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Problem

G -vern that diving is a hazardous occupation, the health status of U.S. Navy divers should be

examined to identify the health effects attributabln to diving. Comparisons of divers' hospitali-

Szation, disability, and mottality rates with those of a matched control sample should be conducted

to determine whether divers are at increased risk of iliness and injury.

Objqetives

The -objectives of this study were 1) to compare age-specifio hospitalization rates of U.S.

Navy enlisted divers (n - 11,517) and 2) to identify similarities and differences between groups

in age-specific rates of medical board appearances, physical evaluation board actions, and

mortality.

Approach

The U.S. Navy enlisted male diver population consisted of 11,584 men who had at least one

dive recorded by the Naval Safety Center in Norfolk from January 1968 through December 1979 and

who had a record on the enlisted servioe history file maintained at the Naval Health Research

Center in San Diego. For the control sample, one nondiver enlistee was selected from the enlisted

service history file to match each diver's record, as numbers permitted, on the basis of birth

year and primary occupational specialty. For both groups, information from the medical inpatient

file was extracted on diagnoses, age, and date of all hospitalizations, board actions, ad death

records. Total and age-specific annual hospitalization rates per 10,000 divers and nondiver

controls were computed for six major diagnostio categories and 31 subcategories. similarly, age-

specific mortality rates (number of deaths per 10,000) and medical board and physical evaluation

boardl rates were computed for divers and aontrols. Ninety-five percent confidence limits were

calculated to determine whether or not rate differences between groups were significant for any of

these four health indices.

{z keeult.

Divers had significantly higher hospitalization rates than controls for the category of

environmentally induced disorders (e.g., deoompression uickneas) and defleeted naval sPt•m as

well as for Joit-t disorders at ages 23-28. Controls had signifi*antly higher hospitalitation

rates for stress-related disorders (e.g., aloohol/drug abuse) and circulatory disease 4e.g.,

cardiovascular disease). Higher rates of medical and physical evaluation board aetions for

stress-related dionrders were observed among controls thtn divers. Almost all of the sighificant

differences observed were shown to oceur prior to the ag* of 411 the only signif.cant difference

Sanoted after the age of 40 was the control group's higher hoapitalisation rate for diseases of the

circulatory system. For both groups, medical board, physical evaluation board, ead mortality

rates Increased with age as did hospitslistione for museuloakeleral diseases, atreae-rolat•d

dizorders, and eirculatory diseases.

Conclusions

These results pointed up the overall better physical and mental "fitnessW of divers In

comparison with controls, partiaularly prior to the age of 41, whiah probably was a reflection of
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an adherence to the relatively stringent 4sleetion and retention screening criteria established

for divers. Divers' hospitalixation rates, moreover, were very low for environmentally induced

disorders thereby suggesting that few diving-related disorders or accidents led to a hospitali-

zation. Divers' higher hospitalization rate for deflected nasal septum tended to be associated

with tho necessity of divers' having an unobstructed nasal passagel treatment for this condition,

therefore, would occur with greater frequency among divers than controls.

Recommendations

Although divers were not shown to be at increased risk for disorders other than those spe-

eifically associated with diving hazards, a longitudinal study currently is being conducted to

identify the long-term health effects related to these conditions and musauloskeletal disorders as

well as to diving accidents that did not result in an inmediate hospitaliation. Results of the

present and subsequent research efforts should provide the basis for developing intervention and

prevention programs designed to further enhance the health and safety of U.S. Navy divers.
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Age-specific Morbidity and Mortality Rates

among U.S. Navy Enlisted Divers and Controls

Diving is considered to be one of the most hazardous of vocations and avocations. Support

for this statement is reflected by such research results as those showing mortality rates among

U.S. commercial divers in the Gulf of Mexico (2.5 per 1,000 strength) as exceeding rates reported

for the high risk jobs of coal mining (2.1) and firefighting (0.9)(1). Studies on divers' mor-

tality and morbidity have focused on identifying risk factors associated with diving. Three

classifications of risk factors have been examined, as shown in the following categories along

with several selected subcategories and citations: the host factors of age, experience, and

previous health status of the diver (1-4); the environmental conditions of dive depth (5-7),

temperature (8-9), and equipment performance (3); and the agent factors of drowning (10), de-

compression sickness (11-13), and dysbaric osteonecrosis (14-15).

