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FAST TRACK ARTICLE
The Health of Gulf War and Gulf Era Veterans Over Time

U.S. Department of Veterans Affairs’ Gulf War Longitudinal Study
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and Aaron I. Schneiderman, PhD, MPH, RN
Objective: The aim of this study was to describe the self-reported physical

and mental health over the course over 19 years of follow up of a population-

based cohort of Gulf War and Gulf Era veterans. Methods: A multi-modal

health survey of 6338 Gulf War and Gulf Era veterans who participated in all

three waves of the longitudinal study. Results: Gulf War and Gulf War Era

veterans experienced an increase in prevalence of chronic disease over time.

The adjusted odds ratios suggest that Gulf War veterans not only had

significantly higher odds of reporting medical conditions, but also began

to report them earlier. Conclusions: The findings from this analysis suggest

that Gulf War veterans are not only more likely than their non-deployed

counterparts to report chronic disease, they were more likely to report it

earlier.
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O n January 16, 1991, President George H.W. Bush announced
the start of a military operation to expel occupying Iraqi

forces from Kuwait, what would be called Operations Desert Shield
and Storm (Gulf War). A massive ground invasion followed on
February 24, 1991 and a cease-fire was reached on February 28,
1991.1 While the war was very brief, and the US causalities were
small in comparison to other wars; the burden of chronic disease
among veterans that has followed as a result of service in this war
has been estimated to be in the hundreds of thousands.2–5

Servicemembers deployed to the Gulf War were exposed to a
number of deployment related environmental hazards that can have
serious health effects including, but not limited to, smoke from oil
well fires, burning waste, diesel fumes, pesticides, nerve gas, sand
storms, pyridostigmine bromide, excessive heat, multiple vaccina-
tions, depleted uranium, and chemical agent resistant coatings.5–9

Much of the published research on Gulf War veterans has centered
around Gulf War illness,10–17 a complex, symptom-based condition
that is estimated to afflict about one-third of Gulf War veterans.5
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The study of Gulf War illness is extremely important because it is
a serious, debilitating condition; however, the role of deploy-
ment, and the exposures present in the deployment setting, and
development of chronic medical conditions of Gulf War veterans
is under studied. One of the major challenges in Gulf War health
outcomes research has been exposure measurement; there is little
to no validated information on the dose, duration, and frequency
at the individual level of the numerous exposures that were
present,18 consequently deployment status is often used as a
proxy for exposure.

The cross-sectional epidemiology literature from the last
three decades consistently demonstrates an excess of chronic dis-
ease morbidity in Gulf War veterans compared to non-deployed,
Gulf War Era veterans4,6,19–22 as well as to the general US popula-
tion.23 While the cross-sectional literature is vast, the longitudinal
literature is limited. Recent analyses by Zundel et al of the Fort
Devens cohort demonstrated that among 317 Gulf War veterans, the
rates of several medical conditions increased significantly from the
1997 to 1998 survey to the 2013 to 2017 survey, including arthritis,
diabetes, cancer, hypertension, heart attack, and stroke.24 While
increases in chronic medical conditions are expected over time, as
they are associated with age, in order to assess the role of Gulf War
deployment on development of chronic disease among veterans, a
comparison group of time matched, demographically similar non-
Gulf War deployed military veterans is needed.25 Another study of
448 Gulf War veterans from the Ft. Devens cohort examined the
prevalence difference in selected chronic disease between Gulf War
veterans and the general US population using National Health and
Nutrition Examination Survey (NHANES) data and found that the
Gulf War veterans in the Ft. Devens cohort had higher prevalence of
many chronic disease than the general US population, including
diabetes, arthritis, high blood pressure, chronic bronchitis, and that
the increase was associated with self-report of deployment expo-
sures.23 Age stratified analyses in this study found that Gulf War
veterans were also more likely to report diseases earlier than the
NHANES sample. These findings underscore the need for more
longitudinal studies of Gulf War veterans and appropriate compari-
son groups to better understand the health Gulf War veterans
over time.

