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Summary

Problem

The need exists to determine whether or not health risks identified in a U.S. navy pilot

population can be attributed to the type of aircraft primarily flown. Concern also has been

voiced about the possible long-trm health effects associated with stressors unique to various

aircraft models (e.g., G forces in fighter aircraft).

Objective

The objective of this study was to identify the health effects among U.S. Navy pilots who

primarily flew one of eight different aircraft models. Comparisoa of morbidity (hospitalisation,

medical board, and physical evaluation board) and mortality rates were conducted within two pilot

subpopulations after dividing the total population at the 35-year age level for each of the eight

aircraft models.

A]Droach

Information on the eight aircraft models, which was obtained from the Individual Flight

Activity Reporting System (IFARS) file provided by the Naval Safety Center in Norfolk, consisted

of total first pilot and copilot hours by model, birth year, and first year of flying for the

pilot population from July 1967 through December 1979 n - 22,245). Using data extracted from the

officer career history file and the medical inpatient file, both of which are maintained at the

Naval Health Research Center, annual hospitalization rates per 10.000 pilot strength were computed

for 14 major diagnostic categories and several selected subcategories by model group for pilots

older and younger than 35 years of age. Annual rates per 10,000 of medical boards, physical eval-

uation boards, and mortality also were computed for each of the eight model groups. Ninety-five

percent confidence limits were computed to determine whether rates for each diagnosis differed

significantly among aircraft models and between each group and the total pilot population.

Results

For each pilot group less than 36 years of age, the highest hospitalization rates were ob-

served for either digestive disorders or accidental injuries. Younger pilots in the trainer/mis-

collaneous group had significantly higher hospitalization rates than all other groups for their

total rate, accidental injuries, skin disorders, and musculoskeletal disorders. Significant

differences also were obtained in comparisons of rates for five categories and four subcategories

between trainer/miscellaneous pilots and at least four other aircraft groups. Younger helicopter

pilots had significantly higher hospitalization rates for joint diseases than four other pilot

groups and higher rates for nervous sytam disorders than two groups. Reconnaissance pilots were

distinguishe from others by lower total hospitalization rates. Comparisons of hospitalization

and medical board rates between younger and older pilots reflected a shift with age to decreased

injury rates and increased rates for circulatory diseases, mental disorders, and neoplasms.

Conclusions

Results of this study, particularly those for the trainer/miscellaneous and reconnaissance

groups, reflected in part the effectiveness of the Navy's selection and retention procedures of

continuously screening only the most healthy pilots into training progrm and various aircraft
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moel assignments. The higher accidental injury rates among younger pilots in each tended to lend

support for the correspondence between inexperience and accidental injuriess relatively few in-

juries, howver, were attributable to an on-duty, aviation-related mishap. isults possibly aso-

ciated with exposure to helicopter and fighter aircraft models only were suggested by the findings

of 'this study. Another explanation for the low overall rates observed for each pilot group,

except for trainermiscellaneous pilots, an well as the few rate differentials obtained across

groups was the exceptional health and physical fitness of Navy pilots. Also considered as a

factor In explaining the relatively fow rate differences across groups was the finding that many

pilots had records of flight time in more than one of the eight categories, which wOuld tend to

dilute the significance of differences across groups.

* sncmendations

Results of future research perhaps will substantiate the trends identified In this study.

Findings of the present and future research can be used to form the basis for the development of

prevention and intervention health care progrms. The benefits to be accrued from these programs

will be to further enhance and protect the health status of all military pilots.
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Differences in Health Risks by Aircraft Model

among U.S. Navy Pilots

Most research conducted on military aviators has concluded that, as a group, pilots are

exceptionally healthy which clearly is a reflection of the stringent physical and mental standards

established for selection and retention (17). When compared with civilians, Navy pilots are

reported to have significantly lower hospitalization rates for most diseases (7). In studies of

retired Navy pilots (the 1,000 aviator project), results show the mortality rate of a sample of

Navy pilots who began training in 1940 to be considerably lower than that of their civilian coun-

terparts (8).

