
758

Am. J. Trop. Med. Hyg., 60(5), 1999, pp. 758–766
Copyright q 1999 by The American Society of Tropical Medicine and Hygiene

INCREASED POSTWAR SYMPTOMS AND PSYCHOLOGICAL MORBIDITY AMONG
U.S. NAVY GULF WAR VETERANS

GREGORY C. GRAY, KEVIN S. KAISER, ANTHONY W. HAWKSWORTH, FRANK W. HALL,
AND ELIZABETH BARRETT-CONNOR

Emerging Illness Division, Naval Health Research Center, San Diego, California; Department of Family and Preventive
Medicine, University of California, San Diego, School of Medicine, San Diego, California; Department of Pathology,

Naval Medical Center, San Diego, California

Abstract. To investigate reports on war-related morbidity, 527 active-duty Gulf War veterans and 970 nondeployed
veterans from 14 Seabee commands were studied in 1994 with a questionnaire, sera collection, handgrip strength,
and pulmonary function testing. The questionnaire assessed postwar symptoms, war exposures, and screened for
chronic fatigue syndrome, post-traumatic stress disorder, and psychological symptoms suggesting neurosis (Hopkins
Symptom Checklist). Sera were tested with four nonspecific reactant assays: C-reactive protein, transferrin, ferritin,
and haptoglobin. Gulf War veterans reported a higher prevalence for 35 of 41 symptoms, scored higher on psycho-
logical symptom scales, were more likely to screen for post-traumatic stress disorder, had lower handgrip strength,
and had higher serum ferritin assay results. Numerous comparisons of these morbidity outcomes with 30 self-reported
exposures demonstrated many associations, but no unique exposure or group of exposures were implicated. Morbidity
data are consistent with other postwar observations, but the etiology for morbidity findings remains uncertain.

United States veterans of the Persian Gulf War have com-
plained of diverse symptoms and illnesses since the fighting
ceased in March 1991. Thus far, studies of mortality,1–3 hos-
pitalizations,4,5 and birth defects to progeny6,7 have not ex-
plained these infirmities. Thousands of systematic compre-
hensive clinical evaluations of these veterans at federal hos-
pitals have failed to identify a unique syndrome or an un-
usual collection of symptoms.8–12 After weeks of
deliberation, expert scientific panels have given direction for
further research13–16 but they have not satisfied the many
questions surrounding the health of Gulf War veterans.

In terms of reporting postwar morbidity, some of the ear-
liest and more vocal Gulf War veterans have been those who
were attached to Naval Mobile Construction Battalion 24
during the war.15,17,18 This U.S. Navy Reserve unit of ap-
proximately 600 construction workers (Seabees) served
alongside several similar commands of regular active-duty
Navy Seabees during the conflict.

In an effort to search for possible etiologic exposures, we
compared postwar symptoms and morbidity between Gulf
War veteran and nondeployed veteran Seabees who had re-
mained on active duty since the war.

MATERIALS AND METHODS

Study population. Mobile construction battalion person-
nel build and maintain U.S. Navy and Marine Corps bases,
ports, field deployment facilities, and foreign embassies.
These activities are accomplished through annual deploy-
ments, often involving up to six months of foreign travel.
Before, during, and after the Gulf War fighting, many Sea-
bees worked throughout Saudi Arabia in preparing airports,
building ammunition supply points, constructing roads, and
improving the living conditions of other deployed troops.19

They often worked in small teams and experienced many
unique environmental and geographical exposures.

Active-duty Seabees who remained in the U.S. Navy after
the war and were serving at one of two large Seabee centers
were selected as a study population. This population had
several advantages. Seabees had served in the same tasks

and at the same sites as did symptomatic Reserve Gulf War
veteran Seabees. Active-duty Seabees had not been ques-
tioned regarding their exposures during the Gulf War. In con-
trast, Reserve Seabees had been the subject of a number of
news stories and several previous symptoms surveys, which
could have influenced their reporting. Active-duty Seabees’
frequent routine foreign deployments provided data on epi-
demiologically important exposures among both Gulf War
veterans and nondeployed veterans. In contrast to many large
operational groups, most active-duty Seabees could be sur-
veyed between their deployments by visiting just two U.S.
sites (where all major Seabee commands are based), reduc-
ing logistical requirements for the study.

Eligibility was determined by comparing Seabee com-
mand rosters with service entry data obtained from the De-
fense Manpower Data Center (Seaside, CA). Members of 14
regular active-duty U.S. Navy Seabee commands at Port
Hueneme, California and Gulfport, Mississippi who had
served from September 1990 until the time of the survey in
1994 were eligible for this study.

