0.0% 0.872 

ECG: Arrhythmia 
Yes 

(n=l,673) 
5.5% 

(n=367) 
6.8% 

(n=50) 
4.0% 0.538 

ECG: Evidence of Prior 
Myocardial Infarction Yes 

(n=l,673) 
4.4% 

(n=367) 
3.3% 

(n=50) 
4.0% 0.636 

ECG: Other Diagnoses 
Yes 

(n=l,673) 
0.2% 

(n=367) 
0.3% 

(n=50) 
0.0% 0.889 

Funduscopic Examination 
Abnormal 

(n=l,671) 
12.6% 

(n=367) 
11.7% 

(n=50) 
14.0% 0.846 

Carotid Bruits 
Present 

(n=l,673) 
2.6% 

(n=367) 
3.3% 

(n=50) 
0.0% 0.390 

Radial Pulses 
Abnormal 

(n=l,673) 
0.3% 

(n=367) 
1.6% 

(n=50) 
0.0% 0.005 

Femoral Pulses 
Abnormal 

(n=l,672) 
1.0% 

(n=367) 
4.4% 

(n=50) 
4.0% 0.001 

Popliteal Pulses 
Abnormal 

(n=l,672) 
1.9% 

(n=366) 
4.9% 

(n=50) 
4.0% 0.002 

Dorsalis Pedis Pulses 
Abnormal 

(n=l,672) 
7.3% 

(n=366) 
10.1% 

(n=50) 
10.0% 0.165 

Posterior Tibial Pulses 
Abnormal 

(n=l,670) 
5.0% 

(n=366) 
9.3% 

(n=50) 
10.0% 0.003 

Leg Pulses 
Abnormal 

(n=l,670) 
9.6% 

(n=366) 
13.4% 

(n=50) 
14.0% 0.073 

Peripheral Pulses 
Abnormal 

(n=l,670) 
9.8% 

(n=366) 
14.2% 

(n=50) 
14.0% 0.036 

ICVI Index 
Abnormal 

(n=l,673) 
3.5% 

(n=367) 
4.1% 

(n=50) 
8.0% 0.239 

I^äSäES 

Lifetime Cigarette SmMog History (pack-years) 

|jJ:|;y{^ llli:iö^lil -;;vj';^#4e   -:'    : ■ ::.: >** :N- I- \ p-Value 

Essential Hypertension 
Yes 

(n=582) 
38.0% 

(n=543) 
43.1% 

(n=942) 
42.3% 0.155 

Heart Disease (Excluding Essential 
Hypertension) Yes 

(n=587) 
61.2% 

(n=550) 
62.9% 

(n=951) 
64.2% 0.474 

Myocardial Infarction 
Yes 

(n=587) 
4.9% 

(n=550) 
5.6% 

(n=951) 
12.2% 0.001 

Stroke or Transient Ischemia Attack 
Yes 

(n=587) 
0.9% 

(n=550) 
1.1% 

(n=951) 
1.4% 0.647 
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Table F-6.   Dependent Variable-Covariate Associations for the Cardiovascular 
Assessment (Continued) 

/l;:|::iSiä;:l:B 

Lifetime Cigarette Smoking History (pack-years) 

tli-f;^^ '*'./ '.■•: K -: "■■ iixwo; ■■■;|= Hi  :;;ilöi';n^ l^^lilli^Bllel^I-: 

Systolic Blood Pressure (mm Hg) 
(continuous) 
(discrete) High 

(n=587) 

19.9% 

(n=550) 
r=0.044 
20.0% 

(n=951) 

22.6% 
0.045 
0.338 

Diastolic Blood Pressure (mm Hg) 
(continuous) 
(discrete) High 

(n=587) 

4.1% 

(n=550) 
r=~0.066 

7.8% 

(n=951) 

4.1% 
0.003 
0.003 

Heart Sounds 
Abnormal 

(n=587) 
2.9% 

(n=550) 
4.5% 

(n=951) 
5.4% 0.074 

Overall Electrocardiograph (ECG) 
Abnormal 

(n=587) 
28.3% 

(n=550) 
27.6% 

(n=951) 
35.0% 0.002 

ECG: Right Bundle Branch Block 
Yes 

(n=587) 
2.2% 

(n=550) 
1.5% 

(n=951) 
3.5% 0.048 

ECG: Left Bundle Branch 
Block Yes 

(n=587) 
0.5% 

(n=550) 
1.1% 

(n=951) 
0.8% 0.549 

ECG: Non-specific ST-and T- 
Wave Changes Yes 

(n=587) 
17.9% 

(n=550) 
15.6% 

(n=951) 
20.0% 0.107 

ECG: Bradycardia 
Yes 

(n=587) 
4.3% 

(n=550) 
4.0% 

(n=951) 
2.7% 0.216 

ECG: Tachycardia 
Yes 

(n=587) 
0.5% 

(n=550) 
0.5% 

(n=951) 
0.4% 0.936 

ECG: Arrhythmia 
Yes 

(n=587) 
4.1% 

(n=550) 
5.5% 

(n=951) 
6.7% 0.091 

ECG: Evidence of Prior 
Myocardial Infarction Yes 

(n=587) 
2.9% 

(n=550) 
2.7% 

(n=951) 
5.8% 0.003 

ECG: Other Diagnoses 
Yes 

(n=587) 
0.2% 

(n=550) 
0.4% 

(n=951) 
0.1% 0.539 

Funduscopic Examination 
Abnormal 

(n=587) 
8.9% 

(n=550) 
11.6% 

(n=949) 
15.2% 0.001 

Carotid Bruits 
Present 

(n=587) 
1.0% 

(n=550) 
2.4% 

(n=951) 
3.9% 0.003 

Radial Pulses 
Abnormal 

(n=587) 
0.2% 

(n=550) 
0.5% 

(n=951) 
0.7% 0.329 

Femoral Pulses 
Abnormal 

(n=587) 
0.3% 

(n=550) 
1.3% 

(n=950) 
2.6% 0.002 

Popliteal Pulses 
Abnormal 

(n=587) 
0.5% 

(n=549) 
2.0% 

(n=950) 
3.9% 0.001 

Dorsalis Pedis Pulses 
Abnormal 

(n=587) 
2.9% 

(n=549) 
6.2% 

(n=950) 
11.9% 0.001 

Posterior Tibial Pulses 
Abnormal 

(n=587) 
3.1% 

(n=549) 
3.6% 

(n=948) 
8.8% 0.001 
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Table F-6.   Dependent Variabie-Covariate Associations for the Cardiovascular 
Assessment (Continued) 

i'li I^I i)iiBfyi,.;,i..i 

Lifetime Cigarette Smoking History (pack-years) 

'i: ;:/::-V:: -D^c^ept VaiisiWIei: ■' :;: -j ;■;;.'!;■ ':y§\±'] :: : '>##•; ■::■■;.: i : :'>M •'" :.: l-iÄiSÄi^i.^ 
Leg Pulses 

Peripheral Pulses 

ICVI Index 

Abnormal 

Abnormal 

Abnormal 

(n=587) 
5.1% 

(n=587) 
5.3% 

(n=587) 
1.4% 

(n=549) 
7.5% 

(n=549) 
7.7% 

(n=550) 
2.5% 

(n=948) 
15.3% 

(n=948) 
15.7% 

(n=951) 
5.9% 

0.001 

0.001 

0.001 

II if'iSiälSifi 

Current Cigarette Smoking (cigarettes/day) 

Dependent Variable |; $-Never} :. O-Former        >0~20 "■ : >Wi : : p-Value ■ 
Essential Hypertension 

Heart Disease (Excluding 
Essential Hypertension) 

Myocardial Infarction 

Stroke or Transient Ischemia 
Attack — __ __ __ __ 

Systolic Blood Pressure (mm Hg) 
(continuous) 
(discrete) High 

(n=587) 

19.9% 

(n=l,101)     (n=266) 
r=-0.064 

22.7%         20.3% 

(n=136) 

16.2% 
0.004 
0.236 

Diastolic Blood Pressure (mm Hg) 
(continuous) 
(discrete) High 

(n=587) 

4.1% 

(n=l,101)     (n=266) 
r=-0.076 

5.7%           5.3% 

(n=136) 

3.7% 
0.001 
0.438 

Heart Sounds 
Abnormal 

(n=587) 
2.9% 

(n=l,101) 
5.7% 

(n=266) 
3.4% 

(n=136) 
2.9% 0.030 

Overall Electrocardiograph (ECG) 
Abnormal 

(n=587) 
28.3% 

(n=l,101) 
32.8% 

(n=266) 
35.0% 

(n=136) 
23.5% 0.028 

ECG: Right Bundle Branch Block 
Yes 

(n=587) 
2.2% 

(n=l,101) 
2.9% 

(n=266) 
2.3% 

(n=136) 
2.2% 0.810 

ECG: Left Bundle Branch Block 
Yes 

(n=587) 
0.5% 

(n=l,101) 
1.2% 

(n=266) 
0.0% 

(n=136) 
0.7% 0.195 

ECG: Non-specific ST- and T- 
Wave Changes Yes 

(n=587) 
17.9% 

(n=l,101) 
19.2% 

(n=266) 
19.2% 

(n=136) 
11.0% 0.135 

ECG: Bradycardia 
Yes 

(n=587) 
4.3% 

(n=l,101) 
3.1% 

(n=266) 
4.1% 

(n=136) 
2.2% 0.466 

ECG: Tachycardia 
Yes 

(n=587) 
0.5% 

(n=l,101) 
0.5% 

(n=266) 
0.4% 

(n=136) 
0.7% 0.965 

ECG: Arrhythmia 
Yes 

(n=587) 
4.1% 

(n=l,101) 
6.8% 

(n=266) 
5.3% 

(n=136) 
4.4% 0.117 

ECG: Evidence of Prior 
Myocardial Infarction Yes 

(n=587) 
2.9% 

(n=l,101) 
4.7% 

(n=266) 
4.5% 

(n=136) 
4.4% 0.344 
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Table F-6.   Dependent Variable-Covariate Associations for the Cardiovascular 
Assessment (Continued) 

I'lfiSAAKli 

\§§M:sM^$§MMmM^hß rette Smoking (cigarettes/cfa JSiffi^Nir 

f^SimW^^M^M^^^§:A'MiMi 0-NeTcr       Ü-Former p-Value 
ECG: Other Diagnoses (n=587)     (n=l,101) (n=266) (n=136) 

Yes 0.2% 0.2% 0.0% 0.7% 0.451 

Funduscopic Examination (n=587)     (n=l,100) (n=266) (n=135) 
Abnormal 8.9% 14.0% 13.5% 14.1% 0.019 

Carotid Bruits (n=587)     (n=l,101) (n=266) (n=136) 
Present 1.0% 3.1% 4.1% 3.7% 0.023 

Radial Pulses (n=587)     (n=l,101) (n=266) (n=136) 
Abnormal 0.2% 0.4% 1.9% 0.7% 0.010 

Femoral Pulses (n=587)     (11=1,100) (n=266) (n=136) 
Abnormal 0.3% 1.2% 4.9% 4.4% 0.001 

Popliteal Pulses (n=587)     (n=l,099) (n=266) (n=136) 
Abnormal 0.5% 2.0% 7.1% 5.1% 0.001 

Dorsalis Pedis Pulses (n=587)     (n=l,099) (n=266) (n=136) 
Abnormal 2.9% 8.0% 13.9% 16.2% 0.001 

Posterior Tibial Pulses (n=587)     (n=l,098) (n=265) (n=136) 
Abnormal 3.1% 5.6% 10.6% 11.0% 0.001 

Leg Pulses (n=587)      (r i=l,098) (n=265) (n=136) 
Abnormal 5.1% 10.7% 16.2% 19.9% 0.001 

Peripheral Pulses (n=587)     (r 1=1,098) (n=265) (n=136) 
Abnormal 5.3% 10.8% 17.4% 19.9% 0.001 

ICVI Index (n=587)     (n i=l,101) (n=266) (n=136) 
Abnormal 1.4% 3.5% 7.9% 8.1% 0.001 

l;:|;n|-|^p|;;|-:j 

.T •: Oiofest^lpig^pji | 

ttv|-|/f|:p^ j^V'^söoo; .: 
r-fi'::--^mm- ;;r; -■ ;:i>ä»'S p-Value 

Essential Hypertension (n=785) ( n=838) (n=447) 
Yes 41.0% 42.7% 38.9% 0.415 

Heart Disease (Excluding Essential (n=794) ( n=848) (n=449) 
Hypertension) Yes 66.6% 63.3% 55.9% 0.001 

Myocardial Infarction (n=794) ( n=848) (n=449) 
Yes 11.5% 8.0% 3.8% 0.001 

Stroke or Transient Ischemia Attack (n=794) ( n=848) (n=449) 
Yes 1.4% 1.3% 0.7% 0.503 

Systolic Blood Pressure (mm Hg) (n=794) ( n=848) (n=449) 
(continuous) r=0.055 0.012 
(discrete) High 18.1% 22.6% 23.8% 0.025 

Diastolic Blood Pressure (mm Hg) (n=794) ( n=848) (n=449) 
(continuous) r=0.096 <0.001 
(discrete) High 4.0% 5.3% 6.5% 0.159 

Heart Sounds (n=794) (n=848) (n=449) 
Abnormal 4.2% 4.5% 4.9% 0.828 
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Table F-6.   Dependent Variable-Covariate Associations for the Cardiovascular 
Assessment (Continued) 

Cholesterol (j^M^S'wMM 

;:J:'-|kt:S'I:|t^^ i^'j^iPiii&irSifi : ■■ k20Ö';: ; . i>$&2&\ '\ ■:' $20: ;■:■,:::: ::i'":#iiSSlil^l--l: 

Overall Electrocardiograph (ECG) 
Abnormal 

(n=794) 
34.4% 

(n=848) 
29.7% 

(n=449) 
28.3% 0.041 

ECG: Right Bundle Branch Block 
Yes 

(n=794) 
3.0% 

(n=848) 
2.1% 

(n=449) 
2.7% 0.512 

ECG: Left Bundle Branch Block 

Yes 
(n=794) 

0.9% 
(n=848) 

0.7% 
(n=449) 

0.9% 0.906 

ECG: Non-specific ST- and T- 
Wave Changes Yes 

(n=794) 
19.8% 

(n=848) 
17.0% 

(n=449) 
18.0% 0.339 

ECG: Bradycardia 
Yes 

(n=794) 
4.0% 

(n=848) 
3.5% 

(n=449) 
2.4% 0.344 

ECG: Tachycardia 
Yes 

(n=794) 
0.3% 

(n=848) 
0.6% 

(n=449) 
0.7% 0.493 

ECG: Arrhythmia 
Yes 

(n=794) 
6.4% 

(n=848) 
5.3% 

(n=449) 
5.1% 0.523 

ECG: Evidence of Prior 
Myocardial Infarction Yes 

(n=794) 
5.8% 

(n=848) 
3.7% 

(n=449) 
2.2% 0.007 

ECG: Other Diagnoses 
Yes 

(n=794) 
0.4% 

(n=848) 
0.0% 

(n=449) 
0.2% 0.213 

Funduscopic Examination 
Abnormal 

(n=792) 
13.1% 

(n=848) 
11.4% 

(n=449) 
13.4% 0.480 

Carotid Bruits 
Present 

(n=794) 
2.6% 

(n=848) 
2.7% 

(n=449) 
2.7% 0.996 

Radial Pulses 
Abnormal 

(n=794) 
0.5% 

(n=848) 
0.6% 

(n=449) 
0.4% 0.938 

Femoral Pulses 
Abnormal 

(n=793) 
1.5% 

(n=848) 
1.7% 

(n=449) 
1.8% 0.935 

Popliteal Pulses 
Abnormal 

(n=793) 
2.1% 

(n=847) 
2.6% 

(n=449) 
2.7% 0.786 

Dorsalis Pedis Pulses 
Abnormal 

(n=793) 
7.2% 

(n=847) 
8.3% 

(n=449) 
8.2% 0.678 

Posterior Tibial Pulses 
Abnormal 

(n=793) 
4.9% 

(n=845) 
6.9% 

(n=449) 
5.6% 0.235 

Leg Pulses 
Abnormal 

(n=793) 
9.0% 

(n=845) 
11.4% 

(n=449) 
11.1% 0.237 

Peripheral Pulses 
Abnormal 

(n=793) 
9.2% 

(n=845) 
11.7% 

(n=449) 
11.4% 0.226 

ICVI Index 
Abnormal 

(n=793) 
3.8% 

(n=848) 
3.5% 

(n=449) 
4.0% 0.909 
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Table F-6.   Dependent Variable-Covariate Associations for the Cardiovascular 
Assessment (Continued) 

-l>t.4lÄbli 
HDL Cholesterol (mg m :i; ;. choJM^-w^ katio '..; 

Dependent Variable ■;-1 :oi35:;: ' ,:::..:; ;:>35; :;«:; p-Value ■: '5: 0-1;.:;: ;AM^:kM-§M. p-Value 

Essential Hypertension 
Yes 

(n=369) 
45.0% 

(n=l,700) 
40.5% 0.124 

(n=l,217) 
38.7% 

(n=852) 
45.0% 0.005 

Heart Disease 
(Excluding Essential 
Hypertension) 

Yes 
(n=372) 
61.3% 

(n=l,718) 
63.4% 0.484 

(n=l,230) 
64.6% 

(n=860) 
60.7% 0.074 

Myocardial Infarction 
Yes 

(n=372) 
11.8% 

(n=l,718) 
7.7% 0.012 

(n=l,230) 
8.1% 

(n=860) 
'8.8% 0.622 

Stroke or Transient 
Ischemia Attack Yes 

(n=372) 
1.3% 

(n=l,718) 
1.2% 0.979 

(n=l,230) 
1.2% 

(n=860) 
1.2% 0.999 

Systolic Blood Pressure 
(mm Hg) (continuous) 
(discrete) High 

(n=372) 
r=- 

21.5% 

(n=l,718) 
-0.025 

21.1% 
0.245 
0.928 

(n=l,230)     (n=860) 
r=0.062 

19.5%         23.6% 
0.005 
0.028 

Diastolic Blood 
Pressure (mm Hg) 
(continuous) 
(discrete) High 

(n=372) 
r=- 

5.4% 

(n=l,718) 
-0.008 

5.0% 
0.707 
0.869 

(n=l,230)    (n=860) 
r=0.063 

4.7%           5.6% 
0.004 
0.432 

Heart Sounds 
Abnormal 

(n=372) 
5.6% 

(n=l,718) 
4.2% 0.274 

(n=l,230) 
4.2% 

(n=860) 
4.8% 0.630 

Overall 
Electrocardiograph 
(ECG) 

Abnormal 
(n=372) 
33.6% 

(n=l,718) 
30.7% 0.297 

(n=l,230) 
31.9% 

(n=860) 
30.2% 0.455 

ECG: Right Bundle 
Branch Block Yes 

(n=372) 
3.2% 

(n=l,718) 
2.4% 0.496 

(n=l,230) 
2.7% 

(n=860) 
2.4% 0.840 

ECG: Left Bundle 
Branch Block Yes 

(n=372) 
1.3% 

(n=l,718) 
0.7% 0.348 

(n=l,230) 
0.9% 

(n=860) 
0.7% 0.806 

ECG: Non-specific ST- 
and T-Wave Changes Yes 

(n=372) 
21.5% 

(n=l,718) 
17.6% 0.089 

(n=l,230) 
17.8% 

(n=860) 
19.0% 0.541 

ECG: Bradycardia 
Yes 

(n=372) 
1.6% 

(n=l/718) 
3.9% 0.043 

(n=l,230) 
4.5% 

(n=860) 
2.i% 0.005 

ECG: Tachycardia 
Yes 

(n=372) 
0.5% 

(n=l,718) 
0.5% 0.999 

(n=l,230) 
0.3% 

(n=860) 
0.7% 0.372 

ECG: Arrhythmia 
Yes 

(n=372) 
4.3% 

(n=l,718) 
6.0% 0.248 

(n=l,230) 
6.3% 

(n=860) 
4.9% 0.215 

ECG: Evidence of Prior 
Myocardial Infarction Yes 

(n=372) 
5.4% 

(n=l,718) 
3.9% 0.250 

(n=l,230) 
4.2% 

(n=860) 
4.1% 0.947 

ECG: Other Diagnoses 
Yes 

(n=372) 
0.0% 

(n=l,718) 
0.2% 0.782 

(n=l,230) 
0.2% 

(n=860) 
0.1% 0.882 

Funduscopic 
Examination Abnormal 

(n=372) 
11.3% 

(n=l/716) 
12.8% 0.489 

(n= 1,228) 
13.4% 

(n=860) 
11.2% 0.139 

Carotid Bruits 
Present 

(n=372) 
1.9% 

(n=l,718) 
2.9% 0.382 

(n=l,230) 
2.5% 

(n=860) 
2.9% 0.688 
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Table F-6*   Dependent Variable-Coyariate Associations for the Cardiovascular 
Assessment (Continued) 

rSI'S^fclJ 

:-: : Ö0L ,C^k^r(^(ingAil) ■. :. ■;; CWe^eft#HDt Matw ;;; 

Dependent Variable : : ';Ä5: ■i ::';:: i >M i : l^ji'^lfilii;::;;!; ■   0--5 ' '*. >5 ■; p-Välue': V 
Radial Pulses 

Abnormal 
(n=372) 

0.5% 
(n=l,718) 

0.5% 0.999 
(n=l,230) 

0.5% 
(n=860) 

0.6% 0.999 

Femoral Pulses 
Abnormal 

(n=371) 
1.6% 

(n=l,718) 
1.6% 0.999 

(n=l,230) 
1.5% 

(n=859) 
1.7% 0.855 

Popliteal Pulses 
Abnormal 

(n=371) 
2.4% 

(n=l,717) 
2.4% 0.999 

(n=l,229) 
2.1% 

(n=859) 
2.9% 0.311 

Dorsalis Pedis Pulses 
Abnormal 

(n=371) 
8.6% 

(n=l/717) 
7.7% 0.615 

(n=l,229) 
7.1% 

(n=859) 
9.0% 0.135 

Posterior Tibial Pulses 
Abnormal 

(n=371) 
5.1% 

(n=l,715) 
6.0% 0.592 

(n=l,229) 
5.8% 

(n=857) 
6.0% 0.943 

Leg Pulses 
Abnormal 

(n=371) 
10.5% 

(n=l,715) 
10.4% 0.999 

(n=l,229) 
9.8% 

(n=857) 
11.3% 0.284 

Peripheral Pulses 
Abnormal 

(n=371) 
10.5% 

(n=l,715) 
10.7% 0.976 

(n=l,229) 
10.1% 

(n=857) 
11.6% 0.321 

ICVI Index 
Abnormal 

(n=372) 
5.1% 

(n=l,717) 
3.4% 0.164 

(n=l,229) 
3.6% 

(n=860) 
4.0% 0.745 

■-IS:
-HÄ1-

:
:11: 

Body Fat Personality Type 

Dependent Variable Lean/Normal Wiä>&UM p. Value Type A :;.1:s=Ty»-p1;. 1 p-Value 

Essential 
Hypertension Yes 

(n=l,472) 
35.2% 

(n=598) 
56.2% 0.001 

(n=803) 
38.4% 

(n=l,264) 
43.0% 0.039 

Heart Disease 
(Excluding Essential 
Hypertension) 

Yes 
(n=l,482) 

62.7% 
(n=609) 
63.7% 0.696 

(n=812) 
62.8% 

(n=l,276) 
63.0% 0.963 

Myocardial Infarction 
Yes 

(n=l,482) 
8.6% 

(n=609) 
8.0% 0.760 

(n=812) 
8.9% 

(n=l,276) 
8.1% 0.577 

Stroke or Transient 
Ischemia Attack Yes 

(n=l,482) 
1.1% 

(n=609) 
1.3% 0.923 

(n=812) 
0.9% 

(n=l,276) 
1.4% 0.359 

Systolic Blood 
Pressure (mm Hg) (n=l,482) (n=609) (n=812) (n=l,276) 

(continuous) 
(discrete) High 

r=0.185 
18.6%             27.4% 

<0.001 
0.001 

x =124.4 
19.2% 

x =125.9 
22.5% 

0.061 
0.083 

Diastolic Blood 
Pressure (mm Hg) (n=l,482) (n=609) (n=812) (n=l,276) 

(continuous) 
(discrete) High 

r=0.122 
4.5%              6.6% 

<0.001 
0.058 

x =74.40 
4.3% 

x =74.71 
5.5% 

0.457 
0.273 

Heart Sounds 
Abnormal 

(n=l,482) 
4.1% 

(n=609) 
5.3% 0.303 

(n=812) 
4.1% 

(n=l,276) 
4.7% 0.562 

Overall 
Electrocardiograph 
(ECG) 

Abnormal 
(n=l,482) 

29.4% 
(n=609) 
35.5% 0.008 

(n=812) 
27.8% 

(n=l,276) 
33.2% 0.011 
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Table F-6.   Dependent Variable-Covariate Associations for the 
Assessment (Continued) 

Cardiovascular 

:l^l-ttt<i.ill'!| 

Böäy f at • - Personality Typ« 

Dependent Variable Lean/Normal ^;l;PlJÄi^|''l p- Value Type A liWAf'r r>Value 

ECG: Right Bundle 
Branch Block Yes 

(n=l,482) 
2.4% 

(n=609) 
3.0% 0.591 

(n=812) 
2.6% 

(n=l,276) 
2.6% 0.999 

ECG: Left Bundle 
Branch Block Yes 

(n=l,482) 
0.7% 

(n=609) 
1.0% 0.769 

(n=812) 
0.9% 

(n=l,276) 
0.8% 0.999 

ECG: Non-specific 
ST- and T-Wave Yes 

(n=l,482) 
16.3% 

(n=609) 
23.0% 0.001 

(n=812) 
16.9% 

(n=l,276) 
19.2% 0.199 

Changes 

ECG: Bradycardia 
Yes 

(n=l,482) 
4.5% 

(n=609) 
1.0% 0.001 

(n=812) 
3.8% 

(n=l,276) 
3.3% 0.606 

ECG: Tachycardia 
Yes 

(n=l,482) 
0.3% 

(n=609) 
0.8% 0.268 

(n=812) 
0.2% 

(n=l,276) 
0.6% 0.366 

ECG: Arrhythmia 
Yes 

(n=l,482) 
5.6% 

(n=609) 
5.9% 0.861 

(n=812) 
5.7% 

(n=l,276) 
5.6% 0.999 

ECG: Evidence of 
Prior Myocardial 
Infarction 

Yes 
(n=l,482) 

3.8% 
(n=609) 

5.1% 0.213 
(n=812) 

3.7% 
(n=l,276) 

4.5% 0.454 

ECG: Other 
Diagnoses Yes 

(n=l,482) 
0.3% 

(n=609) 
0.0% 0.464 

(n=812) 
0.2% 

(n=l,276) 
0.2% 0.999 

Funduscopic 
Examination Abnormal 

(n=l,481) 
11.1% 

(n=608) 
15.8% 0.004 

(n=811) 
9.2% 

(n=l,275) 
14.4% 0.001 

Carotid Bruits 
Present 

(n=l,482) 
2.8% 

(n=609) 
2.3% 0.589 

(n=812) 
2.3% 

(n=l,276) 
2.8% 0.596 

Radial Pulses 
Abnormal 

(n=l,482) 
0.6% 

(n=609) 
0.3% 0.640 

(n=812) 
0.6% 

(n=l,276) 
0.5% 0.890 

Femoral Pulses 
Abnormal 

(n=l,481) 
1.6% 

(n=609) 
1.6% 0.999 

(n=811) 
1.0% 

(n=l,276) 
1.9% 0.150 

Popliteal Pulses 
Abnormal 

(n=l,480) 
2.5% 

(n=609) 
2.3% 0.909 

(n=810) 
1.6% 

(n=l,276) 
2.8% 0.101 

Dorsalis Pedis Pulses 
Abnormal 

(n=l,480) 
8.2% 

(n=609) 
6.9% 0.342 

(n=810) 
6.4% 

(n=l,276) 
8.6% 0.081 

Posterior Tibial 
Pulses Abnormal 

(n=l,478) 
6.5% 

(n=609) 
4.3% 0.062 

(n=809) 
4.2% 

(n=l,275) 
6.7% 0.020 

Leg Pulses 
Abnormal 

(n=l,478) 
11.2% 

(n=609) 
8.4% 0.062 

(n=809) 
8.2% 

(n=l,275) 
11.7% 0.012 

Peripheral Pulses 
Abnormal 

(n=l,478) 
11.6% 

(n=609) 
8.4% 0.034 

(n=809) 
8.7% 

(n=l,275) 
11.8% 0.026 

ICVI Index 
Abnormal 

(n=l,481) 
3.6% 

(n=609) 
3.9% 0.845 

(n=811) 
4.2% 

(n=l,276) 
3.4% 0.394 
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Table F-6.   Dependent Variable-Covariate Associations for the Cardiovascular 
Assessment (Continued) 

': i;Level;;';'1 

Family Hi story of Heart Disease 
Family fi [istorv of Heart Disease 

Before Age 45 

Dependent Variable 7 i : ::W ;; ■ #i$i£lt!3 p-Value I r:*«* :; ; i.. mz ■ p*Value 

Essential (n=l,246) (n=808) (n=243) (n=l,784) 
Hypertension Yes 45.3% 35.3% 0.001 50.2% 40.1% 0.003 

Heart Disease (n=l,262) (n=813) (n=249) (n=l,798) 
(Excluding Essential Yes 66.6% 57.4% 0.001 69.9% 62.0% 0.018 
Hypertension) 

Myocardial Infarction (n=l,262) (n=813) (n=249) (n=l,798) 
Yes 9.4% 6.9% 0.058 10.8% 8.0% 0.154 

Stroke or Transient (n=l,262) (n=813) (n=249) (n=l,798) 
Ischemia Attack Yes 1.2% 1.2% 0.999 1.2% 1.2% 0.999 

Systolic Blood 
Pressure (mm Hg) (n=l,262) (n=813) (n=249) (n=l,798) 

(continuous) x =125.8 x =124.6 0.130 x =125.2 x =125.3 0.938 
(discrete) High 23.3% 18.3% 0.008 20.1% 21.2% 0.734 

Diastolic Blood 
Pressure (mm Hg) (n=l,262) (n=813) (n=249) (n=lt798) 

(continuous) x =74.71 x =74.47 0.557 x =74.06 x =74.60 0.384 
(discrete) High 5.3% 4.7% 0.588 4.4% 4.9% 0.835 

Heart Sounds (n=l,262) (n=813) (n=249) (n=l,798) 
Abnormal 4.9% 3.7% 0.226 6.4% 4.1% 0.133 

Overall (n=l,262) (n=813) (n=249) (n=l,798) 
Electrocardiograph Abnormal 35.3% 24.6% 0.001 36.1% 30.4% 0.076 
(ECG) 

ECG: Right Bundle (n=l,262) (n=813) (n=249) (n=l,798) 
Branch Block Yes 3.2% 1.7% 0.060 2.8% 2.6% 0.999 

ECG: Left Bundle (n=l,262) (n=813) (n=249) (n=l,798) 
Branch Block Yes 0.6% 1.1% 0.251 0.4% 0.8% 0.732 

ECG: Non-specific (n=l,262) (n=813) (n=249) (n=l,798) 
ST- and T-Wave Yes 21.1% 14.0% 0.001 22.5% 17.6% 0.076 
Changes 

ECG: Bradycardia (n=l,262) (n=813) (n=249) (n=l,798) 
Yes 3.4% 3.7% 0.826 2.4% 3.6% 0.430 

ECG: Tachycardia (n=l,262) (n=813) (n=249) (n=l,798) 
Yes 0.7% 0.1% 0.116 0.8% 0.4% 0.783 

ECG: Arrhythmia (n=l,262) (n=813) (n=249) (n=l,798) 
Yes 6.4% 4.6% 0.090 7.2% 5.3% 0.284 

ECG: Evidence of (n=l,262) (n=813) (n=249) (n=l,798) 
Prior Myocardial Yes 4.4% 3.7% 0.525 4.4% 4.0% 0.890 
Infarction 

ECG: Other (n=l,262) (n=813) (n=249) (n=l,798) 
Diagnoses Yes 0.1% 0.4% 0.339 0.0% 0.2% 0.999 
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Table F-6.   Dependent Variable-Covariate Associations for the Cardiovascular 
Assessment (Continued) 

Family History of Heart Disease 

Level 

:;: • Family History of Heart Disease Before Age 45 

Dependent Variable ::, "itesT \;: '". ■  :NO';  ';:  ::  ' p- Value Yes ::-:No  ■■ p-Value 
Funduscopic (n=lf262) (n=811) (n=249) (n=l,796) 
Examination Abnormal 12.8% 12.1% 0.700 14.5% 12.2% 0.376 

Carotid Bruits (ii=lt262) (n=813) (n=249) (n=l,798) 
Present 2.9% 2.5% 0.689 3.6% 2.6% 0.484 

Radial Pulses (11=1,262) (n=813) (n=249) (n=l,798) 
Abnormal 0.6% 0.5% 0.999 0.8% 0.5% 0.881 

Femoral Pulses (n=l,261) (n=813) (n=249) (n=l,797) 
Abnormal 1.8% 1.4% 0.517 1.2% 1.7% 0.736 

Popliteal Pulses (11=1,260) (n=813) (n=249) (n=l,796) 
Abnormal 2.6% 2.2% 0.663 2.8% 2.4% 0.900 

Dorsalis Pedis Pulses (n=l,260) (n=813) (n=249) (n=l,796) 
Abnormal 8.1% 7.6% 0.762 8.4% 7.9% 0.846 

Posterior Tibial (n=l,258) (n=813) (n=248) (n=l,795) 
Pulses Abnormal 6.0% 5.7% 0.790 6.0% 5.8% 0.987 

Leg Pulses (n=l,2S8) (n=813) (n=248) (n=l,795) 
Abnormal 10.6% 10.3% 0.920 9.7% 10.5% 0.784 

Peripheral Pulses (11=1,258) (n=813) (n=248) (n=l,795) 
Abnormal 10.8% 10.7% 0.995 10.1% 10.8% 0.833 

ICVI Index (n=l,262) (n=813) (n=249) (n=l,798) 
Abnormal 4.0% 3.2% 0.433 2.8% 3.8% 0.533 
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Table F-6.   Dependent Variable-Covariate Associations for the Cardiovascular 
Assessment (Continued) 

l Level | 

■;> ;: Oiabetic Class:;;. ■■ ;; ■' ? Blood I1 Measure Medication 

Dependent Variable ■ Normal. ": Impaired Diabetic p-Value ;: ;° ¥&'<;' ;: \ 1 3% ;i   i p-Value 

Essential 
Hypertension Yes 

(n=l,429) 
34.6% 

(n=271) 
52.4% 

(n=345) 
59.4% 0.001 __ — __ 

Heart Disease 
(Excluding Essential 
Hypertension) 

Yes 
(n=l,441) 

60.8% 
(n=273) 
64.1% 

(n=351) 
69.5% 0.009 -- - -- 

Myocardial Infarction 
Yes 

(n=l,441) 
6.8% 

(n=273) 
9.9% 

(n=351) 
14.2% 0.001 __ — ~ 

Stroke or Transient 
Ischemia Attack Yes 

(n=l,441) 
1.0% 

(n=273) 
1.1% 

(n=351) 
1.4% 0.828 __ __ ~ 

Systolic Blood 
Pressure (mm Hg) (n=l,441) (n=273) (n=351) (n=617) (11=1,474) 

(continuous) 
(discrete) High 

x =123.0 
17.1% 

x =129.3 
28.6% 

x=131.8 
31.9% 

<0.001 
0.001 

x =128.6 
27.6% 

x =123.9 
18.5% 

<0.001 
0.001 

Diastolic Blood 
Pressure (mm Hg) (n=l,441) (n=273) (n=351) (n=617) (ii=l,474) 

(continuous) 
(discrete) High 

x =74.32 
4.5% 

x =75.94 
7.3% 

x =74.41 
5.4% 

0.030 
0.140 

x =74.86 
7.3% 

x =74.48 
4.1% 

0.392 
0.004 

Heart Sounds 
Abnormal 

(n=l,441) 
3.7% 

(n=273) 
5.5% 

(n=351) 
6.0% 0.113 __ — — 

Overall 
Electrocardiograph 
(ECG) 

Abnormal 
(n=l,441) 

26.4% 
(n=273) 
37.0% 

(n=351) 
46.7% 0.001 - - -- 

ECG: Right Bundle 
Branch Block Yes 

(n=l,441) 
1.9% 

(n=273) 
2.6% 

(n=351) 
5.4% 0.001 ~ — ~ 

ECG: Left Bundle 
Branch Block Yes 

(n=l,441) 
0.7% 

(n=273) 
1.1% 

(n=351) 
1.1% 0.613 ~ __ ~ 

ECG: Non-specific 
ST- and T-Wave Yes 

(n=l,441) 
14.6% 

(n=273) 
24.5% 

(n=351) 
29.3% 0.001 _ .. 

Changes 

ECG: Bradycardia 
Yes 

(n=l,441) 
4.5% 

(n=273) 
0.4% 

(n=351) 
1.7% 0.001 __ ~ — 

ECG: Tachycardia 
Yes 

(n=l,441) 
0.2% 

(n=273) 
0.4% 

(n=351) 
1.4% 0.008 — ~ __ 

ECG: Arrhythmia 
Yes 

(n=l,441) 
5.2% 

(n=273) 
5.1% 

(n=351) 
8.0% 0.121 __ ~ __ 

ECG: Evidence of 
Prior Myocardial 
Infarction 

Yes 
(n=l,441) 

2.8% 
(n=273) 

5.1% 
(n=351) 

9.4% 0.001 - - -- 

ECG: Other 
Diagnoses Yes 

(n=l,441) 
0.3% 

(n=273) 
0.0% 

(n=351) 
0.0% 0.420 - -- -- 

F-69 



Table F-6.   Dependent Variahle-Covariate Associations for the Cardiovascular 
Assessment (Continued) 

Diabetic Class Blood Pressure Medication 

Dependent Variable Level Normal      Impaired     Diabetic      p-Value Yes No p-Value 

Funduscopic 
Examination 

Carotid Bruits 

Radial Pulses 

Femoral Pulses 

Popliteal Pulses 

Dorsalis Pedis Pulses 

Posterior Tibial 
Pulses 

Leg Pulses 

Peripheral Pulses 

ICVI Index 

Abnormal 

Present 

Abnormal 

Abnormal 

Abnormal 

Abnormal 

Abnormal 

Abnormal 

Abnormal 

Abnormal 

(n=l,440) 
10.3% 

(n=l,441) 
2.1% 

(n=l,441) 
0.3% 

(n=l,440) 
1.2% 

(n=l,439) 
1.7% 

(n=l,439) 
6.7% 

(n=l,437) 
4.1% 

(n=l,437) 
8.7% 

(n=l,437) 
8.9% 

(n=l,440) 
2.6% 

(n=273) 
14.3% 

(n=273) 
2.9% 

(n=273) 
0.4% 

(n=273) 
1.1% 

(n=273) 
1.8% 

(n=273) 
5.5% 

(n=273) 
5.5% 

(n=273) 
8.4% 

(n=273) 
8.4% 

(n=273) 
2.9% 

(n=350) 
20.0% 

(n=351) 
5.1% 

(n=351) 
1.1% 

(n=351) 
3.7% 

(n=351) 
6.0% 

(n=351) 
14.0% 

(n=351) 
13.4% 

(n=351) 
18.8% 

(n=351) 
19.4% 

(n=351) 
9.1% 

0.001 

0.007 

0.152 

0.003 

0.001 

0.001 

0.001 

0.001 

0.001 

0.001 

a Analysis performed on natural logarithm scale; means transformed from natural logarithm scale. 
b Analysis performed on square root scale; means transformed from square root scale. 
—: Covariate not applicable for dependent variable. 

Note: Correlations (r) are based on total sample size and are not category-specific. 
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Table F-7. Dependent Variable-Covariate Associations for the Hematology Assessment 

Dependent 
1,?&^:$M 

';:: :■ "Age   ■■: :l"|f l:.|:;l'l ■ifeEsiiNI ■Sil-S^I,SS^^l^§' 
Born £1942 Bom<1942 p-Value Black ':'.. Non-BIa<^'':: p-Value 

RBC Count 
(million/mm ) (n=928) (n=l,187) (n=128) (n=l,987) 

(continuous) 
(discrete) Abn. Low 

Normal 
Abn. High 

r=- 
2.1% 

97.2% 
0.7% 

-0.181 
7.0% 

91.8% 
1.2% 

<0.001 
0.001 

x=4.99 
7.8% 

86.7% 
5.5% 

x=4.95 
4.6% 

94.7% 
0.7% 

0.291 
0.001 

WBC Count 
(thousand/mm ) (n=928) (n=l,187) (n=128) (n=l,987) 

(continuous)21 

(discrete) Abn. Low 
Normal 

Abn. High 

r=_ 
5.9% 

90.2% 
3.9% 

-0.010 
4.9% 

91.7% 
3.4% 

0.658 
0.456 

x =5.94 
18.8% 
78.9% 

2.3% 

x=6.71 
4.5% 

91.8% 
3.7% 

<0.001 
0.001 

Hemoglobin 
(gnVdl) (n=928) (n=l,187) (n=128) (n=l,987) 

(continuous) 
(discrete) Abn. Low 

Normal 
Abn. High 

r=- 
4.5% 

95.0% 
0.5% 

-0.137 
8.3% 

91.3% 
0.4% 

<0.001 
0.002 

x =14.77 
17.2% 
82.8% 
0.0% 

x =15.36 
6.0% 

93.5% 
0.5% 

<0.001 
0.001 

Hematocrit 
(percent) (n=928) (n=l,187) (n=128) (n=l,987) 

(continuous) 
(discrete) Abn. Low 

Normal 
Abn. High 

r=- 
1.3% 

98.5% 
0.2% 

-0.121 
3.2% 

96.5% 
0.3% 

<0.001 
0.014 

x =44.49 
4.7% 

95.3% 
0.0% 

x =45.65 
2.2% 

97.5% 
0.3% 

<0.001 
0.169 

Platelet Count 
(thousand/mm ) (n=926) (n=U79) (n=127) (n=l,978) 

(continuous) 
(discrete) Abn. Low 

Normal 
Abn. High 

r=-0.120 
1.9%               3.7% 

97.9%             95.7% 
0.2%              0.6% 

<0.001 
0.022 

x =203.7 
1.6% 

97.6% 
0.8% 

x =205.3 
3.0% 

96.6% 
0.4% 

0.723 
0.526 

Prothrombin Time 
(seconds) (n=793) (n=911) (n=110) (n=l,594) 

(continuous)a 

(discrete) High 
r=0.096 

0.8%               1.9% 
<0.001 

0.077 
x =10.49 

2.7% 
x =10.49 

1.3% 
0.947 
0.386 

RBC Morphology 
Abnormal 

(n=928) 
5.2% 

(11=1,187) 
8.0% 0.013 

(n=128) 
14.1% 

(n=l,987) 
6.3% 0.001 
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Table F-7.   Dependent Variable-Covariate Associations for the Hematology Assessment 
(Continued) 

Dependent 
Variable >vel 

::: ~= Aft? ■.'::. :=";=; :::; ;■ ;:; '■' 
Born £1942      Born <1942       p- Value Black 

Race 

Non-Black       p-Value 

Absolute 
Neutrophils 
(segs) (11=2,115) (n=128) (n=l,987) 

(thousand/mm )a r=0.006 0.767 x=3.13 x=3.88 <0.001 

Absolute 
Neutrophils 
(bands) 
(thousand/mm3) (n=l,757) (n=97) (n=l,660) 

(continuous) a Nonzero r=0.071 0.003 x =0.120 x =0.200 <0.001 
(discrete) 

Zero 
(n=928)         (n=lt187) 
17.1%             16.8% 0.868 

(n=128) 
24.2% 

(n=l,987) 
16.5% 0.032 

Absolute 
Lymphocytes (n=2,115) (n=128) (n=l,987) 

(thousand/mm3)a r=-0J16 <0.001 x=1.87 x=1.75 0.035 

Absolute 
Monocytes (n=2,115) (n=128) (n=l,987) 

(thousand/mm3)b r=0.044 0.043 x =0.466 x =0.480 0.455 

Absolute 
Eosinophils 
(thousand/mm3) (n=l,856) (n=109) (n=l,747) 

(continuous)a Nonzero r=0.026 0.256 x =0.145 x =0.161 0.132 
(discrete) 

Zero 
(n=928)         (n=l,187) 
12.8%             11.8% 0.516 

(n=128) 
14.8% 

(n=l,987) 
12.1% 0.432 

Absolute 
Basophils 
(thousand/mm) (n=953) (n=54) (n=899) 

(continuous)a Nonzero r=0.017 0.610 x =0.068 x =0.080 0.006 
(discrete) 

Zero 
(n=928)         (n=l,187) 
56.9%             53.4% 0.120 

(n=128) 
57.8% 

(n=l,987) 
54.8% 0.561 
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Table F-7.   Dependent Variable-Covariate Associations for the Hematology Assessment 
(Continued) 

lWkWS^§^§Mi^MM 
wM^MM^M'&^^M^M'M 

if ftl;fcltfv:; Owop iSiliii: l:i:I:§.I::i"I:"l 

%¥'^3sB'^^S^Sm^&S$i ■■•>'!■ OfßcerK Enlisted Flyer Enlisted Groundcrew p- Value 

RBC Count 
(million/mm) (n=834) (n=338) (n=943) 

(continuous) 
(discrete) Abnormal Low 

Normal 
Abnormal High 

x=4.90 
5.6% 

93.6% 
0.8% 

x=4.95 
5.3% 

93.5% 
1.2% 

x=5.01 
3.9% 

95.1% 
1.0% 

<0.001 
0.502 

WBC Count 
(thousand/mm3) (n=834) (n=338) (n=943) 

(continuous)3 

(discrete) Abnormal Low 
Normal 

Abnormal High 

x=6.33 
6.1% 

91.6% 
2.3% 

x =6.80 
4.7% 

90.0% 
5.3% 

x=6.91 
4.9% 

91.0% 
4.1% 

<0.001 
0.056 

Hemoglobin 
(gm/dl) (n=834) (n=338) (n=943) 

(continuous) 
(discrete) Abnormal Low 

Normal 
Abnormal High 

x =15.26 
6.5% 

93.0% 
0.5% 

x =15.34 
8.6% 

91.1% 
0.3% 

x =15.37 
6.2% 

93.3% 
0.5% 

0.076 
0.609 

Hematocrit 
(percent) (n=834) (n=338) (n=943) 

(continuous) 
(discrete) Abnormal Low 

Normal 
Abnormal High 

x =45.38 
2.4% 

97.4% 
0.2% 

x =45.62 
3.0% 

96.7% 
0.3% 

x =45.74 
2.1% 

97.6% 
0.3% 

0.050 
0.930 

Platelet Count 
(thousand/mm3) (n=828) (n=336) (n=941) 

(continuous) 
(discrete) Abnormal Low 

Normal 
Abnormal High 

x =201.6 
3.0% 

96.5% 
0.5% 

x =205.5 
3.6% 

95.8% 
0.6% 

x =208.2 
2.7% 

97.0% 
0.3% 

0.015 
0.860 

Prothrombin Time 
(seconds) (n=667) (n=271) (n=766) 

(continuous)a 

(discrete) High 
x =10.53 

2.0% 
x =10.48 

0.4% 
x =10.46 

1.2% 
0.215 
0.140 

RBC Morphology 
Abnormal 

(n=834) 
5.8% 

(n=338) 
9.5% 

(n=943) 
6.7% 0.072 
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Table F-7.   Dependent Variable-Covariate Associations for the Hematology Assessment 
(Continued) 

Dependent 
Variable Level Officer Enlisted Flyer      Enlisted Groundcrew      p-Value 

Absolute Neutrophils 

(segs) (thousand/mm3)a 

(n=834) 

x=3.60 

(n=338) 

x =3.94 

(n=943) 

x=4.00 <0.001 

Absolute Neutrophils 
(bands) (thousand/mm3) (n=700) (n=275) (n=782) 

(continuous)a 

(discrete) 
Nonzero 

Zero 

x =0.186 
(n=834) 
16.1% 

x =0.198 
(n=338) 
18.6% 

x =0.201 
(n=943) 
17.1% 

0.179 

0.561 

Absolute Lymphocytes (n=834) (n=338) (x=943) 

(thousand/mm)a x=1.68 x=1.75 x=1.82 <0.001 

Absolute Monocytes (n=834) (n=338) (n=943) 

(thousand/mm3)b x =0.468 x =0.491 x =0.486 0.119 

Absolute Eosinophils 
(thousand/mm3) (n=753) (n=299) (n=804) 

(continuous)a 

(discrete) 
Nonzero 

Zero 

x =0.156 
(n=834) 

9.7% 

x =0.163 
(n=338) 
11.5% 

x =0.163 
(n=943) 
14.7% 

0.395 

0.005 

Absolute Basophils 
(thousand/mm ) (n=381) (n=162) (n=410) 

(continuous)a 

(discrete) 
Nonzero 

Zero 

x =0.076 
(n=834) 
54.3% 

x =0.081 
(n=338) 
52.1% 

x =0.081 
(n=943) 
56.5% 

0.114 

0.332 
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Table F-7.   Dependent Variable-Covariate Associations for the Hematology Assessment 
(Continued) 

: Dependent; 
:,':.':■ l'tmä': : ; ■;! 

Current Cigarette Smoking (clgai rettes/day) 

*;■ I |^Wä|j(e| If: |"| 1 O-Never 0-Former t    ! ^ >d-2<> ; ? p-Value 

RBC Count 
(million/mm ) (n=593) (n=l,116) (n=268) (11=137) 
(continuous) r=0.064 0.003 
(discrete) Abnormal Low 4.1% 5.3% 6.0% 2.2% 0.627 

Normal 94.9% 93.8% 92.9% 97.1% 
Abnormal High 1.0% 0.9% 1.1% 0.7% 

WBC Count 
(thousand/mm3) (n=593) (n=l,H6) (n=268) (n=137) 
(continuous)3 r=0.395 <0.001 
(discrete) Abnormal Low 7.9% 5.2% 1.9% 1.5% 0.001 

Normal 90.7% 93.0% 88.4% 82.4% 
Abnormal High 1.4% 1.8% 9.7% 16.1% 

Hemoglobin 
(gm/dl) (n=593) (n=l,116) (n-268) (n=137) 
(continuous) r=0.213 <0.001 
(discrete) Abnormal Low 6.2% 8.1% 4.1% 2.2% 0.031 

Normal 93.5% 91.5% 94.8% 97.1% 
Abnormal High 0.3% 0.4% 1.1% 0.7% 

Hematocrit 
(percent) (n=593) (n=l,116) (n=268) (n=137) 
(continuous) r=0.209 <0.001 
(discrete) Abnormal Low 1.7% 3.0% 1.9% 1.5% 0.292 

Normal 98.1% 96.8% 97.3% 97.8% 
Abnormal High 0.2% 0.2% 0.8% 0.7% 

Platelet Count 
(thousand/mm ) (n=589) (n=l,113) (n=267) (n=135) 
(continuous) r=0.062 0.005 
(discrete) Abnormal Low 2.9% 3.0% 3.4% 2.2% 0.070 

Normal 96.9% 96.6% 96.2% 95.6% 
Abnormal High 0.2% 0.4% 0.4% 2.2% 

Prothrombin Time 
(seconds) (n= =1,703) 
(continuous)a r=. -0.025 0.298 
(discrete) (n=496) (n=889) (n=208) (n=110) 

High 1.2% 1.4% 1.9% 0.9% 0.862 

RBC Morphology (n=593) (n=l,116) (n=268) (n=137) 
Abnormal 3.7% 7.3% 9.7% 10.2% 0.001 

Absolute Neutrophils (n= =2,114) 
(segs) (thousand/mm)a r=0.347 <0.001 
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Table F-7.   Dependent Variable-Covariate Associations for the Hematology Assessment 
(Continued) 

Dependent 
Variable Level 

Current Cigarette Smoking (cigarettes/day) 

O-Never O-Former >O-20 >20 p-Vauie 

Absolute Neutrophils 
(bands) 
(thousand/mm) 
(continuous)a 

(discrete) 
Nonzero 

Zero 
(n=593) 
16.0% 

(n=l,756) 
r=0.188 

(n=l,116)          (n=268) 
17.8%               18.3% 

(n=137) 
11.0% 

<0.001 

0.185 

Absolute Lymphocytes 
(thousand/mm)a 

(n=2,H4) 
r=0.195 <0.001 

Absolute Monocytes 
(thousand/mm3)b 

(11=2,114) 
r=0.160 <0.001 

Absolute Eosinophils 
(thousand/mm3) 
(continuous)a 

(discrete) 
Nonzero 

Zero 
(n=593) 
12.8% 

(n=l,855) 
r=0.134 

(n=l,116)           (n=268) 
11.8%              11.6% 

(n=137) 
14.6% 

<0.001 

0.758 

Absolute Basophils 
(thousand/mm ) 
(continuous)a 

(discrete) 
Nonzero 

Zero 
(n=593) 
59.2% 

(n=953) 
r=0.267 

(n=l,116)           (n=268) 
52.5%                53.0% 

(n=137) 
59.9% 

<0.001 

0.033 
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Table F-7.   Dependent Variable-Covariate Associations for the Hematology Assessment 
(Continued) 

:: :|: Variable1;- : |:;;    ;■: 

Lifetime Cigarette Smoking History (pack-years) 

Level ?||:ll##fffl \     t'^^ifvii :'.r| ;;;:i: ; :>io;;: .;■ r;:. £- p- Value 

RBC Count 
(million/mm ) 
(continuous) 
(discrete) Abnormal Low 

(n=593) 

4.1% 

(n=555) 
r=-0.047 

4.5% 

(n=964) 

5.5% 
0.031 
0.684 

Normal 94.9% 94.8% 93.5% 
Abnormal High 1.0% 0.7% 1.0% 

WBC Count 
(thousand/mm3) 
(continuous)3 

(n=593) (n=555) 
r=0.236 

(n=964) 
<0.001 

(discrete) Abnormal Low 7.9% 5.8% 3.4% 0.001 
Normal 90.7% 91.1% 91.3% 

Abnormal High 1.4% 3.1% 5.3% 

Hemoglobin 
(gm/dl) 
(continuous) 
(discrete) Abnormal Low 

(n=593) 

6.2% 

(n=555) 
r=0.036 

5.2% 

(n=964) 

7.8% 
0.102 
0.304 

Normal 93.5% 94.4% 91.6% 
Abnormal High 0.3% 0.4% 0.6% 

Hematocrit 
(percent) 
(continuous) 
(discrete) Abnormal Low 

(n=593) 

1.7% 

(n=555) 
r=0.037 

2.0% 

(n=964) 

3.0% 
0.085 
0.134 

Normal 98.1% 98.0% 96.5% 
Abnormal High 0.2% 0.0% 0.5% 

Platelet Count 
(thousand/mm3) 
(continuous) 
(discrete) Abnormal Low 

(n=589) 

2.9% 

(n=553) 
r=0.094 

2.7% 

(n=960) 

3.1% 
<0.001 

0.123 
Normal 96.9% 97.3% 96.1% 

Abnormal High 0.2% 0.0% 0.8% 

Prothrombin Time 
(seconds) 
(continuous)a 

(discrete) 
High 

(n=496) 
1.2% 

(n=l,702) 
r=0.000 
(n=438) 

1.1% 
(n=768) 

1.6% 

0.998 

0.788 

RBC Morphology 
Abnormal 

(n=593) 
3.7% 

(n=555) 
7.0% 

(n=964) 
8.5% 0.001 

Absolute Neutrophils 
(segs) (thousand/mm)a 

(n=2,112) 
r=0.214 <0.001 
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Table F-7,   Dependent Variable-Coy aviate Associations for the Hematology Assessment 
(Continued) 

ISI'l::itllÄ^:^'t;ll 
il:|^l'l^l'äfeiSiH:|| igarette Smoking HM itory (pack-years) 

■y-n ;■ :;     ; j : : >&40; ■ p-Value 

Absolute Neutrophils 
(bands) (thousand/mm ) 
(continuous)a 

(discrete) 
Nonzero 

Zero 
(n=593) 
16.0% 

(n=l,754) 
r=0.133 
(n=555) 
19.1% 

(n=964) 
16.3% 

<0.001 

0.288 

Absolute Lymphocytes 
(thousand/mm )a 

(n=2,112) 
r=0.067 0.002 

Absolute Monocytes 
(thousand/mm3)b 

(n=2,112) 
r=0.142 <0.001 

Absolute Eosinophils 
(thousand/mm3) 
(continuous)a 

(discrete) 
Nonzero 

Zero 
(n=593) 
12.8% 

(ii=l,853) 
r=0.086 
(n=555) 
10.6% 

(n=964) 
12.9% 

<0.001 

0.393 

Absolute Basophils 
(thousand/mm) 
(continuous)a 

(discrete) 
Nonzero 

Zero 
(n=593) 
59.2% 

(n=952) 
r=0.168 
(n=555) 
54.4% 

(n=964) 
52.6% 

<0.001 

0.038 

a Analysis performed on natural logarithm scale; means transformed from natural logarithm scale. 
b Analysis performed on square root scale; means transformed from square root scale. 

Note: Correlations (r) are based on total sample size and are not category-specific. 
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Table F-8. Dependent Variable-Covariate Associations for the Endocrine Assessment 

:. ;■: Level ■>' 

;;li3:Älii:-J §::Fiii^ii 

Dependent Variable Born £1942 Born <i942 ■ p-Valoe   ;; l   BiaÄ   !:' Non-Black p-Value 

Past Thyroid Disease 
Yes 

(n=930) 
6.5% 

(n=l,179) 
9.3% 0.020 

(n=128) 
6.3% 

(n=l,981) 
8.2% 0.543 

Composite Diabetes 
Indicator Diabetic 

(n=920) 
10.8% 

(n=l,171) 
21.8% 0.001 

(n=125) 
25.6% 

(n=l,966) 
16.4% 0.011 

Diabetic Severity 
Nondiabetic 

No Treat. 
Diet Only 

Oral Hypo. 
Req. Insl. 

(n=920) 
90.5% 
4.6% 
0.8% 
2.9% 
1.2% 

(n=l,171) 
81.2% 

6.2%      - 
2.5% 
7.5% 
2.6% 

0.001 
(n=125) 
76.0% 

7.2% 
2.4% 

11.2% 
3.2% 

(n=l,966) 
85.9% 

5.4% 
1.7% 
5.1% 
1.9% 

0.023 

Time to Diabetes 
Onset 

(n= 

ß=- 
2,091) 
-0.014 <0.001 

(n=125) 
ß=-0.161a 

(n=l,966) 
0.007 

Thyroid Gland 
Abnormal 

(n=911) 
0.7% 

(n=l,135) 
1.4% 0.155 

(n=127) 
0.0% 

(n=l,919) 
1.1% 0.442 

Testicular 
Examination Abnormal 

(n=923) 
1.4% 

(n=l,175) 
6.2% 0.001 

(n=127) 
3.1% 

(n=l,971) 
4.2% 0.744 

TSH (uJU/ml) (n=910) (n=l,130) (n=127) (n=l,913) 

(continuous)b 

(discrete) Abn. Low 
Normal 

Abn. High 

r=0.133 
0.8%                1.1% 

96.0%            95.0% 
3.2%              3.9% 

<0.001 
0.543 

x=1.38 
2.4% 

96.1% 
1.6% 

x=1.87 
0.8% 

95.5% 
3.7% 

<0.001 
0.105 

Thyroxine (u,g/dl) (n=910) (n=l,130) (n=127) (n=l,913) 

(continuous)c 

(discrete) Low 
r=0.004 

2.4%              2.9% 
0.870 
0.576 

x=6.87 
3.9% 

x=7.07 
2.6% 

0.102 
0.543 

Anti-Thyroid 
Antibodies Present 

(n=910) 
0.7% 

(n=l,130) 
0.5% 0.932 

(n=127) 
0.0% 

(n=l,913) 
0.6% 0.767 

Fasting Glucose 
(mg/dl) (n=933) (n=l,185) (n=128) (n=l,990) 

(continuous) 
(discrete) High 

r=0.142 
11.4%            21.8% 

<0.001 
0.001 

x =104.0 
24.2% 

x =101.5 
16.7% 

0.217 
0.040 

2-Hour Postprandial 
Glucose (pg/dl) (n=821) (n=916) (n=93) (n=l,644) 

(continuous) 
(discrete) 

Fasting Urinary 
Glucose 

Impaired 

Present 

r=0.155 
10.1%             20.9% 

(n=933)        (n=U85) 
4.0%              4.4% 

<0.001 
0.001 

0.710 

x =101.8 
5.4% 

(n=128) 
7.0% 

x =105.2 
16.4% 

(n=l,990) 
4.0% 

0.265 
0.007 

0.156 

2-Hour Postprandial 
Urinary Glucose Present 

(n=821) 
22.0% 

(n=912) 
24.3% 0.283 

(n=93) 
18.3% 

(n=l,640) 
23.5% 0.298 
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Table F-8.   Dependent Variable-Covariate Associations for the Endocrine Assessment 
(Continued) 

■■ :: %eteV:; :/ 

1§.:§P§§\ 'Ivl^li.ll^liiäPf:!^!: :■ ::V;. ;:: '^lacei ;i               : '!;: 

Dependent Variable Born 2>1942     Born<1942 p-Value ;;■ JsJNfcj; ;;: Non-Black p- Value 

Serum Insulin 
(uJU/ml) 
(continuous)b 

(discrete) Abn, Low 
Normal 

Abn. High 

(n=821)         (n=916) 

r=0.088 
14.5%            11.5% 
47.9%            43.0% 
37.6%            45.5% 

<0.001 
0.003 

(n=93) 

x=47.11 
9.7% 

49.5% 
40.9% 

(0=1,644) 

x =47.98 
13.1% 
45.1% 
41.8% 

0.847 
0.553 

a-l-C Hemoglobin 
(percent) (n=933)        (n-1,185) (n=128) (n=l,990) 

(continuous) 
(discrete) High 

r=0.098 
8.1%              12.7% 

<0.001 
0.001 

x =7.07 
25.8% 

x =6.45 
9.7% 

<0.001 
0.001 

Total Testosterone 
(ng/dl) (n=916)        (n=l,161) (n=126) (n=l,951) 

(continuous)c 

(discrete) Low 
r=-0J31 

7.2%              8.3% 
<0.001 

0.415 
x =418.2 

7.1% 
x =423.1 

7,8% 
0.764 
0.911 

Free Testosterone 
(pg/ml) (n=916)        (n=l,611) (n=126) (n=l,951) 

(continuous)c 

(discrete) Low 
r=-0.368 

0.5%              2.6% 
<0.001 

0.001 
x =13.83 

2.4% 
x =13.94 

1.6% 
0.797 
0.788 

Estradiol (pg/ml) (n=933)        (11=1,188) (n=128) (n=l,993) 

(continuous)c 

(discrete) 

LH (mIU/ml) 

High 
r=0.010 

26.9%            28.2% 

(n=933)        (11=1,188) 

0.632 
0.539 

x =44.26 
37.5% 

(n=128) 

x =40.15 
27.0% 

(n=l,993) 

0.008 
0.013 

(continuous) 
(discrete) 

FSH (mIU/ml) 

High 
r=0.185 

3.1%              7.6% 

(n=933)        (n=l,188) 

<0.001 
0.001 

x=3.82 
5.5% 

(n=128) 

x =3.86 
5.6% 

(n=l,993) 

0.856 
0.999 

(continuous) 
(discrete) High 

r=0.256 
4.0%               11.2% 

<0.001 
0.001 

x=5.65 
8.6% 

x=6.03 
8.0% 

0.255 
0.936 
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Table F-8.   Dependent Variable 
(Continued) 

-Covariate Associations for the Endocrine Assessment 

;:: om juoafiö«:: .::; 

Enlisted Enlisted 
'| ':#-':■ ;|:-' |?;..<^ ;| ;;l"::;i3iei>Ö^^liit ^^lifiiiiÖl^:- ::l-■■ i; ^. 1*" ■ ^& .^1:: t:" WBM^'M&^iMW:^ 1: iGffiCfT" 1 ;:; ^flyer' I : Groundcrew p-Value 

Past Thyroid Disease 
Yes 

(n=830) 
9.0% 

(n=337) 
8.6% 

(n=942) 
7.0% 0.271 

Composite Diabetes Indicator 
Diabetic 

(n=827) 
14.9% 

(n=332) 
19.6% 

(n=932) 
17.8% 0.097 

Diabetic Severity 
Nondiabetic 

(n=827) 
86.5% 

(n=332) 
83.4% 

(n=932) 
85.0% 0.659 

No Treatment 5.0% 6.9% 5.5% 
Diet Only 

Oral Hypoglycemic 
Requiring Insulin 

1.7% 
4.6% 
2.3% 

1.2% 
6.3% 
2.1% 

1.9% 
6.0% 
1.6% 

Time to Diabetes Onset (n=932) (n=332) 
ß=-0.038 d 

(n=827) 
ß=-0.052d 0.159 

Thyroid Gland 
Abnormal 

(n=798) 
1.9% 

(n=326) 
0.6% 

(n=922) 
0.5% 0.019 

Testicular Examination 
Abnormal 

(n=826) 
5.2% 

(n=332) 
5.1% 

(n=940) 
2.8% 0.021 

TSH (ulU/ml) (n=794) (n=326) (n=920) 

(continuous) 
(discrete) Abnormal Low 

Normal 

x=1.94 
0.8% 

95.3% 

x=1.77 
1.5% 

95.7% 

x=L78 
0.9% 

95.5% 

0.007 
0.659 

Abnormal High 3.9% 2.8% 3.6% 

Thyroxine (jig/dl) (n=794) (n=326) (n=920) 

(continuous)c 

(discrete) Low 
x=6.81 

3.7% 
x =7.26 

1.8% 
x =7.20 

2.2% 
<0.001 

0.099 

Anti-Thyroid Antibodies 
Present 

(n=794) 
0.8% 

(n=326) 
0.9% 

(n=920) 
0.3% 0.354 

Fasting Glucose (mg/dl) (n=833) (n=338) (n=947) 

(continuous) 
(discrete) High 

x =100.4 
15.7% 

x=104.1 
19.2% 

x =101.8 
17.7% 

0.039 
0.295 

2-Hour Postprandial Glucose (mg/dl) (n=704) (n=267) (n=766) 

(continuous) 
(discrete) Impaired 

x =103.5 
15.1% 

x =109.7 
19.9% 

x =104.8 
15.0% 

0.014 
0.139 

Fasting Urinary Glucose 
Present 

(n=833) 
2.8% 

(n=338) 
5.0% 

(n=947) 
5.2% 0.029 

2-Hour Postprandial Urinary Glucose 
Present 

(n=701) 
20.1% 

(n=266) 
26.7% 

(n=766) 
24.9% 0.033 
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Table F-8.   Dependent Variable 
(Continued) 

Covariate Associations for the Endocrine Assessment 

l'äill ■ Ä vI'-:ift^ilMI^=l^l^l''- -1 

Enlisted ; |Ä$steg :-: ■?- 
I ■■ ■  :J:,;| 'l^ES|iiKiMij^l$Sl f'Sif SSIrlilSl^iSi^^t-ll : : Office*: ::: ;;■■ '•&&&$ ::i Groundcrew p-Value 

Serum Insulin (uIU/ml) (n=704) (n=267) (n=766) 

(continuous) x =43.67 x =52.55 x =50.58 0.001 

(discrete) Abnormal Low 14.9% 10.9% 11.7% 0.024 
Normal 47.7% 42.7% 44.0% 

Abnormal High 37.4% 46.4% 44.3% 

a-l-C Hemoglobin (percent) (n=833) (n=338) (n=947) 

(continuous) x=6.33 x =6.61 x =6.58 <0.001 

(discrete) High 7.8% 13.6% 12.2% 0.002 

Total Testosterone (ng/dl) (n=815) (n=328) (n=934) 

(continuous)c x =410.7 x =433.4 x =429.7 0.043 

(discrete) Low 7.7% 7.0% 8.1% 0.804 

Free Testosterone (pg/ml) (n=815) (n=328) (n=934) 

(continuous)c x =13.12 x =13.99 x =14.65 <0.001 
(discrete) Low 2.1% 2.1% 1.2% 0.267 

Estradiol (pg/ml) (n=835) (n=338) (n=948) 

(continuous)c x =40.39 x =41.66 x =39.96 0.271 
(discrete) High 26.2% 30.5% 27.8% 0.331 

LH (mlU/ml) (n=835) (n=338) (n=948) 

(continuous) x=3.93 x=3.86 x=3.80 0.553 
(discrete) High 6.2% 4.1% 5.6% 0.372 

FSH (mlU/ml) (n=835) (n=338) (n=948) 

(continuous)b x=6.31 x=6.00 x=5.75 0.008 

(discrete) High 10.4% 9.2% 5.5% 0.001 
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Table F-8.   Dependent Variable-Covariate Associations for the 
(Continued) 

Endocrine Assessment 

Htevtf M; 

Personality Type -';::iGd^fat' :;- 

Dependent Variable If'l^lAl^ i I ::T^e|B::;-':
: p-Value i;i:CjyÄi^ Lean/Normal p-Value 

Past Thyroid Disease 
Yes 

(n=816) 
7.8% 

(n=l,290) 
8.2% 0.822 — — — 

Composite Diabetes 
Indicator Diabetic 

(n=809) 
13.0% 

(n=l,279) 
19.5% 0.001 

(n=609) 
28.6% 

(n=l,482) 
12.1% 0.001 

Diabetic Severity 
Nondiabetic 

(n=809) 
89.0% 

(n=l,279) 
83.0% 0.001 

(n=609) 
75.7% 

(n=l,482) 
89.3% 0.001 

No Treat. 4.3% 6.3% 9.9% 3.7% 
Diet Only 

Oral Hypo. 
Req, Insulin 

1.1% 
3.5% 
2.1% 

2.1% 
6.8% 
1.9% 

2.1% 
10.2% 
2.1% 

1.6% 
3.6% 
1.9% 

Time to Diabetes 
Onset 

(n=809) 
ß=0.129e 

(n=l,279) 
<0,001 

(n= 2,091) 
-0.024 <0.001 

Thyroid Gland 
Abnormal 

(n=791) 
0.9% 

(n=l,252) 
1.2% 0,654 __ — ~ 

Testicular 
Examination Abnormal 

(n=810) 
3.8% 

(n=l,285) 
4.3% 0.692 

(n=612) 
2.8% 

(n=l,486) 
4.6% 0.066 

TSH (uiU/ml) (n=789) (n=l,248) 

(continuous) 
(discrete) Abn. Low 

Normal 
Abn. High 

x=1.81 
1.3% 

95.1% 
3.7% 

x=1.85 
0.7% 

95.8% 
3.5% 

0.423 
0.449 -- ~ - 

Thyroxine (u.g/dl) (n=789) (n=l,248) 

(continuous)c 

(discrete) Low 
x=7.02 

2.2% 
x =7.08 

3.0% 
0.368 
0.286 

— — — 

Anti-Thyroid 
Antibodies Present 

(n=789) 
0.6% 

(n=l,248) 
0.6% 0.999 — — „ 

Fasting Glucose 
(mg/dl) (n=817) (n=l,298) (n=620) (n=l,498) 

(continuous) 
(discrete) High 

x=99.6 
13.6% 

x =102.9 
19.4% 

0.001 
0.001 

r=0.212 
26.8%          13.2% 

<0.001 
0.001 

2-Hour Postprandial 
Glucose (mg/dl) (n=704) (n=l,030) (n=435) (n=l,302) 

(continuous) ° 
(discrete) Impaired 

x =103.3 
16,1% 

x =106.3 
15.6% 

0.035 
0.866 

r=0.282 
27.4%          11.9% 

<0.001 
0.001 

Fasting Urinary 
Glucose Present 

(n=817) 
2.6% 

(n=l,298) 
5.2% 0.004 

(n=620) 
6.8% 

(n=l,498) 
3.1% 0.001 

2-Hour Postprandial 
Urinary Glucose Present 

(n=703) 
23.0% 

(n=l,027) 
23.5% 0.884 

(n=433) 
24.7% 

(n=l,300) 
22.8% 0.446 
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Table F-8.   Dependent Variable-Coy aviate Associations for the Endocrine Assessment 
(Continued) 

llfilÄi^lil 

Personality Type I Body tat :;■ 

Dependent Variable :-. :1%N:A' - |>fjpeB.^ "-:: p-Value Obese      Lean/Normal p-Value 

Serum Insulin 
(uIU/ml) (n=704) (n=l,030) (n=435)      (n=l,302) 

(continuous) 
(discrete) Abn. Low 

Normal 

x =44.72 
14.9% 
46.7% 

x =50.42 
11.4% 
44.5% 

0.006 
0.018 

r=0.433 
2.5%          16.4% 

26.4%          51.6% 

<0.001 
0.001 

Abn. High 38.4% 44.2% 71.0%          32.0% 

ot-l-C Hemoglobin 
(percent) (n=817) (ii=l,298) (n=620)      (n=l,498) 

(continuous) 
(discrete) High 

x =6.36 
7.5% 

x=6.57 
12.8% 

<0.001 
0.001 

r=0.227 
17.4%          7.9% 

<0.001 
0.001 

Total Testosterone 
(ng/dl) (n=800) (n=l,274) (n=607)      (n=l,470) 

(continuous)c 

(discrete) Low 
x =432.2 

7.5% 
x =417.1 

7.9% 
0.059 
0.787 

r=-0.382 
15.3%          4.7% 

<0.001 
0.001 

Free Testosterone 
(pg/ml) (n=800) (n=l,274) (n=607)      (n=l,470) 

(continuous)c 

(discrete) Low 
x =14.37 

1.0% 
x =13.68 

2.1% 
0.001 
0.080 

r=-0.272 
3.1%             1.1% 

<0.001 
0.002 

Family History of Diabetes 

Dependent Variable; Level Yes 

Composite Diabetes 
Indicator 

Diabetic Severity 

Diabetic 

Nondiabetic 
No Treatment 

Diet Only 
Oral Hypoglycemic 
Requiring Insulin 

Time to Diabetes Onset 

Fasting Glucose (mg/dl) 

(continuous) 
(discrete) 

2-Hour Postprandial 
Glucose (mg/dl) 

(continuous) 
(discrete) 

High 

Impaired 

(n=547) 
24.9% 

(n=547) 
77.7% 

7.5% 
2.2% 
9.1% 
3.5% 

(n=547) 
ß=-0.196f 

(n=556) 

x =107.1 
25.2% 

(n=411) 

x =108.9 
19.5% 

(n= 1,525) 
14.1% 

(n=l,525) 
88.0% 
4.8% 
1.6% 
4.3% 
1.4% 

p-Value 

0.001 

0.001 

(n= 1,544) 

(11=1,543) 

x=99.8 
14.4% 

(n=l,310) 

x =104.0 
14.7% 

<0.001 

<0.001 
0.001 

0.003 
0.024 
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Table F-8.   Dependent Variable-Covariate Associations for the Endocrine Assessment 
(Continued) 

■ ? Level-/ \      i 

Family History of Diabetes 

Dependent Variable :;: i:i*s;:!;:: ■ t' ;:i: ■; ::;■;;
: So;: : !''iffl ^^BßiSiftBJÄfe^-^='l 

Fasting Urinary Glucose 
Present 

(n=556) 
6.1% 

(0=1,543) 
3.5% 0.012 

2-Hour Postprandial 
Urinary Glucose Present 

(n=411) 
25.1% 

(n=l,306) 
22.7% 0.349 

Serum Insulin (jxIU/ml) (n=411) (n=l,310) 

(continuous) x =54.32 x =46.28 0.001 

(discrete) Abnormal Low 8.5% 14.2% 0.001 
Normal 41.8% 46.4% 

Abnormal High 49.6% 39.4% 

oc~l-C Hemoglobin (n=556) (n=l,543) 
(percent) 
(continuous) 
(discrete) High 

x=6.73 
16.0% 

x=6.40 
8.8% 

<0.001 
0.001 

a Estimated coefficient relative to non-Blacks. 
b Analysis performed on natural logarithm scale; means transformed from natural logarithm scale. 
c Analysis performed on square root scale; means transformed from square root scale. 
d Estimated coefficient relative to officers. 
c Estimated coefficient relative to personality type B. 
f Estimated coefficient relative to no family history of diabetes. 
—: Covariate not applicable for dependent variable. 