Given that diving is a hazardous occupation and that excellent physical fitness and mental

health are prerequisites for qualification, the subsequent health of divers should be examined not

only to identify the short-term health effects attributable to diving but also the long-term

manifestations. For example, Zanini, Adaglia, and Seperati (16) affirmed in their 10-year study

that the incidence of hearing loss was significantly higher in their sample of 160 divers than in

a nondtver control sample. In their extensive study of the physical examinations and health

profiles of 197 physically fit U.S. Navy divers, Dembert and his associates (17) reported readings

outside the normal range in the areas of audiometry, pulmonary function tests, and anthropomet-

rics. To be specific, losses were reported in air conduction hearing among divers (moan age of

28.3 years) comparable to declines recorded in the general population at ago 50 to 59 years.

Divers in that study also were distinguished by larger than expected thoracic dimensions and a

higheir percentage of body tat than normal. Those investigators recommended that incidence rates

and risk factors for chronic disease among divers should be determined. The present authors (2)

reported that musculoakeletal disorders accounted for at least 40% of the hospital admissions for

six major diagnostic categories recorded from 1961 through 1479. One conclusion of that research

was the need to compare divers' hospitalization rates with those of a matched control sample of

Navy enlistees to determine whether divers were at gr,4ater risk than others of suffering a

musculoakeletal disorder as well an other diseases.

The primary purpose of this study was to compare total and age-specific annual hospitalisa-

tion rates for enlisted divers with a matched sample of sendiver 0co1trols. Aother objective was

to identify similarities and differences between groups in age-specific ratas of mdical Woard

appearances, physical evaluation board mctions, and mortality.

METHOD

SStudy Po•ulation

The U.S. Navy enlisted diver pulation used In this study was comprised of 11,584 men who

had at leant one dive recarded by the Naval Safety Center, Norfolk, Virginia. from January 1969

through 1979 and who had a record on the enlisted serviev history filp maintained at the Naval

pHealth Research Center in San Diego, California. The Naval Safety 'ontor'u diver file consisted
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of more than 700,000 Diving Log-Accident/Injury Reports (OPNAV 9940/1) which were ondensed into

individual records for the 11,584 divers. Wlmen divers and officers were excluded from this

study.

Selecting the control sample for the diver population entailed a three-step process. The

first step consisted of extracting a random sample from the enlisted service history file by

choosing every other male enlistee with a '5' in the last digit of his Social Security number.

Second, this file was matched against the diver popul.Ation file to eliminate members in the random

sample determined to be a diver. For the third phase, each diver was compared with enlistees in

the random sample (n - 90,185) on the basis of birth year (i.e., < 1935, 1936-38, 1939-41, 1942-

44, 1945-47, 1948-50, 1951-53, 1954-56, 1957-59, > 1960) and occupational specialty. Navy diving

is a secondary occupational specialty for enlisted personnel, and the available enlisted diver

population was drawn from 87 distinct primary occupational classifications. For each diver who

fell into one of the 870 birth year/occupational specialty cells, one member of the random sample

was selected, as numbers permitted, for the control sample (n = 11,517). This matching procedure

was highly successful in obtaining comparable proportions of divers and controls by birth year and

occupational specialtyl inter-group differences were nonsignificant for both of these controlling

variables. Table 1 shows the primary occupations of divers and indicates the proportions of

divers and controls in each major occupational category.

TABLE 1

COMPARISONS OF PRIMARY OCCUPATIONAL SPECIALTIES AMONG U.S. NAVY

ENLISTEO DIVERS AND CONTROLS

Divers' Controls
Occupational Category No. No.

