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Abstract
A total of 675,626 active duty Army soldiers who were known to be at risk for deployment to the
Persian Gulf were followed from 1980 through the Persian Gulf War. Hospitalization histories for
the entire cohort and Health Risk Appraisal surveys for a subset of 374 soldiers were used to evaluate
prewar distress, health, and behaviors. Deployers were less likely to have had any prewar
hospitalizations or hospitalization for a condition commonly reported among Gulf War veterans or
to report experiences of depression/suicidal ideation. Deployers reported greater satisfaction with
life and relationships but displayed greater tendencies toward risk-taking, such as drunk driving,
speeding, and failure to wear safety belts. Deployed veterans were more likely to receive hazardous
duty pay and to be hospitalized for an injury than nondeployed Gulf War-era veterans. If distress is
a predictor of postwar morbidity, it is likely attributable to experiences occurring during or after the
war and not related to prewar exposures or health status. Postwar excess injury risk may be explained
in part by a propensity for greater risk-taking, which was evident before and persisted throughout
the war.

Introduction
Nearly 700,000 American military personnel were deployed to the Persian Gulf between
August 1990 and April 1991 in support of Operations Desert Shield/Desert Storm (ODS/DS),
most of them Army soldiers. Soon after these soldiers began returning to the United States,
reports of unexplained illnesses and nonspecific symptoms (later termed “Gulf War illnesses”)
began to surface. After nearly 10 years of research and a great deal of media attention, the
cause of these problems remains elusive.

One potential, although largely unexplored, explanation for the development of Gulf War-
related illnesses is the possibility that prewar characteristics (intrinsic or acquired traits) shared
by soldiers deployed to the Persian Gulf differ from those of soldiers not deployed.
Understanding of these differences may contribute to an improved understanding of why a
variety of symptom complexes described as Gulf War-related illnesses have been reported
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among those soldiers who did ultimately deploy to the Persian Gulf. At a minimum, the
potential confounding influence of these possible differences deserves a comprehensive
evaluation in current research efforts.

The purpose of this paper is to describe the prewar demographic, occupational, and physical
and mental health status of active duty Army soldiers who deployed to the Persian Gulf and to
compare these characteristics with those of soldiers on active duty who did not deploy.

Background
Studies of Gulf War veterans have focused principally on postwar health outcomes. Few studies
have compared the prewar experiences, health habits, and general mental and physical health
status of veterans. Most significantly, few studies have explored how factors predicting
deployment may confound or contribute to soldiers’ risk of developing Gulf War-related
illnesses subsequent to service in the Persian Gulf. Documenting differences between soldiers
based on whether they deployed or not may improve understanding of postdeployment soldier
health.

Differences in demographic variables, health behaviors, risk-taking behaviors, and mental or
physical health could influence a soldier’s postwar health status. Such factors could affect the
chance of selection for deployment (e.g., risk-taking habits), the risk of future illness
independent of deployment (e.g., cigarette smoking), and the risk of responding to the
deployment experience with increased risk-taking behaviors (e.g., postwar increases in alcohol
use as a coping response).

During ODS/DS, deployed soldiers did not experience significantly higher overall mortality
rates than nondeployed Gulf War-era veterans or the U.S. population at large, with the
exception of unintentional injury death.1 Similarly, a study of postwar mortality found that
deployed Gulf War veterans were significantly more likely to die from accidents, such as motor
vehicle crashes, than their nondeployed counterparts, but not from illness-related deaths.2 This
suggests either risk-taking differences between deployed and nondeployed soldiers during and
after the war or increased exposure to hazards. Because a veteran’s experiences during the war
might contribute to the adoption of unhealthy risk-taking behaviors after the war, it is important
to look for the presence of these behaviors before deployment. Otherwise, we will not be able
to discern whether the war caused increases in risk-taking or whether prewar tendencies to
engage in risky behaviors were in fact responsible for deployment. Similarly, suggestions that
stressors or distress after service in the Persian Gulf may predict Gulf War illnesses cannot be
fully evaluated without exploration of mental health or experiences of stressors before
deployment.

Studies published to date have primarily measured health outcomes among individuals
assigned to one or more specialized military units, often relying on small samples,3–13 among
groups of veterans seeking treatment for conditions they believed to be related to service in
the Persian Gulf,10,14–16 or among veteran populations drawn from a particular geographic
locale.7,10,17–22 Many studies relied heavily on self-reports of symptoms and exposures,
sometimes with little obvious effort to validate the reports or the measurement instrument used.
7,9–13,17–22 Premorbid data on the physical and mental health status of Gulf War veterans
is severely limited. There have been few population-based surveys that have examined health-
related trends across the entire Army or that have been able to control for a large enough number
of demographic variables to adequately assess the issue of who gets selected to deploy. This
has resulted in an incomplete and potentially biased picture of the functional health status of
Army Gulf War veterans and has prevented a cogent assessment of the extent to which prewar
factors affect a soldier’s risk of developing Gulf War-related illnesses.
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This paper expands upon existing knowledge by examining a broader range of prewar health
status measures for all Army soldiers on active duty during the war, followed over a longer
continuous prewar period. Also, this paper focuses specifically on the Army, a group known
to be disproportionately high users of care for Gulf War health concerns.23 This study includes
prospectively gathered information on a variety of mental health and risk-taking behavior
measures.