Note: Correlations (r) are based on total sample size and are not category-specific. 
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Table F-9. Dependent Variable-Covariate Associations for the Immunologie Assessment 

ijevel' = 

: .;:   r ■ : :;;;. ■ ;; Age; :: '■■Sv. >¥■■■':£' ^■:V;a)''  il "/S '"'';-: '.¥:'¥&'''£: ".:':::.'."-f.-.l 
1;   \:,;,..":;;.r>"is '-'i:. ''e;/.: M<M&tM§ 

Dependent Variable Born £1942   Born<1942 ;. p-Value ■ "Black ; : Non-Black p-Value 

CD3+Cells (T Cells) (n=774) (n=46) (n=728) 

(cells/mm )a 

r=-0.099 0.006 x =1,363.1 x =1,239.6 0.095 

CD4+ Cells (Helper T Cells) (n=774) (n=46) (n=728) 

(cells/mm )a 

r=-0.140 <0.001 x =958.7 x =844.4 0.023 

CD8+ Cells (Suppressor T (n=774) (n=46) (n=728) 

Cells) (cells/mm )a 

r=0.007 0.845 x =621.4 x =575.0 0.278 

CD16+56+ Cells (Natural (n=774) (n=46) (n=728) 

Killer Cells) (cells/mm3)a 

r=0.102 0.005 x =288.1 x =267.7 0.326 

CD20+ Cells (B Cells) (n=773) (n=46) (n=727) 

(cells/mm3)a 

r=-0.240 <0.001 x =232.9 x =182.2 0.007 

CD3+CD4+ Cells (Helper T (n=774) (n=46) (n=728) 

Cells) (cells/mm3)a 

r=-0.142 <0.001 x =860.6 x =770.2 0.061 

Absolute Lymphocytes (n=2,029) (n=125) (n=l,904) 

(cells/mm3)8 

r=-0.097 <0.001 x =1,879.4 x =1,772.9 0.070 

IgA (mg/dl)a (n=2,029) (n=125) (n=l,904) 

1*4.056 0.012 x =247.6 x =232.0 0.142 

IgG(mg/dl)a (n=2,029) (n=125) (n=l,904) 

r=0.021 0.337 x =1,266.8 x =1,029.2 <0.001 

IgM (mg/dl)a (n=2,029) (n=125) (n=l,904) 

r=-0.063 0.005 x=85.4 x=98.4 0.004 

Lupus Panel: ANA Test (n=905)       (n=l,124) (n=125) (n=l,904) 

Present 49.9%          53.7% 0.098 47.2% 52.4% 0.304 

Lupus Panel: ANA Thyroid (n=905)       (n=l,124) (n=125) (n=l,904) 

Microsomal Antibody Present 2.4%             3.2% 0.366 4.0% 2.8% 0.608 

Lupus Panel: MSK Smooth (n=905)       (n=l,124) (n=125) (n=l,904) 

Muscle Antibody Present 11.9%          12.3% 0.867 19.2% 11.7% 0.018 

Lupus Panel: MSK (n=905)      (n=l,124) (n=125) (n=l,904) 

Mitochondrial Antibody Present 0.2%             0.4% 0.885 0.0% 0.3% 0.999 

Lupus Panel: MSK Parietal (n=905)       (n=l,124) (n=125) (n=l,904) 

Antibody Present 3.9%             4.6% 0.466 10.4% 3.9% 0.001 

Lupus Panel: Rheumatoid (n=905)       (n=l,124) (n=125) (n=l,904) 

Factor Present 9.5%             12.2% 0.064 11.2% 11.0% 0.999 
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Table F-9.   Dependent Variable-Covariate Associations for the Immunologie Assessment 
(Continued) 

,;:;1; |::' ^|:; iMcii^äilM';:               :ll:: :ilL ;ll!-:::;l^ ■:: :||:: i| j 

■ ■ -DependentVariable: ;: -: :;| ■ ctw&;-:i ■::-'-.Officer- ■;! Enlisted Flyer Enlisted Groundcrew p-Value 

CD3+ Cells (T Cells) (n=299) (n=134) (n=341) 
(cells/mm )a 

x =1,208.0 x =1,248.6 x =1,280.7 0.142 
CD4+ Cells (Helper T Cells) (n=299) (n=134) (n=341) 
(cells/mm3)a 

x =830.7 x =843.9 x =871.7 0.246 
CD8+ Cells (Suppressor T (n=299) (n=134) (n=341) 
Cells) (cells/mm3)a 

x =554.9 x =599.1 x =590.0 0.159 
CD16+56+Cells (Natural (n=299). (n=134) (n=341) 
Killer Cells) (cells/mm3)a 

x =271.6 x =266.5 x =267.5 0.901 
CD20+ Cells (B Cells) (n=298) (n=134) (n=341) 
(cells/mm3)a 

x =170.8 x =178.8 x =200.9 0.002 
CD3+CD4+ Cells (Helper T (n=299) (n=134) (n=341) 
Cells) (cells/mm3)a 

x =755.7 x =768.6 x =795.7 0.236 
Absolute Lymphocytes (n=802) (n=320) (n=907) 
(cells/mm3)a 

x =1,703.3 x =1,788.5 x =1,845.8 <0.001 
IgA(mg/dl)a (n=802) (n=320) (n=907) 

x =225.0 x =237.3 x =238.7 0.030 
IgG(mg/dl)a (n=802) (n=320) (n=907) 

x =1,026.7 x =1,036.8 x =1,058.6 0.019 
IgM (mg/dl)a (n=802) (n=320) (n=907) 

x =95.6 x=99.9 x=98.4 0.360 
Lupus Panel: ANA Test (n=802) (n=320) (n=907) 

Present 52.2% 50.0% 52.6% 0.720 
Lupus Panel: ANA Thyroid (n=802) (n=320) (n=907) 
Microsomal Antibody Present 3.1% 2.5% 2.8% 0.829 
Lupus Panel: MSK Smooth (n=802) (n=320) (n=907) 
Muscle Antibody Present 11.5% 12.8% 12.5% 0.756 
Lupus Panel: MSK (n=802) (n=320) (n=907) 
Mitochondrial Antibody Present 0.6% 0.3% 0.0% 0.060 

Lupus Panel: MSK Parietal (n=802) (n=320) (n=907) 

Antibody Present 3.6% 4.7% 4.7% 0.482 

Lupus Panel: Rheumatoid (n=802) (n=320) (n=907) 
Factor Present 12.3% 13.1% 9.0% 0.038 
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Table F-9.   Dependent Variable 
(Continued) 

■Covariate Associations for the Immunologie Assessment 

■Level- :M |lii||fcÄ"i:i:- 

Current Cigarette Smoking \ (cigarettes/day) 
::::;--' ■Iteg€päerit:¥ariftbfe" = i||||oriiier:;' 1 II SÖÖ! :- ";; f|:|;Hi|:||:i p-Value 

CD3+Cells (T Cells) (n=773) 
(cells/mm3)a r=0.233 <0.001 

CD4+ Cells (Helper T Cells) (n=773) 
(cells/mm3)a r=0.242 <0.001 

CD8+ Cells (Suppressor T (n=773) 
Cells) (cells/mm )a r=0.126 <0.001 

CD 16+56+ Cells (Natural (n=773) 
Killer Cells) (cells/mm3)a r=-0.169 <0.001 
CD20+ Cells (B Cells) (n=772) 
(cells/mm3)a r=0.151 <0.001 

CD3+CD4+ Cells (Helper T (n=773) 
Cells) (cells/mm3)a r=0.257 <0.001 
Absolute Lymphocytes (n=2,028) 
(cells/mm )a r=0.190 <0.001 

IgA(mg/dl)a (n=2,028) 
r=-0.016 0.460 

IgG(mg/dl)a (n=2,028) 
r=-0.114 <0.001 

IgM (mg/dl)a (n=2,028) 
r=0.014 0.532 

Lupus Panel: ANA Test (n=571) (n=l,060)        (n=261) (n=136) 
Present 50.8% 49.1%            63.2% 59.6% 0.001 

Lupus Panel: ANA Thyroid (n=571) (n= 1,060)        (n=261) (n=136) 
Microsomal Antibody Present 3.2% 3.2%              1.5% 1.5% 0.357 
Lupus Panel: MSK Smooth (n=571) (n=l,060)        (n=261) (n=136) 
Muscle Antibody Present 11.0% 11.9%             17.2% 8.8% 0.037 
Lupus Panel: MSK (n=571) (n=l,060)        (n=261) (n=136) 
Mitochondrial Antibody Present 0.4% 0.2%              0.4% 0.7% 0.699 
Lupus Panel: MSK Parietal (n=571) (n=l,060)        (n=261) (n=136) 
Antibody Present 3.9% 4.3%              4.6% 5.9% 0.760 

Lupus Panel: Rheumatoid (n=571) (n=l,060)        (n=261) (n=136) 
Factor Present 11.6% 10.5%             11.5% 11.8% 0.889 
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Table F-9.   Dependent Variable-Covariate Associations for the Immunologie Assessment 
(Continued) 

\ i i :.Ii ifetime Cigarette Smokj ing History (pack iÜÜSfi :|lJ^Jy:i^ 

Dependent Variable ll^'ttlifiirl'l^i MiMMti'M ■::;: MUß: ; :; ;:'•:' >£$;■;: - i |'|;:!lpliil|)|::] 
CD3+ Cells (T Cells) (n=772) 
(cells/mm3)a r=0.058 0.109 
CD4+ Cells (Helper T Cells) (n=772) 
(cells/mm3)a r=0.070 0.053 
CD8+ Cells (Suppressor T (n=772) 
Cells) (cells/mm3)a r=0.016 0.650 
CD16+56+ Cells (Natural (n=772) 
Killer Cells) (cells/mm3)a r=-0.054 0.132 
CD20+ Cells (B Cells) (n=771) 
(cells/mm3)a r=0.018 0.613 
CD3+CD4+ Cells (Helper T (n=772) 
Cells) (cells/mm )a r=0.077 0.032 
Absolute Lymphocytes (n=2,027) 
(cells/mm3)a r=0.091 <0.001 
IgA(mg/dl)a (n=2,027) 

r=0.018 0.413 
IgG (mg/dl)a (n=2,027) 

r=-0.105 <0.001 
IgM (mg/dl)a (n=2,027) 

r=0.034 0.131 
Lupus Panel: ANA Test (n=571) (n=540) (n=916) 

Present 50.8% 48.3% 55.1% 0.033 
Lupus Panel: ANA Thyroid (n=571) (n=540) (n=916) 
Microsomal Antibody Present 3.2% 3.7% 2.2% 0.216 
Lupus Panel: MSK Smooth (n=571) (n=540) (n=916) 
Muscle Antibody Present 11.0% 11.1% 13.4% 0.270 
Lupus Panel: MSK (n=571) (n=540) (n=916) 
Mitochondrial Antibody Present 0.4% 0.0% 0.4% 0.321 
Lupus Panel: MSK Parietal (n=571) (n=540) (n=916) 
Antibody Present 3.9% 5.2% 4.0% 0.482 
Lupus Panel: Rheumatoid (n=571) (n=540) (n=916) 
Factor Present 11.6% 7.4% 12.8% 0.006 
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Table F-9,   Dependent Variable-Covariate Associations for the Immunologie Assessment 
(Continued) 

k:l>:Ö#i:;|i 

Current Alcohol lj fse (drinks/day) 

H-Si;;!iHDej|Ä 5 :':' :;: :Oft :: ;- <■■ -1 ■- ::; >1«4::: l      } j >4 rtvlK^ifel?!l:l 
CD3+ Cells (T Cells) (cells/mmfy (n=773) 

r=0.029 0.415 
CD4+ Cells (Helper T Cells) (n=773) 
(cells/mm3)a r=0.042 0.249 
CD8+ Cells (Suppressor T Cells) (n=773) 
(cells/mm3)a r=-0.007 0.854 
CD16+56+ Cells (Natural Killer (n=773) 
Cells) (cells/mm3)a r=-0.045 0.214 
CD20+ Cells (B Cells) (cells/mm3)a (n=772) 

r=-0.097 0.007 
CD3+CD4+ Cells (Helper T Cells) (n=773) 
(cells/mm )a r=0.044 0.225 
Absolute Lymphocytes (cells/mm3)a (n=2,028) 

r=0.010 0.649 
IgA(mg/dI)a (n=2,028) 

r=0.048 0.032 
IgG(mg/dl)a (n=2,028) 

r=-0.084 <0.001 
IgM (mg/dl)a (n=2,028) 

r=0.057 0.010 
Lupus Panel: ANA Test (n=l,628) (n=352) (n=48) 

Present 51.0% 56.0% 60.4% 0.119 
Lupus Panel: ANA Thyroid (n=l,628) (n=352) (n=48) 
Microsomal Antibody Present 3.0% 2.6% 0.0% 0.436 
Lupus Panel: MSK Smooth Muscle (n= 1,628) (n=352) (n=48) 
Antibody Present 11.9% 13.1% 12.5% 0.833 
Lupus Panel: MSK Mitochondrial (n= 1,628) (n=352) (n=48) 
Antibody Present 0.4% 0.0% 0.0% 0.477 
Lupus Panel: MSK Parietal (n=l,628) (n=352) (n=48) 
Antibody Present 4.5% 4.0% 0.0% 0.304 
Lupus Panel: Rheumatoid Factor (n=l,628) (n=352) (n=48) 

Present 10.9% 10.5% 18.8% 0.217 
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Table F-9.   Dependent Variabfe-Covariate Associations for the Immunologie Assessment 
(Continued) 

Hitiw*;;': i 

Lifetime Alcohol History (drink-years) 

■ :;:■■:   Dependsnt Variable■:"'■■■'. K : ~4:: ■' ;■ :i tiMWM^$^;:IMt§Mi !■:■■■ >m-:. ■:: -■::■■; |IJI:'frlÄii^I;l 
CD3+ Cells (T Cells) (n=772) 
(cells/mm3)a r=0.042 0.244 
CD4+ Cells (Helper T Cells) (n=772) 
(cells/mm3)a r=0.055 0.124 
CD8+ Cells (Suppressor T (n=772) 
Cells) (cells/mm3)a r=-0.005 0.898 
CD16+56+ Cells (Natural Killer (n=772) 
Cells) (cells/mm3)a r=-0.051 0.154 
CD20+ Cells (B Cells) (n=771) 
(cells/mm3)a r=-0.038 0.287 
CD3+CD4+ Cells (Helper T (n=772) 
Cells) (cells/mm3)a r=0.059 0.104 
Absolute Lymphocytes (n=2,021) 
(cells/mm )a r=0.009 0.678 
IgA(mg/dl)a (n=2,021) 

r=0.038 0.086 
IgG (mg/dl)a (n=2,021) 

r=-0.060 0.007 
IgM (mg/dl)a (n=2,021) 

r=0.005 0.835 
Lupus Panel: ANA Test (n=112) (n=l,324) (n=585) 

Present 49.1% 51.1% 54.7% 0.279 
Lupus Panel: ANA Thyroid (n=112) (n=l,324) (n=585) 
Microsomal Antibody Present 1.8% 3.0% 2.6% 0.680 
Lupus Panel: MSK Smooth (n=112) (n=l,324) (n=585) 
Muscle Antibody Present 15.2% 11.6% 12.7% 0.488 
Lupus Panel: MSK (n=112) (n=l,324) (n=585) 
Mitochondrial Antibody Present 0.0% 0.4% 0.2% 0.625 
Lupus Panel: MSK Parietal (n=112) (n=l,324) (n=585) 
Antibody Present 6.3% 4.7% 2.9% 0.116 
Lupus Panel: Rheumatoid (n=112) (n=l,324) (n=585) 
Factor Present 11.6% 10.5% 12.0% 0.625 
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Table F-9.   Dependent Variable-Covariate Associations for the Immunologie Assessment 
(Continued) 

!;'|\;llSä:l::vii IS-f:'Miil^i;l»:l'l 

Physical Activity Index 

ll^ijfiiÄ (%MrW&MBMä;M"m Sedentary pl^:(^Wlilll:l^ 

CD3+ Cells (T Cells) (cells/mmV (n=202) (n=149) (n=418) 

x =1,168.8 x =1,174.1 x=l,315.1 <0.001 
CD4+ Cells (Helper T Cells) (n=202) (n=149) (n=418) 
(cells/mm3)a 

x =807.1 x =806.8 x =889.2 0.001 
CD8+ Cells (Suppressor T Cells) (n=202) (n=149) (n=418) 
(cells/mm3)a 

x =548.3 x =539.1 x =608.3 0.005 
CD16+56+ Cells (Natural Killer (n=202) (ii=149) (n=418) 
Cells) (cells/mm3)a 

x =267.5 x =269.4 x =268.8 0.990 
CD20+ Cells (B Cells) (n=201) (n=149) (n=418) 
(cells/mm3)a 

x =168.2 x =183.1 x =194.9 0.017 
CD3+CD4+ Cells (Helper T (n=202) (n=149) (n=418) 
Cells) (cells/mm3)a 

x =732.5 x =728.9 x =814.3 0.001 
Absolute Lymphocytes (n=539) (n=400) (n=l,077) 
(cells/mm )a 

x =1,719.7 x =1,722.7 x =1,831.0 <0.001 
IgA(mg/dl)a (n=539) (n=400) (n=l,077) 

x =231.8 x =223.1 x =237.2 0.088 
IgG(mg/dl)a (n=539) (n=400) (n=l,077) 

x =1,040.4 x =1,030.0 x =1,047.1 0.457 
IgM (mg/dl)a (n=539) (n=400) (n=l,077) 

x=99.8 x=94.8 x=97.5 0.344 
Lupus Panel: ANA Test (n=539) (n=400) (n=l,077) 

Present 48.6% 52.5% 53.5% 0.176 
Lupus Panel: ANA Thyroid (n=539) (n=400) (n=l,077) 
Microsomal Antibody Present 1.7% 4.3% 2.9% 0.061 
Lupus Panel: MSK Smooth (n=539) (n=400) (n=l,077) 
Muscle Antibody Present 9.5% 13.5% 12.9% 0.085 
Lupus Panel: MSK (n=539) (n=400) (n=l,077) 
Mitochondrial Antibody Present 0.4% 0.8% 0.1% 0.112 
Lupus Panel: MSK Parietal (n=539) (n=400) (n=l,077) 
Antibody Present 3.9% 4.3% 4.5% 0.871 
Lupus Panel: Rheumatoid Factor (n=539) (n=400) (n=l,077) 

Present 10.2% 9.5% 12.0% 0.314 

a Analysis performed on natural logarithm scale; 

Note: Correlations (r) are based on total sample 

means transformed from natural logarithm scale, 

size and are not category-specific. 
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Table F-10. Dependent Variable-Covariate Associations for the Pulmonary Assessment 

l^^!iSiejlfl:ll 

- :As^   ::; .'P.-'?ll:: .S^ffi-^'                 ::-ffi:: ''ffi^iffi^:!'^!?- 

Born £1942 > :;' %M?n<1942;': p- Value 
; mm : Non-Black p-Value 

Asthma 
Yes 

(n=928) 
3.9% 

(n=l,177) 
4.2% 0.828 

(n=127) 
3.1% 

(n=l,978) 
4.1% 0.770 

Bronchitis 
Yes 

(n=922) 
19.8% 

(n=l,148) 
20.5% 0.768 

(n=126) 
13.5% 

(n=l,944) 
20.6% 0.069 

Pneumonia 
Yes 

(n=917) 
8.6% 

(n=l,113) 
13.1% 0.002 

(n=125) 
12.8% 

(n=l,905) 
11.0% 0.628 

Thorax and Lung 
Abnormalities Yes 

(n=933) 
8.6% 

(n=l,188) 
13.6% 0.001 

(n=128) 
5.5% 

(n=l,993) 
11.8% 0.042 

X-ray Interpretation 
Abnormal 

(n=931) 
8.4% 

(11=1,188) 
11.6% 0.018 

(n=128) 
6.3% 

(n=l,991) 
10.4% 0.171 

FVC (n= =2,118) (n=128) (n=l,990) 

r=- -0.035 0.108 x =87.84 x =99.81 <0.001 

FEVi (n= =2,118) (n=128) (n=l,990) 

r=- -0.143 <0.001 x =86.83 x =94.71 <0.001 

Ratio of Observed 
FEVi to Observed 
FVCa 

(n=2,118) 

r=0.266 <0.001 

(n=128) 

x =0.791 

(n=l,990) 

x =0.760 <0.001 

Loss of Vital Capacity 
None 
Mild 

ModVSev. 

(n=931) 
92.3% 
7.0% 
0.8% 

(11=1,187) 
89.6% 

8.4% 
1.9% 

0.031 
(n=128) 
78.1% 
17.2% 
4.7% 

(n=l,990) 
91.6% 

7.2% 
1.2% 

0.001 

Obstructive 
Abnormality None 

Mild 
Moderate 

Severe 

(n=931) 
75.1% 
21.9% 

2.6% 
0.4% 

(n=l,187) 
52.1% 
37.1% 

8.6% 
2.2% 

0.001 
(n=128) 
63.3% 
30.5% 
4.7% 
1.6% 

(11=1,990) 
62.2% 
30.4% 

6.0% 
1.4% 

0.938 
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Table F-10.   Dependent Variable- 
(Continued) 

Covariate Associations for the Pulmonary Assessment 

/:!;:; :;;:|v^: 1";:;':;|fc: :;?1:':■ ^ ilÄßiijl^öii: 

. Variable' . ■ ■   | r^r£^^^'uWi%'B: :: ;;-: Officer ■■ :; Groundcrew >::|'v'l^lp^Öi#;;;'lwl 

Asthma 
Yes 

(n=830) 
4.2% 

(n=336) 
3.3% 

(n=939) 
4.2% 0.738 

Bronchitis 
Yes 

(n=811) 
18.0% 

(n=327) 
22.9% 

(n=932) 
21.1% 0.108 

Pneumonia 
Yes 

(n=792) 
12.4% 

(n=319) 
10.7% 

(n=919) 
10.1% 0.323 

Thorax and Lung 
Abnormalities Yes 

(n=835) 
7.7% 

(n=338) 
18.6% 

(n=948) 
12.1% 0.001 

X-ray Interpretation 
Abnormal 

(n=835) 
9.7% 

(n=338) 
9.8% 

(n=946) 
10.8% 0.723 

FVC (n=835) (n=337) (n=946) 

x =100.28 x =99.22 x =97.99 0.005 

FEVi (n=835) (n=337) (n=946) 

x =95.57 x =91.76 x =93.90 0.002 

Ratio of Observed 
FEVi to Observed 
FVCa 

(n=835) 

x =0.759 

(n=337) 

x =0.745 

(n=946) 

x =0.771 <0.001 

Loss of Vital 
Capacity None 

Mild 
Moderate/Severe 

(n=835) 
92.1% 

6.7% 
1.2% 

(n=337) 
89.9% 

8.6% 

1.5% 

(n=946) 
90.0% 

8.5% 
1.6% 

0.587 

Obstructive 
Abnormality None 

Mild 
Moderate 

Severe 

(n=835) 

61.0% 

32.5% 
5.4% 

1.2% 

(n=337) 

53.1% 

35.9% 

7.7% 

3.3% 

(n=946) 

66.6% 

26.6% 

5.8% 

1.0% 

0.001 
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Table F-10.   Dependent Variable-Coy ariate Associations for the Pulmonary Assessment 
(Continued) 

Dependent        ; 
ifsfllfi'ßSSi^il^l"! 

Current Cigarette Smoking (cigarettes/day] wM:M'-¥tMMi:< 

: -%Never':■ ■ Manner ;: ■ :>#-p i-. ;:;':::>20:
;; ::      ;;: |-:prVaiue :: 

Asthma 
Yes     — ~ 

Bronchitis 
Yes   __ — ~ 

Pneumonia 
Yes   _„ ~ „ 

Thorax and Lung 
Abnormalities Yes 

(n=595) 
2.2% 

(n=U16)       (n=272) 
7.9%            29.8% 

(n=137) 
43.8% 0.001 

X-ray Interpretation 
Abnormal 

(n=595) 
8.4% 

(n=l,H5)       (n=272) 
10.7%           10.3% 

(n=136) 
14.0% 0.214 

FVC (n=2,117) 
r=-0.068 0.002 

FEVi (n=2,117) 
r=-0.208 <0.001 

Ratio of Observed 
FEVi to Observed 
FVCa 

(11=2,117) 
r=0.222 <0.001 

Loss of Vital 
Capacity None 

Mild 
Moderate/Severe 

(n=595) 
92.9% 

6.1% 
1.0% 

(n=l,115)        (n=270) 
90.9%            86.7% 

7.5%             11.5% 
1.5%               1.9% 

(n=137) 
88.3% 
10.2% 

1.5% 

0.116 

Obstructive 
Abnormality None 

Mild 
Moderate 

Severe 

(n=595) 
78.0% 
20.0% 

1.7% 
0.3% 

(n=l,115)        (n=270) 
60.8%            45.9% 
31.4%            40.7% 

6.3%             10.4% 
1.5%              3.0% 

(n=137) 
38.0% 
46.7% 
13.1% 
2.2% 

0.001 
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Table F-10.   Dependent Variable-Covariate Associations for the Pulmonary Assessment 
(Continued) 

:: =:Level: ; :; ■■ ;H 

Lifetime Cigarette Smokinj g History (pack- ■iSi§(ÄI^;:^!l''i,'^|:i;S 

[. ::■ ■;■:; '6:::; ■H ■■':;: UhM ■ ?    & ■■ iW^0^ik^S$M-WK 

Asthma 
Yes 

(n=590) 
4.1% 

(n=553) 
4.5% 

(n=959) 
3.6% 0.703 

Bronchitis 
Yes 

(n=582) 
16.8% 

(n=545) 
18.0% 

(n=940) 
23.5% 0.002 

Pneumonia 
Yes 

(n=575) 
9.6% 

(n=538) 
9.3% 

(n=914) 
13.0% 0.037 

Thorax and Lung 
Abnormalities Yes 

(n=595) 
2.2% 

(n=558) 
8.1% 

(n=965) 
19.0% 0.001 

X-ray Interpretation 
Yes 

(n=595) 
8.4% 

(n=557) 
8.6% 

(n=964) 
12.2% 0.018 

FVC (n=2,115) 
r=-0.145 <0.001 

FEVt (n=2,115) 
r=-0.302 <0.001 

Ratio of Observed 
FEVi to Observed 
FVCa 

(n=2,115) 
r=0.291 <0.001 

Loss of Vital 
Capacity None 

Mild 
Moderate/Severe 

(n=595) 
92.9% 
6.1% 
1.0% 

(n=556) 
92.4% 

6.3% 
1.3% 

(n=964) 
88.6% 

9.6% 
1.8% 

0.029 

Obstructive 
Abnormality None 

Mild 
Moderate 

Severe 

(n=595) 
78.0% 
20.0% 

1.7% 
0.3% 

(n=556) 
68.7% 
27.0% 

3.4% 
0.9% 

(n=964) 
49.0% 
38.8% 

9.9% 
2.4% 

0.001 
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Table F-10.   Dependent Variable-Covariate Associations for the Pulmonary Assessment 
(Continued) 

'^^W^^i^e^i^^- 
|;|;|v|:'||||yt::'il-'|;-: 

:•' !-Body fat::: ■=.■ Industrial Chemical E xposure 

Wi$iWM^MM':^ |"-|ill#iÄl>- p-Value '■■■':; Kr-'V t; H& I p-Value 

Asthma 
Yes 

(n=l,489) 
4.0% 

(n=616) 
4.1% 0.999 

(n=801) 
3.9% 

(11=1,304) 
4.1% 0.847 

Bronchitis 
Yes 

(n=l,464) 
20.2% 

(n=606) 
20.3% 0.988 

(n=786) 
17.2% 

(n=l,284) 
22.0% 0.009 

Pneumonia 
Yes 

(11=1,437) 
10.9% 

(n=593) 
11.5% 0.783 

(n=765) 
11.4% 

(n=l,265) 
10.9% 0.803 

Thorax and Lung 
Abnormalities Yes 

(n=l,501) 
12.3% 

(n=620) 
9.2% 0.047 

(n=804) 
9.7% 

(n=l,317) 
12.5% 0.062 

X-ray Interpretation 
Abnormal 

(11=1,499) 
10.1% 

(n=620) 
10.5% 0.837 

(n=804) 
10.2% 

(n=l,315) 
10.2% 0.999 

FVC (n= 2,118) (n=803) (n=l,315) 

r=- ■0.224 <0.001 x =99.77 x =98.67 0.102 

FEV, (n= 2,118) (n=803) (0=1,315) 

r=- -0.070 0.001 x =95.04 x =93.72 0.092 

Ratio of Observed 
FEVi to Observed 
FVCa 

(n=2,118) 

r=-0.178 <0.001 

(n=803) 

x =0.761 

(n=l,315) 

x =0.763 0.587 

Loss of Vital 
Capacity None 

Mild 
Mod./Severe 

(n=l,498) 
92.9% 

6.1% 
1.1% 

(n=620) 
85.8% 
11.9% 
2.3% 

0.001 
(n=803) 
92.5% 

6.6% 
0.9% 

(n=l,315) 
89.7% 

8.5% 
1.7% 

0.064 

Obstructive 
Abnormality None 

Mild 
Moderate 

Severe 

(n=l,498) 
61.0% 
31.4% 

5.9% 
1.7% 

(n=620) 
65.2% 
28.1% 

6.0% 
0.8% 

0.165 
(n=803) 
61.8% 
31.1% 
6.1% 
1.0% 

(o=l,315) 
62.5% 
30.0% 
5.9% 
1.7% 

0.587 

a Analysis performed on natural logarithm of (1 - ratio of observed FEVi to observed FVC) scale; means 
transformed from natural logarithm of (1 - ratio of observed FEVi to observed FVC) scale; because of this 
transformation, a negative correlation implies a positive association between the ratio and the covariate. 
—: Covariate not applicable for dependent variable. 

Note: Correlations (r) are based on total sample size and are not category-specific. 
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APPENDIX G. SUMMARY OF ANALYSIS RESULTS 

This appendix contains a summary of the results from the exposure analyses performed for this report 
and contained in Chapters 9 through 18. This summary is organized into 24 tables, grouped by analysis 
(unadjusted or adjusted), data form (continuous, dichotomous, or polytomous), and model (1, 2,3, or 4). 
Each table contains a reference to its corresponding table in Chapters 9 through 18 and a description of 
the clinical parameter being summarized. The summary statistics, grouped by model and presented for 
each analysis and data form, are described below. 

G.1    Model 1 

For analyses of continuous data using Model 1 (Tables G-l and G-13), the occupational category, Ranch 
Hand mean, Comparison mean, difference of Ranch Hand and Comparison means along with the 
associated 95-percent confidence interval (C.L), and p-value are given for the unadjusted and adjusted 
analyses. For analyses of dichotomous data using Model 1 (Tables G-5 and G-l7), the occupational 
category, estimated or adjusted relative risk and associated 95-percent confidence interval, and p-value 
are given for the unadjusted and adjusted analyses. The number and percentage of abnormalities within 
the Ranch Hand and Comparison groups are given for the unadjusted analyses. For analyses of 
polytomous data using Model 1 (Tables G-9 and G-21), the contrast (of the specified abnormal category 
versus the normal category), occupational category, estimated or adjusted relative risk and associated 95- 
percent confidence interval, and p-value are given for the unadjusted and adjusted analyses. The number 
and percentage of Ranch Hands and Comparisons within each abnormal level are given for the 
unadjusted analyses. 

G.2    Models 2 and 4 

For analyses of continuous data using Models 2 and 4, (Tables G-2 and G-14 for Model 2; Tables G-4 
and G-l6 for Model 4), the coefficient of determination (R2), slope, standard error, and p-value are given 
for the unadjusted and adjusted analyses. For analyses of dichotomous data using Models 2 and 4 
(Tables G-6 and G-l 8 for Model 2; Tables G-8 and G-20 for Model 4), the estimated or adjusted relative 
risk and associated 95-percent confidence interval, and p-value are given for the unadjusted and adjusted 
analyses. For analyses of polytomous data using Models 2 and 4 (Tables G-10 and G-22 for Model 2; 
Tables G-l2 and G-24 for Model 4), the contrast (of the specified abnormal category versus the normal 
category), the estimated or adjusted relative risk and associated 95-percent confidence interval, and p- 
value are given for the unadjusted and adjusted analyses. 

G.3    Model 3 

For analyses of continuous data using Model 3 (Tables G-3 and G-l7), the R2, dioxin category, dioxin 
category sample size (n) and mean, difference of Ranch Hand dioxin category and Comparison dioxin 
category means along with the associated 95-percent confidence interval, and p-value are given for the 
unadjusted and adjusted analyses. For analyses of dichotomous data using Model 3 (Tables G-7 and 
G-l9), the dioxin category, sample size, estimated or adjusted relative risk and associated 95-percent 
confidence interval for each Ranch Hand category versus Comparison contrast, and p-value are given for 
the unadjusted and adjusted analyses. The number and percentage of abnormalities within each dioxin 
category are given for unadjusted analyses. For analyses of polytomous data using Model 3 (Tables G-l 1 

G-l 



and G-23), the contrast (of the specified abnormal category versus the normal category), dioxin category, 
sample size, estimated or adjusted relative risk and associated 95-percent confidence interval for each 
Ranch Hand category versus Comparison contrast, and p-value are given for the unadjusted and adjusted 
analyses. The number and percentage of each abnormal level within each dioxin category are given for 
the unadjusted analyses. 

A summary of the analysis (unadjusted or adjusted), data form (continuous, dichotomous, or 
polytomous), and model (1, 2, 3, or 4) for each table in Appendix G is given below. 

Appendix G Table Analysis Data Form Model 
G-l 
G-2 
G-3 
G-4 
G-5 
G-6 
G-7 
G-8 
G-9 

G-10 
G-ll 
G-12 
G-13 
G-14 
G-15 
G-16 
G-17 
G-18 
G-19 
G-20 
G-21 
G-22 
G-23 
G-24 

Unadjusted Continuous 
Unadjusted Continuous 
Unadjusted Continuous 
Unadjusted Continuous 
Unadjusted Dichotomous 
Unadjusted Dichotomous 
Unadjusted Dichotomous 
Unadjusted Dichotomous 
Unadjusted Polytomous 
Unadjusted Polytomous 
Unadjusted Polytomous 
Unadjusted Polytomous 
Adjusted Continuous 
Adjusted Continuous 
Adjusted Continuous 
Adjusted Continuous 
Adjusted Dichotomous 
Adjusted Dichotomous 
Adjusted Dichotomous 
Adjusted Dichotomous 
Adjusted Polytomous 
Adjusted Polytomous 
Adjusted Polytomous 
Adjusted Polytomous 
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Table G-1.   Summary of Unadjusted Results for Continuous Variables - - Model 1 (Ranch Hands 
vs. Comparisons) 

Occupational         1 
I>|.|:'.|.|^&^J Difference of 

Means TaWe 
Ret Clinical Paraimter (Units)! |ÄK: !iÄt|ft^E'MßKi RH C <95<&CX) p»Vakie 
9-6 Body Fat (percent)a _u 22.09 22.28 -0.19- 0.436 

Officer 22.04 21.87 0.17- 0.656 
Enlisted Flyer 21.69 22.20 -0.51 - 0.390 
Enlisted Groundcrew 22.30 22.67 -0.37 - 0.318 

9-8 Erythrocyte All 4.82 4.74 0.09 - 0.680 
Sedimentation Rate Officer 4.36 4.41 -0.05 - 0.873 
(mm/hr)b Enlisted Flyer 5.35 5.83 -0.47 ~ 0.429 

Enlisted Groundcrew 5.06 4.71 0.35 - 0.263 

10-35 PSA (ng/ml)a All 1.104 1.120 -0.016- 0.671 
Officer 1.195 1.229 -0.034 ~ 0.613 
Enlisted Flyer 1.241 1.234 0.007 - 0.949 
Enlisted Groundcrew 0.985 1.005 -0.020 - 0.693 

13-11 AST (U/1)a All 23.01 22.88 0.13 - 0.705 
Officer 23.40 23.34 0.06 - 0.914 
Enlisted Flyer 22.17 22.48 -0.32 - 0.696 
Enlisted Groundcrew 22.99 22.60 0.39 - 0.447 

13-13 ALT (U/1)a All 42.58 42.45 0.13 - 0.803 
Officer 42.21 41.79 0.42 ~ 0.613 
Enlisted Flyer 41.21 42.59 -1.38 - 0.290 
Enlisted Groundcrew 43.50 42.99 0.51 - 0.537 

13-15 GGT (U/1)a All 43.62 42.61 1.01 - 0.340 
Officer 42.32 40.74 1.57 - 0.332 
Enlisted Flyer 44.45 45.29 -0.84 - 0.758 
Enlisted Groundcrew 44.52 43.44 1.09 - 0.506 

13-17 Alkaline Phosphatase All 81.81 79.65 2.16« 0.024 
(U/l)a Officer 78.44 76.74 1.70- 0.241 

Enlisted Flyer 83.79 83.45 0.34 - 0.889 
Enlisted Groundcrew 84.22 81.04 3.18- 0.030 

13-19 Total Bilirubin (mg/dl) a All 0.518 0.520 -0.002 - 0.857 
Officer 0.546 0.543 0.003 - 0.887 
Enlisted Flyer 0.489 0.513 -0.023 - 0.365 
Enlisted Groundcrew 0.506 0.503 0.003 - 0.869 

13-22 Lactic Dehydrogenase All 154.0 153.8 0.3- 0.822 
(U/l)a Officer 153.9 154.4 -0.5- 0.799 

Enlisted Flyer 152.3 152.5 -0.3- 0.927 
Enlisted Groundcrew 154.9 153.7 1.2- 0.488 

13-24 Cholesterol (mg/dl)c All 211.4 211.7 -0.3- 0.838 
Officer 206.2 210.0 -3.8 - 0.149 
Enlisted Flyer 215.0 216.3 -1.3- 0.760 
Enlisted Groundcrew 214.7 211.8 3.0- 0.239 
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Table G-1.    Summary of Unadjusted Results for Continuous Variables - Model 1 
(Ranch Hands vs. Comparisons) (Continued) 

Means Difference of 
Table Occupational Means 
JKef.-- Clinical Parameter (Units) IS^^Sifiiii^ärJ.: ■';■:■■■; " ?€■'; RH S   c 05% CX) p-Value 

13-26 HDL Cholesterol All 44.97 44.84 0.13- 0.805 
(mg/dl)a Officer 46.64 46.68 -0.04 - 0.965 

Enlisted Flyer 45.07 43.58 1.49 - 0.240 
Enlisted Groundcrew 43.44 43.69 -0.25 - 0.739 

13-28 Cholesterol-HDL Ratioa All 4.66 4.68 -0.02 ~ 0.723 
Officer 4.39 4.46 -0.07 - 0.425 
Enlisted Flyer 4.72 4.93 -0.21 - 0.155 
Enlisted Groundcrew 4.90 4.81 0.10- 0.282 

13-30 Triglycerides (mg/dl)a All 122.8 120.7 2.1- 0.539 
Officer 114.9 111.7 3.2- 0.523 
Enlisted Flyer 123.9 137.7 -13.8- 0.122 
Enlisted Groundcrew 130.0 123.6 6.4- 0.230 

13-32 Creatine Phosphokinase All 106.3 105.5 0.8- 0.791 
(U/l)a Officer 105.8 104.3 1.4- 0.748 

Enlisted Flyer 97.2 101.0 -3.8 - 0.562 
Enlisted Groundcrew 110.8 108.2 2.6- 0.565 

13-34 Serum Amylase (U/1)a All 56.92 56.85 0.07 - 0.942 
Officer 54.88 57.86 -2.98 -- 0.048 
Enlisted Flyer 58.46 55.91 2.55 - 0.284 
Enlisted Groundcrew 58.23 56.29 1.95 - 0.182 

13-41 Prealbumin (mg/dl) All 29.54 29.61 -0.07 (-0.50,0.37) 0.766 
Officer 29.65 29.87 -0.22 (-0.92,0.47) 0.532 
Enlisted Flyer 29.56 29.33 0.23 (-0.85,1.31) 0.679 
Enlisted Groundcrew 29.44 29.48 -0.03 (-0.70,0.63) 0.922 

13-43 Albumin (mg/dl) All 4,195.6 4,201.2 -5.6 (-34.9,23.8) 0.709 
Officer 4,172.9 4,204.6 -31.8 (-78.3,14.8) 0.181 
Enlisted Flyer 4,190.0 4,159.9 30.1 (-42.4,102.5) 0.416 
Enlisted Groundcrew 4,218.8 4,211.9 7.0 (-37.3,51.2) 0.758 

13-45 a-1-Acid Glycoprotein All 84.65 84.15 0.50- 0.550 
(mg/dl)a Officer 80.89 82.22 -1.33- 0.298 

Enlisted Flyer 85.49 85.88 -0.38 - 0.855 
Enlisted Groundcrew 87.92 85.31 2.61 - 0.044 

13-47 oc-1-Antitrypsin (mg/dl)c All 150.0 146.5 3.5- 0.002 
Officer 143.9 143.0 0.9- 0.609 
Enlisted Flyer 155.3 151,1 4.2- 0.136 
Enlisted Groundcrew 153.5 148.0 5.5- 0.001 

13-49 a-2-Macroglobulin All 170.6 171.3 -0.7- 0.726 
(mg/dl)a Officer 170.6 171.0 -0.4- 0.901 

Enlisted Flyer 177.0 177.4 -0.4- 0.935 
Enlisted Groundcrew 168.1 169.6 -1.5- 0.608 

13-51 Apolipoprotein B All 110.5 111.5 -1.1 - 0.320 
(mg/dl)c Officer 106.4 109.6 -3.3 - 0.053 

Enlisted Flyer 113.2 115.2 -2.0- 0.463 
Enlisted Groundcrew 113.1 112.0 1.2- 0.479 
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Table G-1.    Summary of Unadjusted Results for Continuous Variables 
(Ranch Hands vs. Comparisons) (Continued) 

Model 1 

Means 
Table 
Ref. CUnfcfti Parameter (Unite; \ 

Occupational \ 
Category    ; RH 

Difference of \ 
Means 

p-Yalue 

13-53 

13-55 

13-57 

13-59 

14-7 

14-9 

15-3 

15-5 

15-7 

15-9 

15-11 

C3 Complement All 118.9 118.5 0.4- 0.640 
(mg/dl)a Officer 114.9 114.6 0.3- 0.814 

Enlisted Flyer 120.3 120.7 -0.4- 0.862 
Enlisted Groundcrew 122.1 121.3 0.8-- 0.537 

C4 Complement All 25.71 25.91 -0.20 -- 0.395 
(mg/dl)a Officer 24.73 25.54 -0.81 -- 0.024 

Enlisted Flyer 26.52 25.50 -1.02-- 0.076 
Enlisted Groundcrew 26.31 26.38 -0.06 -- 0.862 

Haptoglobin (mg/dl)c All 135.2 126.5 8.7- 0.002 
Officer 122.4 116.3 6.1- 0.140 
Enlisted Flyer 147.8 137.4 10.4 -- 0.141 
Enlisted Groundcrew 142.5 132.3 10.2 -- 0.016 

Transferrin (mg/dl)a All 252.7 249.6 3.1- 0.044 
Officer 250.0 248.4 1.6-- 0.510 
Enlisted Flyer 254.5 251.5 3.0-- 0.439 
Enlisted Groundcrew 254.5 250.0 4.5- 0.056 

Systolic Blood Pressure All 124.9 125.6 -0.7- 0.383 
(mmHg)a Officer 125.9 126.2 -0.2- 0.865 

Enlisted Flyer 127.0 127.3 -0.3- 0.875 
Enlisted Groundcrew 123.1 124.5 -1.4 - 0.241 

Diastolic Blood Pressure AH 74.55 74.61 -0.06 0.883 
(mmHg)c Officer 74.17 74.21 -0.04 0.952 

Enlisted Flyer 75.22 75.10 0.12 0.905 
Enlisted Groundcrew 74.63 74.80 -0.17 0.780 

RBC Count All 4.95 4.96 -0.02 (-0.05,0.02) 0.318 
(million/mm3) Officer 4.89 4.92 -0.03 (-0.09,0.02) 0.234 

Enlisted Flyer 4.92 4.97 -O.04 (-0.12,0.04) 0.333 
Enlisted Groundcrew 5.01 5.00 0.01 (-0.04,0.06) 0.753 

WBC Count All 6.67 6.65 0.02 -- 0.789 
(thousand/mm3)a Officer 6.33 6.33 0.00- 0.970 

Enlisted Flyer 6.72 6.86 -0.14" 0.474 

Enlisted Groundcrew 6.97 6.86 0.11 - 0.358 

Hemoglobin (gm/dl) All 15.32 15.33 0.00 (-0.09,0.09) 0.979 

Officer 15.23 15.29 -0.06 (-0.20,0.08) 0.389 

Enlisted Flyer 15.29 15.38 -0.08 (-0.30,0.13) 0.445 
Enlisted Groundcrew 15.42 15.34 0.09 (-0.05,0.22) 0.206 

Hematocrit (percent) All 45.56 45.59 -0.04 (-0.31,0.24) 0.798 

Officer 45.24 45.48 -0.24 (-0.67,0.19) 0.274 

Enlisted Flyer 45.49 45.72 -0.23 (-0.90,0.44) 0.504 

Enlisted Groundcrew 45.88 45.65 0.22 (-0.18,0.63) 0.279 

Platelet Count All 207.0 203.9 3.1-- 0.150 

(thousand/mm3)c Officer 196.6 205.1 -8.5 -- 0.012 

Enlisted Flyer 213.8 198.8 14.9 -- 0.005 
Enlisted Groundcrew 213.9 204.6 9.3- 0.004 
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Table G-1.    Summary of Unadjusted Results for Continuous Variables - Model 1 
(Ranch Hands vs. Comparisons) (Continued) 

Occupational 
Mean 5 Difference of 

Means Table 
Ret' Clinical Parameter (Units) tJSV'' J}?'lPttfS^?'AT %r 1 EH ;T*i£ -:l (95% €£) p-Vaiue 

15-13 Prothrombin Time All 10.48 10.49 -0.01 - 0.870 
(seconds)a Officer 10.54 10.52 0.02 - 0.720 

Enlisted Flyer 10.46 10.49 -0.03 - 0.748 
Enlisted Groundcrew 10.45 10.47 -0.02 - 0.714 

15-16 Absolute Neutrophils All 3.84 3.81 0.03 - 0.612 
(segs) (thousand/mm3)a Officer 3.59 3.61 -0.02 - 0.804 

Enlisted Flyer 3.92 3.95 -0.02 - 0.885 
Enlisted Groundcrew 4.06 3.95 -0.01 - 0.263 

15-17 Absolute Neutrophils All 0.201 0.189 0.012 - 0.123 
(bands) (Nonzero Officer 0.194 0.180 0.014 - 0.250 
Measurements) Enlisted Flyer 0.190 0.204 -0.014 - 0.478 
(thousand/mm3)a Enlisted Groundcrew 0.213 0.193 0.021 - 0.089 

15-19 Absolute Lymphocytes 
(thousand/mm ) a 

All 1.76 1.75 0.00- 0.920 
Officer 1.70 1.67 0.04- 0.392 
Enlisted Flyer 1.71 1.79 -0.08 - 0.248 
Enlisted Groundcrew 1.83 1.82 0.01 - 0.891 

15-20 Absolute Monocytes All 0.477 0.481 -0.004- 0.648 
(thousands/mm3)c Officer 0.463 0.471 -0.008 - 0.594 

Enlisted Flyer 0.470 0.507 -0.037 - 0.118 
Enlisted Groundcrew 0.492 0.482 0.011- 0.455 

15-21 Absolute Eosinophils All 0.159 0.161 -0.002 - 0.684 
(Nonzero Measurements) Officer 0.160 0.153 0.007 - 0.422 
(thousand/mm3)a Enlisted Flyer 0.162 0.164 -0.002 - 0.895 

Enlisted Groundcrew 0.157 0.167 -0.011- 0.183 

15-23 Absolute Basophils All 0.078 0.080 -0.002 - 0.315 
(Nonzero Measurements) Officer 0.076 0.077 -0.001 - 0.838 
(thousand/mm) * Enlisted Flyer 0.079 0.082 -0.003 ~ 0.577 

Enlisted Groundcrew 0.079 0.082 -0.003 ~ 0.322 

16-6 Time to Diabetes Onset All — „ — 0.603 
(years) Officer — — - 0.916 

Enlisted Flyer — _. — 0.740 
Enlisted Groundcrew - -- - 0.715 

16-9 TSH (uJU/ml)a AH 1.88 1.81 -0.08 - 0.130 
Officer 2.01 1.89 0.12 - 0.170 
Enlisted Flyer 1.72 1.82 -0.10- 0.428 
Enlisted Groundcrew 1.84 1.73 0.11- 0.139 

16-11 Thyroxine (^ig/dl)c All 7.07 7.04 0.03 ~ 0.601 
Officer 6.76 6.84 -0.08 ~ 0.373 
Enlisted Flyer 7.28 7.24 0.03 - 0.818 
Enlisted Groundcrew 7.27 7.15 0.12- 0.154 

16-14 Fasting Glucose All 101.4 101.8 -0.3- 0.745 
(mg/dl)a Officer 101.0 100.0 1.1- 0.468 

Enlisted Flyer 103.2 104.9 -1.7 - 0.507 
Enlisted Groundcrew 101.0 102.3 -1.3 - 0.388 
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Table G-1.    Summary of Unadjusted Results for Continuous Varial iles - Model 1 
(Ranch Hands vs. Comparisons) (Continued) 

Occupational 
[ | ;|^:;-jlfeA!; Difference of 

?!     Means Table 
HfÖfti Clinical Parameter (Units) |§X^II|'ll|tlB|ifi^l%ISl RH t    C. (9S% CX) p* Value 

16-16 2-Hour Postprandial All 105.2 104.9 0.3- 0.818 
Glucose (mg/dl)a Officer 106.1 101.8 4.3- 0.053 

Enlisted Flyer 107.8 111.3 -3.5 - 0.342 
Enlisted Groundcrew 103.4 105.8 -2.3 - 0.274 

16-20 Serum Insulin (uJU/ml)a All 47.95 47.92 0.03 ~ 0.990 
Officer 45.60 42.40 3.20 - 0.283 
Enlisted Flyer 49.81 54.92 -5.11- 0.369 
Enlisted Groundcrew 49.49 51.33 -1.84- 0.574 

16-22 oe-l-C Hemoglobin All 6.48 6.49 -0.01 - 0.919 
(percent)a Officer 6.37 6.31 0.07 - 0.387 

Enlisted Flyer 6.53 6.67 -0.14- 0.280 
Enlisted Groundcrew 6.57 6.59 -0.03 - 0.714 

16-24 Total Testosterone All 423.1 422.6 0.5» 0.945 
(ng/dl)c Officer 406.9 413.4 -6.4- 0.606 

Enlisted Flyer 439.6 428.4 11.2- 0.577 
Enlisted Groundcrew 431.2 428.7 2.5- 0.835 

16-26 Free Testosterone All 13.96 13.92 0.04- 0.852 
(pg/ml)c Officer 12.91 13.26 -0.36 - 0.269 

Enlisted Flyer 14.03 13.95 0.08 - 0.878 
Enlisted Groundcrew 14.89 14.49 0.40- 0.209 

16-28 Estradiol (pg/ml)c All 40.06 40.63 -0.57 ~ 0.434 
Officer 38.38 41.81 -3.43 - 0.003 
Enlisted Flyer 42.87 40.70 2.17- 0.238 
Enlisted Groundcrew 40.49 39.60 0.89 - 0.418 

16-30 LH (mlU/ml)a All 3.86 3.86 0.00- 0.979 
Officer 4.09 3.82 0.27 ~ 0.131 
Enlisted Flyer 3.67 4.02 -0.34 - 0.194 
Enlisted Groundcrew 3.74 3.85 -0.11- 0.491 

16-32 FSH (mlU/ml)a All 6.05 5.98 0.07 - 0.666 
Officer 6.62 6.11 0.51 - 0.071 
Enlisted Flyer 6.02 5.99 0.03 ~ 0.941 
Enlisted Groundcrew 5.59 5.86 -0.27 - 0.257 

17-4 CD3+ Cells (T Cells) All 1,231.0 1,257.7 -26.7 - 0.431 
(cells/mm3) a Officer 1,230.0 1,190.2 39.8 - 0.449 

Enlisted Flyer 1,197.2 1,286.8 -89.6 - 0.270 
Enlisted Groundcrew 1,247.1 1,301.3 -54.2 - 0.308 

17-5 CD4+ Cells (Helper T 
Cells) (cells/mm3)a 

All 842.0 857.0 -15.0- 0.511 
Officer 838.0 824.7 13.3 - 0.708 
Enlisted Flyer 808.4 870.2 -61.8- 0.254 
Enlisted Groundcrew 861.4 877.9 -16.5 - 0.646 

17-6 CD8+ Cells (Suppressor All 564.5 587.1 -22.6 - 0.254 
T Cells) (cells/mm3)a Officer 558.7 551.7 7.0- 0.818 

Enlisted Flyer 563.9 625.6 -61.7 - 0.207 
Enlisted Groundcrew 571.0 601.7 -30.7 - 0.319 
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Table G-1.    Summary of Unadjusted Results for Continuous Variables 
(Ranch Hands vs. Comparisons) (Continued) 

Model 1 

fc;.S^;£ Means Difference of 
Table Occupational 

._...,.,_.., 
Means 

Ret.  1 Clinical Parameter (Units) iSiS'    Category ÄH c (95% CX) p* Value 
17-7 CD16+56+Cells All 259.3 275.9 -16.6- 0.082 

(Natural Killer Cells) Officer 266.2 276.1 „9.9.. 0.521 
(cells/mm3)a Enlisted Flyer 236.7 290.2 -53.5 -- 0.018 

Enlisted Groundcrew 262.4 270.6 -8.2 - 0.572 

17-8 CD20+ Cells (B Cells) All 184.0 185.5 -1.5 -- 0.858 
(cells/mm3)a Officer 175.3 167.1 8.1- 0.496 

Enlisted Flyer 170.2 185.2 -15.0- 0.420 
Enlisted Groundcrew 200.4 201.1 -0.7- 0.961 

17-9 CD3+CD4+Cells All 767.4 780.9 -13.4 - 0.541 
(Helper T Cells) Officer 763.1 749.6 13.5 - 0.693 
(cells/mm3)a Enlisted Flyer 737.4 791.9 -54.5 - 0.296 

Enlisted Groundcrew 785.6 801.8 -16.1 - 0.641 

17-10 Absolute Lymphocytes All 1,781.2 1,777.9 3.2- 0.909 
(cells/mm3)a Officer 1,730.0 1,685.2 44.8 - 0.292 

Enlisted Flyer 1,753.3 1,817.2 -63.8 - 0.360 
Enlisted Groundcrew 1,840.2 1,849.6 -9.5 - 0.828 

17-11 IgA(mg/dl)a All 232.4 233.3 -0.9- 0.860 
Officer 224.8 225.2 -0.4- 0.958 
Enlisted Flyer 238.1 236.6 1.4- 0.912 
Enlisted Groundcrew 237.3 239.5 -2.2 - 0.779 

17-12 IgG (mg/dl)a All 1,035.5 1,047.3 -11.8- 0.273 
Officer 1,022.2 1,029.8 -7.7 - 0.649 
Enlisted Flyer 1,021.8 1,048.9 -27.2 - 0.307 
Enlisted Groundcrew 1,053.3 1,062.2 -8.9 - 0.587 

17-13 IgM (mg/dl)a All 96.3 98.4 -2.1 - 0.373 
Officer 95.2 95.9 -0.6- 0.862 
Enlisted Flyer 94.6 104.4 -9.7 - 0.102 
Enlisted Groundcrew 98.0 98.7 -0.8- 0.831 

18-8 FVC (percent of All 99.31 98.93 0.38 (-0.91,1.68) 0.564 
predicted) Officer 100.48 100.14 0.33 (-1.73,2.39) 0.753 

Enlisted Flyer 99.64 98.88 0.75 (-2.45,3.96) 0.645 
Enlisted Groundcrew 98.14 97.90 0.24 (-1.71,2.18) 0.811 

18-9 FEVi (percent of All 94.13 94.28 -0.15 (-1.66,1.37) 0.849 
predicted) Officer 95.47 95.65 -0.18 (-2.58,2.23) 0.886 

Enlisted Flyer 91.09 92.30 -1.21 (-4.95,2.54) 0.527 
Enlisted Groundcrew 94.14 93.74 0.40 (-1.87,2.67) 0.729 

18-10 Ratio of Observed FEVi All 0.760 0.763 -0.003 - 0.366 
to Observed FVC d Officer 0.756 0.761 -0.005 - 0.376 

Enlisted Flyer 0.741 0.748 -0.007 - 0.431 
Enlisted Groundcrew 0.772 0.771 0.001 - 0.843 

a Means transformed from natural logarithm scale; difference of means after transformation to original scale; 
confidence interval not given because analysis was performed on natural logarithm scale; p-value based on 
difference of means on natural logarithm scale. 
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Table G-1.    Summary of Unadjusted Results for Continuous Variables - Model 1 
(Ranch Hands vs. Comparisons) (Continued) 

b Means transformed from natural logarithm (clinical parameter + 0.1) scale; difference of means after 
transformation to original scale; confidence interval not given because analysis was performed on natural logarithm 
(clinical parameter + 0.1) scale; p-value based on difference of means on natural logarithm (clinical parameter + 0.1) 
scale. 
c Means transformed from square root scale; difference of means after transformation to original scale; confidence 
interval not given because analysis was performed on square root scale; p-value based on difference of means on 
square root scale. 
d Means transformed from natural logarithm (1 - clinical parameter) scale; difference of means after transformation 
to original scale; confidence interval not given because analysis was performed on natural logarithm (1 - clinical 
parameter) scale; p-value based on difference of means on natural logarithm (1 - clinical parameter) scale. 

Note: RH = Ranch Hand; C = Comparison. 
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Table G-2.   Summary of Unadjusted Results for Continuous Variables 
Log2 (Initial Dioxin)) 

Model 2 (Ranch Hands: 

Table 
Clinical Parameter {Unite) I tf (Standard Error)" IprValue 

9-6 Body Fat (percent) 
9-8 Erythrocyte Sedimentation Rate (mm/hr) 

10-35 PSA (ng/ml)b 

13-11 AST(U/l)b 

13-13 ALT(U/l)b 

13-15 GGT(U/l)b 

13-17 Alkaline Phosphatase (U/1) b 

13-19 Total Bilirubin (mg/di) b 

13-22 Lactic Dehydrogenase (U/1)b 

13-24 Cholesterol (mg/dl) d 

13-26 HDL Cholesterol (mg/dl)b 

13-28 Cholesterol-HDL Ratio b 

13-30 Triglycerides (mg/dl)b 

13-32 Creatine Phosphokinase (U/1) b 

13-34 Serum Amylase (U/1)b 

13-41 Prealbumin (mg/dl) 
13-43 Albumin (mg/dl) 
13-45 a-1 -Acid Glycoprotein (mg/dl) 
13-47 a-1-Antitrypsin (mg/dl) 
13-49 a-2-Macroglobulin (mg/dl) b 

13-51 Apolipoprotein B (mg/dl) 
13-53 C3 Complement (mg/dl)b 

13-55 C4 Complement (mg/dl)b 

13-57 Haptoglobin (mg/dl) d 

13-59 Transferrin (mg/dl)b 

14-7 Systolic Blood Pressure (mm Hg) b 

14-9 Diastolic Blood Pressure (mm Hg)d 

15-3 RBC Count (million/mm3) 
15-5 WBC Count (thousand/mm3)b 

15-7 Hemoglobin (gm/dl) 
15-9 Hematocrit (percent) 

15-11 Platelet Count (thousand/mm3) 
15-13 Prothrombin Time (seconds)b 

15-16 Absolute Neutrophils (segs) (thousand/mm'7) 
15-17 Absolute Neutrophils (Nonzero Measurements) 

(bands) (thousand/mm) 
15-19 Absolute Lymphocytes (thousand/mmJ) 
15-20 Absolute Monocytes (thousand/mm3)d 

15-21 Absolute Eosinophils (Nonzero Measurements) 
(thousand/mm3) 

15-23 Absolute Basophils (Nonzero Measurements) 
(thousand/mm )b 

16-6 Time to Diabetes Onset (years)c 

16-9 TSH (ulU/ml) b 

16-11 Thyroxine (ug/dl)d 

16-14 Fasting Glucose (mg/dl) 

.3s d 

.3x b 

.3x b 

0.006 0.015 (0.009) 0.081 
0.009 0.029 (0.034) 0.387 
0.037 -0.071 (0.027) 0.010 
0.011 0.003 (0.012) 0.813 
0.036 0.013 (0.010) 0.199 
0.013 0.004 (0.019) 0.823 
0.009 -0.004 (0.009) 0.646 
0.013 -0.014 (0.016) 0.368 
0.009 -0.001 (0.006) 0.908 
0.017 6.129(0.046) 0.005 
0.053 -0.009 (0.009) 0.312 
0.055 0.028 (0.009) 0.003 
0.025 0.033 (0.023) 0.140 
0.013 0.005 (0.021) 0.800 
0.052 -0.024 (0.013) 0.070 
0.030 -0.041 (0.178) 0.818 
0.023 13.830(10.970) 0.208 

<0.001 0.000 (0.008) 0.992 
0.013 0.066 (0.036) 0.071 

<0.001 -0.004 (0.009) 0.698 
0.014 0.107(0.041) 0.009 
0.071 0.012 (0.005) 0.023 
0.002 -0.003 (0.007) 0.701 
0.002 0.084 (0.097) 0.387 
0.001 0.003 (0.005) 0.594 
0.049 -0.006 (0.005) 0.238 
0.023 0.025 (0.019) 0.190 
0.019 0.023 (0.014) 0.102 
0.022 0.019(0.009) 0.035 
0.011 0.078 (0.034) 0.023 
0.011 0.241 (0.104) 0.021 
0.016 0.145 (0.057) 0.012 
0.004 -0.001 (0.003) 0.572 
0.015 0.019(0.012) 0.115 
0.004 -0.031 (0.032) 0.343 

0.021 0.023 (0.012) 0.063 
0.003 0.003 (0.006) 0.568 
0.001 0.005 (0.025) 0.836 

0.013 0.009 (0.022) 0.685 

__ -0.021 (0.023) 0.356 
0.002 -0.015 (0.021) 0.475 
0.012 0.010 (0.008) 0.250 
0.102 0.011(0.008) 0.174 
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Table G-2.    Summary of Unadjusted Results for Continuous Variables - Model 2 
(Ranch Hands:   Logs (Initial Dioxin)) (Continued) 

table 
AM Clinical Parameter (Units) 

3\ b 

3xb 

16-16 2-Hour Postprandial Glucose (mg/dl) 
16-20 Serum Insulin (ulU/ml) b 

16-22 a-l-C Hemoglobin (percent)b 

16-24 Total Testosterone (ng/dl)d 

16-26 Free Testosterone (pg/ml) 
16-28 Estradiol (pg/ml)d 

16-30 LH (mlU/ml)b 

16-32 FSH (mlU/ml)b 

17-4 CD3+ Cells (T Cells) (cells/mm3)b 

17-5 CD4+ Cells (Helper T Cells) (cells/mm^ 
17-6 CD8+ Cells (Suppressor T Cells) (cells/mm") 
17-7 CD16+56+ Cells (Natural Killer Cells) (cells/mmJ) 
17-8 CD20+ Cells (B Cells) (cells/mm3)b 

17-9 CD3+CD4+ Cells (Helper T Cells) (cells/mnO 
17-10 Absolute Lymphocytes (cells/mm ) 
17-11 IgA (mg/dl)b 

17-12 IgG (mg/dl) b 

17-13 IgM (mg/dl)b 

18-8 FVC (percent of predicted) 
18-9 FEVi (percent of predicted) 

18-10 Observed FEVi to Observed FVCf  

3x b 

A b 

|K. >';|; ^<;;^jp^;'"|P4i: 'k J-;$ 
R2 (Standard Error)" p-Value 

0.076 -0.010(0.011) 0.363 
0.092 0.020 (0.036) 0.571 
0.107 0.017 (0.006) 0.009 
0.118 0.287 (0.144) 0.047 
0.084 0.066 (0.022) 0.003 
0.007 0.084 (0.049) 0.087 
0.001 -0.016 (0.023) 0.496 
0.008 -0.035 (0.021) 0.099 
0.013 0.023 (0.023) 0.317 
0.018 0.027 (0.023) 0.254 
0.001 0.012 (0.029) 0.688 
0.038 -0.029 (0.032) 0.370 
0.052 0.081 (0.035) 0.024 
0.018 0.030 (0.024) 0.226 
0.019 0.019 (0.012) 0.121 
0.007 0.021 (0.017) 0.224 
0.002 -0.001 (0.009) 0.922 
0.005 0.007 (0.019) 0.711 
0.018 0.332(0.491) 0.499 
0.006 0.870(0.581) 0.135 
0.053 -0.026(0.011) 0.023 

a Adjusted for percent body fat at the time of the blood measurement for dioxin. 
b Slope and standard error based on natural logarithm of clinical parameter versus log2 (initial dioxin). 
c Slope and standard error based on natural logarithm of (clinical parameter + 0.1) versus log2 (initial dioxin). 
d Slope and standard error based on square root of clinical parameter versus log2 (initial dioxin). 
c Slope and standard error based on time to diabetes onset versus log2 (initial dioxin) under a censored Weibull 
distribution. 
f Slope and standard error based on natural logarithm of (1 - clinical parameter) versus log2 (initial dioxin). 
--: R-squared not presented because analysis was based on a censored Weibull distribution. 
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Table G-3.   Summary of Unadjusted Results for Continuous Variables - - Model 3 (Ranch Hands and Comparisons by Dioxin 
Category) 

Table Adj. Difference of Means vs. 
Ref. Clinical Parameter (Units) R2 Dioxin Category n Mean* Comparisons (95% C.I.) p-Value 

9-6 Body Fat (percent)b 0.025 Comparison 1,213 22.26 
Background RH 381 20.64 -1.62« <0.001 
LowRH 239 23.04 0.78 - 0.045 
High RH 243 23.57 1.31 -- 0.001 
Low plus High RH 482 23.30 1.04» 0.001 

9-8 Erythrocyte Sedimentation Rate 0.022 Comparison 1,213 4.74 
(mm/hr)c Background RH 381 4.48 -0.26 - 0.323 

LowRH 239 5.06 0.32 - 0.350 
High RH 243 5.12 0.38 - 0.259 
Low plus High RH 482 5.09 0.35 - 0.176 

10-35 PSA(ng/ml)b 0.009 Comparison 1,152 1.127 
Background RH 365 1.099 -0.028 -- 0.587 
LowRH 222 1.205 0.078 - 0.227 
High RH 236 1.023 -0.104» 0.079 
Low plus High RH 458 1.108 -0.019 - 0.692 

13-11 AST(U/l)b 0.011 Comparison 1,194 22.84 
Background RH 376 22.54 -0.30 - 0.501 
LowRH 236 23.39 0.55 - 0.306 
High RH 240 23.36 0.52 - 0.334 
Low plus High RH 476 23.37 0.53 - 0.193 

13-13 ALT(U/i)b 0.039 Comparison 1,194 42.37 
Background RH 376 41.32 -1.05« 0.129 
LowRH 236 43.14 0.77 - 0.368 
High RH 240 44.27 1.90« 0.027 
Low plus High RH 476 43.71 1.34- 0.041 



Table G-3.    Summary of Unadjusted Results for Continuous Variables - Model 3 (Ranch Hands and Comparisons by Dioxin 
Category) (Continued) 

Table 
Ref. 

a 

Clinical Parameter (Units) Dioxin Category 
Adj. 

