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The authors conducted an extensive search for published works concerning healthcare utilization and
mortality among Gulf War veterans of the Coalition forces who served during the1990–1991 Gulf
War. Reports concerning the health experience of US, UK, Canadian, Saudi and Australian veterans
were reviewed. This report summarizes 15 years of observations and research in four categories: Gulf
War veteran healthcare registry studies, hospitalization studies, outpatient studies and mortality
studies. A total of 149 728 (19.8%) of 756 373 US, UK, Canadian and Australian Gulf War veterans
received health registry evaluations revealing a vast number of symptoms and clinical conditions but
no suggestion that a new unique illness was associated with service during the Gulf War. Additionally,
no Gulf War exposure was uniquely implicated as a cause for post-war morbidity. Numerous large,
controlled studies of US Gulf War veterans’ hospitalizations, often involving more than a million
veterans, have been conducted. They revealed an increased post-war risk for mental health diagnoses,
multi-symptom conditions and musculoskeletal disorders. Again, these data failed to demonstrate
that Gulf War veterans suffered from a unique Gulf War-related illness. The sparsely available
ambulatory care reports documented that respiratory and gastrointestinal complaints were quite
common during deployment. Using perhaps the most reliable data, controlled mortality studies have
revealed that Gulf War veterans were at increased risk of injuries, especially those due to vehicular
accidents. In general, healthcare utilization data are now exhausted. These findings have now been
incorporated into preventive measures in support of current military forces. With a few diagnostic
exceptions such as amyotrophic lateral sclerosis, mental disorders and cancer, it now seems time to
cease examining Gulf War veteran morbidity and to direct future research efforts to preventing illness
among current and future military personnel.
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1. INTRODUCTION
(a) The enigma: studying poorly defined

outcomes and exposures

How does one approach epidemiological questions

when neither the outcomes in question nor the alleged

associated exposures are well-defined? Such was often

the challenge for epidemiologists in the mid-1990s

when returning veterans of the 1990–1991 Gulf War

began complaining of diseases and unexplained

symptoms that they attributed to war exposures.

Encouraged by news reporting, legislature inquiries

and Internet communications (Wheelwright 2001),

veterans wondered if their post-war ailments were

related to unusual Gulf War exposures. Initially, Gulf

War veterans’ health concern were very diverse,

ranging from the very subjective, such as unusual

fatigue or difficulty sleeping, to the more concrete and

verifiable such as increased deaths or cancer. The

veterans demanded to know whether a large array of

unusual war exposures, most of which were very poorly

documented, might have been responsible for any
tribution of 17 to a Theme Issue ‘The health of Gulf War
’.
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excess morbidity or mortality among the nearly one
million service men and women who participated in the
war. This is a review of how epidemiologists have
examined healthcare and mortality data in investigating
these questions.

(b) A search for causes through a reductionistic

approach

As is recorded in numerous previous reports
(Korenyi-Both et al. 1992; Magill et al. 1992; Defense
Science Board 1994; Institute of Medicine 1995;
Institute of Medicine. Committee to Review the Health
Consequences of Service During the Persian Gulf War
1996), the list of possible Gulf War-related illness
outcomes and alleged exposures were myriad (table 1).
As objective data for many of the disease outcomes and
most of the Gulf War-related exposures were not
available, epidemiologists often opted to embrace a
reductionism approach in studying the veterans. In
many of the first epidemiological studies, Gulf War
service (serving one or more days in the Gulf War
theatre (1991a) during the conflict) was used as a gross
exposure variable in examining data that were routinely
electronically captured (especially hospitalizations and
deaths) and thus thought to be less subject to various
biases. It was envisioned that should Gulf War service
q 2006 The Royal Society



Table 1. Potential Gulf War exposures and alleged associated medical outcomes. (Save for where indicated below, quality data
were not available to examine these exposures or outcomes.)

potential Gulf War exposures alleged associated outcomes

anthrax vaccine amyotrophic lateral sclerosisa

antimalarials birth defectsb

biological weapons cryptic bacteria in urine
botulism vaccine birth defects among children
chemically resistant agent paint cancera

chemical weapons exposure at Khamisiyahc chronic fatigue syndrome
ciprofloxacin increased unexplained other symptom-based illnesses
contaminated water increased deathsb

contaminated food increased miscarriages
diesel fuel Mycoplasma fermentans infections
fine sand multiple chemical sensitivity
immune globulin pain upon sexual intercourse
meningococcal vaccine post-traumatic stress disorder
microwaves unusual rashes
oil well firesc

plague vaccine
pesticides or repellants
psychological stressors
pyridostigmine bromide
sand flies
solvents
typhoid vaccine

a Although not initially available, these outcome data were later assembled from multiple data sources.
b Data available for study.
c Although not initially available, exposure data were later modelled from other extant Gulf War era data sources.