The Department of Veterans Affairs Gulf War Longitudinal
Study is a large population-based cohort study of 15,000 Gulf War
veterans and 15,000 Gulf Era veterans (did not deploy to the Gulf
War, but served during the time of the Gulf War) that began in
1995,6 with a follow up in 2005,26 and in 2012.4 This study was
designed in response to Public Law 103-446, enacted on November
2, 1994 requiring the then Secretary of Veterans Affairs to conduct a
health survey of Gulf War veterans with the appropriate comparison
group. It is the largest, population-based, longitudinal cohort study
of Gulf War and Gulf Era veterans to date and the results have been
published widely4,6,19,27–31; however, the data from this cohort have
not been analyzed in a longitudinal manner and provide a unique
opportunity to contribute to the literature. The specific aim of this
paper is to describe and quantitatively assess the self-reported
physical and mental health over time in a cohort of 6424 Gulf
War (deployed) and Gulf War Era (non-deployed) veterans and to
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compare the self-reported physical and mental health over time in
these two groups.

METHODS

Study Population
A population-based permanent panel of 15,000 Gulf War

veterans and 15,000 Gulf Era veterans was built using a stratified
sampling design. The 15,000 Gulf War veterans were sampled from
the 693,826 U.S. troops identified by the Department of Defense,
DMDC as having been deployed to the Gulf War. The 15,000 Gulf
War Era veterans were sampled from 800,690 persons (half of all
those who were in the military between September 1990 and
May 1991) identified by DMDC as having served during that time
but did not deploy to the Gulf War.6 Both groups had representation
from each branch of service (Air Force, Army, Marines, Navy).6 In
both the Gulf War and Gulf War Era groups, women were over-
sampled to comprise 20% of the sample, National Guard were
oversampled to comprise about 27% of the sample, and reserves
were oversampled to comprise about 33% of the sample. The
remaining 40% of the sample were active duty.6

Data Collection Methods
The data collection methods for each wave of the survey have

been described in detail elsewhere.4,6,26 In short, the panel members
were sent a mail survey in 1995, the same was done in the 2005 data
collection, and in the 2012 data collection panel members were sent
a mail survey, with the option to complete a web-based survey. At all
three data collection timepoints, a computer assisted telephone
interview was offered to those who did not respond to the other
survey modes. The study protocol for this analysis was reviewed and
approved by the Washington DC VA Medical Center Institutional
Review Board.

Measures
The health outcomes of interest included 25 self-reported

mental and physical health conditions including: arthritis, asthma,
chronic fatigue syndrome, cirrhosis, chronic obstructive pulmonary
disease, coronary heart disease, depression, dermatitis, diabetes,
disease of the genital organs, fibromyalgia, gastritis, hepatitis,
hypertension, irritable bowel syndrome (IBS), migraine, neuralgia,
other endocrine disorder, other cancer, post-traumatic stress disor-
der, repeat bladder infections, repeated seizures, skin cancer, stroke,
and tachycardia.

In the 1995 survey, health conditions were assessed by the
following question: ‘‘During the past 12 months, did you have any of
the following medical conditions?’’.6 In the 2005 survey, health
conditions were assessed by the following question: ‘‘Has your
doctor ever told you that you have any of the following condi-
tions?’’.26 In the 2012 survey, ‘‘Has your doctor ever told you that
you have any of the following conditions?’’.4 Once a respondent
endorsed that he/she had the condition, they were considered to have
the condition at future waves because of the way it was ascertained.
Not all health conditions were asked in the same way at each data
collection. IBS was not specifically named in the 1995 study;
however, enteritis, colitis, and frequent diarrhea were asked about,
consequently participants who endorsed any of these four condi-
tions in 1995 were coded as having been told they had IBS. Arthritis
was expanded and included different types of arthritis over the
course of the follow up period, for this analysis a summary arthritis
variable was created that included osteoarthritis, rheumatoid arthri-
tis, and unspecified arthritis. Chronic fatigue syndrome, fibromyal-
gia, and depression were not ascertained in 1995 but were included
in 2005 and 2012 surveys.

