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The authors estimated the prevalence of post-traumatic stress disorder (PTSD) and illness resembling chronic
fatigue syndrome (CFS) in the entire population of Gulf War and non-Gulf-War veterans. They also evaluated the
relation between the extent of deployment-related stress and the risk of either PTSD or CFS. In 1995–1997, the
authors conducted a health survey in which these two symptom-based medical diagnoses in a population-based
sample of 15,000 Gulf War veterans representing four military branches and three unit components (active,
reserve, and National Guard) were compared with those of 15,000 non-Gulf veteran controls. Gulf War veterans,
compared with non-Gulf veteran controls, reported significantly higher rates of PTSD (adjusted odds ratio = 3.1,
95% confidence interval: 2.7, 3.4) and CFS (adjusted odds ratio = 4.8, 95% confidence interval: 3.9, 5.9). The
prevalence of PTSD increased monotonically across six levels of deployment-related stress intensity (test for
trend: p < 0.01), while the prevalence of CFS rose only at the low end of the stress spectrum. While deployment-
related stress could account for the higher risks of both PTSD and CFS, additional factor(s) unique to the Gulf
environment may have contributed to the risk of CFS among Gulf War veterans.

fatigue syndrome, chronic; Persian Gulf syndrome; stress disorders, post-traumatic; veterans

Abbreviations: CFS, chronic fatigue syndrome; DSM-III-R, Diagnostic and Statistical Manual of Mental Disorders, Third Edition, 
Revised; PTSD, post-traumatic stress disorder.

The health consequences of the 1990–1991 Gulf War on
US veterans have been the focus of numerous studies and
many committee reports (1–4). Within months of returning
from the war, many veterans began to complain of various
symptoms and illnesses (5). To date, over 100,000 Gulf War
veterans have voluntarily participated in a health registry
examination offered by the Department of Defense and the
Department of Veterans Affairs (6–8). Several possible etio-
logic agents for the symptoms reported by Gulf War veterans
have been suggested: exposure to multiple vaccines, pyri-
dostigmine bromide, toxic chemicals, chemical and biolog-
ical warfare agents, or depleted uranium; stress associated
with battlefield conditions; and rapid deployment and rede-
ployment (9–14).

The symptoms most commonly reported by Gulf veterans
include fatigue, muscle/joint pain, headache, difficulty

concentrating, memory loss, sleep disturbance, and skin rash
(1–3). Some veterans fulfill the clinical case criteria for
illness resembling chronic fatigue syndrome (CFS), an inter-
pretation that has been confirmed in several studies (15, 16).
One epidemiologic study of Gulf veterans seeking health
care found that 16.8 percent of veterans reported symptoms
consistent with CFS (17), while another small population-
based study found an estimated minimum prevalence of 2.2
percent (18). All of these rates are significantly higher than
the rate seen in nonveterans (19).

The fact that the prevalence of CFS is so much higher
among veterans deployed to the Persian Gulf suggests two
possible etiologic factors: 1) some environmental factor
specific to the Gulf region and 2) the stress of deployment
and combat. The availability of data on the Gulf War veteran
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population has allowed us to evaluate the role of stress in the
development of CFS.

One commonly acknowledged indicator of life-threat-
ening stress is the presence of post-traumatic stress disorder
(PTSD). In an evaluation of 76 health-care-seeking Gulf
veterans who fulfilled the published case definition for CFS
(15) or its less severe variant, idiopathic chronic fatigue, 50
percent were also found to have PTSD (20). Moreover, a
population study of Gulf veterans indicated that those with
PTSD had significantly more somatic complaints than those
without PTSD (21).

In 1995, the Department of Veterans Affairs initiated a
health survey entitled “National Health Survey of Gulf War
Era Veterans and Their Families,” designed to compare the
health of a population-based, stratified random sample of
15,000 US troops deployed into the Gulf region with that of
15,000 troops deployed elsewhere (22). We aimed to esti-
mate and compare the prevalence of two symptom-based
medical conditions, PTSD and CFS, in these two groups of
veterans. Furthermore, we evaluated the etiologic role of
deployment-related stress on the development of these
conditions.