Table 2. Gulf War veteran health registry evaluations. (Data adapted from Gray et al. 2004.)

registry name sponsor start date

number of
veterans
evaluated

number
deployed

Persian Gulf Veterans’ Health Registry United States Department of Veterans Affairs August 1992 86 463
Comprehensive Clinical Evaluation

Program
United States Department of Defense June 1994 58 596 697 000

Gulf War Medical Assessment
Programme

United Kingdom Ministry of Defence July 1993 3000 53 000

Canadian Gulf War Registry Canada Department of National Defence January 1995 213 4500
Australian Gulf War Veterans’ Health

Study
Australian Department of Veterans Affairs July 2001 1456 1873
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be found a risk factor for one of these more objective
health outcomes, more exposure-specific studies would
follow examining such an outcome for causal associ-
ations. Hence, reducing the numerous, poorly docu-
mented exposures to such a single Gulf War service
variable was the strategy embraced in many of the
studies of healthcare utilization and mortality we
review here. It is important to note that Gulf War
service was determined via an administrative process
(Gray et al. 1996). Mortality studies have shown the
classification to have approximately 5% misclassifi-
cation error (H. Kang, personal communication 2005).

(c) Review methods

This review’s objective was to summarize the large
body of epidemiological work concerning the health-
care utilization and mortality of Gulf War veterans. The
authors used PubMed searches, expert panel reports,
Current Contents, Reports to Congress, a topical
Gulf War veteran bibliography with 5520 references
Phil. Trans. R. Soc. B (2006)
(Henry & Gray 2001), conference proceedings and
personal contacts with knowledgeable investigators to
identify published research and ongoing research (as of
August 2005) relevant to the review objective.

Research findings are summarized in four areas:
Gulf War veteran healthcare registry studies, hospital-
ization studies, outpatient studies and mortality
studies. As an accompanying report reviews reproduc-
tive outcomes (Doyle et al. 2006), we have not included
them here.
2. HEALTHCARE REGISTRY STUDIES
(a) The genesis of Gulf War veteran health

registries

As alleged Gulf War associated illnesses reporting was
diverse and exposure and outcome data were lacking,
first the United States ( Joseph & The Comprehensive
Clinical Evaluation Program Evaluation Team 1997;
Murphy 1999), later the United Kingdom (Coker et al.
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Figure 1. Weekly number of new toll-free hotline referrals to the US Department of Defense Comprehensive Clinical Evaluation
Program (CCEP), (24 June 1994 to 31 July 1998). Adapted from Department of Veterans Affairs (2002). LES, Leave and
earning statements; PAC, Presidential Advisory Committee on Gulf War Veterans’ Illnesses.
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1999) and then Canada (Robinson 1995) created

health registries for Gulf War veterans. Recently,
Australia has similarly conducted comprehensive

health evaluations of their veterans but in addition
also studied a non-deployed comparison group

(Australian Department of Defence et al. 2003).
Health registries provided a means for the collection

of both exposure and health outcome data (table 2). In
each registry, systematic clinical examinations were

conducted and detailed exposure and morbidity
questionnaires were administered (Gray et al. 2004).

Where illnesses or symptoms were unexplained,
veterans were referred to specialists for more compre-

hensive evaluations. Gulf War veteran health registries
provided a means of healthcare delivery for veterans as

well as permitted the examination of self-reported
exposures for possible association with disease out-

comes. While leading scientists helped design and

guide the health registries (Institute of Medicine 1997;
Institute of Medicine: Committee on the Evaluation of

the Department of Defense Comprehensive Clinical
Evaluation Program 1997) it is important to note that,

with the exception of the Australian effort, they were
not designed with controlled research in mind.

Detailed descriptions of health registry methodology
have been previously reported (Coker 1996; Graham

1996; Joseph & The Comprehensive Clinical
Evaluation Program Evaluation Team 1997; Coker

et al. 1999; Murphy et al. 1999; Department of
Veterans Affairs 2002; Australian Department of

Defence et al. 2003) In brief, veterans were given
considerable opportunity to participate and to be

clinically evaluated in these registries. Toll-free number
appointment access, transportation and priority health-

care access were often provided. During their medical
evaluations, veterans were asked to complete
Phil. Trans. R. Soc. B (2006)
questionnaires that captured detailed demographic,

health risk behavior, deployment exposures, self-
reported symptoms and morbidity data. While initially

criticisms were made that the US registries were a waste
of government funding (Canavan 1994) in general,

their value as potentially hypothesis generating was
embraced since they had the potential of uncovering

serious pathology in veterans reporting multiple
symptoms.