Methods
Study Population

A total of 675,626 active duty Army soldiers were followed from 1980, or entry to the Army
if they entered after 1980, to the beginning of ODS/DS (August 1990). Approximately 38%
(N = 257,699) of these soldiers ultimately were deployed to the Persian Gulf at some time
between August 1, 1990, and June 14, 1991. Although a total of 836,438 soldiers were on
active duty in the U.S. Army during some portion of the Gulf War, only soldiers who remained
on active duty for the full duration of ODS/DS (i.e., active duty subjects, for whom we had
confirmed demographic information at three observation dates: June 1990, December 1990,
and June 1991) were included in the study cohort. Out of these 836,438 soldiers, there were
160,812 who were on active duty during some portion of ODS/DS but not for the entire period,
7.5% of whom (N = 12,098) were deployed to the Persian Gulf. Because these individuals did
not have the same opportunity to be deployed and were often missing prewar information, they
were not included in the study population. A subanalysis of 374 members of the study
population who took an Army Health Risk Appraisal (HRA) before the war began was
conducted to assess differences in prewar risk-taking, self-reported experiences of stressors,
and feelings related to distress or depression.

The Data
The Total Army Injury and Health Outcomes Database (TAIHOD)24,25 was used to describe
the study population’s demographic, health, and behavioral characteristics. The TAIHOD joins
key elements from multiple Department of Defense (DoD) administrative and health databases,
linked at the individual soldier level by encrypted Social Security numbers. Components used
in these analyses included demographic and occupational records, self-reported health
behaviors and quality of life (HRA surveys), hospitalizations, and health evaluations from the
Comprehensive Clinical Evaluation Program for Gulf War veterans (CCEPa).24,25

The TAIHOD Defense Manpower Data Center data are collected at 6-month intervals, in June
and December of each year. Discharge (“loss”) files are merged to these files to provide a
complete occupational history for every active duty soldier. HRAs, officially implemented by
the Army in 1987 but not administered in large numbers until 1991, have been administered
to a subset of the Army during routine in-processing to new work assignments, as part of
periodic physical examinations or physical fitness testing, or during walk-in visits to
occupational or outpatient health clinics. Sociodemographic characteristics of individuals
taking the HRA were similar to those of individuals in the study population who did not take
an HRA, except that HRA takers were more likely to have some education beyond high school
than were those in the overall cohort (38% versus 19%, respectively). Also, enlisted soldiers
who had completed an HRA were more senior than enlisted soldiers who did not complete an
HRA (50% of HRA takers were E5 or above versus about 40% of those who did not take an
HRA). These differences probably reflect, in part, longer time in the Army and thus greater
opportunity to have been offered the HRA. Although 13% of the overall study cohort had been

aThe CCEP was established in June 1994, upon the directive of the Department of Defense, to evaluate Gulf War veterans who were
concerned about their health and to facilitate treatment for the myriad complaints and conditions experienced by Gulf War veterans.
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in the Army for 1 year or less in June 1990, only 6% of those taking the HRA had been in the
service for 1 year or less. Perhaps more importantly, though, those taking the HRA were no
more likely to have had a previous hospitalization than those who did not take an HRA,
suggesting similar health status (data not shown).

Variables for Analysis
The main outcome measure for these analyses is deployment to the Persian Gulf. The DMDC
Gulf War deployment file was used to determine if a soldier was deployed to the Gulf War
theater of operations. For this analysis, deployment was defined by being sent to the Gulf War
theater at any time between August 1, 1990, and June 14, 1991.

Demographic Data—Demographic information included gender, age, race, education,
marital status, number of dependents, rank, total active duty service, and occupation (DoD
occupational code). Demographic data from the June 1990 DMDC files were used for most
analyses. For logistic regression models of prewar annual hospitalization risks, demographic
data from the first observation point in each year were used.

For ease of analysis and interpretation, age is grouped as younger than 21, 21 to 25, 26 to 30,
31 to 35, 36 to 40, and older than 40 years of age. Racial or ethnic groups are described as
white, black, Hispanic, Asian/Pacific Islander. Alaskan/Indian, and other. Education is coded
as less than a high school degree, high school degree or equivalent (GED), some college,
bachelor’s degree, any graduate education, and other. Marital status is coded as single (never
married), no longer married, married with spouse not on active duty, married with spouse on
active duty but not deployed to the Persian Gulf, and married with spouse on active duty and
deployed to the Persian Gulf. Dependent status is coded as member only, member with one
dependent, and member with two or more dependents. Military rank is coded as junior enlisted
(E1–E4), senior enlisted (E5–E9), warrant officers, junior officers (O1–O3), officers (O4–O5),
and senior officers (O6–O11). Total time on active duty was calculated from entry into the
service until June 1990 and grouped as follows: less than 6 months, more than 6 to 12 months,
more than 12 to 24 months (1–2 years), more than 24 to 60 months (2–5 years), more than 60
to 120 months (5–10 years), more than 120 to 180 months (10–15 years), more than 180 to
240 months (15–20 years), and more than 240 months (more than 20 years).