MATERIALS AND METHODS

Study population

The study subjects were 15,000 Gulf veterans and 15,000
non-Gulf veterans who had been randomly selected from
populations identified by the Department of Defense as
deployed or not deployed to the Gulf. We defined a
“veteran” as any individual who had served in the US mili-
tary on active duty, in the reserves, or in the National Guard,
regardless of whether he/she was still in the service or had
separated from the military. The Defense Manpower Data
Center provided military and demographic information for
1) 693,826 US troops deployed to the Gulf area between
September 1990 and May 1991 and 2) 800,680 troops not
deployed to the Gulf theater—approximately 50 percent of
all military personnel on duty during the same period.

A stratified random sampling method was adopted to
ensure that each subgroup was adequately represented
among the 15,000 Gulf veterans and 15,000 non-Gulf
veterans. The entire population of troops deployed to the
Gulf area was stratified by gender (male and female), unit
component (active, reserve, and National Guard), and branch
of service (Army, Navy, Air Force, and Marine Corps).
Women and those who served in reserve or National Guard
units were oversampled so that one fifth of the sample would
be female (n = 3,000), one fourth would be National Guard
members (n = 4,000), and one third would be reservists (n =
5,000). The proportions of these subgroups in the entire
population of deployed troops were 7 percent, 7 percent, and
10 percent, respectively. Similarly, the population of
800,680 nondeployed troops was stratified by gender, unit
component, and branch of service, and from each stratum a
requisite number of troops was randomly sampled to mirror
the number in the same stratum in the Gulf-deployed troops.
Table 1 gives the final distribution of Gulf and non-Gulf
veterans according to the selection criteria.

Data collection methods

In phase I, starting in November 1995, a 16-page struc-
tured health questionnaire was sent to each of the 30,000
veterans with a preaddressed stamped return envelope. The
questionnaire was accompanied by an introductory letter
which explained the purpose and nature of the study and
informed the veteran that his/her participation was voluntary
and confidential. Two weeks after the initial mailing, a post-
card was sent to everyone, to thank the respondents and to
remind nonrespondents to complete the questionnaire. Ten
weeks after the mailing, a letter and replacement question-
naire were sent to the nonrespondents. Six months after the
initial mailing, a letter with a replacement questionnaire was
again sent to each nonrespondent to emphasize its impor-
tance.

In phase II, telephone calls were made to the remaining
nonrespondents; computer-assisted telephone interviewing
software was used to obtain responses to the questionnaire
mailed in phase I. During phase II, a random sample of 4,200
respondents from phases I and II was selected and asked to
provide written authorization to allow retrieval of their
medical records; we used those records to substantiate infor-
mation on selected self-reported health conditions obtained
from the respondents.

Questionnaire instruments

A self-administered questionnaire was used to obtain
information from study subjects concerning exposure to
possible risk factors, potentially confounding variables,
presence of various symptoms, measures of functional
impairment and limitation of activity, and medical history.
To increase the anticipated low response rates typically asso-
ciated with postal questionnaires, we kept the instrument
relatively short; questions were simple and straightforward.
We asked a minimum number of questions on demographic
and military variables to avoid making the questionnaire any
longer than necessary. Basic data on demographic and mili-
tary variables were available from Defense Manpower Data
Center and Veterans Affairs records.

A self-report symptom inventory comprising 48 items
representative of the symptoms commonly reported by
outpatients was used to assess the prevalence of somatic and
psychological symptoms (23). The symptom checklist

TABLE 1.   Distribution of Gulf War veterans and non-Gulf-War 
veterans selected for a survey on post-traumatic stress 
disorder and chronic fatigue syndrome-like illness, by gender 
and unit component, 1990–1991

Unit component
Gender

Male Female Total

Active 4,800 1,200 6,000

Reserve 4,000 1,000 5,000

National Guard 3,200 800 4,000

Total 12,000 3,000 15,000
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collected information on the time of onset and severity of
symptoms; eight symptoms for diagnosing CFS/idiopathic
chronic fatigue were included (15). Questionnaire items
from the National Health Interview Survey were selected to
evaluate limitation of activity, prevalence of chronic condi-
tions, self-assessed health status, and use of medical
services, including physician contacts and hospitalization
(24).