Other covariates included age at time of 1990 to 1991 Gulf
War (17 to 25, 26 to 32, 33 to 39, 40þ) race/ethnicity at time of 1990
ht © 2021 American College of Occupational and Environmental 
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to 1991 Gulf War, sex at time of 1990 to 1991 Gulf War (male and
female), service branch at time of 1990 to 1991 Gulf War (Air Force,
Army, Marine Corps, Navy), unit component at time of 1990 to
1991 Gulf War (active duty, National Guard, reserves), and rank at
time of 1990 to 1991 Gulf War (enlisted, officer, warrant). Smoking
status was included as a covariate; measured at each time point this
was categorized as current smoker, former smoker, and non-smoker.
BMI was also included as a covariate but was only measured on the
2005 and 2012 surveys; it was calculated using the standard formula
of kg/m2.

Statistical Analysis
Basic frequencies and proportions were calculated for each

health outcome at each data collection. Generalized estimating
equations analysis (GEE) was used to calculate adjusted odds ratios
comparing the odds of each health outcome between Gulf War
deployed veterans and Gulf War Era veterans considering the
longitudinal design (PROC GENMOD). GEE was used as it is
optimal for large sample sizes and can compute population-aver-
aged regression coefficients. In the GEE models built for this
analysis, we modeled how the probability that a veteran was
diagnosed with a medical condition changed over time, and how
that differed by deployment status. All models were adjusted for
gender, race/ethnicity, age, service branch, unit component, and
rank at the baseline data collection. Covariates that changed over
time such as smoking status and BMI were entered into the model at
the time point for which they occurred. All analyses were performed
using SAS version 9.4.32

RESULTS
Data at all three time points were available for 6338 veterans

(3958 Gulf War veterans and 2380 Gulf War Era veterans). This
represents about 21% of the original cohort of 30,000 that was
invited to participate in the 1995 study. Notably, the distribution of
gender and unit component that were used as stratification factors in
the original population-based cohort are represented in similar
proportions in the study sample used for this analysis.6 Table 1
provides the demographic and military characteristics for the study
sample. The sample was 20% female in both the Gulf War and Gulf
War Era groups. In the original study, active duty accounted for 40%
of the sample, reserve accounted for 33% of the sample, and
National Guard accounted for 27% of the sample in both the Gulf
War and Gulf War Era groups. In this analysis, among the deployed,
the proportion of respondents are: 34% active duty, 30% National
Guard, and 36% reserve. Among the Gulf Era veterans, the pro-
portions were 40% active duty, 26% National Guard, and
35% reserve.

Table 2 provides the frequency and percent of the health
conditions of interest at each data collection by Gulf War deploy-
ment status. For each of the 25 health conditions of interest, the
prevalence at each time point increased, in both the Gulf War
deployed and Gulf War Era non-deployed group, which is expected
as the population ages. The five conditions with highest prevalence
at each time point in both the Gulf War deployed and Gulf War Era
non-deployed were very similar. In 1995, the conditions with the
highest prevalence in Gulf War deployed and Gulf War Era non-
deployed groups, respectively, were arthritis (25.9% vs 16.7%),
dermatitis (32.5% vs 14.8%), gastritis (26.4% vs 11.2%), migraine
(17.2% vs 8.6%), and irritable bowel syndrome (27.5% vs 8.3%). In
2005, the conditions with the highest prevalence were dermatitis
(45.0% vs 27.2%), arthritis (43.1% vs 34.0%), gastritis (35.9% vs
19.4%), irritable bowel syndrome (32.5% vs 13.0%), and hyperten-
sion (30.0% vs 26.9%). In 2012, the conditions with the highest
prevalence were arthritis (58.1% vs 49.6%), dermatitis (53.4% vs
37.4%), hypertension (49.1% vs 45.0%), gastritis (41.8% vs 25.9%),
and depression (40.2% vs 26.3%). While the most prevalent
Medicine. Unauthorized reproduction of this article is prohibited 
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TABLE 1. Baseline Demographic and Military Characteristics of Gulf War and Gulf Era Veteran Respondents to the Gulf War
Longitudinal Study (N¼6338)