Data collection. This study was approved by the Com-
mittee for the Protection of Human Subjects at the Naval
Health Research Center (San Diego, CA) and endorsed by
the Institute of Medicine (Washington, DC).16 In late 1994
and early 1995, epidemiologic teams made three visits to
each of the two Seabee Centers. Eligible Seabees were as-
sembled in large classrooms where research staff explained
the study’s purpose and invited Seabees to participate. Writ-
ten informed consent was obtained from each participant.
The study consisted of an eight-page questionnaire, height
and weight measurements, handgrip strength tests, the do-
nation of clinical specimens (sera, whole blood, and clean-
catch urine), and a pulmonary function test in a 20% sys-
tematic sample of subjects. The questionnaire was intro-
duced by research staff and self-completed by the study sub-
jects. Clinical specimens were preserved at 2708C. Study
personnel were not informed of Gulf War status when con-
ducting physiologic tests or serologic assays.

The questionnaire collected information regarding prewar
medical history, war exposures, symptoms occurring for one
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or more months since July 1990, geographic service areas
during the Gulf War, postwar hospitalizations, and postwar
pregnancy outcomes. Exposure and symptom questions were
based upon the deployment activities of Gulf War veterans
and lists of potential exposure risk factors and symp-
toms.13,14,20 Questions were also included to screen for chron-
ic fatigue syndrome21 and post-traumatic stress disorder.22

Additionally, questions from the Hopkins Symptom Check-
list were included to provide scoring for five psychological
symptom dimensions: somatization, obsessive-compulsive,
interpersonal sensitivity, depression, and anxiety.23 This stan-
dardized, 58-item, self-report symptom inventory has been
used in numerous populations to screen for symptoms and
behaviors consistent with anxiety and depression neuroses.23

Pulmonary function test. Spirometry testing was per-
formed using a spirometer with a Fleisch-type pneumotach
flow measuring device (Koko, Louisville, CO). Testing was
conducted by a registered pulmonary function technologist
according to the American Thoracic Society criterion: a min-
imum of three efforts with the best two efforts being within
5% of each other for combined forced expiratory volume in
one second and forced vital capacity. The best measurements
from these two efforts were corrected to body temperature
and pressure saturated with water vapor.24 Results were fur-
ther adjusted for age, height, race, and smoking status.

Handgrip strength test. Height and weight measure-
ments were made using a medical scale. Handgrip strength
was measured for each individual using a hand-held dyna-
mometer (Jamar, Lafayette, IN). The subject was instructed
to use the dominant hand with the elbow bent at a 908 an-
gle.25 Three consecutive maximum efforts were averaged.
Results were adjusted for age, height, gender, and race.

Nonspecific reactant serum assays. If a significant num-
ber of study Gulf War veterans were chronically ill, one
might expect nonspecific reactant assays to reflect abnor-
malities. Four such tests were selected to evaluate study sub-
ject sera: C-reactive protein, transferrin, ferritin, and hapto-
globin. These assays are sensitive markers for numerous
chronic and infectious diseases.26

The C-reactive protein, transferrin, and haptoglobin assays
were performed on a Beckman Array (Beckman Coulter,
Inc., Fullerton, CA) using a rate nephelometric method.27

The ferritin assay was performed using a micro-particle en-
zyme immunoassay method.28 Commercially available qual-
ity control sera with known concentrations of each analyte
were included with each set of determinations.

Due to an extremely skewed data distribution, serum C-
reactive protein data were translated to two categories (nor-
mal range and elevated) and examined using chi-square tests.
Serum ferritin, transferrin, and haptoglobin data were ad-
justed for gender and age and examined with linear regres-
sion techniques.

Survey reliability/validity. Reliability of the study instru-
ment was tested by administering the survey a second time
to a random-number generated sample of 131 study subjects
5–9 months subsequent to the initial survey. The medical
and service records of 119 subjects were reviewed using
random-number selection to validate their responses to the
initial questionnaire.

Deployment data. Gulf War service was determined by

response to a question regarding military service in the Per-
sian Gulf during Operations Desert Storm or Desert Shield.

Data analyses and statistics. Demographic and symptom
data were univariately compared using t-tests, Wilcoxon
rank sum test, or chi-square tests. Age was determined as of
July 31, 1991. Marital status was determined by survey re-
sponse. Odds ratios (ORs) and 95% confidence intervals
(CIs) were determined using Cornfield or exact methods.29

Physiologic measurements were adjusted using multivariate
linear regression methods. Kappa agreement statistics were
calculated for select questions among individuals who com-
pleted the survey twice, and among individuals whose med-
ical and service records were reviewed by the investigators.