Some soldiers receive hazardous duty pay as partial compensation for their occupational
exposures. Hazardous duty pay is received by flight crew, parachutists, divers, those assigned
to war zones (combat pay) or foreign duty, and those exposed to environmental stressors or
experimental vaccines. Hazardous duty has been linked in previous research to increased risk
of injury.26 For this study, hazardous duty pay was coded as follows: not receiving hazardous
duty pay, receiving one type of hazardous duty pay only, and receiving two or more types of
hazardous duty pay concurrently between January 1 and June 30, 1990. Thus, hazardous duty
compensation received in this period reflects exposures before ODS/DS.

Occupations were grouped using the DoD occupational codes.b DoD occupational codes are
broad occupational categories composed of similar military occupational specialties.
Occupational specialties available differ by rank and often by gender. The categories for
enlisted personnel include infantry/gun crews, electrical equipment repair, communications/
intelligence, health care, technical/allied specialists, support/administration, mechanical
equipment repair, crafts workers, service/supply, and nonoccupational. Warrant and
commissioned officer categories include general officer/executive, tactical operations officer,

bDoD 1312.1–1. Occupational Conversion Index. Enlisted/Officer/Civilian. March 1997.
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intelligence officer, engineering and maintenance officer, scientists and professionals, health
care officers, administrators. supply/procurement and allied officers, and nonoccupational.

Health and Health Behaviors—The hospital and HRA components of the TAIHOD were
used to document prewar health status. Hospitalizations were examined in three overlapping
categories: any cause, injuries (International Classification of Diseases, 9th Revision, Clinical
Modification codes 800–999), and conditions most commonly observed among Army Gulf
War veterans evaluated for Gulf War-related health concerns.c Although there is no clear
consensus from the medical community on what constitutes a Gulf War illness, to evaluate the
incidence of prewar conditions commonly diagnosed among veterans of the war we used the
25 most frequent ICD-9-CM diagnoses (other than “healthy”) among Army veterans registered
with the CCEP who received a clinical evaluation. These Gulf War-prevalent illnesses are
referred to as Gulf War illnesses (GWI) throughout this text. Hospitalization with a primary
diagnosis including any of these conditions was used to indicate a GWI hospitalization
independent of deployment status. Any hospitalization occurring before August 1, 1990, was
included for analysis, with the earliest hospitalization cases occurring in 1980. For purposes
of these descriptive analyses, hospitalizations were counted once per individual in each of the
three categories.

Stressors, distress, risk-taking propensity, and general mental well-being were assessed
through several HRA variables. We grouped six variables assessing behavioral risk for alcohol
dependence into one single index measure because intercorrelations were quite high
(coefficient α = 0.763) and all of the items appear to measure risk for dependent drinking (face
validity). The resultant composite alcohol use measure comprised the four CAGE items27 and
two additional, similarly scaled items: “friends worry about your drinking” and “ever have a
drinking problem.” The CAGE is a clinical screening tool used to identify individuals at risk
for alcohol dependency. Thus, we refer to the composite variable (CAGE plus the two related
items) as a potential “dependent drinking” measure. This composite item has been shown to
be a better predictor of high-risk drinking and other risky behaviors than the CAGE alone.28
Survey takers missing responses to three or more of the items were excluded (18%). The
remaining items were used to develop an average response. These responses were
dichotomized, based on the distribution of responses for the entire population, into two
categories: those with no affirmative responses (84%) versus those with one or more
affirmative responses. Risky driving practices were also grouped to improve power and
because any one of the three high-risk driving habits measured in the HRA could increase the
risk for motor vehicle injuries–the only source of differences in mortality between Gulf War-
era veterans who were deployed versus those not deployed to the Persian Gulf.2.29 This
variable included drinking alcohol before driving or riding with someone who had been
drinking, speeding, and seatbelt use. Very few soldiers were missing responses to any of these
items (N = 6). Those who were missing responses to any of these items were excluded from
the analysis. The final variable was coded as yes if the subject said he or she had done any
drinking and driving or had ridden with an intoxicated driver one or more times in the past

cMajor depressive disorder. single episode (296.20): neurotic depression (300.4): tension headache (307.81): prolonged post-traumatic
stress disorder (309.81): depressive disorder. not elsewhere classified (311): migraine. unspecified (346.90): essential hypertension.
unspecified (401.90): allergic rhinitis. cause unspecified (477.9): asthma. unspecified (493.90): esophageal reflux. without inflammation
(530.81): irritable colon. not elsewhere specified (564.1): contact dermatitis and other eczema. unspecified cause (692.9): primary
localized osteoarthrosis (715.18): osteoarthrosis. unspecified whether generalized or localized (715.90): unspecified arthralgia (719.40):
lower leg arthralgia (719.46): multiple-site arthralgia (719.49): lumbago. not otherwise specified (724.2): myalgia and myositis.
unspecified (729.1): other insomnia (not otherwise characterized) (780.52): other and unspecified sleep apnea (780.57): malaise and
fatigue (780.7): other general symptoms. which may include amnesia (retrograde). chills not otherwise specified. generalized pain. and
hypothermia not related to low environmental temperature (780.9): rash and other nonspecific skin eruptions (782.1): and headache.
including facial pain and other pain in the head that is not otherwise specified (784.0) (TAIHOD. May 1999).
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month, if he or she routinely drove more than 5 miles per hour over the speed limit, or if he or
she reported using a safety belt less than 100% of the time on average.

