
BackgroundBackground Veterans ofthe PersianVeterans ofthe Persian

GulfWarof1991havereported symptomsGulf Warof1991havereported symptoms

attributed to theirmilitary service.attributed to theirmilitary service.

AimsAims To reviewall studies comparingTo review all studies comparing

the prevalence of psychiatric disorders inthe prevalence of psychiatric disorders in

Gulf War veterans and in a comparisonGulf War veterans and in a comparison

groupof servicepersonnelnotdeployedtogroupof servicepersonnelnotdeployedto

the Gulf War.the Gulf War.

MethodMethod Studies ofmilitarypersonnelStudies ofmilitarypersonnel

deployed to the Gulf publishedbetweendeployed to the Gulf publishedbetween

1990 and 2001were identified from1990 and 2001were identified from

electronic databases.Reference lists andelectronic databases.Reference lists and

websiteswere searched andkeywebsiteswere searched andkey

researcherswere contacted forresearcherswere contacted for

information.Atotal of 2296 abstracts andinformation.Atotal of 2296 abstracts and

409 complete articleswere reviewed and409 complete articleswerereviewed and

datawere extracted independently bydatawere extracted independently by

twomembers ofthe researchteam.twomembers ofthe researchteam.

ResultsResults The prevalence of psychiatricThe prevalence of psychiatric

disorderin 20 studiesofGulfWarveteransdisorderin 20 studiesofGulfWarveterans

was comparedwiththe prevalence in thewas comparedwiththe prevalence inthe

comparison group.Prevalence of post-comparison group.Prevalence of post-

traumatic stress disorder (PTSD) andtraumatic stress disorder (PTSD) and

commonmental disorder were higher incommonmental disorder were higher in

the Gulf War veterans.Heterogeneitythe Gulf War veterans.Heterogeneity

between studieswas significant, but allbetween studieswas significant, but all

reported this increasedprevalence.reported this increasedprevalence.

ConclusionsConclusions Veterans ofthe PersianVeterans ofthe Persian

Gulf War reported anincreasedGulf War reported anincreased

prevalence of PTSDand commonmentalprevalence of PTSDand commonmental

disorder comparedwith other activedisordercomparedwith other active

service personnelnotdeployed to theservice personnelnotdeployed to the

Gulf.These findings are attributable to theGulf.These findings are attributable to the

increase inpsychologically traumaticincrease inpsychologically traumatic

events inwartime.events inwartime.
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Since the end of the Persian Gulf War ofSince the end of the Persian Gulf War of

1991, its veterans have reported a range1991, its veterans have reported a range

of health complaints attributed to serviceof health complaints attributed to service

during the war. These veterans report anduring the war. These veterans report an

increased prevalence of a whole range ofincreased prevalence of a whole range of

common symptoms compared with othercommon symptoms compared with other

service personnel who were not deployedservice personnel who were not deployed

to the Gulf.to the Gulf.

It is now widely recognised thatIt is now widely recognised that

exposure to combat and other wartimeexposure to combat and other wartime

experiences can have both short-term andexperiences can have both short-term and

long-term psychological effects. Theselong-term psychological effects. These

psychological consequences are varied, butpsychological consequences are varied, but

the concept of post-traumatic stress dis-the concept of post-traumatic stress dis-

order (PTSD) has arisen to describe theorder (PTSD) has arisen to describe the

syndrome of intrusive thoughts, flashbacks,syndrome of intrusive thoughts, flashbacks,

hyperarousal and numbing that can occurhyperarousal and numbing that can occur

after exposure to any traumatic event,after exposure to any traumatic event,

including those common in wartime.including those common in wartime.

The Persian Gulf War was brief andThe Persian Gulf War was brief and

there were relatively few casualties amongthere were relatively few casualties among

the troops deployed on behalf of the Unitedthe troops deployed on behalf of the United

Nations. Nevertheless, a number of aspectsNations. Nevertheless, a number of aspects

of the war exposed service personnel toof the war exposed service personnel to

traumatic and stressful events: these in-traumatic and stressful events: these in-

cluded the risk of chemical and biologicalcluded the risk of chemical and biological

warfare, exposure to combat, and dealingwarfare, exposure to combat, and dealing

with prisoners and dead and wounded Iraqiwith prisoners and dead and wounded Iraqi

soldiers. This paper describes a systematicsoldiers. This paper describes a systematic

review of studies that have compared thereview of studies that have compared the

prevalence of psychiatric disorder in Gulfprevalence of psychiatric disorder in Gulf

War veterans with its prevalence in a com-War veterans with its prevalence in a com-

parison group who were not deployed toparison group who were not deployed to

the Gulf (non-Gulf veterans).the Gulf (non-Gulf veterans).

METHODMETHOD

Data searchData search

Studies between January 1990 and MayStudies between January 1990 and May

2001 were identified from a range of elec-2001 were identified from a range of elec-

tronic databases, including EMBASE, Med-tronic databases, including EMBASE, Med-

line, ASSIA, SIGLE, PsycINFO, CancerLit,line, ASSIA, SIGLE, PsycINFO, CancerLit,

HealthSTAR, Dissertation, Abstracts,HealthSTAR, Dissertation, Abstracts,

Current Contents, Health and PsychosocialCurrent Contents, Health and Psychosocial

Instruments, CINAHL and BiologicalInstruments, CINAHL and Biological

Abstracts. Keywords used to identify theAbstracts. Keywords used to identify the

studies were: DESERT STORMstudies were: DESERT STORM oror

DESERT SHIELDDESERT SHIELD oror DESERTSHIELDDESERTSHIELD oror

GULF WARGULF WAR oror GULF SYNDROMEGULF SYNDROME oror

GULF WAR SYNDROMEGULF WAR SYNDROME oror PERSIANPERSIAN

GULF WARGULF WAR oror PERSIAN GULFPERSIAN GULF

SYNDROME. References of identifiedSYNDROME. References of identified

studies were searched for further studies.studies were searched for further studies.