RESULTS

Demographic characteristics of participants. After in-
formed consent was obtained, 1,497 study subjects were en-
rolled (527 Gulf War veterans and 970 nondeployed veterans).
Unit participation ranged from 26.1% to 71.0% of eligible
Seabees. Upon enrollment, approximately 20% of identified
Seabees were unavailable to provide informed consent due to
leave, recent transfer, recent retirement, and schedule con-
flicts. An estimated 53% of eligible Seabees chose to partic-
ipate. There were no differences between participants and
nonparticipants with respect to age group, race, marital status,
and service entry intellectual aptitude scores. Anecdotal com-
ments suggested that some nonparticpants claimed they were
too busy to give the time, some loathed the phlebotomy, and
some exhibited distrust of the investigators.

Surveyed Gulf War veterans were attached to 14 unique
Navy commands during the Gulf War, most commonly Navy
Mobile Construction Battalions 1, 3, 4, 40, and 74. They chief-
ly served in Bahrain, near Al Jubail or Ras Al Mishab, Saudi
Arabia. Less than 25 Seabees were stationed on board Navy
warships during any one month of the Gulf War period.

The demographic characteristics of Gulf War veterans and
nondeployed veterans (Table 1) were similar, with the ex-
ceptions that nondeployed veterans were older, had more ed-
ucation, and were more often female.

Self-reported symptoms since July 1990. Prolonged ($
1 month) symptoms after the war were reported by 55.8%
of Gulf War veterans and 31.7% of nondeployed veterans.
In addition, Gulf War veterans reported a significantly higher
prevalence for 35 of 41 symptoms. We empirically selected
the 22 symptoms with a prevalence of at least 5% among
Gulf War veterans for presentation and analysis (Table 2).

Self-reported Gulf War exposures. Gulf War veterans
were more likely than nondeployed veterans to report ex-
posure to 26 of 30 listed exposures (Table 3). To reduce the
number of exploratory comparisons, we considered the 11
exposures with a prevalence of at least 5% among Gulf War
veterans and an OR $ 3.0 (Gulf War veteran: nondeployed
veteran) for further study.

Pulmonary function, handgrip strength, and nonspe-
cific reactant serum tests. After adjusting for age, height,
race, and smoking there was no statistically significant dif-
ference between Gulf War veterans and nondeployed veter-
ans with respect to pulmonary airway function (Table 4).
Additionally, pulmonary function did not differ between
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TABLE 1
Selected characteristics of regular active-duty U.S. Navy Seabees in

the Seabee symptom study, by Gulf War deployment status

Variable

Gulf War
veterans

(n 5 527)

Nondeployed
veterans

(n 5 970) P

Mean age (years) 28.4 29.5 ,0.001*
Mean height (cm) 175.4 175.6 0.85*
Mean weight (kg) 85.2 85.0 0.79*
Race (%)

White 74.8 77.6
Black 9.8 9.9
Other 15.4 12.5 0.30†

Currently married (%) 72.7 76.8 0.14†
Gender (%)

Male 98.9 95.5
Female 1.1 4.5 0.001†

Education (%)
High school 62.2 51.1
. High school 37.8 48.9 0.001†

Hospitalized since July 1990 (%)
None 74.0 75.9
One or more 26.0 24.1 0.433†

Pregnancies since July 1990 (%)
$ 1 live birth 85.9 87.6
Other outcome‡ 14.1 12.4 0.310†

* By Wilcoxon rank sum test.
† By chi-square test.
‡ Includes stillbirths, miscarriage/spontaneous abortions, ectopic pregnancies, and elective

induced abortion.

TABLE 2
Self-reported symptoms for one or more months since July 1990 by

Gulf War status*

Symptom

Percent of
Gulf War
veterans

(n 5 527)

Percent
of non-

deployed
veterans

(n 5 970)
Odds
ratio

95%
confidence

interval

Unusual fatigue 20.1 5.4 4.4 3.1–6.4
Forgetfulness 19.0 3.5 6.5 4.2–9.9
Trouble sleeping 14.6 4.9 3.4 2.3–5.0
Sleepy all the time 14.6 3.1 5.4 3.4–8.5
Rash 14.4 3.8 4.3 2.8–6.5
Roving joint pain 14.2 4.6 3.4 2.3–5.1
Severe headache 13.3 3.3 4.5 2.9–7.1
Unusual anger 10.1 3.0 3.6 2.2–6.0
Diarrhea 9.7 2.9 3.6 2.2–6.0
Unusual irritability 9.5 2.6 4.0 2.4–6.7
Cough 9.1 5.2 1.8 1.2–2.8
Loss of interest 8.9 4.0 2.3 1.5–3.7
Sore throat 7.8 3.9 2.1 1.3–3.3
Shortness of breath 7.4 2.0 4.0 2.2–7.3
Unusual muscle pains 7.0 2.0 3.8 2.1–6.9
Night sweats 7.0 1.7 4.5 2.4–8.5
Depression 6.8 2.8 2.6 1.5–4.4
Chest pains 6.3 2.2 3.0 1.7–5.5
Chronic anxiety 6.1 1.9 3.4 1.8–6.4
Confusion 5.5 1.1 5.1 2.4–10.9
Joint swelling 5.3 2.1 2.7 1.4–5.0
Generalized muscle weak-

ness 5.3 1.3 4.1 2.0–8.5

* U.S. Navy Seabees were studied during the period September 1994 through June 1995.
Only symptoms that were reported by at least 5% of Gulf War veterans are shown.