While such findings underscore the excellent health status of military pilots, comparisons of

Navy pilots' hospitalization rates with nonaviation officer groups revealed significantly higher

rates among pilots for digestive diseases, accidental injuries, and musculoskeletal disorders as

wall as for the specific conditions of ischemic heart disease, Hodgkin's Disease, cancer of the

testis, cardiac arrhythmia, effects of heat, and bone rarefaction (7). Age differences were

evidenced in that the youngest pilots had the highest hospitalization rates for accidental

injuries and disorders of tooth development and eruption while older pilots, particularly at ages

39-41, had the highest rates for circulatory diseases. An important conclusion of that study was

the need to determine whether or not the health risks for several aviation-related disorders could

be attributed to the type of aircraft model flown, especially for those pilots with a high level

of hours flown in a specific model. The purpose of the present study was to identify the health

effects among Navy pilots who primarily flew one of eight different aircraft models. Because

reasons for hospitalizations differed across age groups, specifically above and below the age of

35 (7), comparisons of morbidity (hospitalization, medical board, and physical evaluation board)

and mortality rates were conducted within two pilot subpopulations after dividing the total

population at the 35-year age level for each of the eight aircraft models.

Background for this study centered on the serious concern that has been voiced about the

possible long-ter health effects associated with stressors unique to various aircraft models

(3,5). Numerous articles, for example, have addressed the issue of the pilot's physiological

limitations to withstand levels of increased G-forces of high performance aircraft, particularly

among pilots with thousands of hours of exposure (16,18-22). Few studies, however, have identi-

fied the specific pathophysiologic effects of repeated high G exposures other than to show that

the cardiovascular system is the most sensitive to high G conditions and the respiratory system is

second in sensitivity. I
In addition to high performance aircraft, other models have their own specific idiosyncrasies

and, likewise, may adversely affect the health of individuals who fly them. Clinical studies have

shown that helicopter pilots would have an increased probability of experiencing such effects of

vibration and noise as lumboascral pain, sciatica, trauma in joints andoone, visual acuity loss,

and hearing loss (4,14,17). Other researchers (13) have suggested that the pilot's posture, which

he or she is obliged to assume while operating a helicopter, contributes more to the incidence of "
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back pain than vibration.. Helicopter pilots as well as pilots of aircraft models that are flown

at low altitudes in hot climates or that have a limited Cooling capacity (e.g., attack) also have . "

an increased likelihood of suffering heat stress and the effects of dehydration (10). Aircraft

models modified with electronic counter measures might subject the pilot to an increased risk of

experiencing a radiation-related disorder (11). Pilots who fly sustained operations (e.g., 0

helicopter or cargo/transport models) or who fly under adverse environmental conditions (e.g.,

flights through fog or storms) also experience greater demands on their physical and mental

capabilities because of their increased workloads (2,12). This study, therefore, was designed to

identify the extent of health risks associated with each of eight aircraft models, fighter,

attack, electronic, helicopter, patrol/antisubmarine, cargo/transport, reconnaissance, and

trainer/miscellanous aircraft.

DATA AND KETHODS

Study Population

The pilot population for this study was identified frm the Individual Flight Activity

Reporting System (IFARS) file which was provided to the Naval Health Research Center. San Diego by

the Naval Safety Center in Norfolk# Virginia. This file consists of a smary historical record

of each pilot's career flight activities as well as information pertinent to each aircraft model

flown. To be included on this file, a pilot had to have served on active duty for any time period

from July 1967 through December 1979; however, summary records of previous flying experience for

those who flew prior to 1967 also were contained on the IPARS file.

Information on all aircraft models was compiled into individual pilot records (_- 22,245

men) consisting of a segment for each of 24 aircraft models (e.g., A-4, F-14)1 women pilots were

excluded from this study because there were only 65. Included in each record were such variables

as birth year. total first pilot and copilot hours, and initial year of flying as well as data

specific to the 24 aircraft models (e.g., total pilot and copilot hours flown). The 24 specific

models were condensed into eight general aircraft categories to ensure a more concise presentation

of the results. Each pilot was classified, according to the highest total hours flown for one of

the eight aircraft models, as primarily flying that type of aircraft. Numbers of pilots and moan

hours flown for the eight models are presented in Table 1.