Specialist Gulf veterans’ illnesses researchSpecialist Gulf veterans’ illnesses research

websites (US Department of Defense Centerwebsites (US Department of Defense Center

for Deployment Health Research site andfor Deployment Health Research site and

the Walter Reed Army Medical Center Gulfthe Walter Reed Army Medical Center Gulf

War database) and more-general Gulf web-War database) and more-general Gulf web-

sites were also searched for any additionalsites were also searched for any additional

references. Researchers who had expressedreferences. Researchers who had expressed

an interest in Gulf veterans’ illness researchan interest in Gulf veterans’ illness research

were contacted for any non-published in-were contacted for any non-published in-

formation. There was no restriction on theformation. There was no restriction on the

identification of studies in terms of publica-identification of studies in terms of publica-

tion status or language. This search strategytion status or language. This search strategy

was first applied to data published up to thewas first applied to data published up to the

end of 1998 (end of 1998 (nn¼4156) and then repeated to4156) and then repeated to

the end of May 2001 (the end of May 2001 (nn¼1231).1231).

Studies were included if they containedStudies were included if they contained

data on veterans who had been deployed todata on veterans who had been deployed to

the Gulf War on military, medical or peace-the Gulf War on military, medical or peace-

keeping grounds (i.e. those involved inkeeping grounds (i.e. those involved in

operations Desert Shield, Desert Storm,operations Desert Shield, Desert Storm,

Granby or Desert Peace). Any study designGranby or Desert Peace). Any study design

was eligible for inclusion provided that anwas eligible for inclusion provided that an

appropriate control or comparison groupappropriate control or comparison group

was included to compare the prevalence ofwas included to compare the prevalence of

psychiatric disorder.psychiatric disorder.

The 5387 abstracts identified by theThe 5387 abstracts identified by the

original search were screened by N.J.S.original search were screened by N.J.S.

and the 2296 that remained eligible wereand the 2296 that remained eligible were

examined by two members of the researchexamined by two members of the research

team to decide whether they might meetteam to decide whether they might meet

our inclusion criteria. Printed copies ofour inclusion criteria. Printed copies of

409 papers were then obtained and examin-409 papers were then obtained and examin-

ed by two members of the research team toed by two members of the research team to

confirm eligibility and extract data.confirm eligibility and extract data.

In our original search we also includedIn our original search we also included

studies that compared ill and well Gulfstudies that compared ill and well Gulf

War veterans, but these were excludedWar veterans, but these were excluded

from the review reported here. Studies werefrom the review reported here. Studies were

also excluded if they measured simulatedalso excluded if they measured simulated

exposures, if they measuredexposures, if they measured non-health-non-health-

related outcomes, or if the study populationrelated outcomes, or if the study population

included inhabitants of the Persian Gulfincluded inhabitants of the Persian Gulf

states rather than deployed military,states rather than deployed military,

medical or peace-keeping personnel.medical or peace-keeping personnel.

All identified papers that fulfilled theAll identified papers that fulfilled the

pre-stated inclusion criteria were cate-pre-stated inclusion criteria were cate-

gorised by health outcome. Forty-ninegorised by health outcome. Forty-nine

studies included data on psychiatric dis-studies included data on psychiatric dis-

order, 29 of which reported on Gulf Warorder, 29 of which reported on Gulf War

veterans and an external comparisonveterans and an external comparison

group of non-Gulf War veterans. Wegroup of non-Gulf War veterans. We

further restricted the studies to those withfurther restricted the studies to those with

a limited range of outcomes concerneda limited range of outcomes concerned

with psychiatric disorder (20 studies). Thewith psychiatric disorder (20 studies). The
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outcomes we chose to include were asoutcomes we chose to include were as

follows:follows:

(a)(a) PTSD diagnosed using a recognisedPTSD diagnosed using a recognised

standardised assessment;standardised assessment;

(b)(b) common mental disorder: depression orcommon mental disorder: depression or

anxiety diagnosed using a recognisedanxiety diagnosed using a recognised

standardised assessment; or self-standardised assessment; or self-

reported symptoms of depressionreported symptoms of depression

recorded on a checklist;recorded on a checklist;

(c)(c) problems related to alcohol misuse.problems related to alcohol misuse.

We have chosen to use the term ‘commonWe have chosen to use the term ‘common

mental disorder’ (Goldberg & Huxley,mental disorder’ (Goldberg & Huxley,

1992) to refer to the common symptoms1992) to refer to the common symptoms

of depression and anxiety that are seen inof depression and anxiety that are seen in

the community and reflect the use of assess-the community and reflect the use of assess-

ments such as the General Health Ques-ments such as the General Health Ques-

tionnaire (GHQ; Goldberg & Williams,tionnaire (GHQ; Goldberg & Williams,

1988) and the Symptom Checklist (and its1988) and the Symptom Checklist (and its

derivatives) (Derogatisderivatives) (Derogatis et alet al, 1974;, 1974;

Derogatis, 1977; Derogatis & Spencer,Derogatis, 1977; Derogatis & Spencer,

1982).1982).

