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Background: United States military personnel reported various
symptoms after deployment to the Persian Gulf during the 1991
Gulf War. However, the symptoms’ long-term prevalence and
association with deployment remain controversial.

Objective: To assess and compare the prevalence of selected
medical conditions in a national cohort of deployed and nonde-
ployed Gulf War veterans who were evaluated by direct medical
and teledermatologic examinations.

Design: A cross-sectional prevalence study performed 10 years
after the 1991 Gulf War.

Setting: Veterans were examined at 1 of 16 Veterans Affairs
medical centers.

Participants: Deployed (n � 1061) and nondeployed (n � 1128)
veterans of the 1991 Gulf War.

Measurements: Primary outcome measures included fibromyal-
gia, the chronic fatigue syndrome, dermatologic conditions, dys-
pepsia, physical health–related quality of life (Short Form-36 [SF-
36]), hypertension, obstructive lung disease, arthralgias, and
peripheral neuropathy.

Results: Of 12 conditions, only 4 conditions were more prevalent
among deployed than nondeployed veterans: fibromyalgia (de-

ployed, 2.0%; nondeployed, 1.2%; odds ratio, 2.32 [95% CI, 1.02
to 5.27]); the chronic fatigue syndrome (deployed, 1.6%; nonde-
ployed 0.1%; odds ratio, 40.6 [CI, 10.2 to 161]); dermatologic
conditions (deployed, 34.6%; nondeployed, 26.8%; odds ratio,
1.38 [CI, 1.06 to 1.80]), and dyspepsia (deployed, 9.1%; nonde-
ployed, 6.0%; odds ratio, 1.87 [CI, 1.16 to 2.99]). The mean
physical component summary score of the SF-36 for deployed and
nondeployed veterans was 49.3 and 50.8, respectively.

Limitations: Relatively low participation rates introduce poten-
tial participation bias, and deployment-related illnesses that re-
solved before the research examination could not, by design, be
detected.

Conclusions: Ten years after the Gulf War, the physical health
of deployed and nondeployed veterans is similar. However, Gulf
War deployment is associated with an increased risk for fibromy-
algia, the chronic fatigue syndrome, skin conditions, dyspepsia,
and a clinically insignificant decrease in the SF-36 physical com-
ponent score.
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Approximately 700 000 U.S. servicemen and service-
women were deployed to the Persian Gulf during the

1991 Gulf War. Although only 200 U.S. combat-related
deaths occurred, many personnel were subjected to various
natural and man-made environmental exposures, including
sand flies, molds, infectious agents, vaccines, medical pro-
phylaxis, pesticides, depleted uranium, oil-fire smoke, bio-
logical and chemical warfare agents, and psychological
stress (1). Within months of their return, many ground-
deployed personnel began reporting fatigue, skin rashes,
bone and joint pains, symptoms suggestive of the irritable
bowel syndrome, cognitive dysfunction, emotional distress,
and other symptoms (2–5). Questionnaire surveys of U.S.
(6), British (7), and Canadian (8) veterans and more rep-
resentative veteran cohorts selected from Iowa (9), New
England (10), the U.S. Air Force (11), and Great Britain
(12) supported individual reports.

In 1995, the U.S. Department of Veterans Affairs
funded the National Health Survey of Gulf War Era Vet-
erans and Their Families research project. This study,
which compared the health of 15 000 deployed veterans
with 15 000 nondeployed veterans through mail and tele-
phone surveys, found that deployed veterans reported a
higher prevalence of 29 of 31 self-reported medical condi-
tions and 48 symptoms than nondeployed veterans (13). In

our study, we recruited a subset of deployed and nonde-
ployed veterans who participated in the National Health
Survey of Gulf War Era Veterans and Their Families for a
medical evaluation to assess and compare the long-term
prevalence of selected medical conditions in a national co-
hort of deployed and nondeployed Gulf War veterans.

METHODS

Study Population and Recruitment
Recruitment for the National Health Survey of Gulf

War Era Veterans and Their Families study has been de-
scribed elsewhere in detail (13) and is summarized in the
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Figure. Briefly, the U.S. Department of Defense’s Defense
Manpower Data Center, Monterey, California, identified
the entire cohort of 693 826 troops who were deployed to
the Persian Gulf area during the Gulf War and approxi-

mately half (800 680 troops) of the nondeployed troops
who were in military service between September 1990 and
May 1991. A total of 15 000 deployed and 15 000 non-
deployed veterans were solicited to participate in the study.
To ensure that women, reservists, and National Guard
members were adequately represented, the investigators ap-
plied a stratified random sampling method to each group
so that one fifth of each sample were women (n � 3000),
one third were reservists (n � 5000), and approximately
one quarter were members of the National Guard (n �
4000).

For our study, we created a list of potential partici-
pants by randomly selecting from the 11 441 deployed and
9476 nondeployed Gulf War veterans who participated in
the 1995 study, stratified by deployment status (deployed
or not deployed) and region of last known residence at the
time of the original survey based on home telephone area
code (Figure). We assigned potential participants to the
participating Veterans Affairs medical center closest to
their home residence. Participating medical centers were in
Albuquerque, New Mexico; Baltimore, Maryland; Bir-
mingham, Alabama; Boston, Massachusetts; Cincinnati,
Ohio; Hines (Chicago), Illinois; Houston, Texas; Miami,
Florida; Minneapolis, Minnesota; New Orleans, Louisiana;
New York, New York; Portland, Oregon; Richmond, Vir-
ginia; Salt Lake City, Utah; San Diego, California; and St.
Louis, Missouri.