Other variables used for analysis included feeling so overwhelmed the respondent had
considered hurting himself or herself, considering suicide or experiencing prolonged
depression within the past year, experiencing worries that interfered with life, problems with
spouse, children, or peers, work stress, low satisfaction in current job assignment, low life
satisfaction, frequent losses in the past year, and little time for relaxation. We also included
self-reported daily tobacco use and weekly alcohol consumption.

Analytic Methods
Exploratory analysis was conducted using frequency distributions and χ2 tests. Continuous
variables were compared using t tests. To compare prewar differences in health behaviors and
experiences of stressors and distress between deployed and nondeployed cohorts. χ2 analysis
was used. Multiple logistic regression analyses, with deployment as an outcome, were
conducted to explore the relationships between the explanatory variables. Occupation, gender,
and rank were highly correlated. Therefore, we constructed different models, selecting the most
commonly deployed occupational groups in each gender-rank group for comparison purposes.

To compare differences between deployed and nondeployed cohorts in their risk for
hospitalization before the war while controlling for differences in exposure potential (time in
service), multivariate Cox proportional hazard models were used. Soldiers were followed from
entry into the Army (or from January 1, 1980, for those who entered the Army before 1980)
until their first hospitalization event occurred or until August 1, 1990 (censored date). In 1990,
only hospitalizations occurring before August 1 were included for comparison, because this
was 1 day before Iraq’s invasion of Kuwait and 1 week before the arrival of U.S. planes in
Saudi Arabia. Thus, we hoped to reduce potential bias that might result if an individual sought
hospitalization to avoid deployment.

To identify changes in risk for hospitalization as a function of time and proximity to the
deployment period, logistic regression models predicting hospitalization for any cause, for
injuries, and for GWI were also constructed for each year in the prewar period. Beginning in
1980, models compared rates in each year for soldiers who ultimately deployed with rates for
those who did not deploy. The potentially confounding influences of gender, age, race/
ethnicity, time in active military service, education, and rank were included in the models.

SAS was used to develop multivariate models and initial exploratory models.30 Bivariate
associations between self-reports on the HRA and deployment status were evaluated using
EpiInfo.31 Exact odds ratios, confidence intervals, and two-sided p values were used, because
many of the tables included sparse cells.

Results
There were 675,626 Army soldiers on continuous active duty during ODS/DS. Thirty-eight
percent (257.699) were deployed to the Persian Gulf between August 1, 1990, and June 1,
1991.

Unadjusted analyses revealed that deployers were more likely to be male. have fewer than 5
years of time in service, be younger than 25 years of age, black, single, and high school
graduates, have fewer dependents, and be junior enlisted and junior officer rank than their
nondeployed counterparts (Table I). Thirty-nine percent of men on active duty during the war
deployed compared with 29% of women on active duty: 46% of those younger than 21 years
deployed compared with 28% of those older than 35 years; and almost half of those enlisted
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with a grade of E1 to E4 (45%) deployed compared with 10% of officers with a grade of O6
to O11 (data not shown).

Deployers were also more likely to have received hazardous duty pay before July 1990 (Table
I). Deployed enlisted soldiers were more likely to be in infantry/gun crews, mechanical
equipment repair, or crafts worker (e.g., plumbers, metal workers) occupations. Deployed
officers were significantly more likely to belong to the tactical operations or supply and
procurement, engineering and maintenance, or intelligence officer occupational group.
Deployed warrant officers were significantly more likely to be in the tactical operations
occupational group.

Table II shows whether the demographic characteristics described in Table I are independent
predictors of deployment in multivariate logistic regression models. Because gender, rank, and
occupation are highly correlated (with numerous potential occupational categories), we
conducted separate subanalyses based on occupations most commonly deployed to the Persian
Gulf within each gender-rank group. The results from these multivariate logistic regression
models show factors explaining variation among those who deployed and those who did not
deploy in occupations with the highest rates of deployment to the Persian Gulf.

Factors consistently associated with deployment across all four occupations included younger
age (mostly younger than 25 years), less time in service (particularly those in the service less
than 5 years), having fewer than two dependents, and having a spouse on active duty who was
also deployed to the Persian Gulf. Also, those with less education were more likely than their
more highly educated counterparts to deploy. Enlisted male and female soldiers of lower rank
were significantly more likely to be deployed than their higher-ranking counterparts. This was
also true of female officers but not male officers. Male enlisted and male officers with special
pay for exposure to two or more occupational hazards were more likely to deploy than males
in these same occupations who had received no hazardous duty pay.