Data extractionData extraction

Data relating to the studies’ main hypo-Data relating to the studies’ main hypo-

theses and to methodological quality weretheses and to methodological quality were

extracted independently by two membersextracted independently by two members

of the research team. Information on theof the research team. Information on the

methodological quality of the individualmethodological quality of the individual

studies included the response rate, thestudies included the response rate, the

potential of selection bias in the samplingpotential of selection bias in the sampling

of the study participants, the potential biasof the study participants, the potential bias

in the measurement of outcomes, thein the measurement of outcomes, the

availability of data on confounders, andavailability of data on confounders, and

any adjustment for such variables.any adjustment for such variables.

Statistical analysisStatistical analysis

Summary odds ratio and risk ratios wereSummary odds ratio and risk ratios were

calculated with a random-effects modelcalculated with a random-effects model

using the inverse variance method. Theusing the inverse variance method. The

degree of heterogeneity was assessed usingdegree of heterogeneity was assessed using

the chi-squared test within a fixed-effectsthe chi-squared test within a fixed-effects

model. All analyses were performed usingmodel. All analyses were performed using

the METAN command (Bradburnthe METAN command (Bradburn et alet al,,

1998) in Stata version 6 (StataCorp,1998) in Stata version 6 (StataCorp,

1999). We chose this approach because of1999). We chose this approach because of

the inherent heterogeneity in the data. Inthe inherent heterogeneity in the data. In

particular, we were combining studies withparticular, we were combining studies with

a variety of outcome measures. A random-a variety of outcome measures. A random-

effects model assumes that the studies in aeffects model assumes that the studies in a

meta-analysis are sampled from a distribu-meta-analysis are sampled from a distribu-

tion of effect sizes, which are estimatedtion of effect sizes, which are estimated

from the data in the meta-analysis. Infrom the data in the meta-analysis. In

contrast, a fixed-effects model assumescontrast, a fixed-effects model assumes

that all the studies are sampled from athat all the studies are sampled from a

population with the same effect estimate.population with the same effect estimate.

We chose to perform analyses on di-We chose to perform analyses on di-

chotomous outcomes because the distribu-chotomous outcomes because the distribu-

tion of scores from continuous scales istion of scores from continuous scales is

often difficult to establish from publishedoften difficult to establish from published

articles, and this – together with the widearticles, and this – together with the wide

variety of scales that were used – can intro-variety of scales that were used – can intro-

duce difficulties in performing a quantita-duce difficulties in performing a quantita-

tive synthesis. Using ratio measures totive synthesis. Using ratio measures to

estimate association should be less sensitiveestimate association should be less sensitive

to the different case definitions andto the different case definitions and

measures used in the constituent studies.measures used in the constituent studies.

RESULTSRESULTS

The systematic review process is shown inThe systematic review process is shown in

Fig. 1. We identified 20 primary studiesFig. 1. We identified 20 primary studies

that investigated the association betweenthat investigated the association between

deployment to the Gulf War and psychi-deployment to the Gulf War and psychi-

atric disorder (Perconteatric disorder (Perconte et alet al, 1993; Sutker, 1993; Sutker

et alet al, 1993, 1994; Stretch, 1993, 1994; Stretch et alet al, 1996, 1996aa,,bb;;

Iowa Persian Gulf Study Group, 1997;Iowa Persian Gulf Study Group, 1997;

Pierce, 1997; Stuart & Halverson, 1997;Pierce, 1997; Stuart & Halverson, 1997;

Goss Gilroy Inc., 1998; HolmesGoss Gilroy Inc., 1998; Holmes et alet al,,

1998; Proctor1998; Proctor et alet al, 1998; Stuart & Bliese,, 1998; Stuart & Bliese,

1998; Gray1998; Gray et alet al, 1999; Ishoy, 1999; Ishoy et alet al, 1999;, 1999;

UnwinUnwin et alet al, 1999; Wolfe, 1999; Wolfe et alet al, 1999; Bar-, 1999; Bar-

tone, 2000; Kangtone, 2000; Kang et alet al, 2000; Steele,, 2000; Steele,

2000; Cherry2000; Cherry et alet al, 2001). We excluded, 2001). We excluded

nine other studies that included data onnine other studies that included data on

psychiatric disorder in Gulf War veteranspsychiatric disorder in Gulf War veterans

but did not meet our inclusion criteria: fivebut did not meet our inclusion criteria: five

repeated results already included, three didrepeated results already included, three did

not include any of the psychiatric outcomesnot include any of the psychiatric outcomes

defined above, and one compared Gulf vet-defined above, and one compared Gulf vet-

erans with reported illness with a compari-erans with reported illness with a compari-

son sample (further details available fromson sample (further details available from

the authors upon request).the authors upon request).

Table 1 summarises the studies weTable 1 summarises the studies we

identified. All are best described as cross-identified. All are best described as cross-

sectional surveys. Some studies, for exam-sectional surveys. Some studies, for exam-

ple those by Kangple those by Kang et alet al (2000), Unwin(2000), Unwin et alet al

(1999) and Ishoy(1999) and Ishoy et alet al (1999), resemble(1999), resemble

cohort studies, as the population wascohort studies, as the population was
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Fig. 1Fig. 1 Flowchart of the systematic review.Flowchart of the systematic review.
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defined in terms of ‘exposure’ to thedefined in terms of ‘exposure’ to the

Gulf War. However, these studies hadGulf War. However, these studies had

little orlittle or no information on health statusno information on health status

before deployment and therefore sharebefore deployment and therefore share

most ofmost of the methodological limitations ofthe methodological limitations of

cross-sectional surveys.cross-sectional surveys.

SamplingSampling

The sampling design of the studies varied.The sampling design of the studies varied.