Engineering and Ihull 3,310 28.6 3,286 28.5
Ordnance, Electronics,

Electrical 3,026 26.1 3.014 26.2
Administrative, Communi-

cations, Service 2,157 18.6 2,1sl 18.7Deck, Aviation-related 1,105 9.5 1,082 9.4

IIospital (rpa and Dontal
Technician 853 7.4 853 7.4

Apprentitceship 647 5.6 641 5.6
0~onstruct ton, Aviation

Muc:hanica I 486 4.2 404 4.•2

Total 11,S84 100.0 l1,5s? 100.0

.171, ti w 6, N - MS. *Uiving io a aecondary Navy occupa-
ocuutional specialty.

;ec-ords tot both diver and •ontrol group* wor'e matched against the medtical inpatient file

whL-h alo is maintained at the Naval 119alth ssarch Center. Information extracted true this

flte Included diagnoses for as many a 10 hospitaliaations, age at the time oe hospitalhsation,

date of admission, and diagnoses got medical board and physical evaluation board actions as well

5



as death data. The diagnostic nomenclature used in this study was the Eighth Revision of the

International Classification of Diseases Adapted for Use in the United States (ICDA-8). Diagnoses

selected for examination were those identitied in the literature as associated with diving or

hypothesized as stress related. These diagnoses were condensed into 31 subcategories which then

were classified according to the following six diagnostic categories: Diseases of the Musculo-

sleketal System, Stress-related Disorders, Diseases of the Respiratory System, Diseases of the

Nervous System and Sense Organs, Diseases of the Circulatory System, and Environmentally Induced

Disorders.

Using birth year, date of service entry, and date of separation, which were obtained from the

service history file, populations at risk during the 1968 to 1979 time period were computed for

the diver population and control sample as well as for the within-group age intervals of 17-22,

23-28, 29-34, 35-40, and 41 years and older. These populations at risk were determined by

averaging the numbers of personnel on active duty by year and age across the 12-year time period.

'To calculate total and age-specific annual hospitalization rates per 10,000 strength, the numbers

of hospital admissions for the six major diagnostic categories and 31 subcategories were tabulated

for each group, divided by the mean population at risk and 12 years surveyed for this study, and

multiplied by 10.000. Similarly, age-specific mortality rates (number of deaths per 10,000) and

madical board and physical evaluation board rates were computed for divers and controls. Ninety-

five percent confidence limits, tased on the normal distribution for hospitalizations and medical

boards and on the Poisson distribution for physical evaluation boards and deaths (rarely occurring

events), were calculated to determine whether or not rate differences between groups were signiti-

cant for any of these four health indices.

RESUL"TS

Annual Iok$ltalizatton and Medical Woard Rates among Divers and Controls

As shown in Table 2, the highoet hospitalitation and medical Woard rates for both diver* and

controls across the six major diagnostic categories were observed for the category of musculo-

skeletal disorders. Comparisons of 95% contfidence limits for hospitalization rates revealed only

two significantly higher rates aWnG divoes than controlu anvd those were for the category oi on-

vironmentally induced disorders and the subcategory of deflected nasal septum. tmntrols had

higher rates than divers for the catogorias of stress-related disorders and circulatory d1i*a0se

as well as lot all six of the stress-relatod disease subcatogories, cardiovascilar disoase, anld

ceorlrovascular disease. The only significantly higher tatoe for medical boards wvre the wtitttrl

group's higher rates for the category of stress-rela.ed disorders and the Ou•cat"orke of bone

diseale and diabetes oeellitus.

Annual IWspitalizatlon Rates of Divers and Wtbntrols by Ago Interval

As noted above, the highest lvtspitalilation rates for divers wete obseorved for the catogory

of ouiculosoielesal disorders which shoWiie & linear InCrease in rates with a4e (TablP )). in 000-

paring 95% contidencO limits of rates between divers and controls, only the rates axonfi 23- to 26-

year-olds for Joint diseases, respiratory diseases, and deflected nasal septum were signflicantly

higher among ldivers that% Controls. As wuld bo expected, divers had higheor lwospitalitation rates