Mean* 
Difference of Means vs. 
Comparisons (95% C.I.) p-Value 

13-15    GGT(U/1)' 0.026 

13-17    Alkaline Phosphatase (U/l) 0.003 

13-19    Total Bilirubin (mg/dl) 0.002 

13-22    Lactic Dehydrogenase (U/l) 0.027 

13-24    Cholesterol (mg/dl)' 0.006 

13-26    HDL Cholesterol (mg/dl) 0.059 

Comparison 1,194 42.21 
Background RH 376 40.81 -1.40- 0.296 
LowRH 236 43.99 1.78- 0.283 
High RH 240 47.38 5.17- 0.003 
Low plus High RH 476 45.67 3.46 - 0.007 

Comparison 1,194 79.57 
Background RH 376 81.50 1.93- 0.130 
LowRH 236 82.34 2.78 - 0.070 
High RH 240 81.36 1.79- 0.238 
Low plus High RH 476 81.85 2.28 - 0.051 

Comparison 1,194 0.520 
Background RH 376 0.526 0.006 - 0.673 
LowRH 236 0.516 -0.004 - 0.828 
High RH 240 0.506 -0.014 - 0.418 
Low plus High RH 476 0.511 -0.009 -- 0.500 

Comparison 1,192 153.7 
Background RH 376 154.3 0.6- 0.693 
LowRH 236 153.6 -0.1- 0.941 
High RH 240 154.1 0.4- 0.816 
Low plus High RH 476 153.8 0.1 - 0.916 

Comparison 1,194 211.7 
Background RH 376 208.8 -2.9 - 0.183 
LowRH 236 209.3 -2.4 - 0.351 
High RH 240 217.4 5.7- 0.032 
Low plus High RH 476 213.4 1.7- 0.422 

Comparison 1,193 44.79 
Background RH 376 45.54 0.75 - 0.269 
Low RH 235 /J5.23 0.44 - 0.585 
High RH 240 43.58 -1.21 - 0.130 
Low plus High RH 475 44.39 -0.40 - 0.519 



Table G-3.    Summary of Unadjusted Results for Continuous Variables - Model 3 (Ranch Hands and Comparisons by Dioxin 
Category) (Continued) 

Table 
Ref. Clinical Parameter (Units) Dioxin Category 

13-28    Cholesterol-HDL Ratio' 0.046 

13-30    Triglyeerides (mg/dl)' 0.057 

13-32    Creatine Phosphokinase (U/l) 0.026 

13-34    Serum Amylase (U/l)1 0.039 

13-41     Prealbumin (mg/dl) 0.017 

13-43     Albumin (mg/dl) 0.017 

Adj. 
Mean* 

Difference of Means vs. 
Comparisons (95% CM.) p-Value 

Comparison 1,193 4.69 
Background RH 376 4.55 -0.14- 0.068 
LowRH 235 4.58 -0.11- 0.220 
High RH 240 4.95 0.26 -- 0.005 
Low plus High RH 475 4.76 0.07 - 0.282 

Comparison 1,194 120.3 
Background RH 375 114.5 -5.8 - 0.172 
LowRH 236 119.7 -0.6 - 0.897 
High RH 240 140.4 20.1 -- <0.001 
Low plus High RH 476 129.7 9.4- 0.023 

Comparison 1,194 105.4 
Background RH 376 105.6 0.2- 0.961 
LowRH 236 108.2 2.8- 0.547 
High RH 240 106.3 0.9- 0.843 
Low plus High RH 476 107.2 1.8- 0.602 

Comparison 1,194 56.88 
Background RH 376 55.87 -1.01 - 0.419 
LowRH 236 60.54 3.66 - 0.019 
High RH 240 54.89 -1.99- 0.178 
Low plus High RH 476 57.63 0.75 - 0.523 

Comparison 1,194 29.62 
Background RH 376 29.53 -0.09 (-0.67,0.49) 0.760 
LowRH 236 29.47 -0.15 (-0.85,0.54) 0.665 
HighRH 240 29.65 0.03 (-0.66,0.73) 0.927 
Low plus High RH 476 29.56 -0.06 (-0.59,0.47) 0.825 

Comparison 1,194 4,199.7 
Background RH 376 4,200.6 0.9 (-37.7,39.6) 0.962 
Low RH 236 _AA Z /•_OA Q  1   Q\ A f\6f\ 

High RH 240 4,228.9 29.2 (-16.9,75.3) 0.215 
Low plus High RH 476 4,192.4 -7.3 (-42.6,28.0) 0.685 



Table G-3.    Summary of Unadjusted Results for Continuous Variables 
Category) (Continued) 

Model 3 (Ranch Hands and Comparisons by Dioxin 

O 

Table Adj. Difference of Means vs. 
Ref. Clinical Parameter (Units) R2 Dioxin Category n Mean8 Comparisons (95% C.I.) p-Value 

13-45 a-1-Acid Glycoprotein (mg/dl)b 0.003 Comparison 1,194 84.29 
Background RH 376 83.02 -1.27- 0.256 
LowRH 236 84.82 0.53 - 0.692 
High RH 240 87.02 2.73 - 0.045 
Low plus High RH 476 85.92 1.63- 0.114 

13-47 a-1-Antitrypsin (mg/dl)d 0.008 Comparison 1,194 146.8 
Background RH 376 147.9 1.1- 0.470 
LowRH 236 148.9 2.1- 0.244 
High RH 240 154.0 7.2- <0.001 
Low plus High RH 476 151.4 4.6- 0.001 

13-49 a-2-Macroglobulin (mg/dl)b 0.001 Comparison 1,194 171.2 
Background RH 376 170.2 -1.0- 0.706 
LowRH 236 170.2 -1.0" 0.747 
High RH 240 170.2 -1.0- 0.741 
Low plus High RH 476 170.2 -1.0- 0.669 

13-51 Apolipoprotein B (mg/dl) 0.005 Comparison 1,194 111.5 
Background RH 376 108.8 -2.7 - 0.057 
LowRH 236 108.9 -2.6 - 0.131 
High RH 240 114.6 3.1- 0.073 
Low plus High RH 476 111.8 0.3- 0.843 

13-53 C3 Complement (mg/dl) 0.096 Comparison 1,194 118.5 
Background RH 376 116.7 -1.8- 0.107 
LowRH 236 119.5 1.0- 0.399 
High RH 240 122.3 3.8- 0.003 
Low plus High RH 476 120.9 2.4- 0.013 

13-55 C4 Complement (mg/dl) 0.012 Comparison 1,194 25.90 
Background RH 376 25.41 -0.49 - 0.109 
Low R.H 236 26.03 0.13 — 0.733 
High RH 240 25.91 0.01 - 0.986 
Low plus High RH 476 25.97 0.07 -- 0.816 



Table G~3.    Summary of Unadjusted Results for Continuous Variables 
Category) (Continued) 

Model 3 (Ranch Hands and Comparisons by Dioxin 

O 

Os 

Table Adj. Difference of Means vs. 
Ref. Clinical Parameter (Units) R2 Dioxin Category n Mean8 Comparisons (95% C.I.) p- Value 

13-57 Haptoglobin (mg/dl) 0.006 Comparison 1,194 126.7 
Background RH 376 131.4 4.7- 0.210 
LowRH 236 134.5 7.8- 0.078 
High RH 240 141.7 15.0 - 0.001 
Low plus High RH 476 138.1 11.4- 0.001 

13-59 Transferrin (mg/dl)b 0.004 Comparison 1,194 249.5 
Background RH 376 250.9 1.4- 0.480 
LowRH 236 251.9 2.4- 0.328 
High RH 240 255.9 6.4- 0.010 
Low plus High RH 476 253.9 4.4- 0.019 

14-7 Systolic Blood Pressure (mm Hg)b 0.040 Comparison 1,195 125.5 
Background RH 376 125.4 -0.1- 0.935 
LowRH 233 125.9 0.4- 0.730 
High RH 243 123.4 -2.1- 0.079 
Low plus High RH 476 124.6 -0.9 - 0.346 

14-9 Diastolic Blood Pressure (mm Hg)d 0.014 Comparison 1,195 74.57 
Background RH 376 74.14 -0.43 - 0.432 
LowRH 233 74.19 -0.38 - 0.569 
High RH 243 75.65 1.08 - 0.099 
Low plus High RH 476 74.93 0.36 - 0.468 

15-3 RBC Count (million/mm") 0.011 Comparison 1,211 4.96 
Background RH 381 4.95 -0.01 (-0.06,0.03) 0.540 
LowRH 239 4.92 -0.05 (-0.01,0.01) 0.094 
High RH 239 4.98 0.02 (-0.04,0.07) 0.506 
Low plus High RH 478 4.95 -0.01 (-0.05,0.03) 0.510 

15-5 WBC Count (thousand/mm3)b 0.010 Comparison 1,211 6.64 
Background RH 381 6.57 -0.07 ~ 0.493 
T ~... r>u 
Lu\JYV   JLVli. iJ7 U.JU 

f\ AO -u.uo -- 
High RH 239 6.92 0.28 - 0.029 
Low plus High RH 478 6.73 0.09 -- 0.324 



Table G~3.    Summary of Unadjusted Results for Continuous Variables 
Category) (Continued) 

Model 3 (Ranch Hands and Comparisons by Dioxin 

Table 
Ref. Clinical Parameter (Units) 

15-7     Hemoglobin (gm/dl) 

15-9     Hematocrit (percent) 

15-11     Platelet Count (thousand/mm ) 3,d 

15-13    Prothrombin Time (seconds) 

15-16    Absolute Neutrophils (segs) 
(thousand/mm') 

Dioxin Category; 

0.002 

0.003 

0.016 

0.002 

0.007 

15-17    Absolute Neutrophils (bands) (Nonzero     0.005 
3xb Measurements) (thousand/mm ) 

Adj. 
Mean" 

Difference of Means vs. 
Comparisons (95% C.I.) p-Value 

Comparison 1,211 15.33 
Background RH 381 15.30 -0.03 (-0.14.0.09) 0.641 
LowRH 239 15.26 -0.07 (-0.21,0.07) 0.319 
High RH 239 15.46 0.12 (-0.01,0.26) 0.080 
Low plus High RH 478 15.36 0.03 (-0.08,0.13) 0.617 

Comparison 1,211 45.61 
Background RH 381 45.56 -0.06 (-0.41,0.30) 0.756 
LowRH 239 45.30 -0.31 (-0.74,0.12) 0.153 
High RH 239 45.93 0.32 (-0.11,0.75) 0.147 
Low plus High RH 478 45.61 0.00 (-0.32,0.33) 0.987 

Comparison 1,205 204.6 
Background RH 379 202.1 -2.5 - 0.374 
LowRH 238 204.6 -0.1 -- 0.987 
High RH 238 217.2 12.6-- <0.001 
Low plus High RH 476 210.8 6.2- 0.017 

Comparison 987 10.49 
Background RH 309 10.53 0.04 -- 0.476 
LowRH 182 30.46 -0.03 -- 0.667 
High RH 193 10.44 -0.05 - 0.411 
Low plus High RH 375 10.45 -0.04 -- 0.409 

Comparison 1,211 3.81 
Background RH 381 3.75 -0.06 - 0.430 
LowRH 239 3.80 -0.01 - 0.906 
HighRH 239 4.03 0.22 - 0.028 
Low plus High RH 478 3.91 0.10- 0.172 

Comparison 1,002 0.189 
Background RH 316 0.191 0.002 -- 0.783 
Low RH 196 0.2!! A mc\ 

High RH 201 0.209 0.020 -- 0.113 
Low plus High RH 397 0.210 0.021 -- 0.029 



Table G-3.    Summary of Unadjusted Results for Continuous Variables 
Category) (Continued) 

Model 3 (Ranch Hands and Comparisons by Dioxin 

O 

00 

Table Adj. Difference of Means vs. 
Ref. Clinical Parameter (Units) R1 Dioxin Category n Mean* Comparisons (95% C.I.) p-Value 

15-19 Absolute Lymphocytes 
(thousand/mm") 

0.005 Comparison 1,211 1.75 
Background RH 381 1.77 0.02 - 0.671 
LowRH 239 1.71 -0.04 ~ 0.383 
High RH 239 1.78 0.03 -- 0.575 
Low plus High RH 478 1.74 -0.01 -- 0.839 

15-20 Absolute Monocytes (thousand/mm )d 0.011 Comparison 1,211 0.480 
Background RH 381 0.464 -0.016 - 0.221 
LowRH 239 0.469 -0.011 -- 0.480 
High RH 239 0.502 0.022 ~ 0.136 
Low plus High RH 478 0.486 0.006 - 0.606 

15-21 Absolute Eosinophils (Nonzero 0.001 Comparison 1,064 0.161 
Measurements) (thousand/mm ) Background RH 337 0.163 0.002 - 0.805 

LowRH 206 0.155 -0.006 -- 0.513 
High RH 211 0.154 -0.007 - 0.434 
Low plus High RH 417 0.155 -0.006 ~ 0.346 

15-23 Absolute Basophils (Nonzero 0.003 Comparison 562 0.080 
Measurements) (thousand/mm3)b Background RH 168 0.078 -0.002 - 0.410 

LowRH 92 0.076 -0.004 - 0.222 
High RH 109 0.080 0.000 - 0.930 
Low plus High RH 201 0.078 -0.002 ~ 0.482 

16-6 Time to Diabetes Onset (years) — Comparison 1,195 ~ 
Background RH 379 - — 0.013 
LowRH 235 — — 0.254 
HighRH 240 ~ — 0.233 
Low plus High RH 475 -- ~ 0.134 

16-9 TSHQiIU/ml)b 0.002 Comparison 1,161 1.80 
Background RH 367 1.91 0.11 -- 0.129 
T T»TT 
l^UW xvo. 

1    OC\ 
1 .OV \j.\jy — 

High RH 234 1.81 0.01 -- 0.942 
Low plus High RH 467 1.85 0.05 - 0.446 



Table G~3.    Summary of Unadjusted Results for Continuous Variables 
Category) (Continued) 

Model 3 (Ranch Hands and Comparisons by Dioxin 

Table Adj. Difference of Means vs. 
Ref. Clinical Parameter (Units) R2 Dioxin Category n Mean* Comparisons (95% C.I.) p-Value 

16-11 Thyroxine (fig/dl)d 0.004 Comparison 1,161 7.04 
Background RH 367 6.95 -0.09 - 0.221 
LowRH 233 7.13 0.09 -- 0.344 
High RH 234 7.23 0.19- 0.053 
Low plus High RH 467 7.18 0.14- 0.059 

16-14 Fasting Glucose (mg/dl)b 0.089 Comparison 1,212 101.6 
Background RH 381 100.3 -1.3- 0.298 
LowRH 238 100.8 -0.8 -- 0.618 
High RH 242 103.9 2.3- 0.121 
Low plus High RH 480 102.4 0.8- 0.485 

16-16 2-Hour Postprandial Glucose (mg/dl)b 0.066 Comparison 996 104.7 
Background RH 342 105.3 0.6- 0.718 
LowRH 186 107.1 2.4- 0.296 
High RH 183 104.5 -0.2 - 0.942 
Low plus High RH 369 105.8 1.1 - 0.521 

16-20 Serum Insulin (uIU/ml) 0.122 Comparison 996 47.35 
Background RH 342 45.29 -2.06 - 0.393 
LowRH 186 51.97 4.62 -- 0.157 
High RH 183 52.74 5.36- 0.105 
Low plus High RH 369 52.35 5.00 -- 0.046 

16-22 oc-l-C Hemoglobin (percent)b 0.087 Comparison 1,212 6.48 
Background RH 381 6.38 -0.10- 0.116 
LowRH 238 6.44 -0.04 - 0.588 
High RH 242 6.70 0.22 - 0.005 
Low plus High RH 480 6.57 0.09 - 0.138 

16-24 Total Testosterone (ng/dl) 0.121 Comparison 1,189 423.0 
Background RH 372 429.8 6.8- 0.499 
Low RH 234 404.6 -18.4 - 0.118 
High RH 238 429.4 6.4- 0.592 
Low plus High RH 472 417.0 -6.0 - 0.508 



Table G-3,    Summary of Unadjusted Results for Continuous Variables - Model 3 (Ranch Hands and Comparisons by Dioxin 
Category) (Continued) 

Table 
Ref. Clinical Parameter (Unil R2 

Adj. Difference of Means vs. 
Dioxin Category n Mean* Comparisons (95% C.T.) p-Valu< 

Comparison 1,189 13.95 
Background RH 372 13.85 -0.10- 0.703 
LowRH 234 13.23 -0.72 -- 0.022 
High RH 238 14.85 0.90-- 0.006 
Low plus High RH 472 14.03 0.08 « 0.745 

Comparison 1,213 40.68 
Background RH 381 39.71 -0.97 - 0.323 
LowRH 239 39.58 -1.10- 0.350 
High RH 243 41.43 0.75 - 0.523 
Low plus High RH 482 40.51 -0.17- 0.852 

Comparison 1,213 3.85 
Background RH 381 4.01 0.16- 0.264 
LowRH 239 3.83 -0.02 - 0.900 
High RH 243 3.74 -0.11" 0.504 
Low plus High RH 482 3.78 -0.07 ~ 0.601 

Comparison 1,213 5.97 
Background RH 381 6.21 0.24 - 0.283 
LowRH 239 6.28 0.31 - 0.258 
High RH 243 5.66 -0.31 - 0.229 
Low plus High RH 482 5.96 -0.01 -- 0.955 

Comparison 440 1,252.1 
Background RH 142 1,220.8 -31.3- 0.490 
LowRH 84 1,225.9 -26.2 - 0.636 
High RH 91 1,242.7 -9.4 - 0.862 
Low plus High RH 175 1,234.6 -17.5 - 0.676 

Comparison 440 854.9 
Background RH 142 830.4 -24.5 - 0.421 
T ~... nrj O A ooc c t c\ ■■> r\ £r\c J-^UW   IVli Ot OJJ.U -17.J — U.UUJ 

High RH 91 862.2 7.3- 0.842 
Low plus High RH 175 849.3 -5.6 - 0.844 

16-26    Free Testosterone (pg/ml)' 

9 
o 

0.085 

16-28    Estradiol (pg/ml)' 0.003 

16-30    LHCmlU/ml)1 0.003 

16-32    FSH(mIU/ml)' 0.002 

17-4      CD3+ Cells (T Cells) (cells/mrn ) 3\b 0.005 

17-5      CD4+ Cells (Helper T Cells) 
(cells/mm ) 

0.006 



Table G-3.    Summary of Unadjusted Results for Continuous Variables 
Category) (Continued) 

Model 3 (Ranch Hands and Comparisons by Dioxin 

Table 
Ref. Clinical Parameter (Units) Dioxin Category 

Adj. 
Mean8 

Difference of Means vs. 
Comparisons (95 % C.L) p-Val ue 

17-6     CD8+ Cells (Suppressor T Cells) 
(cells/mm3)b 

17-7     CD16+56+ Cells (Natural Killer 
Cells) (cells/mm3)b 

17-8     CD20+ Cells (B Cells) (cells/miri) 

O 
to 

3xb 

17-9     CD3+CD4+ Cells (Helper T Cells) 
(cells/mm3)b 

3vb 17-10    Absolute Lymphocytes (cells/mm ) 

17-11     IgA(mg/dl) 

0.002 

0.018 

0.005 

0.005 

0.005 

0.004 

Comparison 440 584.1 
Background RH 142 565.3 -18.8- 0.479 
LowRH 84' 571.8 -12.3 -- 0.706 
High RH 91 552.4 -31.7- 0.307 
Low plus High RH 175 561.6 -22.5 - 0.355 

Comparison 440 275.4 
Background RH 142 258.9 -16.5 - 0.192 
LowRH 84 281.1 5.7- 0.726 
High RH 91 243.3 -32.1 - 0.028 
Low plus High RH 175 260.7 -14.7 -- 0.209 

Comparison 440 185.0 
Background RH 142 183.9 -1.1 -- 0.918 
LowRH 83 166.7 -18.3- 0.141 
HighRH 91 195.5 10.5-- 0.419 
Low plus High RH 174 181.1 -3.9 - 0.694 

Comparison 440 778.6 
Background RH 142 753.7 -24.9 - 0.395 
LowRH 84 761.5 -17.1 -- 0.632 
High RH 91 790.8 12.2 - 0.731 
Low plus High RH 175 776.6 -2.0 -- 0.940 

Comparison 1,164 1,775.7 
Background RH 371 1,786.3 10.6- 0.777 
LowRH 222 1,752.0 -23.7 - 0.598 
High RH 231 1,794.5 18.8- 0.676 
Low plus High RH 453 1,773.5 -2.2 -- 0.959 

Comparison 1,164 233.6 
Background RH 371 226.8 -6.8 -- 0.297 
Low RH 222 232.3 -1.3 - 0.868 
High RH 231 240.9 7.3- 0.373 
Low plus High RH 453 236.6 3.0- 0.629 



Table G-3.    Summary of Unadjusted Results for Continuous Variables 
Category) (Continued) 

Model 3 (Ranch Hands and Comparisons by Dioxin 

o 
to 
to 

Table Adj. Difference of Means vs. 
Ref. Clinical Parameter (Units) R2 Dioxin Category n Mean* Comparisons (95% C.I.) p-Value 

17-12 IgG(mg/dl)b 0.002 Comparison 1,164 1,048.1 
Background RH 371 1,031.9 -16.2- 0.254 
LowRH 222 1,041.7 -6.4 - 0.713 
High RH 231 1,039.6 -8.5 - 0.621 
Low plus High RH 453 1,040.7 -7.4 - 0.572 

17-13 IgM(mg/dl)b 0.004 Comparison 1,164 98.2 
Background RH 371 96.1 -2.1 - 0.487 
LowRH 222 95.8 -2.4 - 0.525 
High RH 231 96.4 -1.8- 0.619 
Low plus High RH 453 96.1 -2.1 - 0.459 

18-8 FVC (percent of predicted) 0.039 Comparison 1,211 99.14 
Background RH 381 99.33 0.19 (-1.50,1.88) 0.825 
LowRH 238 98.34 -0.80 (-2.83,1.23) 0.439 
High RH 243 99.79 0.66 (-1.36,2.67) 0.523 
Low plus High RH 481 99.07 -0.06 (-1.61,1.48) 0.935 

18-9 FEVi (percent of predicted) 0.003 Comparison 1,211 94.38 
Background RH 381 93.94 -0.44 (-2.46,1.57) 0.668 
LowRH 238 92.89 -1.48 (-3.90,0.93) 0.229 
High RH 243 95.50 1.12 (-1.28,3.53) 0.360 
Low plus High RH 481 94.21 -0.17 (-2.01,1.67) 0.859 

18-10 Observed FEVi to Observed FVC e 0.034 Comparison 1,211 0.763 
Background RH 381 0.757 -0.006 - 0.192 
LowRH 238 0.757 -0.006 ~ 0.341 
HighRH 243 0.770 0.007 ~ 0.164 
Low plus High RH 481 0.764 0.001 - 0.764 

a Adjusted for percent body fat at the time of the blood measurement for dioxin. 
b Means transformed from natural logarithm scale; difference of means after transformation to original scale; confidence interval not given because 
analysis was performed on natural logarithm scale; p-value based on difference of means on natural logarithm scale. 





Table G-4.    Summary of Unadjusted Results for Continuous Variables 
Log2 (1987 Dioxin + 1)) 

Model 4 (Ranch Hands: 

Table 
Ref. Clinical Parameter (Units) 

Slope 
(Standard Error) p-Value 

9-6 Body Fat (percent) 
9-8 Erythrocyte Sedimentation Rate (mm/hr) 

10-35 PSA(ng/ml)a 

13-11 AST(U/l)a 

13-13 ALT(U/l)a 

13-15 GGT(U/l)a 

13-17 Alkaline Phosphatase (U/1)a 

13-19 Total Bilirubin (mg/dl)a 

13-22 Lactic Dehydrogenase (U/1)a 

13-24 Cholesterol (mg/dl)c 

13-26 HDL Cholesterol (mg/dl)a 

13-28 Cholesterol-HDL Ratioa 

13-30 Triglycerides (mg/dl)a 

13-32 Creatine Phosphokinase (U/1)a 

13-34 Serum Amylase (U/1)a 

13-41 Prealbumin (mg/dl) 
13-43 Albumin (mg/dl) 
13-45 a-1 -Acid Glycoprotein (mg/dl)a 

13-47 a-1-Antitrypsin (mg/dl)c 

13-49 a-2-Macroglobulin (mg/dl)a 

13-51 Apolipoprotein B (mg/dl)c 

13-53 C3 Complement (mg/dl)a 

13-55 C4 Complement (mg/dl)a 

13-57 Haptoglobin (mg/dl)c 

13-59 Transferrin (mg/dl)a 

14-7 Systolic Blood Pressure (mm Hg)a 

14-9 Diastolic Blood Pressure (mm Hg)c 

15-3 RBC Count (million/mm3) 
15-5 WBC Count (thousand/mm3)a 

15-7 Hemoglobin (gm/dl) 
15-9 Hematocrit (percent) 

15-11 Platelet Count (thousand/mm )c 

15-13 Prothrombin Time (seconds)a 

15-16 Absolute Neutrophils (segs) (thousand/mm )a 

15-17 Absolute Neutrophils (bands) (Nonzero Measurements) 
(thousand/mm )a 

15-19 Absolute Lymphocytes (thousand/mm )a 

15-20 Absolute Monocytes (thousand/mm )c 

15-21 Absolute Eosinophils (Nonzero Measurements) 
(thousand/mm )a 

15-23 Absolute Basophils (Nonzero Measurements) 
(thousand/mm')a 

16-6 Time to Diabetes Onset (years) 
16-9 TSH(uIU/ml)a 

16-11 Thyroxine(ng/dl)c 

16-14 Fasting Glucose (mg/dl)a 

0.072 0.046 (0.006) <0.001 
0.009 0.063 (0.022) 0.004 
0.005 -0.037 (0.018) 0.043 
0.005 0.017 (0.008) 0.033 
0.023 0.029 (0.007) <0.001 
0.012 0.040(0.013) 0.002 

<0.001 -0.004 (0.006) 0.555 
0.001 -0.007(0.011) 0.499 
0.002 0.005 (0.004) 0.211 
0.008 0.077 (0.030) 0.009 
0.016 -0.023 (0.006) <0.001 
0.030 0.033 (0.007) <0.001 
0.028 0.072(0.015) <0.001 
0.004 0.024(0.014) 0.084 
0.005 -0.019 (0.009) 0.035 

<0.001 -0.047 (0.124) 0.704 
<0.001 -2.471 (7.678) 0.748 

0.001 0.005 (0.005) 0.336 
0.003 0.040 (0.025) 0.109 

<0.001 -0.004 (0.006) 0.522 
0.011 0.083 (0.027) 0.002 
0.040 0.021 (0.004) <0.001 
0.004 0.009 (0.005) 0.070 
0.002 0.074 (0.065) 0.254 
0.004 0.005 (0.003) 0.082 

<0.001 0.001 (0.003) 0.693 
0.007 0.031 (0.013) 0.014 
0.003 0.013 (0.009) 0.136 
0.007 0.015 (0.006) 0.013 
0.003 0.035 (0.023) 0.133 
0.001 0.077(0.071) 0.278 
0.009 0.109(0.039) 0.005 
0.002 -0.002 (0.002) 0.220 
0.007 0.020 (0.008) 0.017 
0.001 0.015(0.021) 0.482 

0.002 0.009 (0.008) 0.239 
0.004 0.007 (0.004) 0.059 
0.001 -0.017 (0.017) 0.330 

<0.001 0.006 (0.014) 0.674 

__ -0.098(0.021) <0.001 
<0.001 -0.000 (0.015) 0.977 

0.008 0.015(0.006) 0.009 
0.019 0.020 (0.005) <0.001 
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Table G-4.    Summary of Unadjusted Results for Continuous Variables - Model 4 
(Ranch Hands:   Log2 (1987 Dioxin + 1)) (Continued) 

Table Slope 
Ref. Clinical Parameter (Units) R2 (Standard Error) p-Value 

16-16 2-Hour Postprandial Glucose (mg/dl)a 0.003 0.011 (0.007) 0.115 
16-20 Serum Insulin (ulU/rnl)a 0.025 0.100(0.023) <0.001 
16-22 a-1 -C Hemoglobin (percent)a 0.033 0.021 (0.004) <0.001 
16-24 Total Testosterone (ng/dl)c 0.010 -0.296(0.101) 0.003 
16-26 Free Testosterone (pg/ml)c 0.001 -0.010 (0.015) 0.489 
16-28 Estradiol (pg/ml)c 0.002 0.039(0.031) 0.212 
16-30 LH(mIU/ml)a 0.005 -0.030 (0.015) 0.042 
16-32 FSH(mIU/ml)a 0.003 -0.024 (0.015) 0.105 
17-4 CD3+ Cells (T Cells) (cells/mm3)a 0.003 0.015 (0.015) 0.316 
17-5 CD4+ Cells (Helper T Cells) (cells/mm3)a 0.004 0.017(0.015) 0.255 
17-6 CD8+ Cells (Suppressor T Cells) (cells/mm3)a 0.001 0.009(0.019) 0.640 
17-7 CD16+56+ Cells (Natural Killer Cells) (cells/mm3)a <0.001 0.006 (0.021) 0.772 
17-8 CD20+ Cells (B Cells) (cells/mm3)a 0.004 0.026 (0.023) 0.260 
17-9 CD3+CD4+ Cells (Helper T Cells) (cells/mm3)a 0.005 0.019 (0.016) 0.228 

17-10 Absolute Lymphocytes (cells/mm')a 0.002 0.010(0.008) 0.222 
17-11 IgA(mg/dl)a 0.005 0.022(0.011) 0.051 
17-12 IgG(mg/dl)a <0.001 0.002 (0.005) 0.652 
17-13 IgM(mg/dl)a <0.001 -0.001 (0.012) 0.937 
18-8 FVC (percent of predicted) 0.001 -0.312(0.338) 0.356 
18-9 FEVi (percent of predicted) 0.002 0.496 (0.402) 0.217 

18-10 Observed FEVi to Observed FVC e 0.018 -0.031 (0.008) <0.001 

a Slope and standard error based on natural logarithm of clinical parameter versus log2 (initial dioxin). 
b Slope and standard error based on natural logarithm of (clinical parameter + 0.1) versus log2 (initial dioxin). 
c Slope and standard error based on square root of clinical parameter versus log2 (initial dioxin). 
d Slope and standard error based on time to diabetes onset versus log2 (initial dioxin) under a censored Weibull 
distribution. 
e Slope and standard error based on natural logarithm of (1 - clinical parameter) versus log2 (initial dioxin). 
—: R-squared not presented because analysis was based on a censored Weibull distribution. 
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Table G-5.   Summary of Unadjusted Results for Dichotomous Variables - ■ Model 1 (Ranch Hands 
vs. Comparisons) 

Table Clinical Occupational 
Number {%) Abnormal Est Relative Risk 

Ref. Parameter ||f:|r      Category RH C (95% C.I.) p-Value 

9-3 Self-perception of All 124 (14.3) 130(10.4) 1.44(1.10,1.87) 0.007 
Health Officer 30   (8.8) 34   (6.9) 1.31 (0.78,2.18) 0.308 

Enlisted Flyer 26 (17.2) 23(12.3) 1.48(0.81,2.72) 0.203 
Enlisted Groundcrew 68(18.0) 73(12.8) 1.50(1.05,2.15) 0.028 

9-4 Appearance of Illness All 15(1.7) 14(1.1) 1.55(0.74,3.23) 0.242 
or Distress Officer 3 (0.9) 4 (0.8) 1.09 (0.24,4.89) 0.913 

Enlisted Flyer 3 (2.0) 2(1.1) 1.87(0.31,11.37) 0.494 
Enlisted Groundcrew 9 (2.4) 8(1.4) 1.71 (0.66,4.48) 0.272 

9-5 Relative Age All 90(10.3) 104   (8.3) 1.27(0.95,1.71) 0.112 
Appearance Officer 22   (6.5) 25   (5.1) 1.29 (0.72,2.33) 0.392 

Enlisted Flyer 22(14.6) 21(11.2) 1.35 (0.71,2.56) 0.361 
Enlisted Groundcrew 46(12.2) 58 (10.2) 1.22(0.81,1.84) 0.337 

9-7 Body Fat All 244(28.1) 376(30.1) 0.91 (0.75,1.10) 0.316 
Officer 88 (25.8) 123 (24.9) 1.05(0.76,1.44) 0.767 
Enlisted Flyer 37 (24.5) 58(31.0) 0.72(0.45,1.17) 0.186 
Enlisted Groundcrew 119(31.5) 195 (34.2) 0.88(0.67,1.17) 0.382 

9-9 Erythrocyte All 72   (8.3) 88 (7.0) 1.19(0.86,1.65) 0.289 
Sedimentation Rate Officer 20   (5.9) 34 (6.9) 0.84(0.48,1.49) 0.557 

Enlisted Flyer 17(11.3) 14 (7.5) 1.57(0.75,3.29) 0.235 
Enlisted Groundcrew 35   (9.3) 40 (7.0) 1.35(0.84,2.17) 0.212 

10-3 Skin Neoplasms All 325 (40.4) 402 (34.4) 1.29(1.07,1.55) 0.007 
Officer 150(45.6) 183(38.1) 1.36(1.02,1.81) 0.034 
Enlisted Flyer 56 (40.0) 50 (28.9) 1.64(1.02,2.63) 0.040 
Enlisted Groundcrew 119 (35.4) 169 (32.8) 1.12(0.84,1.50) 0.433 

10-4 Malignant Skin All 144(17.9) 187 (16.0) 1.14(0.90,1.45) 0.274 
Neoplasms Officer 77 (23.4) 95 (19.8) 1.24(0.88,1.74) 0.218 

Enlisted Flyer 29 (20.7) 22 (12.7) 1.79(0.98,3.29) 0.059 
Enlisted Groundcrew 38(11.3) 70(13.6) 0.81 (0.53,1.24) 0.329 

10-5 Benign Skin All 225 (26.2) 264(21.3) 1.31 (1.07,1.61) 0.010 
Neoplasms Officer 96 (28.6) 107 (22.0) 1.42(1.03,1.96) 0.031 

Enlisted Flyer 34 (22.7) 32(17.3) 1.40(0.82,2.40) 0.220 
Enlisted Groundcrew 95 (25.4) 125 (22.0) 1.21 (0.89,1.64) 0.229 

10-6 Skin Neoplasms of All 7 (0.9) 8 (0.7) 1.27 (0.46,3.52) 0.645 
Uncertain Behavior or Officer 0 (0.0) 3 (0.6) - 0.397a 

Unspecified Nature Enlisted Flyer 0 (0.0) 1 (0.6) - 0.999a 

Enlisted Groundcrew 7 (2.1) 4 (0.8) 2.72 (0.79,9.36) 0.113 

10-7 Basal Cell Carcinoma All 121 (15.0) 155(13.3) 1.16(0.89,1.49) 0.269 
Officer 67 (20.4) 80(16.7) 1.28(0.89,1.83) 0.181 
Enlisted Flyer 26(18.6) 19(11.0) 1.85 (0.98,3.50) 0.060 
Enlisted Groundcrew 28   (8.3) 56(10.9) 0.75 (0.46,1.20) 0.226 
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Table i S-5.    Summary of Unadjusted Results for Dichotomous Variables - Model 1 
(Ranch Hands vs. Comparisons) (Continued) 

Table Clinical Occupational Number (%) Abnormal Est Relative Risk 
Ref. Parameter Category RH C (95% C.I.) p-Value 

10-8 Basal Cell Carcinoma All 93(11.6) 120(10.3) 1.14(0.86,1.52) 0.370 
(Ear, Face, Head, and Officer 49 (14.9) 60(12.5) 1.23(0.82,1.84) 0.328 
Neck) Enlisted Flyer 22 (15.7) 17   (9.8) 1.71 (0.87,3.37) 0.120 

Enlisted Groundcrew 22   (6.6) 43   (8.4) 0.77(0.45,1.31) 0.334 

10-9 Basal Cell Carcinoma All 40 (5.0) 47 (4.0) 1.25 (0.81,1.92) 0.318 
(Trunk) Officer 29 (8.8) 29 (6.0) 1.50(0.88,2.57) 0.135 

Enlisted Flyer 6(4.3) 3(1.7) 2.54(0.62,10.33) 0.194 
Enlisted Groundcrew 5 (1.5) 15 (2.9) 0.50(0.18,1.40) 0.188 

10-10 Basal Cell Carcinoma All 21 (2.6) 38 (3.3) 0.80(0.46,1.37) 0.405 
(Upper Extremities) Officer 17 (5.2) 24 (5.0) 1.04(0.55,1.96) 0.915 

Enlisted Flyer 1 (0.7) 2(1-2) 0.62 (0.06,6.85) 0.693 
Enlisted Groundcrew 3 (0.9) 12(2.3) 0.38(0.11,1.35) 0.134 

10-11 Basal Cell Carcinoma All 5 (0.6) 5 (0.4) 1.45(0.42,5.04) 0.556 
(Lower Extremities) Officer 4(1.2) 3 (0.6) 1.96(0.44,8.80) 0.381 

Enlisted Flyer 0 (0.0) 0 (0.0) „ - 
Enlisted Groundcrew 1 (0.3) 2 (0.4) 0.77 (0.07,8.48) 0.828 

10-12 Squamous Cell All 20 (2.5) 22(1.9) 1.33(0.72,2.45) 0.367 
Carcinoma Officer 11 (3.3) 16(3.3) 1.00(0.46,2.19) 0.994 

Enlisted Flyer 3(2.1) 2(1.2) 1.87(0.31,11.36) 0.495 
Enlisted Groundcrew 6(1.8) 4 (0.8) 2.32 (0.65,8.29) 0.194 

10-13 Nonmelanoma All 134(16.7) 176(15.1) 1.13(0.88,1.44) 0.345 
Officer 73 (22.2) 89(18.5) 1.25(0.89,1.77) 0.203 
Enlisted Flyer 29 (20.7) 21 (12.1) 1.89(1.02,3.49) 0.042 
Enlisted Groundcrew 32  (9.5) 66 (12.8) 0.72(0.46,1.12) 0.143 

10-14 Melanoma All 16 (2.0) 13(1.1) 1.80(0.86.3.77) 0.117 
Officer 9 (2.7) 7(1.5) 1.90(0.70,5.16) 0.207 
Enlisted Flyer 0 (0.0) 1 (0.6) - 0.999a 

Enlisted Groundcrew 7 (2.1) 5 (1.0) 2.17(0.68,6.90) 0.189 

10-15 Systemic Neoplasms All 267(31.2) 370 (29.8) 1.07(0.89,1.29) 0.482 
(All Sites Combined) Officer 110(33.1) 168 (34.4) 0.95 (0.70,1.27) 0.716 

Enlisted Flyer 49 (33.3) 55 (29.4) 1.20(0.75,1.91) 0.443 
Enlisted Groundcrew 108 (28.7) 147 (26.0) 1.15(0.86,1.54) 0.352 

10-16 Malignant Systemic All 67   (7.8) 75 (6.0) 1.32(0.94,1.86) 0.112 
Neoplasms Officer 32   (9.6) 39 (7.9) 1.23(0.76,2.01) 0.403 

Enlisted Flyer 18(12.1) 11(5.9) 2.20(1.00,4.81) 0.049 
Enlisted Groundcrew 17   (4.5) 25 (4.4) 1.03(0.55,1.93) 0.937 

10-17 Benign Systemic All 217 (25.4) 299(24.1) 1.07(0.88,1.31) 0.495 
Neoplasms Officer 82 (24.7) 130(26.6) 0.91 (0.66,1.25) 0.545 

Enlisted Flyer 40 (27.2) 47 (25.1) 1.11 (0.68,1.82) 0.668 
Enlisted Groundcrew 95 (25.3) 122(21.6) 1.23(0.91,1.67) 0.186 
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Table G-5.    Summary of Unadjusted Results for Dichotomous Variables 
(Ranch Hands vs. Comparisons) (Continued) 

Model 1 

Table Clinical Occupational Number (%) Abnormal Est Relative Risk 
Ref. Parameter Category RH c (95% C.I.) p-Value 

10-18 Systemic Neoplasms All 16(1.9) 25 (2.0) 0.93(0.49,1.75) 0.814 
of Uncertain Behavior Officer 11 (3.3) 13 (2.6) 1.26(0.56,2.84) 0.583 
or Unspecified Nature Enlisted Flyer 1 (0.7) 2(1.1) 0.63 (0.06,6.96) 0.702 

Enlisted Groundcrew 4(1.1) 10(1.8) 0.60(0.19,1.92) 0.388 

10-19 Malignant Systemic All 9(1.1) 12(1.0) 1.09(0.46,2.60) 0.848 
Neoplasms (Eye, Ear, Officer 6(1.8) 4 (0.8) 2.23 (0.63,7.98) 0.216 
Face, Head, and Neck) Enlisted Flyer 1 (0.7) 3(1.6) 0.41 (0.04,4.03) 0.448 

Enlisted Groundcrew 2 (0.5) 5 (0.9) 0.60(0.12,3.11) 0.543 

10-20 Malignant Systemic All 4 (0.5) 7 (0.6) 0.83 (0.24,2.84) 0.762 
Neoplasms (Oral Officer 2 (0.6) 2(0.4) 1.48(0.21,10.54) 0.697 
Cavity, Pharynx, and Enlisted Flyer 1 (0.7) 2(1.1) 0.63 (0.06,6.96) 0.702 
Larynx) Enlisted Groundcrew 1 (0.3) 3 (0.5) 0.50 (0.05,4.83) 0.550 

10-21 Malignant Systemic All 2 (0.2) 0 (0.0) — 0.325a 

Neoplasms (Thymus, Officer 1 (0.3) 0 (0.0) -- 0.845a 

Heart, and Enlisted Flyer 0 (0.0) 0 (0.0) -- - 
Mediastinum) Enlisted Groundcrew 1 (0.3) 0 (0.0) ~ 0.836a 

10-22 Malignant Systemic All 2 (0.2) 2 (0.2) 1.45 (0.20,10.33) 0.710 
Neoplasms (Thyroid Officer 2 (0.6) 1 (0.2) 2.96 (0.27,32.79) 0.376 
Gland) Enlisted Flyer 0 (0.0) 0 (0.0) -- ~ 

Enlisted Groundcrew 0 (0.0) 1 (0.2) ~ 0.999a 

10-23 Malignant Systemic All 10(1.2) 3 (0.2) 4.88(1.34,17.79) 0.008 
Neoplasms (Bronchus Officer 5(1.5) 2 (0.4) 3.73(0.72,19.33) 0.117 
and Lung) Enlisted Flyer 3 (2.0) 1 (0.5) 3.82(0.39,37.13) 0.248 

Enlisted Groundcrew 2 (0.5) 0 (0.0) ~ 0.310a 

10-24 Malignant Systemic All 2 (0.2) 2 (0.2) 1.45(0.20,10.33) 0.710 
Neoplasms (Liver) Officer 0 (0.0) 1 (0.2) ~ 0.999a 

Enlisted Flyer 1 (0.7) 0 (0.0) - 0.909a 

Enlisted Groundcrew 1 (0.3) 1 (0.2) 1.51 (0.09,24.18) 0.772 

10-25 Malignant Systemic All 7 (0.8) 8 (0.6) 1.27(0.46,3.52) 0.645 
Neoplasms (Colon and Officer 3 (0.9) 2 (0.4) 2.22(0.37,13.38) 0.383 
Rectum) Enlisted Flyer 2(1.3) 2(1.1) 1.26(0.18,9.04) 0.819 

Enlisted Groundcrew 2 (0.5) 4 (0.7) 0.75 (0.14,4.13) 0.743 

10-26 Malignant Systemic All 11(1.3) 6 (0.5) 2.68 (0.99,7.28) 0.046 
Neoplasms (Kidney Officer 5(1.5) 5(1.0) 1.48(0.43,5.16) 0.537 
and Bladder) Enlisted Flyer 3 (2.0) 0 (0.0) ~ 0.172a 

Enlisted Groundcrew 3 (0.8) 1 (0.2) 4.55 (0.47,43.89) 0.190 

10-27 Malignant Systemic All 26 (3.0) 39(3.1) 0.97 (0.58,1.60) 0.893 
Neoplasms (Prostate) Officer 13 (3.9) 25(5.1) 0.76(0.38,1.50) 0.427 

Enlisted Flyer 7 (4.7) 4(2.1) 2.26 (0.65,7.86) 0.201 
Enlisted Groundcrew 6(1.6) 10(1.8) 0.90 (0.33,2.50) 0.844 
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Table i G-5.    Summary of Unadjusted Results for Dichotomous Variables - Model 1 
(Ranch Hands vs. Comparisons) (Continued) 

Table Clinical Occupational Number (%) Abnormal EsL Relative Risk 
Ref. Parameter Category RH C (95% C.I.) p-Value 

10-28 Malignant Systemic All 3 (0.4) 0 (0.0) — 0.134a 

Neoplasms (Testicles) Officer 1 (0.3) 0 (0.0) — 0.845a 

Enlisted Flyer 1 (0.7) 0 (0.0) „ 0.909a 

Enlisted Groundcrew 1 (0.3) 0 (0.0) - 0.836a 

10-29 Malignant Systemic All 1 (0.1) 2 (0.2) 0.73 (0.07,8.01) 0.790 
Neoplasms Officer 0 (0.0) 0 (0.0) - - 
(Connective and Other Enlisted Flyer 1 (0.7) 0 (0.0) ~ 0.909a 

Soft Tissues) Enlisted Groundcrew 0 (0.0) 2 (0.4) - 0.667a 

10-30 Hodgkin's Disease All 1 (0.1) 3 (0.2) 0.48 (0.05,4.65) 0.507 
Officer 1 (0.3) 2 (0.4) 0.74(0.07,8.16) 0.803 
Enlisted Flyer 0 (0.0) 0 (0.0) - - 
Enlisted Groundcrew 0 (0.0) 1 (0.2) — 0.999a 

10-31 Non-Hodgkin's All 1 (0.1) 3 (0.2) 0.48 (0.05,4.65) 0.507 
Lymphoma Officer 0 (0.0) 2 (0.4) -- 0.657a 

Enlisted Flyer 0 (0.0) 0 (0.0) - - 
Enlisted Groundcrew 1 (0.3) 1 (0.2) 1.51 (0.09,24.18) 0.772 

10-32 Other Malignant All 2 (0.2) 4 (0.3) 0.72(0.13,3.97) 0.706 
Systemic Neoplasms Officer 1 (0.3) 2 (0.4) 0.74(0.07,8.16) 0.803 
of Lymphoid and Enlisted Flyer 0 (0.0) 1 (0.5) ~ 0.999a 

Histiocytic Tissue Enlisted Groundcrew 1 (0.3) 1 (0.2) 1.51 (0.09,24.18) 0.772 

10-33 Malignant Skin and All 186(21.9) 234 (18.9) 1.20(0.97,1.49) 0.099 
Systemic Neoplasms Officer 95 (28.8) 116(23.8) 1.29(0.94,1.77) 0.112 

Enlisted Flyer 39 (26.4) 31 (16.8) 1.78(1.04,3.02) 0.034 
Enlisted Groundcrew 52(13.9) 87(15.4) 0.89(0.62,1.29) 0.546 

10-34 All Skin and Systemic All 473 (55.8) 620 (50.4) 1.25(1.05,1.49) 0.014 
Neoplasms Officer 202(61.4) 266 (55.2) 1.29(0.97,1.72) 0.079 

Enlisted Flyer 84 (57.5) 92 (49.7) 1.37(0.88,2.12) 0.158 
Enlisted Groundcrew 187 (50.3) 262 (46.5) 1.17 (0.90,1.51) 0.253 

10-36 PSA All 54 (6.5) 73(6.1) 1.07(0.74,1.53) 0.730 
Officer 31 (9.7) 29 (6.3) 1.59(0.94,2.69) 0.086 
Enlisted Flyer 10(7.1) 15 (8.3) 0.84(0.37,1.93) 0.681 
Enlisted Groundcrew 13 (3.5) 29 (5.3) 0.66(0.34,1.29) 0.223 

11-3 Inflammatory Diseases All 7 (0.8) 1 (0.1) 10.11(1.24,82.35) 0.006 
Officer 2 (0.6) 0 (0.0) -- 0.327a 

Enlisted Flyer 2(1.3) 0 (0.0) - 0.391a 

Enlisted Groundcrew 3 (0.8) 1 (0.2) 4.56 (0.47,44.05) 0.189 

11-4 Hereditary and All 80  (9.2) 108   (8.7) 1.08 (0.79,1.46) 0.639 
Degenerative Diseases Officer 30   (8.8) 37   (7.5) 1.19(0.72,1.97) 0.492 

Enlisted Flyer 19(12.6) 19 (10.2) 1.27(0.65,2.50) 0.484 
Enlisted Groundcrew 31   (8.3) 52   (9.1) 0.90(0.56,1.43) 0.643 
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Table G-5.    Summary of Unadjusted Results for Dichotomous Variables - Model 1 
(Ranch Hands vs. Comparisons) (Continued) 

Table Clinical Occupational Number (%) Abnormal EsL Relative Risk 
Ref. Parameter Category RH C (95% C.I.) p-Value 
11-5 Peripheral Disorders All 188(21.8) 241 (19.3) 1.16(0.94,1.44) 0.169 

Officer 78 (23.0) 91 (18.5) 1.32(0.94,1.85) 0.113 
Enlisted Flyer 36 (24.0) 44 (23.7) 1.02(0.62,1.69) 0.941 
Enlisted Groundcrew 74(19.8) 106(18.6) 1.08(0.77,1.50) 0.658 

11-6 Other Neurological All 173 (20.1) 211(17.0) 1.23(0.98,1.54) 0.070 
Disorders Officer 29   (8.6) 38   (7.7) 1.12(0.68,1.86) 0.656 

Enlisted Flyer 46 (30.5) 45 (24.2) 1.37 (0.85,2.22) 0.198 
Enlisted Groundcrew 98 (26.3) 128 (22.6) 1.22(0.90,1.65) 0.200 

11-7 Smell All 20 (2.3) 19(1.5) 1.54(0.81,2.89) 0.186 
Officer 5(1.5) 10(2.0) 0.73 (0.25,2.14) 0.562 
Enlisted Flyer 6 (4.0) 1 (0.5) 7.70 (0.92,64.65) 0.060 
Enlisted Groundcrew 9 (2.4) 8 (1.4) 1.73(0.66,4.51) 0.266 

11-8 Visual Fields All 2 (0.2) 5 (0.4) 0.57(0.11,2.97) 0.493 
Officer 0 (0.0) 1 (0.2) ~ 0.999a 

Enlisted Flyer 1 (0.7) 2(1.1) 0.61 (0.06,6.83) 0.691 
Enlisted Groundcrew 1 (0.3) 2(0.4) 0.76 (0.07,8.36) 0.819 

11-9 Light Reaction All 1 (0.1) 12(1.0) 0.12(0.02,0.92) 0.007 
Officer 0 (0.0) 3 (0.6) - 0.399a 

Enlisted Flyer 1 (0.7) 4(2.1) 0.31 (0.03,2.76) 0.291 
Enlisted Groundcrew 0 (0.0) 5 (0.9) - 0.173a 

11-10 Ocular Movement All 14(1.6) 17(1.4) 1.19(0.58,2.43) 0.632 
Officer 2 (0.6) 5 (1.0) 0.58(0.11,2.99) 0.513 
Enlisted Flyer 3 (2.0) 2(1.1) 1.87(0.31,11.37) 0.494 
Enlisted Groundcrew 9 (2.4) 10(1.8) 1.37 (0.55,3.42) 0.493 

11-11 Facial Sensation All 2 (0.2) 2 (0.2) 1.44(0.20,10.27) 0.714 
Officer 1 (0.3) 1 (0.2) 1.46(0.09,23.35) 0.791 
Enlisted Flyer 0 (0.0) 1 (0.5) - 0.999a 

Enlisted Groundcrew 1 (0.3) 0 (0.0) - 0.834a 

11-12 Jaw Clench All 2 (0.2) 0 (0.0) — 0.327a 

Officer 2(0.6) 0 (0.0) - 0.325a 

Enlisted Flyer 0 (0.0) 0 (0.0) - - 
Enlisted Groundcrew 0 (0.0) 0 (0.0) - — 

11-13 Smile All 7 (0.8) 4 (0.3) 2.54 (0.74,8.69) 0.129 
Officer 1 (0.3) 2 (0.4) 0.72 (0.07,8.02) 0.793 
Enlisted Flyer 1 (0.7) 0 (0.0) -- 0.915a 

Enlisted Groundcrew 5(1.3) 2 (0.4) 3.83 (0.74,19.85) 0.110 

11-14 Palpebral Fissure All 7 (0.8) 12(1.0) 0.84(0.33,2.14) 0.713 
Officer 2 (0.6) 5 (1.0) 0.58(0.11,2.99) 0.513 
Enlisted Flyer 1 (0.7) 1 (0.5) 1.24(0.08,19.99) 0.879 
Enlisted Groundcrew 4(1.1) 6(1.1) 1.01 (0.28,3.61) 0.986 
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Table G-5.    Summary of Unadjusted Results for Dichotomous Variables - Model 1 
(Ranch Hands vs. Comparisons) (Continued) 

Table Clinical Occupational Number (%) Abnormal 
Est Relative Risk 

Ref. Parameter Category RH C (95% C.I.) p-Value 

11-15 Balance All 7 (0.8) 7 (0.6) 1.44(0.50,4.13) 0.494 
Officer 5(1.5) 2 (0.4) 3.66(0.71,19.00) 0.122 
Enlisted Flyer 0 (0.0) 1 (0.5) _. 0.999a 

Enlisted Groundcrew 2 (0.5) 4 (0.7) 0.76(0.14,4.16) 0.749 

11-16 Speech All 4 (0.5) 10 (0.8) 0.57(0.18,1.84) 0.334 
Officer 1 (0.3) 2 (0.4) 0.72 (0.07,8.02) 0.793 
Enlisted Flyer 0 (0.0) 1 (0.5) - 0.999a 

Enlisted Groundcrew 3 (0.8) 7(1.2) 0.65(0.17,2.52) 0.531 

11-17 Tongue Position All 2 (0.2) 0 (0.0) ~ 0.327a 

Relative to Midline Officer 2 (0.6) 0 (0.0) — 0.325a 

Enlisted Flyer 0 (0.0) 0 (0.0) -- - 
Enlisted Groundcrew 0 (0.0) 0 (0.0) ~ - 

11-18 Palate and Uvula All 1 (0.1) 0 (0.0) „ 0.854a 

Movement Officer 1 (0.3) 0 (0.0) — 0.852a 

Enlisted Flyer 0 (0.0) 0 (0.0) „ ~ 
Enlisted Groundcrew 0 (0.0) 0 (0.0) - - 

11-19 Cranial Nerve Index All 56 (6.6) 72 (5.8) 1.15 (0.80,1.65) 0.452 
Officer 17 (5.2) 26 (5.3) 0.98(0.52,1.83) 0.941 
Enlisted Flyer 13 (8.6) 10(5.4) 1.66(0.71,3.89) 0.246 
Enlisted Groundcrew 26 (7.0) 36 (6.4) 1.11 (0.66,1.88) 0.683 

11-20 Neck Range of Motion All 165(19.1) 188(15.1) 1.33(1.06,1.67) 0.016 
Officer 70 (20.6) 81 (16.4) 1.32(0.92,1.88) 0.126 
Enlisted Flyer 41 (27.2) 29 (15.5) 2.03 (1.19,3.46) 0.009 
Enlisted Groundcrew 54 (14.4) 78(13.7) 1.06(0.73,1.54) 0.764 

11-21 Pinprick All 57   (6.9) 67 (5.7) 1.24(0.86,1.79) 0.244 
Officer 20   (6.2) 22 (4.7) 1.35 (0.72,2.51) 0.350 
Enlisted Flyer 19(13.1) 14(7.7) 1.81(0.87,3.75) 0.110 
Enlisted Groundcrew 18   (5.1) 31 (5.8) 0.87(0.48,1.57) 0.638 

11-22 Light Touch All 38 (4.6) 45 (3.8) 1.23(0.79,1.91) 0.363 
Officer 15 (4.7) 13 (2.8) 1.71 (0.80,3.65) 0.163 
Enlisted Flyer 12 (8.3) 10(5.5) 1.55 (0.65,3.70) 0.322 
Enlisted Groundcrew 11(3.1) 22(4.1) 0.74(0.36,1.55) 0.432 

11-23 Muscle Status AH 39 (4.5) 37 (3.0) 1.54(0.98,2.44) 0.064 
Officer 13 (3.8) 18 (3.7) 1.05(0.51,2.17) 0.897 
Enlisted Flyer 10(6.6) 7 (3.7) 1.82(0.68,4.91) 0.235 
Enlisted Groundcrew 16 (4.3) 12(2.1) 2.06 (0.97,4.42) 0.062 

11-24 Patellar Reflex All 24 (2.8) 35 (2.8) 0.99(0.58,1.67) 0.962 
Officer 12 (3.5) 16(3.3) 1.09(0.51,2.34) 0.823 
Enlisted Flyer 1 (0.7) 7 (3.8) 0.17(0.02,1.40) 0.100 
Enlisted Groundcrew 11 (2.9) 12(2.1) 1.40(0.61,3.21) 0.425 
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Table < G-5.    Summary of U nadjusted Results f or Dichotor nous Variables - Model 1 
(Ranch Hands vs. Comparisons) (Continued) 

Table Clinical Occupational Number (%) Abnormal Est Relative Risk 
Ref. Parameter Category RH C (95% C.I.) p-Value 

11-25 Achilles Reflex All 153(17.7) 203(16.3) 1.10(0.88,1.39) 0.410 
Officer 67(19.7) 82(16.7) 1.22(0.86,1.75) 0.267 
Enlisted Flyer 30(19.9) 37(19.9) 1.00(0.58,1.71) 0.995 
Enlisted Groundcrew 56(15.0) 84 (14.8) 1.01(0.70,1.46) 0.947 

11-26 Biceps Reflex All 12(1.4) 12(1.0) 1.45 (0.65,3.24) 0.369 
Officer 5(1.5) 6(1.2) 1.21 (0.37,4.00) 0.753 
Enlisted Flyer 2(1.3) 2(1.1) 1.24(0.17,8.92) 0.830 
Enlisted Groundcrew 5(1.3) 4 (0.7) 1.91(0.51,7.14) 0.339 

11-27 Babinski Reflex All 8 (0.9) 13(1.0) 0.88(0.36,2.14) 0.785 
Officer 3 (0.9) 2 (0.4) 2.18(0.36,13.12) 0.394 
Enlisted Flyer 1 (0.7) 3(1.6) 0.40 (0.04,3.93) 0.435 
Enlisted Groundcrew 4(1.1) 8(1.4) 0.76 (0.23,2.53) 0.650 

11-29 Polyneuropathy All 130(15.8) 179(15.1) 1.06(0.83,1.35) 0.668 
Prevalence Index Officer 55 (17.1) 75(16.0) 1.08(0.74,1.58) 0.694 

Enlisted Flyer 29 (20.0) 39(21.4) 0.92(0.53,1.57) 0.752 
Enlisted Groundcrew 46(13.0) 65(12.2) 1.08(0.72,1.61) 0.725 

11-30 Multiple All 41 (5.0) 38 (3.2) 1.58(1.01,2.49) 0.046 
Polyneuropathy Index Officer 16(5.0) 17 (3.6) 1.39(0.69,2.79) 0.358 

Enlisted Flyer 13 (9.0) 9 (5.0) 1.89(0.79,4.56) 0.155 
Enlisted Groundcrew 12 (3.4) 12 (2.3) 1.52 (0.68,3.43) 0.309 

11-31 Confirmed All 11(1.4) 7 (0.6) 2.30 (0.89,5.95) 0.082 
Polyneuropathy Officer 2 (0.6) 6(1.3) 0.49(0.10,2.43) 0.381 
Indicator Enlisted Flyer 4(2.8) 0 (0.0) » 0.079a 

Enlisted Groundcrew 5 (1.4) 1 (0.2) 7.62 (0.89,65.47) 0.064 

11-32 Tremor All 60 (6.9) 91 (7.3) 0.95(0.68,1.33) 0.753 
Officer 22 (6.5) 29 (5.9) 1.11 (0.62,1.96) 0.728 
Enlisted Flyer 15 (9.9) 15 (8.0) 1.26(0.60,2.68) 0.540 
Enlisted Groundcrew 23(6.1) 47 (8.3) 0.73(0.43,1.22) 0.224 

11-33 Coordination All 19 (2.2) 31 (2.5) 0.88(0.49,1.57) 0.663 
Officer 10 (2.9) 8 (1.6) 1.84 (0.72,4.70) 0.205 
Enlisted Flyer 1 (0.7) 4 (2.2) 0.30 (0.03,2.74) 0.288 
Enlisted Groundcrew 8(2.1) 19 (3.4) 0.63(0.27,1.45) 0.279 

11-34 Romberg Sign All 7 (0.8) 7 (0.6) 1.44(0.50,4.13) 0.494 
Officer 5(1.5) 2 (0.4) 3.66(0.71,19.00) 0.122 
Enlisted Flyer 0 (0.0) 1 (0.5) - 0.999a 

Enlisted Groundcrew 2 (0.5) 4 (0.7) 0.76(0.14,4.16) 0.749 

11-35 Gait All 50 (5.8) 57 (4.6) 1.28(0.87,1.89) 0.214 
Officer 19 (5.6) 26 (5.3) 1.06(0.58,1.95) 0.844 
Enlisted Flyer 11 (7.3) 11(5.9) 1.26(0.53,2.98) 0.604 

Enlisted Groundcrew 20 (5.3) 20 (3.5) 1.55(0.82,2.92) 0.178 
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Table G-5.    Summary of Unadjusted Results for Dichotomous Variables 
(Ranch Hands vs. Comparisons) (Continued) 

Model 1 

Table Clinical Occupational Number (%) Abnormal Est Relative Risk 
Ref. Parameter Category RH C (95% C.I.) p-Value 

11-36 CNS Index All 107(12.4) 148(11.9) 1.05(0.80,1.37) 0.731 
Officer 39(11.5) 53 (10.8) 1.08(0.69,1.67) 0.745 
Enlisted Flyer 24 (15.9) 28 (15.0) 1.07 (0.59,1.94) 0.816 
Enlisted Groundcrew 44(11.7) 67(11.8) 0.99(0.66,1.49) 0.977 

12-3 Psychoses All 34 (3.9) 48 (3.8) 1.02(0.65,1.60) 0.927 
Officer 9(2.6) 12(2.4) 1.09(0.45,2.61) 0.853 
Enlisted Flyer 10 (6.6) 7 (3.7) 1.82(0.68,4.91) 0.235 
Enlisted Groundcrew 15 (4.0) 29(5.1) 0.78(0.41,1.47) 0.435 

12-4 Alcohol Dependence All 62 (7.2) 83 (6.7) 1.08(0.77,1.52) 0.655 
Officer 15 (4.4) 26 (5.3) 0.83 (0.43,1.58) 0.566 
Enlisted Flyer 14 (9.3) 16(8.6) 1.09 (0.52,2.32) 0.818 
Enlisted Groundcrew 33 (8.8) 41 (7.2) 1.24(0.77,2.00) 0.377 

12-5 Drug Dependence All 2 (0.2) 4 (0.3) 0.72(0.13,3.94) 0.700 
Officer 0 (0.0) 1 (0.2) - 0.999a 

Enlisted Flyer 0 (0.0) 0 (0.0) - - 
Enlisted Groundcrew 2(0.5) 3 (0.5) 1.01(0.17,6.08) 0.990 

12-6 Anxiety All 232 (26.9) 334 (26.8) 1.00(0.83,1.22) 0.969 
Officer 56(16.5) 88(17.9) 0.91 (0.63,1.31) 0.605 
Enlisted Flyer 48 (32.0) 56 (30.0) 1.10(0.69,1.75) 0.685 
Enlisted Groundcrew 128 (34.3) 190 (33.6) 1.03(0.78,1.36) 0.813 

12-7 Other Neuroses All 467 (54.6) 660 (53.2) 1.06(0.89,1.26) 0.529 
Officer 136 (40.2) 226 (46.0) 0.79(0.60,1.05) 0.099 
Enlisted Flyer 93 (62.4) 112(60.5) 1.08(0.69,1.69) 0.726 
Enlisted Groundcrew 238 (64.7) 322(57.1) 1.38 (1.05,1.08) 0.021 

12-8 SCL-90-R Anxiety All 82   (9.5) 140(11.2) 0.83(0.62,1.10) 0.197 
Officer 14   (4.1) 28   (5.7) 0.71 (0.37,1.37) 0.309 
Enlisted Flyer 15(10.0) 30(16.0) 0.58(0.30.1.13) 0.108 
Enlisted Groundcrew 53(14.1) 82 (14.4) 0.98(0.67,1.42) 0.905 

12-9 SCL-90-R Depression All 115(13.3) 201(16.1) 0.80(0.62,1.02) 0.073 
Officer 28   (8.2) 47   (9.5) 0.85 (0.52,1.39) 0.512 
Enlisted Flyer 19(12.7) 40(21.4) 0.53 (0.29,0.97) 0.038 
Enlisted Groundcrew 68(18.1) 114(20.0) 0.88(0.63,1.23) 0.469 

12-10 SCL-90-R Hostility All 61   (7.0) 111   (8.9) 0.78(0.56,1.08) 0.124 
Officer 11   (3.2) 23   (4.7) 0.68(0,33,1.42) 0.304 
Enlisted Flyer 11   (7.3) 21(11.2) 0.63 (0.29,1.34) 0.228 
Enlisted Groundcrew 39 (10.4) 67(11.8) 0.87(0.57,1.32) 0.513 

12-11 SCL-90-R All 117(13.5) 205(16.4) 0.80(0.62,1.02) 0.066 

Interpersonal Officer 25   (7.3) 40   (8.1) 0.90(0.53,1.51) 0.679 
Sensitivity Enlisted Flyer 22 (14.7) 42 (22.5) 0.59(0.34,1.05) 0.072 

Enlisted Groundcrew 70(18.7) 123(21.6) 0.83 (0.60,1.15) 0.272 
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Table i G-5.    Summary of Unadjusted Results for Dichotomous Variables - Model 1 
(Ranch Hands vs. Comparisons) (Continued) 

Table Clinical Occupational Number (%) Abnormal Est Relative Risk 
Ref. Parameter Category RH C (95% C.I.) p-Value 

12-12 SCL-90-R Obsessive- All 121 (14.0) 205 (16.4) 0.83(0.65,1.06) 0.125 
Compulsive Behavior Officer 30   (8.8) 47   (9.5) 0.92(0.57,1.48) 0.718 

Enlisted Flyer 28(18.7) 41 (21.9) 0.82(0.48,1.40) 0.462 
Enlisted Groundcrew 63 (16.8) 117(20.6) 0.78(0.56,1.09) 0.150 

12-13 SCL-90-R Paranoid All 57   (6.6) 89   (7.1) 0.92(0.65,1.30) 0.627 
Ideation Officer 8   (2.4) 15   (3.0) 0.77(0.32,1.83) 0.547 

Enlisted Flyer 8   (5.3) 17   (9.1) 0.56(0.24,1.34) 0.196 
Enlisted Groundcrew 41 (10.9) 57 (10.0) 1.10(0.72,1.69) 0.652 

12-14 SCL-90-R Phobic All 85   (9.8) 131(10.5) 0.93(0.70,1.24) 0.615 
Anxiety Officer 10   (2.9) 28   (5.7) 0.50(0.24,1.05) 0.066 

Enlisted Flyer 15 (10.0) 27(14.4) 0.66(0.34,1.29) 0.223 
Enlisted Groundcrew 60(16.0) 76(13.4) 1.24(0.86,1.78) 0.258 

12-15 SCL-90-R All 105(12.1) 184(14.7) 0.80(0.62,1.03) 0.084 
Psychoticism Officer 21   (6.2) 45   (9.1) 0.65(0.38,1.12) 0.121 

Enlisted Flyer 19(12.7) 31 (16.6) 0.73 (0.39,1.35) 0.317 
Enlisted Groundcrew 65 (17.3) 108(19.0) 0.90(0.64,1.26) 0.522 

12-16 SCL-90-R All 143(16.5) 201 (16.1) 1.03 (0.82,1.30) 0.797 
Somatization Officer 25   (7.3) 36   (7.3) 1.00(0.59,1.71) 0.987 

Enlisted Flyer 33 (22.0) 52 (27.8) 0.73(0.44,1.21) 0.223 
Enlisted Groundcrew 85 (22.7) 113(19.9) 1.18(0.86,1.62) 0.300 

12-17 SCL-90-R Global All 118(13.6) 195 (15.6) 0.85 (0.67,1.09) 0.204 
Severity Index (GSI) Officer 23   (6.7) 37   (7.5) 0.89(0.52,1.53) 0.676 

Enlisted Flyer 22 (14.7) 41 (21.9) 0.61 (0.35,1.08) 0.091 
Enlisted Groundcrew 73 (19.5) 117 (20.6) 0.93 (0.67,1.29) 0.681 

12-18 SCL-90-R Positive All 123(14.2) 213(17.1) 0.81 (0.63,1.02) 0.076 
Symptom Total (PST) Officer 25   (7.3) 46   (9.3) 0.77(0.46,1.28) 0.310 

Enlisted Flyer 26(17.3) 42 (22.5) 0.72(0.42,1.25) 0.245 
Enlisted Groundcrew 72(19.2) 125 (22.0) 0.84(0.61,1.17) 0.306 

12-19 SCL-90-R Positive All 69   (8.0) 84   (6.7) 1.20(0.86,1.67) 0.280 
Symptom Distress Officer 14   (4.1) 17   (3.5) 1.20(0.58,2.47) 0.622 
Index (PSDI) Enlisted Flyer 13   (8.7) 19(10.2) 0.84(0.40,1.76) 0.642 

Enlisted Groundcrew 42(11.2) 48   (8.4) 1.37(0.88,2.12) 0.158 

13-3 Uncharacterized All 17 (2.0) 21 (1.7) 1.17(0.61,2.23) 0.634 
Hepatitis Officer 5(1.5) 7 (1.4) 1.03(0.32,3.28) 0.958 

Enlisted Flyer 4 (2.6) 3 (1.6) 1.67(0.37,7.57) 0.507 

Enlisted Groundcrew 8(2.1) 11(1-9) 1.11 (0.44,2.78) 0.826 

13-4 Jaundice All 12(1.4) 35 (2.9) 0.49 (0.25,0.94) 0.025 
Officer 6(1.8) 19(4.0) 0.45 (0.18,1.14) 0.091 
Enlisted Flyer 3 (2.0) 1 (0.6) 3.70 (0.38,35.9) 0.260 
Enlisted Groundcrew 3 (0.8) 15 (2.7) 0.30 (0.09,1.04) 0.057 
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Table G-5.    Summary of Unadjusted Results for Dichotomous Variables - Model 1 
(Ranch Hands vs. Comparisons) (Continued) 

Table Clinical Occupational Number (%) Abnormal   j Est. Relative Risk 
Ref. Parameter Category RH C (95% C.I.) p-Value 

13-5 Chronic Liver Disease All 39 (4.8) 56 (4.7) 1.01 (0.67,1.54) 0.958 
and Cirrhosis Officer 15 (4.6) 14 (3.0) 1.58 (0.75,3.32) 0.229 
(Alcohol-related) Enlisted Flyer 7(5.1) 12(6.7) 0.75(0.29,1.95) 0.553 

Enlisted Groundcrew 17 (4.8) 30 (5.6) 0.85 (0.46,1.57) 0.602 

13-6 Chronic Liver Disease All 14(1.6) 14(1.1) 1.44(0.68,3.04) 0.336 
and Cirrhosis (Non- Officer 5(1.5) 3 (0.6) 2.43(0.58,10.18) 0.226 
alcohol-related) Enlisted Flyer 2(1.3) 3 (1.6) 0.82 (0.14,4.99) 0.832 

Enlisted Groundcrew 7(1.9) 8 (1.4) 1.33(0.48,3.69) 0.589 

13-7 Liver Abscess and All 1(0.1) 1 (0.1) 1.44(0.09,23.03) 0.798 
Sequelae of Chronic Officer 0(0.0) 1 (0.2) ~ 0.999a 

Liver Disease Enlisted Flyer 0 (0.0) 0 (0.0) - - 
Enlisted Groundcrew 1 (0.3) 0 (0.0) — 0.836a 

13-8 Enlarged Liver All 14(1.6) 27 (2.2) 0.74(0.39,1.42) 0.361 
(Hepatomegaly) Officer 5(1-5) 9(1.8) 0.80 (0.27,2.40) 0.689 

Enlisted Flyer 6 (4.0) 3(1.6) 2.54(0.62,10.32) 0.193 
Enlisted Groundcrew 3 (0.8) 15 (2.6) 0.30(0.09,1.03) 0.056 

13-9 Other Liver Disorders All 249 (28.8) 312(25.2) 1.20(0.99,1.46) 0.067 
Officer 93 (27.5) 121 (24.9) 1.15(0.84,1.57) 0.399 
Enlisted Flyer 40 (26.5) 48 (25.7) 1.04(0.64,1.70) 0.864 
Enlisted Groundcrew 116(30.8) 143 (25.2) 1.32(0.99,1.76) 0.062 

13-10 Current Hepatomegaly All 10(1.2) 7 (0.6) 2.06 (0.78,5.43) 0.141 
Officer 4 (1.2) 2(0.4) 2.90(0.53,15.95) 0.220 
Enlisted Flyer 2(1.3) 0 (0.0) -- 0.389a 