We gave each member of the cohort assigned to a

Context

The prevalence and association of medical conditions with
deployment to the 1991 Gulf War are controversial.

Contribution

This cross-sectional study, performed 10 years after the
1991 Gulf War, compared the prevalence of 12 conditions
between 1061 deployed and 1128 nondeployed U.S. vet-
erans. Only fibromyalgia (2% vs. 1.2%), the chronic fa-
tigue syndrome (1.6% vs. 0.1%), skin conditions (34.6%
vs. 26.8%), and dyspepsia (9.1% vs. 6.0%) were more
common among deployed veterans.

Cautions

Short-term conditions that resolved weren’t assessed. Fifty-
three percent of deployed eligible veterans and 39% of
nondeployed eligible veterans participated in the study.

Implications

Only a few health conditions seem to be associated with
Gulf War deployment.

–The Editors

Figure. Sample selection flowchart.

* Cohort obtained from the U.S. Department of Defense Manpower Data Center, Monterey, California. Deployed cohort included all deployed troops,
and nondeployed cohort was approximately half of all nondeployed troops in service between September 1990 and May 1991. † Stratified random
sampling applied to the U.S. Department of Defense cohort to adequately represent women, reservists, and National Guard members. ‡ Stratified
random sampling applied to participants in the 1995 study to select by geographic proximity to 1 of 16 participating Veterans Affairs Medical Centers.
§ We initially invited 2084 veterans to participate. To achieve examined groups of equal size, we invited an additional 799 veterans to participate in the
fourth solicitation wave of 50 veterans per site.
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medical center a randomly generated number, and the
numbers were sequenced in ascending order. We performed 3
recruitment waves of approximately 40 deployed and 40 non-
deployed veterans at approximately 8-month intervals at each
site, beginning with the veteran who was assigned the lowest
number. In each wave, the veteran received a recruitment
package that included an introductory letter, a detailed expla-
nation of the purpose and nature of the study, a letter of
intent form, and a preaddressed and stamped return envelope.
We asked potential veteran participants to sign and return the
letter of intent to participate in the study. Veterans who did
not respond within a few weeks received a reminder call. To
further encourage study participation, we sent nonrespon-
dents a newsletter and a 12-minute videotape that presented a
typical clinical examination day and several testimonies of vet-
erans who had already completed the study. Two research
contractors (Gallup Organization, Omaha, Nebraska, for the
first wave, and Schulman, Ronca & Bucuvalas, Inc., Silver
Spring, Maryland, for successive waves) mailed recruitment
packages and made reminder follow-up calls. Because of lower
participation rates among nondeployed veterans, we solicited
an additional 799 nondeployed veterans to obtain groups of
equal size.

The signed letter of intent was returned to the Hines
Veterans Affairs Cooperative Studies Program Coordinat-
ing Center, Hines, Illinois, which forwarded it to the par-
ticipating Veterans Affairs medical center to which the vet-
eran was assigned. Site personnel then contacted the
veteran and scheduled the examination. The research
project provided travel, hotel, and per diem costs and an
honorarium of $200. The Hines Cooperative Studies Pro-
gram Human Rights Committee and the institutional re-
view board at each individual site approved the protocol
and consent form. Participants gave signed informed con-
sent shortly before the start of the examination.

Data Collection
To assess nonparticipation bias, we obtained previ-

ously collected data from deployed and nondeployed par-
ticipants and nonparticipants, including sociodemographic
and military service characteristics in 1991 from the U.S.
Department of Defense’s Defense Manpower Data Center
and sociodemographic and self-reported health data col-
lected by the National Health Survey of Gulf War Era
Veterans and Their Families in 1995.

For our study, physicians and research nurses per-
formed medical, neurologic, gynecologic, and psychiatric
histories and examinations between 1999 and 2001 by us-
ing carefully standardized methods. A research nurse solic-
ited histories of symptoms and illnesses in 8 system cate-
gories by using a structured interview. Examinations were
followed by laboratory, pulmonary function, nerve con-
duction, and neuropsychological tests. The average exami-
nation time was 12 hours performed over 2 days. In this
paper, we report the study’s medical outcomes. Other

manuscripts will address the psychiatric and neuropsycho-
logical results.

Disease Diagnostic Criteria
Fibromyalgia

The diagnosis of fibromyalgia followed the 1990
American College of Rheumatology criteria of diffuse body
pain and pain on physical examination on at least 11 of 18
tender points (14).

The Chronic Fatigue Syndrome

The diagnosis of the chronic fatigue syndrome fol-
lowed the International Chronic Fatigue Syndrome Study
Group case definition (15). After data collection was com-
plete, 4 physicians and a psychologist, who were blinded to
the participants’ deployment status, reviewed medical and
psychiatric data on individuals who met the chronic fatigue
syndrome inclusion criteria. We identified exclusionary
psychiatric disorders by participant responses to the Com-
posite International Diagnostic Interview (CIDI) (16) and
self-reported psychiatric diagnoses. We determined exclu-
sionary medical illnesses from history, examination, self-
reported diagnoses, and laboratory testing.

