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- SUMMARY
Problem
Given: that diving is a hazardous oscupatiown, the health status of U.S8. Navy divers should be

examined to identify the health efrests attributable to diving. Comparisons of divers' hospitali-

-gation, disability, and mortality rates with those of u matohed control sample should be conduested

to determine whether divers are at inoreased risk of iliness and injury.
Objectives
- The -objeatives of this study were 1) to compare age-spesifia hospitalization rates of U.S,.

Navy ernlisted divers (n = 11,517) and 2) to identify similarities and differences between groups
in age-specific rates of medical board appearanses, physical evaluation board astions, aud
mortality.
Approagh

The U.S. Navy enlisted male diver population consisted of 11,584 wmen who had at least one
dive recorded by the Naval Safety Center in Norfolk from January 1968 through Dedsember 1379 and
wno had a record on the anlisted servica history file maintained at the Naval Health Reseursh
Center in San Diego. For the gontrol sampie, one nondiver enlistee was selected from the enlisted
service history file to matoh each diver's reaord, as numbers permitted, on tha basis of birth
year and primary ocoupational spesialty. For both groups, information from the mediesal inpatient
file was extraated on diagnoses, age, and date of all hospitalizations, board astions, and death
resords, Total and age-specific annual hogpitalization rates per 10,000 divers and nondiver
qontrols were computed for six major diagnostic catsgories and 31 gsubsategories. Similacly, age-
specifio mortality rates (number of deaths per 10,000) and medical board and physical evaluation
board rates vere ocomputed for divers and aontrols. Ninety-five percent confidenca limits were
caloylated to determine whether or not rate differences between groups werec signifisant for any of
these four health indices,
Results

Divera had significantly higher hogpltalization rates than eontrols for the ocategory of
environnentally induced disorders (e.g., decompression siakness) and deflested nagal septun as
vwell as for jolat disorders at ages 2320, Controls had significantly higher hospitalization
ratos for stress-related disorders (e.g.. alaohol/drug abuas) and civaulatory disesse {e.9.,
sardliovasculay disease). Righer rates of medioca)l and physical evaluation bousrd astions for
stress-related dicorders were chsorved among eontvols thun divera., Almost all of the signifieant
diftferonces observed were shown to ocacur prior to the age of 41; the only signiticant diffevense
noted after the age of 0 was the aontrol group's higiwe hoapitalization vate for discases of the
oiroulatory system. Por both groups, medical board, phyeicsl evaluation bosed, ang sortality
ratea inerceased with age as did hospitalizaticns tor musculosksletal disvascs, stress-crolated
disorders, and eirqulatory diseases.
Conelusions

These results pointed up the overall better physical and wental “fitpness* of divers in

soaparison with controls, partisularly prior to the age of &1, whiah probably was a retlection of




an adherence to the relatively stringent seleetion and retention screening eriteria established

.for divers. Divers' hospitaliszation rates, moreover, were very low for environmentally indueced

disorders thereby suggesting that few diving-related disorders or acsidents led to a hospitali-
zation. Divers' higher hospitalization rate for deflected nasal septum tended to be associated
with the necessity of divers' having an unobstructed nasal passage; treatment for this condition,
therefore, would oceur with greater frequenoy among divers than sontrois.

Recommendations

Although divers were not shown to be at insreased risk for disorders other than those spe-
sifically assosiated with diving hazards, a longitudinal study eurrently is being eondusted to
identify the long~term health effacts related to these aonditions and museculoskeletal disorders as
well as to diving accidents that did not result in an immediate hospitalization. Results of the
preserit and subsequent research efforts should provide the basis for developing intervention and

prevention programs deaigned to further enhange 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 con;idered to be one of the most hazardous of vocations and avocations. Support
for this statement is reflegted 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 &oal mining (2.1) and firefighting (0.9)(1). Studies on divers' mor-
tality and morbidity have foeused on identifying risk factors assoeiated with diving. Three
slassifications of risk faotors have been examined, as shown in the following categories along
with several selected suboategories and citations: the host fastors of age, experience, and
previous health status of the diver (1-4); the environmental ¢onditions of dive depth (5-7),
temperature (8-9), and equipment performance (3); and the agent factors of drowning (10), de-
compression stokness (11-13), and dysbaria osteonearosis (14-15).