Enlisted Groundcrew 4(1.1) 5 (0.9) 1.20(0.32,4.51) 0.783 

13-12 AST All 63 (7.3) 82 (6.7) 1.11(0.79,1.56) 0.552 
Officer 24(7.1) 32 (6.5) 1.09(0.63,1.88) 0.765 
Enlisted Flyer 10 (6.7) 16 (8.6) 0.75(0.33,1.72) 0.501 
Enlisted Groundcrew 29 (7.9) 34(6.1) 1.31 (0.78,2.19) 0.304 

13-14 ALT All 68   (7.9) 87   (7.1) 1.13(0.81,1.57) 0.468 
Officer 23   (6.8) 22  (4.5) 1.54(0.85,2.82) 0.157 
Enlisted Flyer 15 (10.0) 19 (10.3) 0.97(0.48,1.98) 0.935 
Enlisted Groundcrew 30  (8.1) 46   (8.3) 0.98 (0.61,1.59) 0.938 

13-16 GGT All 89 (10.4) 124(10.1) 1.03 (0.77,1.38) 0.831 
Officer 31   (9.1) 37   (7.6) 1.23 (0.75,2.02) 0.419 
Enlisted Flyer 23 (15.3) 25 (13.5) 1.16(0.63,2.14) 0.637 
Enlisted Groundcrew 35   (9.5) 62(11.2) 0.83(0.54,1.29) 0.419 

13-18 Alkaline Phosphatase All 22 (2.6) 24(1.9) 1.32(0.74,2.37) 0.352 
Officer 4(1.2) 12 (2.4) 0.47(0.15,1.48) 0.200 

Enlisted Flyer 6 (4.0) 4 (2.2) 1.89(0.52,6.81) 0.333 
Enlisted Groundcrew 12(3.3) 8(1.4) 2.30 (0.93,5.69) 0.071 
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Table G-5.    Summary of Unadjusted Results for Dichotomous Variables 
(Ranch Hands vs. Comparisons) (Continued) 

Model 1 

Table Clinical Occupational Number (%) Abnormal   ! Est Relative Risk 
Ref. Parameter Category RH C (95% C.I.) p-Valne 

13-20 Total Bilirubin All 46 (5.4) 76 (6.2) 0.86(0.59,1.25) 0.430 
Officer 22 (6.5) 35(7.1) 0.90(0.52,1.56) 0.707 
Enlisted Flyer 8 (5.3) 9 (4.9) 1.10(0.41,2.93) 0.846 
Enlisted Groundcrew 16 (4.3) 32 (5.8) 0.74(0.40,1.37) 0.342 

13-21 Direct Bilirubin All 1 (0.1) 5 (0.4) 0.29 (0.03,2.45) 0.196 
Officer 1 (0.3) 3 (0.6) 0.48 (0.05,4.62) 0.524 
Enlisted Flyer 0 (0.0) 0 (0.0) — „ 

Enlisted Groundcrew 0 (0.0) 2 (0.4) -- 0.667a 

13-23 Lactic Dehydrogenase All 81 (9.4) 129(10.5) 0.89(0.66,1.19) 0.424 
Officer 32 (9.4) 53(10.8) 0.85 (0.54,1.36) 0.506 
Enlisted Flyer 13 (8.7) 15   (8.2) 1.07(0.49,2.32) 0.866 
Enlisted Groundcrew 36 (9.8) 61 (11.0) 0.88(0.57,1.35) 0.555 

13-25 Cholesterol All 130(15.1) 182(34.8) 1.03(0.81,1.31) 0.826 
Officer 39(11.5) 68(13.9) 0.80(0.53,1.22) 0.310 
Enlisted Flyer 22 (14.7) 28(15.1) 0.96(0.53,1.77) 0.905 
Enlisted Groundcrew 69(18.7) 86(15.5) 1.26(0.89,1.78) 0.198 

13-27 HDL Cholesterol All 71   (8.3) 90 (7.3) 1.14(0.83,1.58) 0.421 
Officer 19   (5.6) 24 (4.9) 1.15(0.62,2.13) 0.664 
Enlisted Flyer 16(10.7) 18(9.7) 1.12(0.55,2.27) 0.762 
Enlisted Groundcrew 36   (9.8) 48 (8.7) 1.14(0.73,1.80) 0.561 

13-29 Cholesterol-HDL AH 356(41.5) 505(41.1) 1.02(0.85,1.22) 0.843 
Ratio Officer 114(33.5) 156(31.9) 1.08(0.80,1.45) 0.623 

Enlisted Flyer 58 (38.9) 87 (47.0) 0.72(0.46,1.11) 0.138 
Enlisted Groundcrew 184(49.9) 262(47.1) 1.12(0.86,1.45) 0.414 

13-31 Triglycerides All 188(21.9) 250 (20.3) 1.10(0.89,1.36) 0.377 
Officer 60 (17.7) 82(16.7) 1.07(0.74,1.54) 0.717 
Enlisted Flyer 30 (20.0) 51 (27.6) 0.66(0.39,1.10) 0.109 
Enlisted Groundcrew 98 (26.6) 117(21.0) 1.36(1.00,1.85) 0.052 

13-33 Creatine All 72   (8.4) 115   (9.3) 0.89(0.65,1.21) 0.448 
Phosphokinase Officer 26   (7.6) 44   (9.0) 0.84(0.51,1.39) 0.497 

Enlisted Flyer 7   (4.7) 15   (8.1) 0.55(0.22,1.40) 0.212 
Enlisted Groundcrew 39 (10.6) 56(10.1) 1.06(0.69,1.62) 0.807 

13-35 Serum Amylase All 25 (2.9) 38(3.1) 0.94(0.56,1.57) 0.816 
Officer 7 (2.1) 22 (4.5) 0.45(0.19,1.06) 0.067 
Enlisted Flyer 4 (2.7) 3(1.6) 1.66(0.37,7.54) 0.510 
Enlisted Groundcrew 14 (3.8) 13 (2.3) 1.65(0.77,3.55) 0.202 

13-36 Antibodies for All 283 (32.5) 421 (33.7) 0.95(0.79,1.14) 0.580 
Hepatitis A Officer 92 (27.0) 133 (27.0) 1.00(0.73,1.36) 0.999 

Enlisted Flyer 74 (49.0) 86 (46.0) 1.13(0.73,1.73) 0.581 
Enlisted Groundcrew 117(31.0) 202 (35.4) 0.82(0.62,1.08) 0.153 
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Table G-5.    Summary of Unadjusted Results for Dichotomous Variables - Model 1 
(Ranch Hands vs. Comparisons) (Continued) 

Table Clinical Occupational Number (%) Abnormal 
Est Relative Risk 

Ref. Parameter Category RH C (95% C.I.) p-Vahie 
13-37 Prior Hepatitis B All 77   (8.9) 170(13.6) 0.62 (0.46,0.82) 0.001 

Officer 13   (3.8) 37   (7.5) 0.49 (0.26,0.94) 0.031 
Enlisted Flyer 19 (12.6) 37 (19.8) 0.58(0.32,1.06) 0.079 
Enlisted Groundcrew 45(11.9) 96 (16.9) 0.66 (0.45,0.97) 0.035 

13-38 Current Hepatitis B All 1 (0.1) 2 (0.2) 0.72 (0.07,7.94) 0.784 
Officer 0 (0.0) 0 (0.0) __ ~ 
Enlisted Flyer 0 (0.0) 0 (0.0) ~ - 
Enlisted Groundcrew 1 (0.3) 2(0.4) 0.75 (0.07,8.34) 0.817 

13-39 Antibodies for AH 9(1.0) 18(1.4) 0.72(0.32,1.60) 0.408 
Hepatitis C Officer 1 (0.3) 4 (0.8) 0.36 (0.04,3.24) 0.362 

Enlisted Flyer 1 (0.7) 2(1.1) 0.62 (0.06,6.87) 0.694 
Enlisted Groundcrew 7(1.9) 12(2.1) 0.88 (0.34,2.25) 0.785 

13-40 Stool Hemoccult All 29 (3.5) 53 (4.4) 0.78(0.49,1.23) 0.279 
Officer 14 (4.2) 22 (4.6) 0.92(0.46,1.83) 0.818 
Enlisted Flyer 2(1.4) 7 (3.9) 0.34(0.07,1.65) 0.179 
Enlisted Groundcrew 13 (3.7) 24 (4.5) 0.81 (0.41,1.61) 0.547 

13-42 Prealbumin All 13(1.5) 11 (0.9) 1.70(0.76,3.82) 0.195 
Officer 5(1.5) 7(1-4) 1.03 (0.32,3.27) 0.960 
Enlisted Flyer 1 (0.7) 1 (0.5) 1.23 (0.08,19.91) 0.882 
Enlisted Groundcrew 7(1.9) 3 (0.5) 3.56(0.92,13.87) 0.067 

13-44 Albumin All 3 (0.3) 10 (0.8) 0.43(0.12,1.56) 0.170 
Officer 3 (0.9) 4 (0.8) 1.08(0.24,4.86) 0.919 
Enlisted Flyer 0 (0.0) 1 (0.5) ~ 0.999a 

Enlisted Groundcrew 0 (0.0) 5 (0.9) - 0.171a 

13-46 a-1-Acid Glycoprotein All 37 (4.3) 40 (3.2) 1.34(0.85,2.11) 0.209 
Officer 8 (2.4) 15(3.1) 0.76(0.32,1.82) 0.542 
Enlisted Flyer 9 (6.0) 7 (3.8) 1.62(0.59,4.47) 0.348 
Enlisted Groundcrew 20 (5.4) 18(3.2) 1.71 (0.89,3.28) 0.105 

13-50 a-2-Macroglobulin All 24 (2.8) 47 (3.8) 0.72(0.44,1.19) 0.199 
Officer 8 (2.4) 18 (3.7) 0.63 (0.27,1.47) 0.287 
Enlisted Flyer 5 (3.3) 11(5.9) 0.55(0.19,1.61) 0.271 
Enlisted Groundcrew 11 (3.0) 18(3.2) 0.92(0.43,1.97) 0.827 

13-52 Apolipoprotein B All 423 (49.2) 653 (53.0) 0.86(0.72,1.02) 0.087 
Officer 149 (43.8) 242 (49.4) 0.80(0.61,1.06) 0.114 
Enlisted Flyer 72 (48.0) 116(62.7) 0.55 (0.35,0.85) 0.007 
Enlisted Groundcrew 202 (54.7) 295 (53.1) 1.07(0.82,1.39) 0.615 

13-54 C3 Complement All 15(1.7) 28 (2.3) 0.76(0.41,1.44) 0.398 
Officer 6(1.8) 14(2.9) 0.61 (0.23,1.61) 0.317 
Enlisted Flyer 1 (0.7) 5 (2.7) 0.24 (0.03,2.09) 0.197 
Enlisted Groundcrew 8 (2.2) 9(1.6) 1.35(0.51,3.52) 0.544 
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Table G-5.    Summary of Unadjusted Results for Dichotomous Variables 
(Ranch Hands vs. Comparisons) (Continued) 

Model 1 

Table Clinical Occupational 
Number (%) Abnormal 

Est Relative Risk 
Ref. Parameter Category RH c (95% C.I.) p-Value 

13-56 C4 Complement All 2 (0.2) 2 (0.2) 1.43(0.20,10.20) 0.719 

Officer 2 (0.6) 1 (0.2) 2.89 (0.26,32.04) 0.386 

Enlisted Flyer 0 (0.0) 1 (0.5) - 0.999a 

Enlisted Groundcrew 0 (0.0) 0 (0.0) — — 

13-58 Haptoglobin All 281 (32.7) 343 (27.9) 1.26(1.04,1.52) 0.017 
Officer 84 (24.7) 106(21.6) 1.19(0.86,1.65) 0.300 
Enlisted Flyer 59 (39.3) 62 (33.5) 1.29(0.82,2.01) 0.271 
Enlisted Groundcrew 138 (37.4) 175 (31.5) 1.30(0.99,1.72) 0.063 

13-60 Transferrin All 70  (8.1) 134(10.9) 0.73 (0.54,0.98) 0.036 
Officer 24   (7.1) 52 (10.6) 0.64(0.39,1.06) 0.083 

Enlisted Flyer 15 (10.0) 21 (11.4) 0.87(0.43,1.75) 0.691 
Enlisted Groundcrew 31   (8.4) 61 (11.0) 0.74(0.47,1.17) 0.202 

14-3 Essential Hypertension All 345 (40.6) 509(41.7) 0.95(0.80,1.14) 0.606 
Officer 128 (38.9) 199(41.5) 0.90(0.68,1.20) 0.467 
Enlisted Flyer 71 (47.7) 80 (43.5) 1.18(0.77,1.83) 0.447 
Enlisted Groundcrew 146(39.2) 230(41.4) 0.92(0.70,1.20) 0.519 

14-4 Heart Disease All 568 (66.1) 749 (60.8) 1.26(1.05,1.51) 0.013 

(Excluding Essential Officer 238(71.3) 324 (66.9) 1.22(0.90,1.66) 0.191 
Hypertension) Enlisted Flyer 112(75.2) 111 (59.7) 2.05 (1.27,3.28) 0.003 

Enlisted Groundcrew 218(58.0) 314(55.9) 1.09(0.84,1.42) 0.523 

14-5 Myocardial Infarction All 74   (8.6) 102(8.3) 1.04(0.76,1.43) 0.786 
Officer 28   (8.4) 42 (8.7) 0.96(0.58,1.59) 0.882 

Enlisted Flyer 16(10.7) 15(8.1) 1.37(0.65,2.87) 0.403 
Enlisted Groundcrew 30   (8.0) 45 (8.0) 1.00(0.62,1.61) 0.987 

14-6 Stroke or Transient All 11(1.3) 14(1.1) 1.13(0.51,2.50) 0.766 

Ischemia Attack Officer 5(1.5) 5(1.0) 1.46(0.42,5.07) 0.555 

Enlisted Flyer 0 (0.0) 3(1.6) - 0.330a 

Enlisted Groundcrew 6(1.6) 6(1.1) 1.50(0.48,4.69) 0.483 

14-8 Systolic Blood All 181(21.1) 262(21.3) 0.99(0.80,1.22) 0.914 

Pressure Officer 78 (23.4) 112(23.1) 1.01(0.73,1.41) 0.944 

Enlisted Flyer 36 (24.2) 43 (23.1) 1.06(0.64,1.76) 0.823 
Enlisted Groundcrew 67 (17.8) 107 (19.0) 0.92(0.66,1.29) 0.638 

14-10 Diastolic Blood All 45 (5.2) 61 (5.0) 1.06(0.71,1.58) 0.769 

Pressure Officer 20 (6.0) 22 (4.5) 1.34(0.72,2.49) 0.360 

Enlisted Flyer 8 (5.4) 8 (4.3) 1.26(0.46,3.45) 0.649 
Enlisted Groundcrew 17 (4.5) 31 (5.5) 0.81 (0.44,1.49) 0.499 

14-11 Heart Sounds All 31 (3.6) 62 (5.0) 0.71 (0.45,1.10) 0.116 

Officer 11 (3.3) 26 (5.4) 0.60 (0.29,1.23) 0.164 

Enlisted Flyer 7 (4.7) 11(5.9) 0.78 (0.30,2.08) 0.625 
Enlisted Groundcrew 13 (3.5) 25 (4.4) 0.77 (0.39,1.52) 0.452 

G-38 



Table G~5.    Summary of Unadjusted Results for Dichotomous Variables 
(Ranch Hands vs. Comparisons) (Continued) 

Model 1 

Table Clinical Occupational Number (%) Abnormal Est Relative Risk 
Ref. Parameter Category RH C (95% C.I.) p-Value 

14-12 Overall All 268(31.2) 384(31.2) 1.00(0.83,1.21) 0.988 
Electrocardiograph Officer 120(35.9) 163(33.7) 1.10(0.82,1.48) 0.506 

Enlisted Flyer 60 (40.3) 62 (33.3) 1.35(0.86,2.11) 0.190 
Enlisted Groundcrew 88 (23.4) 159(28.3) 0.77 (0.57,1.05) 0.096 

14-13 Right Bundle Branch All 21 (2.4) 33 (2.7) 0.91 (0.52,1.58) 0.739 
Block Officer 8 (2.4) 13 (2.7) 0.89(0.36,2.17) 0.796 

Enlisted Flyer 8 (5.4) 7 (3.8) 1.45(0.51,4.10) 0.482 
Enlisted Groundcrew 5(1.3) 13 (2.3) 0.57(0.20,1.61) 0.288 

14-14 Left Bundle Branch All 5 (0.6) 12(1.0) 0.60(0.21,1.70) 0.317 
Block Officer 2 (0.6) 6(1.2) 0.48(0.10,2.39) 0.370 

Enlisted Flyer 1 (0.7) 0 (0.0) ~ 0.91 la 

Enlisted Groundcrew 2(0.5) 6(1.1) 0.50(0.10,2.47) 0.391 

14-15 Non-Specific ST- and All 160(18.6) 222(18.0) 1.04(0.83,1.30) 0.724 
T-Wave Changes Officer 70(21.0) 95(19.6) 1.09(0.77,1.53) 0.641 

Enlisted Hyer 33 (22.1) 34(18.3) 1.27(0.74,2.17) 0.380 
Enlisted Groundcrew 57 (15.2) 93(16.5) 0.90(0.63,1.29) 0.570 

14-16 Bradycardia All 24 (2.8) 49 (4.0) 0.69(0.42,1.14) 0.142 
Officer 15 (4.5) 31 (6.4) 0.69(0.36,1.29) 0.245 
Enlisted Flyer 5 (3.4) 5 (2.7) 1.26(0.36,4.43) 0.722 
Enlisted Groundcrew 4(1.1) 13 (2.3) 0.45 (0.15,1.40) 0.170 

14-17 Tachycardia All 6 (0.7) 4 (0.3) 2.16(0.61,7.68) 0.228 
Officer 1 (0.3) 1 (0.2) 1.45 (0.09,23.27) 0.793 
Enlisted Flyer 3 (2.0) 0 (0.0) - 0.174a 

Enlisted Groundcrew 2 (0.5) 3 (0.5) 1.00(0.17,5.99) 0.997 

14-18 Arrhythmia All 51 (5.9) 68 (5.5) 1.08(0.74,1.57) 0.686 
Officer 25 (7.5) 25 (5.2) 1.49(0.84,2.63) 0.176 
Enlisted Flyer 13 (8.7) 12 (6.5) 1.39(0.61,3.13) 0.433 
Enlisted Groundcrew 13 (3.5) 31 (5.5) 0.61 (0.32,1.19) 0.147 

14-19 Evidence of Prior All 34 (4.0) 53 (4.3) 0.92(0.59,1.42) 0.698 

Myocardial Infarction Officer 15 (4.5) 23 (4.8) 0.94(0.48,1.83) 0.862 

Enlisted Flyer 7 (4.7) 9 (4.8) 0.97 (0.35,2.67) 0.952 
Enlisted Groundcrew 12(3.2) 21 (3.7) 0.85(0.41,1.75) 0.657 

14-20 ECG: Other All 3 (0.3) 1 (0.1) 4.31 (0.45,41.55) 0.168 
Diagnoses Officer 1 (0.3) 0 (0.0) -- 0.852a 

Enlisted Flyer 0 (0.0) 0(0.0) -- - 
Enlisted Groundcrew 2 (0.5) 1 (0.2) 3.00(0.27,33.20) 0.370 

14-21 Funduscopic All 105 (12.2) 156(12.7) 0.96(0.74,1.25) 0.767 
Examination Officer 42 (12.6) 49(10.1) 1.28(0.83,1.99) 0.267 

Enlisted Flyer 30(20.1) 32 (17.3) 1.21(0.69,2.09) 0.508 

Enlisted Groundcrew 33   (8.8) 75 (13.3) 0.62(0.41,0.96) 0.033 
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Table G-5,    Summary of Unadjusted Results fo r Dichotomous Variables - Model 1 
(Ranch Hands vs. Comparisons) (C ontinued) 

Table Clinical Occupational 
Number (%) Abnormal Est Relative Risk 

Ref. Parameter Category RH C (95% C.I.) p-Value 

14-22 Carotid Bruits All 23 (2.7) 33 (2.7) 1.00(0.58,1.71) 0.999 
Officer 6(1.8) 12 (2.5) 0.72(0.27,1.94) 0.515 
Enlisted Flyer 8 (5.4) 5 (2.7) 2.05(0.66,6.41) 0.215 
Enlisted Groundcrew 9 (2.4) 16(2.8) 0.84(0.37,1.91) 0.673 

14-23 Radial Pulses All 7 (0.8) 4 (0.3) 2.52 (0.74,8.64) 0.131 
Officer 2 (0.6) 2 (0.4) 1.45(0.20,10.36) 0.710 
Enlisted Flyer 0 (0.0) 0 (0.0) - - 
Enlisted Groundcrew 5(1-3) 2 (0.4) 3.77(0.73,19.55) 0.114 

14-24 Femoral Pulses All 19 (2.2) 15(1.2) 1.83(0.93,3.63) 0.080 
Officer 7 (2.1) 8 (1.7) 1.27(0.46,3.55) 0.643 
Enlisted Flyer 5 (3.4) 3(1.6) 2.11(0.50,8.96) 0.313 
Enlisted Groundcrew 7(1.9) 4 (0.7) 2.65 (0.77,9.10) 0.123 

14-25 Popliteal Pulses All 23 (2.7) 28 (2.3) 1.18(0.68,2.06) 0.561 
Officer 7(2.1) 12 (2.5) 0.84(0.33,2.16) 0.717 
Enlisted Flyer 5 (3.4) 4 (2.2) 1.57(0.41,5.96) 0.506 
Enlisted Groundcrew 11 (2.9) 12(2.1) 1.38(0.60,3.16) 0.445 

14-26 Dorsalis Pedis Pulses AH 69   (8.0) 95 (7.7) 1.04(0.76,1.44) 0.796 
Officer 27   (8.1) 32 (6.6) 1.24(0.73,2.11) 0.429 
Enlisted Flyer 18(12.1) 17 (9.2) 1.36(0.67,2.74) 0.392 
Enlisted Groundcrew 24   (6.4) 46 (8.2) 0.76(0.46,1.28) 0.305 

14-27 Posterior Tibial Pulses All 58 (6.8) 64 (5.2) 1.32(0.91,1.90) 0.142 
Officer 22 (6.6) 23 (4.8) 1.41 (0.77,2.57) 0.263 
Enlisted Flyer 14 (9.4) 13(7.1) 1.36(0.62,2.98) 0.449 
Enlisted Groundcrew 22 (5.9) 28 (5.0) 1.19(0.67,2.10) 0.562 

14-28 Leg Pulses All 94 (10.9) 123(10.0) 1.10(0.83,1.47) 0.496 
Officer 36 (10.8) 40   (8.3) 1.34(0.83,2.15) 0.228 
Enlisted Flyer 25 (16.8) 22(12.0) 1.48(0.79,2.74) 0.218 
Enlisted Groundcrew 33   (8.8) 61 (10.9) 0.79(0.51,1.23) 0.300 

14-29 Peripheral Pulses All 97(11.3) 126 (10.3) 1.11 (0.84,1.47) 0.454 
Officer 37(11.1) 42  (8.7) 1.31 (0.82,2.08) 0.258 
Enlisted Flyer 25 (16.8) 22(12.0) 1.48 (0.79,2.74) 0.218 
Enlisted Groundcrew 35   (9.3) 62(11.0) 0.83(0.53,1.28) 0.396 

14-30 ICVI Index All 33 (3.8) 45 (3.7) 1.06(0.67,1.67) 0.819 
Officer 13 (3.9) 15(3.1) 1.27 (0.59,2.70) 0.541 
Enlisted Flyer 7 (4.7) 12 (6.5) 0.71 (0.27,1.86) 0.492 
Enlisted Groundcrew 13 (3.5) 18 (3.2) 1.09(0.53,2.24) 0.825 

15-14 Prothrombin Time All 10(1.5) 13(1.3) 1.14(0.50,2.61) 0.761 
Officer 6 (2.3) 7(1.7) 1.31(0.43,3.93) 0.634 

Enlisted Flyer 0 (0.0) 1 (0.6) - 0.999a 

Enlisted Groundcrew 4(1.3) 5(1.1) 1.19(0.32,4.45) 0.801 
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Table G-5.    Summary of Unadjusted Results for Dichotomous Variables - Model 1 
(Ranch Hands vs. Comparisons) (Continued) 

Table Clinical Occupational 
Number (%) Abnormal 

Est. Relative Risk 
Ref. Parameter Category RH C (95% C.I.) p-Value 

15-15 RBC Morphology All 64 (7.4) 79 (6.3) 1.18(0.84,1.66) 0.339 
Officer 20 (5.9) 28 (5.7) 1.03(0.57,1.87) 0.910 
Enlisted Flyer 15 (9.9) 17(9.1) 1.10(0.53,2.29) 0.793 
Enlisted Groundcrew 29 (7.8) 34 (6.0) 1.32(0.79,2.21) 0.286 

15-18 Absolute Neutrophils All 146(16.9) 212(17.0) 0.99(0.79,1.25) 0.945 

(bands) (Zero vs. Officer 47(13.8) 87 (17.7) 0.75(0.51,1.10) 0.136 

Nonzero) Enlisted Flyer 36 (23.8) 27 (14.4) 1.86(1.07,3.23) 0.029 
Enlisted Groundcrew 63(16.8) 98 (17.2) 0.97(0.69,1.38) 0.880 

15-22 Absolute Eosinophils All 106(12.2) 153 (12.3) 1.00(0.77,1.30) 0.995 

(Zero vs. Nonzero) Officer 36(10.6) 45   (9.1) 1.18(0.74,1.86) 0.493 
Enlisted Flyer 17(11.3) 22(11.8) 0.95 (0.49,1.86) 0.885 
Enlisted Groundcrew 53 (14.2) 86(15.1) 0.93 (0.64,1.34) 0.689 

15-24 Absolute Basophils All 493 (56.9) 669 (53.6) 1.15(0.96,1.36) 0.126 

(Zero vs. Nonzero) Officer 192 (56.3) 261 (52.9) 1.15(0.87,1.51) 0.338 

Enlisted Flyer 76 (50.3) 100(53.5) 0.88(0.57,1.35) 0.565 
Enlisted Groundcrew 225 (60.2) 308(54.1) 1.28(0.98,1.67) 0.068 

16-3 Past Thyroid Disease All 65   (7.5) 105 (8.4) 0.89(0.64,1.22) 0.456 
Officer 29   (8.6) 46 (9.3) 0.91 (0.56,1.48) 0.704 
Enlisted Flyer 15 (10.0) 14 (7.5) 1.37(0.64,2.94) 0.415 
Enlisted Groundcrew 21   (5.6) 45 (7.9) 0.69(0.40,1.18) 0.171 

16-4 Composite Diabetes All 145 (16.9) 209(17.0) 0.99(0.79,1.25) 0.960 

Indicator Officer 52 (15.4) 71 (14.5) 1.08(0.73,1.59) 0.709 
Enlisted Flyer 27 (18.2) 38 (20.7) 0.86(0.50,1.48) 0.583 
Enlisted Groundcrew 66 (17.6) 100(17.9) 0.98(0.70,1.38) 0.915 

16-7 Thyroid Gland All 6 (0.7) 16(1.3) 0.53(0.21,1.36) 0.171 
Officer 4(1.2) 11(2.3) 0.52(0.16,1.63) 0.260 

Enlisted Flyer 1 (0.7) 1 (0.5) 1.27(0.08,20.41) 0.868 
Enlisted Groundcrew 1 (0.3) 4 (0.7) 0.37 (0.04,3.32) 0.374 

16-8 Testicular All 39 (4.5) 47 (3.8) 1.20(0.78,1.85) 0.409 

Examination Officer 16 (4.8) 27 (5.5) 0.86(0.45,1.62) 0.635 

Enlisted Flyer 9(6.1) 8 (4.3) 1.42(0.54,3.79) 0.478 
Enlisted Groundcrew 14 (3.7) 12(2.1) 1.77(0.81,3.87) 0.152 

16-12 Thyroxine All 23 (2.7) 32 (2.7) 1.03(0.60,1.77) 0.928 

Officer 13 (4.0) 16 (3.4) 1.17(0.56,2.47) 0.674 

Enlisted Flyer 3(2.1) 3(1.6) 1.27(0.25,6.39) 0.772 

Enlisted Groundcrew 7(1.9) 13(2.4) 0.79(0.31,2.01) 0.624 

16-13 Anti-Thyroid All 5 (0.6) 7 (0.6) 1.02(0.32,3.22) 0.975 

Antibodies Officer 2 (0.6) 4 (0.9) 0.72(0.13,3.93) 0.701 

Enlisted Flyer 2(1.4) 1 (0.5) 2.55 (0.23,28.40) 0.447 
Enlisted Groundcrew 1 (0.3) 2 (0.4) 0.74(0.07,8.18) 0.805 
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Table G-5.    Summary of Unadjusted Results for Dichotomous Variables - Model 1 
(Ranch Hands vs. Comparisons) (Continued) 

Table Clinical Occupational 
Number (%) Abnormal Est. Relative Risk 

Ref. Parameter Category RH c (95% CI.) p-Value 

16-15 Fasting Glucose All 152(17.5) 212(17.0) 1.04(0.83,1.31) 0.741 
Officer 56(16.5) 75 (15.2) 1.11(0.76,1.61) 0.603 
Enlisted Flyer 29 (19.2) 36(19.3) 1.00(0.58,1.72) 0.991 
Enlisted Groundcrew 67 (17.7) 101 (17.8) 1.00(0.71,1.40) 0.992 

16-17 2-Hour Postprandial All 113(15.8) 161 (15.7) 1.01(0.77,1.31) 0.960 
Glucose Officer 52(18.2) 54(12.9) 1.51 (1.00,2.28) 0.052 

Enlisted Flyer 22(18.2) 31(21.2) 0.82(0.45,1.52) 0.534 
Enlisted Groundcrew 39 (12.7) 76(16.6) 0.73(0.48,1.11) 0.136 

16-18 Fasting Urinary All 35 (4.0) 54 (4.3) 0.93(0.60,1.44) 0.745 
Glucose Officer 11(3.2) 12(2.4) 1.35(0.59,3.09) 0.482 

Enlisted Flyer 8 (5.3) 9 (4.8) 1.11 (0.42,2.94) 0.839 
Enlisted Groundcrew 16 (4.2) 33 (5.8) 0.72(0.39,1.32) 0.288 

16-19 2-Hour Postprandial All 179(25.1) 224(21.9) 1.19(0.95,1.50) 0.122 
Urinary Glucose Officer 68 (24.0) 73(17.5) 1.49(1.03,2.17) 0.034 

Enlisted Flyer 28 (23.1) 43 (29.7) 0.71 (0.41,1.24) 0.233 
Enlisted Groundcrew 83 (26.9) 108(23.6) 1.20(0.86,1.67) 0.291 

16-23 a-l-C Hemoglobin All 97(11.2) 130(10.4) 1.08(0.82,1.43) 0.571 
Officer 28   (8.3) 37   (7.5) 1.11 (0.67,1.85) 0.684 
Enlisted Flyer 17(11.3) 29 (15.5) 0.69(0.36,1.31) 0.259 
Enlisted Groundcrew 52(13.8) 64(11.2) 1.26(0.85,1.86) 0.250 

16-25 Total Testosterone All 72 (8.5) 90 (7.3) 1.17(0.85,1.61) 0.344 
Officer 29 (8.8) 34 (7.0) 1.28(0.76,2.14) 0.352 
Enlisted Flyer 12 (8.2) 11 (6.0) 1.39(0.60,3.25) 0.445 
Enlisted Groundcrew 31 (8.3) 45 (8.0) 1.03 (0.64,1.67) 0.890 

16-27 Free Testosterone All 15(1.8) 20(1.6) 1.08(0.55,2.13) 0.815 
Officer 7 (2.1) 10(2.1) 1.03 (0.39,2.73) 0.954 
Enlisted Flyer 6(4.1) 1 (0.5) 7.76(0.92,65.18) 0.059 
Enlisted Groundcrew 2 (0.5) 9(1.6) 0.33 (0.07,1.53) 0.157 

16-29 Estradiol All 236(27.1) 350 (28.0) 0.96(0.79,1.16) 0.666 

Officer 80 (23.5) 139(28.1) 0.78(0.57,1.08) 0.131 
Enlisted Flyer 44(29.1) 59(31.6) 0.89 (0.56,1.42) 0.632 
Enlisted Groundcrew 112(29.6) 152 (26.7) 1.16(0.87,1.55) 0.319 

16-31 LH All 49 (5.6) 70 (5.6) 1.01 (0.69,1.47) 0.971 
Officer 24 (7.0) 28 (5.7) 1.26(0.72,2.21) 0.422 
Enlisted Flyer 6 (4.0) 8 (4.3) 0.93 (0.31,2.73) 0.889 
Enlisted Groundcrew 19 (5.0) 34 (6.0) 0.83 (0.47,1.49) 0.538 

16-33 FSH All 72   (8.3) 98 (7.8) 1.06(0.77,1.46) 0.713 
Officer 39(11.4) 48 (9.7) 1.20(0.77,1.88) 0.424 
Enlisted Flyer 17(11.3) 14 (7.5) 1.57 (0.75,3.29) 0.235 
Enlisted Groundcrew 16   (4.2) 36 (6.3) 0.66(0.36,1.20) 0.171 
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Table i G-5.    Summary of Unadjusted Results for Dichotoi mous Variables - Model 1 
(Ranch Hands vs. Comparisons) (Continued) 

Table Clinical Occupational 
Number (%) Abnormal   \ 

Est Relative Risk 
Ref. Parameter Category RH c (95% CX) p-Value 

17-14 ANA Test All 432(52.1) 624 (52.0) 1.00(0.84,1.19) 0.998 
Officer 168(51.4) 251 (52.8) 0.94(0.71,1.25) 0.683 
Enlisted Flyer 73(51.4) 87 (48.9) 1.11(0.71,1.72) 0.653 
Enlisted Groundcrew 191 (52.9) 286 (52.4) 1.02(0.78,1.33) 0.876 

17-15 ANA Thyroid All 24 (2.9) 34 (2.8) 1.02(0.60,1.73) 0.941 
Microsomal Antibody Officer 11 (3.4) 14 (3.0) 1.15(0.51,2.56) 0.739 

Enlisted Flyer 3(2.1) 5 (2.8) 0.75(0.18,3.18) 0.693 
Enlisted Groundcrew 10 (2.8) 15 (2.8) 1.01 (0.45,2.27) 0.984 

17-16 MSK Smooth Muscle All 101 (12.2) 145(12.1) 1.01 (0.77,1.32) 0.959 
Antibody Officer 43 (13.2) 49 (10.3) 1.32(0.85,2.04) 0.217 

Enlisted Flyer 12   (8.5) 29(16.3) 0.47 (0.23,0.97) 0.040 
Enlisted Groundcrew 46(12.7) 67(12.3) 1.04(0.70,1.56) 0.833 

17-17 MSK Mitochondrial All 4 (0.5) 2 (0.2) 2.90(0.53,15.86) 0.203 
Antibody Officer 4(1.2) 1 (0.2) 5.87 (0.65,52.76) 0.114 

Enlisted Flyer 0 (0.0) 1 (0.6) - 0.999a 

Enlisted Groundcrew 0 (0.0) 0 (0.0) - - 

17-18 MSK Parietal All 36 (4.3) 51 (4.3) 1.02(0.66,1.58) 0.927 
Antibody Officer 14(4.3) 15 (3.2) 1.37(0.65,2.88) 0.404 

Enlisted Flyer 5 (3.5) 10 (5.6) 0.61 (0.20,1.84) 0.382 
Enlisted Groundcrew 17 (4.7) 26 (4.8) 0.99(0.53,1.85) 0.971 

17-19 Rheumatoid Factor All 89 (10.7) 134(11.2) 0.95(0.72,1.27) 0.748 
Officer 43(13.2) 56(11.8) 1.13 (0.74,1.73) 0.565 
Enlisted Flyer 19(13.4) 23(12.9) 1.04(0.54,2.00) 0.904 
Enlisted Groundcrew 27   (7.5) 55 (10.1) 0,72(0.45,1.17) 0.184 

18-3 Asthma All 41 (4.8) 44 (3.5) 1.37(0.89,2.11) 0.158 
Officer 18(5.3) 17 (3.5) 1.57(0.80,3.10) 0.191 
Enlisted Flyer 3 (2.0) 8 (4.3) 0.46(0.12,1.76) 0.257 
Enlisted Groundcrew 20 (5.4) 19 (3.4) 1.64(0.86,3.11) 0.132 

18-4 Bronchitis All 183 (21.6) 235(19.2) 1.16(0.94,1.44) 0.177 

Officer 60(18.2) 86 (17.8) 1.03 (0.71,1.48) 0.886 

Enlisted Flyer 40 (27.8) 35(19.1) 1.63(0.97,2.73) 0.066 
Enlisted Groundcrew 83 (22.3) 114 (20.4) 1.12(0.81,1.54) 0.496 

18-5 Pneumonia All 85 (10.3) 140(11.6) 0.87(0.66,1.16) 0.344 
Officer 34 (10.6) 64 (13.6) 0.75(0.48,1.17) 0.200 

Enlisted Flyer 19(13.7) 15   (8.3) 1.74(0.85,3.57) 0.129 
Enlisted Groundcrew 32   (8.8) 61 (11.0) 0.78(0.50,1.22) 0.271 

18-6 Thorax and Lung All 102(11.7) 140(11.2) 1.05(0.80,1.38) 0.704 

Abnormalities Officer 31   (9.1) 33   (6.7) 1.40(0.84,2.33) 0.200 

Enlisted Flyer 29(19.2) 34(18.2) 1.07(0.62,1.85) 0.810 
Enlisted Groundcrew 42(11.1) 73 (12.8) 0.85 (0.57,1.27) 0.434 

G-43 



Table G~5.    Summary of Unadjusted Results for Dichotomous Variables - Model 1 
(Ranch Hands vs. Comparisons) (Continued) 

Table Clinical Occupational         :. Number (%) Abnormal   I Est Relative Risk 
Ref. Parameter     : Category RH                   C (95% C.I.) p-Value 

18-7 X-ray Interpretation All 98(11.3)     118   (9.4) 1.22(0.92,1.62) 0.166 
Officer 39(11.4)      42   (8.5) 1.39(0.88,2.20) 0.160 
Enlisted Flyer 16(10.6)       17   (9.1) 1.19(0.58,2.43) 0.643 
Enlisted Groundcrew 43(11.4)       59(10.4) 1.12(0.74,1.70) 0.599 

a P-value determined using a chi-square test with continuity correction because of the sparse number of participants 
with abnormalities. 
—: Relative risk, confidence interval, and p-value are not presented because of the sparse number of participants 
with abnormalities. 

Note: RH - Ranch Hand; C = Comparison. 
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Table G-6.   Summary of Unadjusted Results for Dichotomous Variables - Model 2 (Ranch Hands: 
Log2 (Initial Dioxin)) 

Table Est Relative Risk 
Ref. Clinical Parameter {95% C.I.)8 p-Valuea 

9-3 Self-perception of Health 
9-4 Appearance of Illness or Distress 
9-5 Relative Age Appearance 
9-7 Body Fat 
9-9 Erythrocyte Sedimentation Rate 
10-3 Skin Neoplasms 
10-4 Malignant Skin Neoplasms 
10-5 Benign Skin Neoplasms 
10-6 Skin Neoplasms of Uncertain Behavior or Unspecified Nature 
10-7 Basal Cell Carcinoma (All Sites Combined) 
10-8 Basal Cell Carcinoma (Ear, Face, Head, and Neck) 
10-9 Basal Cell Carcinoma (Trunk) 
10-10 Basal Cell Carcinoma (Upper Extremities) 
10-11 Basal Cell Carcinoma (Lower Extremities) 
10-12 Squamous Cell Carcinoma 
10-13 Nonmelanoma 
10-14 Melanoma 
10-15 Systemic Neoplasms (All Sites Combined) 
10-16 Malignant Systemic Neoplasms 
10-17 Benign Systemic Neoplasms 
10-18 Systemic Neoplasms of Uncertain Behavior or Unspecified Nature 
10-19 Malignant Systemic Neoplasms (Eye, Ear, Face, Head, and Neck) 
10-20 Malignant Systemic Neoplasms (Oral Cavity, Pharynx, and Larynx) 
10-21 Malignant Systemic Neoplasms (Thymus, Heart, and Mediastinum) 
10-22 Malignant Systemic Neoplasms (Thyroid Gland) 
10-23 Malignant Systemic Neoplasms (Bronchus and Lung) 
10-24 Malignant Systemic Neoplasms (Liver) 
10-25 Malignant Systemic Neoplasms (Colon and Rectum) 
10-26 Malignant Systemic Neoplasms (Kidney and Bladder) 
10-27 Malignant Systemic Neoplasms (Prostate) 
10-28 Malignant Systemic Neoplasms (Testicles) 
10-29 Malignant Systemic Neoplasms (Connective and Other Soft Tissues) 
10-30 Hodgkin's Disease 
10-31 Non-Hodgkin's Lymphoma 
10-32 Other Malignant Systemic Neoplasms of Lymphoid and Histiocytic 

Tissue 
10-33 All Malignant Skin and Systemic Neoplasms 0.74 (0.62.0.89)        0.001 
10-34 All Skin and Systemic Neoplasms 0.84 (0.73,0.97)        0.017 
10-36 PSA 0.53(0.37,0.77)      <0.001 
11 -3 Inflammatory Diseases 1.03 (0.48,2.18) 0.943 
11 -4 Hereditary and Degenerative Disorders 1.01 (0.79,1.28)        0.952 
11-5 Peripheral Disorders 1.01(0.86,1.18)        0.915 
11 -6 Other Neurological Disorders 1.06 (0.90,1.24)        0.483 
11-7 Smell 0.94(0.58,1.51)        0.782 
11-8 Visual Fields 3.93(0.93,16.64)      0.040 
11-9 Light Reaction 
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1.02(0.85,1.21) 0.859 
0.71 (0.42,1.20) 0.178 
1.05(0.84,1.30) 0.694 
1.00(0.87,1.15) 0.989 
1.17(0.93,1.46) 0.179 
0.78(0.67,0.91) 0.001 
0.79 (0.64,0.96) 0.015 
0.82 (0.69,0.98) 0.022 
0.87(0.44,1.75) 0.696 
0.67 (0.53,0.85) <0.001 
0.63 (0.48,0.83) <0.001 
0.79(0.56,1.13) 0.184 
0.51 (0.26,0.99) 0.024 
1.09(0.39,3.02) 0.867 
0.95 (0.58,1.55) 0.821 
0.73 (0.59,0.90) 0.003 
1.12(0.69,1.80) 0.660 
0.93 (0.80,1.07) 0.308 
0.62 (0.46,0.84) 0.001 
1.03(0.88,1.20) 0.718 
0.84(0.49,1.47) 0.534 
0.50(0.20,1.23) 0.081 
0.97 (0.39,2.41) 0.953 

0.12(0.01,2.59) 0.046 
0.46(0.20,1.04) 0.030 
1.76(0.73,4.22) 0.231 
0.76(0.39,1.49) 0.405 
0.72(0.37,1.41) 0.312 
0.52 (0.30,0.89) 0.007 
0.65(0.21,1.98) 0.413 
2.44 (0.70,8.47) 0.168 



Table G-6.    Summary of Unadjusted Results for Dichotomous Variables - Model 2 
(Ranch Hands:   Log2 (Initial Dioxin)) (Continued) 

Table Est Relative Risk 
Ref. Clinical Parameter (95% CX)fl p-Valuea 

11-10 Ocular Movement 0.77(0.44,1.32) 0.315 
11-11 Facial Sensation 0.45 (0.04,5.19) 0.455 
11-12 Jaw Clench 0.59 (0.09,3.87) 0.539 
11-13 Smile 1.38(0.70,2.70) 0.372 
11-14 Palpebral Fissure 1.15(0.50,2.64) 0.750 
11-15 Balance 1.27(0.48,3.35) 0.638 
11-16 Speech 0.29 (0.03,2.42) 0.143 
11-17 Tongue Position Relative to Midline 0.59 (0.09,3.87) 0.539 
11-18 Palate and Uvula Movement 0.59 (0.09,3.87) 0.539 
11-19 Cranial Nerve Index 0.86(0.63,1.17) 0.331 
11-20 Neck Range of Motion 0.85(0.72,1.02) 0.069 
11-21 Pinprick 1.10(0.86,1.41) 0.460 
11-22 Light Touch 0.92(0.66,1.28) 0.616 
11-23 Muscle Status 0.87(0.62,1.23) 0.418 
11-24 Patellar Reflex 1.18(0.82,1.71) 0.374 
11-25 Achilles Reflex 1.04(0.87,1.23) 0.688 
11-26 Biceps Reflex 0.72(0.41,1.24) 0.203 
11-27 Babinski Reflex 0.89 (0.28,2.86) 0.848 
11-29 Polyneuropathy Prevalence Index 1.09(0.91,1.31) 0.344 
11-30 Multiple Polyneuropathy Index 1.30(0.98,1.73) 0.076 
11-31 Confirmed Polyneuropathy Indicator 1.63 (1.05,2.53) 0.033 
11-32 Tremor 1.02(0.77,1.36) 0.869 
11-33 Coordination 0.90(0.49,1.65) 0.735 
11-34 Romberg Sign 1.27(0.48,3.35) 0.638 
11-35 Gait 1.00(0.74,1.35) 0.998 
11-36 CNS Index 1.00(0.81,1.24) 0.976 
12-3 Psychoses 0.90(0.65,1.24) 0.501 
12-4 Alcohol Dependence 1.04 (0.81,1.34) 0.747 
12-5 Drug Dependence - ._ 
12-6 Anxiety 1.07(0.92,1.24) 0.360 
12-7 Other Neuroses 1.02(0.89,1.18) 0.743 
12-8 SCL-90-R Anxiety 0.98(0.79,1.21) 0.847 
12-9 SCL-90-R Depression 1.10(0.91,1.32) 0.345 
12-10 SCL-90-R Hostility 1.12(0.88,1.42) 0.377 
12-11 SCL-90-R Interpersonal Sensitivity 0.98(0.81,1.18) 0.798 
12-12 SCL-90-R Obsessive-Compulsive Behavior 1.02(0.85,1.23) 0.854 
12-13 SCL-90-R Paranoid Ideation 1.16(0.91,1.47) 0.227 
12-14 SCL-90-R Phobic Anxiety 1.18(0.97,1.44) 0.100 
12-15 SCL-90-R Psychoticism 1.19(0.99,1.44) 0.065 
12-16 SCL-90-R Somatization 0.98(0.83,1.17) 0.840 
12-17 SCL-90-R Global Severity Index (GSI) 1.08(0.90,1.29) 0.415 
12-18 SCL-90-R Positive Symptom Total (PST) 1.04(0.87,1.25) 0.647 
12-19 SCL-90-R Positive Symptom Distress Index (PSDI) 1.00(0.79,1.26) 0.992 
13-3 Uncharacterized Hepatitis 1.10(0.67,1.80) 0.705 
13-4 Jaundice 1.03(0.21,5.02) 0.973 
13-5 Chronic Liver Disease and Cirrhosis (Alcohol-related) 1.06(0.78,1.45) 0.708 
13-6 Chronic Liver Disease and Cirrhosis (Non-alcohol-related) 1.02(0.61,1.70) 0.949 
13-7 Liver Abscess and Sequelae of Chronic Liver Disease 1.99(0.64,6.25) 0.277 
13-8 Enlarged Liver (Hepatomegaly) 0.96(0.56,1.65) 0.880 
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Table G-6.    Summary of Unadjusted Results for Dichotomous Variables 
(Ranch Hands:   Log2 (Initial Dioxin)) (Continued) 

Model 2 

Table 
Ref. Clinical Parameter 
13-9 Other Liver Disorders 

13-10 Current Hepatomegaly 
13-12 AST 
13-14 ALT 
13-16 GGT 
13-18 Alkaline Phosphatase 
13-20 Total Bilirubin 
13-21 Direct Bilirubin 
13-23 Lactic Dehydrogenase 
13-25 Cholesterol 
13-27 HDL Cholesterol 
13-29 Cholesterol-HDL Ratio 
13-31 Triglycerides 
13-33 Creatine Phosphokinase 
13-35 Serum Amylase 
13-36 Antibodies for Hepatitis A 
13-37 Evidence of Prior Hepatitis B 
13-38 Current Hepatitis B 
13-39 Antibodies for Hepatitis C 
13-40 Stool Hemoccult 
13-42 Prealbumin 
13-44 Albumin 
13-46 a-1 -Acid Glycoprotein 
13-50 a-2-Macroglobulin 
13-52 Apolipoprotein B 
13-54 C3 Complement 
13-56 C4 Complement 
13-58 Haptoglobin 
13-60 Transferrin 
14-3 Essential Hypertension 
14-4 Heart Disease (Excluding Essential Hypertension) 
14-5 Myocardial Infarction 
14-6 Stroke or Transient Ischemia Attack 
14-8 Systolic Blood Pressure 
14-10 Diastolic B lood Pressure 
14-11 Heart Sounds 
14-12 Overall Electrocardiograph 
14-13 Right Bundle Branch Block 
14-14 Left Bundle Branch Block 
14-15 Non-Specific ST- and T-Wave Changes 
14-16 Bradycardia 
14-17 Tachycardia 
14-18 Arrhythmia 
14-19 Evidence of Prior Myocardial Infarction 
14-20 ECG: Other Diagnoses 
14-21 Funduscopic Examination 
14-22 Carotid Bruits 
14-23 Radial Pulses 
14-24 Femoral Pulses 

Est Relative Risk 
(95% C.I.)' p-Value* 

1.12(0.97,1.30) 0.119 
0.69(0.36,1.31) 0.223 
1.08(0.86,1.36) 0.498 
1.17(0.95,1.45) 0.140 
1.00(0.81,1.22) 0.964 
0.99 (0.60,1.65) 0.971 
0.77(0.54,1.09) 0.118 

0.96(0.75,1.21) 0.709 
1.21 (1.01,1.45) 0.036 
0.86(0.66,1.12) 0.249 
1.25(1.09,1.45) 0.002 
1.09(0.94,1.27) 0.275 
1.05(0.83,1.32) 0.698 
0.86(0.58,1.29) 0.458 
0.98(0.85,1.14) 0.830 
1.06(0.86,1.31) 0.588 
0.99(0.17,5.76) 0.987 
0.61 (0.24,1.60) 0.271 
0.85(0.59,1.24) 0.390 
1.44(0.84,2.47) 0.203 

1.00(0.72,1.38) 0.991 
1.22(0.87,1.71) 0.254 
1.14(0.99,1.31) 0.059 
1.06(0.45,2.49) 0.898 

1.05(0.91,1.21) 0.506 
0.99(0.77,1.27) 0.931 
1.06(0.91,1.23) 0.441 
0.79 (0.68,0.91) 0.001 
1.01 (0.79,1.28) 0.945 
1.22(0.68,2.16) 0.513 
0.83 (0.69,0.99) 0.031 
1.04(0.79,1.37) 0.793 
1.01 (0.73,1.40) 0.958 
0.90(0.77,1.05) 0.171 
0.93 (0.59,1.46) 0.747 
0.21 (0.01,6.22) 0.213 
0.91 (0.76,1.08) 0.280 
0.86(0.44,1.65) 0.631 
1.38(0.72,2.68) 0.340 
0.81 (0.60,1.10) 0.158 
1.05(0.75,1.46) 0.793 
1.53 (0.62,3.79) 0.381 
0.93 (0.76,1.15) 0.520 
1.06(0.70,1.59) 0.797 
0.58(0.17,1.99) 0.334 
0.97 (0.61,1.53) 0.890 
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Table G •6.    Summary of Unadjusted Results for Dichotomous V ariables - Model 2 1 
(Ranch Hands:   Log2 (Initial Dioxin)) (Continued) 

Table EsL Relative Risk 
Ref. Clinical Parameter (95% CJ.)a p-Value* 

14-25 Popliteal Pulses 0.89(0.57,1.38) 0.601 
14-26 Dorsalis Pedis Pulses 0.90(0.69,1.17) 0.417 
14-27 Posterior Tibial Pulses 1.01(0.77,1.33) 0.925 
14-28 Leg Pulses 0.96(0.77,1.20) 0.739 
14-29 Peripheral Pulses 0.96(0.77,1.19) 0.703 
14-30 ICVI Index 0.99(0.71,1.37) 0.948 
15-14 Prothrombin Time 0.66(0.28,1.58) 0.315 
15-15 RBC Morphology 0.94(0.73,1.21) 0.622 
15-18 Absolute Neutrophils (bands) (Zero vs. Nonzero) 0.92(0.76,1.11) 0.381 
15-22 Absolute Eosinophils (Zero vs. Nonzero) 0.95 (0.77,1.17) 0.630 
15-24 Absolute Basophils (Zero vs. Nonzero) 0.84 (0.73,0.97) 0.015 
16-3 Past Thyroid Disease 1.13(0.88,1.45) 0.360 
16-4 Composite Diabetes Indicator 1.11 (0.94,1.32) 0.231 
16-7 Thyroid Gland 0.95 (0.32,2.81) 0.923 
16-8 Testicular Examination 0.93(0.66,1.29) 0.653 

16-12 Thyroxine 1.22(0.79,1.89) 0.375 
16-13 Anti-Thyroid Antibodies 0.93 (0.30,2.89) 0.905 
16-15 Fasting Glucose 1.13(0.95,1.34) 0.172 
16-17 2-Hour Postprandial Glucose 0.88(0.71,1.10) 0.267 
16-18 Fasting Urinary Glucose 1.19(0.90,1.57) 0.220 
16-19 2-Hour Postprandial Urinary Glucose 0.94(0.78,1.14) 0.535 
16-23 cc-l-C Hemoglobin 1.28(1.05,1.56) 0.013 
16-25 Total Testosterone 1.00(0.80,1.26) 0.973 
16-27 Free Testosterone 0.46(0.21,0.98) 0.019 
16-29 Estradiol 1.17(1.00,1.36) 0.045 
16-31 LH 0.93(0.65,1.32) 0.668 
16-33 FSH 0.94(0.72,1.22) 0.618 
17-14 ANA Test 1.08(0.94,1.24) 0.301 
17-15 ANA Thyroid Microsomal Antibody 0.77 (0.47,1.26) 0.272 
17-16 MSK Smooth Muscle Antibody 0.80(0.62,1.02) 0.061 
17-17 MSK Mitochondrial Antibody 0.11 (0.01,3.47) 0.034 
17-18 MSK Parietal Antibody 0.86(0.63,1.18) 0.335 
17-19 Rheumatoid Factor 0.75 (0.57,0.99) 0.033 
18-3 Asthma 1.18(0.86,1.62) 0.318 
18-4 Bronchitis 1.06(0.89,1.25) 0.513 
18-5 Pneumonia 0.81 (0.63,1.05) 0.097 
18-6 Thorax and Lung Abnormalities 1.06(0.86,1.31) 0.573 
18-7 X-ray Interpretation 0.89(0.70,1.15) 0.373 

a Adjusted for percent body fat at the time of the blood measurement for dioxin. 
—: Relative risk, confidence interval, and p-value are not presented because of the sparse number of Ranch Hands 
with abnormalities. 

Note: Relative risk for a twofold increase in initial dioxin. 
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Table G-7.   Summary of Unadjusted Results for Dichotomous Variables - Model 3 (Ranch Hands 
and Comparisons by Dioxin Category) 

Table ■ Clinical: ■ Number (%) '■■■; ; ■:Est.:ReIatl¥e;Ristv.' 
E:Re£:1 ;-.:|;;-:;;;:;;:;:; |-;:.::: ■ /nff^aölele^ ;::::■ ■':;;:;- :::;K: 1 ■   Dioxin Category ■■ :; !:!'t^it|:. !■':! '■■ Abnormal - ; ':'($M'CXf:i ::

: p-Valuea 

9-3 Self-Derceotion of Comparison 1,213 119   (9.8) 
Health Background RH 380 34  (9.0) 0.97(0.65,1.45) 0.880 

LowRH 239 39 (16.3) 1.77(1.19,2.62) 0.005 
HighRH 243 48 (19.8) 2.14(1.48,3.10) <0.001 
Low plus High RH 482 87(18.1) 1.95 (1.44,2.63) <0.001 

9-4 Appearance of Comparison 1,213 13(1.1) 
Illness or Distress Background RH 381 3 (0.8) 0.74(0.21,2.63) 0.645 

LowRH 239 7 (2.9) 2.78(1.10,7.04) 0.031 
High RH 243 5(2.1) 1.92(0.67,5.45) 0.223 
Low plus High RH 482 12 (2.5) 2.30(1.03,5.13) 0.041 

9-5 Relative Age Comparison 1,213 102  (8.4) 
Appearance Background RH 381 39 (10.2) 1.25(0.84,1.84) 0.271 

LowRH 239 24 (10.0) 1.22(0.76,1.94) 0.415 
High RH 243 27(11.1) 1.36(0.87,2.13) 0.183 
Low plus High RH 482 51 (10.6) 1.29(0.90,1.83) 0.166 

9-7 Body Fat Comparison 1,213 361 (29.8) 
Background RH 381 73 (19.2) 0.56 (0.42,0.74) <0.001 
LowRH 239 85 (35.6) 1.30(0.97,1.74) 0.076 
High RH 243 83 (34.2) 1.22(0.91,1.64) 0.175 
Low plus High RH 482 168 (34.9) 1.26(1.01,1.58) 0.042 

9-9 Erythrocyte Comparison 1,213 85 (7.0) 
Sedimentation Rate Background RH 381 25 (6.6) 1.03 (0.65,1.64) 0.908 

LowRH 239 21 (8.8) 1.25 (0.75,2.06) 0.392 
High RH 243 24 (9.9) 1.34 (0.83,2.16) 0.236 
Low plus High RH 482 45 (9.3) 1.29(0.88,1.89) 0.190 

10-3 Skin Neoplasms Comparison 1,133 389 (34.3) 
Background RH 359 155 (43.2) 1.49(1.17,1.90) 0.001 
LowRH 210 94 (44.8) 1.54(1.14,2.07) 0.005 
High RH 229 75 (32.8) 0.91 (0.67,1.23) 0.546 
Low plus High RH 439 169 (38.5) 1.17 (0.93,1.47) 0.183 

10-4 Malignant Skin Comparison 1,133 179 (15.8) 
Neoplasms Background RH 359 65(18.1) 1.21 (0.88,1.66) 0.237 

LowRH 210 47 (22.4) 1.52(1.06,2.19) 0.023 
HighRH 229 32(14.0) 0.84 (0.56,1.27) 0.417 
Low plus High RH 439 79 (18.0) 1.12(0.83,1.51) 0.457 

10-5 Benign Skin Comparison 1,202 258 (21.5) 
Neoplasms Background RH 378 115(30.4) 1.64(1.26,2.13) <0.001 

LowRH 233 58 (24.9) 1.21 (0.87,1.67) 0.261 
HighRH 242 51 (21.1) 0.96 (0.68,1.34) 0.802 
Low plus High RH 475 109 (23.0) 1.07(0.83,1.38) 0.592 
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Table G-7.    Summary of Unadjusted Results for Dichotomous Variables - Model 3 
(Ranch Hands and Comparisons by Dioxin Category) (Continued) 

Table '■■   Clinical    ■.. ; Number (%) . j Est Relative Risk 
Ret :^ "Parameter' ; Dioxin Category . | ̂ IJ^iil^yf; Abnormal :; (9$%€X)* .. ;; > i.:  p-Vaiuea 

10-6 Skin Neoplasms of Comparison 1,133 8 (0.7) 
Uncertain Behavior Background RH 359 2 (0.6) 0.80(0.17,3.80) 0.777 
or Unspecified LowRH 210 3 (1.4) 2.03 (0.53,7.72) 0.300 
Nature High RH 229 2 (0.9) 1.22 (0.26,5.84) 0.800 

Low plus High RH 439 5(1.1) 1.56(0.49,4.91) 0.449 

10-7 Basal Cell Comparison 1,133 150(13.2) 
Carcinoma (All Background RH 359 56 (15.6) 1.24(0.89,1.73) 0.212 
Sites Combined) LowRH 210 42 (20.0) 1.62(1.11,2.38) 0.012 

High RH 229 23 (10.0) 0.72(0.45,1.14) 0.160 
Low plus High RH 439 65(14.8) 1.06(0.76,1.47) 0.727 

10-8 Basal Cell Comparison 1,133 115(10.2) 
Carcinoma (Ear, Background RH 359 43(12.0) 1.21 (0.83,1.76) 0.316 
Face, Head, and LowRH 210 33 (15.7) 1.65(1.08,2.50) 0.020 
Neck) HighRH 229 17   (7.4) 0.71 (0.41,1.20) 0.199 

Low plus High RH 439 50(11.4) 1.06(0.73,1.53) 0.762 

10-9 Basal Cell Comparison 1,133 46 (4.1) 
Carcinoma (Trunk) Background RH 359 18 (5.0) 1.28 (0.73,2.25) 0.383 

LowRH 210 14 (6.7) 1.67(0.90,3.10) 0.105 
HighRH 229 8 (3.5) 0.83(0.39,1.79) 0.638 
Low plus High RH 439 22 (5.0) 1.16(0.68,1.99) 0.589 

10-10 Basal Cell Comparison 1,133 37 (3.3) 
Carcinoma (Upper Background RH 359 11(3.1) 0.99(0.50,1.97) 0.981 
Extremities) LowRH 210 7 (3.3) 1.00(0.44,2.27) 0.993 

High RH 229 3(1.3) 0.37(0.11,1.22) 0.102 
Low plus High RH 439 10 (2.3) 0.60(0.28,1.29) 0.188 

10-11 Basal Cell Comparison 1,133 5 (0.4) 
Carcinoma (Lower Background RH 359 3 (0.8) 2.07 (0.48,8.80) 0.327 
Extremities) LowRH 210 1 (0.5) 1.04(0.12,8.97) 0.972 

High RH 229 1 (0.4) 0.91 (0.10,7.91) 0.932 
Low plus High RH 439 2 (0.5) 0.97(0.19,5.06) 0.971 

10-12 Squamous Cell Comparison 1,133 20(1.8) 
Carcinoma Background RH 359 10 (2.8) 1.69(0.78,3.66) 0.187 

LowRH 210 6 (2.9) 1.60(0.63,4.04) 0.320 
High RH 229 4(1.8) 0.94 (0.32,2.78) 0.907 
Low plus High RH 439 10 (2.3) 1.21 (0.55,2.66) 0.634 

10-13 Nonmelanoma Comparison 1,133 169 (14.9) 
Background RH 359 62(17.3) 1.23(0.89,1.70) 0.203 
LowRH 210 44(21.0) 1.49 (1.03,2.16) 0.034 
High RH 229 28 (12.2) 0.77(0.50,1.18) 0.231 
Low plus High RH 439 72(16.4) 1.06(0.78,1.44) 0.729 
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Table G-7.    Summary of Unadjusted Results for Dichotomous Variables - Model 3 
(Ranch Hands and Comparisons by Dioxin Category) (Continued) 

Table Clinical Number (%)   ■ Est. Relative Risk 
Ref.  ! :   Parameter.. Dioxin Category >!i:f.3fl^!!v ;'■; -Abnormal- ; \:-'a  :.(0S%!;C.Ii)8' ;;; '. ;:: Rvalue*;:' 

10-14 Melanoma Comparison 1,133 "     12(1.1) 
Background RH 359 7 (2.0) 1.76(0.68,4.54) 0.240 
LowRH 210 5 (2.4) 2.32(0.81,6.68) 0.117 
HighRH 229 4 (1.8) 1.74(0.55,5.49) 0.341 
Low plus High RH 439 9(2.1) 2.00 (0.83,4.83) 0.122 

10-15 Systemic Neoplasms Comparison 1,204 358(29.7) 
(All Sites Background RH 376 109 (29.0) 0.98(0.76,1.26) 0.864 
Combined) LowRH 232 83 (35.8) 1.31 (0.98,1.76) 0.072 

High RH 240 72 (30.0) 1.00(0.74,1.36) 0.995 
Low plus High RH 472 155 (32.8) 1.14(0.91,1.44) 0.253 

10-16 Malignant Systemic Comparison 1,211 73   (6.0) 
Neoplasms Background RH 378 21   (5.6) 0.91 (0.55,1.51) 0.727 

LowRH 234 34 (14.5) 2.65(1.72,4.09) <0.001 
HighRH 242 11   (4.6) 0.74(0.39,1.43) 0.374 
Low plus High RH 476 45   (9.5) 1.39(0.91,2.13) 0.132 

10-17 Benign Systemic Comparison 1,204 289 (24.0) 
Neoplasms Background RH 376 93 (24.7) 1.05(0.80,1.38) 0.710 

LowRH 232 58 (25.0) 1.05 (0.76,1.46) 0.760 
High RH 240 63 (26.3) 1.12(0.81,1.53) 0.500 
Low plus High RH 472 121 (25.6) 1.08(0.85,1.39) 0.521 

10-18 Systemic Neoplasms Comparison 1,211 25 (2.1) 
of Uncertain Background RH 378 8 (2.1) 1.08(0.48,2.44) 0.845 
Behavior or LowRH 234 6(2.6) 1.23(0.50,3.03) 0.657 
Unspecified Nature High RH 242 2 (0.8) 0.38(0.09,1.61) 0.187 

Low plus High RH 476 8(1.7) 0.67(0.27,1.67) 0.392 

10-19 Malignant Systemic Comparison 1,211 12(1.0) 
Neoplasms (Eye, Background RH 378 3 (0.8) 0.72 (0.20,2.58) 0.612 
Ear, Face, Head, and LowRH 234 5 (2.1) 2.24 (0.78,6.43) 0.134 
Neck) High RH 242 1 (0.4) 0.46 (0.06,3.53) 0.451 

Low plus High RH 476 6(1.3) 1.00(0.29,3.41) 0.995 

10-20 Malignant Systemic Comparison 1,211 7 (0.6) 
Neoplasms (Oral Background RH 378 1 (0.3) 0.43 (0.05,3.52) 0.431 
Cavity, Pharynx, and LowRH 234 2 (0.9) 1.51 (0.31,7.30) 0.612 
Larynx) HighRH 242 1 (0.4) 0.75(0.09,6.18) 0.791 

Low plus High RH 476 3 (0.6) 1.06(0.25,4.39) 0.938 

10-21 Malignant Systemic Comparison 1,211 0 (0.0) 
Neoplasms Background RH 378 2 (0.5) ~ 0.089b 

(Thymus, Heart, and LowRH 234 0 (0.0) - ~ 
Mediastinum) High RH 242 0 (0.0) ~ ~ 

Low plus High RH 476 0 (0.0) -- ~ 
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Table G-7.    Summary of Unadjusted Results for Dichotomous Variables - Model 3 
(Ranch Hands and Comparisons by Dioxin Category) (Continued) 

Table 1 Clinical Number (%)    : Est. Relative Risk 
v--.it««:;! \ ■ Parameter   ' : Dioxin Category. >^;f'ä!!r. 11 Abnormal :, ":(9S%Ltfr] \ f> Value11 : 

10-22 Malignant Systemic Comparison 1,211 2(0.2) 
Neoplasms (Thyroid Background RH 378 0 (0.0) - 0.999b 

Gland) LowRH 234 2 (0.9) 5.42 (0.76,38.74) 0.092 
High RH 242 0 (0.0) » 0.999b 

Low plus High RH 476 2 (0.4) - 0.680b 

10-23 Malignant Systemic Comparison 1,211 3 (0.3) 
Neoplasms Background RH 378 2(0.5) 2.14(0.35,12.94) 0.408 
(Bronchus and LowRH 234 8 (3.4) 14.26 (3.75,54.20) <0.001 
Lung) High RH 242 0 (0.0) ~ 0.999b 

Low plus High RH 476 8(1.7) ~ 0.003b 

10-24 Malignant Systemic Comparison 1,211 2 (0.2) 
Neoplasms (Liver) Background RH 378 0 (0.0) - 0.999b 

LowRH 234 0 (0.0) __ 0.999b 

High RH 242 2(0.8) 5.70(0.78,41.53) 0.086 
Low plus High RH 476 2(0.4) » 0.680b 

10-25 Malignant Systemic Comparison 1,211 8 (0.7) 
Neoplasms (Colon Background RH 378 1 (0.3) 0.49 (0.06,3.94) 0.500 
and Rectum) LowRH 234 5 (2.1) 3.02 (0.97,9.45) 0.057 

HighRH 242 1 (0.4) 0.51 (0.06,4.15) 0.528 
Low plus High RH 476 6(1.3) 1.22(0.33,4.51) 0.764 

10-26 Malignant Systemic Comparison 1,211 6 (0.5) 
Neoplasms (Kidney Background RH 378 4(1.1) 2.04 (0.57,7.34) 0.273 
and Bladder) LowRH 234 5 (2.1) 4.44(1.34,14.69) 0.015 

High RH 242 2 (0.8) 1.75 (0.35,8.75) 0.497 
Low plus High RH 476 7(1.5) 2.76 (0.87,8.80) 0.085 

10-27 Malignant Systemic Comparison 1,211 39 (3.2) 
Neoplasms Background RH 378 9(2.4) 0.73 (0.35,1.52) 0.398 
(Prostate) LowRH 234 12(5.1) 1.63 (0.84,3.16) 0.150 

High RH 242 4(1.7) 0.51 (0.18,1.44) 0.202 
Low plus High RH 476 16(3.4) 0.90(0.46,1.75) 0.757 

10-28 Malignant Systemic Comparison 1,211 0(0.0) 
Neoplasms Background RH 378 0 (0.0) ~ -- 
(Testicles) LowRH 234 2 (0.9) -- 0.024b 

HighRH 242 1 (0.4) -- 0.371b 

Low plus High RH 476 3 (0.6) ~ 0.034b 

10-29 Malignant Systemic Comparison 1,211 2 (0.2) 
Neoplasms Background RH 378 0 (0.0) -- 0.999b 

(Connective and LowRH 234 0 (0.0) ~ 0.999b 

Other Soft Tissues) High RH 242 1 (0.4) 2.34(0.21,26.43) 0.493 
Low plus High RH 476 1 (0.2) -- 0.999b 
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Table G-7.    Summary of Unadjusted Results for Dichotomous Variables - Model 3 
(Ranch Hands and Comparisons by Dioxin Category) (Continued) 

. Table ht%^li:i£^ä^:MMM-l \ Number (%): ;:; Est. Relative Risk 
Ref.  | ,;::::-; |;'^ ;:|^*Jai*|ele|^:-:; ■: ■ ■ :|-:;:|: - ;1 ■■■.'!::'-Dioxih Category     J t/Vi^Si'S Abnormal ■:"■ ■ (?$%'€*f •: •■; ! p*Vahiea ■;; 

10-30 Hodgkin's Disease Comparison 1,211 3 (0.3) 
Background RH 378 1 (0.3) 0.92 (0.09,9.02) 0.945 
LowRH 234 0 (0.0) — 0.999b 

High RH 242 0 (0.0) — 0.999b 

Low plus High RH 476 0 (0.0) - 0.656b 

10-31 Non-Hodgkin's Comparison 1,211 3 (0.3) 
Lymphoma Background RH 378 1 (0.3) 0.92 (0.09,9.02) 0.944 

LowRH 234 0 (0.0) — 0.999b 

High RH 242 0(0.0) __ 0.999b 

Low plus High RH 476 0(0.0) - 0.656b 

10-32 Other Malignant Comparison 1,211 2 (0.2) 
Systemic Neoplasms Background RH 378 2(0.5) 2.64 (0.37,19.03) 0.336 
of Lymphoid and LowRH 234 0 (0.0) - 0.999b 

Histiocytic Tissue HighRH 242 0 (0.0) » 0.999b 

Low plus High RH 476 0 (0.0) - 0.919b 

10-33 All Malignant Skin Comparison 1,200 226(18.8) 
and Systemic Background RH 375 76 (20.3) 1.12(0.83,1.49) 0.464 
Neoplasms LowRH 228 68 (29.8) 1.82(1.33,2.51) <0.001 

High RH 241 41 (17.0) 0.87 (0.60,1.26) 0.457 
Low plus High RH 469 109 (23.2) 1.25 (0.96,1.62) 0.103 

10-34 All Skin and Comparison 1,193 602 (50.5) 
Systemic Neoplasms Background RH 374 211(56.4) 1.30(1.03,1.64) 0.030 