Peripheral Neuropathy

The diagnosis of peripheral neuropathy included any
idiopathic or unexplained distal sensory, motor, or senso-
rimotor polyneuropathy based on physical findings, nerve
conduction studies, or both. Upper motor neuron findings,
alcohol abuse or dependence, HIV or AIDS, hypothyroid-
ism, diabetes, or antineoplastic medications excluded this
diagnosis.

Self-Reported Physical Health–Related Quality of Life

We used the physical component score of the Medical
Outcomes Study Short Form-36 (SF-36) (17) to provide
an overall measure of current self-reported physical health–
related quality of life. For the average healthy population,
the physical component score was a mean of 50, SD 10.

Dermatologic Conditions

We divided dermatologic conditions a priori into 2
groups. Group 1 conditions were freckles, lentigines, seb-
orrheic keratoses, nevi, moles, cherry hemangiomas, skin
tags, and surgical scars detected by research physicians after
full-body skin examinations. Group 2 skin diagnoses in-
cluded all diagnoses that are not included in group 1. A
board-certified dermatologist diagnosed these conditions
by using teledermatology, at least 2 digital photographs,
and the results of a standardized history and physical ex-
amination.

Other Illnesses

Dyspepsia criteria included a history or symptoms of
dyspepsia (frequent heartburn and recurrent abdominal
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pain) and use of antacids, H2-blockers, or other medica-
tions to treat dyspepsia. Hypertension was defined as blood
pressure greater than 140/90 mm Hg or history of hyper-
tension and use of antihypertensive medications. Hepatitis
was defined as an alanine aminotransferase level greater
than 1.5 times the upper limit of normal. We based the
diagnosis of symptomatic arthralgias on report of persistent
and clinically significant bone or joint symptoms with or
without joint effusion and treatment with anti-inflamma-
tory agents, narcotic pain medications, or nonnarcotic pain
medications. Obstructive lung disease was defined as a his-
tory of lung disease (asthma, bronchitis, or emphysema) or
pulmonary symptoms (wheezing, dyspnea on exertion, or
persistent coughing with phlegm) and either the use of
bronchodilators or at least 15% improvement in FEV1 af-
ter a short-acting bronchodilator. Diabetes was defined as
having a fasting glucose level of 6.99 mmol/L or greater
(�126 mg/dL) at the research examination or taking a
hypoglycemic medication. Hypothyroidism was defined as
having an untreated thyroid-stimulating hormone level of
10.0 mU/mL or greater or taking medication for hypothy-
roidism. Hyperthyroidism was defined as having an un-
treated thyroid-stimulating hormone level less than 0.1
mU/mL or taking medication for hyperthyroidism.

Laboratory Tests
The following laboratory tests were performed on all par-

ticipants: complete urinalysis and blood tests to measure he-
moglobin, fasting blood sugar, blood urea nitrogen, creati-
nine, sodium, potassium, chloride, bicarbonate, calcium,
magnesium, phosphate, albumin, globulins, lactic dehydroge-
nase, alkaline phosphatase, total and fractionated bilirubin,
aspartate and alanine aminotransferases, uric acid, total cho-
lesterol, triglycerides, high-density lipoprotein, and thyroid-
stimulating hormone levels; total leukocyte, leukocyte differ-
ential, and platelet counts; and erythrocyte sedimentation rate.

Data Quality Assurance
An operations manual provided instructions on the

conduct of the study for all 16 sites, supplemented by 3
national training meetings and twice-weekly conference
calls. We reviewed all data for accuracy and completeness,
entered data into a computer database, and periodically
checked data for consistency between variables.

Statistical Analyses
We estimated sample sizes a priori. The target sample

size of 1000 persons in each group was sufficient to provide
an 80% power to detect prevalence differences of 1.8% for
fibromyalgia (assumed prevalences among deployed veter-
ans and nondeployed veterans, 2.3% and 0.5%, respec-
tively), 1.6% for the chronic fatigue syndrome (assumed
prevalences among deployed veterans and nondeployed
veterans, 1.9% and 0.3%, respectively), 1.5% for periph-
eral neuropathy (assumed prevalences among deployed vet-
erans and nondeployed veterans, 1.7% and 0.2%, respec-
tively), and a mean difference of 1.5, SD 10, for the
physical component score of the SF-36.

We performed all analyses while blinded to deploy-
ment status. We based analyses of participation bias (Table 1)
on data collected in 1991 and 1995; analyses of current health
(Tables 2 to 4) are based on data collected by our present
study. Analyses labeled as unadjusted accounted for the strat-
ified sampling design (Figure) on the basis of the sampling
probabilities of deployment status, sex, and duty type in the
1995 study and the examination rate of the groups in our
study. Logistic regression analyses labeled as adjusted incorpo-
rated the stratified sampling design and the following covari-
ates: age, sex, race (white vs. other), years of education (�12
years vs. �12 years), cigarette history (smoked cigarettes daily
for � 1 month during the past 12 months: yes or no), duty
type (active vs. reserves or National Guard), service branch
(Army or Marines vs. Navy or Air Force), and rank (enlisted
vs. officer). We generated the prevalences among deployed
and nondeployed veterans in Tables 1 and 2 by using SAS,
version 8 (SAS Institute, Inc., Cary, North Carolina). We
used the Fisher exact test for comparisons of sociodemo-
graphic and military service characteristics and self-reported
medical illnesses. We used SUDAAN, release 8.0 (Research
Triangle Institute, Research Triangle Park, North Carolina),
to obtain population estimates and SEs, odds ratios, and 95%
CIs. We based statistical comparisons on the Wald F statistic.