Given that diving is a hazardous oecupation and that exsellent 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 attributahle 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 nondiver aontrol sample. In their extensive study of the physical examinationg and health
profiles of 197 physically fit U,S. Navy divers, Dembert and his assocaiates (17) reported readings
outside the normal vange in the areas of audiometry, pulmonary function tests, and anthropomet-
ries. To be specifio, losses were reported in air oconduotion hearing among divers (mean age of
28,3 years) comparable to declines recorded in the general population at age %0 to 59 years,
Divers in that study also were distinguished by larger than oxpested thuraeio dimensions and a
higher pereentage of body fat than normal, Those investigators recommended that inaidence rates
and risk factora for chronio disease among divera should be determined. The present authors (2)
reported that musouloskeletal disorders accounted for at lesst 408 of the hospltal admissions for
six major diagnostic categories reoovrded from 1963 through 1979, One conolusion of that research
waa the need to compare divers' hoapitalization rates vith thomwe of a matohed eontrol ssmple of
Navy enlistees to determine whether divers wore at groater risk than others of suftecing a
musculoakoletal disorder as well as other discases.

The primary purpose of this study was to compare total and age-specilic annuval hosapitaliza-
tion rates for enlisted divers with a matehed sample of nondiver controla., Another objective was
to identify similarities and differences bLetwoen groups in ago-specitic catus of modieal board
appoarances, physiocal evaluation board actions, and mortality.

NETHOD
Study Population

The U.5. Navy enlinted diver population used In this study was comprised of 11,%84 men who
had st least one dive recurded by the Kaval Salety Center, Rorfolk, Vieginia, from Januatry 1968
through 1979 and vho had a record on the enlisted secvice history £i'ec maintained at the Naval

Health Research Center in San Diego, Calitornia, The Naval Saofety Jvontor's diver file eonsisted
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of more than 700,000 Diving Log-Accident/Injury Reports (OPNAV 9940/1) which were condensed into
individual records for the 11,584 divers. Women 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 populuation 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 cccupational specialty for enlisted personnel, and the available enlisted diver
population was drawn trom 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 specialty; 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
ENLISTED DIVERS AND CONTROLS

Diverg?® Controls

Occupat fonal Category No \ ND . \
Engineering and Hull 310 28.6 3.286 28.5
ordnance, Electronics,

EBlectrical 3,026 26.1 3,004 6.2
Administrative, (ommuni-

cations, Service 24157 18.6 2.181 18.7
peck, Aviation-related 1,105 9.% 1,082 9.4
toepltal (orps and bontal

Tachniclan a8} 1.4 853 7.4
Apprenticaeship 647 S. 647 5.6
Qonstruction, Aviation

Hechanical 186 4.2 4484 4.2

Total 11,984 100.0 11.91? 100.0

AT e L1701, A « 6, p o NS, CDIVInG i a swcondary Navy occupas
tional specialty,
Procedur e
Rocorda for boOth diver and control gtoups wore matched against the mwdical inpatient tile
whicsh almo iv maintained at the Haval Health Rosgarch Center, fnformation extracted trom this
ftile included diagnoses tor as many ag 10 hospitalizations, age at the time ol tonspitalisation,

date of adamission, and diagnoses for medical board and physical evaluation bostd actions as well
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as death data. The diagnostic nomenclature used in this study was the Eighth Revision of the
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International Classification of Diseases Adapted for Use in the United States (ICDA-8), Diagnoses

selected for examination were those identified in the literature as associated with diving or
hypothesized as stress related. These diagnoses were condensed into 31 subcategories which then
were classified accoxding 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 4] 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
m3dical 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 (rareiy occurring
evonts), were calculated to dotermine whother or not rate differences between groups were signiti-
cant for any of these four health indices,

RESULTS
Annual Hospitalization and Medical Board Rates amang pivers and Qontrols

As shown in Table 2, the highest hogpitalization and medical board vates for Loth divers any
controls acroas the sin major diagnostic categories were observed for the category of musculow
skelotal disovders. (omparisons of 95% confidence limits for hospitalization vates vevealed only
two significantly higher vates amony divegs than controls and tiwse wore tor the cateyory of en-
vironmentally {nduced disovders and the subcateggory of deflected nasal septun, (ontrols had
higher vates than divers for the categories of stress-related disorders and circulatory disvages
as vell as for all six of the stress-rolated Jisease subeategaries, cardiovascular discase, and
carebLrovascular disease. The only signiticantly higher rated lor medical boardas were the domtnl
gtoup's higher rates for the catwory of stress-velatod disovders and the sudbcategories ot wne
digscane and dlabetes mellitus,