For example, UnwinFor example, Unwin et alet al (1999), Kang(1999), Kang etet

alal (2000), Goss Gilroy Inc. (1998), Ishoy(2000), Goss Gilroy Inc. (1998), Ishoy

et alet al (1999) and Cherry(1999) and Cherry et alet al (2001) identi-(2001) identi-

fied samples of service personnel from mili-fied samples of service personnel from mili-

tary databases. The Unwintary databases. The Unwin et alet al and Cherryand Cherry

et alet al studies were of two independentstudies were of two independent

samples drawn from the same UK militarysamples drawn from the same UK military

database. They employed stratified randomdatabase. They employed stratified random

sampling in order to frequency-match thesampling in order to frequency-match the

characteristics of Gulf War veterans withcharacteristics of Gulf War veterans with

those who were on active duty at thethose who were on active duty at the

time but were not deployed to the Gulf.time but were not deployed to the Gulf.

These comparison groups are referredThese comparison groups are referred

to as non-Gulf veterans; the proportionto as non-Gulf veterans; the proportion

actually deployed to areas other thanactually deployed to areas other than

the Gulf varied between studies. An alter-the Gulf varied between studies. An alter-

native sampling strategy used by twonative sampling strategy used by two

studies, the Iowa Persian Gulf Study Groupstudies, the Iowa Persian Gulf Study Group

(1997) and Steele (2000), identified all(1997) and Steele (2000), identified all

military service personnelmilitary service personnel who had servedwho had served

during the period of the Gulf War andduring the period of the Gulf War and

who lived in one US statewho lived in one US state (Iowa and(Iowa and

Kansas, respectively). Within this standardKansas, respectively). Within this standard

survey design the investigators then com-survey design the investigators then com-

pared those who had been deployed to thepared those who had been deployed to the

Gulf with those who had not. PierceGulf with those who had not. Pierce

(1997) also used a military database but se-(1997) also used a military database but se-

lected only women from the US Air Forcelected only women from the US Air Force

to study.to study.

There were also moreThere were also more ad hocad hoc samplingsampling

procedures that did not use the largeprocedures that did not use the large

national databases. For example, Holmesnational databases. For example, Holmes

et alet al (1998), Gray(1998), Gray et alet al (1999) and Sutker(1999) and Sutker

et alet al (1993) compared Gulf War veterans(1993) compared Gulf War veterans

and non-Gulf veterans within a selectionand non-Gulf veterans within a selection

of units. Some studies also chose a smallof units. Some studies also chose a small

number of military bases without anynumber of military bases without any

apparent justification for inclusion (Proctorapparent justification for inclusion (Proctor

et alet al, 1998; Wolfe, 1998; Wolfe et alet al, 1999)., 1999).

Response ratesResponse rates

Response rates also varied considerablyResponse rates also varied considerably

between studies (Table 1). Of most import-between studies (Table 1). Of most import-

ance is that the response rate of the Gulfance is that the response rate of the Gulf

War veterans was higher than that of theWar veterans was higher than that of the

non-Gulf veterans in studies that reportednon-Gulf veterans in studies that reported

the response rates separately. This couldthe response rates separately. This could

introduce a biased comparison. For exam-introduce a biased comparison. For exam-

ple, Unwinple, Unwin et alet al (1999) had a 70%(1999) had a 70%

response rate in the Gulf War veteransresponse rate in the Gulf War veterans

and a 63% response rate in the non-Gulfand a 63% response rate in the non-Gulf

War veterans sample. Goss Gilroy Inc.War veterans sample. Goss Gilroy Inc.

(1998) in the Canadian study reported(1998) in the Canadian study reported

response rates of 73% for Gulf Warresponse rates of 73% for Gulf War

veterans and 60% for non-Gulf Warveterans and 60% for non-Gulf War

veterans.veterans.

MeasurementMeasurement

Most of the studies took place after thereMost of the studies took place after there

had been considerable publicity about ill-had been considerable publicity about ill-

ness in Gulf War veterans. However, fourness in Gulf War veterans. However, four

studies included here reported findingsstudies included here reported findings

based upon surveys carried out withinbased upon surveys carried out within

about a year of the end of the Gulf War:about a year of the end of the Gulf War:

these studies were by Sutkerthese studies were by Sutker et alet al (1993,(1993,

1994), Holmes1994), Holmes et alet al (1998) and Stuart(1998) and Stuart

& Halverson (1997). All reported a signifi-& Halverson (1997). All reported a signifi-

cant excess of psychopathological disordercant excess of psychopathological disorder

within the Gulf War veterans.within the Gulf War veterans.

Many of the studies used the Missis-Many of the studies used the Missis-

sippi scale (Keanesippi scale (Keane et alet al, 1988) or modified, 1988) or modified

versions thereof to assess symptoms ofversions thereof to assess symptoms of

PTSD; this is a self-administered scalePTSD; this is a self-administered scale

and it is generally assumed to be lessand it is generally assumed to be less

valid than some of the more detailed ques-valid than some of the more detailed ques-

tionnaires. Some studies used their owntionnaires. Some studies used their own

method for assessing PTSD based uponmethod for assessing PTSD based upon

questions modelled on the DSM–III–Rquestions modelled on the DSM–III–R

(American Psychiatric Association, 1987)(American Psychiatric Association, 1987)

criteria. A few studies used structured inter-criteria. A few studies used structured inter-

views administered by clinicians (Sutkerviews administered by clinicians (Sutker

et alet al, 1994; Proctor, 1994; Proctor et alet al, 1998; Wolfe, 1998; Wolfe

et alet al, 1999), but these assessments would, 1999), but these assessments would

have had the potential disadvantage ofhave had the potential disadvantage of

introducing possible observer bias, asintroducing possible observer bias, as

the interviewers would not have beenthe interviewers would not have been

masked to the participants’ deploymentmasked to the participants’ deployment

status.status.