Role of the Funding Source
The Cooperative Studies Program of the U.S. Depart-

ment of Veterans Affairs, Office of Research and Develop-
ment, sponsored the study. The study’s Executive Com-
mittee, composed of the principal investigators and several
co-investigators (see the Appendix, available at annals.org),
had full access to the data files of the study and were re-
sponsible for the study protocol, case report forms, statis-
tical analysis plan, progress of the study, analysis, and re-
porting of the data, regardless of the study’s outcome. The
U.S. Department of Veterans Affairs had the opportunity
to comment on the manuscript before submission, but the
final version was the sole responsibility of the authors.

RESULTS

Participation Rates and Participation Bias
The Figure presents the sample selection scheme for the

study. Although the percentages of nondeployed (439 of 2883
[15.2%]) and deployed (255 of 1996 [12.8%]) participants
who could not be located were similar, a higher proportion of
nondeployed (1316 of 2883 [45.7%]) than deployed (680 of
1996 [34.1%]) veterans who were successfully located de-
clined to participate. Because of the lower participation rate by
nondeployed veterans, we sought participation from more
nondeployed veterans (n � 2883) than deployed veterans
(n � 1996) to attain the minimum recruitment goal of 1000
deployed and nondeployed veteran examinations.

Table 1 evaluates participation bias. Compared with
nonparticipants, deployed and nondeployed participants
in our study were older and were more likely to be
women, white, and in the reserves. In addition, de-
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ployed and nondeployed participants in our study were
statistically significantly more likely than nonpartici-
pants in 1995 to report a dermatologic condition,
numbness or tingling in hands or feet, symptoms sug-
gestive of the chronic fatigue syndrome, arthritis of any
kind, and heartburn or indigestion. Only nondeployed
participants were statistically significantly more likely

than nondeployed nonparticipants to have an officer
rank (19.6% vs. 15.4%, respectively) and to report at
least 1 clinic or physician visit in the year before 1995
(46.1% vs. 39.5%, respectively). Deployed participants
were statistically significantly more likely than deployed
nonparticipants to be in the Army (64.6% vs. 55.9%,
respectively).

Table 1. Sociodemographic Characteristics in 1991 and Self-Reported Health Characteristics in 1995 of Individuals Who Completed
the 1995 Survey according to Their Participation in the Present Study*

Sociodemographic
Characteristics and
Self-Reported Conditions

Deployed Nondeployed P
Value†

Participants
(n � 1061)

Nonparticipants
(n � 935)

Odds Ratio
(95% CI)

P
Value

Participants
(n � 1128)

Nonparticipants
(n � 1755)

Odds Ratio
(95% CI)

P
Value

Mean age on 1 January
1991, y‡

30.9, SD 8.8 29.2, SD 8.3 0.001 32.6, SD 9.6 30.1, SD 8.6 �0.01 �0.01

Sex, %‡ 0.002 0.02 �0.2
Men 78.0 83.6 78.0 81.7
Women 22.0 16.4 22.0 18.3

Ethnicity, %‡ 0.001 �0.01 0.03
White 76.5 72.6 80.0 75.3
Black 19.9 19.7 15.6 18.3
Other 3.7 7.7 4.4 6.4

Marital status in 1991,
%‡

NA 0.02 NA 0.02 0.02

Married 52.8 49.4 58.7 53.5
Single 41.5 46.7 36.5 41.4
Other 5.7 3.9 4.8 5.0

Rank in 1991, %‡ �0.2 0.005 0.001
Nonofficer 85.7 87.2 80.4 84.6
Officer 14.3 12.8 19.6 15.4

Branch in 1991, %‡ 0.001 0.13 �0.2
Army 64.6 55.9 62.9 59.5
Navy 12.0 18.6 13.6 13.7
Air Force 11.9 15.0 13.7 14.3
Marines 11.6 10.5 9.8 12.5

Unit component in 1991,
%†

0.01 0.008 �0.2

Reserve 36.3 32.7 36.9 32.3
Active 35.2 41.6 35.9 41.4
National Guard 28.6 25.7 27.2 26.3

Active duty in 1995, %‡ 14.5 22.5 0.59 (0.47–0.74) �0.001 15.8 18.8 0.81 (0.67–0.99) 0.04 �0.2
Smoked cigarettes in the

past 12 mo, %§
34.0 37.6 0.85 (0.71–1.03) 26.2 32.3 0.74 (0.63–0.88) 0.27

Alcohol use, %§ �0.2 �0.2 0.19
None 27.6 29.0 30.6 30.7
�1–3 d/mo 34.1 32.9 33.6 30.8
1–4 d/wk 32.6 31.2 27.3 32.4
5–7 d/wk 5.7 6.9 8.6 6.2

� 1 health care visit, %§ 54.2 50.7 1.15 (0.96–1.38) 46.1 39.5 1.31 (1.13–1.53) �0.2
� 1 hospitalization, %§ 8.4 7.0 1.21 (0.87–1.69) 6.6 6.2 1.06 (0.78–1.44) �0.2
Dermatologic condition,