We used the PTSD Checklist, a brief screening instrument
for PTSD, to estimate current prevalence of PTSD (25). The
PTSD Checklist consists of 17 items that correspond to the
PTSD symptoms given in the Diagnostic and Statistical
Manual of Mental Disorders, Third Edition, Revised (DSM-
III-R). We considered persons with scores of 50 or higher on
the PTSD Checklist to have met the criteria for PTSD. A
cutoff of 50 points on the PTSD Checklist was a good
predictor of PTSD diagnosis based on the Structured Clinical
Interview for DSM-III-R among Vietnam veterans (sensi-
tivity = 0.82; specificity = 0.83) (26).

For assessment of CFS, we adopted the 1994 Centers for
Disease Control and Prevention revised case definition (15).
The diagnosis of CFS is made only after excluding alterna-
tive medical causes of chronic fatiguing illness. Therefore,
we excluded veterans with the following self-reported clin-
ical conditions from the list of veterans who otherwise met
the criteria: arthritis, diseases of the tendons, skin cancer,
any other cancer, cirrhosis of the liver, hepatitis, any other
liver diseases, colitis, diabetes, any other endocrine disor-
ders, repeated seizures, neuralgia or neuritis, any disease of
the genital organs, coronary heart diseases, stroke or cerebral
vascular accident, tachycardia, asthma, other lung diseases,
and frequent bladder infections. To be considered to have
CFS, a veteran also had to report having at least four of the
following symptoms: sore throat, tender lymph nodes, head-
ache, arthralgia, myalgia, unrefreshing sleep, and substantial
problems with cognitive function, and to report that even
minimal effort exacerbated the entire symptom complex.
The Centers for Disease Control and Prevention case defini-
tion distinguishes “prolonged fatigue” (fatigue lasting 1
month or longer) from “chronic fatigue” (persistent or recur-
ring fatigue during 6 or more consecutive months of illness).
On the questionnaire instrument, we queried about whether
the fatigue had been present during the past year and, if so,
whether it had been present during the past month. This is a
modification of the published 1994 clinical case definition
that we made to assure the presence of current symptoms at
the time of the survey. Since respondents were not directly
evaluated by a clinician, our diagnosis of CFS should be
considered to represent CFS-like illness.

Stressor severity

We derived an ordinal variable for stressor severity. We
defined nondeployed veterans who had been members of a
reserve or National Guard unit as veterans with minimal
stress. We defined reservists or National Guard members
who had been deployed to a location other than the Gulf as
veterans with moderate stress. We defined reservists or
National Guard members who had been deployed to the
Persian Gulf as veterans with high stress. We further strati-

fied the high-stress group on the basis of combat exposure.
To do this, we identified those Gulf veterans who 1) reported
being “involved in direct combat duty,” 2) had “witnessed
any deaths,” or 3) “wore chemical protective gear (other than
for training) or heard chemical alarms sounding.” In the
analyses, we produced groups with monotonically
increasing exposure to stress according to the number(s) of
these exposures experienced—that is, no exposure or one,
two, or three exposures (high-combat0, high-combat1, high-
combat2, and high-combat3).

Statistical analysis

This was a probability sample in which the population of
693,826 Gulf veterans was stratified by unit, gender, and
branch and a probability sample was selected from each
stratum. The selection probabilities varied across strata
because of oversampling of women, reservists, and National
Guard members. Such a design complicated the statistical
analysis, since the observations were not independent and
identically distributed. Failure to account for the design in
the statistical analysis would have resulted in underestima-
tion of standard errors. Consideration of the survey sampling
plan and design variables (stratum and weighting variables)
permitted inference to the population.

The survey objective was to estimate the prevalence of
certain disease entities for the population. The prevalences
of PTSD and CFS-like illness for the entire Gulf War veteran
population (N1 = 693,826) and the nondeployed population
(N2 = 800,860) were obtained from weighted estimates of
individual military strata values. To estimate the confidence
intervals of the prevalence rates and odds ratios, we used
SUDAAN software, which provides consistent variance esti-
mators for statistics derived from complex sample designs
(27). Other analyses included contingency table analysis to
examine differences with respect to demographic and mili-
tary factors for the Gulf veterans and the non-Gulf veterans
(28). We used the stratified analysis of Cochran-Mantel-
Haenszel (29) to compute odds ratios and 95 percent confi-
dence intervals for the relation between Gulf service status
and PTSD, with adjustment for gender, age in 1991 (<30
years vs. ≥30 years), marital status (single vs. ever married),
rank (enlisted vs. officer or warrant), and unit component
(active duty, National Guard, or reserve). Similarly, we
computed adjusted odds ratios and 95 percent confidence
intervals for Gulf service status and CFS-like illness,
adjusted for age, marital status, rank, and unit component.
Computations were carried out using standard SAS software
(28).