Gulf War veterans who complained of postwar shortness of
breath and other Gulf War veterans (P . 0.08).

Gulf War veterans had a lower adjusted mean handgrip
strength measurement than did nondeployed veterans (Table
4). In addition, the 28 Gulf War veterans who reported mus-
cle weakness also had a lower adjusted mean handgrip
strength value than did the other 492 Gulf War veteran sub-
jects (P , 0.03).

Gulf War veterans and nondeployed veterans had similar
reactant assay results for C-reactive protein, transferrin, and
haptoglobin (Table 4). The results for the fourth assay, serum
ferritin, were statistically different, with Gulf War veterans
having a higher adjusted mean result. However, adjusted
mean ferritin values for both groups were within normal lim-
its, and there was no statistical difference between Gulf War
veterans and nondeployed veterans with respect to the num-
ber of survey respondents who had assay levels in excess of
the normal range (OR 5 1.5, 95% CI 5 0.97–2.3).

Psychological morbidity screening and dimension scor-
ing. On the questionnaire, no respondent met the symptom
criteria for chronic fatigue syndrome as described by Fukuda
and others.21 Gulf War veterans were more likely than non-
deployed veterans to report symptoms consistent with post-
traumatic stress disorder (15.2% versus 9.0%, respectively,
OR 5 1.8, 95% CI 5 1.3–2.5). Gulf War veterans scored
higher in each of the five symptom dimension scales of the
Hopkins Symptom Checklist profiles: somatization, obses-
sive-compulsive disorder, interpersonal sensitivity, depres-
sion, and anxiety (Table 5).

Symptoms and psychological outcomes versus war ex-
posures. Among Gulf War veterans, nearly all symptom and
post-traumatic stress disorder responses were statistically as-
sociated with nearly all of the 11 most common Gulf War
exposures (Table 6). Comparisons of temporal (by month) and

geographical (by location) Gulf War exposures with screening
for post-traumatic stress disorder and with self-reporting col-
lections of symptoms failed to implicate specific exposures.
Exploratory multivariate modeling also failed to reduce the im-
portant associations. When specific exposures were isolated or
stratified upon, Gulf War veterans were consistently at greater
risk of screening for post-traumatic stress disorder compared
with nondeployed veterans (Table 7). No single exposure or
group of exposures were implicated as likely etiologic.

Physiologic outcomes versus war exposures. To deter-
mine if the abnormal handgrip and serum ferritin test results
might be associated with specific Gulf War exposures, we
compared these outcomes with 11 of the most common Gulf
War exposures (Table 8). For 10 of the 11 war exposures,
exposed personnel had nonsignificantly better handgrip
strength values than nonexposed personnel. The exception,
self-reported receipt of botulism vaccine, was not statisti-
cally associated with handgrip strength. Elevated serum fer-
ritin levels were also not significantly associated with any
of the 11 exposures.

Reliability and validity. Reliability and validity were as-
sessed separately for the different types of questions in the
survey. Questions regarding demographics, health habits,
and deployment exposures ranged from fair to excellent
agreement (Table 9). However, the reliability and validity of
self-reported symptom and health history data were poor.

DISCUSSION

Our survey findings are consistent with those of other in-
vestigators. We found that veterans self-reported a high prev-
alence of diverse postwar symptoms10,16,18,20,30–35 and have ev-