%§
45.3 36.0 1.47 (1.23–1.77) 21.2 17.5 1.27 (1.05–1.54) �0.2

Numbness or tingling in
limbs, %§

37.6 25.3 1.78 (1.47–2.16) 19.9 16.0 1.31 (1.08–1.59) 0.03

Chronic fatigue symptoms,
%§

35.5 24.6 1.69 (1.39–2.05) 12.3 7.5 1.73 (1.35–2.23) �0.2

Hypertension, %§ 13.6 11.8 1.18 (0.90–1.54) 7.9 8.0 0.99 (0.75–1.30) �0.2
Asthma, %§ 5.9 4.6 1.29 (0.87–1.93) 3.7 2.9 1.32 (0.87–2.00) �0.2
Arthritis of any kind, %§ 26.5 22.0 1.28 (1.04–1.57) 18.2 14.6 1.30 (1.06–1.59) �0.2
Heartburn or indigestion,

%§
45.8 40.3 1.25 (1.05–1.50) 32.7 25.3 1.43 (1.21–1.69) �0.2

Hepatitis, %§ 1.1 1.1 1.06 (0.46–2.46) 0.8 1.1 0.74 (0.33–1.63) �0.2
Diabetes, %§ 1.4 0.7 2.21 (0.86–5.73) 1.1 1.0 1.10 (0.52–2.32) �0.2
Bronchitis, %§ 14.4 12.8 1.15 (0.89–1.49) 11.1 8.7 1.31 (1.02–1.69) �0.2

* NA � not applicable.
† P value for the Breslow Day homogeneity of odds ratio test for the hypothesis that the odds ratios of deployed and nondeployed are equal.
‡ Obtained from the U.S. Department of Defense’s Defense Manpower Data Center, Monterey, California.
§ Self-reported in 1995.
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Participant Characteristics
At the research examination, deployed participants

were slightly younger (38.9 years vs. 40.7 years; P � 0.01),
were less educated (32.5% vs. 42.0% were college gradu-
ates or postgraduates; P � 0.01), were less likely to be
married (67.4% vs. 72.3%; P � 0.02), and reported a
lower annual family income ($46 800 vs. $52 000; P �
0.01) than nondeployed participants. The percentages of
deployed and nondeployed veterans still on active military
duty did not differ (7.8% vs. 8.5%, respectively; P � 0.2)
(Table 2).

Population Prevalence of Self-Reported Illnesses at the
Research Examination

For our study, we first compared the prevalence of
self-reported illnesses among deployed and nondeployed
veterans (Table 3). Unadjusted and adjusted results statis-
tically significantly differed only in the prevalence of self-
reported skin rash and the chronic fatigue syndrome. At
the examination, 39.8% of deployed veterans reported hav-
ing a skin rash versus 27.6% of nondeployed veterans
(odds ratio, 1.74 [95% CI, 1.35 to 2.23]), and 2.3% of
deployed veterans reported the chronic fatigue syndrome

Table 2. Sociodemographic and Military Service Characteristics of Deployed and Nondeployed Participants at the Research
Examination

Characteristic Deployed (n � 1061) Nondeployed (n � 1128) P Value

Mean age, y 38.9, SD 8.8 40.7, SD 9.6 0.001
Highest education, % 0.001

Not a high school graduate 1.8 2.0
High school graduate 65.7 56.0
College graduate 19.8 22.1
Postgraduate 12.7 19.9

Marital status, % 0.02
Married 67.5 72.3
Never married 17.0 12.2
Divorced 12.5 12.5
Other 3.0 2.9

Active military duty, % 7.8 8.5 �0.2
Mean income, $ 46 800, SD 32 600 52 000, SD 44 300 0.003

Table 3. Population Prevalence of Illnesses or Symptoms Reported by the 1061 Deployed and 1128 Nondeployed Gulf War Veterans
Who Participated in the Research Examination*

Medical Illness or Symptom† Deployed, % Nondeployed, % Unadjusted Adjusted‡

P Value Odds Ratio
(95% CI)

P Value Odds Ratio
(95% CI)

Veterans with �1 health care visit in
previous 12 mo

58.3 57.3 �0.2 1.04 (0.82–1.33) �0.2 1.10 (0.85–1.41)

Veterans with �1 hospitalization in
previous 12 mo

4.6 6.3 �0.2 0.73 (0.44–1.20) �0.2 0.83 (0.50–1.39)

Fibrositis or fibromyalgia 0.6 0.8 �0.2 0.73 (0.23–2.33) �0.2§ 1.21 (0.36–4.10)§
Chronic fatigue syndrome 2.3 0.4 0.005 5.61 (1.71–18.42) 0.0041 8.05 (1.94–33.43)
Skin rash 39.8 27.6 �0.001 1.74 (1.35–2.23) �0.001 1.74 (1.34–2.26)
Gastritis 5.9 4.2 �0.2 1.43 (0.82–2.49) 0.13 1.57 (0.88–2.78)
High blood pressure or hypertension 10.2 11.0 �0.2 0.92 (0.63–1.34) �0.2 1.18 (0.79–1.77)
Chronic hepatitis 0.6 0.2 �0.2 3.09 (0.32–30.13) �0.2� 2.40 (0.24–23.74)�
Arthritis 12.3 12.3 �0.2 1.00 (0.70–1.44) 0.14 1.34 (0.90–2.00)
Asthma, bronchitis, or emphysema 5.9 6.3 �0.2 0.93 (0.57–1.53) �0.2§ 1.07 (0.65–1.77)§
Diabetes 2.4 1.8 �0.2 1.37 (0.63–2.99) 0.19§ 1.69 (0.77–3.72)§
Peripheral neuropathy (damage to

nerves in arms or legs)
2.8 3.5 �0.2 0.78 (0.39–1.57) �0.2 0.86 (0.40–1.85)