We identified 17 studies that includedWe identified 17 studies that included

data on common mental disorders. Thedata on common mental disorders. The

self-administered questionnaire used mostself-administered questionnaire used most

frequently to assess common mental dis-frequently to assess common mental dis-

order, in eight studies, was the Hopkinsorder, in eight studies, was the Hopkins

Symptom Checklist or Brief SymptomSymptom Checklist or Brief Symptom

Inventory (DerogatisInventory (Derogatis et alet al, 1974; Derogatis,, 1974; Derogatis,

1977; Derogatis & Spencer, 1982;1977; Derogatis & Spencer, 1982;

Derogatis & Melisaratos, 1983). ThisDerogatis & Melisaratos, 1983). This

scale was reported either as a continuousscale was reported either as a continuous

outcome or used to define a ‘case’ of com-outcome or used to define a ‘case’ of com-

mon mental disorder. The other studiesmon mental disorder. The other studies

used a variety of methods to assess commonused a variety of methods to assess common

mental disorder, from self-reported symp-mental disorder, from self-reported symp-

toms of depression (Proctortoms of depression (Proctor et alet al, 1998;, 1998;

GrayGray et alet al, 1999; Ishoy, 1999; Ishoy et alet al, 1999; Kang, 1999; Kang

et alet al, 2000; Steele, 2000), other self-admi-, 2000; Steele, 2000), other self-admi-

nistered scales such as the GHQnistered scales such as the GHQ (Unwin(Unwin

et alet al, 1999), to lengthy, 1999), to lengthy clinician-adminis-clinician-adminis-

tered structured interviews (Wolfetered structured interviews (Wolfe et alet al,,

1999).1999).

ConfoundingConfounding

There was considerable variation in theThere was considerable variation in the

extent to which the authors attempted toextent to which the authors attempted to

adjust for confounders. Many of the studiesadjust for confounders. Many of the studies

that selected from the military databasesthat selected from the military databases

used a stratified sampling procedure andused a stratified sampling procedure and

frequency-matched the non-Gulf veteransfrequency-matched the non-Gulf veterans

on some characteristics in order to adjuston some characteristics in order to adjust

for confounding. Some studies includedfor confounding. Some studies included

these variables in a multivariate modelthese variables in a multivariate model

when analysing their results, which waswhen analysing their results, which was

probably necessary given the differential re-probably necessary given the differential re-

sponse rate between the Gulf War veteranssponse rate between the Gulf War veterans

and non-Gulf veterans. The most thoroughand non-Gulf veterans. The most thorough

adjustments were carried out by Unwinadjustments were carried out by Unwin et alet al

(1999). In particular, only Unwin(1999). In particular, only Unwin et alet al andand

Stuart & Bliese (1998) adjusted for maritalStuart & Bliese (1998) adjusted for marital

status. This is likely to be an important con-status. This is likely to be an important con-

founding variable, as single people usuallyfounding variable, as single people usually

have higher rates of common mental dis-have higher rates of common mental dis-

order and were more likely to be deployedorder and were more likely to be deployed

to the Gulf War – although not in Unwinto the Gulf War – although not in Unwin

et alet al’s study, possibly because the UK mili-’s study, possibly because the UK mili-

tary have fewer members who are nevertary have fewer members who are never

deployed on active service. Unwindeployed on active service. Unwin et alet al

(1999) found that the odds ratio for being(1999) found that the odds ratio for being

a case on the GHQ changed only froma case on the GHQ changed only from

2.0 to 2.1 after adjustment, indicating that2.0 to 2.1 after adjustment, indicating that

there was little evidence of confoundingthere was little evidence of confounding

by the variables identified in that study.by the variables identified in that study.

Results similar to these were obtained usingResults similar to these were obtained using

PTSD as the outcome.PTSD as the outcome.

Meta-analysisMeta-analysis

Post-traumatic stress disorderPost-traumatic stress disorder

It was possible to conduct a meta-analysisIt was possible to conduct a meta-analysis

of 9 of the 11 studies that reported dichot-of 9 of the 11 studies that reported dichot-

omous outcomes for PTSD. We were un-omous outcomes for PTSD. We were un-

able to use the data from Goss Gilroy Inc.able to use the data from Goss Gilroy Inc.

(1998) and Bartone (2000). The results(1998) and Bartone (2000). The results

are summarised in Fig. 2. The overallare summarised in Fig. 2. The overall

summary estimate using a random-effectssummary estimate using a random-effects

model was an odds ratio of 3.17 (95%model was an odds ratio of 3.17 (95%

CI 2.16–4.65), indicating an increasedCI 2.16–4.65), indicating an increased

risk in Gulf War veterans. There was signif-risk in Gulf War veterans. There was signif-

icant heterogeneity (icant heterogeneity (ww22¼29.4, d.f.29.4, d.f.¼8,8,

PP550.0001). In particular, the two large0.0001). In particular, the two large

studies by Unwinstudies by Unwin et alet al and Grayand Gray et alet al dif-dif-

fered: the former found an OR of 3.5 andfered: the former found an OR of 3.5 and

the latter on OR of 1.8. The summary esti-the latter on OR of 1.8. The summary esti-

mate for the risk ratios was 2.9 (95% CImate for the risk ratios was 2.9 (95% CI

2.0–4.2).2.0–4.2).