Three hundred seventy-four of the 675.626 soldiers on active duty during ODS/DS had taken
an HRA before August 1, 1990. Deployers were less likely to have seriously contemplated
suicide or to have experienced prolonged or repeated periods of depression within the past year
(Table III). They were less likely to say that life had been so overwhelming that they had
considered hurting themselves, that worries had ever interfered with their daily lives, that they
were not satisfied with their lives or jobs, that they had experienced family problems or personal
misfortunes, or that they never had time to relax. They were also less likely to answer
affirmatively to the dependent drinking measure. Similarly, those who deployed were more
likely to say that they had experienced a pleasant life change in the past year. Although the
direction of these associations is consistent, we are unable to rule out the role of chance in these
associations because of small sample sizes and tight control of type I and II errors.

A trend was observed suggesting that those who deployed are more likely to engage in risky
behaviors, such as drinking alcohol before driving, speeding, and not wearing seatbelts while
driving.

In multivariate Cox proportional hazards models (controlling for gender, age, race, education,
marital status, time in service, rank, and prewar receipt of hazardous duty pay), deployed status
remained significantly associated with reduced risk for hospitalization for any cause or for one
of the conditions commonly documented among Gulf War veterans, although the risk
differences were quite small. There was no significant difference in risk of injury
hospitalization between deployed and nondeployed Gulf War-era veterans. Male gender,
young age, less education, single marital status, less time in service, and receipt of two or more
types of hazardours duty pay in a pay period were all significant predictors of prewar injury
hospitalization (data not shown).
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Figures 1 to 3 depict the association between deployment and adjusted odds of hospitalization
during each year of the follow-up period. Figure 1 shows that deployers were at lower risk for
hospitalizations for any cause, particularly in the period immediately before ODS/DS, even
after controlling for gender, age, race/ethnicity, time on active duty, education, and rank.

Deployed soldiers were not at greater risk for a prewar GWI hospitalization than nondeployed
Gull War-era veterans. There was a largely consistent pattern of risk in the prewar period where
those who ultimately deployed were actually at lower risk for a hospitalization related to any
of the diagnoses most commonly seen among veterans seeking care for GWI after the war (Fig.
2).

In most years before ODS/DS, deployers were at greater risk for an injury hospitalization than
were their nondeployed counterparts. This was true even after accounting for the effects of
gender, age, race, time in service, education, and rank (Fig. 3). To refine this analysis, we also
constructed an age-specific model including just soldiers younger than 26 years. Even among
this very young cohort, injury risk in almost every year before ODS/DS was significantly higher
among soldiers who ultimately deployed than among those who did not (data not shown).

Discussion
Without good prewar baseline information, it is difficult to make a cogent assessment regarding
the postwar health consequences of service in the Persian Gulf. There have been relatively few
studies documenting the prewar health and mental status of soldiers deployed to the Persian
Gulf. The few studies that have focused on or at least briefly described differences between
those who deployed and those who did not deploy to the Persian Gulf note that veterans
deployed there were disproportionately male and younger than veterans deployed elsewhere.
1,18,23 They were also more likely to be married than their nondeployed counterparts and
differed significantly with respect to race or ethnicity, branch of service, activation status (e.g.,
reserve versus active duty), and grade.1,18,23 Deployed veterans were more likely to be
discharged or separated from the military soon after the war, although not because of death or
medical disability.23 Gray et al. also note that military personnel who were sent to the Persian
Gulf had fewer prewar hospitalizations up to the point of deployment than their nondeployed
counterparts, particularly in the years immediately preceding ODS/DS, similar to what we
document among active duty Army personnel.23 We expand upon these earlier observations
by examining a longer period and by including an assessment of prewar risk-taking differences,
self-appraised distress and well-being, and by focusing on active duty Army personnel. We
also expand upon the strengths of earlier studies by using a comparison group that was more
restrictive than those used by many other researchers. We reduce potential bias by including
only nondeployed Gulf War-era veterans who were on active duty during the entire ODS/DS
period.

Our data suggest that before the war Army soldiers who ultimately deployed to the Persian
Gulf were significantly healthier and happier than their nondeployed counterparts, as measured
by their hospitalization histories and self-reports. They were significantly less likely to report
prewar experiences of depression or suicidal ideation, and they were significantly less likely
to have experienced any prewar hospitalizations and, most note-worthy, hospitalizations for
conditions most prevalent among postwar Army veterans seeking care. The data also suggest
that deployed personnel were happier in their personal lives (families, life events) and jobs
before the war than their nondeploying counterparts. Although small sample sizes limited our
ability to detect statistically significant differences in many cases between the two cohorts, the
consistency of the findings across measures of satisfaction and general well-being is
compelling.
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There is some evidence indicating that soldiers who deployed to the Persian Gulf may have
been greater risk takers before deployment and/or may have faced greater hazards than
nondeployed Gulf War-era veterans. They were more likely to have received hazardous duty
pay for two or more different hazardous exposures before being deployed to the Gulf War
theater. These prewar differences are driven primarily by more frequent receipt of pay for
parachuting or for potential exposure to hostile fire. Indeed, these attributes or experiences
might make the candidates likely prospects for wartime deployment.