6



TABLE 2

COMPARISONS OF TOTAL ANNUAL HOSPITALIZATION AND MEDICAL BOARD RATES BETWEEN

U.S. NAVY ENLISTED DIVERS AND CONTROLS BY DIAGNOSTIC CATEGORY, 1968-79

Rate per 10,000 by Group

Hospitalization Medical Board

Diagnostic Category Divers Controls Divers Controls

Diseases of the Musculoskeletal System 124.6 116.1 34.5 42.3
Diseases of the Joint 43.0 35.6 15.0 18.4
Disorders of the Spinal Column and Back 37.1 35.5 11.3 11.1
Diseases of Connective Tissue and Muscle 22.0 22.0 0.8 2.3
Diseases of the Bone 12.4 13.4 3.1 6.8*
Arthritis/Rheumatism 10.1 9.5 4.2 3.6

Stress-related Disorders 47.8 98.7* 6.4 15.0'
Alcohol/Drug Abuse 23.2 36.2* - -
Transient Situational Disturbances 8.2 17.7' 1.2 3.6
Neuroses 6.8 13.6' 1.2 3.8
Psychoses 3.1 10.9' 1.0 2.2
Ulcers 4.9 11.6' 2.0 1.8
Diabetes Mellitus 1.5 8.6* 0.7 3.4*

Diseases of the Respiratory System 34.5 34.7 1.0 0.5
Diseases of the Respiratory Tract 14.7 16.3 - -
Deflected Nasal Septum 12.4' 7.2 0 0
Sinusitis 3.7 5.0 0 0
Pleurisy/Respiratory Tuberculoais 0.8 2.3 0.4 -

Spontaneous Pneumothorax 1.8 3.4 0 0
Emphysema 1.1 0.5 - 0

Diseases of the Nervous System and Sense
Organs 25.4 34.9 4.4 7.7

Diseases of the Nervous System 11.6 15.1 1.9 4.3
Otitis Externa/Other Ear Disorders 7.5 10.5 - 1.4
Deafness 3.3 5.9 1.5 1.4
Neuritis/Neuralgia/Sciatlca 2.3 2.7 0.7 -
Facial Paralysis/Cerebral Paralysis 0.7 0.5 0 -

Diseases of the Circulatory System 22.2 35.6* 4.2 6.1
Cardiovascular Disease 7.1 15.6' 1.6 2.9
Hypertension/Other Cerebrovascular

Disease 4.8 9.5* 0.7 1.8
Other Diseases of the Circulatory System 5.3 5.7 0.8 0.5
Phlebitis/Thrombophlebitis 3.3 3.6 0.6 0.7
Eboliamt Cerebral, Arterial. Venous, etc. 1.0 1.2 0.6 -

Environmentolly Induced Diseases 9.3' 1.2
Decompression Sickness 4.9 0 -
effects Other external CauseS/Drovning/
Hypothermia 2.6 0.9 -

Effects of Ga•e 1.8 - 0 0
barotraunas 0 0 0 0

Moan Population at Risk g,|DA 4,652 6,106 4,652

ORate difeers slgnificantly (< .05) between divers and controls as determined
by nonoverlapping confidenc* Intervals. Rates are not presented for diagnoses
with a frequency of less than 3.

St~i~7
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than controls for the category of environmentally induced disorders but, because of the few ad-

missions recorded for controls, only the confidence limits fur the 17-22 year interval were

compared, and the rate difference was found to be significant.

Controls, on the other hand, differed from divers in that musculoskeletal disorders did not

account for their largest proportion of all hospitalizations; hospital admissions for the control

sample reflected a comparability in rates for both stress-related disorders and musculoskeletal

conditions and a preponderance of circulatory diseases its oldest members. Their hospital-

ization rates were significantly higher than divers' tor the major diagnostic categories of

stress-related disorders (from ages 17-40), respiratory diseases (35-40), nervous system disorders

(ages 23-28 and 35-40), and circulatory diseases (29 years of age and older) as well as at various

ages for the subcategories of alcohol/drug abuse, -rajnsient situational disturbances, ulcers,

respiratory tract disorders, and cardiovascular disease. Hospitalization rates for hypertension

and cerebrovascular disease also were substantially higher among controls than divers.