We developed a 6 × 2 table where the row variable,
deployment-related stress, was ordinally scaled at six levels,
ranging from minimal stress (not activated) to highest stress
(deployed to the Gulf with three possible types of combat
exposure); the column or response variable, CFS-like illness
(or PTSD), was dichotomous and can be considered ordinal.
The strategy for assessing association when both row and
column variables are ordinal involves assigning scores to the
levels of both variables and evaluating their correlation. We
adopted two correlation statistics. First, the Cochran-
Armitage trend test looks for trends in binomial proportions
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across the levels of an ordinal covariate (30, 31). Second, the
Mantel-Haenszel correlation statistic is developed by
assigning scores to the columns and rows of the table and
measuring the association between stress and CFS-like
illness (or PTSD). We specified modified ridit scores (29).
Further details on statistical methods are given in the
Appendix.

RESULTS

Survey response rates and characteristics of 
respondents

After three sequential questionnaire mailings, 15,817
veterans responded to the phase I survey. An additional
5,100 veterans completed the phase II telephone survey,
which resulted in an overall response rate of 70 percent. A
total of 11,441 Gulf veterans (76.3 percent) and 9,476 non-
Gulf veterans (63.2 percent) of those randomly selected for
the study participated. The veterans who did not respond to
all interview efforts from among the 30,000 who had been
identified as potential study participants numbered 9,083.
They are characterized as younger, non-White, unmarried
individuals who had served in enlisted ranks rather than as
officers at the time of the Gulf War. Gender and other mili-
tary characteristics did not predict the likelihood of veterans’
participation in the survey. The most important factor asso-
ciated with participation was our ability to contact the
veterans. Of the veterans who were successfully located and

contacted by telephone, over 90 percent completed the
survey.

We attempted to assess whether characteristics of respon-
dents were significantly different from those of nonrespon-
dents with respect to self-perceived exposure in the Gulf
theater or postwar health status. During phase I, 30,000 ques-
tionnaires were mailed initially, and two separate follow-up
recruitment packets were sent to nonrespondents. The phase
II telephone survey was targeted for nonrespondents after
completion of the phase I survey. Therefore, each successive
group of respondents could be considered a group of nonre-
spondents in comparison with the preceding group of
veterans, because they would have remained nonrespondents
without the follow-up recruitment efforts. We kept a record
of the date on which each survey questionnaire was received
and classified each respondent as completing his/her survey
form during phase I, wave 1, 2, or 3, or phase II.

For three selected exposures during the Gulf War—1)
contact with prisoners of war, 2) exposure to nerve gas,
and 3) other exposures considered harmful—there were no
significant differences in the proportions of individuals
reporting positively for each of three exposure questions by
survey respondent group (phase I, wave 1, 2, or 3, and phase
II). Likewise, in both the Gulf and non-Gulf veteran groups,
five categories of self-reported general health status (i.e.,
excellent, very good, good, fair, and poor) did not differ
significantly among the four survey respondent groups. In
other words, veterans who chose to participate in the survey
earlier did not perceive themselves to be more or less healthy
than others. It did not appear that self-perceived exposure to

TABLE 2.   Characteristics of all Gulf War and non-Gulf-War veterans who participated in a survey on 
post-traumatic stress disorder and chronic fatigue syndrome-like illness and those deployed in the Gulf 
who met the criteria for illness, 1990–1991

Characteristic
Non-Gulf veterans

(n = 9,476)
All Gulf veterans

(n = 11,441)

Gulf post-traumatic 
stress disorder

(n = 1,381)

Gulf chronic fatigue 
syndrome
(n = 640)

Male gender (%) 78.1 81.4 75.7 83.3

Mean age (years) in 1991 31.7 30.4 31.1 28.5

Interquartile range (years) 24–38 23–36 24–37 22–33

White race (%) 75.1 73.7 58.1 77.3

Marital status (%)

Married 55.8 52.5 53.0 46.4

Single 38.9 42.2 39.1 48.4

Other 5.3 5.3 7.9 5.2

Enlisted rank (%) 81.0 86.3 93.9 91.1

Branch (%)

Army 63.4 63.3 79.0 67.7

Marine Corps 10.8 11.2 7.6 13.9

Air Force 13.4 12.5 5.1 9.2

Navy 12.4 13.1 8.3 9.2

Unit component (%)

Active duty 40.2 37.3 30.8 31.4

National Guard 26.5 28.3 33.4 30.5

Reserve 33.2 34.4 35.8 38.1
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harmful situations in the Gulf theater or current health status
contributed substantially to their decision as to whether or
not to participate.