LowRH 227 137 (60.4) 1.49(1.11,1.99) 0.007 
High RH 239 122(51.1) 1.01 (0.76,1.33) 0.969 
Low plus High RH 466 259 (55.6) 1.22(0.98,1.51) 0.076 

10-36 PSA Comparison 1,152 71 (6.2) 
Background RH 365 20 (5.5) 0.85 (0.51,1.42) 0.526 
LowRH 222 22 (9.9) 1.69(1.02,2.79) 0.040 
HighRH 236 12(5.1) 0.85 (0.45,1.59) 0.603 
Low plus High RH 458 34 (7.4) 1.18(0.76,1.84) 0.454 

11-3 Inflammatory Comparison 1,204 1 (0.1) 
Diseases Background RH 380 3 (0.8) 8.82(0.91,85.93) 0.061 

LowRH 239 2 (0.8) 10.31(0.93,114.27) 0.057 
High RH 240 2 (0.8) 10.86 (0.97,121.25) 0.053 
Low plus High RH 479 4 (0.8) 10.58(1.18,95.25) 0.035 

11-4 Hereditary and Comparison 1,211 107 (8.8) 
Degenerative Background RH 380 37 (9.7) 1.08 (0.73,1.61) 0.697 
Diseases LowRH 239 21 (8.8) 1.00(0.61,1.63) 0.999 

High RH 240 22 (9.2) 1.07(0.66,1.73) 0.792 
Low plus High RH 479 43 (9.0) 1.03(0.71,1.50) 0.864 
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Table G-7.    Summary of Unadjusted Results for Dichotomous Variables - Model 3 
(Ranch Hands and Comparisons by Dioxin Category) (Continued) 

Table 1 13'-:1;M- :::Öläii^|,|.'i:;|v|;: Number (%) j: :.£st Relative Risk- ;j 
,:; m&: \ {-■% :-:|t| l%£äÄi^t:i Dioxm .Category ?-'!'^!i£.l"^ Abnormal ■■■ , (95% ctf ; ;: I  .p«Value*;: 

11-5 Peripheral Disorders Comparison 1,209 233 (19.3) 
Background RH 377 65 (17.2) 0.91 (0.67,1.23) 0.531 
LowRH 239 61 (25.5) 1.42(1.03,1.97) 0.033 
High RH 240 59 (24.6) 1.32(0.95,1.83) 0.097 
Low plus High RH 479 120(25.1) 1.37 (1.07,1.76) 0.014 

11-6 Other Neurological Comparison 1,206 204(16.9) 
Disorders Background RH 377 59(15.7) 0.88(0.64,1.21) 0.442 

LowRH 239 55 (23.0) 1.48(1.06,2.07) 0.023 
High RH 239 58 (24.3) 1.62(1.16,2.26) 0.005 
Low plus High RH 478 113(23.6) 1.55(1.19,2.01) 0.001 

11-7 Smell Comparison 1,209 18(1.5) 
Background RH 378 8 (2.1) 1.42(0.61,3.31) 0.420 
LowRH 238 7 (2.9) 2.01 (0.83,4.86) 0.122 
High RH 239 4(1.7) 1.14(0.38,3.40) 0.821 
Low plus High RH 477 11(2.3) 1.51 (0.69,3.29) 0.300 

11-8 Visual Fields Comparison 1,207 5 (0.4) 
Background RH 380 1 (0.3) 0.70 (0.08,6.09) 0.746 
LowRH 239 0 (0.0) — 0.694b 

High RH 240 1 (0.4) 0.92(0.11,8.03) 0.940 
Low plus High RH 479 1 (0.2) - 0.853b 

11-9 Light Reaction Comparison 1,209 11 (0.9) 
Background RH 376 1 (0.3) 0.30 (0.04,2.35) 0.252 
LowRH 239 0 (0.0) — 0.283b 

High RH 239 0 (0.0) — 0.283b 

Low plus High RH 478 0 (0.0) - 0.079b 

11-10 Ocular Movement Comparison 1,211 14(1.2) 
Background RH 380 4(1.1) 0.93 (0.30,2.85) 0.896 
LowRH 239 5 (2.1) 1.82(0.65,5.10) 0.256 
High RH 240 5 (2.1) 1.79 (0.63,5.04) 0.271 
Low plus High RH 479 10(2.1) 1.80 (0.79,4.10) 0.159 

11-11 Facial Sensation Comparison 1,210 2 (0.2) 
Background RH 379 1 (0.3) 1.77 (0.16,19.96) 0.646 
LowRH 239 1 (0.4) 2.46 (0.22,27.39) 0.463 
HighRH 240 0 (0.0) „ 0.999b 

Low plus High RH 479 1 (0.2) - 0.999b 

11-12 Jaw Clench Comparison 1,211 0 (0.0) 
Background RH 380 1 (0.3) ~ 0.540b 

LowRH 239 1 (0.4) — 0.366b 

High RH 240 0 (0.0) ~ - 
Low plus High RH 479 1 (0.2) -- 0.63 lb 
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Table G-7.    Summary of Unadjusted Results for Dichotomous Variables - Model 3 
(Ranch Hands and Comparisons by Dioxin Category) (Continued) 

Table 1 Clinical Number {%) EsL Relative Risk 
Ret  | f . l^arsiisefer : Dioxin Category %;|;|#If ;|1 Abnormal ; y:<m%'€zyL: . |  ^'p*Value*: 

11-13 Smile Comparison 1,211 4 (0.3) 
Background RH 380 3 (0.8) 2.61 (0.57,11.87) 0.214 
LowRH 239 2 (0.8) 2.49 (0.45,13.68) 0.295 
High RH 240 2 (0.8) 2.35 (0.42,13.05) 0.328 
Low plus High RH 479 4 (0.8) 2.42 (0.60,9.77) 0.215 

11-14 Palpebral Fissure Comparison 1,211 12(1.0) 
Background RH 380 4(1.1) 1.20(0.38,3.78) 0.759 
LowRH 239 2 (0.8) 0.81(0.18,3-66) 0.785 
HighRH 240 1 (0.4) 0.37(0.05,2.91) 0.347 
Low plus High RH 479 3 (0.6) 0.55 (0.14,2.10) 0.381 

11-15 Balance Comparison 1,210 7 (0.6) 
Background RH 380 5 (1.3) 2.52(0.78,8.10) 0.121 
LowRH 239 1 (0.4) 0.70 (0.09,5.74) 0.741 
High RH 240 1 (0.4) 0.66 (0.08,5.43) 0.699 
Low plus High RH 479 2 (0.4) 0.68(0.14,3.31) 0.633 

11-16 Speech Comparison 1,211 9 (0.7) 
Background RH 380 2 (0.5) 0.81 (0.17,3.83) 0.793 
LowRH 239 2 (0.8) 1.07(0.23,5.02) 0.929 
HighRH 240 0 (0.0) - 0.374b 

Low plus High RH 479 2 (0.4) - 0.678b 

11-17 Tongue Position Comparison 1,211 0 (0.0) 
Relative to Midline Background RH 380 1 (0.3) ~ 0.540b 

LowRH 239 1 (0.4) — 0.366b 

High RH 240 0 (0.0) ~ ~ 
Low plus High RH 479 1 (0.2) - 0.63 lb 

11-18 Palate and Uvula Comparison 1,211 0 (0.0) 
Movement Background RH 380 0 (0.0) ~ - 

LowRH 239 1 (0.4) - 0.366b 

HighRH 240 0 (0.0) - - 
Low plus High RH 479 1 (0.2) - 0.63 lb 

11-19 Cranial Nerve Index Comparison 1,207 68 (5.6) 
Background RH 371 25 (6.7) 1.27(0.79,2.05) 0.329 
LowRH 236 19(8.1) 1.45(0.86,2.47) 0.166 
High RH 236 11(4.7) 0.78(0.41,1.51) 0.469 
Low plus High RH 472 30 (6.4) 1.07(0.68,1.69) 0.776 

11-20 Neck Range of Comparison 1,211 180 (14.9) 
Motion Background RH 380 60(15.8) 1.16(0.84,1.60) 0.366 

LowRH 239 56 (23.4) 1.73(1.23,2.43) 0.002 
High RH 240 47 (19.6) 1.31 (0.91,1.87) 0.142 
Low plus High RH 479 103 (21,5) 1.50(1.15,1.97) 0.003 
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Table G-7.    Summary of Unadjusted Results for Dichotomous Variables - Model 3 
(Ranch Hands and Comparisons by Dioxin Category) (Continued) 

Table Clinical [Number^)- ::;j Est Relative Risk 
: Ref.- ;r :' Parameter.: : Dioxin'Category k'M:^.M~^ Abnormal "■;: ■(95%-Clia.: :;:■■'" Ip-Value* 

11-21 Pinprick Comparison 1,149 63 (5.5) 
Background RH 362 19 (5.3) 1.03 (0.61,1.76) 0.900 
LowRH 226 15 (6.6) 1.20(0.67,2.15) 0.542 
High RH 227 21 (9.3) 1.64(0.98,2.76) 0.062 
Low plus High RH 453 36 (8.0) 1.40(0.91,2.16) 0.123 

11-22 Light Touch Comparison 1,149 43 (3.7) 
Background RH 362 13 (3.6) 1.01 (0.54,1.92) 0.965 
LowRH 226 12 (5.3) 1.42 (0.74,2.74) 0.295 
HighRH 227 11(4.9) 1.25 (0.63,2.46) 0.528 
Low plus High RH 453 23(5.1) 1.33 (0.79,2.24) 0.283 

11-23 Muscle Status Comparison 1,210 35 (2.9) 
Background RH 380 14 (3.7) 1.23 (0.65,2.33) 0.530 
LowRH 239 14 (5.9) 2.11(1.12,3.99) 0.021 
HighRH 240 10 (4.2) 1.52(0.74,3.12) 0.254 
Low plus High RH 479 24 (5.0) 1.79 (1.05,3.06) 0.033 

11-24 Patellar Reflex Comparison 1,209 33 (2.7) 
Background RH 380 9(2.4) 0.91 (0.43,1.93) 0.812 
LowRH 238 7 (2.9) 1.06 (0.46,2.44) 0.882 
HighRH 240 8 (3.3) 1.17(0.53,2.58) 0.693 
Low plus High RH 478 15(3.1) 1.12(0.60,2.08) 0.727 

11-25 Achilles Reflex Comparison 1,206 197 (16.3) 
Background RH 379 57 (15.0) 0.99(0.72,1.37) 0.963 
LowRH 239 46(19.3) 1.20(0.84,1.71) 0.325 
HighRH 240 47(19.6) 1.16(0.81,1.65) 0.425 
Low plus High RH 479 93(19.4) 1.18(0.89,1.55) 0.247 

11-26 Biceps Reflex Comparison 1,210 12(1.0) 
Background RH 380 2(0.5) 0.61 (0.14,2.77) 0.524 
LowRH 239 7 (2.9) 2.88 (1.12,7.44) 0.029 
HighRH 240 3 (1.3) 1.10(0.30,3.96) 0.887 
Low plus High RH 479 10(2.1) 1.78(0.73,4.35) 0.209 

11-27 Babinski Reflex Comparison 1,208 11(0.9) 
Background RH 380 5(1.3) 1.48 (0.50,4.33) 0.477 
LowRH 239 1 (0.4) 0.46 (0.06,3.55) 0.452 
High RH 240 1 (0.4) 0.45 (0.06,3.50) 0.444 
Low plus High RH 479 2(0.4) 0.45 (0.10,2.05) 0.303 

11-29 Polyneuropathy Comparison 1,147 175 (15.3) 
Prevalence Index Background RH 361 47(13.0) 0.89 (0.63,1.27) 0.530 

LowRH 226 38(16.8) 1.10(0.75,1.62) 0.618 
High RH 227 42(18.5) 1.18 (0.81,1.72) 0.376 
Low plus High RH 453 80(17.7) 1.14(0.85,1.53) 0.370 
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Table t 3-7.    Summary of '■ Unadjusted Results : for Dh zhotomous V, ariables - Model 3 
(Ranch Hands and Comparisons by Dioxin Category) (Continued) 

Table Clinical   ; ..Number (%):. Est Relative Risk   ■■! 
Ret   | i^>iifciSiiKte i   i Dioxin Category f'WM:f:'t\ Abnormal ■ : ■(9s%.c.i.f; ■ ;; ■':- p-Value8;: 

11-30 Multiple Comparison 1,147 36(3.1) 
Polyneuropathy Background RH 361 14 (3.9) 1.29(0.68,2.43) 0.432 
Index LowRH 226 10 (4.4) 1.42(0.69,2.90) 0.340 

High RH 227 15 (6.6) 2.12(1.14,3.95) 0.018 
Low plus High RH 453 25 (5.5) 1.73(1.02,2.94) 0.042 

11-31 Confirmed Comparison 1,141 7 (0.6) 
Polyneuropathy Background RH 358 2 (0.6) 1.06(0.22,5.16) 0.944 

Indicator LowRH 224 3(1.3) 2.08 (0.53,8.17) 0.293 
High RH 223 6 (2.7) 3.89(1.28,11.86) 0.017 

Low plus High RH 447 9 (2.0) 2.85(1.02,7.97) 0.047 

11-32 Tremor Comparison 1,211 90 (7.4) 
Background RH 380 30(7.9) 1.05 (0.68,1.62) 0.821 
LowRH 239 14 (5.9) 0.78(0.43,1.39) 0.396 
High RH 240 16 (6.7) 0.90 (0.52,1.57) 0.713 
Low plus High RH 479 30(6.3) 0.84 (0.55,1.29) 0.417 

11-33 Coordination Comparison 1,209 30 (2.5) 
Background RH 380 12 (3.2) 1.33 (0.67,2.65) 0.412 
LowRH 239 4(1.7) 0.66(0.23,1.90) 0.443 
HighRH 240 3 (1.3) 0.48(0.15,1.59) 0.231 
Low plus High RH 479 7(1.5) 0.56(0.24,1.30) 0.181 

11-34 Romberg Sign Comparison 1,210 7 (0.6) 
Background RH 380 5 (1.3) 2.52(0.78,8.10) 0.121 
LowRH 239 1 (0.4) 0.70 (0.09,5.74) 0.741 
HighRH 240 1 (0.4) 0.66 (0.08,5.43) 0.699 
Low plus High RH 479 2(0.4) 0.68 (0.14,3.31) 0.633 

11-35 Gait Comparison 1,211 55 (4.5) 
Background RH 380 23 (6.1) 1.50(0.91,2.49) 0.115 

LowRH 239 11(4.6) 0.98 (0.51,1.91) 0.963 
High RH 240 15 (6.3) 1.28 (0.71,2.32) 0.414 
Low plus High RH 479 26 (5.4) 1.12(0.69,1.83) 0.640 

11-36 CNS Index Comparison 1,210 146(12.1) 
Background RH 380 52 (13.7) 1.18(0.84,1.66) 0.339 
LowRH 239 24(10.0) 0.81 (0.51,1.28) 0.363 

High RH 240 30(12.5) 1.02(0.67,1.56) 0.923 

Low plus High RH 479 54(11.3) 0.91 (0.65,1.27) 0.576 

12-3 Psychoses Comparison 1,211 47 (3.9) 
Background RH 381 10 (2.6) 0.71 (0.35,1.43) 0.339 
LowRH 239 12 (5.0) 1.29(0.67,2.47) 0.447 

High RH 240 12 (5.0) 1.23(0.64,2.36) 0.535 

Low plus High RH 479 24 (5.0) 1.26(0.76,2.09) 0.373 
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Table G-7.    Summary o f Unadjusted Results for Dichotomous Variables - Model 3 
(Ranch Hands and Comparisons. t by Dioxin Category) (Continued) 

Table 'Clinical ■ \, Number (%) . Est. Relative Risk '; !-\ 
Re£ Parameter '.-■■ Dioxin Category '   n :■:   Abnormal   '. . Hm%<C.Lf f • v.-i p-VaIuea 

12-4 Alcohol Comparison 1,210 80 (6.6) 
Dependence Background RH 381 24 (6.3) 0.93(0.58,1.50) 0.767 

LowRH 239 18 (7.5) 1.16(0.68,1.97) 0.594 
High RH 240 20 (8.3) 1.31 (0.78,2.18) 0.307 
Low plus High RH 479 38 (7.9) 1.23(0.82,1.84) 0.316 

12-5 Drug Dependence Comparison 1,211 4 (0.3) 
Background RH 381 2(0.5) 1.32(0.24,7.34) 0.749 
LowRH 239 0 (0.0) - 0.830b 

High RH 240 0 (0.0) — 0.828b 

Low plus High RH 479 0 (0.0) -- 0.481b 

12-6 Anxiety Comparison 1,208 328 (27.2) 
Background RH 379 86 (22.7) 0.78(0.60,1.03) 0.083 
LowRH 238 70 (29.4) 1.12(0.82,1.52) 0.473 
High RH 239 73 (30.5) 1.18 (0.87,1.60) 0.279 
Low plus High RH 477 143 (30.0) 1.15 (0.91,1.45) 0.240 

12-7 Other Neuroses Comparison 1,202 637 (53.0) 
Background RH 374 170 (45.5) 0.75 (0.60,0.95) 0.018 
LowRH 237 143 (60.3) 1.34(1.01,1.79) 0.041 
High RH 237 149 (62.9) 1.48(1.11,1.97) 0.008 
Low plus High RH 474 292(61.6) 1.41 (1.13,1.75) 0.002 

12-8 SCL-90-R Anxiety Comparison 1,211 133(11.0) 
Background RH 381 27   (7.1) 0.65 (0.42,1.00) 0.051 
LowRH 239 26 (10.9) 0.98(0.63,1.53) 0.919 
High RH 239 29(12.1) 1.07(0.70,1.65) 0.756 
Low plus High RH 478 55(11.5) 1.02(0.73,1.43) 0.895 

12-9 SCL-90-R Comparison 1,211 194 (16.0) 
Depression Background RH 381 43(11.3) 0.70(0.49,1.00) 0.052 

LowRH 239 30 (12.6) 0.74(0.49,1.12) 0.156 
HighRH 239 41 (17.2) 1.03 (0.71,1.50) 0.862 
Low plus High RH 478 71 (14.9) 0.88(0.65,1.18) 0.383 

12-10 SCL-90-R Hostility Comparison 1,211 107 (8.8) 
Background RH 381 22 (5.8) 0.66(0.41,1.07) 0.090 
LowRH 239 16 (6.7) 0.73 (0.42,1.26) 0.261 
High RH 239 23 (9.6) 1.05 (0.65,1.70) 0.828 
Low plus High RH 478 39 (8.2) 0.88 (0.60,1.30) 0.512 

12-11 SCL-90-R Comparison 1,211 198 (16.4) 
Interpersonal Background RH 381 37   (9.7) 0.57 (0.39,0.83) 0.003 
Sensitivity LowRH 239 36(15.1) 0.90(0.61,1.32) 0.586 

HighRH 239 43(18.0) 1.08 (0.75,1.56) 0.672 
Low plus High RH 478 79(16.5) 0.99 (0.74,1.31) 0.923 
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Table G-7,    Summary of Unadjusted Results for Dichotomous Variables -Model 3 
(Ranch Hands and Comparisons by Dioxin Category) (Continued) 

Table i mM~' WfiMe^iVlM 
:: Number (%)     j r EÄRelative:IÜsk-. 

:v|Ä|'| rl1 §'<: 'ÄNPBillftSä&fel: ■■■ . Dioxin Category  ■ ;'Ji:|/'1W:':tl'j Abnormal i; ; (9S%ai.f:; •■ -; ':' |^ai»e* !: 

12-12 SCL-90-R Comparison 1,211 198 (16.4) 
Obsessive- Background RH 381 43(11.3) 0.68 (0.48,0.97) 0.032 
Compulsive LowRH 239 38 (15.9) 0.96 (0.65,1.40) 0.821 
Behavior HighRH 239 39 (16.3) 0.96(0.66,1.40) 0.831 

Low plus High RH 478 77 (16.1) 0.96(0.72,1.28) 0.773 

12-13 SCL-90-R Paranoid Comparison 1,211 85   (7.0) 
Ideation Background RH 381 17   (4.5) 0.65(0.38,1.10) 0.110 

LowRH 239 13   (5.4) 0.75 (0.41,1.38) 0.357 
HighRH 239 26 (10.9) 1.56(0.98,2.48) 0.062 
Low plus High RH 478 39   (8.2) 1.08(0.72,1.64) 0.703 

12-14 SCL-90-R Phobic Comparison 1,211 126 (10.4) 
Anxiety Background RH 381 22   (5.8) 0.53 (0.33,0.85) 0.009 

LowRH 239 25 (10.5) 1.00(0.64,1.58) 0.986 
HighRH 239 37 (15.5) 1.57(1.05,2.33) 0.027 
Low plus High RH 478 62(13.0) 1.25 (0.90,1.74) 0.177 

12-15 SCL-90-R Comparison 1,211 176 (14.5) 
Psychoticism Background RH 381 33   (8.7) 0.58 (0.39,0.86) 0.006 

LowRH 239 28(11.7) 0.77(0.51,1.18) 0.237 
HighRH 239 43 (18.0) 1.25(0.86,1.81) 0.235 
Low plus High RH 478 71 (14.9) 0.98 (0.73,1.33) 0.914 

12-16 SCL-90-R Comparison 1,211 194 (16.0) 
Somatization Background RH 381 44(11.6) 0.71 (0.50,1.01) 0.056 

LowRH 239 48(20.1) 1.31 (0.92,1.86) 0.136 
HighRH 239 50 (20.9) 1.34(0.95,1.91) 0.098 
Low plus High RH 478 98 (20.5) 1.33(1.01,1.74) 0.042 

12-17 SCL-90-R Global Comparison 1,211 185 (15.3) 
Severity Index (GSI) Background RH 381 35  (9.2) 0.59 (0.40,0.87) 0.007 

LowRH 239 35 (14.6) 0.94(0.63,1.39) 0.754 
HighRH 239 47 (19.7) 1.30(0.91,1.86) 0.153 
Low plus High RH 478 82 (17.2) 1.10(0.83,1.47) 0.500 

12-18 SCL-90-R Positive Comparison 1,211 204 (16.9) 
Symptom Total Background RH 381 36  (9.5) 0.54 (0.37,0.78) 0.001 
(PST) LowRH 239 40 (16.7) 0.98(0.68,1.42) 0.921 

HighRH 239 45 (18.8) 1.10(0.77,1.58) 0.604 
Low plus High RH 478 85 (17.8) 1.04(0.79,1.37) 0.790 

12-19 SCL-90-R Positive Comparison 1,211 78   (6.4) 
Symptom Distress Background RH 381 22   (5.8) 0.90(0.55,1.47) 0.671 
Index (PSDI) LowRH 239 19 ( 8.0) 1.25(0.74,2.11) 0.399 

HighRH 239 28(11.7) 1.91 (1.21,3.02) 0.006 
Low plus High RH 478 47   (9.8) 1.55 (1.05,2.27) 0.026 
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Table G"7.    Summary of Unadjusted Results i for D'h chotomous V* zriables - Model 3 
(Ranch Hands and Comparisons ! by Dioxin Category) (Continued) 

Table ;-:.:;:■:;■'::     Clinical  ■ Number {%) Est Relative Risk 
Ref. Parameter   . ' =■ Dioxin Category   ; fflffcfcfH -  Abnormal ■;■■ 1 ; f '{&%£&)*l  : f p-Value8   1 

13-3 Uncharacterized Comparison 1,206 21 (1.7) 
Hepatitis Background RH 378 8(2.1) 1.27(0.56,2.92) 0.568 

LowRH 237 4(1.7) 0.96 (0.33,2.82) 0.938 
High RH 241 5 (2.1) 1.15(0.43,3.10) 0.779 
Low plus High RH 478 9(1.9) 1.05 (0.48,2.32) 0.902 

13-4 Jaundice Comparison 1,182 34 (2.9) 
Background RH 370 11(3.0) 1.05(0.52,2.11) 0.890 
LowRH 232 0 (0.0) » 0.017b 

High RH 237 1 (0.4) 0.14(0.02,1.04) 0.055 
Low plus High RH 469 1 (0.2) - 0.001b 

13-5 Chronic Liver Comparison 1,147 54 (4.7) 
Disease and Background RH 361 16 (4.4) 0.97(0.55,1.73) 0.924 
Cirrhosis (Alcohol- LowRH 226 11(4.9) 1.02(0.53,1.99) 0.946 
related) High RH 221 12(5.4) 1.12(0.59,2.14) 0.725 

Low plus High RH 447 23(5.1) 1.07(0.65,1.77) 0.788 

13-6 Chronic Liver Comparison 1,212 14(1.2) 
Disease and Background RH 381 6(1.6) 1.64 (0.62,4.34) 0.321 
Cirrhosis (Non- LowRH 239 3(1.3) 1.01 (0.29,3.58) 0.986 
alcohol-related) High RH 243 5(2.1) 1.52(0.53,4,32) 0.433 

Low plus High RH 482 8(1.7) 1.24(0.50,3.06) 0.639 

13-7 Liver Abscess and Comparison 1,213 1 (0.1) 
Sequelae of Chronic Background RH 381 0 (0.0) - 0.999b 

Liver Disease LowRH 239 0 (0.0) ~ 0.999b 

High RH 243 1 (0.4) 5.44 (0.33,89.44) 0.236 
Low plus High RH 482 1 (0.2) - 0.999b 

13-8 Enlarged Liver Comparison 1,211 26(2.1) 
(Hepatomegaly) Background RH 381 6(1.6) 0.75 (0.31,1.86) 0.540 

LowRH 239 2 (0.8) 0.38 (0.09,1.62) 0.191 
High RH 242 6(2.5) 1.12(0.46,2.78) 0.798 
Low plus High RH 481 8 (1.7) 0.66(0.27,1.61) 0.357 

13-9 Other Liver Comparison 1,202 299 (24.9) 
Disorders Background RH 378 99 (26.2) 1.15(0.88,1.50) 0.318 

LowRH 238 64 (26.9) 1.09 (0.80,1.50) 0.578 
High RH 243 83 (34.2) 1.49(1.10,2.00) 0.009 
Low plus High RH 481 147 (30.6) 1.28(1.01,1.62) 0.042 

13-10 Current Comparison 1,194 7 (0.6) 
Hepatomegaly Background RH 376 3 (0.8) 1.53 (0.39,5.99) 0.543 

LowRH 236 3 (1.3) 2.10(0.54,8.23) 0.284 
High RH 241 4 (1.7) 2.58 (0.74,8.97) 0.136 
Low plus High RH 477 7 (1.5) 2.33 (0.80,6.76) 0.119 
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Table G-7.    Summary of Unadjusted Results for Dichotomous Variables - Model 3 
(Ranch Hands and Comparisons by Dioxin Category) (Continued) 

Table ■ . Clinical  ':■ Number {%)    \ :■ 1st Relate ;Rjstr ■ 
Ref. f ■ ,:5pp8Bie|^:-| Dioxin Category |f/:|;nj;|-;i Abnormal ; ':(9s%.fco.)*':: l p-Value* 

13-12 AST Comparison 1,194 79  (6.6) 
Background RH 376 17   (4.5) 0.72 (0.42,1.24) 0.241 
LowRH 236 19   (8.1) 1.21 (0.72,2.04) 0.476 
HighRH 240 26 (10.8) 1.60(1.00,2.56) 0.051 
Low plus High RH 476 45   (9.5) 1.39(0.95,2.05) 0.094 

13-14 ALT Comparison 1,194 85   (7.1) 
Background RH 376 17   (4.5) 0.67(0.39,1.15) 0.145 
LowRH 236 20  (8.5) 1.18(0.71,1.97) 0.522 
High RH 240 30(12.5) 1.74(1.11,2.71) 0.015 
Low plus High RH 476 50(10.5) 1.43(0.99,2.08) 0.058 

13-16 GGT Comparison 1,194 117   (9.8) 
Background RH 376 25   (6.6) 0.70(0.45,1.10) 0.122 
LowRH 236 29 (12.3) 1.27(0.82,1.96) 0.283 
High RH 240 33(13.8) 1.38(0.91,2.10) 0.127 
Low plus High RH 476 62(13.0) 1.33(0.95,1.84) 0.094 

13-18 Alkaline Comparison 1,194 21 (1.8) 
Phosphatase Background RH 376 12 (3.2) 1.76(0.85,3.63) 0.127 

LowRH 236 4(1.7) 0.97 (0.33,2.86) 0.960 
High RH 240 5 (2.1) 1.24 (0.46,3.33) 0.670 
Low plus High RH 476 9(1.9) 1.10(0.50,2.43) 0.815 

13-20 Total Bilirubin Comparison 1,194 74 (6.2) 
Background RH 376 21 (5.6) 0.91 (0.55,1.51) 0.724 
LowRH 236 15 (6.4) 1.02(0.58,1.81) 0.940 
HighRH 240 9 (3.8) 0.58(0.29,1.18) 0.131 
Low plus High RH 476 24 (5.0) 0.77(0.47,1.25) 0.286 

13-21 Direct Bilirubin Comparison 1,194 5 (0.4) 
Background RH 376 1 (0.3) 0.88(0.10,7.75) 0.906 
LowRH 236 0(0.0) - 0.695b 

High RH 240 0 (0.0) - 0.686b 

Low plus High RH 476 0 (0.0) - 0.359b 

13-23 Lactic Comparison 1,192 123 (10.3) 
Dehydrogenase Background RH 376 36  (9.6) 1.05 (0.71,1.57) 0.794 

LowRH 236 21   (8.9) 0.81 (0.50,1.33) 0.406 
HighRH 240 22   (9.2) 0.77 (0.47,1.25) 0.291 
Low plus High RH 476 43   (9.0) 0.79(0.55,1.15) 0.214 

13-25 Cholesterol Comparison 1,194 177 (14.8) 
Background RH 376 48 (12.8) 0.80(0.56,1.12) 0.195 
LowRH 236 34 (14.4) 0.98 (0.66,1.46) 0.915 
High RH 240 48 (20.0) 1.51 (1.06,2.16) 0.023 
Low plus High RH 476 82 (17.2) 1.22(0.91,1.63) 0.183 
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Table G-7,    Summary o f Unadjusted Results for Dichotomous Variables - Model 3 
(Ranch Hands and Comparisons ! by Dioxin Category) (Continued) 

Table | Clinical   \ Number (%) Est Relative Risk 
frl:fl|:i] : Parameter ■■ Dioxin Category f %l i-'^M , Abnormal ';.   :" (9S% el.)" ;V;.       ■] p-Value1" 

13-27 HDL Cholesterol Comparison 1,193 88 (7.4) 
Background RH 376 33 (8.8) 1.35 (0.88,2.05) 0.170 
LowRH 235 19(8.1) 1.07(0.64,1.80) 0.798 
High RH 240 19 (7.9) 0.98 (0.58,1.65) 0.937 
Low plus High RH 475 38 (8.0) 1.02(0.69,1.53) 0.910 

13-29 Cholesterol-HDL Comparison 1,193 492 (41.2) 
Ratio Background RH 376 136(36.2) 0.88(0.69,1.13) 0.321 

LowRH 235 86 (36.6) 0.80 (0.60,1.07) 0.135 
High RH 240 130(54.2) 1.57(1.18,2.08) 0.002 
Low plus High RH 475 216 (45.5) 1.12(0.90,1.40) 0.295 

13-31 Triglycerides Comparison 1,194 240(20.1) 
Background RH 375 53 (14,1) 0.72 (0.52,1.00) 0.051 
LowRH 236 54 (22.9) 1.15 (0.82,1.62) 0.411 
High RH 240 77(32.1) 1.74(1.27,2.37) <0.001 
Low plus High RH 476 131 (27.5) 1.42(1.10,1.82) 0.006 

13-33 Creatine Comparison 1,194 111   (9.3) 
Phosphokinase Background RH 376 26   (6.9) 0.81 (0.51,1.26) 0.345 

LowRH 236 20   (8.5) 0.87 (0.53,1.44) 0.599 
High RH 240 25 (10.4) 1.03(0.65,1.64) 0.905 
Low plus High RH 476 45   (9.5) 0.95 (0.66,1.37) 0.781 

13-35 Serum Amy läse Comparison 1,194 38 (3.2) 
Background RH 376 8(2.1) 0.61 (0.28,1.32) 0.210 
LowRH 236 11(4.7) 1.51 (0.76,3.01) 0.236 
High RH 240 6 (2.5) 0.84 (0.35,2.02) 0.697 
Low plus High RH 476 17 (3.6) 1.13 (0.62,2.06) 0.701 

13-36 Antibodies for Comparison 1,212 405 (33.4) 
Hepatitis A Background RH 381 112(29.4) 0.84(0.65,1.08) 0.175 

LowRH 239 84(35.1) 1.08(0.80,1.44) 0.619 
High RH 243 84 (34.6) 1.04(0.78,1.39) 0.784 
Low plus High RH 482 168 (34.9) 1.06(0.85,1.32) 0.615 

13-37 Evidence of Prior Comparison 1,211 166(13.7) 
Hepatitis B Background RH 381 23   (6.0) 0.42 (0.27,0.66) <0.001 

LowRH 238 26(10.9) 0.76(0.49,1.18) 0.229 
HighRH 243 27(11.1) 0.76(0.49,1.17) 0.214 
Low plus High RH 481 53(11.0) 0.76(0.55,1.06) 0.105 

13-38 Current Hepatitis B Comparison 1,213 2 (0.2) 
Background RH 381 0 (0.0) - 0.999b 

LowRH 239 1 (0.4) 2.52 (0.23,27.92) 0.453 
High RH 243 0 (0.0) - 0.999b 

Low plus High RH 482 1 (0.2) - 0.999b 
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Table G-7.    Summary of Unadjusted Results for Dichotomous Variables - Model 3 
(Ranch Hands and Comparisons by Dioxin Category) (Continued) 

Table 1 Clinical |, Number(%}  ' Est Relative Risk 
&*• J;| '^i|ili||!^^:;;| Dioxin Category; lit Wj'Jd |.'   Abnormal ■ .: '-{9S%G.if:: : ■: p-Valuea :; 

13-39 Antibodies for Comparison 1,213 17(1.4) 
Hepatitis C Background RH 381 5(1.3) 0.89 (0.32,2.44) 0.819 

LowRH 239 2 (0.8) 0.60(0.14,2.62) 0.497 
High RH 243 2 (0.8) 0.61 (0.14,2.67) 0.512 
Low plus High RH 482 4 (0.8) 0.61 (0.20,1.81) 0.369 

13-40 Stool Hemoccult Comparison 1,162 50 (4.3) 
Background RH 365 10 (2.7) 0.68 (0.34,1.35) 0.270 
LowRH 232 11(4.7) 1.08(0.55,2.12) 0.814 
High RH 232 8 (3.4) 0.74(0.35,1.59) 0.443 
Low plus High RH 464 19(4.1) 0.90(0.52,1.55) 0.696 

13-42 Prealbumin Comparison 1,194 10 (0.8) 
Background RH 376 6(1.6) 1.94 (0.69,5.41) 0.207 
LowRH 236 1 (0.4) 0.50 (0.06,3.95) 0.513 
High RH 240 5(2.1) 2.50 (0.84,7.42) 0.099 
Low plus High RH 476 6(1.3) 1.13 (0.33,3.90) 0.849 

13-44 Albumin Comparison 1,194 10 (0.8) 
Background RH 376 2(0.5) 0.68 (0.15,3.14) 0.618 
LowRH 236 0 (0.0) — 0.325b 

High RH 240 0 (0.0) ~ 0.318b 

Low plus High RH 476 0 (0.0) - 0.099b 

13-46 a-1-Acid Comparison 1,194 39 (3.3) 
Glycoprotein Background RH 376 13(3.5) 1.00(0.52,1.90) 0.992 

LowRH 236 11(4.7) 1.47(0.74,2.91) 0.272 
High RH 240 12 (5.0) 1.65 (0.85,3.21) 0.141 
Low plus High RH 476 23 (4.8) 1.56(0.92,2.64) 0.101 

13-50 a-2-Macroglobulin Comparison 1,194 45 (3.8) 
Background RH 376 6(1.6) 0.46(0.19,1.10) 0.080 
LowRH 236 7 (3.0) 0.75(0.33,1.69) 0.492 
High RH 240 10 (4.2) 1.00(0.49,2.03) 0.999 
Low plus High RH 476 17 (3.6) 0.87(0.49,1.55) 0.632 

13-52 Apolipoprotein B Comparison 1,194 636 (53.3) 
Background RH 376 174 (46.3) 0.75 (0.60,0.95) 0.017 
LowRH 236 113(47.9) 0.81 (0.61,1.07) 0.132 
High RH 240 132(55.0) 1.08 (0.81,1.42) 0.606 
Low plus High RH 476 245 (51.5) 0.93 (0.75,1.16) 0.524 

13-54 C3 Complement Comparison 1,194 26 (2.2) 
Background RH 376 12 (3.2) 1.28 (0.63,2.57) 0.495 
LowRH 236 1 (0.4) 0.20(0.03,1.46) 0.111 
High RH 240 2 (0.8) 0.44(0.10,1.86) 0.261 
Low plus High RH 476 3 (0.6) 0.29 (0.08,1.04) 0.057 
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Table G-7.    Summary of Unadjusted Results for Dichotomous Variables - Model 3 
(Ranch Hands and Comparisons by Dioxin Category) (Continued) 

Table Clinical Number (%) i Est* Relative itisk   ä 

fläeim *■ ||JJ 1.1* ai|t|^fer| ;t,f- :   Dioxin Category :: F!'F«^!;':!1 I:   Abnormal ■ \ :; ::; (95% cXf :: :;o ■ p~ Value? ■;■■ 

13-56 C4 Complement Comparison 1,194 2 (0.2) 
Background RH 376 2(0.5) 3.46 (0.47,25.38) 0.222 
LowRH 236 0 (0.0) — 0.999b 

HighRH 240 0 (0.0) - 0.999b 

Low plus High RH 476 0 (0.0) - 0.913b 

13-58 Haptoglobin Comparison 1,194 337 (28.2) 
Background RH 376 115(30.6) 1.13(0.88,1.46) 0.338 
LowRH 236 78 (33.1) 1.25(0.93,1.69) 0.140 
High RH 240 86(35.8) 1.41(1.05,1.89) 0.023 
Low plus High RH 476 164 (34.5) 1.33(1.06,1.67) 0.015 

13-60 Transferrin Comparison 1,194 133(11.1) 
Background RH 376 31 (8.2) 0.72(0.48,1.09) 0.121 
LowRH 236 23 (9.7) 0.86(0.54,1.37) 0.526 
High RH 240 16 (6.7) 0.57 (0.33,0.97) 0.039 
Low plus High RH 476 39 (8.2) 0.70(0.48,1.02) 0.062 

14-3 Essential Comparison 1,183 490(41.4) 
Hypertension Background RH 372 127 (34.1) 0.86(0.67,1.11) 0.246 

LowRH 229 94(41.0) 0.95 (0.71,1.29) 0.758 
HighRH 242 120 (49.6) 1.22(0.91,1.63) 0.177 
Low plus High RH 471 214 (45.4) 1.08(0.87,1.35) 0.488 

14-4 Heart Disease Comparison 1,195 730(61.1) 
(Excluding Essential Background RH 376 259 (68.9) 1.43(1.11,1.83) 0.005 
Hypertension) LowRH 233 163 (70.0) 1.48 (1.09,2.00) 0.011 

High RH 243 139 (57.2) 0.84(0.64,1.11) 0.228 
Low plus High RH 476 302 (63.4) 1.11 (0.89,1.39) 0.359 

14-5 Myocardial Comparison 1,195 98 (8.2) 
Infarction Background RH 376 29 (7.7) 0.98 (0.63,1.51) 0.919 

LowRH 233 19 (8.2) 0.99 (0.59,1.65) 0.958 
High RH 243 24 (9.9) 1.18(0.73,1.89) 0.496 
Low plus High RH 476 43 (9.0) 1.08 (0.74,1.58) 0.689 

14-6 Stroke or Transient Comparison 1,195 14 (1.2) 
Ischemia Attack Background RH 376 5 (1.3) 1.13(0.40,3.18) 0.816 

LowRH 233 1 (0.4) 0.36 (0.05,2.78) 0.330 
High RH 243 5 (2.1) 1.78 (0.63,5.02) 0.275 
Low plus High RH 476 6 (1.3) 0.82 (0.25,2.68) 0.741 

14-8 Systolic Blood Comparison 1,195 253 (21.2) 
Pressure Background RH 376 74 (19.7) 1.00(0.75,1.34) 0.998 

LowRH 233 59 (25.3) 1.25 (0.90,1.73) 0.188 
High RH 243 46(18.9) 0.80(0.56,1.14) 0.208 
Low plus High RH 476 105 (22.1) 0.99 (0.76,1.29) 0.952 
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Table G~7.    Summary of Unadjusted Results for Dichotomous Variables - Model 3 
(Ranch Hands and Comparisons i by Dioxin Category) (Continued) 

Table . /Clinical;^ ';:. ■'-. Number (%) - \ '.Esfc.Relative Risfc. ■; 
Ref.   | Parameter // :'. -Dioxin Category  / :-= g/j//nf 1/1 /. /Abnormal;; /■■■' :: (95% C.I.)* ■■■ ■:;'-: f p-Value* 

14-10 Diastolic Blood Comparison 1,195 59 (4.9) 
Pressure Background RH 376 15 (4.0) 0.85(0.47,1.52) 0.576 

LowRH 233 12 (5.2) 1.04(0.55,1.96) 0.915 
HighRH 243 17 (7.0) 1.37 (0.78,2.41) 0.267 
Low plus High RH 476 29(6.1) 1.20(0.75,1.90) 0.447 

14-11 Heart Sounds Comparison 1,195 60 (5.0) 
Background RH 376 9 (2.4) 0.48 (0.24,0.99) 0.047 
LowRH 233 10 (4.3) 0.84(0.42,1.67) 0.622 
High RH 243 12 (4.9) 0.94(0.50,1.79) 0.857 
Low plus High RH 476 22 (4.6) 0.89(0.54,1.48) 0.656 

14-12 Overall Comparison 1,195 373(31.2) 
Electrocardiograph Background RH 376 118(31.4) 1.06(0.82,1.36) 0.659 

LowRH 233 72 (30.9) 0.98(0.72,1.33) 0.883 
HighRH 243 74 (30.5) 0.92(0.68,1.25) 0.602 
Low plus High RH 476 146 (30.7) 0.95 (0.75,1.20) 0.659 

14-13 Right Bundle Comparison 1,195 31 (2.6) 
Branch Block Background RH 376 9(2.4) 0.93 (0.44,1.98) 0.852 

LowRH 233 5(2.1) 0.82(0.32,2.14) 0.688 
High RH 243 7 (2.9) 1.10(0.48,2.54) 0.818 
Low plus High RH 476 12(2.5) 0.96(0.48,1.89) 0.895 

14-14 Left Bundle Branch Comparison 1,195 12(1.0) 
Block Background RH 376 4(1.1) 1.17(0.37,3.68) 0.792 

LowRH 233 1 (0.4) 0.42 (0.05,3.23) 0.403 
High RH 243 0 (0.0) -- 0.237b 

Low plus High RH 476 1 (0.2) — 0.174b 

14-15 Non-Specific ST- Comparison 1,195 218 (18.2) 
and T-Wave Background RH 376 59 (15.7) 0.91 (0.66,1.25) 0.545 
Changes LowRH 233 47 (20.2) 1.12(0.78,1.59) 0.537 

High RH 243 50 (20.6) 1.08 (0.76,1.52) 0.677 
Low plus High RH 476 97 (20.4) 1.10(0.84,1.44) 0.502 

14-16 Bradycardia Comparison 1,195 47 (3.9) 
Background RH 376 16 (4.3) 0.95 (0.53,1.71) 0.867 
LowRH 233 5 (2.1) 0.55 (0.21,1.39) 0.204 
High RH 243 2 (0.8) 0.23 (0.05,0.95) 0.042 
Low plus High RH 476 7(1.5) 0.35 (0.14,0.85) 0.020 

14-17 Tachycardia Comparison 1,195 3 (0.3) 
Background RH 376 1 (0.3) 1.33 (0.14,13.00) 0.806 
LowRH 233 0 (0.0) - 0.999b 

HighRH 243 4(1.6) 5.30(1.15,24.53) 0.033 
Low plus High RH 476 4 (0.8) - 0.206b 
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Table G-7. Summary of Unadjusted Results for Dichotomous Variables - Model 3 
(Ranch Hands and Comparisons by Dioxin Category) (Continued) 

Table ;■;.;: Clinical   : Number (%) Est. Relative Risk 

''■■R<£::--' ': :iftllNp^)bä" x; ■ .-.:] > i\ tfe^^aj^gijl^r- f \ ̂ M&:§'W'l Abnormal ':-:^S%C;t)*-;'':;'l':; 
: p-Value* r. 

14-18 Arrhythmia Comparison 1,195 65 (5.4) 
Background RH 376 18 (4.8) 0.90(0.53,1.54) 0.703 
LowRH 233 19(8.2) 1.54(0.90,2.61) 0.114 
HighRH 243 13 (5.3) 0.96 (0.52,1.77) 0.886 
Low plus High RH 476 32 (6.7) 1.21 (0.77,1.88) 0.409 

14-19 Evidence of Prior Comparison 1,195 53 (4.4) 
Myocardial Background RH 376 12 (3.2) 0.75 (0.39,1.42) 0.374 

Infarction LowRH 233 11(4.7) 1.06 (0.54,2.06) 0.867 
High RH 243 10 (4.1) 0.88(0.44,1.76) 0.722 
Low plus High RH 476 21 (4.4) 0.96(0.57,1.62) 0.891 

14-20 ECG: Other Comparison 1,195 1 (0.1) 
Diagnoses Background RH 376 1 (0.3) 2.59(0.16,41.85) 0.503 

LowRH 233 0 (0.0) - 0.999b 

High RH 243 2 (0.8) 12.49(1.10,142.56) 0.042 
Low plus High RH 476 2(0.4) — 0.409b 

14-21 Funduscopic Comparison 1,194 149 (12.5) 
Examination Background RH 375 43(11.5) 0.99(0.69,1.43) 0.963 

LowRH 233 30(12.9) 1.02(0.67,1.56) 0.921 
HighRH 243 32 (13.2) 0.98 (0.65,1.49) 0.933 
Low plus High RH 476 62(13.0) 1.00(0.73,1.38) 0.993 

14-22 Carotid Bruits Comparison 1,195 31 (2.6) 
Background RH 376 9(2.4) 0.93 (0.44,1.98) 0.853 
LowRH 233 5 (2.1) 0.82(0.32,2.14) 0.687 
High RH 243 8 (3.3) 1.27(0.57,2.80) 0.561 
Low plus High RH 476 13(2.7) 1.02 (0.53,2.00) 0.943 

14-23 Radial Pulses Comparison 1,195 4 (0.3) 
Background RH 376 4(1.1) 2.78(0.69,11.27) 0.153 
LowRH 233 2 (0.9) 2.64 (0.48,14.54) 0.264 

High RH 243 1 (0.4) 1.41 (0.16,12.80) 0.759 
Low plus High RH 476 3 (0.6) 1.92(0.40,9.18) 0.414 

14-24 Femoral Pulses Comparison 1,194 15(1.3) 
Background RH 376 7(1.9) 1.39(0.56,3.45) 0.481 
LowRH 233 6 (2.6) 2.10(0.81,5.48) 0.128 
HighRH 243 6(2.5) 2.13(0.81,5.56) 0.125 
Low plus High RH 476 12 (2.5) 2.11(0.98,4.56) 0.056 

14-25 Popliteal Pulses Comparison 1,193 28 (2.3) 
Background RH 376 9 (2.4) 0.94 (0.44,2.03) 0.879 

LowRH 233 7 (3.0) 1.31 (0.56,3.03) 0.535 

HighRH 243 7 (2.9) 1.33(0.57,3.08) 0.512 

Low plus High RH 476 14 (2.9) 1.32(0.69,2.53) 0.410 
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Table G-7.    Summary of Unadjusted Results ! for Dh zhotomous Vt iriables - Model 3 
(Ranch Hands and Comparisons by Dioxin Category) (Continued) 

Table ;! Clinical ■'■ Number (%).; [ Est Relative Risk 
Ref.'-;5 Parameter Dioxin Category ifMM'M Abnormal 1: (9S% fei.}* "' -: "% p-Value* ;.: 

14-26 Dorsalis Pedis Comparison 1,193 95 (8.0) 
Pulses Background RH 376 29 (7.7) 0.91 (0.59,1.40) 0.664 

LowRH 233 22 (9.4) 1.22(0.75,1-98) 0.429 
HighRH 243 18(7.4) 0.98 (0.58,1.65) 0.931 
Low plus High RH 476 40(8.4) 1.09(0.74,1.61) 0.670 

14-27 Posterior Tibial Comparison 1,191 63 (5.3) 
Pulses Background RH 376 22 (5.9) 1.04(0.63,1.73) 0.865 

LowRH 233 18 (7.7) 1.52(0.88,2.61) 0.135 
High RH 243 16(6.6) 1.34(0.76,2.36) 0.320 
Low plus High RH 476 34(7.1) 1.42(0.92,2.19) 0.113 

14-28 Leg Pulses Comparison 1,191 122 (10.2) 
Background RH 376 39 (10.4) 0.95 (0.65,1.40) 0.812 
LowRH 233 29 (12.4) 1.26(0.82,1.94) 0.298 
High RH 243 24   (9.9) 1.01 (0.64,1.61) 0.957 
Low plus High RH 476 53(11.1) 1.13(0.80,1.59) 0.498 

14-29 Peripheral Pulses Comparison 1,191 125 (10.5) 
Background RH 376 40(10.6) 0.95 (0.65,1.39) 0.797 
LowRH 233 30(12.9) 1.27(0.83,1.95) 0.266 
HighRH 243 25 (10.3) 1.04(0.66,1.63) 0.880 
Low plus High RH 476 55(11.6) 1.15(0.82,1.61) 0.431 

14-30 ICVI Index Comparison 1,195 43 (3.6) 
Background RH 375 9 (2.4) 0.65(0.31,1.35) 0.249 
LowRH 233 9 (3.9) 1.08 (0.52,2.24) 0.839 
High RH 243 14 (5.8) 1.66(0.89,3.09) 0.112 
Low plus High RH 476 23 (4.8) 1.34(0.79,2.27) 0.272 

15-14 Prothrombin Time Comparison 987 13(1.3) 
Background RH 309 6(1.9) 1.64 (0.61,4.37) 0.327 
LowRH 182 3 (1.7) 1.17(0.33,4.19) 0.807 
High RH 193 1 (0.5) 0.34 (0.04,2.62) 0.297 
Low plus High RH 375 4(1.1) 0.62(0.17,2.23) 0.461 

15-15 RBC Morphology Comparison 1,211 73 (6.0) 
Background RH 381 24 (6.3) 1.12(0.69,1.81) 0.639 
LowRH 239 23 (9.6) 1.63(1.00,2.67) 0.051 
HighRH 239 16 (6.7) 1.05(0.60,1.85) 0.862 
Low plus High RH 478 39 (8.2) 1.31 (0.87,1.98) 0.196 

15-18 Absolute Comparison 1,211 209 (17.3) 
Neutrophils (bands) Background RH 381 65 (17.1) 0.98(0.72,1.34) 0.908 

(Zero vs. Nonzero) LowRH 239 43(18.0) 1.05(0.73,1.51) 0.781 
High RH 239 38 (15.9) 0.91 (0.62,1.33) 0.625 
Low plus High RH 478 81 (17.0) 0.98(0.74,1.30) 0.881 
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Table G-7.    Summary of Unadjusted Results for Dichotomous Variables - Model 3 
(Ranch Hands and Comparisons by Dioxin Category) (Continued) 

Table :■: ■■. Clinical ; Number^)    ..: Est Relative Risk 
|:   Refc -^ Parameter Dioxin. Category i%f:M:f%$- Abnormal 7 : {95% CX)"   ;: [■ -p-yalue*.;1 

15-22 Absolute Comparison 1,211 147 (12.1) 
Eosinophils (Zero Background RH 381 44(11.6) 0.96 (0.67,1.38) 0.833 
vs. Nonzero) LowRH 239 33 (13.8) 1.15 (0.77,1.73) 0.487 

High RH 239 28(11.7) 0.95 (0.61,1.46) 0.798 
Low plus High RH 478 61 (12.8) 1.04(0.76,1.44) 0.789 

15-24 Absolute Basophils Comparison 1,211 649 (53.6) 
(Zero vs. Nonzero) Background RH 381 213(55.9) 1.09(0.86,1.38) 0.459 

LowRH 239 147(61.5) 1.39(1.04,1.84) 0.025 
HighRH 239 130(54.4) 1.04(0.78,1.37) 0.796 
Low plus High RH 478 277 (58.0) 1.20(0.97,1.49) 0.098 

16-3 Thyroid Disease Comparison 1,208 102 (8.4) 
Background RH 378 30 (7.9) 0.97(0.64,1.49) 0.906 
LowRH 237 15 (6.3) 0.73 (0.41,1.27) 0.263 
HighRH 241 20 (8.3) 0.94(0.57,1.56) 0.825 
Low plus High RH 478 35 (7.3) 0.83 (0.55,1.24) 0.362 

16-4 Composite Diabetes Comparison 1,195 199 (16.7) 
Indicator Background RH 379 37   (9.8) 0.67 (0.45,0.98) 0.041 

LowRH 235 49 (20.9) 1.27(0.88,1.84) 0.202 
High RH 240 57 (23.8) 1.33(0.94,1.90) 0.111 
Low plus High RH 475 106(22.3) 1.30(0.99,1.72) 0.064 

16-7 Thyroid Gland Comparison 1,165 16 (1.4) 
Background RH 369 4(1.1) 0.82 (0.27,2.47) 0.718 
LowRH 233 1 (0.4) 0.31 (0.04,2.32) 0.253 
HighRH 234 1 (0.4) 0.30 (0.04,2.27) 0.242 
Low plus High RH 467 2 (0.4) 0.30(0.07,1.32) 0.112 

16-8 Testicular Comparison 1,199 47 (3.9) 
Examination Background RH 376 14 (3.7) 0.89(0.49,1.65) 0.722 

LowRH 237 15 (6.3) 1.68 (0.92,3.06) 0.091 
High RH 241 9 (3.7) 1.00(0.48,2.07) 0.994 
Low plus High RH 478 24 (5.0) 1.29 (0.77,2.16) 0.333 

16-12 Thyroxine Comparison 1,161 31 (2.7) 
Background RH 367 13 (3.5) 1.40(0.72,2.71) 0.325 
LowRH 233 3(1.3) 0.47 (0.14,1.55) 0.215 
High RH 234 7 (3.0) 1.08(0.47,2.49) 0.858 
Low plus High RH 467 IP (2.1) 0.71 (0.33,1.54) 0.390 

16-13 Anti-Thyroid Comparison 1,161 7 (0.6) 
Antibodies Background RH 367 3 (0.8) 1.20(0.30,4.69) 0.798 

LowRH 233 1 (0.4) 0.73 (0.09,5.96) 0.768 
High RH 234 1 (0.4) 0.80(0.10,6.56) 0.834 
Low plus High RH 467 2 (0.4) 0.76(0.16,3.70) 0.736 
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Table G~7.    Summary of Unadjusted Results ! for Dh 7hotomous Vi enables - Model 3 
(Ranch Hands and Comparisons by Dioxin Category) (Continued) 
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16-15 Fasting Glucose Comparison 1,212 203 (16.7) 
Background RH 381 48 (12.6) 0.89(0.63,1.26) 0.517 
LowRH 238 44(18.5) 1.07 (0.73,1.56) 0.721 
High RH 242 58 (24.0) 1.35 (0.95,1.91) 0.097 
Low plus High RH 480 102 (21.3) 1.20(0.91,1.59) 0.200 

16-17 2-Hour Postprandial Comparison 996 155 (15.6) 
Glucose Background RH 342 47 (13.7) 0.98 (0.68,1.40) 0.906 

LowRH 186 35(18.8) 1.27(0.84,1.92) 0.260 
High RH 183 31 (16.9) 1.00(0.65,1.54) 0.999 
Low plus High RH 369 66 (17.9) 1.13(0.82,1.56) 0.468 

16-18 Fasting Urinary Comparison 1,212 51 (4.2) 
Glucose Background RH 381 7(1.8) 0.53(0.24,1.19) 0.124 

LowRH 238 9 (3.8) 0.81 (0.38,1.70) 0.571 
High RH 242 18 (7.4) 1.51 (0.85,2.69) 0.160 
Low plus High RH 480 27 (5.6) 1.11 (0.66,1.85) 0.696 

16-19 2-Hour Postprandial Comparison 994 214(21.5) 
Urinary Glucose Background RH 341 85 (24.9) 1.20(0.90,1.60) 0.222 

LowRH 185 52(28.1) 1.43(1.00,2.03) 0.050 
High RH 183 42 (23.0) 1.10(0.75,1.60) 0.636 
Low plus High RH 368 94 (25.5) 1.25 (0.95,1.65) 0.118 

16-23 ot-l-C Hemoglobin Comparison 1,212 125 (10.3) 
Background RH 381 25   (6.6) 0.75(0.47,1.18) 0.210 
LowRH 238 25 (10.5) 0.95 (0.60,1.53) 0.841 
HighRH 242 45 (18.6) 1.73(1.17,2.55) 0.006 
Low plus High RH 480 70 (14.6) 1.29(0.92,1.80) 0.138 

16-25 Total Testosterone Comparison 1,189 88  (7.4) 
Background RH 372 23   (6.2) 1.04(0.64,1.69) 0.878 
LowRH 234 20  (8.6) 1.08(0.64,1.84) 0.767 
High RH 238 28(11.8) 1.40(0.88,2.25) 0.156 
Low plus High RH 472 48 (10.2) 1.23(0.84,1.82) 0.285 

16-27 Free Testosterone Comparison 1,189 20 (1.7) 
Background RH 372 5 (1.3) 0.94 (0.35,2.55) 0.906 
LowRH 234 8 (3.4) 1.95 (0.84,4.52) 0.120 
High RH 238 1 (0.4) 0.21 (0.03,1.57) 0.128 
Low plus High RH 472 9 (1-9) 0.63 (0.20,1.99) 0.431 

16-29 Estradiol Comparison 1,213 343 (28.3) 
Background RH 381 102 (26.8) 0.96(0.74,1.25) 0.774 
LowRH 239 59 (24.7) 0.82(0.60,1.13) 0.234 
HighRH 243 73 (30.0) 1.05 (0.78,1.43) 0.731 
Low plus High RH 482 132 (27.4) 0.93 (0.74,1.18) 0.566 
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Table G-7.    Summary of Unadjusted Results f for Dh shotomous Vt iriables - Model 3 
(Ranch Hands and Comparisons ■ by Dioxin Category) (Continued) 

'  Table 1 :■ t. Clinical, $Mmä^^%W'M EsL Relative Risk 
£Äto Parameter , Dioxin Category li*$~4;.:$4 Abnormal :■  '(*>S% €&)*■' . p-Valuea 

16-31 LH Comparison 1,213 67 (5.5) 
Background RH 381 27 (7.1) 1.27 (0.79,2.02) 0.322 
LowRH 239 12 (5.0) 0.91 (0.48,1.71) 0.770 
High RH 243 9 (3.7) 0.68 (0.33,1.38) 0.280 
Low plus High RH 482 21 (4.4) 0.78 (0.47,1.30) 0.345 

16-33 FSH Comparison 1,213 93 (7.7) 
Background RH 381 35 (9.2) 1.22(0.81,1.84) 0.341 
LowRH 239 20 (8.4) 1.10(0.66,1.82) 0.713 
High RH 243 16 (6.6) 0.85(0.49,1.47) 0.557 
Low plus High RH 482 36 (7.5) 0.96(0.64,1.44) 0.860 

17-14 ANA Test Comparison 1,164 606(52.1) 
Background RH 371 199 (53.6) 1.05(0.83,1.33) 0.674 
LowRH 222 105 (47.3) 0.83(0.62,1.11) 0.202 
HighRH 231 127 (55.0) 1.14(0.85,1.51) 0.380 
Low plus High RH 453 232(51.2) 0.97(0.78,1.21) 0.810 

17-15 ANA Thyroid Comparison 1,164 34 (2.9) 
Microsomal Background RH 371 12 (3.2) 1.13 (0.58,2.22) 0.717 
Antibody LowRH 222 7 (3.2) 1.08(0.47,2.46) 0.862 

High RH 231 5 (2.2) 0.72(0.28,1.88) 0.506 
Low plus High RH 453 12 (2.7) 0.88 (0.45,1.73) 0.709 

17-16 MSK Smooth Comparison 1,164 141(12.1) 
Muscle Antibody Background RH 371 52 (14.0) 1.23 (0.87,1.74) 0.235 

LowRH 222 30(13.5) 1.12(0.73,1.71) 0.601 
High RH 231 19  (8.2) 0.63 (0.38,1.04) 0.071 
Low plus High RH 453 49 (10.8) 0.83(0.59,1.19) 0.315 

17-17 MSK Mitochondrial Comparison 1,164 2 (0.2) 
Antibody Background RH 371 2 (0.5) 3.74(0.51,27.25) 0.193 

LowRH 222 2 (0.9) 4.91 (0.68,35.44) 0.114 
HighRH 231 0 (0.0) - 0.999b 

Low plus High RH 453 2(0.4) „ 0.672b 

17-18 MSK Parietal Comparison 1,164 50 (4.3) 
Antibody Background RH 371 9(2.4) 0.61 (0.29,1.25) 0.179 

LowRH 222 16 (7.2) 1.68(0.94,3.02) 0.082 
High RH 231 10(4.3) 0.93 (0.46,1.87) 0.843 
Low plus High RH 453 26 (5.7) 1.24(0.75,2.05) 0.392 

17-19 Rheumatoid Factor Comparison 1,164 130(11.2) 
Background RH 371 46 (12.4) 1.15 (0.80,1.65) 0.458 
LowRH 222 27(12.2) 1.10(0.70,1.70) 0.686 
HighRH 231 15   (6.5) 0.54(0.31,0.95) 0.032 
Low plus High RH 453 42   (9.3) 0.77 (0.52,1.12) 0.170 
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Table G-7.    Summary of Unadjusted Results for Dichotomous Variables - Model 3 
(Ranch Hands and Comparisons by Dioxin Category) (Continued) 

Table ! . -:     : ..; f'^JälfälJ ■;■■;■:' | Number (%) Est Relative Risk 
Ret '■'■':'■■ \ |:

;|*|iipB^iBi;v-f . | Dioxin Category K'P:W-!ml Abnormal       1 ■ ;':^S# CJ.)a>-Ti t./^ Value*;.' 

18-3 Asthma Comparison 1,208 42 (3.5) 
Background RH 377 19 (5.0) 1.47(0.84,2.58) 0.174 
LowRH 235 10 (4.3) 1.23(0.61,2.50) 0.559 
HighRH 240 11(4.6) 1.33(0.67,2.64) 0.408 
Low plus High RH 475 21 (4.4) 1.28(0.75,2.19) 0.363 

18-4 Bronchitis Comparison 1,188 230 (19.4) 
Background RH 372 84 (22.6) 1.22(0.92,1.62) 0.174 
LowRH 228 44 (19.3) 1.00(0.70,1.43) 0.980 
High RH 239 54 (22.6) 1.21 (0.87,1.70) 0.262 
Low plus High RH 467 98 (21.0) 1.10(0.84,1.44) 0.479 

18-5 Pneumonia Comparison 1,168 134(11.5) 
Background RH 361 38 (10.5) 0.93 (0.63,1.36) 0.708 
LowRH 222 27 (12.2) 1.06(0.68,1.65) 0.790 
High RH 236 19   (8.1) 0.66(0.40,1.09) 0.107 
Low plus High RH 458 46 (10.0) 0.83 (0.58,1.19) 0.315 

18-6 Thorax and Lung Comparison 1,213 137(11.3) 
Abnormalities Background RH 381 39 (10.2) 0.82 (0.56,1.20) 0.304 

LowRH 239 31 (13.0) 1.19(0.79,1.82) 0.408 
HighRH 243 31 (12.8) 1.24(0.82,1.89) 0.313 
Low plus High RH 482 62 (12.9) 1.22(0.88,1.68) 0.232 

18-7 X-ray Interpretation Comparison 1,213 116   (9.6) 
Background RH 381 53 (13.9) 1.56(1.10,2.21) 0.013 
LowRH 239 26 (10.9) 1.15(0.73,1.80) 0.546 
High RH 241 17 (7.1) 0.70(0.41,1.20) 0.196 
Low plus High RH 480 43 (9.0) 0.90(0.62,1.31) 0.576 

a Adjusted for percent body fat at the time of the blood measurement for dioxin. 
b P-value determined using a chi-square test with continuity correction because of the sparse number of participants 
with abnormalities. 
--: Relative risk, confidence interval, and p-value are not presented because of the sparse number of participants 
with abnormalities. 