Characteristic

Gulf War Veterans

N (%)

Gulf Era Veterans

N (%) P

Total 3958 (62.4) 2380 (37.6)
Sex 0.3448

Male 3177 (80.3) 1887 (79.3)
Female 781 (19.7) 493 (20.7)

Mean age in 1991 (mean, SD) (32.4, 9.2) (34.7, 9.5) <0.0001
Race/ethnicity <0.0001

White, non-Hispanic 3144 (79.4) 2017 (84.7)
Black, non-Hispanic 558 (14.1) 242 (10.2)
Hispanic 150 (3.8) 66 (2.8)
Other, non-Hispanic 104 (2.6) 55 (2.3)

Branch <0.05
Air force 507 (12.7) 365 (15.3)
Army 2529 (63.9) 1480 (62.2)
Marines 404 (10.2) 220 (9.2)
Navy 524 (13.2) 315 (13.2)

Rank <0.0001
Enlisted 3246 (82.0) 1707 (71.1)
Officer 644 (16.3) 614 (25.8)
Warrant 68 (1.7) 59 (2.5)

Unit component <0.0001
Active duty 1346 (34.0) 942 (39.6)
National guard 1177 (29.7) 609 (25.6)
Reserve 1435 (36.3) 829 (34.8)

TABLE 2. Prevalence of Health Conditions Over Time of Gulf War and Gulf Era veterans (N¼6338)

1995 Survey� 2005 Surveyy 2012 Surveyy

Condition

Gulf War

(N¼ 3958)

N (%)§

Gulf Era

(N¼ 2380)

N (%)§

Gulf War

(N¼ 3958)

N (%)§

Gulf Era

(N¼ 2380)

N (%)§

Gulf War

(N¼ 3958)

N (%)§

Gulf Era

(N¼ 2380)

N (%)§

Arthritis 1015 (25.9) 394 (16.7) 1672 (43.1) 799 (34.0) 2271 (58.1) 1171 (49.6)
Dermatitis 1283 (32.5) 350 (14.8) 1748 (45.0) 639 (27.2) 2042 (53.4) 859 (37.4)
Gastritis 1036 (26.4) 265 (11.2) 1399 (35.9) 455 (19.4) 1609 (41.8) 597 (25.9)
Migraine 676 (17.2) 203 (8.6) z z 1044 (27.4) 397 (17.1)
Irritable bowel syndromejj 1084 (27.5) 196 (8.3) 1265 (32.5) 305 (13.0) 1434 (37.6) 390 (17.0)
Chronic obstructive pulmonary disease 522 (13.3) 190 (8.0) 680 (17.6) 247 (10.6) 832 (21.9) 324 (14.0)
Hypertension 490 (12.5) 190 (8.0) 1165 (30.0) 632 (26.9) 1908 (49.1) 1056 (45.0)
Post-traumatic stress disorder 443 (11.2) 80 (3.4) 745 (18.9) 133 (5.6) 1054 (26.7) 240 (10.1)
Asthma 208 (5.3) 74 (3.1) 409 (10.6) 185 (7.9) 571 (15.1) 271 (11.8)
Tachycardia 354 (9.0) 73 (3.1) 534 (13.8) 153 (6.5) 703 (18.4) 248 (10.8)
Neuralgia 199 (5.1) 55 (2.3) 392 (10.2) 134 (5.7) 630 (16.6) 237 (10.3)
Any disease of genital organ 205 (5.2) 55 (2.3) 404 (10.5) 148 (6.3) 531 (14.0) 206 (8.9)
Repeat bladder infections 191 (4.8) 52 (2.2) 298 (7.7) 107 (4.6) 374 (9.9) 144 (6.2)
Other endocrine disorder 97 (2.5) 48 (2.0) 272 (7.1) 141 (6.0) 496 (13.4) 284 (12.6)
Skin cancer 116 (2.9) 43 (1.8) 268 (7.0) 178 (7.6) 504 (13.4) 333 (14.5)
Coronary heart disease 64 (1.6) 34 (1.4) 182 (4.7) 103 (4.4) 361 (9.5) 213 (9.2)
Hepatitis 50 (1.3) 25 (1.1) 148 (3.8) 96 (4.1) 195 (5.2) 124 (5.4)
Diabetes 51 (1.3) 24 (1.0) 231 (6.0) 144 (6.2) 619 (16.4) 348 (15.2)
Other cancer 42 (1.1) 21 (0.9) 135 (3.5) 91 (3.9) 342 (9.1) 227 (9.9)
Repeated seizures 86 (2.1) 20 (0.8) 157 (4.1) 35 (1.5) 220 (5.8) 68 (2.9)
Stroke 13 (0.33) 11 (0.46) 62 (1.61) 35 (1.5) 134 (3.56) 84 (3.64)
Cirrhosis 10 (0.25) 3 (0.13) 31 (0.80) 12 (0.51) 68 (1.82) 31 (1.36)
Depression z z 992 (25.7) 352 (15.0) 1550 (40.2) 614 (26.3)
Fibromyalgia z z 109 (2.9) 53 (2.2) 254 (6.8) 90 (4.0)
Chronic fatigue syndrome z z 470 (12.2) 63 (2.7) 700 (18.6) 118 (5.2)