Common mental disorderCommon mental disorder

We were able to perform a meta-analysisWe were able to perform a meta-analysis

on 11 of the studies that reported onon 11 of the studies that reported on

the prevalence of common mental disor-the prevalence of common mental disor-

der (Fig. 3). Two studies used the sameder (Fig. 3). Two studies used the same
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sample, but one (Wolfesample, but one (Wolfe et alet al, 1999) re-, 1999) re-

ported results from the Structured Clinicalported results from the Structured Clinical

Interview for DSM–III–R (SpitzerInterview for DSM–III–R (Spitzer et alet al,,

1990) and the other (Proctor1990) and the other (Proctor et alet al,,

1998) presented results from self-reported1998) presented results from self-reported

symptoms of depression. The summary es-symptoms of depression. The summary es-

timate was an odds ratio of 2.04 (95% CItimate was an odds ratio of 2.04 (95% CI

1.94–2.15), irrespective of whether the1.94–2.15), irrespective of whether the

data from either of these studies weredata from either of these studies were

excluded, indicating an increased risk ofexcluded, indicating an increased risk of

common mental disorder in the deployedcommon mental disorder in the deployed

service personnel. Despite the variationservice personnel. Despite the variation

between studies in the outcome used,between studies in the outcome used,

there was no statistical evidence to sup-there was no statistical evidence to sup-

port heterogeneity in this sample usingport heterogeneity in this sample using

odds ratios (heterogeneity testodds ratios (heterogeneity test ww22¼9.39,9.39,

d.f.d.f.¼10,10, PP¼0.5). The summary estimate0.5). The summary estimate

for risk ratio was 1.8 (95% CI 1.6–2.0).for risk ratio was 1.8 (95% CI 1.6–2.0).

It should be noted that the studies byIt should be noted that the studies by

KangKang et alet al (2000) and Unwin(2000) and Unwin et alet al

(1999) accounted for 90% of the variance(1999) accounted for 90% of the variance

weights in the meta-analysis. The otherweights in the meta-analysis. The other

studies therefore had little influence onstudies therefore had little influence on

the summary estimate.the summary estimate.

A funnel plot of the standard error ofA funnel plot of the standard error of

the estimate against the size of effectthe estimate against the size of effect

suggested that there were fewer small non-suggested that there were fewer small non-

significant findings than would be expected.significant findings than would be expected.

This would not have had much influence onThis would not have had much influence on

the findings, given the presence of a numberthe findings, given the presence of a number

of large studies.of large studies.

Alcohol misuseAlcohol misuse

There was little evidence concerning alco-There was little evidence concerning alco-

hol misuse or dependence. Goss Gilroyhol misuse or dependence. Goss Gilroy

Inc. (1998) stated that there was no statisti-Inc. (1998) stated that there was no statisti-

cally significant association between alco-cally significant association between alco-

hol misuse and deployment. The Iowahol misuse and deployment. The Iowa

study (Iowa Persian Gulf Study Group,study (Iowa Persian Gulf Study Group,

1997) reported an increased prevalence of1997) reported an increased prevalence of

alcohol misuse measured by the CAGEalcohol misuse measured by the CAGE

questionnaire (Ewing, 1984).questionnaire (Ewing, 1984).

DISCUSSIONDISCUSSION

The results of our systematic review andThe results of our systematic review and

meta-analysis indicate an increased preva-meta-analysis indicate an increased preva-

lence of PTSD and common mental disor-lence of PTSD and common mental disor-

der in service personnel who had beender in service personnel who had been

deployed to the Persian Gulf War. The sizedeployed to the Persian Gulf War. The size

of this effect was somewhat larger forof this effect was somewhat larger for

PTSD, with an OR of 3.2 (95% CI 2.2–PTSD, with an OR of 3.2 (95% CI 2.2–

4.7) compared with 2.0 (95% CI 1.9–2.1)4.7) compared with 2.0 (95% CI 1.9–2.1)

for common mental disorder.for common mental disorder.

Publication biasPublication bias

We adopted a thorough search strategyWe adopted a thorough search strategy

but – as in all systematic reviews – maybut – as in all systematic reviews – may

have failed to identify some studies. Wehave failed to identify some studies. We

are also aware that other studies on thisare also aware that other studies on this

topic are in progress and have yet to reporttopic are in progress and have yet to report

their findings. It is difficult to assess the ef-their findings. It is difficult to assess the ef-

fect of any publication or citation bias infect of any publication or citation bias in

our data, given the small number of studiesour data, given the small number of studies

that reported data in a form permittingthat reported data in a form permitting

meta-analysis. A funnel plot for the ‘com-meta-analysis. A funnel plot for the ‘com-

mon mental disorder’ outcome suggestedmon mental disorder’ outcome suggested

that there was an underrepresentation ofthat there was an underrepresentation of

small studies finding no association be-small studies finding no association be-

tween deployment to the Gulf and disorder.tween deployment to the Gulf and disorder.

However, these small studies would notHowever, these small studies would not

have had a major impact on the summaryhave had a major impact on the summary

odds ratio, despite suggesting that it mightodds ratio, despite suggesting that it might

be a slight overestimate. The summary esti-be a slight overestimate. The summary esti-

mate was dominated by the two largemate was dominated by the two large

studies.studies.

Sample selectionSample selection

A critical part of these designs is theA critical part of these designs is the

comparability of the deployed andcomparability of the deployed and non-non-

deployed troops. Some of the studies useddeployed troops. Some of the studies used

military databases and took care to ensuremilitary databases and took care to ensure

that their sample was representative of boththat their sample was representative of both

Gulf War veterans and the comparisonGulf War veterans and the comparison

group. It is likely that the characteristicsgroup. It is likely that the characteristics

of troops selected for deployment systema-of troops selected for deployment systema-

tically differed from those of other activetically differed from those of other active

service personnel who were not deployed.service personnel who were not deployed.