Characteristics of veterans with PTSD or CFS and 
prevalence of conditions

The percentage distributions of selected demographic and
military characteristics among the Gulf and non-Gulf
veterans who participated in the survey are presented in table
2. The subgroups of Gulf veterans who met the criteria for
PTSD or CFS-like illness were compared with the total
number of Gulf veteran respondents to determine whether
these conditions were concentrated in particular demo-
graphic or military strata. There were some differences in
demographic and military characteristics when those who
met the PTSD criteria were compared with all Gulf veterans.
The veterans positive for PTSD criteria (n = 1,381) were
more likely to be female, older, non-White, in the enlisted
ranks, and in the Army and National Guard (p < 0.001 for
each characteristic). The veterans positive for CFS-like
illness (n = 640) were more likely to be younger (p < 0.001),
single (p < 0.001), in the enlisted ranks (p < 0.001), in the
Army or Marines (p < 0.001), and in the reserves (p < 0.02).

Table 3 presents the prevalence of PTSD and CFS-like
illness for the Gulf veterans and non-Gulf veteran controls.
The odds ratios and 95 percent confidence intervals indi-
cated that the risks of both PTSD and CFS-like illness were
significantly higher among Gulf veterans than among non-
Gulf veterans. Adjustment was made for most of the vari-
ables that were correlated with both Gulf service status and
the outcome, either PTSD or CFS-like illness. The number
of variables for which adjustment could be made was limited
to five in the PTSD analysis and four in the CFS analysis,
because of the small cell frequencies that resulted from the
stratified analysis. The population prevalences are also

presented in table 3 (PTSD: Gulf, 10.1 percent; non-Gulf,
4.2 percent; CFS-like illness: Gulf, 4.9 percent; non-Gulf,
1.2 percent).

Deployment and stress

We attempted to differentiate veterans who were not acti-
vated from those who were activated but not deployed to the
Gulf and from those who were deployed to the Gulf. Active-
duty units do not have these distinctions. Hence, veterans on
“active duty” were deleted from the analysis of stress inten-
sity as related to PTSD/CFS. Table 4 depicts the relation
between stress and PTSD and CFS-like illness. The preva-
lence of PTSD increased with stress intensity, from 3.3
percent to 22.6 percent (test for trend: p < 0.01). In contrast,
risk of CFS-like illness did not show a monotonic relation
with stressor intensity for the entire stress spectrum. Preva-
lence increased significantly when nondeployed troops (0.8
percent) were compared with troops deployed outside of the
Gulf region (1.7 percent) and when this latter group was
compared with troops deployed to the Gulf in noncombat
roles (5.4 percent). However, no significant difference in
risk of CFS-like illness occurred among four groups of Gulf
veterans with different stressor intensities (p > 0.15).

DISCUSSION

In addition to estimating the prevalence of PTSD and CFS
among Gulf War veterans and non-Gulf veterans, we ascer-
tained the relation between the extent of deployment-related
stress and the development of PTSD or CFS-like illness. Our
data allowed us to stratify across six progressively more
intense levels of stress ranging from the minimal stress of
serving at a home base to the most severe stress of being
deployed to the Gulf and being involved in direct combat,

TABLE 3.   Prevalence of post-traumatic stress disorder and chronic fatigue syndrome-like illness 
and associated odds ratios among veterans, by Gulf War service status, 1995–1997

* Adjusted odds ratios and 95% confidence intervals were derived through stratified Cochran-Mantel-
Haenszel (29) analysis. Adjustment was made for most of the variables that were correlated with both
exposure (Gulf service status) and outcome (PTSD/CFS). In the PTSD analysis, these confounding factors
included gender, age, marital status, rank, and unit component. In the analysis of CFS-like illness, the
confounding factors for which adjustment was made included age, marital status, rank, and unit component.
The number of variables for which adjustment could be made was limited to five in the PTSD analysis and
four in the CFS analysis, because of the small cell frequencies that resulted from the stratified analysis.