�Based on the question, ‘‘During the past 12 months did you have any of the following medical conditions?’’.
yBased on the question, ‘‘Has your doctor ever told you that you have any of the following conditions?’’.
zCondition not be assessed at survey timepoint.
§Percent based on number of respondents for specific health outcome/condition.
jjIn 1995, measured by combining frequent diarrhea, colitis, and enteritis.
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TABLE 3. Adjusted Odds Ratios and 95% CI From General-
ized Estimating Equations Comparing Gulf War Veterans to
Gulf Era Veterans (N¼6338)

Condition

Adjusted Odds

Ratio (95% CI)�

Chronic fatigue syndrome 4.16 (3.37, 5.12)
Post-traumatic stress disorder 3.01 (2.57, 3.52)
Irritable bowel syndrome 2.83 (2.49, 3.22)
Repeated seizures 1.94 (1.47, 2.57)
Gastritis 2.10 (1.87, 2.35)
Dermatitis 2.03 (1.83, 2.26)
Tachycardia 1.97 (1.68, 2.31)
Depression 1.84 (1.64, 2.06)
Neuralgia 1.84 (1.57, 2.17)
Fibromyalgia 1.80 (1.40, 2.31)
Chronic obstructive pulmonary disease 1.76 (1.52, 2.03)
Repeat bladder infections 1.64 (1.33, 2.01)
Arthritis 1.65 (1.49, 1.83)
Any disease of genital organ 1.75 (1.47, 2.08)
Migraine 1.70 (1.49, 1.95)
Cirrhosis 1.32 (0.85, 2.04)
Coronary heart disease 1.22 (1.01, 1.48)
Hypertension 1.27 (1.15, 1.41)
Asthma 1.32 (1.12, 1.54)
Other endocrine disorder 1.17 (0.99, 1.37)
Skin cancer 1.17 (1.00, 1.37)
Diabetes 1.11 (0.95, 1.29)
Stroke 1.09 (0.82, 1.45)
Other cancer 1.06 (0.88, 1.27)
Hepatitis 1.00 (0.79, 1.27)

95% CI, 95% confidence intervals; BMI, body mass index.
�Adjusted by gender, race/ethnicity, age, service branch, unit component, rank,

smoking status, and BMI.
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conditions were similar between the Gulf War deployed and Gulf
War Era non-deployed, the prevalence was greater in the Gulf War
deployed group, and this was consistent at every time point. There
were only a few conditions where the magnitude of the prevalence in
the Gulf War deployed and Gulf War Era non-deployed were similar
(within one percent): hepatitis, diabetes, other cancer, and stroke.