Note: Relative risk and confidence interval relative to Comparisons. 
RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background: (Ranch Hand): 1987 Dioxin < 10 ppt. 
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand):  1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table G-8.   Summary of Unadjusted Results for Dichotomous Variables - Model 4 (Ranch Hands: 
Log2 (1987 Dioxin + 1)) 

iRk:'':;:.--;^ I:: ;i:i-:::::":F::F:':'v'OiicalParameter;; ■ 'f £ aS'4€X|  . : ■ ; P-Vahiej 

9-3 Self-perception of Health 
9-4 Appearance of Illness or Distress 
9-5 Relative Age Appearance 
9-7 Body Fat 
9-9 Erythrocyte Sedimentation Rate 
10-3 Skin Neoplasms 
10-4 Malignant Skin Neoplasms 
10-5 Benign Skin Neoplasms 
10-6 Skin Neoplasms of Uncertain Behavior or Unspecified Nature 
10-7 Basal Cell Carcinoma (All Sites Combined) 
10-8 Basal Cell Carcinoma (Ear, Face, Head, and Neck) 
10-9 Basal Cell Carcinoma (Trunk) 

10-10 Basal Cell Carcinoma (Upper Extremities) 
10-11 Basal Cell Carcinoma (Lower Extremities) 
10-12 Squamous Cell Carcinoma 
10-13 Nonmelanoma 
10-14 Melanoma 
10-15 Systemic Neoplasms (All Sites Combined) 
10-16 Malignant Systemic Neoplasms 
10-17 Benign Systemic Neoplasms 
10-18 Systemic Neoplasms of Uncertain Behavior or Unspecified Nature 
10-19 Malignant Systemic Neoplasms (Eye, Ear, Face, Head, and Neck) 
10-20 Malignant Systemic Neoplasms (Oral Cavity, Pharynx, and Larynx) 
10-21 Malignant Systemic Neoplasms (Thymus, Heart, and Mediastinum) 
10-22 Malignant Systemic Neoplasms (Thyroid Gland) 
10-23 Malignant Systemic Neoplasms (Bronchus and Lung) 
10-24 Malignant Systemic Neoplasms (Liver) 
10-25 Malignant Systemic Neoplasms (Colon and Rectum) 
10-26 Malignant Systemic Neoplasms (Kidney and Bladder) 
10-27 Malignant Systemic Neoplasms (Prostate) 
10-28 Malignant Systemic Neoplasms (Testicles) 
10-29 Malignant Systemic Neoplasms (Connective and Other Soft Tissues) 
10-30 Hodgkin's Disease 
10-31 Non-Hodgkin' s Lymphoma 
10-32 Other Malignant Systemic Neoplasms of Lymphoid and Histiocytic 

Tissue 
10-33 All Malignant Skin and Systemic Neoplasms 
10-34 All Skin and Systemic Neoplasms 
10-36 PSA 
11-3 Inflammatory Diseases 
11-4 Hereditary and Degenerative Disorders 
11-5 Peripheral Disorders 
11-6 Other Neurological Disorders 
11-7 Smell 
11-8 Visual Fields 
11-9 Light Reaction 
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1.22(1.08,1.39) 0.002 
1.09 (0.78,1.52) 0.631 
0.97 (0.83,1.12) 0.654 
1.26(1.14,1.40) <0.001 
1.18(1.01,1.39) 0.040 
0.88 (0.80,0.97) 0.012 
0.92(0.81,1.04) 0.187 
0.85 (0.77,0.95) 0.003 
1.16(0.72,1.86) 0.542 
0.87 (0.76,0.99) 0.037 
0.84 (0.72,0.98) 0.021 
0.96(0.77,1.19) 0.695 
0.77(0.56,1.07) 0.107 
0.85 (0.45,1.59) 0.597 
0.95 (0.70,1.29) 0.744 
0.89(0.78,1.01) 0.074 
1.05(0.76,1.46) 0.761 
1.02(0.92,1.12) 0.734 
0.96 (0.81,1.14) 0.641 
1.03 (0.93,1.14) 0.582 
0.84 (0.59,1.20) 0.329 
0.85 (0.53,1.36) 0.494 
1.23(0.66,2.29) 0.526 
0.33(0.12,0.92) 0.038 
0.90 (0.34,2.40) 0.832 
0.98 (0.64,1.50) 0.915 
2.10 (0.92,4.78) 0.080 
1.18 (0.74,1.91) 0.495 
1.03 (0.69,1.53) 0.902 
0.82(0.62,1.10) 0.182 
1.22(0.59,2.50) 0.599 
2.36 (0.73,7.65) 0.151 
0.67(0.15,2.97) 0.583 
0.60(0.13,2.70) 0.491 
0.68(0.24,1.96) 0.466 

0.94(0.84,1.05) 0.281 
0.93 (0.85,1.02) 0.149 
0.91 (0.75,1.10) 0.313 
0.97 (0.58,1.63) 0.920 
0.96(0.82,1.12) 0.590 
1.15 (1.04,1.29) 0.010 
1.13 (1.01,1.26) 0.038 
0.89 (0.65,1.23) 0.481 
1.43(0.62,3,31) 0.421 
0.77(0.18,3.29) 0.715 



Table G-8.    Summary of Unadjusted Results for Dichotomous Variables - Model 4 
(Ranch Hands:   Logs (1987 Dioxin + 1)) (Continued) 

Table ;^^»iit(ye'Riäfiä:t--! 
;;-:.Ref.-/; pi        '              £■'! Ä1; :|ßiäcal|?NMtett' &    '-M3¥-t !<! .;;.'-::r .' :<9f%€.i); ;'":: 1 p-Vahie 

11-10 Ocular Movement 1.09(0.77,1.54) 0.643 

11-11 Facial Sensation 0.75(0.27,2.11) 0.572 
11-12 Jaw Clench 0.92 (0.35,2.44) 0.864 

11-13 Smile 1.16(0.72,1.88) 0.541 

11-14 Palpebral Fissure 1.05 (0.64,1.73) 0.840 

11-15 Balance 0.88 (0.52,1.50) 0.642 

11-16 Speech 0.77 (0.37,1.59) 0.462 

11-17 Tongue Position Relative to Midline 0.92 (0.35,2.44) 0.864 

11-18 Palate and Uvula Movement 1.13 (0.31,4.05) 0.857 

11-19 Cranial Nerve Index 0.93(0.77,1.13) 0.462 

11-20 Neck Range of Motion 1.03 (0.92,1.15) 0.632 

11-21 Pinprick 1.15 (0.96,1.37) 0.137 
11-22 Light Touch 1.02(0.81,1.28) 0.865 

11-23 Muscle Status 1.02(0.82,1.27) 0.863 

11-24 Patellar Reflex 1.08 (0.83,1.42) 0.568 
11-25 Achilles Reflex 1.07 (0.95,1.21) 0.250 
11-26 Biceps Reflex 1.16(0.80,1.68) 0.437 

11-27 Babinski Reflex 0.58 (0.32,1.03) 0.056 

11-29 Polyneuropathy Prevalence Index 1.09(0.96,1,24) 0.198 

11-30 Multiple Polyneuropathy Index 1.19(0.96,1.46) 0.110 

11-31 Confirmed Polyneuropathy Indicator 1.80(1.26,2.58) 0.002 

11-32 Tremor 0.94(0.79,1.13) 0.527 

11-33 Coordination 0.81 (0.58,1.13) 0.211 

11-34 Romberg Sign 0.88(0.52,1.50) 0.642 

11-35 Gait 1.00(0.83,1.22) 0.966 

11-36 CNS Index 0.97(0.84,1.12) 0.672 

12-3 Psychoses 1.11 (0.89,1.39) 0.368 

12-4 Alcohol Dependence 1.07(0.90,1.28) 0.420 

12-5 Drug Dependence 0.46 (0.16,1.34) 0.155 
12-6 Anxiety 1.14(1.03,1.26) 0.011 

12-7 Other Neuroses 1.20(1.09,1.32) <0.001 
12-8 SCL-90-R Anxiety 1.15 (0.99,1.34) 0.065 

12-9 SCL-90-R Depression 1.15(1.01,1.31) 0.040 

12-10 SCL-90-R Hostility 1.19(1.01,1.41) 0.045 

12-11 SCL-90-R Interpersonal Sensitivity 1.12(0.98,1.28) 0.090 

12-12 SCL-90-R Obsessive-Compulsive Behavior 1.13(1.00,1.29) 0.058 

12-13 SCL-90-R Paranoid Ideation 1.21 (1.02,1.45) 0.032 

12-14 SCL-90-R Phobic Anxiety 1.28(1.11,1.48) 0.001 

12-15 SCL-90-R Psychoticism 1.24(1.08,1.42) 0.002 

12-16 SCL-90-R Somatization 1.16(1.03,1.31) 0.013 

12-17 SCL-90-R Global Severity Index (GSI) 1.24(1.09,1.41) 0.001 

12-18 SCL-90-R Positive Symptom Total (PST) 1.22(1.07,1.38) 0.003 

12-19 SCL-90-R Positive Symptom Distress Index (PSDI) 1.13 (0.97,1.33) 0.130 

13-3 Uncharacterized Hepatitis 0.86(0.61,1.21) 0.377 

13-4 Jaundice 0.44 (0.28,0.69) <0.001 

13-5 Chronic Liver Disease and Cirrhosis (Alcohol-related) 1.10(0.89,1.37) 0.368 

13-6 Chronic Liver Disease and Cirrhosis (Non-alcohol-related) 1.05 (0.73,1.49) 0.803 

13-7 Liver Abscess and Sequelae of Chronic Liver Disease 2.30(0.71,7.43) 0.162 

13-8 Enlarged Liver (Hepatomegaly) 0.94 (0.65,1.35) 0.731 
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Table G-8.    Summary of Unadjus ted Results for Dichotomous Variables - Model 4 
(Ranch Hands:  Logz (1987 Dioxin + 1)) (Continued) 

Table i Est Relative Risk 

WliäM #                                1-fflTOÄSy^Mtefe^ ilir 1:-1"\       ■    ?.!'■l:.;I\l'''lj =: .:{9S%:!CUv :; '■' 1 p-Value 

13-9 Other Liver Disorders 1.10(1.00,1.22) 0.055 

13-10 Current Hepatomegaly 1.04(0.69,1.58) 0.853 

13-12 AST 1.26(1.06,1.48) 0.008 

13-14 ALT 1.33 (1.13,1.56) 0.001 

13-16 GGT 1.17(1.01,1.35) 0.034 

13-18 Alkaline Phosphatase 0.79 (0.58,1.09) 0.144 
13-20 Total Bilirubin 0.89(0.72,1.10) 0.275 
13-21 Direct Bilirubin 0.78 (0.18,3.33) 0.735 

13-23 Lactic Dehydrogenase 1.00(0.85,1.17) 0.989 

13-25 Cholesterol 1.15 (1.02,1.30) 0.025 

13-27 HDL Cholesterol 0.92(0.78,1.09) 0.349 

13-29 Cholesterol-HDL Ratio 1.22(1.11,1.34) <0.001 

13-31 Triglycerides 1.29(1.16,1.44) <0.001 

13-33 Creatine Phosphokinase 1.14(0.97,1.33) 0.123 

13-35 Serum Amylase 0.93 (0.70,1.22) 0.590 

13-36 Antibodies for Hepatitis A 1.08(0.98,1.19) 0.125 
13-37 Evidence of Prior Hepatitis B 1.20(1.03,1.40) 0.023 

13-38 Current Hepatitis B 1.37(0.41,4.55) 0.617 
13-39 Antibodies for Hepatitis C 0.69(0.42,1.14) 0.139 
13-40 Stool Hemoccult 1.04(0.81,1.34) 0.760 

13-42 Prealbumin 1.02(0.69,1.49) 0.931 

13-44 Albumin 0.68 (0.24,1.96) 0.465 

13-46 a-1-Acid Glycoprotein 1.00(0.80,1.25) 0.986 

13-50 a-2-Macroglobulin 1.37(1.06,1.77) 0.020 

13-52 Apolipoprotein B 1.12(1.02,1.23) 0.017 
13-54 C3 Complement 0.61 (0.41,0.91) 0.011 
13-56 C4 Complement 0.32(0.12,0.90) 0.033 

13-58 Haptoglobin 1.03(0.94,1.14) 0.509 

13-60 Transferrin 1.03(0.88,1.22) 0.710 

14-3 Essential Hypertension 1.22(1.11,1.34) <0.001 
14-4 Heart Disease (Excluding Essential Hypertension) 0.87 (0.79,0.96) 0.004 

14-5 Myocardial Infarction 1.03 (0.87,1.21) 0.740 

14-6 Stroke or Transient Ischemia Attack 0.99(0.66,1.48) 0.957 

14-8 Systolic Blood Pressure 1.00(0.89,1.12) 0.956 

14-10 Diastolic Blood Pressure 1.14(0.94,1.39) 0.198 

14-11 Heart Sounds 1.16(0.92,1.46) 0.220 

14-12 Overall Electrocardiograph 0.96(0.87,1.06) 0.391 

14-13 Right Bundle Branch Block 1.03(0.77,1.38) 0.845 

14-14 Left Bundle Branch Block 0.69 (0.35,1.36) 0.271 

14-15 Non-Specific ST- and T-Wave Changes 1.06 (0.94,1.19) 0.361 

14-16 Bradycardia 0.77 (0.56,1.05) 0.084 

14-17 Tachycardia 1.56(0.92,2.63) 0.111 

14-18 Arrhythmia 0.99 (0.82,1.20) 0.932 

14-19 Evidence of Prior Myocardial Infarction 1.09(0.87,1.38) 0.447 

14-20 ECG: Other Diagnoses 1.27(0.63,2.59) 0.512 

14-21 Funduscopic Examination 1.00(0.87,1.15) 0.951 

14-22 Carotid Bruits 1.02(0.77,1.36) 0.897 

14-23 Radial Pulses 0.75 (0.43,1.32) 0.305 

14-24 Femoral Pulses 1.01 (0.75,1.38) 0.927 
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Table G-8.    Summary of Unadjusted Results for Dichotomous Variables - Model A ! 
(Ranch Hands:   Log2 (1987 Dioxin + 1)) (Continued) 

table i ;! Ä':»*iative Bisk' ■: 
; fe£ '! w             i: fciSii.!^                          :i: ■ |; "isj \ .  =; (95% ££.) '■  ■; t {h Value 

14-25 Popliteal Pulses 0.98(0.74,1.30) 0.891 
14-26 Dorsalis Pedis Pulses 0.99 (0.84,1.17) 0.913 
14-27 Posterior Tibial Pulses 1.03(0.86,1.24) 0.746 

14-28 Leg Pulses 1.00(0.87,1.16) 0.956 

14-29 Peripheral Pulses 1.00(0.86,1.15) 0.972 

14-30 ICVI Index 1.08(0.86,1.37) 0.503 

15-14 Prothrombin Time 0.86(0.55,1.34) 0.498 

15-15 RBC Morphology 1.03 (0.87,1.23) 0.698 

15-18 Absolute Neutrophils (bands) (Zero vs. Nonzero) 0.99(0.88,1.12) 0.905 

15-22 Absolute Eosinophils (Zero vs. Nonzero) 1.05 (0.91,1.20) 0.528 
15-24 Absolute Basophils (Zero vs. Nonzero) 0.97 (0.88,1.06) 0.496 
16-3 Past Thyroid Disease 1.01 (0.85,1.20) 0.892 

16-4 Composite Diabetes Indicator 1.35 (1.20,1.52) <0.001 
16-7 Thyroid Gland 0.85(0.47,1.51) 0.562 

16-8 Testicular Examination 1.01 (0.81,1.26) 0.903 

16-12 Thyroxine 0.97 (0.73,1,29) 0.825 

16-13 Anti-Thyroid Antibodies 0.82(0.43,1.55) 0.535 

16-15 Fasting Glucose 1.25(1.11,1.41) <0.001 

16-17 2-Hour Postprandial Glucose 1.06(0.92,1.22) 0.394 

16-18 Fasting Urinary Glucose 1.38(1.12,1.71) 0.004 

16-19 2-Hour Postprandial Urinary Glucose 0.97(0.86,1.10) 0.664 

16-23 a-l-C Hemoglobin 1.39(1.21,1.60) <0.001 

16-25 Total Testosterone 1.22(1.05,1.43) 0.013 

16-27 Free Testosterone 0.94 (0.65,1.36) 0.744 
16-29 Estradiol 1.04 (0.94,1.15) 0.430 

16-31 LH 0.84(0.68,1.04) 0.094 

16-33 FSH 0.97(0.82,1.15) 0.712 
17-14 ANA Test 0.98 (0.90,1.08) 0.732 

17-15 ANA Thyroid Microsomal Antibody 0.90(0.68,1.20) 0.486 

17-16 MSK Smooth Muscle Antibody 0.88(0.76,1.02) 0.087 

17-17 MSK Mitochondrial Antibody 0.62(0.29,1.33) 0.206 

17-18 MSK Parietal Antibody 1.14(0.92,1.42) 0.245 

17-19 Rheumatoid Factor 0.81 (0.69,0.96) 0.010 

18-3 Asthma 1.06(0.86,1.31) 0.594 

18-4 Bronchitis 0.97 (0.87,1.08) 0.579 

18-5 Pneumonia 0.91 (0.78,1.07) 0.236 

18-6 Thorax and Lung Abnormalities 1.03(0.90,1.19) 0.653 

18-7 X-rav Interpretation 0.83(0.71,0.97) 0.015 

Note: Relative risk for a twofold increase in 1987 dioxin. 
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Table G-10.   Summary of Unadjusted Results for Polytomous Variables - Model 2 (Ranch Hands: 
Log2 (Initial Dioxin)) 

Table Est Relative Risk 
■<  Ret. ;.: Clinical Parameter ? 'Öi":t :&       l'1'iÖ^feii-5' :-kS         '11- :1:3 ;: ; (95% CXf::;:-' ? p-Valöe* : 

11-28 Poly neuropathy Severity Moderate vs. None or Mild 1.29(0.90,1.87) 0.168 
Index Severe vs. None or Mild 0.68(0.23,1.98) 0.476 

13-48 a-1-Antitrypsin Low vs. Normal 0.83(0.37,1.90) 0.667 
High vs. Normal 1.05(0.39,2.80) 0.925 

15-4 RBC Count Low vs. Normal 0.79(0.53,1.15) 0.220 
High vs. Normal 0.76(0.36,1.59) 0.464 

15-6 WBC Count Low vs. Normal 0.59 (0.39,0.89) 0.012 
High vs. Normal 0.99 (0.69,1.43) 0.964 

15-8 Hemoglobin Low vs. Normal 0.74 (0.53,1.03) 0.075 
High vs. Normal 1.16(0.24,5.60) 0.856 

15-10 Hematocrit Low vs. Normal 0.95(0.58,1.57) 0.840 
High vs. Normal 1.17(0.24,5.66) 0.841 

15-12 Platelet Count Low vs. Normal 0.63 (0.33,1.19) 0.152 
High vs. Normal 1.28 (0.49,3.36) 0.616 

16-5 Diabetic Severity No Treatment vs. Nondiabetic 1.14(0.87,1.49) 0.332 
Diet Only vs. Nondiabetic 1.12(0.74,1.71) 0.584 
Oral Hypoglycemic vs. Nondiabetic 1.13 (0.87,1.48) 0.358 
Requiring Insulin vs. Nondiabetic 1.23 (0.86,1.76) 0.250 

16-10 TSH Low vs. Normal 1.40(0.73,2.71) 0.311 
High vs. Normal 1.27(0.89,1.79) 0.183 

16-21 Serum Insulin Low vs. Normal 0.96 (0.70,1.32) 0.815 
High vs. Normal 1.07(0.90,1.28) 0.447 

18-11 Loss of Vital Capacity Mild vs. None 0.88(0.67,1.15) 0.345 
Moderate or Severe vs. None 0.73(0.31,1.76) 0.489 

18-12 Obstructive Abnormality Mild vs. None 0.79 (0.67,0.93) 0.005 
Moderate vs. None 0.87 (0.63,1.20) 0.393 
Severe vs. None 0.53 (0.24,1.21) 0.131 

a Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: Relative risk for a twofold increase in initial dioxin. 
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Table G-12.   Summary of Unadjusted Results for Polytomous Variables - Model 4 (Ranch Hands: 
Log2 (1987 Dioxin + D) 

' :: Table:' I Est Relative Risk 
■ '■»«£■:' i '.. Clinical Parameter : 1 IS §II'|lfl'f f :l:'SJ«pj&iÄ|;: 1:1 11: t-W>:§:M ;:: ■; @$4:€M'r >■ l'j|H*lalM'|:-: 

11-28 Poly neuropathy Severity Moderate vs. None or Mild 1.38(1.04,1.84) 0.024 
Index Severe vs. None or Mild 1.13(0.59,2.15) 0.717 

13-48 a-1-Antitrypsin Low vs. Normal 0.76(0.49,1.19) 0.229 
High vs. Normal 0.80(0.48,1.33) 0.393 

15-4 RBC Count Low vs. Normal 0.91 (0.73,1.14) 0.405 
High vs. Normal 1.16(0.69,1.95) 0.566 

15-6 WBC Count Low vs. Normal 0.78 (0.63,0.96) 0.020 
High vs. Normal 0.99(0.77,1.27) 0.957 

15-8 Hemoglobin Low vs. Normal 0.82(0.68,1.00) 0.049 
High vs. Normal 0.47(0.20,1.14) 0.096 

15-10 Hematocrit Low vs. Normal 0.91 (0.65,1.26) 0.568 
High vs. Normal 1.41 (0.43,4.63) 0.573 

15-12 Platelet Count Low vs. Normal 0.70 (0.50,0.96) 0.028 
High vs. Normal 0.95 (0.48,1.88) 0.879 

16-5 Diabetic Severity No Treatment vs. Nondiabetic 1.28(1.06,1.55) 0.010 
Diet Only vs. Nondiabetic 1.27(0.94,1.72) 0.120 
Oral Hypoglycemic vs. Nondiabetic 1.58(1.28,1.94) <0.001 
Requiring Insulin vs. Nondiabetic 1.15 (0.87,1.50) 0.323 

16-10 TSH Low vs. Normal 0.97(0.63,1.48) 0.881 
High vs. Normal 0.98 (0.78,1.24) 0.894 

16-21 Serum Insulin Low vs. Normal 0.83(0.69,1.00) 0.050 
High vs. Normal 1.16(1.04,1.30) 0.008 

18-11 Loss of Vital Capacity Mild vs. None 0.94(0.79,1.12) 0.480 
Moderate or Severe vs. None 0.83(0.53,1.31) 0.430 

18-12 Obstructive Abnormality Mild vs. None 0.83 (0.75,0.92) <0.001 
Moderate vs. None 0.86(0.70,1.05) 0.145 
Severe vs. None 0.70(0.47,1.04) 0.078 

Note: Relative risk for a twofold increase in 1987 dioxin. 
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Table G-13.   Summary of Adjusted Results for Continuous Variables - - Model 1 (Ranch Hands vs. 
Comparisons) 

table 1 ;' Clinical- :         1 Occupational ;;■ ' AdjiMean ■ Difference of Adj. 

4 S*l?1 Parameter (Units) ^:::;r '1" ;^:;C3iafeioir^r':      :" "i[; :;_-tf ■ ■. j :. ■ RH -,:. :c.; : Means (95% C.I.) p-Value 

9-6 Body Fat (percent)a All 22.13 22.29 -0.17- 0.481 
Officer 21.96 21.81 0.16- 0.674 
Enlisted Flyer 21.84 22.43 -0.59 - 0.319 
Enlisted Groundcrew 22.45 22.76 -0.31 - 0.394 

9-8 Erythrocyte All 5.12 5.08 0.04- 0.850 
Sedimentation Rate Officer 4.30 4.38 -0.08 -- 0.789 
(mm/hr)b Enlisted Flyer 5.13 5.74 -0.60 - 0.286 

Enlisted Groundcrew 5.81 5.39 0.42 - 0.236 

10-35 PSA(ng/ml)a All 1.202 1.199 0.003 -- 0.946 
Officer 1.157 1.194 -0.037 - 0.590 
Enlisted Flyer 1.289 1.249 0.040 - 0.719 
Enlisted Groundcrew 1.177 1.149 0.028 - 0.668 

13-11 AST(U/l)a All 23.36 23.17 0.18- 0.597 
Officer 23.88 23.80 0.08 - 0.885 
Enlisted Flyer 22.79 22.87 -0.09 - 0.916 
Enlisted Groundcrew 23.32 22.95 0.37 - 0.470 

13-13 ALT(U/l)a All 42.29 42.09 0.20 - 0.707 
Officer 42.75 42.14 0.61 -- 0.460 
Enlisted Flyer 41.72 42.84 -1.12- 0.386 
Enlisted Groundcrew 41.96 41.66 0.30- 0.698 

13-15 GGT(U/l)a All 46.80 45.47 1.33- 0.223 
Officer 45.24 43.62 1.62 - 0.331 
Enlisted Flyer 48.28 47.66 0.62 - 0.826 
Enlisted Groundcrew 46.67 45.39 1.28 - 0.439 

13-17 Alkaline Phosphatase All 82.77 80.46 2.32 - 0.016 
(U/l)a Officer 78.68 76.88 1.80- 0.215 

Enlisted Flyer 84.06 83.47 0.58 - 0.811 
Enlisted Groundcrew 85.11 81.68 3.43 - 0.021 

13-19 Total Bilirubin All 0.511 0.511 -0.000 - 0.963 
(mg/dl)a Officer 0.528 0.528 0.000 - 0.993 

Enlisted Flyer 0.487 0.505 -0.018-- 0.482 
Enlisted Groundcrew 0.512 0.507 0.006 -    ■ 0.727 

13-22 Lactic All 155.3 155.0 0.3- 0.790 
Dehydrogenase Officer 154.8 155.3 -0.6- 0.768 
(U/l)a Enlisted Flyer 153.1 153.9 -0.8- 0.787 

Enlisted Groundcrew 157.8 156.3 1.5- 0.397 

13-24 Cholesterol (mg/dl)c All 212.3 212.6 -0.3- 0.850 
Officer 206.6 210.4 -3.8 - 0.141 
Enlisted Flyer 215.3 216.4 -1.2- 0.781 
Enlisted Groundcrew 214.6 211.4 3.2- 0.197 
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Table G-13.     Summary o\ f Adjusted Results for Contin IUOUS Variables - Model 1 
(Ranch Hands vs. Comparisons) (Contin ued) 

Table I :,;■:,■: Oiiiical:. .■ Occupational 111 1; ;EflJ%Öel#-    .     \ Difference of Adj. 
; Means &$% CX>. :' Ee£':;! Parameter (Units) 'EH - "■:;    £■': ' !;   p-Valtie :.; 

13-26 HDL Cholesterol All 47.08 46.81 0.28 - 0.600 
(mg/dl)a Officer 48.76 48.86 -0.10- 0.907 

Enlisted Flyer 47.56 45.28 2.29 - 0.078 
Enlisted Groundcrew 45.68 45.81 -0.13-- 0.866 

13-28 Cholesterol-HDL All 4.48 4.51 -0.03 -- 0.546 
Ratio a Officer 4.21 4.27 -0.06- 0.446 

Enlisted Flyer 4.49 4.76 -0.27 - 0.051 
Enlisted Groundcrew 4.67 4.58 0.08 - 0.316 

13-30 Triglycerides All 107.4 105.6 1.8- 0.546 
(mg/dl)a Officer 100.3 97.1 3.2- 0.458 

Enlisted Flyer 107.0 119.5 -12.4 - 0.109 
Enlisted Groundcrew 110.5 105.2 5.3- 0.239 

13-32 Creatine All 140.3 139.4 0.9- 0.809 
Phosphokinase (U/1)a Officer 147.7 145.3 2.4 - 0.696 

Enlisted Flyer 131.5 136.4 „4.9..- 0.568 
Enlisted Groundcrew 140.2 138.3 1.8- 0.736 

13-34 Serum Amylase All 63.65 63.74 -0.09 - 0.929 
(UA)a Officer 61.86 65.36 -3.50 - 0.037 

Enlisted Flyer 65.17 62.44 2.73 - 0.301 
Enlisted Groundcrew 64.84 62.86 1.98 - 0.218 

13-41 Prealbumin (mg/dl) All 29.66 29.70 -0.04 (-0.47,0.39) 0.861 
Officer 30.03 30.20 -0.17 (-0.86,0.51) 0.621 
Enlisted Flyer 30.03 29.55 0.48 (-0.59,1.55) 0.382 
Enlisted Groundcrew 29.10 29.21 -0.11 (-0.76,0.54) 0.746 

13-43 Albumin (mg/dl) All 4,180.8 4,183.8 -3.0 (-32.1,26.0) 0.837 
Officer 4,163.1 4,192.1 -28.9 (-74.9,17.1) 0.218 
Enlisted Flyer 4,201.9 4,164.9 37.0 (-35.0,109.0) 0.314 
Enlisted Groundcrew 4,190.5 4,184.7 5.8 (-38.1,49.6) 0.797 

13-45 a-1-Acid All 83.11 82.51 0.60 - 0.464 
Glycoprotein Officer 78.64 80.08 -1.43 - 0.248 
(mg/dl)a Enlisted Flyer 83.83 83.68 0.15- 0.942 

Enlisted Groundcrew 86.86 84.10 2.76 - 0.030 

13-47 a-1-Antitrypsin All 146.7 143.1 3.6- 0.001 
(mg/dl)c Officer 138.6 137.9 0.7- 0.693 

Enlisted Flyer 150.5 145.9 4.7- 0.086 
Enlisted Groundcrew 151.5 145.6 5.9- <0.001 

13-49 a-2-Macroglobulin All 161.9 162.8 -0.9- 0.610 
(mg/dl)a Officer 154.5 155.7 -1.2- 0.643 

Enlisted Flyer 163.8 165.7 -1.9- 0.664 
Enlisted Groundcrew 167.4 167.6 -0.2- 0.951 

13-51 Apolipoprotein B All 110.6 111.8 -1.2- 0.275 
(mg/dl)c Officer 105.9 109.2 -3.3 - 0.048 

Enlisted Flyer 112.9 115.1 -2.2 - 0.413 
Enlisted Groundcrew 112.6 111.4 1.2- 0.457 
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Table G-13,     Summary o f Adjusted Results for Continuous Variables - Model 1 
(Ranch Hands vs. Comparisons) (Continued) 

Table .,: .;;'        Oiitiicatl   ■  ■. ;■ ! Occupational 
:
;' ■: £*&*$ jätii'.j|'i;l Difference of Adj. 

Refc Parameter (Units) ■ ■■ &H ■ ;;' ■■' -c: ■ J :-v'Me^:(^'C.l.):;: ■ h p-Value 

13-53 C3 Complement All 120.2 120.0 0.2- 0.837 
(mg/dl)a Officer 116.5 116.1 0.4- 0.765 

Enlisted Flyer 120.8 122.2 -1.4- 0.505 
Enlisted Groundcrew 122.8 122.3 0.6- 0.668 

13-55 C4 Complement All 26.98 27.21 -0.23 - 0.333 
(mg/dl)a Officer 26.02 26.91 -0.90 - 0.017 

Enlisted Flyer 27.74 26.77 0.98 -- 0.104 
Enlisted Groundcrew 27.61 27.67 -0.06 - 0.876 

13-57 Haptoglobin (mg/dl)c All 128.5 120.5 8.0- 0.003 
Officer 112.2 106.8 5.4- 0.172 
Enlisted Flyer 137.3 127.8 9.5- 0.160 
Enlisted Groundcrew 137.4 127.4 9.9- 0.016 

13-59 Transferrin (mg/dl)a All 246.2 243.1 3.1- 0.037 
Officer 243.5 241.6 1.9- 0.412 
Enlisted Flyer 247,9 244.8 3.1- 0.404 
Enlisted Groundcrew 247.1 242.9 4.2- 0.063 

14-7 Systolic Blood All 127.7 128.4 -0.6- 0.415 
Pressure (mm Hg)a Officer 127.2 128.1 -0.9- 0.468 

Enlisted Flyer 128.7 128.6 0.1- 0.967 
Enlisted Groundcrew 127.5 128.2 -0.7- 0.574 

14-9 Diastolic Blood All 75.68 75.62 0.06- 0.889 
Pressure (mm Hg)c Officer 75.29 75.37 -0.08 - 0.907 

Enlisted Flyer 76.47 76.13 0.33 - 0.752 
Enlisted Groundcrew 75.37 75.29 0.08 - 0.898 

15-3 RBC Count All 4.95 4.96 -0.02 (-0.05,0.02) 0.311 
(million/mm) Officer 4.91 4.94 -0.03 (-0.08,0.02) 0.268 

Enlisted Flyer 4.94 4.98 -0.04 (-0.12,0.04) 0.343 
Enlisted Groundcrew 4.98 4.97 0.00 (-0.05,0.05) 0.919 

15-5 WBC Count All 6.26 6.26 0.00- 0.974 
(thousand/mm)a Officer 6.03 6.03 0.00- 0.972 

Enlisted Flyer 6.17 6.31 -0.14- 0.377 
Enlisted Groundcrew 6.55 6.50 0.05 - 0.648 

15-7 Hemoglobin (gm/dl) All 15.05 15.05 -0.10 (-0.09,0.08) 0.883 
Officer 15.03 15.07 -0.05 (-0.18,0.09) 0.489 
Enlisted Flyer 15.02 15.10 -0.09 (-0.29,0.12) 0.422 
Enlisted Groundcrew 15.07 15.01 0.06 (-0.07,0.19) 0.356 

15-9 Hematocrit (percent) All 44.99 45.05 -0.06 (-0.32,0.21) 0.681 
Officer 44.90 45,11 -0.21 (-0.63,0.21) 0.326 
Enlisted Flyer 44.92 45.16 -0.24 (-0.88,0.41) 0.477 
Enlisted Groundcrew 45.08 44.93 0.15 (-0.25,0.55) 0.457 

15-11 Platelet Count All 205.8 203.0 2.9- 0.172 
(thousand/mm)c Officer 199.1 207.3 -8.2 - 0.014 

Enlisted Flyer 213.3 197.7 15.6 - 0.003 
Enlisted Groundcrew 208.9 200.8 8.1- 0.011 
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Table G-13,     Summary o\ f Adjusted Results for Contin uous Variables - Model 1 
(Ranch Hands vs. Comparisons) (Continued) 

Table 1 y ■ Clinical■ .. -:- Occupational Iff- ;ik|üiMÄä ;f l:-' Difference of Adj. 
^.'Retri B:^^äM^Sm^^f^)i ■':' I ;|'li;::Cä#g^';:-^      y |1 : ! EH :: | \ : ■■€■■ :■"■[ Means (95% CX) p-Value : 

15-13 Prothrombin Time Ail 10.49 10.50 -0.01 - 0.873 
(seconds)a Officer 10.52 10.50 0.02 - 0.765 

Enlisted Flyer 10.45 10.48 -0.03 -- 0.718 
Enlisted Groundcrew 10.50 10.51 -0.02 ~ 0.762 

15-16 Absolute Neutrophils All 3.46 3.45 0.01 -- 0.774 
(segs) Officer 3.26 3.28 -0.02 - 0.808 
(thousand/mm3)a Enlisted Flyer 3.44 3.47 -0.03 -- 0.804 

Enlisted Groundcrew 3.68 3.61 0.06 - 0.416 

15-17 Absolute Neutrophils All 0.159 0.150 0.009 - 0.126 
(bands) (Nonzero Officer 0.152 0.141 0.011- 0.221 
Measurements) Enlisted Flyer 0.143 0.156 -0.013 - 0.389 
(thousand/mm3)a Enlisted Groundcrew 0.177 0.161 0.016 -- 0.099 

15-19 Absolute All 1.79 1.79 0.00» 0.964 
Lymphocytes Officer 1.80 1.75 0.05 - 0.259 
(thousand/mm3)a Enlisted Flyer 1.74 1.82 -0.08 - 0.236 

Enlisted Groundcrew 1.82 1.83 -0.01 - 0.781 

15-20 Absolute Monocytes All 0.471 0.476 -0.006 ~ 0.544 
(thousands/mm3)c Officer 0.461 0.468 -0.007 ~ 0.620 

Enlisted Flyer 0.452 0.490 -0.037 - 0.106 
Enlisted Groundcrew 0.489 0.481 0.008 ~ 0.590 

15-21 Absolute Eosinophils All 0.151 0.154 -0.003 - 0.576 
(Nonzero Officer 0.154 0.147 0.007 - 0.347 
Measurements) Enlisted Flyer 0.150 0.153 -0.003 -- 0.806 
(thousand/mm3)a Enlisted Groundcrew 0.149 0.162 -0.013 -- 0.106 

15-23 Absolute Basophils All 0.072 0.074 -0.002 ~ 0.280 
(Nonzero Officer 0.071 0.073 -0.001 - 0.669 
Measurements) Enlisted Flyer 0.072 0.074 -0.002 ~ 0.682 
(thousand/mm3)a Enlisted Groundcrew 0.073 0.076 -0.003 -- 0.326 

16-6 Time to Diabetes All — — __ 0.871 
Onset (years) Officer „ ~ - 0.993 

Enlisted Flyer — ~ ~ 0.390 
Enlisted Groundcrew - - - 0.666 

16-9 TSH (ulU/ml)a All 1.64 1.57 0.07 - 0.105 
Officer 1.69 1.59 0.10- 0.178 
Enlisted Flyer 1.48 1.58 -0.09 -- 0.370 
Enlisted Groundcrew 1.71 1.60 0.11 -- 0.088 

16-11 Thyroxine (|j,g/dl)c All 6.96 6.93 0.03 - 0.565 
Officer 6.58 6.66 -0.08 - 0.370 
Enlisted Flyer 7.12 7.08 0.04 - 0.774 
Enlisted Groundcrew 7.19 7.06 0.13- 0.129 

16-14 Fasting Glucose All 103.7 103.8 0.0" 0.970 
(mg/dl)a Officer 101.9 101.0 0.9- 0.550 

Enlisted Flyer 104.1 105.7 -1.6 - 0.516 
Enlisted Groundcrew 104.7 105.1 -0.3- 0.819 
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Table G-13.     Summary of Adjusted Results for Continuous Variables - Model 1 
(Ranch Hands vs. Comparisons) (Contin ued) 

Table '■■ -Clinical Occupational 
Category   ... 

Adj. Mean   ■ ■: Difference of Adj. 
Ket Parameter (Units) .;■': RH   ;j :   €■':■:; Means (95% C.I.) ■;■ p-Valiie ;; 

16-16 2-Hour Postprandial All 105.5 105.0 0.5" 0.702 
Glucose (mg/dl)a Officer 103.0 99.5 3.5« 0.086 

Enlisted Flyer 106.4 109.3 -2.9 « 0.405 
Enlisted Groundcrew 106.0 107.2 -1.2« 0.563 

16-20 Serum Insulin All 49.07 47.99 1.09- 0.562 
(uIU/ml)a Officer 43.72 41.32 2.40 - 0.353 

Enlisted Flyer 49.21 52.20 -2.99 - 0.548 
Enlisted Groundcrew 53.35 52.31 1.05- 0.735 

16-22 a-l-C Hemoglobin All 6.77 6.76 0.01 - 0.882 
(percent)a Officer 6.61 6.55 0.06- 0.427 

Enlisted Flyer 6.74 6.88 -0.14- 0.284 
Enlisted Groundcrew 6.91 6.90 0.01 ~ 0.905 

16-24 Total Testosterone All 422.3 423.4 -1.1- 0.883 
(ng/dl)c Officer 412.5 414.7 -2.2 ~ 0.848 

Enlisted Flyer 439.6 430.4 9.2- 0.618 
Enlisted Groundcrew 418.5 422.2 -3.7 ~ 0.733 

16-26 Free Testosterone All 13.80 13.79 0.01 - 0.941 
(pg/ml)c Officer 13.39 13.61 -0.21 - 0.464 

Enlisted Flyer 14.23 14.10 0.13- 0.783 
Enlisted Groundcrew 13.81 13.64 0.17- 0.528 

16-28 Estradiol (pg/ml)c All 42.18 42.83 -0.65 - 0.384 
Officer 40.35 43.90 -3.55 - 0.003 
Enlisted Flyer 44.77 42.56 2.21 - 0.241 
Enlisted Groundcrew 42.26 41.37 0.89 - 0.427 

16-30 LH(mIU/ml)a All 3.84 3.85 -0.01 - 0.955 
Officer 3.85 3.63 0.22 - 0.185 
Enlisted Flyer 3.55 3.92 -0.37 ~ 0.147 
Enlisted Groundcrew 4.03 4.10 -0.08 - 0.650 

16-32 FSH(mIU/ml)a All 5.92 5.85 0.06 - 0.689 
Officer 6.01 5.62 0.40 - 0.112 
Enlisted Flyer 5.67 5.70 -0.03 ~ 0.928 
Enlisted Groundcrew 6.06 6.27 -0.21 - 0.401 

17-4 CD3+ Cells (T Cells) All 1,245.2 1,283.7 -38.5 - 0.255 
(cells/mm )a Officer 1,313.3 1,266.5 46.8 - 0.392 

Enlisted Flyer 1,201.6 1,298.4 -96.8 - 0.224 
Enlisted Groundcrew 1,205.6 1,297.3 -91.7- 0.073 

17-5 CD4+ Cells (Helper AH 871.6 894.0 -22.4 - 0.333 
T Cells) (cells/mm3)a Officer 926.9 906.9 20.0 ~ 0.601 

Enlisted Flyer 835.6 896.5 -61.0- 0.261 
Enlisted Groundcrew 842.4 886.4 -44.0- 0.205 

17-6 CD8+ Cells All 565.6 593.0 -27.4 ~ 0.169 
(Suppressor T Cells) Officer 565.9 558.6 7.3- 0.812 
(cells/mm )a Enlisted Flyer 551.8 624.3 -72.5 - 0.132 

Enlisted Groundcrew 564.7 606.9 -42.2 - 0.170 
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Table G-13.     Summary o f Adjusted Results for Con tin uous Variables - Model 1 
(Ranch Hands vs. Comparisons) (Continued) 

fable ■\:r 
:!C9ii(iictia     --■' ■■■ 'Occupational'. :: ,. ■■ J^f WeM. i,:' Difference of Adj. 

' Reft ;:■ | Parameter (Units) ':■■::■■;- EH     : tSi'Mwi Means (95% CX) p-Value 

17-7 CD16+56+ Cells All 265.8 281.6 -15.8 - 0.106 
(Natural Killer Cells) Officer 261.0 271.7 -10.7 - 0.478 
(cells/mm3)a Enlisted Flyer 241.8 300.4 -58.7 - 0.011 

Enlisted Groundcrew 280.8 283.3 -2.5 -- 0.869 

17-8 CD20+ Cells (B All 196.2 198.2 -2.0- 0.808 
Cells) (cells/mm3)a Officer 211.3 198.2 13.1 - 0.343 

Enlisted Flyer 185.0 199.7 -14.7 -- 0.450 
Enlisted Groundcrew 189.2 199.3 -10.1 -- 0.422 

17-9 CD3+CD4+ Cells All 786.5 807.2 -20.7 - 0.347 
(Helper T Cells) Officer 839.6 820.0 19.6 - 0.589 
(cells/mm)a Enlisted Flyer 753.7 807.5 -53.8 - 0.296 

Enlisted Groundcrew 758.1 800.7 -42.5 ~ 0.196 

17-10 Absolute All 1,787.3 1,793.3 -6.1- 0.827 
Lymphocytes Officer 1,805.1 1,752.2 52.9 - 0.227 
(cells/mm3)a Enlisted Flyer 1,740.1 1,814.4 -74.3 - 0.279 

Enlisted Groundcrew 1,795.4 1,830.0 -34.6 - 0.412 

17-11 IgA(mg/dl)a All 234.9 236.2 -1.4- 0.790 
Officer 221.5 224.0 -2.5 - 0.740 
Enlisted Flyer 238.2 238.1 0.1- 0.995 
Enlisted Groundcrew 246.1 246.8 -0.7- 0.927 

17-12 IgG(mg/dl)a All 1,121.4 1,135.4 -13.9 - 0.217 
Officer 1,101.3 1,115.6 -14.3 - 0.417 
Enlisted Flyer 1,111.7 1,144.1 -32.3 - 0.251 
Enlisted Groundcrew 1,145.3 1,152.2 -6.8 - 0.694 

17-13 IgM(mg/dl)a All 90.5 92.4 -2.0- 0.365 
Officer 89.2 89.9 -0.7- 0.831 
Enlisted Flyer 89.3 98.1 -8.7 ~ 0.120 
Enlisted Groundcrew 90.7 91.4 -0.7- 0.824 

18-8 FVC (percent of All 94.21 93.79 0.41 (-0.81.1.64) 0.506 
predicted) Officer 94.31 93.76 0.56 (-1.39,2.50) 0.575 

Enlisted Flyer 95.01 94.45 0.56 (-2.47,3.59) 0.716 
Enlisted Groundcrew 93.36 93.12 0.23 (-1.61,2.07) 0.804 

18-9 FEVi (percent of All 90.23 90.06 0.17 (-1.24,1.57) 0.814 
predicted) Officer 90.92 90.81 0.11 (-2.13,2.35) 0.925 

Enlisted Flyer 89.19 90.46 -1.27 (-4.75,2.21) 0.475 
Enlisted Groundcrew 90.07 89.32 0.75 (-1.36,2.87) 0.484 

18-10 Ratio of Observed All 0.770 0.771 -0.001 - 0.701 
FEVi to Observed Officer 0.771 0.775 -0.004 - 0.411 

FVCd Enlisted Flyer 0.764 0.770 -0.005 - 0.486 
Enlisted Groundcrew 0.774 0.771 0.003 - 0.532 

a Means transformed from natural logarithm scale; difference of means after transformation to original scale; 
confidence interval not given because analysis was performed on natural logarithm scale; p-value based on 
difference of means on natural logarithm scale. 
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Table G-13.     Summary of Adjusted Results for Continuous Variables - Model 1 
(Ranch Hands vs. Comparisons) (Continued) 

b Means transformed from natural logarithm (clinical parameter + 0.1) scale; difference of means after 
transformation to original scale; confidence interval not given because analysis was performed on natural logarithm 
(clinical parameter + 0.1) scale; p-value based on difference of means on natural logarithm (clinical parameter + 0.1) 
scale. 
c Means transformed from square root scale; difference of means after transformation to original scale; confidence 
interval not given because analysis was performed on square root scale; p-value based on difference of means on 
square root scale. 
d Means transformed from natural logarithm (1 - clinical parameter) scale; difference of means after transformation 
to original scale; confidence interval not given because analysis was performed on natural logarithm (1 - clinical 
parameter) scale; p-value based on difference of means on natural logarithm (1 - clinical parameter) scale. 

Note: RH = Ranch Hand; C = Comparison. 
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Table G-14.   Summary of Adjusted Results for Continuous Variables - - Model 2 (Ranch Hands: 
Log2 (Initial Dioxin)) 

Table | ;;   Adj. Slope 
•: ;'. Ret:. j §11                   :|y|43lBl^                                     1 ;r|;; Eil WMMM (Standard Error) v p-Vatue .': 

9-6 RnHv Pat fnercentl 0.105 0.022 (0.010) 0.020 
9-8 Erythrocyte Sedimentation Rate (mm/hr) 0.086 0.041 (0.039) 0.289 

10-35 PSA(ng/ml)a 0.114 -0.045 (0.031) 0.152 
13-11 AST(U/l)a 0.057 0.010(0.014) 0.493 
13-13 ALT(U/l)a 0.094 0.011(0.012) 0.357 
13-15 GGT(U/l)a 0.097 0.008 (0.022) 0.709 
13-17 Alkaline Phosphatase (U/I)a 0.037 -0.021(0.011) 0.053 
13-19 Total Bilirubin (mg/dl)a 0.038 0.004 (0.019) 0.822 
13-22 Lactic Dehydrogenase (U/1)a 0.036 0.000 (0.007) 0.979 
13-24 Cholesterol (mg/dl)c 0.044 0.083 (0.054) 0.122 
13-26 HDL Cholesterol (mg/dl)a 0.132 0.005 (0.010) 0.625 
13-28 CholesteroI-HDL Ratio3 0.118 0.007(0.011) 0.499 
13-30 Triglycerides (mg/dl)a 0.055 0.006 (0.027) 0.830 
13-32 Creatine Phosphokinase (U/1)a 0.121 -0.004 (0.023) 0.871 
13-34 Serum Amylase (U/1)a 0.125 -0.029 (0.015) 0.060 
13-41 Prealbumin (mg/dl) 0.072 -0.127 (0.207) 0.538 
13-43 Albumin (mg/dl) 0.054 -1.264 (12.791) 0.921 
13-45 a-1-Acid Glycoprotein (mg/dl)a 0.046 -0.016 (0.009) 0.086 
13-47 a-1-Antitrypsin (mg/dl)c 0.101 0.023 (0.041) 0.582 
13-49 a-2-Macroglobulin (mg/dl)a 0.135 0.009(0.010) 0.368 
13-51 Apolipoprotein B (mg/dl)c 0.033 0.061 (0.048) 0.209 
13-53 C3 Complement (mg/dl)a 0.083 0.009 (0.006) 0.145 
13-55 C4 Complement (mg/dl)a 0.019 -0.004 (0.008) 0.638 
13-57 Haptoglobin (mg/dl)c 0.066 -0.087(0.111) 0.433 
13-59 Transferrin (mg/dl)a 0.014 -0.001 (0.006) 0.798 
14-7 Systolic Blood Pressure (mm Hg)a 0.135 -0.000 (0.006) 0.983 
14-9 Diastolic Blood Pressure (mm Hg)c 0.073 0.019(0.023) 0.425 
15-3 RBC Count (million/mm3) 0.070 -0.004 (0.016) 0.821 
15-5 WBC Count (thousand/mm3)a 0.213 0.008 (0.009) 0.414 
15-7 Hemoglobin (gm/dl) 0.084 0.030 (0.039) 0.443 
15-9 Hematocrit (percent) 0.068 0.091(0.119) 0.443 

15-11 Platelet Count (thousand/mm )c 0.090 0.073 (0.065) 0.262 
15-13 Prothrombin Time (seconds)a 0.036 0.000 (0.003) 0.956 
15-16 Absolute Neutrophils (segs) (thousand/mm )a 0.198 0.000(0.012) 0.988 
15-17 Absolute Neutrophils (bands) (Nonzero Measurements) 

(thousand/mm)a 
0.117 -0.075 (0.036) 0.040 

15-19 Absolute Lymphocytes (thousand/mm )a 0.064 0.024(0.014) 0.087 
15-20 Absolute Monocytes (thousand/mm )c 0.041 0.000 (0.006) 0.999 
15-21 Absolute Eosinophils (Nonzero Measurements) 

(thousand/mm )a 
0.009 0.012 (0.029) 0.670 

15-23 Absolute Basophils (Nonzero Measurements) 
(thousand/mm )a 

0.082 -0.003 (0.026) 0.917 

16-6 Time to Diabetes Onset (years) - -0.074 (0.030) 0.013 
16-9 TSH(uJU/ml)a 0.071 -0.019 (0.024) 0.433 

16-11 Thyroxine (u.g/dl)c 0.045 -0.004 (0.010) 0.682 

16-14 Fasting Glucose (mg/dl)a 0.160 0.023 (0.009) 0.014 
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Table G-14.    Summary of Adjusted Results for Continuous Variables 
(Ranch Hands:   Log2 (Initial Dioxin)) (Continued) 

Model 2 

Table 
Clinical Parameter (Units) 

16-16 2-Hour Postprandial Glucose (mg/dl) 
16-20 Serum Insulin (ulU/ml)a 

16-22 a-1 -C Hemoglobin (percent)a 

16-24 Total Testosterone (ng/dl)c 

16-26 Free Testosterone (pg/ml)c 

16-28 Estradiol (pg/ml)c 

16-30 LH(mIU/ml)a 

16-32 FSH(mIU/ml)a 

17-4 CD3+ Cells (T Cells) (cells/mm3)a 

17-5 CD4+ Cells (Helper T Cells) (cells/mm3)a 

17-6 CD8+ Cells (Suppressor T Cells) (cells/mm3)a 

17-7 CD16+56+ Cells (Natural Killer Cells) (cells/mm3)a 

17-8 CD20+ Cells (B Cells) (cells/mm3)a 

17-9 CD3+CD4+ Cells (Helper T Cells) (cells/mm3)a 

17-10 Absolute Lymphocytes (cells/mm )a 

17-11 IgA (mg/dl)a 

17-12 IgG (mg/dl)a 

17-13 IgM (mg/dl)a 

18-8 FVC (percent of predicted) 
18-9 FEVi (percent of predicted) 

18-10 Ratio of Observed FEVi to Observed FVC e 

A<ti. Slope 
::/R

2:- :■: (Standard Error) i:  p*Value ■; 

0.139 0.003 (0.013) 0.832 
0.195 0.054 (0.040) 0.170 
0.163 0.024 (0.007) 0.001 
0.206 -0.015 (0.161) 0.927 
0.240 -0.008 (0.024) 0.742 
0.019 0.046 (0.057) 0.423 
0.014 -0.008 (0.027) 0.755 
0.051 -0.007 (0.024) 0.763 
0.132 0.042 (0.027) 0.113 
0.152 0.041 (0.026) 0.119 
0.039 0.023 (0.034) 0.505 
0.112 -O.030 (0.038) 0.429 
0.236 0.075 (0.038) 0.052 
0.159 0.046 (0.028) 0.098 
0.066 0.023 (0.014) 0.109 
0.049 0.040 (0.020) 0.046 
0.119 -0.003 (0.010) 0.761 
0.046 -0.003 (0.022) 0.896 
0.099 -0.303 (0.558) 0.588 
0.143 0.007 (0.637) 0.991 
0.216 -0.011(0.012) 0.360 

a Slope and standard error based on natural logarithm of clinical parameter versus log2 (initial dioxin). 
b Slope and standard error based on natural logarithm of (clinical parameter + 0.1) versus log2 (initial dioxin). 
c Slope and standard error based on square root of clinical parameter versus log2 (initial dioxin). 
d Slope and standard error based on time to diabetes onset versus log2 (initial dioxin) under a censored Weibull 
distribution. 
e Slope and standard error based on natural logarithm of (1 - clinical parameter) versus log2 (initial dioxin). 
—: R-squared not presented because analysis was based on a censored Weibull distribution. 
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Table G-16.   Summary of Adjusted Results for Continuous Variables - - Model 4 (Ranch Hands: 
Log2 (1987 Dioxin + 1)) 

; Table.: j , Adj. Slope :' 
.i ;; BM : ;: v :.;- < Oiulcal:Paraineter (Units) [ '. U-i*?-5~: (Standard Error) t ■ ' p^Vajue- 

Q & Tirir\\r T7<at (r\t»rft±t\i:\ 0.155 0.054 (0.006) <0.001 y-o DKJiiy rdi ^pcivciii/ x        ' 
9-8 Erythrocyte Sedimentation Rate (mm/hr) 0.088 0.052 (0.025) 0.037 

10-35 PSA(ng/ml)a 0.076 -0.021 (0.020) 0.312 

13-11 AST(U/l)a 0.036 0.028 (0.009) 0.002 

13-13 ALT(U/l)a 0.079 0.033 (0.007) <0.001 

13-15 GGT(U/l)a 0.103 0.042 (0.014) 0.003 

13-17 Alkaline Phosphatase (U/1)a 0.042 -0.021 (0.007) 0.003 

13-19 Total Bilirubin (mg/dl)a 0.023 0.008 (0.012) 0.519 

13-22 Lactic Dehydrogenase (U/1)a 0.015 0.006 (0.005) 0.187 

13-24 Cholesterol (mg/dl)c 0.023 0.046 (0.034) 0.178 

13-26 HDL Cholesterol (mg/dl)a 0.081 -0.014 (0.007) 0.037 

13-28 Cholesterol-HDL Ratioa 0.074 0.021 (0.007) 0.006 

13-30 Triglycerides (mg/dl)a 0.041 0.063 (0.017) <0.001 

13-32 Creatine Phosphokinase (U/1)a 0.091 0.039 (0.015) 0.011 

13-34 Serum Amylase (U/1)a 0.063 -0.030(0.010) 0.003 

13-41 Prealbumin (mg/dl) 0.053 -0.007(0.140) 0.961 

13-43 Albumin (mg/dl) 0.040 -11.121(8.711) 0.202 

13-45 a-1-Acid Glycoprotein (mg/dl)a 0.056 -0.012 (0.006) 0.049 

13-47 a-1-Antitrypsin (mg/dl)c 0.102 -0.047 (0.027) 0.089 

13-49 a-2-Macroglobulin (mg/dl)a 0.131 -0.005 (0.006) 0.390 

13-51 Apolipoprotein B (mg/dl)c 0.023 0.046(0.031) 0.142 

13-53 C3 Complement (mg/dl)a 0.067 0.017 (0.004) <0.001 

13-55 C4 Complement (mg/dl)a 0.044 0.001 (0.005) 0.849 

13-57 Haptoglobin (mg/dl)c 0.055 -0.116(0.073) 0.114 

13-59 Transferrin (mg/dl)a 0.014 0.003 (0.004) 0.385 

14-7 Systolic Blood Pressure (mm Hg)a 0.126 -0.005 (0.004) 0.165 

14-9 Diastolic Blood Pressure (mm Hg)c 0.061 0.016(0.016) 0.315 

15-3 RBC Count (million/mm3) 0.047 -0.001 (0.010) 0.941 

15-5 WBC Count (thousand/mm3)a 0.219 0.007 (0.006) 0.263 

15-7 Hemoglobin (gm/dl) 0.088 0.021 (0.026) 0.421 

15-9 Hematocrit (percent) 0.075 0.029 (0.079) 0.712 

15-11 Platelet Count (thousand/mm )c 0.066 0.049 (0.044) 0.264 

15-13 Prothrombin Time (seconds)a 0.016 -0.001 (0.002) 0.685 

15-16 Absolute Neutrophils (segs) (thousand/mm )a 0.196 0.006 (0.008) 0.455 

15-17 Absolute Neutrophils (bands) (Nonzero Measurements) 
(thousand/mm )a 

0.076 0.011(0.024) 0.657 

15-19 Absolute Lymphocytes (thousand/mm )a 0.050 0.007 (0.009) 0.455 

15-20 Absolute Monocytes (thousand/mm )c 0.032 0.007 (0.004) 0.125 

15-21 Absolute Eosinophils (Nonzero Measurements) 
(thousand/mm3)a 

0.028 -0.010 (0.020) 0.608 

15-23 Absolute Basophils (Nonzero Measurements) 
(thousand/mm )a 

0.076 -0.006 (0.016) 0.716 

16-6 Time to Diabetes Onset (years)d - -0.118(0.027) <0.001 

16-9 TSH(uIU/ml)a 0.046 0.008 (0.017) 0.624 

16-11 Thyroxine (jxg/dl)c 0.047 -0.001 (0.007) 0.862 

16-14 Fasting Glucose (mg/dl)a 0.082 0.018 (0.006) 0.002 

G-112 



Table G-16.     Summary of Adjusted Results for Continuous Variables 
(Ranch Hands:   Log2 (Initial Dioxin + 1))(Continued) 

Model 4 

Table 

16-16 
16-20 
16-22 
16-24 
16-26 
16-28 
16-30 
16-32 
17-4 
17-5 
17-6 
17-7 
17-8 
17-9 

17-10 
17-11 
17-12 
17-13 
18-8 
18-9 

18-10 

Clinical Parameter (Units) 

3va 

3xa 

2-Hour Postprandial Glucose (mg/dl) 
Serum Insulin (ulU/ml)a 

oc-l-C Hemoglobin (percent)a 

Total Testosterone (ng/dl)c 

Free Testosterone (pg/ml)c 

Estradiol (pg/ml)c 

LH(mIU/ml)a 

FSH(mIU/ml)a 

CD3+ Cells (T Cells) (cells/mm') 
CD4+ Cells (Helper T Cells) (ceIls/mmJ) 
CD8+ Cells (Suppressor T Cells) (cells/mm3)a 

CD 16+56+ Cells (Natural Killer Cells) (cells/mm3)a 

CD20+ Cells (B Cells) (cells/mm3)a 

CD3+CD4+ Cells (Helper T Cells) (cells/mm3)a 

Absolute Lymphocytes (cells/mm3)a 

IgA (mg/dl)a 

IgG (mg/dl)a 

IgM (mg/dl)a 

FVC (percent of predicted) 
FEVi (percent of predicted) 
Ratio of Observed FEV! to Observed FVCe 

::.".:Ad|.:Sibpe;;= .: 
(Standard Error) 

0.137 
0.235 
0.119 
0.193 
0.234 
0.017 
0.034 
0.066 
0.088 
0.091 
0.049 
0.059 
0.105 
0.097 
0.046 
0.031 
0.073 
0.025 
0.111 
0.161 
0.218 

0.002 (0.008) 
0.026 (0.025) 
0.016 (0.005) 

-0.149(0.109) 
-0.029(0.016) 
0.019 (0.036) 

-0.024 (0.017) 
-0.001 (0.016) 
0.035(0.018) 
0.038(0.018) 
0.014 (0.022) 

-0.001 (0.025) 
0.030 (0.026) 
0.042(0.019) 
0.008 (0.009) 
0.021 (0.013) 

-0.001 (0.006) 
-0.008 (0.014) 
0.377 (0.385) 
0.652 (0.443) 

-0.012 (0.008) 

p-Value 

0.850 
0.305 

<0.001 
0.172 
0.066 
0.599 
0.149 
0.958 
0.046 
0.033 
0.540 
0.960 
0.253 
0.025 
0.393 
0.115 
0.920 
0.586 
0.329 
0.142 
0.161 

a Slope and standard error based on natural logarithm of clinical parameter versus log2 (initial dioxin). 
b Slope and standard error based on natural logarithm of (clinical parameter + 0.1) versus log2 (initial dioxin). 
c Slope and standard error based on square root of clinical parameter versus log2 (initial dioxin). 
d Slope and standard error based on time to diabetes onset versus log2 (initial dioxin) under a censored Weibull 
distribution. 
e Slope and standard error based on natural logarithm of (1 - clinical parameter) versus log2 (initial dioxin). 
--: R-squared not presented because analysis was based on a censored Weibull distribution. 
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Table G-17.   Summary of Adjusted Results for Dichotomous Variables - Model 1 (Ranch Hands 
vs. Comparisons) 

Table 
t ■■=; 'l ^^^ßä^^Mmmä^f§:^§ "% Occupational Category 

Adj. Relative Risk 
p-Value 

9-3 Self-perception of Health All 
Officer 
Enlisted Flyer 
Enlisted Groundcrew 

1.43(1.09,1.87) 
1.26(0.75,2.12) 
1.52(0.82,2.82) 
1.48(1.03,2.14) 

0.010 
0.383 
0.183 
0.035 

9-4 Appearance of Illness or Distress All 
Officer 
Enlisted Flyer 
Enlisted Groundcrew 

1.44 (0.67,3.06) 
1.13 (0.25,5.16) 
2.12(0.33,13.61) 
1.42(0.52,3.89) 

0.350 
0.878 
0.426 
0.496 

9-5 Relative Age Appearance All 
Officer 
Enlisted Flyer 
Enlisted Groundcrew 

1.21 (0.88,1.65) 
1.29(0.70,2.36) 
1.28(0.65,2.50) 
1.14(0.74,1.75) 

0.237 
0.410 
0.476 
0.550 

9-7 Body Fat All 
Officer 
Enlisted Flyer 
Enlisted Groundcrew 

0.92(0.75,1.11) 
1.05(0.77,1.45) 
0.71 (0.43,1.16) 
0.89 (0.67,1.18) 

0.369 
0.754 
0.173 
0.431 

9-9 Erythrocyte Sedimentation Rate All 
Officer 
Enlisted Flyer 
Enlisted Groundcrew 

1.17(0.84,1.63) 
0.86(0.48,1.53) 
1.59(0.75,3.38) 
1.29(0.79,2,10) 

0.356 
0.602 
0.231 
0.305 

10-3 Skin Neoplasms All 
Officer 
Enlisted Flyer 
Enlisted Groundcrew 

1.32(1.09,1.60) 
1.38(1.03,1.85) 
1.66(1.02,2.69) 
1.16(0.86,1.56) 

0.005 
0.030 
0.040 
0.339 

10-4 Malignant Skin Neoplasms All 
Officer 
Enlisted Flyer 
Enlisted Groundcrew 

1.19 (0.93,1.54) 
1.29(0.90,1.85) 
1.86(0.99,3.51) 
0.86(0.56,1.34) 

0.175 
0.161 
0.055 
0.509 

10-5 Benign Skin Neoplasms All 
Officer 
Enlisted Flyer 
Enlisted Groundcrew 

1.31 (1.07,1.61) 
1.41 (1.02,1.95) 
1.41 (0.82,2.43) 
1.20(0.88,1.63) 

0.011 
0.035 
0.220 
0.257 

10-6 Skin Neoplasms of Uncertain 
Behavior or Unspecified Nature 

All 
Officer 
Enlisted Flyer 
Enlisted Groundcrew 

1.18(0.42,3.36) 

2.57(0.73,9.10) 

0.755 

0.144 

10-7 Basal Cell Carcinoma All 
Officer 
Enlisted Flyer 
Enlisted Groundcrew 

1.21 (0.92,1.59) 
1.34(0.92,1.96) 
1.97(1.01,3.85) 
0.80(0.49,1.30) 

0.169 
0.129 
0.046 
0.363 
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Table G-17.     Summary of Adjusted Results for Dichotomous Variables 
(Ranch Hands vs. Comparisons) (Continued) 

Model 1 

Table ; A#:Äetefe-Risfe ;. 
Ref. ;■■; CünJcal Parameter ■; ■■ Occupational Category . [<?$% CX) •:.. t ::■ • ;■■ -p-Value 

10-8 Basal Cell Carcinoma (Ear, Face, All 1.20(0.89,1.62) 0.242 
Head, and Neck) Officer 1.29(0.84,1.97) 0.244 

Enlisted Flyer 1.83 (0.90,3.72) 0.097 
Enlisted Groundcrew 0.84(0.48,1.45) 0.527 

10-9 Basal Cell Carcinoma (Trunk) All 1.24(0.79,1.94) 0.357 
Officer 1.47(0.85,2.57) 0.170 
Enlisted Flyer 2.47(0.59,10.26) 0.214 
Enlisted Groundcrew 0.52(0.19,1.48) 0.222 

10-10 Basal Cell Carcinoma (Upper All 0.76(0.44,1.34) 0.340 
Extremities) Officer 0.98(0.51,1.89) 0.947 

Enlisted Flyer 0.56 (0.05,6.30) 0.635 
Enlisted Groundcrew 0.38(0.11,1.37) 0.139 

10-11 Basal Cell Carcinoma (Lower All 1.38 (0.39,4.85) 0.616 
Extremities) Officer 1.83(0.40,8.33) 0.436 

Enlisted Flyer - ~ 
Enlisted Groundcrew 0.78(0.07,8.71) 0.839 

10-12 Squamous Cell Carcinoma All 1.46 (0.77,2.78) 0.250 
Officer 1.10(0.49,2.49) 0.813 
Enlisted Flyer 1.86(0.29,11.86) 0.514 
Enlisted Groundcrew 2.67 (0.73,9.76) 0.139 

10-13 Nonmelanoma AH 1.18(0.91,1.53) 0.219 
Officer 1.31(0.91,1.90) 0.144 
Enlisted Flyer 2.00(1.05,3.81) 0.035 
Enlisted Groundcrew 0.76 (0.48,1.22) 0.258 

10-14 Melanoma All 1.78(0.83,3.79) 0.136 
Officer 1.92(0.69,5.30) 0.211 
Enlisted Flyer - ~ 
Enlisted Groundcrew 2.01 (0.62,6.50) 0.246 

10-15 Systemic Neoplasms (All Sites All 0.88 (0.70,1.12) 0.307 
Combined) Officer 0.77 (0.56,1.07) 0.125 

Enlisted Flyer 0.98 (0.60,1.61) 0.937 
Enlisted Groundcrew 0.98 (0.70,1.36) 0.888 

10-16 Malignant Systemic Neoplasms All 1.12(0.74,1.70) 0.592 
Officer 1.09(0.63,1.88) 0.766 
Enlisted Flyer 1.91 (0.82,4.43) 0.132 
Enlisted Groundcrew 0.82(0.41,1.67) 0.589 

10-17 Benign Systemic Neoplasms All 0.93(0.73,1.19) 0.574 
Officer 0.78(0.55,1.10) 0.155 
Enlisted Flyer 0.95 (0.56,1.59) 0.831 
Enlisted Groundcrew 1.11(0.79,1.57) 0.548 
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Table G-17.    Summary of Adjusted Results for Dichotomous Variables 
(Ranch Hands vs. Comparisons) (Continued) 

Model 1 

Table! Adj. Relative Risk 
Ref. :■ Clinical Parameter : Occupational Category 

:-.:::-;:;\®S%£M:- ; '   \ .'.'■ p-Value ■ ■: 
10-18 Systemic Neoplasms of Uncertain All 0.71 (0.34,1.47) 0.355 

Behavior or Unspecified Nature Officer 0.96 (0.40,2.31) 0.925 
Enlisted Flyer 0.45 (0.04,5.19) 0.523 
Enlisted Groundcrew 0.44(0.13,1.50) 0.190 

10-19 Malignant Systemic Neoplasms (Eye, All 0.98 (0.35,2.75) 0.974 
Ear, Face, Head, and Neck) Officer 2.07(0.53,8.16) 0.298 

Enlisted Flyer 0.38 (0.04,4.02) 0.424 
Enlisted Groundcrew 0.49 (0.08,2.87) 0.429 

10-20 Malignant Systemic Neoplasms (Oral All 0.63 (0.16,2.44) 0.501 
Cavity, Pharynx, and Larynx) Officer 1.35(0.17,10.61) 0.777 

Enlisted Flyer 0.52 (0.04,6.28) 0.603 
Enlisted Groundcrew 0.31 (0.03,3.40) 0.336 

10-21 Malignant Systemic Neoplasms All — ~ 
(Thymus, Heart, and Mediastinum) Officer — „ 

Enlisted Flyer ~ — 
Enlisted Groundcrew ~ ~ 

10-22 Malignant Systemic Neoplasms All 1.46(0.20,10.39) 0.708 
(Thyroid Gland) Officer 3.08 (0.28,34.40) 0.362 

Enlisted Flyer - - 
Enlisted Groundcrew ~ - 

10-23 Malignant Systemic Neoplasms All 3.66(0.78,17.13) 0.070 
(Bronchus and Lung) Officer 3.51 (0.57,21.64) 0.176 

Enlisted Flyer 2.58 (0.21,31.26) 0.456 
Enlisted Groundcrew - ~ 

10-24 Malignant Systemic Neoplasms All 1.57(0.22,11.35) 0.655 
(Liver) Officer — ~ 

Enlisted Flyer — — 
Enlisted Groundcrew 1.72(0.11,27.93) 0.703 

10-25 Malignant Systemic Neoplasms All 1.50 (0.41,5.47) 0.536 
(Colon and Rectum) Officer 2.59 (0.37,17.95) 0.335 

Enlisted Flyer 1.57(0.19,13.30) 0.678 
Enlisted Groundcrew 0.85 (0.13,5.78) 0.872 

10-26 Malignant Systemic Neoplasms All 3.12(0.88,11.04) 0.061 
(Kidney and Bladder) Officer 1.86(0.43,8.16) 0.409 

Enlisted Flyer __ „ 

Enlisted Groundcrew 4.20 (0.36,49.46) 0.254 

10-27 Malignant Systemic Neoplasms All 0.69(0.38,1.25) 0.219 
(Prostate) Officer 0.58 (0.27,1.22) 0.151 

Enlisted Flyer 1.54 (0.41,5.75) 0.521 
Enlisted Groundcrew 0.59 (0.19,1.84) 0.360 
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Table G-17.     Summary of Adjusted Results for Dichotomous Variables 
(Ranch Hands vs. Comparisons) (Continued) 

Model 1 

Table 
..JteE.l:.i Clinical Parameter Occupational Category 

Adj.-Eelatife Risk    .: 

10-28    Malignant Systemic Neoplasms 
(Testicles) 

10-29    Malignant Systemic Neoplasms 
(Connective and Other Soft Tissues) 

10-30    Hodgkin's Disease 

10-31     Non-Hodgkin's Lymphoma 

10-32    Other Malignant Systemic Neoplasms 
of Lymphoid and Histiocytic Tissue 

10-33    Malignant Skin and Systemic 
Neoplasms 

10-34    All Skin and Systemic Neoplasms 

10-36    PSA 

11-3     Inflammatory Diseases 

11-4     Hereditary and Degenerative Diseases 

All — — 
Officer __ ~ 
Enlisted Flyer - — 
Enlisted Groundcrew - - 

All 0.79 (0.05,12.82) 0.870 
Officer — „ 

Enlisted Flyer — — 
Enlisted Groundcrew - - 

All 0.29 (0.03,3.23) 0.291 
Officer 0.47 (0.04,5.86) 0.554 
Enlisted Flyer -- - 
Enlisted Groundcrew ~ - 

All 0.18(0.01,2.61) 0.186 
Officer — — 
Enlisted Flyer - - 
Enlisted Groundcrew 0.61 (0.02,15.18) 0.762 

All 0.70(0.10,5.03) 0.724 
Officer 0.69 (0.05,9.34) 0.781 
Enlisted Flyer - - 
Enlisted Groundcrew 1.57(0.08,31.01) 0.767 

AH 1.06(0.80,1.41) 0.668 
Officer 1.14(0.79,1.65) 0.470 
Enlisted Flyer 1.63(0.91,2.92) 0.103 
Enlisted Groundcrew 0.78(0.51,1.19) 0.247 

All 1.04(0.83,1.30) 0.756 
Officer 1.06(0.77,1.46) 0.725 
Enlisted Flyer 1.15 (0.72,1.84) 0.557 
Enlisted Groundcrew 0.98 (0.72,1.33) 0.881 

All 1.02(0.64,1.60) 0.947 
Officer 1.45(0.80,2.63) 0.216 
Enlisted Flyer 0.78(0.32,1.90) 0.578 
Enlisted Groundcrew 0.68(0.33,1.41) 0.302 

All 13.50(1.61,113.13) 0.002 
Officer — — 
Enlisted Flyer - - 
Enlisted Groundcrew 6.38 (0.64,63.30) 0.114 

All 1.07(0.78,1.46) 0.688 
Officer 1.13 (0.68,1.89) 0.635 
Enlisted Flyer 1.31 (0.66,2.62) 0.444 
Enlisted Groundcrew 0.92(0.57,1.48) 0.737 
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Table G-17.    Summary of Adjusted Results for Dichotomous Variables - Model 1 
(Ranch Hands vs. Comparisons) (Continued) 

Table ':   Adj. Relative Risk    :i 
Ret v   Clinical .Parameter '. '=  Occupational Category i.; '^(9Sm%.l):    ::;: 1 p-Value 
11-5 Peripheral Disorders All 1.12(0.89,1.40) 0.341 

Officer 1.25 (0.88,1.78) 0.215 
Enlisted Flyer 0.91 (0.54,1.54) 0.733 
Enlisted Groundcrew 1.09(0.77,1.54) 0.622 

11-6 Other Neurological Disorders All 1.25(0.98,1.59) 0.078 
Officer 1.09(0.65,1.84) 0.734 
Enlisted Flyer 1.33 (0.79,2.21) 0.283 
Enlisted Groundcrew 1.28(0.92,1.78) 0.136 

11-7 Smell All 1.20(0.60,2.36) 0.609 
Officer 0.53(0.16,1.71) 0.286 
Enlisted Flyer 5.12(0.56,46.70) 0.148 
Enlisted Groundcrew 1.57(0.58,4.27) 0.376 

11-8 Visual Fields All 0.49 (0.09,2.64) 0.387 
Officer — „ 

Enlisted Flyer 0.48 (0.04,5.78) 0.566 
Enlisted Groundcrew 0.70 (0.06,8.00) 0.778 

11-9 Light Reaction All 0.13(0.02,0.98) 0.010 
Officer __ — 
Enlisted Flyer 0.36 (0.04,3.38) 0.371 
Enlisted Groundcrew - - 

11-10 Ocular Movement All 1.17 (0.56,2.42) 0.675 
Officer 0.56(0.11,2.90) 0.485 
Enlisted Flyer 1.76(0.29,10.81) 0.543 
Enlisted Groundcrew 1.37 (0.54,3.45) 0.508 

11-11 Facial Sensation All 1.38(0.19,9.87) 0.750 
Officer 1.45 (0.09,23.48) 0.792 
Enlisted Flyer - — 
Enlisted Groundcrew -- ~ 

11-12 Jaw Clench All __ __ 
Officer — — 
Enlisted Flyer — ~ 
Enlisted Groundcrew - -- 

11-13 Smile All 2.45(0.71,8.50) 0.149 
Officer 0.71 (0.06,7.91) 0.777 
Enlisted Flyer — - 
Enlisted Groundcrew 3.62 (0.69,19.00) 0.128 

11-14 Palpebral Fissure All 0.71 (0.26,1.94) 0.502 
Officer 0.63(0.12,3.31) 0.582 
Enlisted Flyer 0.87 (0.05,14.32) 0.921 
Enlisted Groundcrew 0.90 (0.25,3.27) 0.876 
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Table G-17.     Summary of Adjusted Results for Dichotomous Variables 
(Ranch Hands vs. Comparisons) (Continued) 

Model 1 

Table ;:' Aäj. Relative Risk    1 
Kefc | '= CBnical Parameter | Occupational Category ■i=~-■■ ■=■ <9|% IplJ) j|||ii|»Illi-|:;:: 

11-15 Balance All 1.38 (0.47,4.03) 0.553 
Officer 3.37 (0.64,17.73) 0.151 
Enlisted Flyer __ » 
Enlisted Groundcrew 0.73 (0.13,4.07) 0.719 

11-16 Speech All 0.60(0.18,1.97) 0.388 
Officer 0.76 (0.07,8.59) 0.828 
Enlisted Flyer „ ~ 
Enlisted Groundcrew 0.66(0.16,2.63) 0.551 

11-17 Tongue Position Relative to Midline All ~ __ 

Officer — __ 

Enlisted Flyer — — 
Enlisted Groundcrew ~ - 

11-18 Palate and Uvula Movement All — __ 

Officer — __ 

Enlisted Flyer — — 
Enlisted Groundcrew - - 

11-19 Cranial Nerve Index All 1.01 (0.69,1.48) 0.940 
Officer 0.88 (0.46,1.68) 0.694 
Enlisted Flyer 1.23 (0.49,3.08) 0.656 
Enlisted Groundcrew 1.05(0.61,1.80) 0.856 

11-20 Neck Range of Motion All 1.35 (1.06,1.72) 0.015 
Officer 1.31 (0.90,1.89) 0.153 
Enlisted Flyer 1.97 (1.13,3.42) 0.016 
Enlisted Groundcrew 1.16(0.78,1.71) 0.466 

11-21 Pinprick All 1.19(0.81,1.76) 0.368 
Officer 1.28(0.67,2.43) 0.451 
Enlisted Flyer 1.81 (0.84,3.89) 0.131 
Enlisted Groundcrew 0.85 (0.45,1.60) 0.618 

11-22 Light Touch All 1.13(0.71,1.81) 0.597 
Officer 1.67(0.77,3.61) 0.193 
Enlisted Flyer 1.40(0.56,3.50) 0.470 
Enlisted Groundcrew 0.67 (0.31,1.47) 0.321 

11-23 Muscle Status All 1.50 (0.93,2.40) 0.094 
Officer 0.98 (0.47,2.05) 0.960 
Enlisted Flyer 1.72 (0.63,4.70) 0.289 
Enlisted Groundcrew 2.24(1.01,4.93) 0.046 

11-24 Patellar Reflex All 0.97(0.56,1.67) 0.910 
Officer 1.05 (0.48,2.29) 0.901 
Enlisted Flyer 0.16(0.02,1.32) 0.089 
Enlisted Groundcrew 1.43(0.61,3.34) 0.408 
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Table G-17.    Summary of Adjusted Results for Dichotomous Variables - Model 1 
(Ranch Hands vs. Comparisons) (Continued) 

Table ! : \&dS.Re!an%::Risk ::.! 
Ref.  | !;■ ■; |-.             Clinical Parameter               \ Occupational Category ■!:■:;:: (95%'C:i.): "■ ;,'-: : p-Value 