Overall, the significant illness differences observed between divers and controls reflected

the influence of age by occupation interaction on hospitalization rates. That is, younger divers

had such lower hospitalization rates than their control counterparts for stress-related disorders

and circulatory diseases and higher rates for all environmentally induced disorders. After the

age of 40, the only significant difference was the control group's higher hospitalization rate

than d,,ers for circulatory diseases.

Annual Physical Fvaluation board and Mo~rtality R~ates arron2 Divers and Controls

because of t-he relatively low number of physical evaluation board appearanceS for both clivers

and controls, rates were only computed tor the six major diagnostic categories. The highest rates

for both groups were noted tor diseases of the musculoakeletal system. in comparitwg 9$11 contt-

doene limits, the L-ontral group cliffered significan~tly frtom divers fot rates of tesreae

disorders (4.0 per 10,000 for divers Va. 12.2 tot! controls)z none of the o)ther five diagnostit

ubatgory comparisons of confidonee limits was significant.

Ouring the 12 years surveyed for this studly, a1 total of 71 diverts ind 67 con~trols di*41 the

a'nnuol mortality ratos per 10,000 wore 9.7 and 12.0, respectively. Tito underlying cauaes of tieath

were similar in that aceidtntal injuries accounted for the 11191wot t Irtality ratos for both divaro

0.0) and COnttrols (9.0), followed Uy crd invancolar SeAVso (0.11 And 1.4. repc~ey.of the

avcidental Injury rates, on-doty death rates were 2.5 for dkvert& and 2.2 for controld.

Annual Hoard and Wrtalitv Witas Of Diversl and Controls 4,j Ao interval

Table 4 Is a presentation of medical tarard, phys~ical evaluation oa~rd, and "rt~lity ratoo

10 r divers 'And Controls by age interval. The intervals were condensed from five to tthreelee

because of the lowi cases at various ages. Slt~lgitii~at age differefceus in ftedical to-td aink

physieal ovaluat ion board act ions were obnerved in that cx-ntrols had higher rateil than divuts tor

the ago iot-etrvals of 17-20 OWd 29-40. Dif ferences In rates betweenl groups were ronsilnIficanit for

the age interval of 41 years and older. wnltignitflcnt differenceas In tw~rtality rates between

uroups were observed for aea~h of the three ago interVals.

9



DISCUSSION

Results of this study identified few disorders with hospitalization rates significantly

higher among divers than controls: environmentally induced disorders, deflected nasal septum, and

TABLE 4

COMPARISONS OF ANNUAL MEDICAL BOARD, PHYSICAL EVALUATION BOARD,

AND MORTALITY RATES BETWEEN U.S. NAVY ENLISTED DIVERS AND

CONTROLS BY AGE, 1968-79

Rate per 10,000 by Group

Medical Board rJ ortality
Age Interval
(in years) Divers Controls Divers Controls Divers Controls

17 - 28 85.4 119.5* 31.9 54.3' 9.6 9.0

29 - 40 154.1 222.2' 50.0 89.7' 8.6 17.1

> 41 177.6 296.4 120.7 196.6 28.4 79.0

"Rate differs significantly <~ .05) between divers and controls as

determined by ionoverlopping confidence intervals.

joint diseases. Controls had higher rates than divers for st~ress-related disorders, circulatory

diseases, nervous systwt disorders, and respiratory diseases.

Explanations lor these difference,% include the following general factors. F~irst. the major

reason suggested for these findings is that divers must be in excellent physical and mental Cott-

dition to be accepted into the diver training program. Selection of applicants is based on

results of live screening tostot physical examination, recompression chamber pressure test,

oxygen tolerance test, a tet diive Witth a qualified officer, and all interview by a qualified

diving officer to asceortain. inaotar au pooesiblo. the attitude and sotivation of the Applicant.