Table 3 provides adjusted odds ratios and 95% confidence
intervals (95% CI) from the generalized estimating equations
analysis. Gulf War veterans had statistically significant higher odds
of disease over the course of the study period for almost all medical
conditions than Gulf War era veterans including: chronic fatigue
syndrome (aOR 4.16, 95% CI: 3.37, 5.12), post-traumatic stress
disorder (aOR: 3.01, 95% CI 2.57; 3.52), irritable bowel syndrome
(aOR: 2.83; 95% CI 2.49, 3.22), repeated seizures (aOR: 1.94; 95%
CI 1.47, 2.57), gastritis (aOR: 2.10; 95% CI: 1.87, 2.35), dermatitis
(aOR: 2.03; 95% CI: 1.83, 2.26), tachycardia (aOR: 1.97; 95% CI:
1.68, 2.31), depression (aOR: 1.84; 95% CI: 1.64, 2.06), neuralgia
(aOR: 1.84; 95% CI: 1.57, 2.17), chronic obstructive pulmonary
disease (aOR: 1.76; 95% CI: 1.52, 2.03), repeated bladder infections
(aOR: 1.64; 95% CI: 1.33, 2.01), arthritis (aOR: 1.65; 95% CI; 1.49,
1.83), any disease of the genital organs (aOR: 1.75, 95% CI: 1.47,
2.08), migraine (aOR: 1.70; 95% CI: 1.49, 1.95), fibromyalgia
(aOR: 1.80; 95% CI: 1.40, 2.31), hypertension (aOR: 1.27; 95%
CI: 1.15, 1.41), coronary heart disease (aOR: 1.22; 95% CI: 1.01,
1.48), and asthma (OR: 1.32; 95% CI: 1.12, 1.54).

DISCUSSION
This paper reports the prevalence of self-reported physical

and mental health conditions of 6424 Gulf War and Gulf War Era
veterans over the course of the 20 years following the war and
ht © 2021 American College of Occupational and Environmental 
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provides population-averaged odds ratio for health conditions com-
paring Gulf War veterans to Gulf War Era veterans over time. This is
the first paper to report longitudinal results of this cohort, which has
been followed since 1995.

Overall, the prevalence of disease in both the Gulf War
deployed and Gulf War Era non-deployed veterans increased over
time, which is expected as the population ages. The mean age of the
study sample was 31.6 in 1991, which puts respondents in the range
of 52 to 54 at the time of the 2012 data collection, and onset of
chronic disease is associated with aging.33 However, the magnitude
of the prevalence of the measured conditions was greater at all data
collection time points in the Gulf War deployed veterans compared
to Gulf War Era non-deployed veterans. The adjusted odds ratios
from GEE analysis suggest that Gulf War veterans had significantly
higher odds of reporting almost all medical conditions (except for
diabetes, stroke, hepatitis, other endocrine disorders, and other
cancers) and began to report them earlier.

The five medical conditions with the highest adjust odds
ratios from GEE analysis are chronic fatigue syndrome, post-
traumatic stress disorder, irritable bowel syndrome, gastritis, and
dermatitis which are all diagnoses that include the prominent
symptoms of Gulf War illness—pain, fatigue, gastrointestinal upset,
and mood/cognition disturbance.2,34 This is not a surprising finding
as Gulf War illness is considered the ‘‘signature injury’’ of the 1990
to 1991 Gulf War and estimated to affect one-third of Gulf War
veterans, we would expect Gulf War veterans to have a higher
prevalence and develop these conditions earlier.5 It is interesting
that odds of cardiovascular conditions such as coronary heart
disease (aOR: 1.22; 95% CI: 1.01, 1.48) and hypertension (aOR:
1.27; 95% CI: 1.15, 1.41) were significantly greater in Gulf War
veterans. Inflammation is a key element in cardiovascular dis-
ease,35,36 inflammation is also hypothesized to be a key component
in of Gulf War illness.37–39 The odds of respiratory conditions over
time, such as asthma (aOR: 1.32; 95% CI: 1.12, 1.54) and chronic
obstructive pulmonary disease (aOR: 1.76; 95% CI: 1.52, 2.03) were
also significantly higher in Gulf War veterans, even after adjustment
for smoking status, which may be related to the airborne hazards
present in theatre.40 Similarly, the odds of neurologic diagnoses over
time such as migraine (aOR: 1.70; 95% CI: 1.49, 1.95) and seizures
(aOR: 1.94; 95% CI: 1.47, 2.57) were also higher in Gulf War
veterans. This is an important finding as there is literature to suggest
that Gulf War veterans are developing disease faster than both the
general population23 and their non-deployed counterparts.41–45