761POSTWAR SYMPTOMS AMONG SEABEES

TABLE 3
Self-reported exposures since July 1990, by Gulf War status*

Exposure

Gulf War
veterans

(n 5 527)
percent

Nondeployed
veterans

(n 5 970)
percent

Odds
ratio

95%
confidence

interval

Flies/mosquitoes/other insects 75.1 62.9 2.4 1.7–3.5
Diesel fuel 65.3 50.6 2.3 1.7–2.9
Sandstorms 53.7 10.4 13.5 10.1–18.1
Typhoid vaccine (injection) 49.9 40.5 2.0 1.5–2.6
Dirty, unsanitary conditions 44.0 28.5 2.3 1.8–2.9
Malaria pills 42.9 28.0 2.7 2.1–3.5
Immune globulin (injection) 40.8 18.9 4.5 3.4–6.0
Insecticide spray 34.9 29.5 1.6 1.3–2.1
Smoke from oil well fires 33.4 0.6 117 49.2–295.1
Pyridostigmine bromide 32.5 0.1 682 103.3–13,207.0
Anthrax vaccine 30.2 1.4 40.7 22.5–74.9
Airplane fuel burning in tent heaters 20.7 7.4 3.8 2.7–5.3
Emissions from petroleum plants 17.3 3.0 9.3 5.9–14.9
Ciprofloxacin 15.4 0.4 67.6 23.6–219.1
Artillery smoke 14.6 7.8 2.5 1.7–3.5
Plague vaccine 14.4 9.7 2.1 1.5–3.0
Petroleum solutions sprayed over large areas 14.4 4.6 4.5 3.0–6.8
Close contact with dead animals 13.7 9.0 1.7 1.2–2.4
Ammonia fumes 10.8 10.6 1.3 0.9–1.9
Botulism vaccine 8.5 0.9 14.4 6.7–32.1
Direct contact with prisoners of war 7.4 0.7 11.4 4.9–28.1
Emissions from steel plants 4.2 1.8 3.1 1.5–6.1
Fumes from the destruction of munitions 4.2 1.9 2.9 1.5–5.7
Burning insecticide 3.4 0.7 6.3 2.4–16.7
Chemical warfare 3.2 2.1 3.1 1.5–6.3
Raw (unprocessed) milk 2.3 1.4 1.8 0.8–4.2
Meningococcus vaccine 1.7 0.6 4.2 1.4–13.4
Depleted uranium munitions 1.7 0.8 2.5 0.9–7.2
Wore a flea collar for more than one day 1.5 0.4 3.8 1.0–15.0
Biological warfare 1.3 0.2 12.4 2.4–86.8

* U.S. Navy Seabees were studied during the period September 1994 through June 1995.

TABLE 4
Pulmonary function, handgrip strength, and nonspecific reactant se-

rum test results by Gulf War status

Test

Normal
range for

males

Adjusted mean

Gulf War
veterans

(n 5 527)

Non-
deployed
veterans

(n 5 970) P*

Forced vital capacity (L)† 4–6.5‡ 4.96 4.99 0.77
Forced expiratory volume

in ls (L)† 3.4–5.3‡ 4.05 4.04 0.81
Handgrip strength (kg)§ 34–732 47.8 48.8 0.02
C-reactive protein (mg/

dl)¶ 0–0.79 0.22 1.4 0.84#
Transferrin (mg/dl)** 210–361 319.7 322.5 0.42
Ferritin (ng/ml)** 20–300 131.4 116.2 0.02
Haptoglobin (mg/dl)** 33–171 132.1 135.7 0.37

* P value calculated using a t-test.
† Only males were included. Results were adjusted for age, height, race, and smoking

status.
‡ Normal values vary by age, height, and gender.24

§ Adjusted for age, height, gender, and race.
¶ Unadjusted mean.
# Due to skewed data the P value was calculated by comparing subjects with values in

excess of the normal range (.0.79) by chi-square test.
** Adjusted for age and gender.

idence of more postwar psychological morbidity than their
peers.4,33,35–37 Increased symptom reporting and psychological
morbidity are difficult to study retrospectively in that both
are recognized sequelae of war36,38,39 and both are often co-
morbid conditions.40–42 It is difficult to determine if any in-
dividual exposures in the Gulf War might have increased

their incidence. Consistent with other investigations,10,32,34,35

most of the self-reported symptoms were associated with
most of the self-reported war exposures (Table 6). If a single
exposure or group of exposures was responsible for in-
creased postwar symptoms, such exposures might stand out
from other exposures. Yet, both by univariate and multivar-
iate methods, we could not isolate or implicate specific war
exposures.

More interesting were the associations of physiologic test
results and nonspecific reactants with war exposures (Table
8). We reasoned that perhaps these more objective outcomes
would implicate specific exposures. Certainly, the 11 expo-
sures we so evaluated have been the subject of considerable
discussion.14,16,30,43,44 A number of investigators have impli-
cated sand as a possible cause of respiratory and immune
disease.45,46 Subgroups of Gulf War veterans received im-
mune globulin, anthrax, and botulism vaccines, and it has
been alleged these treatments may be associated with post-
war illnesses.14,16,47 Exposure to petroleum and petroleum
emissions were common in the Gulf War and have been the
subject of much discussion.14,16,43,47 Pyridostigmine bromide
and ciprofloxacin tablets were issued to Gulf War veterans
as countermeasures for nerve agent attack and anthrax bio-
logical warfare attack.14,16,43,47 Some veterans who ingested
these tablets have suggested that they might be a cause of
their postwar symptoms.48,49 Contact with prisoners of war
has also been identified as a possible risk factor for postwar
morbidity.50
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TABLE 5
Psychological dimension scores from the Hopkins Symptom Checklist according to Gulf War status