Underactive thyroid condition 0.9 0.7 �0.2 1.28 (0.45–3.68) 0.20§ 1.83 (0.73–4.60)§
Overactive thyroid condition 0.3 0.2 �0.2 2.22 (0.26–19.08) 0.18¶ 4.13 (0.53–32.43)¶

* Population prevalences were calculated by using SUDAAN (Research Triangle Institute, Research Triangle Park, North Carolina) to account for the stratified random
sampling with unequal probabilities of selection in various strata (deployment, sex, and unit component). Sample sizes ranged from 1018 to 1061 deployed veterans and from
1096 to 1128 nondeployed veterans.
† Refer to the Methods section for definition of each illness or symptom reported by history.
‡ Adjusted for differences in age, sex, race (white vs. other), years of education (�12 y vs. �12 y), cigarette smoking, duty type (active vs. reserves or National Guard), service
branch (Army or Marines vs. Navy or Air Force), and rank (enlisted vs. officer), unless otherwise noted.
§ Model does not include adjustment for years of education.
� Model does not include adjustment for race.
¶ Model does not include adjustment for years of education or rank.
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versus 0.4% of nondeployed veterans (odds ratio, 5.61 [CI,
1.71 to 18.42]).

Population Prevalence of Illnesses Diagnosed at the
Research Examination

Our most important objective was to compare the
prevalence of illnesses among deployed and nondeployed
veterans on the basis of direct physical and laboratory eval-
uation (Table 4). The prevalence of the chronic fatigue
syndrome was substantially higher among deployed than
nondeployed veterans (1.6% vs. 0.1%; odds ratio, 40.6
[CI, 10.2 to 161]). Of the 38 deployed veterans who self-
reported the chronic fatigue syndrome at the research ex-
amination, only 3 received this diagnosis. Of 8 non-
deployed veterans who self-reported the chronic fatigue
syndrome, only 2 received this diagnosis (data not shown).
Therefore, self-report of the chronic fatigue syndrome
among both deployed and nondeployed veterans has low
validity.

Deployed veterans received a diagnosis more often
than nondeployed veterans with the aggregate variable of 1
or more group 2 skin condition (that is, all dermatologic
diagnoses except freckles or lentigines, seborrheic keratoses,
nevi or moles, cherry hemangiomas, skin tags, and surgical
scars) (34.6% vs. 26.8%; odds ratio, 1.38 [CI, 1.06 to
1.80]) (Table 4). The most common group 2 skin condi-
tions in this veteran cohort were onychomycosis (4.1%),
folliculitis (4.0%), tinea pedis (3.5%), acne vulgaris
(2.5%), contact dermatitis (2.2%), and seborrheic derma-

titis (2.1%). In adjusted analyses of individual group 2 skin
conditions, atopic dermatitis (1.2% vs. 0.3%; odds ratio,
8.1 [CI, 2.4 to 27.7]) and verruca vulgaris (1.6% vs. 0.6%;
odds ratio, 4.02 [CI, 1.28 to 12.6]) (data not shown) were
statistically significantly more commonly diagnosed among
deployed than among nondeployed veterans.

Two percent of deployed veterans received a diagnosis
of fibromyalgia versus 1.2% of nondeployed veterans (odds
ratio, 2.32 [CI, 1.02 to 5.27]), and 9.1% of deployed vet-
erans received a diagnosis of dyspepsia versus 6.0% of non-
deployed veterans (odds ratio, 1.87 [CI, 1.16 to 2.99]).

The mean Physical Component Summary score
(�SE) of the SF-36 for deployed veterans (49.3 � 0.42)
was statistically significantly lower than that for nonde-
ployed veterans (50.8 � 0.32) (P � 0.001). The preva-
lence of physical examination abnormalities did not differ
between deployed and nondeployed veterans. Specifically,
the prevalence of palpable liver (3.8% deployed vs. 2.8%
nondeployed; P � 0.2); palpable spleen (0.1% deployed
vs. 0.4% nondeployed; P � 0.2); or cervical, supraclavic-
ular, axillary, epitrochlear, or inguinal lymphadenopathy
(prevalence ranged from 0.02% for epitrochlear lymphad-
enopathy to 2.4% for cervical lymphadenopathy among
deployed veterans and from 0.3% for epitrochlear lymph-
adenopathy to 2.6% for cervical lymphadenopathy among
nondeployed veterans) did not differ. In addition, mean
values on all 40 laboratory tests were normal among de-
ployed and nondeployed groups and did not statistically

Table 4. Population Prevalence of Illnesses Present on Clinical Evaluation among the 1061 Deployed and 1128 Nondeployed Gulf
War Veterans Who Participated in the Research Examination*

Medical Illness or Symptom† Deployed Nondeployed Unadjusted Adjusted‡

P Value Odds Ratio
(95% CI)

P Value Odds Ratio
(95% CI)