† PTSD, post-traumatic stress disorder; CFS, chronic fatigue syndrome.
‡ Population rates were calculated using SUDAAN software to account for the complex sample survey

design.

Condition
Gulf

veterans (%)
(n = 11,441)

Non-Gulf 
veterans (%)
(n = 9,476)

Crude 
odds ratio

95% 
confidence 

interval

Adjusted* 
odds ratio

95% 
confidence 

interval

PTSD†

Cohort 12.1 4.3 3.1 2.8, 3.5 3.1 2.7, 3.4

Population‡ 10.1 4.2 2.6 2.2, 3.0

CFS†-like illness

Cohort 5.6 1.2 5.0 4.1, 6.2 4.8 3.9, 5.9

Population‡ 4.9 1.2 4.2 3.3, 5.5
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being involved in a potential chemical warfare attack, and
witnessing deaths.

Earlier research has shown that rates of PTSD are sensitive
to stressor intensity (32). However, to our knowledge, no
prior study has examined the entire breadth of stressor inten-
sity as was done here. The data reported here make it clear
that rates of PTSD track stressor intensity extremely closely.
Rates of PTSD increased monotonically across these six
stressor intensities, from 3.3 percent in the least stressful
situation to 22.6 percent in the most stressful situation. This
result is impressive when we realize that the period of
stressor exposure during this war, relative to other conflicts,
was relatively short. The significant relation between
stressor intensity and PTSD leads to two conclusions: 1) that
the existing case definition for PTSD adequately captures a
stress-related behavioral syndrome and 2) that rates could be
substantially higher in conflicts where stressor intensity and/
or duration were greater than in the Gulf War.

Rates of CFS-like illness did show a relation to stressor
intensity, but the pattern was quite different from that for
PTSD. The rate of CFS-like illness was 0.8 percent for the
nondeployed, while the rate for veterans deployed elsewhere
but not in the Gulf was 1.7 percent. Rates again increased to

5.4 percent for veterans deployed to the Gulf but in
noncombat roles. Rates of CFS-like illness did not change
significantly for Gulf veterans in the more stressful situa-
tions related to combat. It appears that deployment-related
stress has a role in the genesis of CFS in a veteran popula-
tion. However, the data do not rule out the possibility that, in
addition to stress, some unmeasured factors specific to
serving in the Gulf could be responsible for the high rates of
CFS among Gulf War veterans.

This overall pattern indicates some parallels between CFS-
like illness and PTSD in that both have a relation to stress.
However, the pattern of that relation—linear for PTSD and
linear for CFS only at lower stressor intensities—suggests
that the two conditions are not merely variants of one
another. Except for the data presented here, which were
collected from a Gulf-War-era veteran population, no study
has clearly shown an existing relation between stress and
CFS in civilians. An initial small case-control study did find
that CFS patients reported a higher rate of exposure to
serious stressors in the year prior to their illness onset (33).
Since that study did not randomly recruit control subjects
and did not use rigid inclusion and exclusion criteria to iden-
tify CFS patients, a follow-up study was conducted in which
both of those deficiencies were corrected. That study found
no difference in self-reported exposure to stressors between
CFS patients and controls (J. G. Dobbins and B. H. Natelson,
Veterans Affairs Medical Center (East Orange, New Jersey),
personal communication, 2002). Obviously, such studies
have the limitation of a small sample size. Although veterans
with CFS are demographically very different from nonvet-
eran CFS patients (nonveteran patients are predominantly
White females), one might expect to find, with larger sample
sizes, that exposure to psychological stress can be a risk
factor for developing CFS among nonveterans also.

The reason why CFS is related to only lower intensities of
stressor exposure is unclear. In experimental work, we have
shown that stressor intensity is an important variable in
predicting the medical consequences of stress (34). One
possibility might be that stress, although a factor for CFS,
plays a relatively minor role compared with other contrib-
uting factors unique to the Gulf War environment.