This could be less marked for the UK mili-This could be less marked for the UK mili-

tary service, in which almost everyone istary service, in which almost everyone is

likely to be deployed on active duty. Poten-likely to be deployed on active duty. Poten-

tial confounding factors include gender,tial confounding factors include gender,

fitness level and marital status, along withfitness level and marital status, along with

4 014 01

Fig. 2Fig. 2 Forest plot of the results for post-traumatic stress disorder.Odds ratios by deployment.Values above1Forest plot of the results for post-traumatic stress disorder.Odds ratios by deployment.Values above1

indicate increased risk in Gulf War veteransindicate increased risk in Gulf War veterans

Fig. 3Fig. 3 Forest plot of the results for commonmental disorder.Odds ratios by deployment.Values above1Forest plot of the results for commonmental disorder.Odds ratios by deployment.Values above1

indicate increased risk in Gulf War veterans.indicate increased risk in Gulf War veterans.
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other aspects (such as propensity for risk-other aspects (such as propensity for risk-

taking) that are more difficult to measure.taking) that are more difficult to measure.

It is also likely that within individual units,It is also likely that within individual units,

the reasons for choosing people for deploy-the reasons for choosing people for deploy-

ment would lead to a greater selection biasment would lead to a greater selection bias

than in studies sampling from nationalthan in studies sampling from national

databases, in which whole units woulddatabases, in which whole units would

have been selected.have been selected.

It is difficult to be sure about the effectIt is difficult to be sure about the effect

of selection on the results reported here.of selection on the results reported here.

Some authors have suggested a ‘healthySome authors have suggested a ‘healthy

warrior’ effect, that the deployed have bet-warrior’ effect, that the deployed have bet-

ter underlying health. On the other hand,ter underlying health. On the other hand,

single people, who are more likely to havesingle people, who are more likely to have

been deployed (at least in some studies;been deployed (at least in some studies;

ProctorProctor et alet al, 1998), tend to have poorer, 1998), tend to have poorer

mental health (Kesslermental health (Kessler et alet al, 1994; Jenkins, 1994; Jenkins

et alet al, 1997). None of the studies had any in-, 1997). None of the studies had any in-

dependent information about the mentaldependent information about the mental

health of participants before the Gulf Warhealth of participants before the Gulf War

and so were not able to take any accountand so were not able to take any account

of this factor.of this factor.

Non-response biasNon-response bias

The studies that reported response ratesThe studies that reported response rates

according to deployment status all foundaccording to deployment status all found

that the Gulf War veterans had a higherthat the Gulf War veterans had a higher

response rate. It is likely that the publicityresponse rate. It is likely that the publicity

surrounding illnesses in Gulf War veteranssurrounding illnesses in Gulf War veterans

increased the relevance of a questionnaireincreased the relevance of a questionnaire

about health effects to respondents whoabout health effects to respondents who

had been deployed to the Gulf. Thishad been deployed to the Gulf. This

differential response rate could introducedifferential response rate could introduce

a systematic bias.a systematic bias.

Some studies have reported thatSome studies have reported that non-non-

responders tended to have poorer mentalresponders tended to have poorer mental

health than those who responded (Williamshealth than those who responded (Williams

& Macdonald, 1986) although Unwin& Macdonald, 1986) although Unwin et alet al

(1999) in a more intensive follow-up of(1999) in a more intensive follow-up of

non-respondents did not find a statisticallynon-respondents did not find a statistically

significant increased risk of common men-significant increased risk of common men-

tal disorder. Kangtal disorder. Kang et alet al (2000) also com-(2000) also com-

pared those who responded to the laterpared those who responded to the later

mailings with those who returned the firstmailings with those who returned the first

mailshot. They did not find that the latermailshot. They did not find that the later

respondents had poorer self-rated generalrespondents had poorer self-rated general

health. On balance, it is unlikely that thehealth. On balance, it is unlikely that the

differential response rate seen in thesedifferential response rate seen in these

studies could have explained such a largestudies could have explained such a large

association as that reported.association as that reported.

Outcome measurementsOutcome measurements

The majority of studies relied onThe majority of studies relied on self-self-

reported symptoms to assess the prevalencereported symptoms to assess the prevalence

of psychiatric disorder. Some of the studiesof psychiatric disorder. Some of the studies

used well-recognised and validated mea-used well-recognised and validated mea-

sures of psychiatric disorder, but others (in-sures of psychiatric disorder, but others (in-

cluding some of the larger studies) reportedcluding some of the larger studies) reported

results from a single question asking aboutresults from a single question asking about

depressive symptoms. Despite this variationdepressive symptoms. Despite this variation

in measurement methods, there was littlein measurement methods, there was little

evidence of heterogeneity in the estimatesevidence of heterogeneity in the estimates

for common mental disorder. Studies thatfor common mental disorder. Studies that

used the longer semi-structured interviewsused the longer semi-structured interviews

might have introduced observer bias, givenmight have introduced observer bias, given

the difficulty in ‘blinding’ the interviewers.the difficulty in ‘blinding’ the interviewers.

In contrast, there was evidence of heteroge-In contrast, there was evidence of heteroge-

neity for the PTSD estimates. In particular,neity for the PTSD estimates. In particular,

UnwinUnwin et alet al (1999) reported a larger effect(1999) reported a larger effect

than did Graythan did Gray et alet al (1999), although both(1999), although both

reported a significant increase in prevalencereported a significant increase in prevalence

in the Gulf War veterans. Grayin the Gulf War veterans. Gray et alet al re-re-

stricted their sample to naval constructionstricted their sample to naval construction

workers, so the different result mightworkers, so the different result might

merely have reflected the different experi-merely have reflected the different experi-

ences of this group of service personnel. Itences of this group of service personnel. It

should also be noted that the Unwinshould also be noted that the Unwin et alet al

study used a UK military cohort in whichstudy used a UK military cohort in which

almost all the non-Gulf War veterans com-almost all the non-Gulf War veterans com-

parison group would have been deployedparison group would have been deployed

on active service at one time or another.on active service at one time or another.