Annual ihspitalization Rates of Divers and tantrols by Aye Interval

As notuad above, the highest lagpitalization rates for divetrs wete obaerved for the category
ot munculosReletal disorders which showed a3 llnear inccease in rates with age (Table J). tn vom-
paring 95V contidence limits ot rates betweon divers and conttols, only the rates awong 2)- W 26-
year-olds ftot joint diseascs, rcaplratory discases, and deflocted nasal septum were significantly

highor among divers than controls. As would be eupected, divets had higher hospitalization rates




TABLE 2

ST TR

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
Disezses 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 Pneunothorax 1.8 3.4 1] [}
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 15,2 1.9 4.3
Otitis Externa/Other Bar Disorders 7.5 10,5 - 1.4
Deafness 3.3 5.9 1.5 1.4
Neuritis/Reuralgia/Sciatica 2.3 2,7 0,7 -
Pacial Paralysis/Cerebral Paralysis 0.7 0.5 0 -
Diseases of the Circulatory System 2.2 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 Discases of the Circulatory System 5.3 5.7 0.8 0.5
Phlebitis/Thrombophlebitia 3.2 ). 6 0.6 0.7
Bmbolism: Cercbral, Arterial, Venous, etc, 1.8 1.2 0.6 -

Environmentally Induced Diseases 9,3 1.2 - -
Decompreasion Sickness 4.9 0 - 0
Bffects Other BExternal Causes/Drowning/

Hypothemmis 2.6 0,9 - -
Ettfects of Gae 1.8 - 0 0
Barotraunass 0 0 0 1]

4,652

Koan Population at Risk £, V08 4,652 6,106

*pate difters significantly (% < .09} betwsen divers and controls as determined
L]

by nonoverlapping contlidence
with a frequency of less than 3.

tervals,. Ratos are not prosented for diagnoses
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than controls for the category of enviromnmentally induced disorders but, because of the few ad-
missions recorded for controls, only the confidence limits for the 17-22 year interval weze
compared, and the rate difference was found to be significant.

Controls, on the other hand, differed from divers in that musculoskeletal discorders 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 .inng its oldest members. Their hospital-
ization rates were significantly higher than divers' ror 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/druyg abuse, _ransient 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 cccupaticon interaction on hospitalization rates. That is, younger divers
had much 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 nf 40, the only significant difference was the control group's higher hospitalization rate
than diers for circulatory diseases.

Annual pPhysical Evaluation Board and Mortality Rates among Divers and Controls

Bocause of the relatively low number of physical evaluation board appearances for both givers
and controls, rates were only computed for the six major diagmstic categories. The highest rates
for both groups were noted for digeases of the musculoskeletal system. In compaving 9% confi-
dence limits, the control group aiffered aigniticently from divers for rates of stressevrelated
disorders (4.0 per 10,000 for divers vs. 12.2 for controls): mone of tho vther tive diagnostic
category compacrisony of contidence limits was significant.,

Puring the 11 years surveyed tor this study, a wotal of 71 divers and 67 controls dled; the
annual movtallity rates per 10,000 were 9.7 and 12,0, respectively, 7The underlying causes of death
wore slmilar in that accidental {njuries aceounted tor the highest moctality botes tor both divees
{7.0) and controls (9.0), folloved Ly cardiovascular disaade (0.6 and 1.3, vespectively)., Of the
accidental injuty cates, on-duly death rates were 2.% for divers and 2.2 tor wntivls.

Awual Board and Martality Rates ot Divers and Contiols by Age faterval

Table ¢ is a presentation of medical tward, phyeital ovaluation Ward, asd sortality rates
for divers and controls by age interval. The intervals were wohdensed from [ive to thiev levels
boecause ol the tew cased at various ages., Significant age ditterences in sedical twapd ang
physical »valuation board actions woere obrerved in that controls had highet rates than divers tor
the age intervals of 17-30 aid 29-40. Differences in rates betweeh groups were mnsighificant tor
tho age interval of ¢ years and older. Monsigniticant differences in mortalitly rates between

ytoups were obsetved oy each ol the three age intervals.
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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

Physical Evaluation

Medical Board Board Mortality

Age Interval .