Other evidence for excess prewar risk-taking or risk exposure among deployers can be found
in the records of prewar hospitalizations and self-reported behaviors. For most years between
1980 and 1990, annualized odds for injury hospitalizations were higher than for those not
deployed, even after adjusting for potential confounders. Similarly, nonsignificant trends were
observed that suggested that soldiers deployed to the Persian Gulf were also more likely to
speed, drive after having had too much alcohol, or ride with someone who had consumed too
much alcohol, and they were less likely to always wear seatbelts.

Those who were deployed to the Persian Gulf were significantly more likely to also have a
spouse who was deployed. This may be an important modifying factor and should be considered
in future studies examining risk factors for Gulf War-related illnesses. This seems particularly
important given the findings of Gray et al., who note that even after controlling for several
confounders married personnel were at greater risk for postwar hospitalizations for all causes.
23 Perhaps those who were married are at greater risk for postwar hospitalizations because
they were likely to have a spouse also deployed to the Persian Gulf. These veterans might be
experiencing even greater distress because of concerns about the well-being of their deployed
spouses.

There are a few potential weaknesses of this study that deserve comment. First, because the
HRA program was initiated in late 1987, there are relatively few HRAs from the prewar period,
with the bulk of those used in this study coming from the years 1989 and 1990. However,
because we are interested in prewar experiences of stressors or distress and health habits as
they relate to postwar health, the close proximity of HRA measures we do have to the start of
the ODS/DS period may also be considered a strength of this study. In addition, in spite of
small samples, we are still able to demonstrate a significant difference in risk for depression
and suicidal ideation in the prewar period. Second, the measures of health behaviors and life
quality from the HRA are self-reported and cannot be validated directly by assessment of actual
practices and life stressors. However, many studies have validated self-reported behaviors and
found good correspondence between actual and reported behaviors. 32–38 The use of
hospitalization diagnoses common among Army CCEP registrants may reduce the
generalizability of our findings because not all veterans of the Persian Gulf chose to register
or receive clinical evaluation under the CCEP program. Finally, the cohort defined here
includes those who were on active duty for the entire ODS/DS period. Thus, individuals who
enlisted during the war or who were discharged during the war are not included.

Conclusions
It seems unlikely, given these data, that any single prewar factor, such as excess stress, distress,
difficulty coping, or poor health, will completely explain the health concerns and illnesses Gulf
War veterans have experienced since the war. Our results suggest that the increased distress
among Gulf War veterans compared with nondeployed Gulf War-era veterans found in some
studies22.39–41 is probably best understood as a consequence of' the war experience rather
than as a result elevated prewar levels of distress. However, the excess postwar injury mortality
may be attributable to risk-taking habits or exposures that were present before deployment and
that persisted even after the war. Although there is some cohesive evidence for excess risk-
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taking among deployers before the war, the strength of the evidence is weak. More information
is needed documenting postwar risk-taking habits, particularly longitudinal data capable of
documenting changes in habits that may have occurred after deployment.
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Fig. 1.
OR and 95% CI for deployment status (outcome = any prewar hospitalizations 1980–1990)
controlling for gender, age, ethnicity, total time in service, education, and rank. Demographics,
physical, and mental health factors associated with deployment of U.S. Army soldiers to the
Persian Gulf.
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Fig. 2.
OR and 95% CI for deployment status (outcome = prewar GWI hospitalizations 1980–1990)
controlling for gender, age, ethnicity, total time in service, education, and rank. Demographics,
physical, and mental health factors associated with deployment of U.S. Army soldiers to the
Persian Gulf.
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Fig. 3.
OR and 95% CI for deployment status (outcome = prewar injury hospitalizations 1980–1990)
controlling for gender, age, ethnicity, total time in service, education, and rank. Demographics,
physical, and mental health factors associated with deployment of U.S. Army soldiers to the
Persian Gulf.

Bell et al. Page 14

Mil Med. Author manuscript; available in PMC 2007 December 18.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Bell et al. Page 15

TABLE I
UNADJUSTED ASSOCIATIONS BETWEEN THE DEMOGRAPHIC CHARACTERISTICS OF 675.626
ARMY GULF WAR-ERA VETERANS AND DEPLOYMENT TO THE PERSIAN GULF