This survey is one of a few population-based studies of
Gulf veterans with contemporary veteran controls. The rela-
tively high participation rate of 70 percent and lack of
evidence of response bias, either by self-reported general
health status or in theater exposure status, indicate that there
is little likelihood of selection bias in this self-administered
postal survey questionnaire. In this population-based study,
10.1 percent of the entire deployed population of 693,826
Gulf War troops was estimated to have PTSD during the
month prior to completing the questionnaire. This preva-
lence is compared with 4.2 percent of the 800,680 compa-
rable veterans who were not deployed to the Gulf region. An
estimated 4.9 percent of Gulf veterans and 1.2 percent of
non-Gulf troops met the modified case definition for CFS.
The results suggest that PTSD and CFS may account for a
substantial portion of Gulf veterans who complain of a medi-
cally unexplained constellation of symptoms.

The Department of Defense should include screening for
PTSD/CFS as part of postdeployment clinical examinations

TABLE 4.   Prevalence of post-traumatic stress disorder and 
chronic fatigue syndrome-like illness among members of Gulf-
War-era reserve and National Guard units, according to 
deployment status and intensity of stress, 1995–1997

* Non-Gulf reserve or National Guard unit members who were not
activated were defined as having “minimal” stress. Non-Gulf reserve
or National Guard unit members who were activated and deployed
but not in the Persian Gulf were defined as having “moderate”
stress. National Guard or reserve unit members with a combat
exposure level of 0, 1, 2, or 3 while in the Persian Gulf were defined
as having “high” stress. Veterans were asked whether, during their
Gulf deployment, they 1) had worn chemical protective gear or heard
chemical alarms sounding, 2) had been involved in direct combat
duty, or 3) had witnessed any deaths. Combat exposure levels were
then defined as follows: “Combat0” was defined as answering “no” to
all three questions on combat exposure; “Combat1” was defined as
answering “yes” for only one of the three combat exposures;
“Combat2” was defined as answering “yes” for exactly two of the
three combat exposures; and “Combat3” was defined as answering
“yes” for all three of the combat exposures.

† PTSD, post-traumatic stress disorder; CFS, chronic fatigue
syndrome.

‡ Cochran-Armitage trend test: for PTSD, Z = – 21.335; for CFS-
like illness, Z = –14.098.

Stress level*
Total
no.

PTSD†,‡ CFS†-like illness‡

No. % No. %

Minimal 2,844 95 3.3 23 0.8

Moderate 2,963 180 6.1 49 1.7

High

Combat0 1,383 97 7.0 75 5.4

Combat1 3,050 362 11.9 197 6.5

Combat2 1,415 260 18.4 104 7.3

Combat3 769 174 22.6 50 6.5 D
ow

nloaded from
 https://academ

ic.oup.com
/aje/article/157/2/141/90101 by guest on 23 April 2024



PTSD and CFS among Gulf War Veterans   147

 Am J Epidemiol   2003;157:141–148

for troops returning from future military conflicts, and
appropriate follow-up health care should be planned by both
the Department of Defense and the Department of Veterans
Affairs.
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APPENDIX

The prevalences of post-traumatic stress disorder and
chronic fatigue syndrome-like illness for the entire Gulf War
veteran and nondeployed populations were obtained from
weighted estimates of individual military strata values
according to the sampling design. Potential nonresponse bias
in this survey was mitigated by calculation of weighting
stratum estimators assuming that nonresponses were missing
at random, given covariates, also termed “ignorable nonre-
sponse.” “Ignorable” means that a model can explain the
nonresponse mechanism and that the nonresponse can be
ignored after the model accounts for it, not that the nonre-
sponse can be completely ignored and complete-data
methods used (35). Nonresponses were handled by
weighting responding units by the inverse of the probability
of selection and response in the weighting stratum estima-

tors. The weighted stratum estimators adjust the distribution
in the observed sample so as to compensate for the distortion
that might have resulted from the nonresponse. To estimate
the confidence interval of the prevalence, we estimated the
sampling variance that was a nonlinear estimator in the pres-
ence of nonresponse. We used SUDAAN software, which
could handle this nonlinear estimator of the variance in
accordance with the complex sampling design, to estimate
prevalences and confidence intervals (27). This survey was
complex in that the sampling design was stratified random
sampling with unequal probabilities of selection from the
various strata (gender; branch of service; active, reserve, or
National Guard unit status; and deployment status). There
were 52 strata in all: 20 strata for Gulf veterans, 20 strata for
non-Gulf activated veterans, and 12 strata for non-Gulf
nonactivated veterans.
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