Mean self-reported general
health (SF-36) physical
component scale

49.26 � 0.42 50.79 � 0.32 0.0037 NA �0.001 NA

Fibromyalgia syndrome, % 2.0 1.2 0.19 1.74 (0.76–3.94) 0.04§ 2.32 (1.02–5.27)§
Chronic fatigue syndrome, % 1.6 0.1 �0.001 17.68 (4.63–67.57) �0.001§ 40.6 (10.2–161.15)§
Skin conditions, %�

�1 group 1 condition 57.7 63.0 0.07 0.80 (0.63–1.02) �0.2 0.87 (0.68–1.12)
�1 group 2 condition 34.6 26.8 0.005 1.44 (1.11–1.87) 0.02 1.38 (1.06–1.80)

Dyspepsia, % 9.1 6.0 0.05 1.57 (1.00–2.47) 0.01 1.87 (1.16–2.99)
Hypertension, % 9.1 12.6 0.07 0.70 (0.48–1.03) �0.2 0.90 (0.60–1.33)
Hepatitis, % 6.5 5.2 �0.2 1.27 (0.75–2.15) �0.2 1.11 (0.64–1.91)
Symptomatic arthralgias, % 6.4 6.8 �0.2 0.93 (0.58–1.48) �0.2 1.15 (0.70–1.89)
Obstructive lung disease, % 4.5 5.9 �0.2 0.75 (0.44–1.29) �0.2 0.91 (0.52–1.59)
Diabetes mellitus, % 4.2 3.5 �0.2 1.21 (0.65–2.25) 0.19§ 1.52 (0.81–2.85)§
Peripheral neuropathy, % 4.8 5.9 �0.2 0.80 (0.47–1.36) �0.2 1.08 (0.64–1.84)
Hypothyroidism, % 1.6 1.2 �0.2 1.34 (0.55–3.27) 0.20§ 1.70 (0.75–3.87)§
Hyperthyroidism, % 0.3 0.1 0.15 5.72 (0.52–63.12) 0.11¶ 4.86 (0.68–34.58)¶

* Population prevalences were calculated by using SUDAAN (Research Triangle Institute, Research Triangle Park, North Carolina) to account for the stratified random
sampling with unequal probabilities of selection in various strata (deployment, sex, and unit component). Sample sizes ranged from 1018 to 1061 deployed veterans and from
1096 to 1128 nondeployed veterans. Values presented with a plus/minus sign are means � SE. NA � not applicable; SF-36 � Short Form-36.
† Refer to the Methods section for definition of each illness or symptom reported by history.
‡ Adjusted for differences in age, sex, race (white vs. other), years of education (�12 y vs. �12 y), cigarette smoking, duty type (active vs. reserves or National Guard), service
branch (Army or Marine vs. Navy or Air Force), and rank (enlisted vs. officer), unless otherwise noted.
§ Model does not include adjustment for years of education.
� Group 1 conditions include nevi or moles, freckles or lentigines, scars, hemangiomas, skin tags, and seborrheic keratoses. Group 2 conditions include conditions other than
the 6 conditions included in group 1.
¶ Model does not include adjustment for years of education, service branch, or rank.
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significantly differ between deployed and nondeployed ex-
cept as follows: blood urea nitrogen level (5.03 mmol/L
[14.1 mg/dL] vs. 5.18 mmol/L [14.5 mg/dL]; P � 0.04),
magnesium level (0.81 mmol/L [1.95 mg/dL] vs. 0.82
mmol/L [1.98 mg/dL]; P � 0.003), prevalence of 2� or
greater proteinuria (1.04% vs. 0.45%; P � 0.02), and leu-
kocytes on urinalysis (18.0% vs. 15.8%; P � 0.05).

DISCUSSION

One decade after the 1991 Gulf War, our study com-
pared the medical health of a national cross-section of U.S.
veterans who were deployed to the Persian Gulf with a
control group of nondeployed veterans. Among the study’s
primary outcomes, fibromyalgia and the chronic fatigue
syndrome were significantly more common among de-
ployed than nondeployed veterans. Deployed veterans also
demonstrated a higher prevalence of dyspepsia and skin
conditions (particularly atopic dermatitis and verruca vul-
garis) than nondeployed veterans. The small decrease of
1.53 in the mean self-assessed physical health–related qual-
ity of life score of the SF-36 is not clinically important
(18). The differences in blood urea nitrogen level, magne-
sium level, prevalence of proteinuria, and leukocytes on
urine examination were small and were not associated with
diagnosable disease. We previously reported that detailed
analyses of neurologic (19) and pulmonary (20) data col-
lected from this cohort did not demonstrate differences
between deployed and nondeployed veterans.

Although we made extraordinary recruitment efforts
by using informational mailings, telephone calls, and a video-
tape, only 53% of eligible deployed and 39% of eligible
nondeployed veterans participated. Nevertheless, nonpar-
ticipation bias is unlikely to explain our results because
nonparticipation bias within the deployed and nonde-
ployed cohorts is similar (Table 1) and because fibromyal-
gia, the chronic fatigue syndrome, and an aggregate mea-
sure of dermatologic conditions are the only medical
illnesses that were statistically significantly more common
among deployed than nondeployed veterans on examina-
tion. If the increased prevalence of these conditions among
deployed veterans resulted from nonparticipation bias, we
would expect an association between deployment and the
diagnosis of many other illnesses. Also, the increased risk
among deployed veterans for the chronic fatigue syndrome
is 40.6 (CI, 10.2 to 161). This substantial odds ratio is
unlikely to be explained entirely by nonparticipation bias.
Finally, the mean prevalence of the chronic fatigue syn-
drome in our nondeployed cohort (0.1%) is similar to that
reported for the general U.S. population (5, 21, 22). Of
note, the age, education attainment, marital status, and
annual income differences between deployed and nonde-
ployed veterans (Table 2) are similar to true differences
between deployed and nondeployed service personnel dur-
ing the Gulf War (23).