Very few studies have published longitudinal analysis of Gulf
War veterans. The Ft. Devens Cohort originally consisted of 2949
Army and National Guard soldiers who deployed to the 1990 to
1991 Gulf War and have been followed since their return from
deployment.24,46 A recent publication reporting on 317 Ft. Devens
Gulf War veterans who responded to survey waves in 1997 to 1998,
and 2013 to 2017 found that the prevalence of seven medical
conditions significantly increased over time, with hypertension,
diabetes, and cancer having the largest prevalence increase.24 In
the current study, we found that the prevalence of 25 medical
conditions increased over time among Gulf War veterans, including
hypertension, diabetes, and cancer consistent with the findings in
the Ft. Devens cohort. However, we also found this same trend in the
non-deployed Gulf War Era veterans, which is likely a function of
aging. Another recent analysis of the Ft. Devens Cohort compared
the prevalence of nine chronic medical conditions to those in a
sample of NHANES and reported that the Fort Devens Cohort
members had higher odds of self-reported high blood pressure, high
cholesterol, heart attack, diabetes, stroke, arthritis, and chronic
bronchitis than NHANES cohort members.23 Our findings are
consistent in that the Gulf War veterans had higher prevalence
and odds of disease over time for every queried health condition
when compared to the Gulf War Era veterans. While this analysis
Medicine. Unauthorized reproduction of this article is prohibited 
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did not use NHANES as a comparison group, analyses are underway
by our team to statistically compare the prevalence of disease among
Gulf War deployed veterans to an age/time matched sample of
NHANES participants, and to statistically compare the prevalence
of disease among Gulf War Era non-deployed veterans to an age/
time matched sample of NHANES participants so that an attribut-
able risk may be calculated for Gulf War deployment and military
service (ie, Gulf War veterans who served in the military at the same
time, but did not deploy).

One of the major strengths of this analysis is its large sample
size and representativeness of the 1990 to 1991 Gulf War popula-
tion. This cohort is the largest population-based longitudinal cohort
of Gulf War and Gulf War Era veterans to date; this analysis is based
on over 6000 veterans with 20 years of follow up. The inclusion of a
non-deployed Gulf War Era comparison allows for calculation of
the effect of deployment on health status. This study has a few
limitations. The first is that the data are self-reported and therefore
subject to recall bias. However, medical records validation sub-
studies of this cohort at the 1995 and 2012 follow up found 93%6

and 89%4 agreement, respectively, for what was reported in the
survey and validated in the medical record. While self-report may
introduce bias, we do not believe it to be substantial. Another
limitation is our inability to calculate incidence rates, as we are
unable to calculate person time at risk because of the way questions
on health conditions were asked. Incidence rates and incidence rate
ratios would more clearly demonstrate if Gulf War veterans are
developing disease faster than Gulf War Era veterans. It should be
noted that we did not have information on post military occupa-
tional/environmental exposures or family history of illness, which
are known predictors of disease.

Our findings show that both Gulf War and Gulf War Era
veterans experienced an increase in prevalence of chronic disease
over time, with the magnitude of the prevalence greater at all data
collection time points in the Gulf War veterans compared to Gulf War
Era veterans. The adjusted odds ratios also suggest that Gulf War
veterans not only had significantly higher odds of reporting almost all
medical conditions, but also began to report them earlier. This is the
first study to provide longitudinal data demonstrating that there may
be a generalized effect of accelerated aging associated with Gulf War
deployment as suggested by an aging-related comorbidity profile
occurring sooner (ie, at an earlier age) in the Gulf War veterans
compared to Gulf War Era veterans. Health care providers who treat
veterans should ask about Gulf War service and provide thorough
evaluation. In addition, Gulf War veterans should be encouraged to
seek routine health care so that any medical concerns, both related and
unrelated to deployment, can be promptly addressed.
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