11-25 Achilles Reflex All 1.07(0.84,1.37) 0.594 
Officer 1.17 (0.80,1.70) 0.413 
Enlisted Flyer 0.91 (0.51,1.60) 0.737 
Enlisted Groundcrew 1.05(0.71,1.55) 0.815 

11-26 Biceps Reflex All 1.31 (0.57,3.05) 0.527 
Officer 1.13(0.33,3.80) 0.848 
Enlisted Flyer 1.34(0.18,9.89) 0.776 
Enlisted Groundcrew 1.61 (0.39,6.58) 0.509 

11-27 Babinski Reflex All 0.81 (0.31,2.10) 0.666 
Officer 2.16(0.35,13.17) 0.403 
Enlisted Flyer 0.36 (0.04,3.59) 0.385 
Enlisted Groundcrew 0.64(0.16,2.51) 0.526 

11-29 Polyneuropathy Prevalence Index All 0.99(0.76,1.28) 0.923 
Officer 1.02(0.68,1.51) 0.941 
Enlisted Flyer 0.86(0.48,1.52) 0.601 
Enlisted Groundcrew 1.03 (0.67,1.59) 0.877 

11-30 Multiple Polyneuropathy Index All 1.51 (0.94,2.45) 0.092 
Officer 1.44 (0.69,2.98) 0.330 
Enlisted Flyer 1.77(0.69,4.56) 0.234 
Enlisted Groundcrew 1.43 (0.60,3.39) 0.421 

11-31 Confirmed Polyneuropathy Indicator All 2.35 (0.88,6.22) 0.082 
Officer 0.51 (0.10,2.59) 0.414 
Enlisted Flyer „ — 
Enlisted Groundcrew 8.59 (0.97,76.27) 0.054 

11-32 Tremor All 0.90(0.64,1.28) 0.564 
Officer 1.06(0.59,1.89) 0.850 
Enlisted Flyer 1.14(0.53,2.44) 0.734 
Enlisted Groundcrew 0.72(0.42,1.21) 0.212 

11-33 Coordination All 0.86(0.48,1.56) 0.622 
Officer 1.65(0.64,4.26) 0.302 
Enlisted Flyer 0.28 (0.03,2.58) 0.263 
Enlisted Groundcrew 0.64(0.27,1.50) 0.305 

11-34 Romberg Sign All 1.38 (0.47,4.03) 0.553 
Officer 3.37 (0.64,17.73) 0.151 
Enlisted Flyer - ~ 
Enlisted Groundcrew 0.73 (0.13,4.07) 0.719 

11-35 Gait All 1.26(0.83,1.89) 0.275 
Officer 1,01 (0.54,1.89) 0.972 
Enlisted Flyer 1.05 (0.43,2.59) 0.911 
Enlisted Groundcrew 1.79(0.91,3.49) 0.090 
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Table G-17.     Summary of Adjusted Results for Dichotomous Variables 
(Ranch Hands vs. Comparisons) (Continued) 

Model 1 

Table ! :■ Adji Relative Risk    i 
ifcfc Clinical parameter:.: Occupational Category ■ .    i : (95% €&)';: '. : 1 1 jprVaiüe 
11-36 CNS Index All 0.99(0.75,1.31) 0.957 

Officer 1.01 (0.64,1.58) 0.975 
Enlisted Flyer 0.92(0.50,1.70) 0.799 
Enlisted Groundcrew 1.01 (0.67,1.54) 0.950 

12-3 Psychoses All 1.03 (0.65,1.63) 0.905 
Officer 1.12(0.47,2.71) 0.796 
Enlisted Flyer 1.85 (0.68,5.04) 0.230 
Enlisted Groundcrew 0.76 (0.40,1.47) 0.423 

12-4 Alcohol Dependence All 1.04(0.74,1.48) 0.816 
Officer 0.82 (0.43,1.58) 0.557 
Enlisted Flyer 0.94 (0.43,2.04) 0.871 
Enlisted Groundcrew 1.25 (0.76,2.03) 0.377 

12-5 Drug Dependence All 0.58 (0.09,3.74) 0.553 
Officer — — 
Enlisted Flyer „ ~ 
Enlisted Groundcrew 0.78(0.11,5.56) 0.802 

12-6 Anxiety All 1.00(0.82,1.23) 0.979 
Officer 0.93 (0.64,1.35) 0.709 
Enlisted Flyer 1.01 (0.63,1.63) 0.953 
Enlisted Groundcrew 1.04(0.79,1.38) 0.776 

12-7 Other Neuroses All 1.08 (0.90,1.29) 0.434 
Officer 0.80(0.60,1.07) 0.127 
Enlisted Flyer 1.04(0.66,1.65) 0.857 
Enlisted Groundcrew 1.44(1.09,1.91) 0.011 

12-8 SCL-90-R Anxiety All 0.85 (0.63,1.14) 0.267 
Officer 0.75 (0.39,1.46) 0.400 
Enlisted Flyer 0.53(0.27,1.06) 0.073 
Enlisted Groundcrew 1.02(0.70,1.50) 0.904 

12-9 SCL-90-R Depression All 0.79 (0.61,1.03) 0.077 
Officer 0.89 (0.54,1.46) 0.642 
Enlisted Flyer 0.45 (0.24,0.84) 0.013 
Enlisted Groundcrew 0.90(0.64,1.28) 0.562 

12-10 SCL-90-R Hostility All 0.81 (0.58,1.13) 0.217 
Officer 0.71 (0.34,1.49) 0.367 
Enlisted Flyer 0.66(0.30,1.45) 0.301 
Enlisted Groundcrew 0.90(0.59,1.39) 0.642 

12-11 SCL-90-R Interpersonal Sensitivity All 0.79(0.61,1.02) 0.070 
Officer 0.93 (0.55,1.56) 0.772 
Enlisted Flyer 0.52 (0.28,0.93) 0.029 
Enlisted Groundcrew 0.86(0.61,1.20) 0.366 
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Table G-17.    Summary of Adjusted Results for Dichotomous Variables 
(Ranch Hands vs. Comparisons) (Continued) 

Model 1 

;  Table 
Clinical Parameter Occupational Category 

;"'; Mt* Relative Risk V;: 
;::■ :p*Value; 

12-12 SCL-90-R Obsessive-Compulsive All 0.83 (0.65,1.07) 0.157 
Behavior Officer 

Enlisted Flyer 
Enlisted Groundcrew 

0.95(0.58,1.54) 
0.77 (0.44,1.35) 
0.81(0.57,1.14) 

0.824 
0.365 
0.225 

12-13 SCL-90-R Paranoid Ideation All 
Officer 
Enlisted Flyer 
Enlisted Groundcrew 

0.98 (0.68,1.40) 
0.84 (0.35,2.03) 
0.56(0.23,1.37) 
1.17(0.76,1.81) 

■0.898 
0.698 
0.206 
0.479 

12-14 SCL-90-R Phobic Anxiety All 
Officer 
Enlisted Flyer 
Enlisted Groundcrew 

0.92(0.68,1.24) 
0.53(0.25,1.11) 
0.59(0.29,1.18) 
1.24(0.85,1.81) 

0.570 
0.090 
0.136 
0.270 

12-15 SCL-90-R Psychoticism All 
Officer 
Enlisted Flyer 
Enlisted Groundcrew 

0.81 (0.62,1.06) 
0.68 (0.39,1.17) 
0.67(0.36,1.27) 
0.92(0.65,1.31) 

0.116 
0.162 
0.223 
0.651 

12-16 SCL-90-R Somatization All 
Officer 
Enlisted Flyer 
Enlisted Groundcrew 

1.02(0.80,1.31) 
1.02(0.60,1.74) 
0.67 (0.40,1.13) 
1.22(0.88,1.70) 

0.847 
0.948 
0.133 
0.232 

12-17 SCL-90-R Global Severity Index 
(GSI) 

All 
Officer 
Enlisted Flyer 
Enlisted Groundcrew 

0.87 (0.67,1.13) 
0.93 (0.54,1.61) 
0.57 (0.32,1.04) 
0.97 (0.70,1.36) 

0.285 
0.805 
0.066 
0.876 

12-18 SCL-90-R Positive Symptom Total 
(PST) 

All 
Officer 
Enlisted Flyer 
Enlisted Groundcrew 

0.80(0.62,1.03) 
0.80(0.48,1.33) 
0.67(0.38,1.18) 
0.86(0.61,1.20) 

0.083 
0.382 
0.168 
0.365 

12-19 SCL-90-R Positive Symptom Distress 
Index (PSDI) 

All 
Officer 
Enlisted Flyer 
Enlisted Groundcrew 

1.20(0.86,1.69) 
1.29(0.62,2.68) 
0.78(0.36,1.66) 
1.37(0.88,2.12) 

0.283 
0.495 
0.513 
0.165 

13-3 Uncharacterized Hepatitis All 
Officer 
Enlisted Flyer 
Enlisted Groundcrew 

1.18(0.62,2.26) 
1.05(0.33,3.35) 
1.62(0.35,7.40) 
1.13 (0.45,2.85) 

0.617 
0.935 
0.533 
0.795 

13-4 Jaundice All 
Officer 
Enlisted Flyer 
Enlisted Groundcrew 

0.49 (0.25,0.96) 
0.46(0.18,1.17) 
3.47 (0.36,33.8) 
0.29 (0.08,1.03) 

0.028 
0.103 
0.284 
0.055 
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Table G-17.     Summary of Adjusted Results for Dichotomous Variables 
(Ranch Hands vs. Comparisons) (Continued) 

Model 1 

Table ! ÄdjvReMwRtsk '■■ 
Ref.  j Clinical Paraiweter. .'■ Occupational Category , j ■;. :; (M&,<lL) -: '"     1 p-Value :;; 
13-5 Chronic Liver Disease and Cirrhosis All 0.93 (0.60,1.45) 0.762 

(Alcohol-related) Officer 1.50(0.71,3.19) 0.290 
Enlisted Flyer 0.70(0.26,1.88) 0.474 
Enlisted Groundcrew 0.75 (0.39,1.45) 0.390 

13-6 Chronic Liver Disease and Cirrhosis All 1.43 (0.68,3.03) 0.348 
(Non-alcohol-related) Officer 2.47 (0.58,10.52) 0.219 

Enlisted Flyer 0.77(0.13,4.71) 0.777 
Enlisted Groundcrew 1.32(0.47,3.69) 0.598 

13-7 Liver Abscess and Sequelae of All 1.45 (0.09,23.24) 0.795 
Chronic Liver Disease Officer — — 

Enlisted Flyer „ - 
Enlisted Groundcrew - - 

13-8 Enlarged Liver (Hepatomegaly) All 0.73 (0.38,1.41) 0.339 
Officer 0.78 (0.26,2.36) 0.662 
Enlisted Flyer 2.53 (0.62,10.38) 0.198 
Enlisted Groundcrew 0.29 (0.08,1.03) 0.057 

13-9 Other Liver Disorders All 1.19(0.97,1.45) 0.090 
Officer 1.15(0.83,1.57) 0.400 
Enlisted Flyer 0.98(0.60,1.61) 0.933 
Enlisted Groundcrew 1.31 (0.98,1.75) 0.073 

13-10 Current Hepatomegaly All 2.13 (0.80,5.67) 0.127 
Officer 3.17(0.57,17.56) 0.187 
Enlisted Flyer - - 
Enlisted Groundcrew 1.18(0.31,4.51) 0.805 

13-12 AST All 1.14(0.81,1.61) 0.448 
Officer 1.09(0.63,1.89) 0.763 
Enlisted Flyer 0.84(0.36,1.92) 0.671 
Enlisted Groundcrew 1.35(0.81,2.28) 0.252 

13-14 ALT All 1.12(0.80,1.57) 0.495 
Officer 1.58 (0.86,2.89) 0.138 
Enlisted Flyer 0.97(0.46,2.01) 0.927 
Enlisted Groundcrew 0.97(0.60,1.57) 0.889 

13-16 GGT All 1.08(0.80,1.45) 0.604 
Officer 1.24(0.75,2.06) 0.399 
Enlisted Flyer 1.39(0.73,2.65) 0.310 
Enlisted Groundcrew 0.86 (0.55,1.35) 0.512 

13-18 Alkaline Phosphatase All 1.34(0.74,2.42) 0.332 
Officer 0.45 (0.14,1.41) 0.172 
Enlisted Flyer 2.03 (0.56,7.40) 0.284 
Enlisted Groundcrew 2.46(0.99,6.13) 0.053 

G-123 



Table G-17.     Summary of Adjusted Results for Dichotomous Variables - Model 1 
(Ranch Hands vs. Comparisons) (Continued) 

Table | [■l Aäji Relative :Ris& : i 
RefU Clinical Parameter . ' .  Occupational Category : ■;!:;:<: '. (95% €X) ;■.'::■■;'J : p-Value : 

13-20 Total Bilirubin All 0.86 (0.58,1.25) 0.420 
Officer 0.90(0.52,1.57) 0.723 
Enlisted Flyer 1.15(0.43,3.08) 0.779 
Enlisted Groundcrew 0.71 (0.38,1.33) 0.286 

13-21 Direct Bilirubin All 0.32 (0.04,2.82) 0.254 
Officer 0.50(0.05,4.90) 0.551 
Enlisted Flyer - ~ 
Enlisted Groundcrew ~ - 

13-23 Lactic Dehydrogenase All 0.90(0.67,1.21) 0.479 
Officer 0.86(0.54,1.37) 0.530 
Enlisted Flyer 1.03(0.47,2.24) 0.945 
Enlisted Groundcrew 0.90(0.58,1.39) 0.625 

13-25 Cholesterol All 1.04 (0.82,1.34) 0.726 
Officer 0.80(0.53,1.23) 0.312 
Enlisted Flyer 1.00(0.54,1.83) 0.993 
Enlisted Groundcrew 1.28(0.90,1.82) 0.167 

13-27 HDL Cholesterol All 1.13(0.81,1.57) 0.473 
Officer 1.15 (0.62,2.15) 0.650 
Enlisted Flyer 0.98 (0.47,2.04) 0.957 
Enlisted Groundcrew 1.18(0.74,1.87) 0.483 

13-29 Cholesterol-HDL Ratio All 1.01 (0.85,1.22) 0.878 
Officer 1.09(0.81,1.47) 0.563 
Enlisted Flyer 0.67 (0.43,1.04) 0.075 
Enlisted Groundcrew 1.11 (0.85,1.45) 0.436 

13-31 Triglycerides All 1.12(0.90,1.39) 0.318 
Officer 1.10(0.76,1.58) 0.628 
Enlisted Flyer 0.66(0.39,1.12) 0.123 
Enlisted Groundcrew 1.37(1.00,1.88) 0.047 

13-33 Creatine Phosphokinase All 0.87(0.63,1.20) 0.390 
Officer 0.84(0.50,1.41) 0.519 
Enlisted Flyer 0.55(0.21,1.41) 0.210 
Enlisted Groundcrew 1.00(0.63,1.58) 0.998 

13-35 Serum Amylase All 0.91 (0.54,1.54) 0.733 
Officer 0.43(0.18,1.03) 0.058 
Enlisted Flyer 1.66 (0.36,7.69) 0.514 
Enlisted Groundcrew 1.60(0.73,3.50) 0.240 

13-36 Antibodies for Hepatitis A All 0.93(0.76,1.12) 0.434 
Officer 0.95 (0.68,1.31) 0.739 
Enlisted Flyer 1.07(0.69,1.68) 0.754 
Enlisted Groundcrew 0.85(0.64,1.14) 0.285 
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Table G-17.    Summary of Adjusted Results for Dichotomous V 
(Ranch Hands vs. Comparisons) (Continued) 

Variables - Model 1 

:Tabfe--:i 
; Clinical Parameter { .'  Occupational Category \   p-Value 

13-37 Prior Hepatitis B All 
Officer 
Enlisted Flyer 
Enlisted Groundcrew 

0.59 (0.44,0.80) 
0.47(0.25,0.91) 
0.58(0.31,1-07) 
0.66 (0.44,0.97) 

<0.001 
0.024 
0.079 
0.035 

13-38 Current Hepatitis B All 
Officer 

0.56 (0.05,6.93) 0.646 

Enlisted Flyer 
Enlisted Groundcrew 0.68 (0.06,8.27) 0.762 

13-39 Antibodies for Hepatitis C All 
Officer 
Enlisted Flyer 
Enlisted Groundcrew 

0.63(0.27,1.47) 
0.36 (0.04,3.27) 
0.61 (0.05,6.87) 
0.73(0.27,1.98) 

0.274 
0.367 
0.690 
0.532 

13-40 Stool Hemoccult All 
Officer 
Enlisted Flyer 
Enlisted Groundcrew 

0.78(0.49,1.25) 
0.90 (0.45,1.80) 
0.34(0.07,1.70) 
0.82(0.41,1.64) 

0.301 
0.774 
0.191 
0.574 

13-42 Prealbumin All 
Officer 
Enlisted Flyer 
Enlisted Groundcrew 

1.87(0.82,4.26) 
1.03 (0.32,3.29) 
1.64(0.09,28.94) 
4.27(1.05,17.39) 

0.136 
0.962 
0.736 
0.043 

13-44 Albumin All 
Officer 
Enlisted Flyer 
Enlisted Groundcrew 

0.45 (0.12,1.65) 
1.08(0.24,4.91) 

0.200 
0.918 

13-46 a-1-Acid Glycoprotein All 
Officer 
Enlisted Flyer 
Enlisted Groundcrew 

1.39(0.88,2.21) 
0.73(0.31,1.76) 
1.78(0.64,4.95) 
1.86(0.96,3.60) 

0.163 
0.487 
0.270 
0.066 

13-50 a-2-Macroglobulin All 
Officer 
Enlisted Flyer 
Enlisted Groundcrew 

0.70(0.42,1.16) 
0.59 (0.25,1.40) 
0.46(0.15,1.39) 
1.01 (0.46,2.19) 

0.157 
0.234 
0.169 
0.988 

13-52 Apolipoprotein B All 
Officer 
Enlisted Flyer 
Enlisted Groundcrew 

0.85(0.71,1.02) 
0.80 (0.61,1.06) 
0.53 (0.34,0.82) 
1.07(0.82,1.40) 

0.073 
0.115 
0.005 
0.603 

13-54 C3 Complement All 
Officer 
Enlisted Flyer 
Enlisted Groundcrew 

0.79(0.42,1.50) 
0.62 (0.23,1.63) 
0.27 (0.03,2.33) 
1.41(0.54,3.71) 

0.474 
0.333 
0.233 
0.487 
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Table G-17.     Summary of Adjusted Results for Dichotomous Variables 
(Ranch Hands vs. Comparisons) (Continued) 

Model 1 

Table ! Adj. Relative Risk 
Ret ■:. ■ Cliuical Parameter ■; Occupational Category :.'"■ : 0S%:fiMt ::;':"1l p-Value 

13-56 C4 Complement All 1.46 (0.20,10.59) 0.707 
Officer 2.85(0.26,31.68) 0.394 
Enlisted Flyer — __ 
Enlisted Groundcrew ~ -- 

13-58 Haptoglobin All 1.26(1.04,1.52) 0.020 
Officer 1.18(0.85,1.64) 0.316 
Enlisted Flyer 1.27(0.81,2.01) 0.295 
Enlisted Groundcrew 1.31 (0.99,1.73) 0.061 

13-60 Transferrin All 0.71 (0.52,0.97) 0.027 
Officer 0.63(0.38,1.04) 0.070 
Enlisted Flyer 0.83(0.41,1.68) 0.601 
Enlisted Groundcrew 0.74(0.47,1.18) 0.208 

14-3 Essential Hypertension All 0.96(0.79,1.17) 0.708 
Officer 0.85 (0.63,1.16) 0.317 
Enlisted Flyer 1.27(0.79,2.04) 0.316 
Enlisted Groundcrew 0.96(0.72,1.29) 0.811 

14-4 Heart Disease (Excluding Essential All 1.26(1.04,1.53) 0.018 
Hypertension) Officer 1.21 (0.88,1.66) 0.238 

Enlisted Flyer 2.10(1.28,3.45) 0.004 
Enlisted Groundcrew 1.10(0.83,1.46) 0.496 

14-5 Myocardial Infarction All 1.02 (0.73,1.42) 0.915 
Officer 0.86(0.50,1.46) 0.567 
Enlisted Flyer 1.57(0.72,3.43) 0.255 
Enlisted Groundcrew 0.99(0.59,1.67) 0.975 

14-6 Stroke or Transient Ischemia Attack All 1.21 (0.51,2.85) 0.666 
Officer 1.18(0.31,4.51) 0.806 
Enlisted Flyer — — 
Enlisted Groundcrew 1.80(0.53,6.06) 0.345 

14-8 Systolic Blood Pressure All 0.99 (0.79,1.24) 0.899 
Officer 0.95 (0.67,1.35) 0.784 
Enlisted Flyer 1.13 (0.66,1.93) 0.661 
Enlisted Groundcrew 0.96(0.67,1.38) 0.832 

14-10 Diastolic Blood Pressure All 1.02(0.67,1.56) 0.916 
Officer 1.21 (0.62,2.35) 0.576 
Enlisted Flyer 1.18(0.41,3.37) 0.760 
Enlisted Groundcrew 0.84(0.44,1.59) 0.584 

14-11 Heart Sounds All 0.71 (0.45,1.13) 0.139 
Officer 0.60(0.28,1.29) 0.190 
Enlisted Flyer 0.65(0.23,1.84) 0.419 
Enlisted Groundcrew 0.86(0.42,1.74) 0.675 
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Table G-17.    Summary of Adjusted Results for Dichotomous Variables - Model 1 
(Ranch Hands vs. Comparisons) (Continued) 

Table Adj. Relative Risk 
Ret ;] ■ : Clinical Paraiöeter ■ ■. Occupational Category :. ]-'ß5%pä$-'' p«Value 

14-12 Overall Electrocardiograph All 0.96(0.78,1.18) 0.688 
Officer 1.07 (0.79,1.47) 0.655 
Enlisted Flyer 1.24 (0.76,2.00) 0.389 
Enlisted Groundcrew 0.76 (0.55,1.05) 0.095 

14-13 Right Bundle Branch Block All 0.88 (0.49,1.56) 0.650 
Officer 0.89 (0.36,2.22) 0.807 
Enlisted Flyer 1.47 (0.49,4.44) 0.493 
Enlisted Groundcrew 0.55(0.19,1.59) 0.271 

14-14 Left Bundle Branch Block All 0.47(0.15,1.50) 0.182 
Officer 0.21 (0.02,1.76) 0.150 
Enlisted Flyer - - 
Enlisted Groundcrew 0.56(0.11,2.83) 0.479 

14-15 Non-Specific ST- and T-Wave All 1.00(0.79,1.27) 0.984 
Changes Officer 1.03(0.71,1.48) 0.882 

Enlisted Flyer 1.22(0.69,2.14) 0.495 
Enlisted Groundcrew 0.88 (0.60,1.29) 0.517 

14-16 Bradycardia All 0.69(0.41,1.16) 0.151 
Officer 0.74 (0.38,1.42) 0.360 
Enlisted Flyer 1.14(0.32,4.09) 0.846 
Enlisted Groundcrew 0.36(0.10,1.30) 0.120 

14-17 Tachycardia All 2.94(0.69,12.51) 0.129 
Officer - - 
Enlisted Flyer - - 
Enlisted Groundcrew 1.54(0.19,12.63) 0.685 

14-18 Arrhythmia All 1.02(0.69,1.52) 0.913 
Officer 1.39(0.75,2.55) 0.296 
Enlisted Flyer 1.26(0.54,2.97) 0.591 
Enlisted Groundcrew 0.62(0.31,1.25) 0.180 

14-19 Evidence of Prior Myocardial All 0.90 (0.56,1.43) 0.649 
Infarction Officer 0.88 (0.43,1.78) 0.718 

Enlisted Flyer 1.02 (0.35,2.96) 0.972 
Enlisted Groundcrew 0.86(0.40,1.85) 0.709 

14-20 ECG: Other Diagnoses All 4.67 (0.47,46.79) 0.153 
Officer -- - 
Enlisted Flyer - ~ 
Enlisted Groundcrew 3.29 (0.28,38.94) 0.346 

14-21 Funduscopic Examination All 0.92(0.69,1.22) 0.562 
Officer 1.27(0.79,2.02) 0.321 
Enlisted Flyer 1.06(0.59,1.91) 0.852 
Enlisted Groundcrew 0.62 (0.39,0.99) 0.047 
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Table G-17.    Summary of Adjusted Results for Dichotomous Variables - Model 1 
(Ranch Hands vs. Comparisons) (Continued) 

■Table -i Adj. Relative Risk 

Ref.:;;' Clinical Parameter ■ .: Oqcupatiomil Categorv -':= j ::■ ::(ß$fyCJLj -^ p-Value   ':. 

14-22 Carotid Bruits All 0.94(0.53,1.65) 0.823 

Officer 0.72 (0.26,1.99) 0.524 

Enlisted Flyer 1.94(0.58,6.46) 0.283 

Enlisted Groundcrew 0.78 (0.33,1.86) 0.578 

14-23 Radial Pulses All 2.85 (0.67,12.16) 0.143 

Officer 1.24(0.16,9.95) 0.837 

Enlisted Flyer -- - 
Enlisted Groundcrew 5.69 (0.54,60.05) 0.148 

14-24 Femoral Pulses All 1.66(0.79,3.49) 0.178 

Officer 1.51 (0.52,4.38) 0.448 

Enlisted Flyer 1.48(0.27,8.02) 0.652 

Enlisted Groundcrew 2.08 (0.55,7.87) 0.282 

14-25 Popliteal Pulses All 1.04(0.56,1.90) 0.911 

Officer 0.95 (0.35,2.52) 0.911 

Enlisted Flyer 0.99 (0.21,4.82) 0.995 

Enlisted Groundcrew 1.13 (0.46,2.79) 0.784 

14-26 Dorsalis Pedis Pulses All 0.97(0.69,1.37) 0.857 

Officer 1.27 (0.73,2.22) 0.398 

Enlisted Flyer 1.33(0.62,2.86) 0.463 

Enlisted Groundcrew 0.64(0.37,1.12) 0.117 

14-27 Posterior Tibial Pulses All 1.25 (0.84,1.86) 0.280 

Officer 1.40 (0.73,2.68) 0.307 

Enlisted Flyer 1.17 (0.49,2.78) 0.724 
Enlisted Groundcrew 1.16(0.62,2.16) 0.649 

14-28 Leg Pulses All 1.03(0.76,1.40) 0.850 

Officer 1.30(0.79,2.16) 0.306 

Enlisted Flyer 1.46(0.74,2.88) 0.270 

Enlisted Groundcrew 0.71 (0.44,1.14) 0.158 

14-29 Peripheral Pulses All 1.05 (0.77,1.42) 0.761 

Officer 1.27 (0.77,2.09) 0.353 

Enlisted Flyer 1.48(0.75,2.92) 0.260 

Enlisted Groundcrew 0.75 (0.47,1.21) 0.242 

14-30 ICVI Index All 0.99(0.61,1.60) 0.958 

Officer 1.25 (0.57,2.70) 0.577 

Enlisted Flyer 0.50(0.17,1.51) 0.218 

Enlisted Groundcrew 1.12(0.53,2.39) 0.764 

15-14 Prothrombin Time All 1.13 (0.49,2.60) 0.781 

Officer 1.29(0.43,3.91) 0.650 

Enlisted Flyer - — 
Enlisted Groundcrew 1.15 (0.30,4.35) 0.838 
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Table G-17.    Summary of Adjusted Results for Dichotomous Variables - Model 1 
(Ranch Hands vs. Comparisons) (Continued) 

Table ■ ;Ädj. .Relative liife-': » ] 
:  R«& :;■ 

Clinical Parameter : Occupational Category    | ; v(9S^:'C.E):; ■;.;■"/;■ * p-Value ; 

15-15 RBC Morphology All 1.16(0.82,1.64) 0.400 
Officer 1.03(0.57,1.87) 0.923 
Enlisted Flyer 1.09(0.52,2.30) 0.814 
Enlisted Groundcrew 1.31 (0.78,2.22) 0.307 

15-18 Absolute Neutrophils (bands) (Zero All 0.99(0.79,1.25) 0.956 
vs. Nonzero) Officer 0.74(0.51,1.09) 0.134 

Enlisted Flyer 1.88(1.08,3.27) 0.026 
Enlisted Groundcrew 0.98 (0.69,1.39) 0.918 

15-22 Absolute Eosinophils (Zero vs. All 1.01 (0.77,1.31) 0.970 
Nonzero) Officer 1.18(0.74,1.87) 0.489 

Enlisted Flyer 0.95(0.49,1.87) 0.893 
Enlisted Groundcrew 0.92 (0.64,1.34) 0.674 

15-24 Absolute Basophils (Zero vs. All 1.16(0.97,1.38) 0.106 
Nonzero) Officer 1.16(0.88,1.53) 0.303 

Enlisted Flyer 0.87 (0.57,1.34) 0.529 
Enlisted Groundcrew 1.28 (0.98,1.68) 0.065 

16-3 Past Thyroid Disease All 0.89 (0.64,1.22) 0.459 
Officer 0.91 (0.56,1.48) 0.701 
Enlisted Flyer 1.37 (0.64,2.94) 0.419 
Enlisted Groundcrew 0.70(0.41,1.19) 0.189 

16-4 Composite Diabetes Indicator All 1.04(0.81,1.33) 0.755 
Officer 1.08 (0.72,1.63) 0.711 
Enlisted Flyer 0.82 (0.45,1.47) 0.498 
Enlisted Groundcrew 1.11 (0.77,1.61) 0.572 

16-7 Thyroid Gland All 0.54(0.21,1.39) 0.183 
Officer 0.53 (0.17,1.67) 0.276 
Enlisted Flyer 1.23(0.08,19.88) 0.883 
Enlisted Groundcrew 0.38 (0.04,3.39) 0.384 

16-8 Testicular Examination • All 1.20(0.77,1.87) 0.427 
Officer 0.84(0.44,1.62) 0.611 
Enlisted Flyer 1.31 (0.48,3.55) 0.595 
Enlisted Groundcrew 1.96(0.88,4.39) 0.101 

16-12 Thyroxine All 1.04(0.61,1.80) 0.875 
Officer 1.21 (0.57,2.55) 0.622 
Enlisted Flyer 1.24 (0.25,6.24) 0.796 
Enlisted Groundcrew 0.80 (0.32,2,02) 0.636 

16-13 Anti-Thyroid Antibodies All 1.01 (0.32,3.21) 0.981 
Officer 0.73 (0.13,4.02) 0.717 
Enlisted Flyer 2.62 (0.24,29.23) 0.434 
Enlisted Groundcrew 0.73 (0.07,8.06) 0.796 
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Table G~17.    Summary of Adjusted Results for Dichotomous Variables - Model 1 
(Ranch Hands vs. Compa risons) (Continued) 

:  Table ! ■ Adj* Relative Riüfc- j 
Ret   ] Clinical Parameter   , : Occupational Category :. I     '■ ;   '&S% C.I.)   ■: ■;-. 1 p*Value  ;; 

16-15 Fasting Glucose All 1.07(0.84,1.37) 0.562 
Officer 1.11(0.75,1.64) 0.611 
Enlisted Flyer 0.90(0.50,1.60) 0.712 
Enlisted Groundcrew 1.12(0.78,1.61) 0.526 

16-17 2-Hour Postprandial Glucose All 0.98 (0.75,1.30) 0.912 
Officer 1.42(0.92,2.20) 0.110 
Enlisted Flyer 0.81 (0.43,1.54) 0.526 
Enlisted Groundcrew 0.75 (0.48,1.16) 0.191 

16-18 Fasting Urinary Glucose All 0.98 (0.63,1.52) 0.924 
Officer 1.40(0.61,3.22) 0.432 
Enlisted Flyer 1.13(0.41,3.11) 0.816 
Enlisted Groundcrew 0.77 (0.42,1.43) 0.412 

16-19 2-Hour Postprandial Urinary Glucose All 1.22(0.97,1.53) 0.094 
Officer 1.47(1.01,2.14) 0.044 
Enlisted Flyer 0.73(0.42,1.28) 0.276 
Enlisted Groundcrew 1.26(0.90,1.76) 0.180 

16-23 oc-l-C Hemoglobin All 1.14(0.85,1.53) 0.373 
Officer 1.13(0.67,1.90) 0.652 
Enlisted Flyer 0.65(0.33,1.28) 0.210 
Enlisted Groundcrew 1.43(0.95,2.16) 0.087 

16-25 Total Testosterone All 1.16(0.83,1.63) 0.378 
Officer 1.22(0.71,2.07) 0.475 
Enlisted Flyer 1.21 (0.50,2.96) 0.673 
Enlisted Groundcrew 1.11(0.67,1.83) 0.688 

16-27 Free Testosterone All 1.09(0.54,2.19) 0.812 
Officer 1.06(0.39,2.90) 0.911 
Enlisted Flyer 6.41 (0.74,55.13) 0.091 
Enlisted Groundcrew 0.37 (0.08,1.76) 0.210 

16-29 Estradiol All 0.95 (0.78,1.16) 0.619 
Officer 0.78 (0.56,1.07) 0.120 
Enlisted Flyer 0.89 (0.56,1.42) 0.616 
Enlisted Groundcrew 1.16(0.87,1.55) 0.312 

16-31 LH All 1.02(0.70,1.50) 0.907 
Officer 1.24 (0.70,2.20) 0.458 
Enlisted Flyer 0.86 (0.29,2.55) 0.782 
Enlisted Groundcrew 0.88(0.49,1.59) 0.674 

16-33 FSH All 1.04(0.75,1.45) 0.794 
Officer 1.18(0.74,1.85) 0.488 
Enlisted Flyer 1.49(0.70,3.17) 0.297 
Enlisted Groundcrew 0.68 (0.37,1.26) 0.221 
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Table G-17.    Summary of Adjusted Results for Dichotomous Variables 
(Ranch Hands vs. Comparisons) (Continued) 

Model 1 

Table '::   Ädj. Relative Risk 
W&& \ v :Oinical:Paraiiieter, :: ■'■'. Occupational Category :;: :($S%:C£y\ ;:;■',■; /.; ■  |>-Value: 

17-14 ANA Test All 1.01 (0.84,1.20) 0.946 
Officer 0.95 (0.72,1.27) 0.736 
Enlisted Flyer 1.07(0.68,1.67) 0.778 
Enlisted Groundcrew 1.04(0.79,1.36) 0.801 

17-15 Thyroid Microsomal Antibody All 1.02(0.59,1.75) 0.947 
Officer 1.14(0.51,2.55) 0.750 
Enlisted Flyer 0.75(0.17,3.19) 0.692 
Enlisted Groundcrew 1.00(0.43,2.35) 0.994 

17-16 MSK Smooth Muscle Antibody All 0.99(0.75,1.31) 0.953 
Officer 1.30(0.84,2.03) 0.239 
Enlisted Flyer 0.48 (0.24,0.99) 0.045 
Enlisted Groundcrew 1.02(0.68,1.53) 0.934 

17-17 MSK Mitochondrial Antibody All 2.79(0.51,15.31) 0.222 
Officer 6.58(0.70,61.53) 0.098 
Enlisted Flyer — — 
Enlisted Groundcrew - - 

17-18 MSK Parietal Antibody All 1.00(0.64,1.56) 0.996 
Officer 1.36(0.65,2.87) 0.416 
Enlisted Flyer 0.58(0.19,1.74) 0.331 
Enlisted Groundcrew 0.97(0.51,1.85) 0.920 

17-19 Rheumatoid Factor All 0.91 (0.69,1.22) 0.540 
Officer 1.09(0.71,1.68) 0.692 
Enlisted Flyer 0.98(0.51,1.91) 0.956 
Enlisted Groundcrew 0.71 (0.44,1.15) 0.167 

18-3 Asthma All 1.36(0.87,2.10) 0.175 
Officer 1.48 (0.74,2.94) 0.266 
Enlisted Flyer 0.45 (0.12,1.74) 0.247 
Enlisted Groundcrew 1.69(0.89,3.21) 0.111 

18-4 Bronchitis All 1.15 (0.92,1.43) 0.213 
Officer 1.02(0.70,1.47) 0.936 
Enlisted Flyer 1.61 (0.95,2.71) 0.075 
Enlisted Groundcrew 1.11(0.81,1.54) 0.514 

18-5 Pneumonia All 0.87 (0.66,1.16) 0.354 
Officer 0.74(0.47,1.16) 0.185 
Enlisted Flyer 1.75(0.85,3.61) 0.126 
Enlisted Groundcrew 0.79 (0.50,1.24) 0.304 
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Table G-17.     Summary of Adjusted Results for Dichotomous Variables - Model 1 
(Ranch Hands vs. Comparisons) (Continued) 

Table 
: ■ Clinical Parameter    . ■ ■.. Occupational Category   ':! 

^   AdJ, Relative feisM    >■ 
'11:::; (mmcX}:, . ■  ;:p*Valne .:. 

18-6 

18-7 

Thorax and Lung Abnormalities 

X-ray Interpretation 

All 
Officer 
Enlisted Flyer 
Enlisted Groundcrew 

All 
Officer 
Enlisted Flyer 
Enlisted Groundcrew 

0.97(0.71,1.31) 
1.57(0.90,2.71) 
0.99 (0.53,1.85) 
0.69(0.44,1.09) 

1.23 (0.92,1.64) 
1.39 (0.87,2.20) 
1.16(0.56,2.39) 
1.14(0.75,1.73) 

0.821 
0.110 
0.978 
0.115 

0.158 
0.167 
0.685 
0.554 

--: Relative risk, confidence interval, and p-value are not presented because of the sparse number of participants 
with abnormalities. 
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Table G-18.   Summary of Adjusted Results for Dichotomous Variables 
Log2 (Initial Dioxin)) 

Model 2 (Ranch Hands: 

Table: 
Ref. Clinical Parameter 

9-3 Self-perception of Health 
9-4 Appearance of Illness or Distress 
9-5 Relative Age Appearance 
9-7 Body Fat 
9-9 Erythrocyte Sedimentation Rate 
10-3 Skin Neoplasms 
10-4 Malignant Skin Neoplasms 
10-5 Benign Skin Neoplasms 
10-6 Skin Neoplasms of Uncertain Behavior or Unspecified Nature 
10-7 Basal Cell Carcinoma (All Sites Combined) 
10-8 Basal Cell Carcinoma (Ear, Face, Head, and Neck) 
10-9 Basal Cell Carcinoma (Trunk) 

10-10 Basal Cell Carcinoma (Upper Extremities) 
10-11 Basal Cell Carcinoma (Lower Extremities) 
10-12 Squamous Cell Carcinoma 
10-13 Nonmelanoma 
10-14 Melanoma 
10-15 Systemic Neoplasms (All Sites Combined) 
10-16 Malignant Systemic Neoplasms 
10-17 Benign Systemic Neoplasms 
10-18 Systemic Neoplasms of Uncertain Behavior or Unspecified Nature 
10-19 Malignant Systemic Neoplasms (Eye, Ear, Face, Head, and Neck) 
10-20 Malignant Systemic Neoplasms (Oral Cavity, Pharynx, and Larynx) 
10-21 Malignant Systemic Neoplasms (Thymus, Heart, and Mediastinum) 
10-22 Malignant Systemic Neoplasms (Thyroid Gland) 
10-23 Malignant Systemic Neoplasms (Bronchus and Lung) 
10-24 Malignant Systemic Neoplasms (Liver) 
10-25 Malignant Systemic Neoplasms (Colon and Rectum) 
10-26 Malignant Systemic Neoplasms (Kidney and Bladder) 
10-27 Malignant Systemic Neoplasms (Prostate) 
10-28 Malignant Systemic Neoplasms (Testicles) 
10-29 Malignant Systemic Neoplasms (Connective and Other Soft Tissues) 
10-30 Hodgkin's Disease 
10-31 Non-Hodgkin' s Lymphoma 
10-32 Other Malignant Systemic Neoplasms of Lymphoid and Histiocytic 

Tissue 
10-33 All Malignant Skin and Systemic Neoplasms 
10-34 All Skin and Systemic Neoplasms 
10-36 PSA 
11-3 Inflammatory Diseases 
11-4 Hereditary and Degenerative Disorders 
11-5 Peripheral Disorders 
11-6 Other Neurological Disorders 
11-7 Smell 
11-8 Visual Fields 
11-9 Light Reaction 

Adj. Relative Risk 
(95% €X£ 

0.91 (0. 
0.90 (0. 
0.61 (0. 
0.98 (0. 
1.02(0. 
1.09(0, 
0.99 (0. 
0.83 (0. 
4.37 (0. 

72,1.14) 
76,1.07) 
40,0.93) 
45,2.17) 
76,1.36) 
90,1.32) 
81,1.20) 
46,1.50) 
84,22.64) 

p- Value 

0.98 (0.79.1.21) 0.832 
0.65(0.36,1.15) 0.117 
1.01 (0.77,1.31) 0.962 
1.00(0.85,1.19) 0.986 
1.23 (0.94,1.62) 0.138 
0.81 (0.68,0.98) 0.028 
0.87 (0.68,1.12) 0.287 
0.79 (0.64,0.97) 0.020 
0.88 (0.42,1.85) 0.732 
0.70 (0.53,0.94) 0.014 
0.62 (0.44,0.87) 0.003 
1.18 (0.75,1.86) 0.470 
0.56(0.21,1.51) 0.219 
1.46(0.50,4.26) 0.511 
0.98(0.52,1.85) 0.944 
0.79 (0.60,1.03) 0.075 
1.28(0.76,2.16) 0.366 
1.00(0.84,1.20) 0.980 
0.82(0.57,1.18) 0.272 
0.99 (0.82,1.19) 0.903 
1.16(0.58,2.31) 0.678 
0.79 (0.27,2.33) 0.666 
1.15(0.34,3.88) 0.822 

0.12(0.01,2.84) 0.059 
0.53 (0.21,1.34) 0.144 
2.06(0.82,5.15) 0.140 
0.93 (0.42,2.07) 0.855 
1.05 (0.47,2.38) 0.899 
0.68(0.33,1.37) 0.254 
0.77 (0.22,2.64) 0.663 
2.39 (0.68,8.37) 0.179 

0.396 
0.244 
0.014 
0.964 
0.909 
0.400 
0.922 
0.534 
0.049 
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Table G-18.    Summary of Adjusted Results for Dichotomous Variables 
(Ranch Hands:   Log2 (Initial Dioxin)) (Continued) 

Model 2 

rRefcJ Clinical Parameter 
Ad(j. Relative Risk   ■ :; 

;..:. ;\(?5%cA):'     .:. ;p^vajuei 
11-10 Ocular Movement 0.74(0.40,1.36) 0.318 
11-11 Facial Sensation 0.55 (0.06,5.38) 0.553 
11-12 Jaw Clench 0.59 (0.08,4.24) 0.562 
11-13 Smile 1.50(0.75,3.02) 0.274 
11-14 Palpebral Fissure 1.25(0.54,2.93) 0.613 
11-15 Balance 1.65(0.61,4.45) 0.350 
11-16 Speech 0.19(0.02,2.32) 0.078 
11-17 Tongue Position Relative to Mid line 0.59 (0.08,4.24) 0.562 
11-18 Palate and Uvula Movement 0.59 (0.08,4.24) 0.562 
11-19 Cranial Nerve Index 0.75(0.53,1.08) 0.110 
11-20 Neck Range of Motion 0.91 (0.74,1.13) 0.411 
11-21 Pinprick 1.29(0.92,1.81) 0.134 
11-22 Light Touch 1.01 (0.65,1.59) 0.956 
11-23 Muscle Status 0.95(0.64,1.41) 0.792 
11-24 Patellar Reflex 1.81 (1.10,2.99) 0.019 
11-25 Achilles Reflex 1.22(0.98,1.51) 0.075 
11-26 Biceps Reflex 0.87 (0.44,1.70) 0.675 
11-27 Babinski Reflex 1.08(0.34,3.42) 0.896 
11-29 Polyneuropathy Prevalence Index 1.30(1.03,1.65) 0.029 
11-30 Multiple Polyneuropathy Index 1.85 (1.20,2.87) 0.004 
11-31 Confirmed Polyneuropathy Indicator 1.98(1.19,3.29) 0.008 
11-32 Tremor 1.02(0.73,1.44) 0.893 
11-33 Coordination 1.18 (0.62,2.24) 0.632 
11-34 Romberg Sign 1.65(0.61,4.45) 0.350 
11-35 Gait 1.12(0.79,1.60) 0.530 
11-36 CNS Index 1.03(0.80,1.33) 0.840 
12-3 Psychoses 0.82(0.55,1.23) 0.338 
12-4 Alcohol Dependence 1.04(0.77,1.42) 0.790 
12-5 Drug Dependence — ~ 
12-6 Anxiety 0.91 (0.76,1.09) 0.302 
12-7 Other Neuroses 0.88 (0.74,1.05) 0.164 
12-8 SCL-90-R Anxiety 0.73 (0.57,0.95) 0.016 
12-9 SCL-90-R Depression 0.84(0.67,1.06) 0.138 

12-10 SCL-90-R Hostility 0.94(0.71,1.25) 0.692 
12-11 SCL-90-R Interpersonal Sensitivity 0.78 (0.62,0.97) 0.026 
12-12 SCL-90-R Obsessive-Compulsive Behavior 0.89(0.17,1.11) 0.286 
12-13 SCL-90-R Paranoid Ideation 0.88 (0.66,1.17) 0.374 
12-14 SCL-90-R Phobic Anxiety 0.89(0.70,1.12) 0.315 
12-15 SCL-90-R Psychoticism 0.98 (0.78,1.22) 0.838 
12-16 SCL-90-R Somatization 0.76 (0.62,0.94) 0.010 
12-17 SCL-90-R Global Severity Index (GSI) 0.86(0.69,1.06) 0.157 
12-18 SCL-90-R Positive Symptom Total (PST) 0.82(0.66,1.02) 0.067 
12-19 SCL-90-R Positive Symptom Distress Index (PSDI) 0.80(0.61,1.05) 0.107 
13-3 Uncharacterized Hepatitis 1.02(0.58,1.79) 0.936 
13-4 Jaundice 1.01 (0.20,5.08) 0.995 
13-5 Chronic Liver Disease and Cirrhosis (Alcohol-related) 1.06(0.72,1.57) 0.765 
13-6 Chronic Liver Disease and Cirrhosis (Non-alcohol-related) 1.04(0.61,1.76) 0.897 
13-7 Liver Abscess and Sequelae of Chronic Liver Disease 2.09(0.61,7.19) 0.277 
13-8 Enlarged Liver (Hepatomegaly) 0.91 (0.46,1.80) 0.790 
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Table G-18.    Summary of Adjusted Results for Dichotomous Variables 
(Ranch Hands:   Logi (Initial Dioxin)) (Continued) 

Model 2 

Table 
Ref. Clinical Parameter 

Adj. Relative Risk 
(95% C,I.) p-Value 

13-9     Other Liver Disorders 
13-10    Current Hepatomegaly 
13-12    AST 
13-14    ALT 
13-16    GGT 
13-18    Alkaline Phosphatase 
13-20    Total Bilirubin 
13-21     Direct Bilirubin 
13-23    Lactic Dehydrogenase 
13-25    Cholesterol 
13-27    HDL Cholesterol 
13-29 Cholesterol-HDL Ratio 
13-31 Triglycerides 
13-33 Creatine Phosphokinase 
13-35 Serum Amylase 
13-36 Antibodies for Hepatitis A 
13-37 Evidence of Prior Hepatitis B 
13-38 Current Hepatitis B 
13-39 Antibodies for Hepatitis C 
13-40 Stool Hemoccult 
13-42 Prealbumin 
13-44 Albumin 
13-46 a-l-Acid Glycoprotein 
13-50 a-2-Macroglobulin 
13-52 Apolipoprotein B 
13-54 C3 Complement 
13-56 C4 Complement 
13-58 Haptoglobin 
13-60 Transferrin 
14-3 Essential Hypertension 
14-4 Heart Disease (Excluding Essential Hypertension) 
14-5 Myocardial Infarction 
14-6 Stroke or Transient Ischemia Attack 
14-8 Systolic Blood Pressure 

14-10 Diastolic Blood Pressure 
14-11 Heart Sounds 
14-12 Overall Electrocardiograph 
14-13 Right Bundle Branch Block 
14-14 Left Bundle Branch Block 
14-15 Non-Specific ST- and T-Wave Changes 
14-16 Bradycardia 
14-17 Tachycardia 
14-18 Arrhythmia 
14-19 Evidence of Prior Myocardial Infarction 
14-20 ECG: Other Diagnoses 
14-21 Funduscopic Examination 
14-22 Carotid Bruits 
14-23 Radial Pulses 
14-24 Femoral Pulses 

1.23 (1.03,1.47) 
0.66(0.30,1.45) 
1,13(0.86,1.50) 
1.32(1.00,1.73) 
1.06(0.82,1.37) 
1.04(0.61,1.76) 
0.75(0.46,1.13) 

0.98(0.74.1.30) 
1.23(0.99,1.52) 
0.72 (0.53,0.98) 
1.08(0.91,1.28) 
0.96(0.80,1.15) 
1.09(0.82,1.45) 
1.04(0.63,1.71) 
1.02(0.86,1.22) 
0.95 (0.74,1.22) 
0.39 (0.02,9.42) 
0.63 (0.23,1.75) 
0.97(0.62,1.51) 
1.76 (0.94,3.30) 

0.92(0.63,1.35) 
1.48 (0.96,2.27) 
1.06(0.90,1.25) 
1.01 (0.39,2.62) 

0.98 (0.82,1.16) 
0.93 (0.69,1.24) 
1.10(0.91,1.32) 
0.90(0.75,1.08) 
1.30(0.95,1.77) 
1.33 (0.72,2.47) 
0.89(0.71,1.11) 
1.15 (0.80,1.67) 
1.28 (0.83,1.98) 
1.14(0.93,1.39) 
1.12(0.62,2.04) 

1.15(0.91,1.44) 
0.98 (0.44,2.22) 

1.00(0.68,1.48) 
1.84(1.13,2.99) 

1.14(0.87,1.50) 
1.15(0.62,2.11) 

1.17(0.61,2.24) 

0.022 
0.279 
0.380 
0.049 
0.669 
0.897 
0.154 

0.889 
0.062 
0.029 
0.378 
0.690 
0.542 
0.884 
0.813 
0.669 
0.497 
0.344 
0.880 
0.081 

0.684 
0.072 
0.456 
0.977 

0.785 
0.615 
0.314 
0.249 
0.106 
0.379 
0.296 
0.446 
0.266 
0.200 
0.707 

0.237 
0.971 

0.981 
0.012 

0.342 
0.658 

0.641 
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Table G-18.    Summary of Adjusted Results for Dichotomous Variables 
(Ranch Hands:   Logi (Initial Dioxin)) (Continued) 

Model 2 

Table 
Clinical Parameter 

14-25 Popliteal Pulses 
14-26 Dorsalis Pedis Pulses 
14-27 Posterior Tibial Pulses 
14-28 Leg Pulses 
14-29 Peripheral Pulses 
14-30 ICVI Index 
15-14 Prothrombin Time 
15-15 RBC Morphology 
15-18 Absolute Neutrophils (bands) (Zero vs. Nonzero) 
15-22 Absolute Eosinophils (Zero vs. Nonzero) 
15-24 Absolute Basophils (Zero vs. Nonzero) 
16-3 Past Thyroid Disease 
16-4 Composite Diabetes Indicator 
16-7 Thyroid Gland 
16-8 Testicular Examination 

16-12 Thyroxine 
16-13 Anti-Thyroid Antibodies 
16-15 Fasting Glucose 
16-17 2-Hour Postprandial Glucose 
16-18 Fasting Urinary Glucose 
16-19 2-Hour Postprandial Urinary Glucose 
16-23 a- 1-C Hemoglobin 
16-25 Total Testosterone 
16-27 Free Testosterone 
16-29 Estradiol 
16-31 LH 
16-33 FSH 
17-14 ANA Test 
17-15 ANA Thyroid Microsomal Antibody 
17-16 MSK Smooth Muscle Antibody 
17-17 MSK Mitochondrial Antibody 
17-18 MSK Parietal Antibody 
17-19 Rheumatoid Factor 
18-3 Asthma 
18-4 Bronchitis 
18-5 Pneumonia 
18-6 Thorax and Lung Abnormalities 
18-7 X-ray Interpretation  

Adj. RelativeRisk   ■ 
; :;(95%VC.I.):: ":. ; .; j*Value: 

0.97 (0.53,1.78) 
1.11(0.78,1.57) 
1.16(0.81,1.65) 
1.13 (0.84,1.51) 
1.06 (0.79,1.41) 
1.12(0.73,1.72) 
0.72(0.28,1.85) 
1.02(0.76,1.38) 
0.87 (0.70,1.09) 
0.92(0.73,1.18) 
0.81 (0.68,0.95) 
1.20(0.88,1.64) 
1.36(1.09,1.69) 
1.01 (0.32,3.17) 
1.08(0.72,1.61) 
1.51 (0.87,2.62) 
1.01 (0.31,3.23) 
1.31 (1.06,1.62) 
0.99(0.76,1.29) 
1.27 (0.90,1.79) 
0.94(0.75,1.17) 
1.53(1.19,1.96) 
1.16(0.87,1.55) 
0.41 (0.14,1.18) 
1.12(0.94,1.33) 
0.97(0.65,1.43) 
1.11(0.81,1.53) 
1.04(0.88,1.24) 
0.77(0.43,1.35) 
0.77(0.58,1.04) 
0.10(0.01,4.01) 
0.93 (0.64,1.35) 
0.83(0.60,1.14) 
1.22(0.82,1.82) 
1.07(0.88,1.30) 
0.85(0.63,1.14) 
1.14(0.86,1.51) 
0.95(0.71,1.27) 

0.924 
0.561 
0.417 
0.433 
0.718 
0.604 
0.470 
0.878 
0.214 
0.521 
0.012 
0.245 
0.005 
0.981 
0.714 
0.143 
0.990 
0.013 
0.940 
0.173 
0.585 
0.001 
0.307 
0.051 
0.213 
0.873 
0.508 
0.622 
0.344 
0.082 
0.049 
0.694 
0.233 
0.328 
0.510 
0.274 
0.366 
0.730 

--: Relative risk, confidence interval, and p-value are not presented because of the sparse number of Ranch Hands 
with abnormalities. 

Note: Relative risk for a twofold increase in initial dioxin. 
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Table G-19.   Summary of Adjusted Results for Dichotomous Variables - Model 3 (Ranch Hands 
and Comparisons by Dioxin Category) 

table ■! \   Ä^.mmtemsk   ^ 
lÄÄ-1 Clinical Parameter If" '|5pi%iäi;Qi||(^ ■:    ;   | i,"X:W:^MMMi ;:.:: i9$%yc<i.)\: ::f--" \i •■p-Value:;. 

9-3 Self-nercention of Health t 911 

Background RH 376 1.13 (0.75,1.72) 0.555 
LowRH 237 1.62(1.08,2.44) 0.020 
HighRH 240 1.86 (1.26,2.74) 0.002 
Low plus High RH 477 1.74(1.27,2.37) 0.001 

9-4 Appearance of Illness or Comparison 1,211 
Distress Background RH 378 0.76 (0.21,2.80) 0.684 

LowRH 237 2.31(0.87,6.11) 0.092 
High RH 241 1.67(0.54,5.19) 0.372 
Low plus High RH 478 1.96 (0.84,4.58) 0.118 

9-5 Relative Age Appearance Comparison 1,211 
Background RH 378 1.42(0.93,2.16) 0.102 
LowRH 237 1.11(0.67,1.82) 0.691 
High RH 241 1.05(0.65,1.69) 0.857 
Low plus High RH 478 1.08(0.74,1.57) 0.706 

9-7 Body Fat Comparison 1,211 
Background RH 378 0.60(0.45,0.80) 0.001 
LowRH 237 1.31 (0.97,1.77) 0.073 
High RH 241 1.12(0.83,1.53) 0.451 
Low plus High RH 478 1.21 (0.97,1.53) 0.097 

9-9 Erythrocyte Sedimentation Comparison 1,211 
Rate Background RH 376 1.07 (0.66,1.73) 0.777 

LowRH 237 1.04(0.61,1.75) 0.897 
HighRH 240 1.36(0.82,2.26) 0.237 
Low plus High RH 477 1.19(0.80,1.77) 0.398 

10-3 Skin Neoplasms Comparison 1,131 * 

Background RH 358 1.46(1.13,1.88) 0.004 
LowRH 210 1.49(1.10,2.04) 0.011 
HighRH 229 1.05 (0.76,1.45) 0.747 
Low plus High RH 439 1.25 (0.98,1.58) 0.073 

10-4 Malignant Skin Neoplasms Comparison 1,131 
Background RH 358 1.13(0.81,1.58) 0.476 
LowRH 210 1.45(0.98,2.14) 0.062 
High RH 229 1.19(0.76,1.85) 0.453 
Low plus High RH 439 1.30(0.95,1.80) 0.104 

10-5 Benign Skin Neoplasms Comparison 1,200 
Background RH 377 1.64(1.25,2.15) <0.001 
LowRH 233 1.21 (0.87,1.69) 0.265 
High RH 242 0.95 (0.67,1.36) 0.798 
Low plus High RH 475 1.07 (0.82,1.39) 0.603 
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Table G-19.    Summary of Adjusted Results for Dichotomous Variables - Model 3 
(Ranch Hands and Comparisons by Dioxin Category) (Continued) 

Table :;! ;;Äiy.!lMatireÄii£'.';.':f; 
;  Ret  :" Clinical Parameter Dioxin Category  ■ \M%sMW§:M ;■'::■-;#:%.eX):: •;;/:. } ■:'p-Value ■» 

10-6 Skin Neoplasms of Uncertain Comparison 1,131 
Behavior or Unspecified Background RH 358 0.92(0.18,4.75) 0.921 
Nature LowRH 210 1.91 (0.47,7.69) 0.363 

HighRH 229 0.89(0.18,4.41) 0.889 
Low plus High RH 439 1.28 (0.40,4.14) 0.675 

10-7 Basal Cell Carcinoma (All Comparison 1,131 
Sites Combined) Background RH 358 1.16(0.81,1.65) 0.427 

LowRH 210 1.59(1.06,2.39) 0.026 
High RH 229 0.99 (0.60,1.64) 0.979 
Low plus High RH 439 1.24(0.88,1.77) 0.223 

10-8 Basal Cell Carcinoma (Ear, Comparison 1,131 
Face, Head, and Neck) Background RH 358 1.19(0.80,1.77) 0.386 

LowRH 210 1.54 (0.98,2.42) 0.061 
High RH 229 0.95 (0.54,1.67) 0.846 
Low plus High RH 439 1.19(0.80,1.77) 0.379 

10-9 Basal Cell Carcinoma Comparison 1,131 
(Trunk) Background RH 358 0.99 (0.55,1.79) 0.984 

LowRH 210 1.60(0.83,3.11) 0.161 
High RH 229 1.46(0.63,3.36) 0.374 
Low plus High RH 439 1.53 (0.85,2.73) 0.153 

10-10 Basal Cell Carcinoma (Upper Comparison 1,131 
Extremities) Background RH 358 0.74(0.36,1.52) 0.416 

LowRH 210 0.93 (0.39,2.21) 0.876 
HighRH 229 0.64(0.18,2.23) 0.484 
Low plus High RH 439 0.77(0.34,1.71) 0.518 

10-11 Basal Cell Carcinoma (Lower Comparison 1,131 
Extremities) Background RH 358 1.89(0.43,8.34) 0.398 

LowRH 210 0.90(0.10,8.17) 0.928 
High RH 229 1.03 (0.12,9.27) 0.976 
Low plus High RH 439 0.97 (0.18,5.16) 0.971 

10-12 Squamous Cell Carcinoma Comparison 1,131 
Background RH 358 1.53 (0.68,3.45) 0.306 
LowRH 210 1.52 (0.56,4.10) 0.408 
HighRH 229 1.74 (0.53,5.69) 0.363 
Low plus High RH 439 1.63(0.69,3.82) 0.262 

10-13 Nonmelanoma Comparison 1,131 
Background RH 358 1.16(0.82,1.64) 0.398 
LowRH 210 1.43(0.96,2.13) 0.081 
HighRH 229 1.06(0.67,1.69) 0.803 
Low plus High RH 439 1.22(0.88,1.71) 0.235 

10-14 Melanoma Comparison 1,131 
Background RH 358 1.56(0.59,4.16) 0.373 
LowRH 210 2.17 (0.73,6.48) 0.164 
HighRH 229 2.71 (0.76,9.67) 0.124 
Low plus High RH 439 2.44 (0.96,6.23) 0.062 
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Table G-19.     Summary of Adjusted Results for Dichotomous Variables - Model 3 
(Ranch Hands and Comparisons by Dioxin Category) (Continued) 

Table I !\ Ad£ RelatiteRSsk:. v! 
' ». Ret;: Clinical Parameter   i Dioxin Category ■■=;■'■ Vtt   ■■ "■ :.: &$%'"€*!$ : r p-Value 

10-15 Systemic Neoplasms (All Comparison 1,202 
Sites Combined) Background RH 373 0.76(0.57,1.03) 0.076 

LowRH 230 0.98 (0.70,1.38) 0.927 
High RH 239 0.95(0.67,1.36) 0.794 
Low plus High RH 469 0.97 (0.73,1.28) 0.823 

10-16 Malignant Systemic Comparison 1,209 
Neoplasms Background RH 375 0.73 (0.42,1.29) 0.279 

LowRH 232 1.94(1.16,3.24) 0.012 
High RH 240 0.86(0.41,1.78) 0.680 
Low plus High RH 472 1.28(0.77,2.13) 0.345 

10-17 Benign Systemic Neoplasms Comparison 1,202 
Background RH 373 0.89(0.66,1.22) 0.479 
LowRH 230 0.86 (0.60,1.23) 0.400 
High RH 239 1.00(0.69,1.45) 0.996 
Low plus High RH 469 0.93(0.69,1.24) 0.613 

10-18 Systemic Neoplasms of Comparison 1,209 
Uncertain Behavior or Background RH 375 0.72(0.30,1.76) 0.475 
Unspecified Nature LowRH 232 0.85 (0.32,2.26) 0.744 

High RH 240 0.40(0.09,1.89) 0.250 
Low plus High RH 472 0.58(0.22,1.58) 0.288 

10-19 Malignant Systemic Comparison 1,209 
Neoplasms (Eye, Ear, Face, Background RH 375 0.64(0.16,2.59) 0.533 
Head, and Neck) LowRH 232 1.94(0.58,6.44) 0.281 

HighRH 240 0.49(0.06,4.31) 0.520 
Low plus High RH 472 0.96 (0.24,3.82) 0.956 

10-20 Malignant Systemic Comparison 1,209 
Neoplasms (Oral Cavity, Background RH 375 0.39 (0.04,3.56) 0.401 
Pharynx, and Larynx) LowRH 232 1.01(0.18,5.59) 0.987 

High RH 240 0.56 (0.06,5.33) 0.614 
Low plus High RH 472 0.75(0.16,3.59) 0.719 

10-21 Malignant Systemic Comparison 
Neoplasms (Thymus, Heart, Background RH — „ 

and Mediastinum) LowRH — — 
High RH — __ 
Low plus High RH ~ ~ 

10-22 Malignant Systemic Comparison 1,209 
Neoplasms (Thyroid Gland) Background RH 375 - - 

LowRH 232 5.18(0.71,37.60) 0.104 
High RH 240 ~ - 
Low plus High RH 472 ~ ~ 

10-23 Malignant Systemic Comparison 1,209 
Neoplasms (Bronchus and Background RH 375 1.52(0.21,11.09) 0.678 
Lung) LowRH 232 8.67 (1.74,43.23) 0.008 

High RH 240 - __ 
Low plus High RH 472 ~ ~ 
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Table G-19.    Summary of Adjusted Results for Dichotomous Variables - Model 3 
(Ranch Hands and Comparisons by Dioxin Category) (Continued) 

Table 
Ref. Clinical Parameter 

10-31     Non-Hodgkin's Lymphoma 

10-32     Other Malignant Systemic 
Neoplasms of Lymphoid and 
Histiocytic Tissue 

Dioxin Category 
10-24     Malignant Systemic 

Neoplasms (Liver) 

10-25     Malignant Systemic 
Neoplasms (Colon and 
Rectum) 

10-26     Malignant Systemic 
Neoplasms (Kidney and 
Bladder) 

10-27     Malignant Systemic 
Neoplasms (Prostate) 

10-28     Malignant Systemic 
Neoplasms (Testicles) 

10-29     Malignant Systemic 
Neoplasms (Connective and 
Other Soft Tissues) 

10-30      Hodgkin's Disease 

Adj/Mauve Risk ; : ! 
■■:: m&XZty '. !■■■■■■ 1 t^falue 

Comparison 1,209 
Background RH 375 — __ 
LowRH 232 — __ 
High RH 240 7.06(0.70,71.25) 0.098 
Low plus High RH 472 -- - 

Comparison 1,209 
Background RH 375 0.60 (0.06,5.76) 0.658 
LowRH 232 3.28 (0.77,13.90) 0.107 
HighRH 240 0.57 (0.05,5.85) 0.632 
Low plus High RH 472 1.34(0.27,6.56) 0.717 

Comparison 1,209 
Background RH 375 2.26 (0.49,10.35) 0.292 
LowRH 232 4.44(1.04,18.95) 0.044 
High RH 240 3.26(0.46,23.17) 0.237 
Low plus High RH 472 3.80 (0.88,16.46) 0.075 

Comparison 1,209 
Background RH 375 0.48(0.21,1.07) 0.072 
LowRH 232 0.91 (0.42,1.97) 0.818 
High RH 240 0.61 (0.19,1.93) 0.404 
Low plus High RH 472 0.75 (0.35,1.60) 0.453 

Comparison 
Background RH - — 
LowRH „ — 
High RH — ._ 
Low plus High RH - - 

Comparison 1,209 
Background RH 375 - — 
LowRH 232 — — 
High RH 240 3.17 (0.17,57.71) 0.436 
Low plus High RH 472 - - 

Comparison 1,209 
Background RH 375 0.55 (0.05,6.15) 0.624 
LowRH 232 — — 
High RH 240 — „ 

Low plus High RH 472 - - 

Comparison 1,209 
Background RH 375 0.24 (0.01,4.90) 0.351 
LowRH 232 — __ 
HighRH 240 — — 
Low plus High RH 472 - - 

Comparison 1,209 
Background RH 375 1.90(0.15,23.45) 0.618 
LowRH 232 — ~ 
HighRH 240 ~ — 
Low plus High RH 472 « - 
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Table G-19.     Summary of Adjusted Results for Dichotomous Variables - Model 3 
(Ranch Hands and Comparisons by Dioxin Category) (Continued) 

Table ■■:■  Adj. Relative Risk ':::] 
■■: .-Refc% Clinical Parameter ■  Dioxin Category  :. 