Deployed (N = 257.699) Not Deployed (N = 417.927) χ2p Values
Gender <0.001
 Male 91.64% 87.12%
 Female 8.36% 12.88%
Agea <0.001
 <21 years 15.04% 11.07%
 21–25 years 37.15% 28.09%
 26–30 years 22.58% 21.94%
 31–35 years 13.56% 17.64%
 36–40 years 7.92% 12.50%
 >40 years 3.75% 8.73%
Race/ethnicity <0.001
 White 60.85% 62.82%
 Black 30.67% 28.63%
 Hispanic 4.15% 3.96%
 Asian/Pacific Island 1.43% 1.82%
 Indian/Alaskan 0.56% 0.50%
 Other 2.32% 2.24%
Educational level <0.001
 Less than high school 1.21% 0.89%
 High school graduate/GED 84.35% 75.29%
 Alternative education 0.03% 0.03%
 Some college 3.43% 4.94%
 Bachelor’s degree 7.75% 10.98%
 Graduate degree 2.10% 6.67%
 Unknown 1.13% 1.22%
Marital status <0.001
 Single 43.31% 34.00%
 Married, spouse not on active duty 49.93% 56.98%
 Married, spouse on active duty and deployed 1.95% 0.95%
 Married, spouse on active duty and not deployed 1.57% 3.65%
 No longer married 3.20% 4.27%
 Unknown 0.03% 0.15%
Dependents <0.001
 Member only 44.93% 36.65%
 Member plus one dependent 17.57% 17.50%
 Member plus two or more dependents 37.32% 45.56%
 Unknown 0.19% 0.29%
Rank <0.001
 E1–E4 54.39% 41.33%
 E5–E9 34.92% 41.41%
 Warrant officer 2.20% 1.95%
 O1–O3 6.53% 9.08%
 O4–O5 1.77% 5.26%
 O6–O11 0.18% 0.97%
Time in Service <0.001
 Less than 6 months 3.99% 4.50%
 6–12 months 10.94% 7.89%
 >12–24 months 16.31% 10.88%
 >24–60 months 31.71% 26.20%
 >60–120 months 18.34% 20.13%
 >120–180 months 11.10% 15.59%
 >180–240 months 6.31% 11.27%
 >240 months 1.26% 3.49%
 Unknown 0.03% 0.05%
Hazardous duty pay <0.001
 No hazardous duty pay 86.41% 87.08%
 Hazardous duty pay one type 12.81% 12.37%
 Hazardous duty pay two or more types in pay period 0.78% 0.55%
Enlisted (n = 575,942) <0.001
 Infantry/gun crews 27.58% 24.34%
 Mechanical equipment repair 18.99% 13.38%
 Communication/intelligence 14.01% 14.13%
 Support/administration 12.17% 18.26%
 Service/supply 11.76% 11.15%
 Health care 5.09% 8.24%
 Electrical equipment repair 4.60% 5.29%
 Technical/allied specialist 2.93% 2.96%
 Craftsworkers 2.61% 1.77%
 Nonoccupational 0.25.% 0.44%
 Other 0.01% 0.03%
Officer (n = 85.874) <0.001
 Tactical operations officer 40.86% 27.02%
 Nonoccupational 12.10% 19.06%
 Health care officers 12.10% 18.91%
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Deployed (N = 257.699) Not Deployed (N = 417.927) χ2p Values
 Supply, procurement, and allied officers 10.37% 7.11%
 Engineering and maintenance officer 10.35% 8.54%
 Intelligence officer 5.24% 4.50%
 Administrators 4.90% 7.40%
 Scientists and professionals 3.78% 6.79%
 General officer/executive 0.26% 0.52%
 Other 0.05% 0.15%
Warrant (n = 13.810) <0.001
 Tactical operations officer 49.09% 37.77%
 Engineering and maintenance officer 26.44% 25.37%
 Supply, procurement, and allied officers 7.76% 7.42%
 Nonoccupational 4.91% 6.31%
 Intelligence officer 4.38% 7.34%
 Health care officers 3.77% 3.75%
 Administrators 3.49% 11.28%
 Scientists and professionals 0.14% 0.64%
 Other 0.02% 0.12%
Values are those documented in June 1990 DMDC records.

a
χ2 test for trend analysis indicated a statistically significant trend of increasing risk for deployment with successively younger age groups, with the odds

for deployment being more than three times greater among those younger than 21 years than for those older than 40 (p < 0.001).
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TABLE II
MULTIVARIATE LOGISTIC REGRESSION ANALYSES OF INDIVIDUAL CHARACTERISTICS
RELATED TO DEPLOYMENT TO THE PERSIAN GULF BY OCCUPATION, RANK, AND GENDER
GROUPS MOST OFTEN DEPLOYED TO THE PERSIAN GULF

Infantry and
Gun Crews (N =
146,864) (Male

Enlisted)

Support and
Administration (N =

25,248) (Female
Enlisted)

Tactical
Operations (N =

31,427) (Male
Officer)

Health Care (N =
4,566) (Female

Officer)