The aircraft model file was matched against the officer career history file and the medical

inpatient file, both of which are chronological files maintained at the naval Health Research

Center. Data extracted from the officer career history file were date and reason for separation

from active duty for those pilots who left the Navy during the July 1967 through December 1979

time period. Data selected from the medical inpatient file included pilot's age. date of each

hospitalization, medical board, physical evaluation board, death record, and primary diagnosis

(numeric codes were adapted from the International Classification of Diseases MApted for Use in

the United States (ICMA-8)). (A medical board typically is convened to determine whether or not

an individual should be returned to active duty whereas a physical evaluation board ascertains the

extent of disability to be awarded.) Cause codes for each accidental injury and death also ere

obtained.
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TABLE 1. FREQUENCY DISTRIBUTION OF U.S. NAVY PILOTS, MRAN HOURS
FLOWN, AND STANDARD DEVIATIONS BY AIRCRAFT MODEL TYPE, 1967-79.

Mean
No. at Hours

Aircraft Model Pilots Flown ED

Cargo/Transport 1,238 3,055.9 2,012.2

Patrol/Antisubmarine 6,189 2,702.8 1,483.4

Electronic (electronically
modified aircraft) 85 2,417.2 1,394.9

Attack (A-3, A-4, A-S A-6,
A-7, and all other attack) 3,854 2,376.5 1,430.4

Fighter (F-3, F-4, F-6, F-8,
F-9, F-11, F-14, and all
other fighter) 1,780 2,331.6 1,428.7

Helicopter (SH-3, UH-34, and
all other helicopter) 3,267 1,964.6 1,246.7

Reconnaissance 193 1,725.1 1,208.0

Trainer/Miscellaneous 4,839 1,069.2 1,475.9

Procedure

The numbers of hospital admissions for each diagnosis during the 1967 through 1979 time

period were tallied for pilots in the eight aircraft models after dividing the subgroups above and

below the age of 35 years. Mean populations at risk were determined by calculating the numbers of

pilots on active duty by calendar year, age, and aircraft model which then were averaged across

the 12.5 years surveyed for this study. Using these mean populations at risk for each aircraft

model by the two age intervals, annual hospitalization rates per 10,000 were computed for 14 major

diagnostic categories and several selected subcategories for both age intervals by model sub-

groups. Although the numbers of medical board and physical evaluation board actions as well as

deaths were quite small, rates per 10,000 were computed for each subgroup. Ninety-five percent

confidence limits were computed to determine whether or not rates for each diagnosis diftered sig-

nificantly among aircraft models and between each group and the total pilot population. only

significant rate differences between a specific aircraft model and at least two other groups will

be reported.

RESULTS

Hospitalization Rates by Model among Pilots less than 36 Years of Age

As shown in Table 2, the major diagnostic categories were rank ordered from highest to lowest

hospitalization rates across aircraft models among pilots less than 36 years of age. Within each

group, the highest rates were observed for either disorders of the digestive system or accidental

injuries.

In comparing 958 confidence limits across groups and the total pilot population, the

trainer/miscellaneous group was shown to have significantly higher hospitalization rates than all .

other groups tor their total rate (628.2 per 10,000), accidental injuries, skin disorders, and

musculoskeletal diseases (especially joint disorders, although the rate did not differ signiti-

cantly from helicopter pilots). Pilots who primarily tlew trainer/miscellaneous aircratt also had
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significantly higher rates for digestive diseases (including disorders of tooth development and

eruption), fractures, strains and dislocations, respiratory diseases, infective and parasitic

diseases, symptoms and ill-defined conditions, and mental disorders; rates for each of these cats-

gories and subcategories differed significantly from rates for at least four other pilot groups.