1,196 
[ -(95%;CX) ;::' ■   p-Value 

10-33 All Malignant Skin and Comparison 
Systemic Neoplasms Background RH 372 . 0.84(0.60,1.20) 0.339 

LowRH 226 1.51 (1.03,2.21) 0.035 
HighRH 239 1.01 (0.66,1.57) 0.952 
Low plus High RH 465 1.23 (0.88,1.71) 0.221 

10-34 All Skin and Systemic Comparison 1,189 
Neoplasms Background RH 371 1.01 (0.76,1.33) 0.956 

LowRH 225 1.15 (0.83,1.61) 0.396 
High RH 238 0.93 (0.67,1.30) 0.684 
Low plus High RH 463 1.04(0.79,1.35) 0.799 

10-36 PSA Comparison 1,151 
Background RH 362 0.76(0.43,1.37) 0.368 
LowRH 221 1.42(0.79,2.56) 0.246 
High RH 234 1.04(0.51,2.16) 0.907 
Low plus High RH 455 1.21 (0.71,2.08) 0.484 

11-3 Inflammatory Diseases Comparison 1,203 
Background RH 377 13.28(1.31,135.01) 0.029 
LowRH 238 13.85(1.20,160.07) 0.035 
High RH 238 12.43(1.03,149.42) 0.047 
Low plus High RH 476 13.12(1.39,123.67) 0.024 

11-4 Hereditary and Degenerative Comparison 1,193 
Diseases Background RH 375 1.16(0.77,1.76) 0.474 

LowRH 235 0.92(0.56,1.52) 0.736 
HighRH 236 1.01 (0.61,1.67) 0.979 
Low plus High RH 471 0.96(0.65,1.41) 0.841 

11-5 Peripheral Disorders Comparison 1,191 
Background RH 372 0.88(0.64,1.21) 0.437 
LowRH 235 1.25 (0.89,1.76) 0.190 
High RH 236 1.33(0.94,1.90) 0.111 
Low plus High RH 471 1.29(0.99,1.69) 0.059 

11-6 Other Neurological Disorders Comparison 1,188 
Background RH 372 1.21 (0.85,1.73) 0.281 
LowRH 235 1.31 (0.90,1.89) 0.161 
High RH 235 1.23 (0.85,1.77) 0.271 
Low plus High RH 470 1.27(0.95,1.69) 0.106 

11-7 Smell Comparison 1,191 
Background RH 373 1.04 (0.40,2.73) 0.929 
LowRH 234 1.57(0.61,4.06) 0.353 
HighRH 235 0.82 (0.23,2.92) 0.758 
Low plus High RH 469 1.13(0.48,2.68) 0.777 

11-8 Visual Fields Comparison 1,189 
Background RH 375 0.86 (0.10,7.83) 0.897 
LowRH 235 „ — 
HighRH 236 0.57 (0.06,5.52) 0.629 
Low plus High RH 471 - -- 
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Table G-19.    Summary of Adjusted Results for Dichotomous Variables - Model 3 
(Ranch Hands and Comparisons by Dioxin Category) (Continued) 

:   Table I Adj. Relative Risk 
:' "■ Ret -. I Clinical Parameter   : ■ Dioxin Category    ■ i:W$>-M#:%k -. -:(9S%;eL): -.        ^ p-Value 

11-9 Light Reaction Comparison 1,191 
Background RH 371 0.38 (0.05,3.03) 0.359 
LowRH 235 — ~ 
HighRH 235 — — 
Low plus High RH 470 - - 

11-10 Ocular Movement Comparison 1,193 
Background RH 375 1.18(0.37,3.73) 0.781 
LowRH 235 1.76 (0.61,5.07) 0.291 
High RH 236 1.32 (0.45,3.83) 0.614 
Low plus High RH 471 1.52(0.65,3.55) 0.328 

11-11 Facial Sensation Comparison 1,209 
Background RH 376 1.70(0.14,19.96) 0.672 
LowRH 238 2.04(0.18,23.31) 0.564 
HighRH 238 — — 
Low plus High RH 476 - - 

11-12 Jaw Clench Comparison 
Background RH - — 
LowRH — __ 
High RH — _. 
Low plus High RH ~ ~ 

11-13 Smile Comparison 1,210 
Background RH 377 3.14(0.65,15.08) 0.152 
LowRH 238 2.38 (0.42,13.43) 0.326 
HighRH 238 1.80(0.30,10.67) 0.517 
Low plus High RH 476 2.07 (0.50,8.57) 0.315 

11-14 Palpebral Fissure Comparison 1,210 
Background RH 377 0.96 (0.26,3.60) 0.955 
LowRH 238 0.79 (0.17,3.64) 0.761 
High RH 238 0.35 (0.04,2.84) 0.324 
Low plus High RH 476 0.52(0.13,2.05) 0.352 

11-15 Balance Comparison 1,192 
Background RH 375 2.54 (0.74,8.72) 0.138 
LowRH 235 0.63 (0.08,5.24) 0.667 
High RH 236 0.63 (0.07,5.49) 0.672 
Low plus High RH 471 0.63(0.13,3.11) 0.567 

11-16 Speech Comparison 1,193 
Background RH 375 1.09(0.22,5.46) 0.919 
LowRH 235 1.38 (0.28,6.71) 0.688 
HighRH 236 ~ „ 

Low plus High RH 471 - ~ 

11-17 Tongue Position Relative to Comparison 
Midline Background RH - ~ 

LowRH — ~ 
High RH ~ — 
Low plus High RH « ~ 

G-142 



Table G-19.     Summary of Adjusted Results for Dichotomous Variables - Model 3 
(Ranch Hands and Comparisons by Dioxin Category) (Continued) 

:-.:-.Tiblel •=■   A<y,ReIaövefek 
'■ ■■; Re*, vi ■ . ■■ ■ Clinical.Paratneter :i    H Dioxin Category %WKKSM ■ :':.-{95%&L>;,':; ? :> 

:. '": p-Value'=; J 
11-18 Palate and Uvula Movement Comparison 

Background RH — — 
LowRH — ~ 
High RH __ — 
Low plus High RH - -- 

11-19 Cranial Nerve Index Comparison 1,189 
Background RH 366 1.20(0.72,2.02) 0.484 
LowRH 232 1.29 (0.74,2.24) 0.369 
High RH 232 0.60(0.30,1.22) 0.158 
Low plus High RH 464 0.88(0.54,1.43) 0.604 

11-20 Neck Range of Motion Comparison 1,193 
Background RH 375 1.12(0.80,1.57) 0.523 
LowRH 235 1.60(1.12,2.29) 0.010 
High RH 236 1.55(1.05,2.29) 0.028 
Low plus High RH 471 1.57(1.18,2.11) 0.002 

11-21 Pinprick Comparison 1,132 
Background RH 357 1.11(0.63,1.95) 0.716 
LowRH 222 0.95 (0.51,1.77) 0.868 
High RH 223 1.55 (0.88,2.73) 0.126 
Low plus High RH 445 1.21 (0.77,1.93) 0.410 

11-22 Light Touch Comparison 1,132 
Background RH 357 1.07(0.54,2.10) 0.852 
LowRH 222 1.12(0.55,2.27) 0.751 
High RH 223 1.09 (0.53,2.26) 0.808 
Low plus High RH 445 1.11(0.64,1.93) 0.718 

11-23 Muscle Status Comparison 1,192 
Background RH 375 1.22(0.63,2.35) 0.550 
LowRH 235 1.90(0.98,3.66) 0.056 
High RH 236 1.58 (0.73,3.39) 0.242 
Low plus High RH 471 1.73(0.99,3.04) 0.056 

11-24 Patellar Reflex Comparison 1,191 
Background RH 375 0.88 (0.40,1.91) 0.742 
LowRH 234 0.86 (0.37,2.02) 0.737 
HighRH 236 1.39 (0.60,3.26) 0.446 
Low plus High RH 470 1.10(0.57,2.10) 0.778 

11-25 Achilles Reflex Comparison 1,188 
Background RH 374 0.96(0.68,1.35) 0.811 
LowRH 235 0.97 (0.66,1.42) 0.880 
HighRH 236 1.32(0.89,1.95) 0.168 
Low plus High RH 471 1.13 (0.84,1.52) 0.416 

11-26 Biceps Reflex Comparison 1,192 
Background RH 375 0.27(0.03,2.13) 0.213 
LowRH 235 2.52 (0.95,6.70) 0.064 
High RH 236 1.37(0.35,5.29) 0.651 
Low plus High RH 471 1.85(0.73,4.69) 0.193 
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Table G-19.    Summary of Adjut tted Results for Dichotomous Variables - Model 3 
(Ranch Hands and Comparisons by Dioxin Category) (Continued) 

. Table :=l Adj. Relative Risk 
■  »et Clinical Parameter       1 1 I;.- ^'W^^'iJä^^WM If ^ ■■!:'■ 111. ;1::I V; 0«%'i:C£l3':f':         :! p-Value 
11-27 Babinski Reflex Comparison 1,190 

Background RH 375 1.53 (0.45,5.14) 0.496 
LowRH 235 0.38 (0.05,3.05) 0.364 
High RH 236 0.41 (0.05,3.33) 0.405 
Low plus High RH 471 0.40 (0.08,1.85) 0.239 

11-29 Polyneuropathy Prevalence Comparison 1,130 
Index Background RH 356 0.83(0.57,1.20) 0.315 

LowRH 222 0.86(0.57,1.30) 0.484 
HighRH 223 1.31 (0.86,1.98) 0.206 
Low plus High RH 445 1.06(0.77,1.46) 0.708 

11-30 Multiple Polyneuropathy Comparison 1,130 
Index Background RH 356 1.37(0.69,2.72) 0.366 

LowRH 222 0.96(0.44,2.10) 0.914 
HighRH 223 2.38(1.18,4.82) 0.016 
Low plus High RH 445 1.51 (0.84,2.71) 0.165 

11-31 Confirmed Polyneuropathy Comparison 1,138 
Indicator Background RH 355 0.99 (0.20,4.97) 0.988 

LowRH 223 1.56(0.38,6.40) 0.536 
High RH 221 6.04(1.63,22.42) 0.007 
Low plus High RH 444 3.06(1.02,9.23) 0.047 

11-32 Tremor Comparison 1,193 
Background RH 375 1.11 (0.71,1.74) 0.659 
LowRH 235 0.71 (0.39,1.28) 0.248 
HighRH 236 0.79(0.44,1.40) 0.420 
Low plus High RH 471 0.75(0.48,1.16) 0.194 

11-33 Coordination Comparison 1,191 
Background RH 375 1.46(0.71,3.01) 0.298 
LowRH 235 0.61 (0.21,1.79) 0.371 
High RH 236 0.42(0.-12,1.42) 0.161 
Low plus High RH 471 0.51 (0.22,1.19) 0.117 

11-34 Romberg Sign Comparison 1,192 
Background RH 375 2.54 (0.74,8.72) 0.138 
LowRH 235 0.63 (0.08,5.24) 0.667 
High RH 236 0.63 (0.07,5.49) 0.672 
Low plus High RH 471 0.63(0.13,3.11) 0.567 

11-35 Gait Comparison 1,193 
Background RH 375 1.52 (0.90,2.59) 0.121 
LowRH 235 0.77 (0.38,1.57) 0.479 
High RH 236 1.44(0.76,2.74) 0.262 
Low plus High RH 471 1.06(0.63,1.78) 0.832 

11-36 CNS Index Comparison 1,192 
Background RH 375 1.24(0.86,1.77) 0.249 
LowRH 235 0.67(0.42,1.09) 0.105 
High RH 236 0.94 (0.60,1.47) 0.789 
Low plus High RH 471 0.80(0.56,1.13) 0.205 
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Table G-19.    Summary of Adjusted Results for Dichotomous Variables - Model 3 
(Ranch Hands and Comparisons by Dioxin Category) (Continued) 

Table 1 :   Ad|, Relative Risk  ■.: j 
Ref.   j ■   Clinical Parameter     ! ■  Dioxin Category    ;■ ̂ !^!>llfotf 1; ;':: ; :. '(9S%m^::' p-Value 

12-3 Psychoses Comparison 1,196 
Background RH 376 0.85(0.41,1.73) 0.648 
LowRH 236 1.42(0.73,2.77) 0.297 
High RH 236 0.90(0.45,1.80) 0.759 
Low plus High RH 472 1.13(0.67,1.91) 0.647 

12-4 Alcohol Dependence Comparison 1,196 
Background RH 376 1.04(0.63,1.69) 0.888 
LowRH 237 1.11(0.64,1.91) 0.714 
HighRH 238 1.01 (0.58,1.73) 0.985 
Low plus High RH 475 1.05(0.69,1.60) 0.802 

12-5 Drug Dependence Comparison 1,196 
Background RH 374 1.37 (0.19,9.67) 0.755 
LowRH 236 — - 
High RH 236 - - 
Low plus High RH 472 — — 

12-6 Anxiety Comparison 1,194 
Background RH 372 0.98(0.74,1.31) 0.902 
LowRH 235 1.17(0.85,1.60) 0.343 
High RH 235 0.82(0.59,1.13) 0.225 
Low plus High RH 470 0.98(0.77,1.25) 0.857 

12-7 Other Neuroses Comparison 1,187 
Background RH 367 0.89(0.69,1.14) 0.368 
LowRH 234 1.37(1.02,1.84) 0.036 
High RH 233 1.18(0.87,1.61) 0.286 
Low plus High RH 467 1.27(1.01,1.60) 0.038 

12-8 SCL-90-R Anxiety Comparison 1,196 
Background RH 374 0.86 (0.55,1.35) 0.506 
LowRH 236 1.09(0.69,1.73) 0.717 
HighRH 235 0.76 (0.48,1.20) 0.237 
Low plus High RH 471 0.91 (0.64,1.29) 0.595 

12-9 SCL-90-R Depression Comparison 1,196 
Background RH 374 0.88(0.60,1.27) 0.485 
LowRH 236 0.78 (0.51,1.20) 0.256 
High RH 235 0.74(0.49,1.11) 0.142 
Low plus High RH 471 0.76(0.55,1.04) 0.087 

12-10 SCL-90-R Hostility Comparison 1,196 
Background RH 374 0.86(0.52,1.40) 0.536 
LowRH 236 0.80(0.46,1.40) 0.440 
High RH 235 0.84(0.51,1.38) 0.488 
Low plus High RH 471 0.82(0.55,1.22) 0.333 

12-11 SCL-90-R Interpersonal Comparison 1,196 
Sensitivity Background RH 374 0.73 (0.49,1.07) 0.110 

LowRH 236 0.92(0.62,1,38) 0.698 
High RH 235 0.77 (0.53,1.14) 0.190 
Low plus High RH 471 0.84 (0.63,1.14) 0.270 
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Table G-19.     Summary of Adjusted Results for Dichotomous Variables - Model 3 
(Ranch Hands and Comparisons by Dioxin Category) (Continued) 

Table Adj. Relative Risk 
'■■■A*'-::;-| ■ Clinical Parameter ■ Dioxin Category R I'-l'^Ki::! ; ::■ -(95%ei*>.;' '■fh^alue  .. 

12-12 SCL-90-R Obsessive- Comparison 1,196 
Compulsive Behavior Background RH 374 0.84(0.58,1.21) 0.340 

LowRH 236 1.01 (0.68,1.50) 0.948 
High RH 235 0.72(0.48,1.07) 0.103 
Low plus High RH 471 0.85 (0.63,1.15) 0.298 

12-13 SCL-90-R Paranoid Ideation Comparison 1,196 
Background RH 374 0.90(0.51,1.57) 0.702 
LowRH 236 0.87(0.47,1.61) 0.657 
High RH 235 1.16(0.71,1.89) 0.559 
Low plus High RH 471 1.00(0.65,1.54) 0.990 

12-14 SCL-90-R Phobic Anxiety Comparison 1,196 
Background RH 374 0.65 (0.40,1.06) 0.086 
LowRH 236 1.04(0.65,1.67) 0.872 
High RH 235 1.11(0.72,1.70) 0.647 
Low plus High RH 471 1.07(0.76,1.52) 0.694 

12-15 SCL-90-R Psychoticism Comparison 1,196 
Background RH 374 0.71 (0.47,1.07) 0.104 
LowRH 236 0.83 (0.53,1.28) 0.394 
High RH 235 0.95 (0.64,1.40) 0.786 
Low plus High RH 471 0.88(0.65,1.21) 0.447 

12-16 SCL-90-R Somatization Comparison 1,196 
Background RH 374 0.92 (0.63,1.34) 0.669 
LowRH 236 1.36(0.93,1.97) 0.108 
High RH 235 0.92(0.63,1.33) 0.643 
Low plus High RH 471 1.11(0.84,1.48) 0.457 

12-17 SCL-90-R Global Severity Comparison 1,196 
Index (GSI) Background RH 374 0,77(0.51,1.15) 0.200 

LowRH 236 1.03 (0.69,1.55) 0.877 
High RH 235 0.93(0.64,1.36) 0.711 
Low plus High RH 471 0.98 (0.73,1.32) 0.897 

12-18 SCL-90-R Positive Symptom Comparison 1,196 
Total (PST) Background RH 374 0.67 (0.45,0.99) 0.045 

LowRH 236 1.04(0.71,1.54) 0.830 
High RH 235 0.78(0.53,1.15) 0.209 
Low plus High RH 471 0.90(0.67,1.21) 0.496 

12-19 SCL-90-R Positive Symptom Comparison 1,196 
Distress Index (PSDI) Background RH 374 1.16(0.70,1.92) 0.572 

LowRH 236 1.31 (0.77,2.23) 0.325 
High RH 235 1.38 (0.85,2.23) 0.191 
Low plus High RH 471 1.34(0.91,1.99) 0.143 

13-3 Uncharacterized Hepatitis Comparison 1,205 
Background RH 375 1.39(0.59,3.27) 0.450 
LowRH 236 1.00(0.34,2.97) 0.999 
High RH 239 1.04(0.38,2.89) 0.932 
Low plus High RH 475 1.02(0.46,2.28) 0.957 
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Table G-19.    Summary of Adjusted Results for Dichotomous Variables - Model 3 
(Ranch Hands and Comparisons by Dioxin Category) (Continued) 

Table Adj. Relative Risk 
.ifiefljll! Clinical Parameter ■ "■ Dioxin Category ': ;:; W$i&:Mf';k_ f-'j !;:■■■ 1 --(95%ei4 '■■ p-Value 

13-4 Jaundice Comparison 1,181 
Background RH 367 0.99 (0.49,2.03) 0.988 
LowRH 231 — „ 

HighRH 235 0.16(0.02,1.20) 0.075 
Low plus High RH 466 ~ - 

13-5 Chronic Liver Disease and Comparison 1,146 
Cirrhosis (Alcohol-related) Background RH 358 1.03 (0.56,1.90) 0.914 

LowRH 225 0.95 (0.48,1.91) 0.894 
High RH 219 0.88(0.43,1.81) 0.734 
Low plus High RH 444 0.92(0.54,1.57) 0.755 

13-6 Chronic Liver Disease and Comparison 1,211 
Cirrhosis (Non-alcohol- Background RH 378 1.89(0.68,5.25) 0.223 
related) LowRH 238 1.15 (0.32,4.12) 0.829 

High RH 241 1.37(0.47,4.00) 0.568 
Low plus High RH 479 1.26(0.51,3.12) 0.625 

13-7 Liver Abscess and Sequelae Comparison 1,212 
of Chronic Liver Disease Background RH 378 ~ - 

LowRH 238 __ — 
High RH 241 7.76(0.38,158.28) 0.183 
Low plus High RH 479 — — 

13-8 Enlarged Liver Comparison 1,210 
(Hepatomegaly) Background RH 378 0.80 (0.32,2.01) 0.630 

LowRH 238 0.35 (0.08,1.51) 0.159 
High RH 240 1.09(0.42,2.79) 0.864 
Low plus High RH 478 0.62 (0.25,1.54) 0.302 

13-9 Other Liver Disorders Comparison 1,201 
Background RH 375 1.13(0.86,1.49) 0.371 
LowRH 237 1.05(0.76,1.45) 0.757 
HighRH 241 1.52(1.11,2.08) 0.009 
Low plus High RH 478 1.27(1.00,1.62) 0.055 

13-10 Current Hepatomegaly Comparison 1,193 
Background RH 374 1.64(0.40,6.69) 0.489 
LowRH 235 2.26 (0.57,9.01) 0.247 
HighRH 239 2.62 (0.70,9.84) 0.154 
Low plus High RH 474 2.44 (0.82,7.24) 0.109 

13-12 AST Comparison 1,193 
Background RH 374 0.70(0.40,1.22) 0.212 
LowRH 235 1.28(0.75,2.18) 0.360 
HighRH 238 1.79(1.08,2.96) 0.024 
Low plus High RH 473 1.51(1.02,2.26) 0.041 

13-14 ALT Comparison 1,193 
Background RH 374 0.71 (0.41,1.23) 0.223 
LowRH 235 1.30(0.77,2.18) 0.323 
High RH 238 1.53 (0.95,2.45) 0.080 
Low plus High RH 473 1.41 (0.96,2.07) 0.079 
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Table G-19.     Summary of Adjusted Results for Dichotomous Variables - Model 3 
(Ranch Hands and Comparisons by Dioxin Category) (Continued) 

, table  ! Adj. Relative Risk 
:. :: R«& i ■ Clinical Parameter; . Dioxin Category ]Mr-^VM-^:i 1     ■  ::P5%€X)   ;  ■ '' j ■; p-Value 

13-16 GGT Comparison 1,193 
Background RH 374 0.77 (0.48,1.23) 0.273 
LowRH 235 1.42(0.91,2.22) 0.127 
High RH 238 1.35(0.86,2.11) 0.186 
Low plus High RH 473 1.38(0.98,1.95) 0.065 

13-18 Alkaline Phosphatase Comparison 1,193 
Background RH 375 1.85 (0.88,3.90) 0.104 
LowRH 235 0.91 (0.31,2.71) 0.871 
High RH 239 1.23 (0.44,3.41) 0.688 
Low plus High RH 474 1.06 (0.48,2.37) 0.883 

13-20 Total Bilirubin Comparison 1,193 
Background RH 374 0.88 (0.53,1.47) 0.619 
LowRH 235 1.03 (0.58,1.84) 0.919 
High RH 238 0.59(0.27,1.27) 0.175 
Low plus High RH 473 0.78 (0.47,1.29) 0.331 

13-21 Direct Bilirubin Comparison 1,193 
Background RH 374 1.09(0.12,10.31) 0.937 
LowRH 235 __ - 
High RH 238 ~ - 
Low plus High RH 473 - -- 

13-23 Lactic Dehydrogenase Comparison 1,191 
Background RH 374 1.07 (0.72,1.61) 0.729 
LowRH 235 0.80(0.48,1.31) 0.366 
HighRH 238 0.81 (0.49,1.34) 0.416 
Low plus High RH 473 0.80(0.55,1.17) 0.255 

13-25 Cholesterol Comparison 1,193 
Background RH 374 0.85 (0.60,1.21) 0.379 
LowRH 235 1.01 (0.68,1.51) 0.964 
HighRH 238 1.41 (0.97,2.04) 0.071 
Low plus High RH 473 1.19(0.89,1.60) 0.240 

13-27 HDL Cholesterol Comparison 1,192 
Background RH 374 1.57 (1.00,2.45) 0.049 
LowRH 234 1.09(0.64,1.84) 0.761 
High RH 238 0.80 (0.47,1.37) 0.416 
Low plus High RH 472 0.93 (0.62,1.40) 0.731 

13-29 Cholesterol-HDL Ratio Comparison 1,192 
Background RH 374 1.00(0.77,1.28) 0.982 
LowRH 234 0.83(0.61,1.12) 0.221 
High RH 238 1.26(0.93,1.69) 0.133 
Low plus High RH 472 1.02(0.82,1.28) 0.849 

13-31 Triglycerides Comparison 1,193 
Background RH 373 0.79(0.56,1.10) 0.161 
LowRH 235 1.24(0.88,1.76) 0.215 
High RH 238 1.55 (1.12,2.15) 0.009 
Low plus High RH 473 1.39(1.07,1.80) 0.012 
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Table G-19.    Summary of Adjusted Results for Dichotomous Variables - Model 3 
(Ranch Hands and Comparisons by Dioxin Category) (Continued) 

Ref. Clinical Parameter Dioxin Category 
Ä<yyiMativeRisk ■  ■ 

13-33     Creatine Phosphokinase 

13-35     Serum Amylase 

13-36     Antibodies for Hepatitis A 

13-37     Evidence of Prior Hepatitis B 

13-38     Current Hepatitis B 

13-39     Antibodies for Hepatitis C 

13-40     Stool Hemoccult 

13-42      Prealbumin 

13-44     Albumin 

Comparison 1,193 
Background RH 374 0.75 (0.46,1.20) 0.227 
LowRH 235 0.80(0.47,1.35) 0.402 
High RH 238 1.20(0.73,1.98) 0.465 
Low plus High RH 473 0.98 (0.67,1.45) 0.923 

Comparison 1,193 
Background RH 374 0.53(0.24,1.16) 0.112 
LowRH 235 1.37 (0.67,2.77) 0.387 
High RH 238 1.02(0.41,2.59) 0.959 
Low plus High RH 473 1.18 (0.63,2.21) 0.602 

Comparison 1,211 
Background RH 378 0.92(0.70,1.21) 0.561 
LowRH 238 0.92(0.67,1.25) 0.577 
High RH 241 0.96 (0.70,1.32) 0.787 
Low plus High RH 479 0.94(0.74,1.19) 0.588 

Comparison 1,210 
Background RH 378 0.50 (0.31,0.80) 0.004 
LowRH 237 0.71 (0.45,1.12) 0.143 
High RH 241 0.59 (0.37,0.92) 0.021 
Low plus High RH 478 0.65 (0.46,0.91) 0.012 

Comparison 1,212 
Background RH 378 - - 
LowRH 238 1.94(0.14,26.64) 0.622 
High RH 241 - - 
Low plus High RH 479 - - 

Comparison 1,212 
Background RH 378 0.87 (0.28,2.73) 0.816 
LowRH 238 0.54(0.12,2.40) 0.415 
High RH 241 0.50(0.11,2.23) 0.359 
Low plus High RH 479 0.52(0.17,1.57) 0.243 

Comparison 1,161 
Background RH 363 0.63 (0.31,1.28) 0.201 
LowRH 231 1.08(0.55,2.13) 0.822 
HighRH 230 0.86(0.39,1.90) 0.705 
Low plus High RH 461 0.96 (0.55,1.68) 0.895 

Comparison 1,193 
Background RH 374 1.74(0.61,5.01) 0.302 
LowRH 235 0.49 (0.06,3.93) 0.506 
HighRH 238 4.34(1.25,15.05) 0.021 
Low plus High RH 473 1.48(0.41,5.32) 0.552 

Comparison 1,193 
Background RH 374 0.67(0.14,3.20) 0.611 
LowRH 235 - - 
HighRH 238 - - 
Low plus High RH 473 „ ~ 
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Table G-19. Summary of Adjusted Results for Dichotomous Variables - Model 3 
(Ranch Hands and Comparisons by Dioxin Category) (Continued) 

: Table-:i Adj. Relative Risk 
'':  Ret 1 Clinical Parameter 1 ■ ,:■ ■; ^ß^^^&i^^^:'£ WkW^&Mm^ :;..;; ■■■ X95f^dk);:/    : p-Value 

13-46 a-1-Acid Glycoprotein Comparison 1,193 
Background RH 374 1.12(0.58,2.16) 0.745 
LowRH 235 1.47(0.73,2.94) 0.279 
HighRH 238 1.54 (0.77,3.08) 0.222 
Low plus High RH 473 1.50(0.88,2.58) 0.138 

13-50 a-2-Macroglobulin Comparison 1,193 
Background RH 374 0.45(0.19,1.10) 0.079 
LowRH 235 0.61 (0.27,1.40) 0.246 
High RH 238 1.09(0.51,2.31) 0.823 
Low plus High RH 473 0.82(0.45,1.49) 0.511 

13-52 Apolipoprotein B Comparison 1,193 
Background RH 374 0.79 (0.62,1.00) 0.050 
LowRH 235 0.82(0.62,1.09) 0.164 
High RH 238 0.97 (0.73,1.30) 0.849 
Low plus High RH 473 0.89(0.72,1.11) 0.305 

13-54 C3 Complement Comparison 1,193 
Background RH 374 1.25 (0.61,2.57) 0.536 
LowRH 235 0.21 (0.03,1.57) 0.128 
High RH 238 0.49(0.11,2.17) 0.351 
Low plus High RH 473 0.32(0.09,1.16) 0.083 

13-56 C4 Complement Comparison 1,193 
Background RH 374 2.99 (0.40,22.39) 0.286 
LowRH 235 „ — 
High RH 238 ~ - 
Low plus High RH 473 ~ - 

13-58 Haptoglobin Comparison 1,193 
Background RH 374 1.32(1.01,1.72) 0.042 
LowRH 235 1.25(0.92,1.69) 0.160 
HighRH 238 1.15(0.84,1.56) 0.382 
Low plus High RH 473 1.19(0.95,1.51) 0.136 

13-60 Transferrin Comparison 1,193 
Background RH 374 0.73(0.48,1.11) 0.142 
LowRH 235 0.78 (0.49,1.26) 0.311 
HighRH 238 0.57 (0.32,0.99) 0.045 
Low plus High RH 473 0.66 (0.45,0.98) 0.039 

14-3 Essential Hypertension Comparison 1,145 
Background RH 356 0.87(0.66,1.14) 0.320 
LowRH 217 0.87(0.63,1.20) 0.395 
High RH 235 1.27(0.93,1.74) 0.131 
Low plus High RH 452 1.06(0.84,1.35) 0.624 

14-4 Heart Disease (Excluding Comparison 1,155 
Essential Hypertension) Background RH 360 1.34(1.03,1.75) 0.032 

LowRH 221 1.33(0.96,1.84) 0.081 
HighRH 236 1.03(0.76,1.40) 0.865 
Low plus High RH 457 1.16(0.92,1.48) 0.209 
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Table G-19.     Summary of Adjusted Results for Dichotomous Variables - Model 3 
(Ranch Hands and Comparisons by Dioxin Category) (Continued) 

Table I =:   Adj. Relative Kisfe :: 

:   :ie£-: Clinical Parameter Dioxin Category hf^^f:ii''»f :|j| : :.(£S%'€X) p-Value 

14-5 Myocardial Infarction Comparison 1,155 
Background RH 360 0.89(0.55,1.43) 0.625 
LowRH 221 0.84(0.49,1.46) 0.544 
High RH 236 1.39(0.83,2.32) 0.215 
Low plus High RH 457 1.09(0.73,1.63) 0.673 

14-6 Stroke or Transient Ischemia Comparison 1,155 
Attack Background RH 360 0.97 (0.30,3.16) 0.956 

LowRH 221 0.42 (0.05,3.26) 0.404 
High RH 236 2.65 (0.83,8.46) 0.100 
Low plus High RH 457 1.08(0.32,3.71) 0.900 

14-8 Systolic Blood Pressure Comparison 1,155 
Background RH 360 1.00(0.73,1.37) 0.983 
LowRH 221 1.12(0.79,1.59) 0.532 
High RH 236 0.84(0.57,1.23) 0.365 
Low plus High RH 457 0.96 (0.73,1.27) 0.791 

14-10 Diastolic Blood Pressure Comparison 1,155 
Background RH 360 0.78 (0.41,1.48) 0.449 
LowRH 221 0.91 (0.45,1,83) 0.792 
High RH 236 1.46(0.80,2.68) 0.221 
Low plus High RH 457 1.16(0.71,1.91) 0.551 

14-11 Heart Sounds Comparison 1,155 
Background RH 360 0.45 (0.21,0.97) 0.041 
LowRH 221 0.80 (0.39,1.61) 0.528 
High RH 236 1.05(0.52,2.11) 0.901 
Low plus High RH 457 0.92(0.54,1.56) 0.750 

14-12 Overall Electrocardiograph Comparison 1,155 
Background RH 360 1.00(0.76,1.32) 0.980 
LowRH 221 0.73 (0.52,1.02) 0.063 
HighRH 236 1.10(0.78,1.54) 0.578 
Low plus High RH 457 0.90(0.70,1.16) 0.423 

14-13 Right Bundle Branch Block Comparison 1,155 
Background RH 360 1.04(0.47,2.29) 0.920 
LowRH 221 0.55 (0.19,1.60) 0.273 
HighRH 236 1.19(0.49,2.88) 0.704 
Low plus High RH 457 0.82 (0.39,1.71) 0.594 

14-14 Left Bundle Branch Block Comparison 1,155 
Background RH 360 0.87 (0.23,3.33) 0.838 
LowRH 221 0.37 (0.05,2.91) 0.341 
High RH 236 - - 
Low plus High RH 457 — — 

14-15 Non-Specific ST- and Comparison 1,155 
T-Wave Changes Background RH 360 0.82(0.58,1.15) 0.242 

LowRH 221 0.91 (0.62,1.32) 0.614 
High RH 236 1.26(0.86,1.84) 0.238 
Low plus High RH 457 1.07 (0.80,1.43) 0.628 
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Table G-79.    Summary of Adjusted Results for Dichotomous Variables - Model 3 
(Ranch Hands and Comparisons by Dioxin Category) (Continued) 

Table 
Ret Clinical Parameter Dioxin Category 

Adj, Relative Risk 
p-Value 

14-16 

14-17 

14-18 

14-19 

14-20 

14-21 

14-22 

14-23 

14-24 

Bradycardia Comparison 1,155 
Background RH 360 0.81 (0.44,1.49) 0.497 
LowRH 221 0.49 (0.17,1.40) 0.183 
High RH 236 0.35(0.08,1.50) 0.156 
Low plus High RH 457 0.41 (0.16,1.05) 0.062 

Tachycardia Comparison 1,155 
Background RH 360 2.01 (0.16,24.61) 0.585 
LowRH 221 — — 
HighRH 236 8.10(1.19,55.01) 0.032 
Low plus High RH 457 - - 

Arrhythmia Comparison 1,155 
Background RH 360 0.87(0.49,1.57) 0.647 
LowRH 221 1.17(0.65,2.11) 0.596 
High RH 236 1.10(0.56,2.12) 0.774 
Low plus High RH 457 1.13 (0.70,1.83) 0.604 

Evidence of Prior Myocardial Comparison 1,155 
Infarction Background RH 360 0.69(0.34,1.37) 0.285 

LowRH 221 0.79 (0.39,1.61) 0.524 
HighRH 236 1.11(0.52,2.36) 0.783 
Low plus High RH 457 0.94 (0.54,1.65) 0.841 

ECG: Other Diagnoses Comparison 1,186 
Background RH 368 2.89 (0.16,52.97) 0.474 
LowRH 227 — - 
High RH 239 12.41 (1.00,154.15) 0.050 
Low plus High RH 466 - - 

Funduscopic Examination Comparison 1,154 
Background RH 359 1.04(0.70,1.55) 0.842 
LowRH 221 0.82(0.52,1.30) 0.402 
High RH 236 0.95 (0.60,1.51) 0.836 
Low plus High RH 457 0.89(0.63,1.26) 0.500 

Carotid Bruits Comparison 1,155 
Background RH 360 1.06(0.47,2.38) 0.893 
LowRH 221 0.69 (0.25,1.86) 0.460 
HighRH 236 1.01 (0.41,2.45) 0.991 
Low plus High RH 457 0.84 (0.41,1.71) 0.625 

Radial Pulses Comparison 1,155 
Background RH 360 3.27 (0.64,16.71) 0.155 
LowRH 221 3.82 (0.53,27.51) 0.183 
High RH 236 1.26(0.11,14.89) 0.856 
Low plus High RH 457 2.15 (0.36,13.04) 0.404 

Femoral Pulses Comparison 1,154 
Background RH 360 1.22(0.44,3.36) 0.702 
LowRH 221 1.71 (0.58,4.98) 0.329 
High RH 236 2.45 (0.76,7.90) 0.134 
Low plus High RH 457 2.06 (0.85,4.96) 0.108 
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Table G-19.    Summary of Adjusted Results for Dichotomous Variables - Model 3 
(Ranch Hands and Comparisons by Dioxin Category) (Continued) 

■ -Table: I Adj. Relative Risk 
Refc :J ■■■■■"■-'-   Clinical Parameter £ %:W^^^0^M^^MM !:^!:l'ÄJtS:i :. -. (95& GX>. : :■■ p-Value ■'. 

14-25 Popliteal Pulses Comparison 1,153 
Background RH 360 0.88 (0.37,2.05) 0.760 
LowRH 221 1.15 (0.45,2.92) 0.776 
High RH 236 1.08 (0.40,2.86) 0.884 
Low plus High RH 457 1.11(0.53,2.30) 0.781 

14-26 Dorsalis Pedis Pulses Comparison 1,153 
Background RH 360 0.94 (0.59,1.50) 0.792 
LowRH 221 0.99(0.58,1.70) 0.977 
High RH 236 0.89(0.50,1.58) 0.685 
Low plus High RH 457 0.94(0.61,1.43) 0.761 

14-27 Posterior Tibial Pulses Comparison 1,151 
Background RH 360 1.08(0.62,1.89) 0.784 
LowRH 221 1.31 (0.71,2.39) 0.387 
HighRH 236 1.21 (0.63,2.30) 0.571 
Low plus High RH 457 1.25 (0.77,2.03) 0.358 

14-28 Leg Pulses Comparison 1,151 
Background RH 360 1.01 (0.66,1.53) 0.981 
LowRH 221 1.01 (0.63,1.64) 0.955 
High RH 236 0.91 (0.54,1.53) 0.725 
Low plus High RH 457 0.96 (0.66,1.40) 0.832 

14-29 Peripheral Pulses Comparison 1,151 
Background RH 360 1.00(0.66,1.52) 0.997 
LowRH 221 1.05 (0.65,1.70) 0.833 
High RH 236 0.94(0.57,1.57) 0.828 
Low plus High RH 457 1.00(0.68,1.45) 0.981 

14-30 ICVI Index Comparison 1,155 
Background RH 360 0.69 (0.32,1.48) 0.340 
LowRH 221 0.98(0.46,2.11) 0.968 
High RH 236 1.41 (0.69,2.89) 0.346 
Low plus High RH 457 1.19(0.67,2.09) 0.555 

15-14 Prothrombin Time Comparison 986 
Background RH 308 1.41 (0.52,3.85) 0.501 
LowRH 182 1.01 (0.28,3.71) 0.984 
High RH 193 0.49 (0.06,3.96) 0.502 
Low plus High RH 375 0.70(0.19,2.57) 0.586 

15-15 RBC Morphology Comparison 1,210 
Background RH 380 1.18 (0.72,1.93) 0.517 
LowRH 238 1.39(0.84,2.30) 0.206 
HighRH 239 1.08(0.60,1.94) 0.800 
Low plus High RH 477 1.22(0.80,1.86) 0.352 

15-18 Absolute Neutrophils (Zero Comparison 1,210 
vs. Nonzero) (bands) Background RH 380 1.02 (0.75,1.40) 0.897 

LowRH 238 1.03(0.72,1.49) 0.859 
HighRH 239 0.88(0.59,1.30) 0.515 
Low plus High RH 477 0.95 (0.72,1.27) 0.741 
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Table G-19.     Summary of Adjusted Results for Dichotomous Variables - Model 3 
(Ranch Hands and Comparisons by Dioxin Category) (Continued) 

Table :.-A4i«:-»eiativeRisk- : 
■= .Ret;: : Clinical Parameter   : ■■■■:"■     Dioxin Category sl'Vl:^::!! i :;;:; ':<9s%€j.)- ;: ]-i p« Value 

15-22 Absolute Eosinophils (Zero Comparison 1,210 
vs. Nonzero) Background RH 380 1.07(0.74,1.55) 0.705 

LowRH 238 1.16(0.77,1.76) 0.467 
High RH 239 0.82(0.53,1.27) 0.376 
Low plus High RH 477 0.98(0.71,1.35) 0.885 

15-24 Absolute Basophils (Zero vs. Comparison 1,210 
Nonzero) Background RH 380 1.11(0.87,1.41) 0.395 

LowRH 238 1.47(1.10,1.95) 0.009 
High RH     . 239 1.00(0.75,1.33) 0.979 
Low plus High RH 477 1.21 (0.97,1.50) 0.091 

16-3 Thyroid Disease Comparison 1,208 
Background RH 376 0.92(0.60,1.42) 0.707 
LowRH 237 0.70(0.40,1.22) 0.209 
High RH 240 1.07(0.64,1.81) 0.792 
Low plus High RH 477 0.87 (0.57,1.30) 0.490 

16-4 Composite Diabetes Indicator Comparison 1,183 
Background RH 375 0.69(0.46,1.02) 0.065 
LowRH 232 1.22(0.83,1.79) 0.311 
HighRH 238 1.47(1.00,2.17) 0.048 
Low plus High RH 470 1.34(1.00,1.80) 0.049 

16-7 Thyroid Gland Comparison 1,165 
Background RH 367 0.65 (0.21,2.01) 0.457 
LowRH 233 0.29(0.04,2.19) 0.229 
HighRH 233 0.56 (0.07,4.62) 0.590 
Low plus High RH 466 0.40(0.09,1.81) 0.234 

16-8 Testicular Examination Comparison 1,199 
Background RH 374 0.84(0.45,1.58) 0.594 
LowRH 237 1.46(0.78,2.71) 0.236 
High RH 240 1.39 (0.63,3.03) 0.415 
Low plus High RH 477 1.42(0.82,2.45) 0.207 

16-12 Thyroxine Comparison 1,161 
Background RH 365 1.23 (0.63,2.42) 0.545 
LowRH 233 0.45 (0.14,1.49) 0.192 
High RH 233 1.53 (0.62,3.73) 0.354 
Low plus High RH 466 0.83 (0.38,1.82) 0.641 

16-13 Anti-Thyroid Antibodies Comparison 1,161 
Background RH 365 1.07(0.27,4.26) 0.921 
LowRH 233 0.73 (0.09,5.99) 0.765 
High RH 233 1.07(0.12,9.66) 0.951 
Low plus High RH 466 0.88 (0.17,4.46) 0.879 

16-15 Fasting Glucose Comparison 1,200 
Background RH 377 0.91 (0.63,1.31) 0.609 
LowRH 235 1.03(0.70,1.53) 0.877 
HighRH 240 1.44(0.99,2.11) 0.056 
Low plus High RH 475 1.22(0.91,1.64) 0.178 
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Table G-19.     Summary of Adjusted Results for Dichotomous Variables - Model 3 
(Ranch Hands and Comparisons by Dioxin Category) (Continued) 

Table i L".AsU,Mdative::Risk;-: <■ 
■y^L:\ r|j^ Dioxin Category \$W^

:
WP

[
'MM :::;.    ) -05%&l*) ■■'['[. ) p-Value 

16-17 2-Hour Postprandial Glucose Comparison 987 
Background RH 338 0.94(0.64,1.37) 0.729 
LowRH 183 1.12(0.73,1.72) 0.616 
High RH 181 1.01 (0.64,1.60) 0.960 
Low plus High RH 364 1.06(0.76,1.49) 0.722 

16-18 Fasting Urinary Glucose Comparison 1,200 
Background RH 377 0.63(0.27,1.43) 0.265 
LowRH 235 0.92(0.43,1.97) 0.827 
High RH 240 1.33(0.71,2.49) 0.369 
Low plus High RH 475 1.11(0.65,1.89) 0.704 

16-19 2-Hour Postprandial Urinary Comparison 985 
Glucose Background RH 337 1.32(0.98,1.78) 0.072 

LowRH 182 1.41 (0.98,2.02) 0.064 
High RH 181 0.97 (0.66,1.44) 0.885 
Low plus High RH 363 1.17 (0.88,1.56) 0.283 

16-23 a-1 -C Hemoglobin Comparison 1,200 
Background RH 377 0.84(0.53,1.35) 0.474 
LowRH 235 0.94(0.58,1.52) 0.799 
HighRH 240 1.76(1.16,2.67) 0.008 
Low plus High RH 475 1.29(0.91,1.82) 0.148 

16-25 Total Testosterone Comparison 1,189 
Background RH 370 0.98 (0.59,1.62) 0.934 
LowRH 234 0.95 (0.55,1.62) 0.841 
HighRH 237 1.55 (0.94,2.55) 0.085 
Low plus High RH 471 1.21 (0.82,1.80) 0.340 

16-27 Free Testosterone Comparison 1,189 
Background RH 370 0.88 (0.32,2.46) 0.811 
LowRH 234 1.38 (0.57,3.35) 0.470 
High RH 237 0.28 (0.04,2.21) 0.227 
Low plus High RH 471 0.62(0.19,2.01) 0.424 

16-29 Estradiol Comparison 1,213 
Background RH 381 0.97(0.75,1.27) 0.842 
LowRH 239 0.79(0.57,1.09) 0.155 
High RH 243 1.05 (0.77,1.44) 0.757 
Low plus High RH 482 0.91 (0.72,1.16) 0.460 

16-31 LH Comparison 1,213 
Background RH 381 1.28(0.79,2.08) 0.313 
LowRH 239 0.83 (0.44,1.58) 0.573 
High RH 243 0.76 (0.36,1.60) 0.475 
Low plus High RH 482 0.80 (0.47,1.34) 0.392 

16-33 FSH Comparison 1,213 
Background RH 381 1.10(0.72,1.69) 0.652 
LowRH 239 0.93 (0.55,1.56) 0.781 
HighRH 243 1.16(0.64,2.08) 0.621 
Low plus High RH 482 1.04(0.68,1.58) 0.859 
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Table G-19.     Summary of Adjusted Results for Dichotomous Variables - Model 3 
(Ranch Hands and Comparisons by Dioxin Category) (Continued) 

■■  Table 1 Adj. Relative Risk 
:;"Re£v CüßieaJ Parameter    ; ;| ■: 'Dioxin; Category*' |'||r|i|:l::| ■:■}.. i9&&C&)r'l'-yV\ l; p-Value :: 

17-14 ANA Test Comparison 1,154 
Background RH 365 1.04(0.82,1.33) 0.738 
LowRH 220 0.85 (0.63,1.14) 0.276 
HighRH 229 1.15 (0.85,1.55) 0.364 
Low plus High RH 449 0.99(0.79,1.24) 0.936 

17-15 ANA Thyroid Microsomal Comparison 1,154 
Antibody Background RH 365 1.03 (0.51,2.12) 0.925 

LowRH 220 1.12(0.49,2.59) 0.785 
High RH 229 0.81 (0.30,2.16) 0.671 
Low plus High RH 449 0.95(0.48,1.90) 0.883 

17-16 MSK Smooth Muscle Comparison 1,154 
Antibody Background RH 365 1.28(0.90,1.83) 0.173 

LowRH 220 1.07(0.70,1.65) 0.752 
HighRH 229 0.59(0.36,1.00) 0.048 
Low plus High RH 449 0.79(0.55,1.14) 0.209 

17-17 MSK Mitochondrial Comparison 1,154 
Antibody Background RH 365 3.55 (0.48,26.04) 0.213 

LowRH 220 4.30 (0.57,32.27) 0.156 
HighRH 229 — _. 
Low plus High RH 449 - - 

17-18 MSK Parietal Antibody Comparison 1,154 
Background RH 365 0.63(0.30,1.31) 0.216 
LowRH 220 1.50(0.82,2.75) 0.192 
High RH 229 0.97 (0.47,1.99) 0.928 
Low plus High RH 449 1.20(0.72,2.00) 0.490 

17-19 Rheumatoid Factor Comparison 1,154 
Background RH 365 1.04(0.71,1.51) 0.841 
LowRH 220 1.03(0.66,1.61) 0.890 
High RH 229 0.59(0.33,1.04) 0.068 
Low plus High RH 449 0.77 (0.53,1.14) 0.195 

18-3 Asthma Comparison 1,207 
Background RH 376 1.52 (0.86,2.70) 0.149 
LowRH 234 1.13(0.54,2.36) 0.753 
High RH 240 1.29 (0.64,2.61) 0.479 
Low plus High RH 474 1.21 (0.69,2.10) 0.506 

18-4 Bronchitis Comparison 1,187 
Background RH 371 1.31 (0.98,1.75) 0.073 
LowRH 227 0.94(0.65,1.36) 0.734 
HighRH 239 1.10(0.78,1.56) 0.584 
Low plus High RH 466 1.02(0.78,1.34) 0.891 

18-5 Pneumonia Comparison 1,167 
Background RH 360 0.90(0.61,1.33) 0.602 
LowRH 221 0.98(0.63,1.54) 0.929 
HighRH 236 0.74(0.44,1.25) 0.265 
Low plus High RH 457 0.85 (0.59,1.23) 0.386 
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Table G -19.    Summary of Adjus ted Results for Dichotomous Variables - Model 3 
(Ranch Hands and Comparisons by Dioxin Category) (Continued) 

':: Table   ] Adj. Relative Risk 
:. ■ Ref. ■■; ■ Clinical Parameter Dioxin Category h§_:§:4^%M:MW-&M 

:; ';{95%'C*I;| ;.: i p-Value 
18-6 Thorax and Lung Comparison 1,212 

Abnormalities Background RH 380 0.84(0.55,1.28) 0.412 
LowRH 238 1.01 (0.63,1.62) 0.953 
High RH 243 1.01 (0.62,1.64) 0.977 
Low plus High RH 481 1.01 (0.70,1.46) 0.955 

18-7 X-ray Interpretation Comparison 1,212 
Background RH 380 1.69(1.18,2.43) 0.004 
LowRH 238 1.11(0.70,1.75) 0.657 
High RH 241 0.66(0.38,1.13) 0.127 
Low plus High RH 479 0.85(0.58,1.24) 0.406 

—: Relative risk, confidence interval, and p-value are not presented because of the sparse number of participants 
with abnormalities. 

Note: Relative risk and confidence interval relative to Comparisons. 
RH = Ranch Hand. 
Comparison: 1987 Dioxin < 10 ppt. 
Background: (Ranch Hand):  1987 Dioxin < 10 ppt. 
Low (Ranch Hand):  1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt. 
High (Ranch Hand):  1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt. 
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Table G-20.   Summary of Adjusted Results for Dichotomous Variables - Model 4 (Ranch Hands: 
Log2 (1987 Dioxin + 1)) 

Table   :!. ■. : Aäji Relative.RisJC- :; 
i'Rfit'.; : =■"■' ■■ ;'"■ ;:'■;; ■ CUiiM Parameter   : ';:'. (95%:.G.t):: ■:-.'i: ^Cp-Valuei 

9-3 Self-perception of Health 
9-4 Appearance of Illness or Distress 
9-5 Relative Age Appearance 
9-7 Body Fat 
9-9 Erythrocyte Sedimentation Rate 
10-3 Skin Neoplasms 
10-4 Malignant Skin Neoplasms 
10-5 Benign Skin Neoplasms 
10-6 Skin Neoplasms of Uncertain Behavior or Unspecified Nature 
10-7 Basal Cell Carcinoma (All Sites Combined) 
10-8 Basal Cell Carcinoma (Ear, Face, Head, and Neck) 
10-9 Basal Cell Carcinoma (Trunk) 

10-10 Basal Cell Carcinoma (Upper Extremities) 
10-11 Basal Cell Carcinoma (Lower Extremities) 
10-12 Squamous Cell Carcinoma 
10-13 Nonmelanoma 
10-14 Melanoma 
10-15 Systemic Neoplasms (All Sites Combined) 
10-16 Malignant Systemic Neoplasms 
10-17 Benign Systemic Neoplasms 
10-18 Systemic Neoplasms of Uncertain Behavior or Unspecified Nature 
10-19 Malignant Systemic Neoplasms (Eye, Ear, Face, Head, and Neck) 
10-20 Malignant Systemic Neoplasms (Oral Cavity, Pharynx, and Larynx) 
10-21 Malignant Systemic Neoplasms (Thymus, Heart, and Mediastinum) 
10-22 Malignant Systemic Neoplasms (Thyroid Gland) 
10-23 Malignant Systemic Neoplasms (Bronchus and Lung) 
10-24 Malignant Systemic Neoplasms (Liver) 
10-25 Malignant Systemic Neoplasms (Colon and Rectum) 
10-26 Malignant Systemic Neoplasms (Kidney and Bladder) 
10-27 Malignant Systemic Neoplasms (Prostate) 
10-28 Malignant Systemic Neoplasms (Testicles) 
10-29 Malignant Systemic Neoplasms (Connective and Other Soft Tissues) 
10-30 Hodgkin's Disease 
10-31 Non-Hodgkin's Lymphoma 
10-32 Other Malignant Systemic Neoplasms of Lymphoid and Histiocytic 

Tissue 
10-33 All Malignant Skin and Systemic Neoplasms 
10-34 All Skin and Systemic Neoplasms 
10-36 PSA 
11-3 Inflammatory Diseases 
11-4 Hereditary and Degenerative Disorders 
11-5 Peripheral Disorders 
11-6 Other Neurological Disorders 
11-7 Smell 
11-8 Visual Fields 
11-9 Light Reaction 
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1.14(0.98,1.32) 0.079 
1.05(0.72,1.52) 0.800 
0.89(0.75,1.05) 0.153 
1.29(1.14,1.46) <0.001 
1.14(0.94,1.38) 0.169 
0.92 (0.82,1.03) 0.147 
1.06(0.91,1.25) 0.447 
0.84 (0.74,0.95) 0.005 
1.11 (0.69,1.81) 0.664 
0.99(0.83,1.18) 0.924 
0.89(0.74,1.09) 0.257 
1.51(1.07,2.13) 0.016 
1.00(0.63,1.57) 0.987 
0.91 (0.42,1.98) 0.803 
1.07(0.70,1.63) 0.749 
1.02(0.86,1.21) 0.786 
1.18(0.81,1.71) 0.399 
1.05 (0.93,1.18) 0.399 
1.06(0.84,1.34) 0.599 
1.01 (0.89,1.14) 0.905 
1.07 (0.67,1.72) 0.767 
1.04(0.57,1.91) 0.897 
1.60(0.65,3.97) 0.296 
0.31 (0.09,1.04) 0.017 
0.95 (0.34,2.70) 0.925 
1.15(0.63,2.11) 0.638 
2.52(1.03,6.15) 0.042 
1.44(0.72,2.86) 0.291 
1.14(0.66,1.96) 0.634 
0.83 (0.56,1.23) 0.353 
1.35 (0.54,3.37) 0.517 
2.36 (0.72,7.79) 0.155 
0.70(0.08,6.51) 0.745 
0.31 (0.01,7.88) 0.443 
0.63 (0.09,4.17) 0.580 

1.10(0.94,1.27) 0.227 
0.99(0.88,1.11) 0.854 
1.05(0.81,1,35) 0.735 
0.90(0.52,1.57) 0.716 
0.92(0.77,1.11) 0.380 
1.20(1.04,1.38) 0.011 
0.97(0.84,1.11) 0.625 
0.83 (0.56,1.22) 0.333 
1.40(0.58,3.38) 0.456 
0.75 (0.18,3.12) 0.681 



Table G-20.    Summary of Adjusted Results for Dichotomy ous Variables - Model 4 
(Ranch Hands:   Log2 (1987 Dioxin + 1)) (Continued) 

:. Table 1 ,      A4J.:;llÄw;Ri$fc:: .< 
:'. R*k 1 \|li:f?i'l;v:;^ I "(te'SfcCLj  :':'■ .;;'-: p-Value 

11-10 Ocular Movement 0.91 (0.63,1.32) 0.614 
11-11 Facial Sensation 0.79 (0.23,2.66) 0.694 
11-12 Jaw Clench 1.02(0.34,3.08) 0.969 
11-13 Smile 0.99(0.59,1.65) 0.972 
11-14 Palpebral Fissure 1.17(0.65,2.12) 0.598 
11-15 Balance 0.95 (0.52,1.73) 0.860 
11-16 Speech 0.73 (0.36,1.47) 0.370 
11-17 Tongue Position Relative to Midline 1.02(0.34,3.08) 0.969 
11-18 Palate and Uvula Movement 1.19(0.32,4.46) 0.800 
11-19 Cranial Nerve Index 0.88(0.71,1.10) 0.254 
11-20 Neck Range of Motion 1.09(0.94,1.26) 0.267 
11-21 Pinprick 1.12(0.88,1.42) 0.345 
11-22 Light Touch 1.01 (0.75,1.36) 0.940 
11-23 Muscle Status 0.98(0.76,1.27) 0.897 
11-24 Patellar Reflex 1.15 (0.80,1.64) 0.447 
11-25 Achilles Reflex 1.12(0.96,1.31) 0.157 
11-26 Biceps Reflex 1.52(0.89,2.61) 0.120 
11-27 Babinski Reflex 0.65(0.33,1.29) 0.223 
11-29 Polyneuropathy Prevalence Index 1.16(0.98,1.37) 0.080 
11-30 Multiple Polyneuropathy Index 1.29(0.95,1.76) 0.101 
11-31 Confirmed Polyneuropathy Indicator 2.21 (1.24,3.96) 0.003 
11-32 Tremor 0.93 (0.75,1.14) 0.478 
11-33 Coordination 0.83 (0.57,1.21) 0.330 
11-34 Romberg Sign 0.95 (0.52,1.73) 0.860 
11-35 Gait 0.99(0.78,1.25) 0.905 
11-36 CNS Index 0.94(0.80,1.10) 0.443 
12-3 Psychoses 1.08(0.84,1.40) 0.550 
12-4 Alcohol Dependence 0.99(0.82,1.20) 0.898 
12-5 Drug Dependence 0.45(0.10,2.11) 0.226 
12-6 Anxiety 0.95 (0.84,1.07) 0.368 
12-7 Other Neuroses 1.02(0.91,1.14) 0.763 
12-8 SCL-90-R Anxiety 0.96(0.81,1-13) 0.619 
12-9 SCL-90-R Depression 0.97(0.84,1.13) 0.712 

12-10 SCL-90-R Hostility 1.01 (0.84,1.23) 0.889 
12-11 SCL-90-R Interpersonal Sensitivity 0.95(0.82,1.10) 0.511 
12-12 SCL-90-R Obsessive-Compulsive Behavior 1.00(0.87,1.16) 0.964 
12-13 SCL-90-R Paranoid Ideation 1.00(0.82,1.20) 0.960 
12-14 SCL-90-R Phobic Anxiety 1.03 (0.88,1.21) 0.727 
12-15 SCL-90-R Psychoticism 1.06(0.91,1.23) 0.484 
12-16 SCL-90-R Somatization 0.95(0.83,1.09) 0.458 
12-17 SCL-90-R Global Severity Index (GSI) 1.04(0.90,1.21) 0.555 
12-18 SCL-90-R Positive Symptom Total (PST) 1.02(0.89,1.18) 0.764 
12-19 SCL-90-R Positive Symptom Distress Index (PSDI) 0.96(0.81,1.15) 0.675 
13-3 Uncharacterized Hepatitis 0.78 (0.55,1.12) 0.184 
13-4 Jaundice 0.39 (0.24,0.65) <0.001 
13-5 Chronic Liver Disease and Cirrhosis (Alcohol-related) 1.09(0.84,1.41) 0.506 
13-6 Chronic Liver Disease and Cirrhosis (Non-alcohol-related) 1.02(0.68,1.54) 0.920 
13-7 Liver Abscess and Sequelae of Chronic Liver Disease 2.05(0.68,6.15) 0.212 
13-8 Enlarged Liver (Hepatomegaly) 0.93(0.60,1.46) 0.753 
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Table G-20.    Summary of Adjusted Results for Dichotomous Variables 
(Ranch Hands:   Logs (1987 Dioxin + 1)) (Continued) 

Model 4 

Table 
JRefJ Clinical Parameter 

"A(IJt-Relath* Risk; :: : '"■/.; 
(95% C.I.) p-Value 

13-9 Other Liver Disorders 
13-10 Current Hepatomegaly 
13-12 AST 
13-14 ALT 
13-16 GGT 
13-18 Alkaline Phosphatase 
13-20 Total Bilirubin 
13-21 Direct Bilirubin 
13-23 Lactic Dehydrogenase 
13-25 Cholesterol 
13-27 HDL Cholesterol 
13-29 Cholesterol-HDL Ratio 
13-31 Triglycerides 
13-33 Creatine Phosphokinase 
13-35 Serum Amylase 
13-36 Antibodies for Hepatitis A 
13-37 Evidence of Prior Hepatitis B 
13-38 Current Hepatitis B 
13-39 Antibodies for Hepatitis C 
13-40 Stool Hemoccult 
13-42 Prealbumin 
13-44 Albumin 
13-46 a-1 -Acid Glycoprotein 
13-50 a-2-Macroglobulin 
13-52 Apolipoprotein B 
13-54 C3 Complement 
13-56 C4 Complement 
13-58 Haptoglobin 
13 - 60 Transferrin 
14-3 Essential Hypertension 
14-4 Heart Disease (Excluding Essential Hypertension) 
14-5 Myocardial Infarction 
14-6 Stroke or Transient Ischemia Attack 
14-8 Systolic Blood Pressure 

14-10 Diastolic B lood Pressure 
14-11 Heart Sounds 
14-12 Overall Electrocardiograph 
14-13 Right Bundle Branch Block 
14-14 Left Bundle Branch Block 
14-15 Non-Specific ST- and T-Wave Changes 
14-16 Bradycardia 
14-17 Tachycardia 
14-18 Arrhythmia 
14-19 Evidence of Prior Myocardial Infarction 
14-20 ECG: Other Diagnoses 
14-21 Funduscopic Examination 
14-22 Carotid Bruits 
14-23 Radial Pulses 
14-24 Femoral Pulses 

1.11 (0.99,1.25) 
1.05(0.64,1.74) 
1.38(1.12,1.71) 
1.48(1.20,1.83) 
1.27(1.05,1.53) 
0.69 (0.50,0.94) 
0.94 (0,73,1.21) 
0.79(0.17,3.72) 
1.01 (0.84,1.21) 
1.08(0.93,1.24) 
0.82 (0.68,0.98) 
1.13(1.01,1.26) 
1.23 (1.09,1.40) 
1.22(1.00,1.49) 
0.93 (0.68,1.26) 
1.06(0.94,1.19) 
1.06(0.89,1.25) 
1.33 (0.27,6.59) 
0.67(0.40,1.14) 
1.13 (0.83,1.53) 
1.00(0.63,1.60) 
0.52 (0.09,3.01) 
0.87(0.68,1.11) 
1.50(1.08,2.08) 
1.07(0.96,1.18) 
0.57 (0.39,0.84) 
0.26 (0.08,0.86) 
0.91 (0.82,1.02) 
1.03(0.85,1.24) 
1.18(1.04,1.34) 
0.92(0.81,1.04) 
1.16(0.94,1.44) 
1.15(0.71,1.85) 
0.88(0.76,1.02) 
1.20(0.89,1.61) 
1.24(0.89,1.73) 
1.02(0.89,1.17) 
1.02(0.69,1.50) 
0.56(0.23,1.39) 
1.12(0.95,1.32) 
0.98 (0.65,1.49) 
1.55 (0.85,2.84) 
1.12(0.85,1.49) 
1.33(0.95,1.87) 
1.47(0.58,3.73) 
1.03 (0.85,1.24) 
0.94(0.65,1.36) 
0.61 (0.30,1.21) 
1.29(0.83,2.03) 

0.077 
0.838 
0.002 

<0.001 
0.012 
0.020 
0.646 
0.764 
0.892 
0.312 
0.029 
0.025 
0.001 
0.043 
0.623 
0.346 
0.531 
0.719 
0.141 
0.448 
0.993 
0.442 
0.261 
0.014 
0.242 
0.004 
0.024 
0.107 
0.785 
0.011 
0.159 
0.170 
0.578 
0.099 
0.228 
0.193 
0.753 
0.922 
0.199 
0.180 
0.932 
0.165 
0.422 
0.089 
0.413 
0.767 
0.755 
0.140 
0.255 

G-160 



Table G-20.    Summary of Adjusted Results for Dichotomous Variables 
(Ranch Hands:   Log2 (1987 Dioxin + 1)) (Continued) 

Model 4 

:; -fable■ ::   Adj. Msitiy*? Risk 
Re£ "' ■;!-;^ /In:: "I'::I:P :"C ■:::: ■-' 1--;l';^.f;- >; ;'l ■ '3;:E;.: ■ :.;i^ :;;l':: |i^^:;''>-]|:-; :e;v:l^iS^'itl©al:' l^ärä>iicliÄlr-; l;j:. ;:|; ■;;':=:^;::;^. IfKv ^t:':;!!::: ;::l:i=-l!/:.:: i:'; .:-           :■ :(95:%:aii):: '}'-l p-Value 

14-25 Popliteal Pulses 1.02(0.72,1.46) 0.908 
14-26 Dorsalis Pedis Pulses 1.07 (0.85,1.33) 0.580 
14-27 Posterior Tibial Pulses 1.12(0.88,1.43) 0.354 
14-28 Leg Pulses 1.08(0.88,1.31) 0.467 
14-29 Peripheral Pulses 1.07(0.88,1.30) 0.485 
14-30 ICVI Index 1.07 (0.79,1.45) 0.666 
15-14 Prothrombin Time 0.86(0.54,1.38) 0.526 
15-15 RBC Morphology 1.02(0.84,1.25) 0.822 
15-18 Absolute Neutrophils (bands) (Zero vs. Nonzero) 0.92(0.80,1.06) 0.264 
15-22 Absolute Eosinophils (Zero vs. Nonzero) 0.99(0.84,1.16) 0.894 
15-24 Absolute Basophils (Zero vs. Nonzero) 0.94(0.84,1.05) 0.257 
16-3 Past Thyroid Disease 1.10(0.89,1.36) 0.358 
16-4 Composite Diabetes Indicator 1.43 (1.21,1.68) <0.001 
16-7 Thyroid Gland 1.09(0.50,2.36) 0.825 
16-8 Testicular Examination 1.09(0.82,1.44) 0.545 
16-12 Thyroxine 1.14(0.79,1.64) 0.487 
16-13 Anti-Thyroid Antibodies 0.86(0.41,1.80) 0.689 
16-15 Fasting Glucose 1.25(1.08,1.46) 0.003 
16-17 2-Hour Postprandial Glucose 1.10(0.91,1.33) 0.332 
16-18 Fasting Urinary Glucose 1.47(1.11,1.94) 0.006 
16-19 2-Hour Postprandial Urinary Glucose 0.90(0.78,1.03) 0.129 
16-23 a-l-C Hemoglobin 1.37(1.15,1.64) <0.001 
16-25 Total Testosterone 1.20(0.96,1.49) 0.106 
16-27 Free Testosterone 0.94 (0.52,1.70) 0.835 
16-29 Estradiol 0.99(0.89,1.12) 0.926 
16-31 LH 0.84(0.66,1.07) 0.154 
16-33 FSH 1.16(0.93,1.45) 0.188 
17-14 ANA Test 0.96(0.86,1.08) 0.512 
17-15 ANA Thyroid Microsomal Antibody 0.96(0.69,1.35) 0.824 
17-16 MSK Smooth Muscle Antibody 0.89(0.75,1.05) 0.155 
17-17 MSK Mitochondrial Antibody 0.65 (0.31,1.38) 0.245 
17-18 MSK Parietal Antibody 1.22(0.93,1.60) 0.140 
17-19 Rheumatoid Factor 0.86(0.71,1.04) 0.122 
18-3 Asthma 1.06(0.81,1.37) 0.680 
18-4 Bronchitis 0.90(0.79,1.03) 0.137 
18-5 Pneumonia 0.89(0.73,1.08) 0.229 
18-6 Thorax and Lung Abnormalities 1.20(1.00,1.43) 0.054 
18-7 X-ray Interpretation 0.80 (0.67,0.96) 0.015 

Note: Relative risk for a twofold increase in 1987 dioxin. 
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Table G-22.   Summary of Adjusted Results for Polytomous Variables - Model 2 (Ranch Hands: 
Log2 (Initial Dioxin)) 

■■  Table -1 ':: Adj. Relative Räsk.::" 
1. -ftet'- j .        ; Clinical Parameter .; ;t;; j -: ^::t ':;f;;.' ■ | :=;'JI:f;i| ^: :1 ■■ J:;> • '|l^>^ÖrMs|::.       ;|; :;|;,: :;|;: J.' .J;;: g,:. |:'; :■ |:; /!':'  \(9m,CJJl :,.:; p-Value   ■■ 

11-28 Polyneuropathy Severity Moderate vs. None or Mild 1.52(1.02,2.28) 0.042 
Index Severe vs. None or Mild 0.87 (0.24,3.20) 0.832 

13-48 a-1-Antitrypsin Low vs. Normal 0.75 (0.30,1.84) 0.526 
High vs. Normal 0.80(0.21,3.00) 0.735 

15-4 RBC Count Low vs. Normal 0.95 (0.64,1.41) 0.804 
High vs. Normal 0.88 (0.39,1.99) 0.751 

15-6 WBC Count Low vs. Normal 0.61 (0.38,0.99) 0.043 
High vs. Normal 0.83 (0.54,1.27) 0.395 

15-8 Hemoglobin Low vs. Normal 0.85 (0.61,1.20) 0.364 
High vs. Normal 1.04(0.17,6.53) 0.966 

15-10 Hematocrit Low vs. Normal 1.10(0.66,1.85) 0.714 
High vs. Normal 1.07(0.17,6.61) 0.942 

15-12 Platelet Count Low vs. Normal 0.69 (0.35,1.37) 0.290 
High vs. Normal 0.67(0.16,2.88) 0.590 

16-5 Diabetic Severity No Treatment vs. Nondiabetic 1.29(0.93,1.78) 0.121 
Diet Only vs. Nondiabetic 1.25 (0.74,2.11) 0.411 
Oral Hypoglycemic vs. Nondiabetic 1.41 (0.98,2.01) 0.062 
Requiring Insulin vs. Nondiabetic 2.47(1.43,4.25) 0.001 

16-10 Thyroid Stimulating Low vs. Normal 1.62(0.82,3.20) 0.161 
Hormone High vs. Normal 1.29(0.90,1.85) 0.169 

16-21 Serum Insulin Low vs. Normal 0.97(0.65,1.47) 0.901 
High vs. Normal 1.15(0.93,1.43) 0.182 

18-11 Loss of Vital Capacity Mild vs. None 0.91 (0.66,1.24) 0.539 
Moderate or Severe vs. None 1.02 (0.35,2.99) 0.973 

18-12 Obstructive Abnormality Mild vs. None 0.86 (0.72,1.02) 0.082 
Moderate vs. None 0.98 (0.67,1.42) 0.902 
Severe vs. None 0.63(0.28,1.44) 0.276 

Note: Relative risk for a twofold increase in initial dioxin. 
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Table G-24.   Summary of Adjusted Results for Polytomous Variables - - Model 4 (Ranch Hands: 
Log2 (1987 Dioxin + 1» 

Table Adj. Relative Risk 
ilieffl Clinical Parameter ^|:-f :,:|.:;: :;::::^

:i|;;:-?|^iife|^lf ■:: ;l:.:;::l::-.
:: :I:! -;l ■. ;M;:"'' |>:' -: l'";|:'^1: ■:: i 

1.51 (1.09,2.09) 

p-Value 

11-28 Polyneuropathy Severity Moderate vs. None or Mild 0.013 
Index Severe vs. None or Mild 1.48 (0.62,3.50) 0.376 

13-48 a-1-Antitrypsin Low vs. Normal 0.84(0.52,1.37) 0.486 
High vs. Normal 0.75 (0.44,1.29) 0.302 

15-4 RBC Count Low vs. Normal 0.91 (0.69,1.21) 0.511 
High vs. Normal 1.10(0.60,2.00) 0.764 

15-6 WBC Count Low vs. Normal 0.76 (0.59,0.98) 0.032 
High vs. Normal 0.93(0.72,1.20) 0.570 

15-8 Hemoglobin Low vs. Normal 0.84(0.68,1.04) 0.108 
High vs. Normal 0.52(0.22,1.23) 0.135 

15-10 Hematocrit Low vs. Normal 0.97(0.67,1.42) 0.894 
High vs. Normal 1.44(0.38,5.40) 0.588 

15-12 Platelet Count Low vs. Normal 0.73(0.49,1.10) 0.135 
High vs. Normal 0.84(0.43,1.64) 0.619 

16-5 Diabetic Severity No Treatment vs. Nondiabetic 1.23(0.96,1.58) 0.097 
Diet Only vs. Nondiabetic 1.49(1.00,2.20) 0.048 
Oral Hypoglycemic vs. Nondiabetic 1.85(1.37,2.49) <0.001 
Requiring Insulin vs. Nondiabetic 1.38 (0.96,2.00) 0.084 

16-10 TSH Low vs. Normal 1.08(0.64,1.83) 0.767 
High vs. Normal 0.97 (0.74,1.27) 0.832 

16-21 Serum Insulin Low vs. Normal 0.94(0.76,1.17) 0.589 
High vs. Normal 1.03 (0.89,1.19) 0.685 

18-11 Loss of Vital Capacity Mild vs. None 0.80 (0.65,1.00) 0.046 
Moderate or Severe vs. None 0.87 (0.50,1.50) 0.605 

18-12 Obstructive Abnormality Mild vs. None 0.91 (0.80,1.04) 0.177 
Moderate vs. None 0.87 (0.67,1.12) 0.269 
Severe vs. None 0.78 (0.50,1.22) 0.272 

Note: Relative risk for a twofold increase in 1987 dioxin. 

G-173 



APPENDIX H 



APPENDIX H. ABBREVIATIONS AND ACRONYMS 

A adjusted analyses 

Adj. Mean adjusted mean 

Adj. RR adjusted relative risk 

Adj. Slope adjusted slope 

AFHS Air Force Health Study 

Ah aryl hydrocarbon 

AIDS acquired immunodeficiency syndrome 

ALT alanine aminotransferase 

ANA antinuclear antibody 

AST aspartate aminotransferase 

C 

C 

c 
CAPI 

CDC 

CI 

C.I. 

CMI 

CNS 

COV 

cpm 

CS 

cv 

Celsius 

Comparison(s) 

continuous analysis only 

computer-assisted personal interview 

Centers for Disease Control and Prevention 

Cornell Index 

confidence interval 

Cornell Medical Index 

central nervous system 

covariate 

counts per minute 

chi-square contingency table analysis (continuity-adjusted) 

coefficient of variation 

D discrete analysis only 

D/C discrete and continuous analyses for dependent variables; appropriate form for analysis 
(either discrete or continuous) for covariates 

DEP dependent variable 

DNA deoxyribonucleic acid 

DXCAT categorized dioxin 

ECG electrocardiograph or electrocardiogram 

Est. RR estimated relative risk 

EXC exclusion 
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Appendix H.   Abbreviations and Acronyms (Continued) 

FC fully compliant at the baseline examination 

FEFmax forced expiratory flow maximum 

FEVi forced expiratory volume in 1 second 

FSH follicle stimulating hormone 

FTI free thyroxine index 

FVC forced vital capacity 

G 

GGT 

GLM 

GND 

GNQ 

GSI 

good result 

gamma glutamyl transferase 

general linear models analysis 

good result, measurable below limit of detection 

good result, measurable below limit of quantification 

global severity index 

HDL 

HIV 

HRB 

high-density lipoprotein 

human immunodeficiency virus 

Halstead-Reitan Battery 

ICD-9-CM International Classification of Disease, 9th Edition, Clinical Modification 

ICVI intermittent claudication and vascular insufficiency 

IL-2 Interleukin-2 

IOM Institute of Medicine 

IQ intelligence quotient 

L 
LAB 
LBBB 
LDH 
LH 
LR 

longitudinal analysis 

1997 laboratory results 

left bundle branch block 

lactic dehydrogenase 

luteinizing hormone 

logistic regression analysis 

MCH mean corpuscular hemoglobin 

MCHC mean corpuscular hemoglobin concentration 

MCMI Millon Clinical Multiaxial Inventory 

MCV mean corpuscular volume 

MEL Air Force military records 

ml milliliter 
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Appendix H.   Abbreviations and Acronyms (Continued) 

MLC mixed lymphocyte culture 

MMPI Minnesota Multiphasic Personality Inventory 

MR-V medical records (verified) 

MSK mouse stomach kidney 

NAS National Academy of Sciences 

NHL non-Hodgkin's lymphoma 

NIDDM non-insulin-dependent diabetes mellitus 

NIH National Institutes of Health 

NIOSH National Institute for Occupational Safety and Health 

NKC natural killer cell 

NORC National Opinion Research Center 

NR no result 
NS new to study since the baseline examination (Chapter 5) 

NS or ns not significant (p>0.10) 

NS* or ns* marginally significant (0.05<p<0.10) 

OMR optical mark recognition 

PA posterior-anterior 

PBS phosphate-buffered saline 

PC partially compliant at the baseline examination 

PCT porphyria cutanea tarda 

PE physical examination 

PHA phytohemagglutinin 

ppq parts per quadrillion 

ppt parts per trillion 

PR polytomous logistic regression analysis 

PSA prostate-specific antigen 

PSDI positive symptom distress index 

PST positive symptom total 

PTSD post-traumatic stress disorder 

PWM pokeweed mitogen 

QA quality assurance 

QC quality control 

QRC Quality Review Committee 

Q-SR health questionnaire (self-reported) 
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Appendix H.   Abbreviations and Acronyms (Continued) 

R refusal at the baseline examination 

Rz coefficient of determination 

RBBB right bundle branch block 

RBC red blood cell 

RH Ranch Hand(s) 

RIA radioimmunoassay 

RPM revolutions per minute 

RR relative risk 

RVN Republic of Vietnam 

SAIC Science Applications International Corporation 

SCL-90-R Symptom Checklist-90-Revised 

SEA Southeast Asia 

ST survival time analysis 

Std. Error standard error 

STS soft tissue sarcoma 

T3 triiodothyronine 

T4 serum thyroxine 

TCDD 2,3,7,8-tetrachlorodibenzo-p-dioxin 

TLC total lymphocyte count 

TSH thyroid stimulating hormone 

2,4-D dichlorophenoxyacetic acid 

2,4,5-T 2,4,5-trichlorophenoxyacetic acid 

U unadjusted analyses 

UNL unlocatable at the baseline examination 

USAF United States Air Force 

VA Veterans' Administration 

VES Vietnam Experience Study 

vu vibrational units 

WAIS Wechsler Adult Intelligence Scale 

WBC white blood cell 
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