Second, to continue la this secondary occupational classitleatlon. the diver *Us~t Meet the

#crowning criteria specified in the annual physical eamination. Third. attuther axplanatioll

concerns the possibility that divers oa indeed live up to their image, which reflects a relatively

high level of toughness atld herdinoss--and a high pain threshold. Kindwali (9) has Wtotd that

there are ekany phlegmatic individuals inl the diving and compressed air industry who, tor example.

ecloat to 'walk off' symptos" of decompression sickness or treat them at hijme with the classic

remedy of aspirin and a tow stiff sho3ts of whiokay.' Furth, the fintal conaideration pertains to

the composition of the oont.rui sample in that the matchingj procedure was successful in extractiqu)

records of enlittee. who performed the Nanoe primary duties as divers and vho were writ during the

same tise (rawe. 00mprisons af ag..specific hospitalizationt rates between divors andi control.

wero expected to yield the unique health haaards o. divingi any significantly higher rates amng

divers thtan controls wo~uld have a relatively high probability of being attributable to diving and

not to the ptitarty occupational specialty or 0 2 aging process.

10



Adherence to these selection and retention screening criteria also was reflected in the

results of the disease by age comparisons. Prior to the age of 41, divers had significantly lower

hospitalization rates than controls for stress-related disorders and circulatory diseases. Simi-

larly, rates for medical board and physical evaluation board actions among enlistees younger than

41 years of age were significantly lower for divers than controls. After the age of 40, differ-

ences between the two groups were nonsignificant except for the control group's significantly

higher hospitalization rate for diseases of the circulatory system. These results pointed up the

overall better physical and mental 'fitness* among divers than controls throughout the most active

years of a diving career, the years prior to the age of 41. The findings of divers' lower hos-

pitalization rates for stress-related disorders contrasted with research reported ten years ago

which identified divers as having a higher psychiatric hospitalization rate than controls (181.

Other results specific to ages less than 41 identified divers' significantly higher hos-

pitalization rates than controls for the category of environmentally induced disorders, which

included decompression sickness and eftects of gas and other external causes. After the age of

40, few hospitalizations were recorded for these reasons among both divers and controls. Divers'

hospitalization rates, moreover, were very low thereby suggesting that few diving-related dis-

orders or accidents led to a hospitalization. Acute health problems experienced at the diving

site probably were treated by an attending Hospital Corpsman or possibly at a medical outpatient

facility. Support tor this statement was provided from other research in which divers reported

complete r-lief after a diving accident for 80.7% of all mishaps and substantial relief for 17.7t

(li).

The ago interval of 23-28 also was implicated a4 being of increased risk among divers for

joint diseases. While their hospitalination rate distinguished divers from controls, it did not

differ significantly trom any of the tout other age intervals within the diver population (2).

the age-specifle finding for joint diseases, therefore, should be interpreted as emphastaing the

very low rate aaong coattols rather than an olevatod risk for divers agoes 2)-JO

Another significant diftervnce was that divers had higher hospitaliaation rates than control#

for the subeaeteory of deflecte nasal sVoptum which probably was associated with the neCessity ot

divers' having an unobstructed nasal passage tor underwater nose Dreathing. It oomud likely,

theorefore, that treatment for this c•n•iltion would ýcvut with groatoer frequency among divots thon

conltrols.

fty way of c3otrast, several diving-rolated 44doers wore not shown to have significantly

higher ho(pitalizeion rates for diver- than controls. Vor example, divers' rates for Otitin

esterna/othor ear disorders and deafneso were quite low and failed to differentiate the two

groups. These comparable rates ditfered from research cited at the outset which reported a

signifloantly higher itidenlce of hearitg lnss amonq divers than nondi'vr controls (16). Thnse

finding., however. were based on audlooraphic readlnog rather than hspital admaisions. To

dett•mino, the etent of hearing and ear problems amofg all Navy divets, data ohould be collected

from soucces in addition to the medical inpatient file, such a* medical outpatient facilities and

audlographic readings which routinely should be taken and examined On a regular basis.

Ii



To conclude, divers were not shown to be at increased risk for disorders other than those

specifically associated with diving hazards. A longitudinal study currently is being conducted to

identify the long-term health effect3 related to those conditions and musculoskeletal disorders as

well as to diving accidents that did not result in an immediate hospitalization. Results of these

research efforts should provide the basis for developing intervention and prevention programs

designed to further enhance the health and safety of U.S. Navy divers.
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