Comparisons of cause codes for this group's accidental injuries revealed that only 6.3% of the "

hospitalizations were attributable to an on-duty, aviation-related mishap; more than one-halt

(57.60) of all accidental injury hospitalizations resulted as a consequence of a sports-related or

a nonmilitary vehicular acciaent.

Other comparisons of confidence limits yielded few significant differences in hospitalization

rates among aircraft models. Rates for helicopter pilots differed significantly trom at least two

other pilot groups, with higher values observed for digestive diseases, disorders of tooth

development and eruption, joint diseases, and nervous system disorders. This group had the

highest number of hospitalizations for the nervous system disorders of strabismus and ear and

hearing problems; the numbers across groups, however, were too low to be included in the table. ,

Pilots in the patrol/antisubmarine group had significantly lower hospitalization rates tor

accidental injuries (which included fractures and strains), musculoskeletal disorders, joint dis-

eases, symptoms and ill-defined conditions, supplementary classifications, and all hospitaliza-

tions. Pilots who primarily flew cargo/transport models also had significantly lower hospitaliza-

tion rates than several aircraft groups for digestive disorders (including tooth development and

eruption conditions), musculoskeletal diseases, and all hospitalizations. The other aircraft

model groups had fairly comparable hospitalization rates for most of the diagnostic categories and

subcategories; differences in rates were nonsignificant across groups. Pilots in the reconnais-

sance group had so few hospitalizations (a total of 29) that rates for the majority of diagnoses 1

could not be computed.

Hospitalization Rates by Model among Pilots 36 Years of Age and Older

In Table 3 are presented the hospitalization rates by diagnostic category and aircraft model

among pilots 36 years ot age and older. The rank ordering of hospitalization rates corresponds

with Table 2 to enable the reader to readily compare rates between the two age groups. In

contrast to Table 2, the rank ordering of rates by diagnosis and aircraft model differed in that

the leading reasons for a hospitalization among older pilots included circulatory diseases for

fighter pilots, musculoskeletal disorders among attack pilots, and digestive disorders for the -

other groups.

An examination of 95 confidence limits identified no specific aircraft model as having

significantly higher hospitalization rates than all other models for any diagnostic category or

subcategory. Reconnaissance pilots had significantly lower total hospitalizations than all other

groups except electronics. Only two other comparisons yielded significant results: helicopter " "

pilots had significantly higher hospitalization rates than attack and fighter pilots for digestive

disorders while fighter pilots had significantly lower rates for hernias. The percentage of on-

duty, avaiation-related injuries among attack pilots, although relatively low at 12.50, was one of

the highest across the eight groups.
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Other comparisons showed that overall differences between younger and older pilots were

minimal: 358.5 versus 338.4, respectively. Several shifts, however, were observed in that rates

for the accidental injury category declined substantially between younger and older pilots as did

rates for respiratory diseases, akin disorders, and infective and parasitic diseases. Digestive

disorder hospitalization rates between groups showed marked fluctuations whereby a decrease in

hospitalizations for tooth development problems was evidenced as well as an overall increase in

admissions for hernias, intestinal disorders, and ulcers. For example, rates of ulcer hospitali-

zations were considerably higher for older than younger pilots in the helicopter and cargo/trans-

port groups. The largest differentials between the two age groups were noted by increases in

rates for circulatory diseases and mental disorders (especially alcoholism).

Medical Boards, Physical Evaluation Boards, and Deaths by Model

Among pilots less than 36 years of age, medical board rates per 10,000 ranged from 21.0 for

patrol/antisubmarine pilots to 50.1 for trainer/miscellaneous pilots. The highest rates for each

aircraft model were for either accidental injuries or musculoskeletal disorders (primarily joint

and back disorders). The third-ranked diagnostic category, although at considerably lower rates

than the two leading reasons, was neoplasms, of which Hodgkin's Disease and cancer of the testis

were the most prevalent diagnoses. Neuroses and sarcoidosis, with low frequencies across models,

occupied the fourth- and fifth-ranked positions. V

Pilots 36 years of age and older showed somewhat higher overall medical board rates than

younger pilots, values that fell within a range from 17.8 per 10,000 strength for cargo/transport

pilots to 77.9 for fighter pilots. Diseases of the circulatory system was the category with the

highest number of medical board actions across the eight models; fighter pilots had the highest

rate for these disorders. The second-ranked category was musculoskeletal conditions followed by

accidental injuries and neoplasms.