Our study’s strengths are that 1) the sample was se-

lected independently of veteran medical or psychiatric ill-
ness or disability; 2) the stratified sampling method pro-
vided enough women and members of the reserves and
National Guard to examine the contribution of these sub-
groups to Gulf War–related illnesses; 3) diagnoses were
made with computer-based algorithms developed by re-
searchers who were blinded to the deployment status of
participants and were based on a comprehensive health
assessment; 4) the extensive clinical assessment permitted
the diagnosis of the chronic fatigue syndrome without con-
founding by psychiatric disorders (21); and 5) because so-
ciodemographic, military service, and self-reported health
data were available for all eligible veterans who participated
in the 1995 study, we could address the issue of nonpar-
ticipation bias by comparing data available from both par-
ticipants and nonparticipants.

Our study has potential weaknesses. Without a strong
theoretical basis for predicting which medical diseases may
be caused by the Gulf War experience, data collected fo-
cused on the major symptom groups reported by Gulf War
veterans (that is, musculoskeletal pain, fatigue, skin rashes,
and neuropathic symptoms). The most relevant data to
identify differences between deployed and nondeployed
veterans may not have been collected. The study’s cross-
sectional design precludes making cause-and-effect conclu-
sions. Some veterans who were not deployed to the Persian
Gulf during the Gulf War may have visited that region
between 1992 and the time of the research examination,
thereby potentially confounding exposure group assign-
ment, although this is highly unlikely. We did not blindly
collect data, which may have introduced observer bias. Al-
though a blinded dermatologist made dermatologic diag-
noses by using data from standardized physical examina-
tion forms and digital photographs provided by the
examining physician, additional or different diagnoses may
have been made if the dermatologist had directly examined
each participant. The sample size was not sufficient to de-
tect an adverse health outcome resulting from a specific
exposure experienced by some veterans or a moderate in-
crease in risk for rare diseases. We did not determine dif-
ferences in death rates and causes of death among eligible
veterans who did not participate in research. The low study
participation rate may have biased the results, since the
effect of the health status of potential participants on their
likelihood to participate is unknown.

Gulf War veterans reported fatigue shortly after their
return from the Persian Gulf region in 1991 (2–4, 9, 11,
24–26) and after delays of up to several years (1, 27).
Recent studies suggest that the chronic fatigue syndrome
among Gulf War veterans may be a different disorder than
the sporadically occurring syndrome in the United States
(28–30). The mechanisms by which deployment increased
the risk for the chronic fatigue syndrome in Gulf War
veterans are still unknown. Viscerotropic leishmaniasis
from desert sand flies, other oligoparasitic diseases, human
herpesvirus (6, 31) Epstein–Barr virus (32), Mycoplasma
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infections (33), or silicates from the desert sands may pre-
cipitate immune activation, abnormally low natural killer
cell activity, and impairment of selective lymphocyte func-
tions (34–38). A polyclonal-activating infection or immu-
nization may initiate a sequence of events in genetically
susceptible individuals (39–41). Other studies link auto-
nomic and hypothalamic–pituitary axis dysregulation to
the chronic fatigue syndrome and suggest physiologic (42,
43) and biological mechanisms (44, 45).

While many dermatologic conditions affected service
personnel during deployment to the Persian Gulf (46),
several dermatologic conditions are still more common.
Perhaps the Persian Gulf region’s harsh, desiccating cli-
mate or sand silicates themselves precipitated the develop-
ment of secondary atopic dermatitis. Dermatologic condi-
tions, such as psoriasis, that are known to worsen with
stress were not increased statistically among deployed vet-
erans.

The significance of the higher prevalence of dyspepsia
among deployed Gulf War veterans is unclear. Of note,
similar to combatants of other modern wars (47), deployed
veterans in our study reported higher population preva-
lences of a broad range of gastrointestinal symptoms in the
year before the examination compared with nondeployed
veterans: nausea (12.5% vs. 8.5%; P � 0.02), appetite loss
(6.4% vs. 2.2%; P � 0.001), dysphagia (4.5% vs. 2.2%;
P � 0.02), diarrhea (19.1% vs. 12.6%; P � 0.004), con-
stipation (7.9% vs. 4.3%; P � 0.007), bloody stool (6.1%
vs. 4.7%; P � 0.2), and vomiting (7.5% vs. 5.3%; P �
0.11).

In summary, 10 years after the 1991 Gulf War, the
physical health of deployed veterans is similar to that of
nondeployed veterans. However, deployment is associated
with an increased risk for fibromyalgia, the chronic fatigue
syndrome, certain skin disorders, and dyspepsia. Health
care providers should be particularly alert for these condi-
tions when examining veterans who served in the Persian
Gulf region during either the 1991 Gulf War or the cur-
rent conflict. More field studies are needed, perhaps with
prospective monitoring of U.S. personnel deployed in the
Middle East for the development of these conditions. Con-
tinued research, particularly directed at elucidating mech-
anisms for these associations, is warranted.
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