Five of the 20 studies were carried outFive of the 20 studies were carried out

within 12 months of the end of the warwithin 12 months of the end of the war

and at a time when publicity concerningand at a time when publicity concerning

illness in Gulf War veterans was minimal.illness in Gulf War veterans was minimal.

All these studies reported a statisticallyAll these studies reported a statistically

significant increase in psychopathologicalsignificant increase in psychopathological

disorders in Gulf War veterans. These earlydisorders in Gulf War veterans. These early

studies tended to be less robust from astudies tended to be less robust from a

methodological point of view than the latermethodological point of view than the later

ones: the samples were less representative,ones: the samples were less representative,

response rates were lower and the studiesresponse rates were lower and the studies

smaller in size. In contrast, the later andsmaller in size. In contrast, the later and

often more robust studies could have beenoften more robust studies could have been

subject to a reporting bias followingsubject to a reporting bias following

publicity about illnesses in Gulf Warpublicity about illnesses in Gulf War

veterans. In conclusion, it appears unlikelyveterans. In conclusion, it appears unlikely

that a reporting bias could have led to thethat a reporting bias could have led to the

findings reported in the constituent studies.findings reported in the constituent studies.

Illnesses in Gulf War veteransIllnesses in Gulf War veterans

We found that veterans deployed to theWe found that veterans deployed to the

Persian Gulf War reported more PTSDPersian Gulf War reported more PTSD

and more symptoms of common mentaland more symptoms of common mental

disorder than did service personnel whodisorder than did service personnel who

had not been deployed to this war. In-had not been deployed to this war. In-

creased rates of PTSD have often beencreased rates of PTSD have often been

reported after conflicts and can be attribu-reported after conflicts and can be attribu-

ted to the increased likelihood of psycho-ted to the increased likelihood of psycho-

logically traumatising events duringlogically traumatising events during

wartime. The increased rates of other psy-wartime. The increased rates of other psy-

chiatric symptoms might just be a conse-chiatric symptoms might just be a conse-

quence of the same process. There isquence of the same process. There is

evidence that psychologically traumaticevidence that psychologically traumatic

events also lead to an increase in other psy-events also lead to an increase in other psy-

chological symptoms, particularly anxiety,chological symptoms, particularly anxiety,

in addition to the symptoms more specifi-in addition to the symptoms more specifi-

cally associated with the syndrome ofcally associated with the syndrome of

PTSD. An increased rate of psychiatric dis-PTSD. An increased rate of psychiatric dis-

orders would therefore be expected in Gulforders would therefore be expected in Gulf

War veterans, although this does not dimin-War veterans, although this does not dimin-

ish the importance of this morbidity in af-ish the importance of this morbidity in af-

fecting veterans many years after returningfecting veterans many years after returning

from the conflict.from the conflict.

What is less clear is how these findingsWhat is less clear is how these findings

relate to the issue of Gulf War illnesses.relate to the issue of Gulf War illnesses.

Gulf War veterans have reported a wideGulf War veterans have reported a wide

variety of symptoms, aside from psychiatricvariety of symptoms, aside from psychiatric

symptoms. Unwinsymptoms. Unwin et alet al (1999), in the UK(1999), in the UK

study, reported an increased prevalence ofstudy, reported an increased prevalence of

a whole range of symptoms after havinga whole range of symptoms after having

adjusted for the increased prevalence ofadjusted for the increased prevalence of

common mental disorder in the Gulf Warcommon mental disorder in the Gulf War

veterans. This supports the view that someveterans. This supports the view that some

other factors must be contributing to ill-other factors must be contributing to ill-

nesses in these veterans, in addition to anynesses in these veterans, in addition to any

increase in psychiatric disorder.increase in psychiatric disorder.

Psychiatric disorder is common, dis-Psychiatric disorder is common, dis-

abling and burdensome. It is an importantabling and burdensome. It is an important

source of disability after war, yet thissource of disability after war, yet this

isis often inadequately recognised and ac-often inadequately recognised and ac-

knowledged. Developing more-effectiveknowledged. Developing more-effective

means of preventing and treating psychi-means of preventing and treating psychi-

atric disorder in service personnel is anatric disorder in service personnel is an

important priority for future research.important priority for future research.
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CLINICAL IMPLICATIONSCLINICAL IMPLICATIONS

&& Veterans of the Gulf War reportmore post-traumatic stress disorder andmoreVeterans of the Gulf War reportmore post-traumatic stress disorder andmore
depression and anxiety than dowar veterans not deployed to that conflict.depression and anxiety than dowar veterans not deployed to that conflict.

&& Service in awar zone leads to an increase in symptomsmany years afterwards.Service in awar zone leads to an increase in symptomsmany years afterwards.

&& The presence of psychiatric symptoms probably does not explain the increasedThe presence of psychiatric symptoms probably does not explain the increased
prevalence of other somatic symptoms reported by Gulf War veterans.prevalence of other somatic symptoms reported by Gulf War veterans.

LIMITATIONSLIMITATIONS

&& Most of the large studies were conducted after public concern about illnesses inMost of the large studies were conducted after public concern about illnesses in
Gulf War veterans had been voiced.Gulf War veterans had been voiced.

&& The studies relied upon self-reported information about psychiatric symptoms.The studies relied upon self-reported information about psychiatric symptoms.

&& Some of the larger studies used non-standardmethods of assessing psychiatricSome of the larger studies used non-standardmethods of assessing psychiatric
symptoms.symptoms.
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