Numbers of physical evaluation board actions differed from medical boards in that there not

only were considerably fewer such records (610 versus 202) but the reasons differed as well. The

major diagnostic categories reviewed by a physical evaluation board included musculoskeletal

disorders, neoplasms, and mental disorders among younger pilots and musculoskeletal disorders,

circulatory diseases, and neoplasms among older pilots. The most important difference between

younger and older pilots was the increased risk ot a circulatory disease board action among older

pilots.

Comparisons of the death data for both age subpopulations were limited by the fact that

information on the cause of death was available only for the 1974 to 1979 time period. Using data

for this time frame, younger pilots had a higher rate of on-duty, aviation-related deaths (17.8

per 10,000) than older pilots (6.2). Sixty-two percent of all recorded deaths were on-duty,

avaition related; younger attack pilots had the highest mortality rate for these injuries. Other -

reasons included, in order of frequency, "unknown" causes, all other accidents, cardiovascular

disease, and cancer. It should be noted that only 10 deaths were attributed to cardiovascular

disease and cancer.
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DISCUSSION

Results of this study identified several health risks postulated as related to piloting a

particular aircraft model group. The most clear-cut findings across pilot groups were the

numerous significantly higher hospitalization rates tor younger trainer/miscellaneous aircraft

pilots whereas tower significant differences were evidenced for the helicopter, reconnaissance,

cargo/transport, and patrol/antisubmarine pilot groups. Explanations for these findings may be

provided by examining the influence of such considerations as 1) selection and retention; 2) age,

experience, and exposure; 3) population characteristicsg and 4) aircraft model assignments.

First, results of this research reflected in part the effectiveness of the Navy's selection

and retention procedures of continuously screening only the most healthy pilots into training

programs and various aircraft model assignments. Ren in the trainer/miscellaneous group, for

example, were distinguished from all other pilot groups by their higher rates for the four diag-

nostic categories of digestive disorders, accidental injuries, musculoskeletal diseases, and skin

disorders. Their total hospitalization rate as well as rates for five categories and four

subcategories were significantly higher than at least two other pilot groups. Only five of the 14

major diagnostic categories failed to yield statistically significant rate differences. These

findings suggested that pilots transitioning from trainers to any of the other models would not be

so assigned unless they were in excellent physical and mental condition. Many hospitalizations,

therefore, might have been prescribed in an effort to ensure the safety and excellent health of

the pilot throughout the training phase and during subsequent assignments. A specific example

Would be the high rate observed among trainer/miscellaneous pilots for disorders of tooth devel-

opment and eruption.

Pilots who primarily flew reconnaissance aircraft, on the other hand, were distinguished from .

other pilots by their exceptionally low overall hospitalization rates. Qualifying as a pilot of

reconnaissance aircraft no doubt involved even more stringent physical and mental standards than

those established for becoming a pilot, which in all likelihood accounted for at least a portion

of their very low hospitalization rate.

Second, with regard to age, experience, and exposure, accidental injuries represented a large

proportion of the total hospitalization and medical board rates for each younger pilot group. The

vast majority of these injuries (more than 85%) had a code identifying the underlying cause as

unrelated to aviation. For example, although younger pilots in the trainer/miscellaneous group

had the highest rate of accidental injuries, only 6.30 of these injuries were attributable to an L

on-duty, aviation-related mishap; injuries associated with an athletic or vehicular accident

accounted for the largest proportion of their injury rate. The highest percentage of on-duty,

aviation-related injuries were observed for attack pilots, 14.00 for younger and 12.5% for older

pilots. Other age-related results indicated that on-duty, aviation-related injuries among younger L

pilots represented the majority of recorded deaths. In addition to the relationship of age with

accidental death, inexperience also was shown to be associated with a higher mortality rate"

among young attack pilots who died in an aviation-related mishap, their mean hours flown was less -

than 500 hours. In general, these findings underscored the well-known correspondence between