Age
 17–20 years 2.5 (2.3–2.7) 2.8 (2.2–3.5) 3.0 (0.9–9.4) NAa
 21–25 years 2.4 (2.3–2.6) 2.3 (1.8–2.8) 4.3 (3.9–4.7) 2.1 (1.6–2.7)
 26–30 years 1.8 (1.6–1.9) 1.9 (1.5–2.4) 3.3 (3.1–3.6) 1.4 (1.1–1.8)
 31–35 years 1.4 (1.3–1.5) 1.5 (1.2–1.8) 2.0 (1.8–2.1) 1.3 (1.0–1.7)
 36–40 years 1.2 (1.1–1.3) 1.1 (0.9–1.4) 1.9 (1.7–2.1) 1.0 (0.8–1.3)
 >41 years 1.0 1.0 1.0 1.0
Race/ethnicity
 White 1.0 1.0 1.0 1.0
 Black 1.0 (1.0–1.0) 1.1 (1.1–1.2) 0.9 (0.8–1.0) 0.9 (0.7–1.2)
 Hispanic 1.0 (0.9–1.0) 1.3 (1.1–1.5) 0.8 (0.7–1.0) 1.0 (0.5–1.9)
 Indian/Alaskan 1.0 (0.9–1.2) 1.1(0.8–1.6) 1.1 (0.8–1.6) 0.7 (0.2–3.2)
 Asian/Pacific Islander 0.9 (0.8–1.0) 0.8 (0.7–1.0) 0.8 (0.6–1.0) 0.7 (0.4–1.3)
 Other 1.0 (0.9–1.0) 1.1 (0.9–1.4) 0.9 (0.7–1.1) 0.8 (0.4–1.6)
Education
 Less than high school 2.9 (1.7–4.9) 4.7 (1.7–13.3) 2.3 (0.4–13.8) NA
 High school graduate/GED 2.8 (1.7–4.7) 3.3 (1.4–7.6) 3.8 (3.3–4.3) NA
 Alternative education 3.0 (1.4–6.2) NA NA NA
 Some college 1.9 (1.1–3.2) 2.2 (1.0–5.3) 3.0 (2.7–3.4) NA
 Bachelor’s degree 2.0 (1.2–3.4) 2.1 (0.9–5.1) 2.1 (1.9–2.2) 2.1 (1.8–2.5)
 Graduate degree 1.0 1.0 1.0 1.0
Marital Status
 Single 1.5 (1.5–1.5) 1.3 (1.2–1.4) 1.5 (1.4–1.6) 1.4 (1.1–1.7)
 Married, spouse not on active duty 1.0 1.0 1.0 1.0
 Married spouse on active duty, not
deployed

0.7 (0.7–0.8) 0.5 (0.4–0.5) 0.9 (0.7–1.1) 0.7 (0.5–1.0)

 Married, spouse on active duty,
deployed

2.4 (2.0–2.9) 2.7 (2.5–3.0) 3.9 (2.8–5.3) 1.9 (1.3–2.6)

 No longer married 1.0 (0.9–1.1) 0.8 (0.7–0.9) 1.0 (0.9–1.2) 1.3 (1.0–1.7)
Dependents
 Member only 1.6 (1.6–1.6) 1.3 (1.3–1.4) 1.7 (1.6–1.8) 1.7 (1.4–2.1)
 Member plus one 1.3 (1.3–1.3) 1.1 (1.0–1.2) 1.6 (1.5–1.7) 1.1 (0.9–1.5)
 Member plus two or more 1.0 1.0 1.0 1.0
Rank
 E1–E4 1.6 (1.6–1.6) 1.6 (1.5–1.7) NA NA
 E5–E9 1.0 1.0 NA NA
 O1–O3 NA NA 0.8 (0.8–0.9) 10.4 (2.5–42.2)
 O4–O5 NA NA 0.4 (0.4–0.4) 6.3 (1.5–25.7)
 O6–O11 NA NA 1.0 1.0
Time in service
 <6 months 2.2 (1.9–2.4) 4.6 (1.8–11.7) 1.9 (1.3–2.8) 1.0 (0.4–2.3)
 6–12 months 3.2 (2.9–3.6) 5.4 (2.1–13.5) 5.5 (4.6–6.6) 3.2 (1.6–6.2)
 >12–24 months 2.9 (2.6–3.2) 7.0 (2.8–17.6) 5.7 (5.0–6.5) 3.2 (1.7–6.2)
 >24–60 months 2.8 (2.5–3.1) 4.1 (1.6–10.3) 4.5 (4.0–5.1) 2.6 (1.4–5.0)
 >60–120 months 1.8 (1.7–2.1) 3.6 (1.5–9.1) 2.9 (2.6–3.3) 2.5 (1.3–4.7)
 >120–180 months 1.6 (1.4–1.7) 2.6 (1.0–6.4) 2.6 (2.3–2.9) 1.8 (0.9–3.5)
 >180–240 months 1.3 (1.1–1.4) 1.8 (0.7–4.7) 1.9 (1.6–2.1) 1.6 (0.8–3.2)
 >240 months 1.0 1.0 1.0 1.0
Hazardous duty pay
 No hazardous duty pay 1.0 1.0 1.0 1.0
 Hazardous duty pay one type 0.8 (0.8–0.9) 0.8 (0.7–0.9) 2.0 (1.8–2.21 0.3 (0.0–2.2)
 Hazardous duty pay two or more
types in pay period

1.4 (1.3–1.5) 0.2 (0.0–1.7) 5.1 (2.9–8.8) NA

Values are odds ratios for deployment and 95% confidence intervals (in parentheses).

a
NA, No soldiers represented within these categories for the specific occupation, gender, and rank group displayed.
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