Hopkins Symptom Checklist
psychological dimension

Mean score 6 SD

Gulf War
veterans

(n 5 527)

Nondeployed
veterans

(n 5 970)

Wilcoxon
rank sum

test

Mean score 6 SD

Scores from patients
with clinically diagnosed

depressed neuroses23

Somatization 1.40 6 0.41 1.24 6 0.29 ,0.0001 1.89 6 0.53
Obsessive-compulsive 1.43 6 0.52 1.22 6 0.36 ,0.0001 2.30 6 0.68
Interpersonal sensitivity* 1.34 6 0.46 1.19 6 0.31 ,0.0001 2.33 6 0.67
Depression 1.24 6 0.37 1.14 6 0.24 ,0.0001 2.62 6 0.63
Anxiety 1.15 6 0.28 1.06 6 0.15 ,0.0001 2.45 6 0.68

* One of the questions for this dimension was inadvertently left out of the questionnaire: ‘‘feeling that people are unfriendly or dislike you’’.

TABLE 6
Relative odds of symptom outcomes by exposures among Gulf War veterans*

Symptom outcome
Sand-
storms

Immune
globulin

Smoke
from oil

well
fires

Pyrido-
stigmine

Anthrax
vaccine

Airplane
fuel

burning
in tent
heaters

Emissions
from

petroleum
plants

Cipro-
floxacin

Petroleum
solutions
sprayed

over large
areas

Botulism
vaccine

Direct
contact with

prisoners
of war

Unusual fatigue 2.7 5.8 2.3 3.1 2.3 2.1 2.0 4.5 3.1 3.4
Forgetfulness 2.1 3.1 2.9 3.7 2.5 2.1 3.0 4.6 2.8
Trouble sleeping 3.1 2.1 2.0 3.2 4.7
Sleepy all the time 2.3 4.6 3.7 4.4 3.3 2.4 4.3 2.9 4.8
Rash 2.7 2.1 2.1 2.9 2.2 1.9 2.3 3.0 2.2
Roving joint pain 2.4 2.7 2.6 2.7 3.6 3.2
Severe headache 2.8 2.4 2.2 3.1 2.7
Unusual anger 2.9 3.4 3.1
Diarrhea
Unusual irritability 8.1 2.7 3.9 2.6 2.6 4.4
Cough 3.6 3.2 2.6 2.3 2.6 4.4
Loss of interest 2.9 2.9 3.4 3.3 3.0 3.3 2.8 4.5
Sore throat 2.6 2.9 3.5
Shortness of breath 2.6 3.0
Unusual muscle pains 2.7 3.0 4.2 4.5 4.0 4.2
Night sweats 2.5 5.0 4.0 4.1 4.4 4.4 4.8 4.3
Depression 3.4 4.5
Chest pains 2.7
Chronic anxiety
Confusion 5.7 5.0 3.1 4.3 4.1 6.8 4.9 5.0
Joint swelling 4.2 3.2 3.8 4.0 3.1 5.4 5.2
Generalized muscle weakness
Post-traumatic stress disorder 4.1 3.0 2.6 2.1 3.0 3.0 2.7

* Symptoms and exposure data were self-reported by 527 Gulf War Veterans. Numbers reflect only odds ratios with 95% confidence intervals that exclude 1. Post-traumatic stress
disorder was screened for by questionnaire using criteria reported in the Diagnostic and Statistical Manual of Mental Disorders, fourth edition.22 This was a nonstandardized screening
designed to detect differences in populations and should be interpreted with caution.

Pulmonary function tests are a sensitive measure of pul-
monary airway disease and both during and after the war,
Gulf War veterans had respiratory illnesses.44,51–54 Some sci-
entists have postulated that unusual respiratory-borne path-
ogens16,55 or sand exposure45,46 might explain Gulf War vet-
eran postwar morbidity. Although chronic respiratory com-
plaints have been reported among Gulf War veterans,32,37

with 7.4% of the participants in the present study reporting
shortness of breath for 30 or more days, surveyed Gulf War
veterans showed no evidence of impaired pulmonary airway
function.