13
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inexperience and accidental injuries (3,5,9), particularly among attack pilots (1). Comparisons

of hospitalization and medical board rates between younger and older pilots reflected quite

clearly a shift with age to decreased injury rates and increased rates for diseases of the

circulatory system, mental disorders (primarily alcoholism), and neoplasma. -

Other results possibly associated with experience and exposure were the significantly higher

hospitalization rates for joint diseases and nervous system disorders among younger helicopter

pilots. Characteristics inherent to helicopters, such as vibration, noise, and periods of

sustained flying time, might account for these increased health risks. Although these findings

lent support for the research cited at the outset (4,10,14,17), the obtained significant dif-

ferences between helicopter pilots and at least two other pilot groups perhaps should be inter-

preted more as trends rather than as distinguishing health risks because of the relatively few

significant results observed. Back disorders, moreover, were not determined to be an increased

risk among helicopter pilots in this study, as had been hypothesized.

Also to be considered as potentially related to exposure was the result that the highost

hospitalization rate among older fighter pilots was for diseases of the circulatory system al-

though this value was not significantly higher than other pilot groups. Several researchers

(c.f., 5,16) have cautioned that repeated exposure to high sustained G forces might contribute to

a higher than expected rate of cardiovascular disease. In order to understand the potential

pathological effects of sustained G loading, Hickman et al. (5) recommended that a repository

*should be established to maintain all medical examinations, including specialized tests on

aviators who are flying or who have flown high-performance aircraft." With such a research

source, prospective studies could be conducted to accurately identify the long-term health effects

associated with various fighter models as well as other aircraft. As an initial step in this

direction, a longitudinal study (6) recently was completed which examined in depth the hospitali-

zation, board appearance, and flight records of the 150 pilots in the present population who were

diagnosed with cardiovascular disease. Although results of comparisons of cardiovascular disease

incidence did not significantly differentiate fighter pilots from other aircraft groups, their

rates were the highest for acute myocardial infarction and chronic ischemic heart disease.

Because the number of fighter pilots was so small, one recommendation was to replicate that study

on a much larger population, possibly including U.S.A.F. high performance aircraft pilots.

The third consideration centered on the influence of such characteristics as the exceptional

health and physical fitness of the pilot population. Not only were there few differences in rates

across all groups, except trainer/miscellaneous pilots, but numbers of hospitalizations, medical

board appearances, and physical evaluation board actions observed in this study were quite low.

For exmple, in a population of 6,189 petrol/antisubmarine pilots, only 51 men were diagnosed with

cardiovascular disease during 12.5 years. Because the events under study were rarely occurring,

the range of the 95% confidence limits for each group typically was quite wide and, therefore,

overlapped with other intervals to yield nonsignificant differences. As a consequence, health

risks were not shown to be highly related to a specific aircraft model other than trainer/mis-

cellaneous aircraft. Further, the significantly lower rates for pilots in the cargo/transport and

14



Patrol/antisubmarine groups tended to be mirror images of the significantly higher rates Observed

*. for the trainer/miscellaneous pilot group.

-, The fourth consideration was associated with the issue of aircraft model assignments. An•

exaaination of the IFARS file revealed that many pilots had records of flight time in more than

one of the eight categories, which would tend to dilute the significance of differences across

groups. Aviation researchers in the future probably will not have to contend with this opera-

tional factor because with the increasingly greater technological advances of the never aircraft

moels, the *fly one, fly all* policy will change to the more restrictive categorical flying (5).

Results of future research perhaps will substantiate the trends identified in of this study.

Findings of the present and future research can be used to form the basis for the development of

prevention and intervention health care programs. The benefits to be accrued from these programs

will be to further enhance and protect the health status of all military pilots.
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