(in years) Divers Controls Divers Controls Divers Controls
17 - 28 85.4 119.5* 1.9 54.3* 9.6 9.0
29 - 40 154.1 222.2* 50.0 82.7* 8.6 17.1
24 177.6  296.4 120.7 196.6 28.4 9.0

*Rate differs significantly (p < .05) between divers and controls as
determined by nonoverlapping confidence intervals.

joint diasecases. C(ontrnls had higher vates than divers for stress-related disorders, circulatory
diseases, nervous system disorders, and respiratory discases.

Explanations for these differences include the following general factors. First, the major
veason sujgested for theae findings is that divers must be in excellent physical and mental cone
dition to be accepted into the diver training program, Selection of applicants is based on
results of five acreening tests: physical examination, recompression chamber pressure Rest,
oxygen tolerance test, a test dive with a qualified officer, and an interviev by a gualified
diving officer to ascertain, lasofar as pousible, the attitude and wotivatlon of the applicant,
Second, to coatinue ia this secondary ovcupational claseitication, the diver must meet the
gereening criteria specilicd in the asnnual physical exaaination. Thicd, amther oxplanation
oonceras the poesibility Lhat divers & indewd live up to thelr image, which retlevts a velatively
high level of toughness amnd havdliness-<and a high pain threshald. Kiondwall (9) has moted that
thete ave sany phlegmatic individuale in the diving and compresssd sir industey wio, (ot wxasple,
"oledt to ‘walk oft' symptoms Of decumpression slichkness or teeat thee at lwwe with the classic
ronudy of awplirin and a fow stitt shote oI whiskey.® PFourth, the findl wnslderation pertaing W
the composition ot the conirul sawple in that the matching procedure was successful in extracting
gecords of onlistues who performed the same primary dutivs as divers and who were born during the
sane time frawe. Comparisons of agecspecilic hospitalizastion vates betweun divers and controls
were expocted to yield the unigue health hazavds oo diving: any signillcantly higher rates amony
divers than controls wuld have a relatively high probability ol being attributable to diving and

L to the prisary occupational specialty or tre aging process.

10

i
i
{
!



e T o e AL i

T I TN, ST G T S e e b s i sy e

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 disorde¢s 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 4l1. 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 {18).

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, wer¢ very low thereby suggesting that few diving-related dis-
orders or accidents led to a hospitalization. Acute health problems experienced at the diving
site prohably were treated by an attending Hospital Corpsman or possibly at a medical outpatient
tacility. Support tor this statemont was provided trom other regearch in which divers reported
complete ralief after a diving accident for 80.7% of all mishaps and substantial relief for 17.7%
(19).

The age intorval of 23-28 also was implicated ss being of increaned risak among divers for
foint diacases. NWhile their hospitalizatinn rate distinguished divevs from controls, it did not
differ signiticantly tvom any of the tour other age intervals within the diver population (2).
The age-apecitic tinding for joint disecases, therefore, should be interpreted as waphasizing the
very low rate among controls rather than an elevated visk fov divers ages 2)-28,

Another signiticant difference was that divers had highor hoaplealization cvates than controls
tor the subcategory of detlected nasal waplum whigh probably vas assaciated with the negessity of
divers' having an unobitructed nasal pausage tor underwatev nose Dreathing. 1t seemed likely,
thorefore, that tesatmant for this condition would occut with greater frequency asong divers than
conttols.

By way of contrast, seveval diving-related Jdisorders were #ot shown te have signitivantly
higher hoapitalisation rates for divers than contrvls. For example, divers' rates for otitis
externasother ear disorders and Jdaeckness ware yuite low and failed to differentiate the two
groupa. These comparahble rates ditffered from remearch cited at the outset which teported a
signiticantly higher iacldence of hearitg lnss among divers than sondiver controls (16). Theue
findings, however, wetre based on audiographic readings rather than hospital admiasions. To
detavmine the extent of haoaring and car problems among all KBavy divers, Jdata should be collected
from soucces in addition to the medical inpatient file, such as medical outpatient facilities and

audioygraphic readings which routinely should be taken and exaained on a regular basis.
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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 effects 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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