Similarly, many Gulf War veterans have complained of
fatigue and muscle weakness since returning from the
war.31,43 Our handgrip strength test showed a small but sta-
tistically significant difference in performance between Gulf
War veterans and nondeployed veterans (Table 4), as well
as between symptomatic and asymptomatic Gulf War vet-
erans. However, when specific war exposures were com-
pared with handgrip strength among Gulf War veterans, no

war exposure was uniquely implicated as etiologic (Table 8).
Some of the exposures tested, such as pyridostigmine, have
been implicated in other reports as a biologically plausible
cause of muscle weakness.56—59

Gulf War veterans and nondeployed veterans had similar
serum reactant assay results for C-reactive protein, transfer-
rin, and haptoglobin, but they had elevated serum ferritin
levels. None of the war exposures was statistically associated
with elevation of ferritin levels and no leads for more ad-
ditional exposure research were identified. Serum ferritin is
an extremely sensitive indicator of iron storage status, with
hyperferritinemia occurring in the setting of numerous dis-
orders associated with iron overload (hemochromatosis,60

sickle cell disease,61 and thalassemia62). Additionally, hyper-
ferritinemia serves as a nonspecific marker for a variety of
neoplasms,63–65 infectious diseases,66–68 alcohol ingestion,69

and a sedentary lifestyle.70 While we examined self-reported
data regarding a number of chronic diseases as well as recent
alcohol ingestion experience, we were unable to explain dif-
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TABLE 7
Relative odds of screening for post-traumatic stress disorder (Gulf

War veterans versus nondeployed veterans) by self-reported ex-
posure

Exposure

Gulf War
veterans

(no.
exposed)

Non-
deployed
veterans

(no.
exposed)

Post-traumatic
stress disorder*

Odds ratio 95% CI

Sandstorms 283 101 2.16 1.04–4.57
Immune globulin (injec-

tion) 215 183 2.03 1.02–4.08
Smoke from oil well fires 176 6 1.42 0.15–69.0
Pyridostigmine bromide 171 1 NA NA
Anthrax vaccine 159 14 1.57 0.32–15.1
Airplane fuel burning in

tent heaters 109 72 1.25 0.52–3.01
Emissions from petroleum

plants 91 29 0.84 0.31–2.31
Ciprofloxacin 81 4 NA NA
Petroleum solutions

sprayed over large areas 76 45 1.45 0.50–4.31
Botulism vaccine 45 9 1.42 0.23–15.7
Direct contact with prison-

ers of war 39 7 0.65 0.08–8.04

* Post-traumatic stress disorder was screened for by questionnaire using criteria reported
in the Diagnostic and Statistical Manual of Mental Disorder, fourth edition.22 This was a
nonstandardized screening designed to detect differences in populations and should be in-
terpreted with caution. CI 5 confidence interval, NA 5 not applicable.

TABLE 9
Agreement statistics reflecting survey reliability and health record

validation

Questionnaire data Reliability* Validity†

Demographic (5 responses) 0.89–1.00 0.41–0.76
Diagnoses (23 responses) 20.01–1.00 20.02–0.48
Symptoms (41 responses) 20.01–0.86 NA
Exposures (30 responses) 0.60–0.70 NA
Other (15 responses) 0.51–0.67 0.59–0.66

* Reliability kappa statistics were calculated based upon conducting a repeat survey of
131 study subjects 5 to 9 months after original survey completion.

† Validation kappa statistics were calculated by reviewing the personnel and medical
records of 119 study subjects. NA 5 not applicable.

TABLE 8
Handgrip strength and serum ferritin tests versus Gulf War exposures among Gulf War veterans

Exposure

Handgrip strength (kg)

Adjusted
mean

exposed*

Adjusted
mean

nonexposed* P†

Serum ferritin (ng/ml)

Adjusted
mean

exposed‡

Adjusted
mean

nonexposed‡ P†

Sandstorms 46.1 45.1 0.90 100.0 109.1 0.79
Immune globulin (injection) 42.5 40.0 0.99 105.4 127.7 0.96
Smoke from oil well fires 49.9 48.0 0.99 93.6 113.3 0.96
Pyridostigmine 47.1 46.4 0.82 91.9 103.1 0.83
Anthrax vaccine 49.0 48.4 0.76 101.4 116.4 0.89
Airplane fuel burning in tent heaters 47.5 46.8 0.75 111.2 112.4 0.54
Emissions from petroleum plants 43.4 43.0 0.65 103.7 105.3 0.54
Ciprofloxacin 41.9 41.0 0.81 90.7 109.0 0.88
Petroleum solutions sprayed over large areas 50.2 48.9 0.90 97.6 113.4 0.86
Botulism vaccine 39.9 41.0 0.21 62.8 83.0 0.84
Direct contact with prisoners of war 47.7 45.7 0.94 102.0 106.7 0.60

* Adjusted for age, height, gender, and race.
† One sided P value.
‡ Adjusted for age and gender.

ferences in serum ferritin assay results between Gulf War
veterans and nondeployed veterans.

Gulf War veterans had higher scores than nondeployed
veterans for all five dimensions of the Hopkins Symptom
Checklist; nevertheless, with the exception of somatization,
their scores were low compared with individuals clinically
diagnosed with psychological disorders (Table 5).23 Gulf War
veterans’ higher scores for somatization, the reporting of
symptoms that have no pathophysiologic explanation, are
consistent with a modern national trend of decreased toler-
ance for mild symptoms.71

The Hopkins Symptom Checklist has been used to screen
populations for anxiety,72 depression,72 and post-traumatic
stress disorder,73 as well as to follow therapeutic interven-
tions.74 Using linear regression, we compared the Hopkins
Symptom Checklist dimensions with individual exposures

and found that each of the psychological symptom dimen-
sions was associated with many of the war exposures. As
with the univariate studies of symptoms and exposures, we
were again unable to isolate unique specific war exposures
for more comprehensive study.

Recently, investigators from the University of Texas
Southwestern Medical Center (Dallas, TX) found frequent
symptom reporting among 249 Seabee reservists from Naval
Mobile Construction Battalion 24 who were veterans of the
Persian Gulf War.75 Through factor analyses, they derived a
number of symptom factors and have postulated several clin-
ical syndromes,18 which they hypothesize may be associated
with specific exposures during the Gulf War.75,76 It is inter-
esting that among our study subjects, many of whom slept
and worked in the same areas as did the Battalion 24 Sea-
bees, the reported war exposures were quite different. Haley
and Kurt76 identified the wearing of pet flea collars and the
alleged exposure of a chemical weapons attack as important
risk factors for two of their syndromes. Few of our survey
respondents reported these exposures. While Haley and Kurt
implicated pyridostigmine bromide as an important risk fac-
tor for muscle weakness,76 our handgrip strength testing did
not validate this finding.

One might reason that our study, like other studies of
Persian Gulf War veterans,10,32,33 failed to identify unique
war exposures causing postwar morbidity because the
wrong questions were asked or the wrong populations were
queried. Perhaps the sickest Gulf War veteran Seabees had
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already departed from the military. However, we did in-
clude a comprehensive list of questions that addressed near-
ly every hypothesis regarding Gulf War exposures and
these 527 Gulf War veteran Seabees did self-report an el-
evated prevalence of symptoms compared with 970 non-
deployed veteran Seabees. Additionally, other study data
have demonstrated that Gulf War veterans were not sepa-
rating from military service for medical reasons at higher
rates than nondeployed veterans.4 While we are continuing
to examine these data and more symptom studies are in
progress, with more likely to be conducted in the future,16,30

the body of published symptom literature and the poor re-
liability of symptom reporting suggest that such future
studies will also fail to implicate unique exposures.12 It is
doubtful that we will implicate or rule out specific war ex-
posures as a cause of postwar morbidity without more ob-
jective exposure and clinical data.

More likely than a specific exposure as a cause of postwar
morbidity are the aggregate exposures of wartime deploy-
ment. Certainly, the many stressors of war military service
have historically been associated with increased symptom
reporting and psychological morbidity, both mild and inca-
pacitating.30,33,36,39,77–79 Our self-reported symptom and post-
traumatic stress disorder outcomes were associated with
many of the war exposures, thus supporting this hypothesis
(Table 6). Additionally, when we stratified upon reporting
individual exposures, Gulf War veterans remained at in-
creased odds of reporting symptoms consistent with post-
traumatic stress disorder for many of the exposures, sug-
gesting that none of the exposures was individually impli-
cated (Table 7).

Our survey has a number of strengths. It was conducted
among regular, active-duty personnel who have made nu-
merous foreign deployments and experienced military-relat-
ed exposures both inside and outside the Persian Gulf area
for at least four years. Our study had an internal comparison
cohort from which to contrast Gulf War veteran symptoms
and morbidity. Many reports of Gulf War related morbidity
have been anecdotal and without such an appropriate com-
parison group.80–82 Our study populations, who worked full
time as military personnel, are less likely to have confound-
ing occupational exposures than reserve populations,18 who
perform their military duties only several days each month.

Our survey also has a number of limitations. With so
many comparisons, it is likely that some of the statistically
significant findings may have occurred by chance. Our find-
ings should be viewed in light of the many perceptual and
response biases likely to be operant in this setting.83,84 Recall
bias is particularly evident in the symptom reliability data
from this study (Table 9).

The present survey results confirm that many Gulf War
veterans report a high prevalence of postwar symptoms and
have evidence for psychological morbidity. Although two of
six physiologic or laboratory tests differed between study
groups, we were unsuccessful in identifying a specific war
exposure that might explain these test differences. It seems
likely that no one war exposure is etiologic for postwar
symptom reporting. Instead, our findings are consistent with
the thesis that the aggregate stressors of war are a more
likely explanation.
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