It is important to note that not all veterans who
contacted the registries, sought or permitted medical

evaluations. As of July 31, 2001, 16 721 (28.8%) of the
Department of Defense’s (DoD’s) 57 953 registry

participants had declined clinical evaluations (DoD
Health Affairs, CCEP monthly report, July 2001).

However, many veterans did seek an evaluation. In fact,
as of June 2003 when Gulf War veteran registry

programs had essentially ceased or transitioned,

149 728 (19.8%) of 756 373 US, UK, Canadian and
Australian Gulf War veterans (table 2) had received

clinical examinations under these systematic protocols.
Health registry participation seemed to be tem-

porally associated with news reports or popular
literature stories of Gulf War veteran illnesses (figure 1;

Department of Veterans Affairs 2002). Certainly some
registry participation was in anticipation of disability

claims (Wheelwright 2001). However, many partici-
pants were quite ill. Smith et al. examined the

hospitalization experience of US registry participants
and concluded that US Gulf War registry participants

were sicker than non-participants, even before the
registries were established (Smith et al. 2004b). Overall,

US registry participants were more likely to: have
served with the Army Reserve or National Guard, to be

R30 years old and female, to have served near oil well
fires and possibly been exposed to munition



Table 3. The most common symptoms reported by US
registry participants as of September 1999. (Adapted from
Department of Veterans Affairs 2002.)

per cent of veterans with symptoma

symptoms

initial VA
registry
(nZ49 079)

revised VA
registry
(nZ21 306)

DoD CCEP
(nZ32 876)

muscle and
joint pain

16.2 39.2 51.8

fatigue 21.0 24.1 46.6
headache 18.3 27.9 40.8
memory

problems
14.2 24.1 36.2

skin rash 18.5 25.3 30.0
sleep

disturbances
5.6 13.5 35.9

diarrhoea 4.6 14.0 25.5
shortness of

breath
8.0 10.2 23.0

abdominal
pain

2.7 4.6 20.8

no complaint 12.3 8.6 6.4

a The percentage of reported symptoms varied among registries
because only three symptoms were captured in the initial VA registry
compared to 10 symptoms in the revised VA registry and a 16-item
symptom checklist in the CCEP. VA, Department of Veterans Affairs;
DoD, Department of Defense; CCEP, Comprehensive Clinical
Evaluation Program.
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destruction plumes at Khamisiyah, Iraq in March 1991
and to have served in the Gulf War theatre during
armed combat (Gray et al. 1998b; Smith et al. 2002b).

(b) Registry studies and findings

As the healthcare registries collected data regarding the
exposures and outcomes in question (table 1), they
have been the subject of numerous reports. Registry
data have been used in clinical series, cross-sectional
studies, case–control studies and cohort studies.

The first peer-reviewed Gulf War veteran registry
report was published by Joseph et al. in 1997 as a case
series ( Joseph & The Comprehensive Clinical
Evaluation Program Evaluation Team 1997). The
report’s summary of the evaluation of the first 20 000
DoD registry participants at 184 medical institutions is
consistent with the findings from other US, UK,
Canadian and Australian registry participants evalu-
ations (Robinson 1995; Joseph & The Comprehensive
Clinical Evaluation Program Evaluation Team 1997;
Coker et al. 1999; Murphy 1999; Lee et al. 2001;
Department of Veterans Affairs 2002; Smith et al.
2002b; Australian Department of Defence et al. 2003;
Lee et al. 2005a). Gulf War veterans frequently self-
reported symptoms of fatigue, headache, memory
problems, sleep disturbances, skin rash, joint pain,
dyspnoea, cough and other non-specific symptoms
(table 3). Joseph et al. reported that the many varied
diagnoses captured during the evaluations were not
unexpected and revealed no evidence for a new
deployment-associated syndrome.

Later researchers observed that the prevalence of
self-reported symptoms among US registry partici-
pants increased over time (Murphy et al. 1999).
Kroenke et al. argued that such latency of symptoms
(often up to a year after returning from the Gulf War)
and the lack of association with self-reported exposures
argued against illness among Gulf War veterans being
caused by toxic exposure (Kroenke et al. 1998).
Hallman et al. studied symptom patterns among
registry participants and concluded that while the
prevalence of self-reported symptoms among registry
participants was greater, their symptom patterns did
not differ from those detected in the general US
population (Hallman et al. 2003). While efforts to
find clear associations of symptoms or objective
pathology with self-reported specific Gulf War
exposures have failed, Boyd et al., through a sup-
plemental mail survey of US registry participants,
determined that high symptom reporting was closely
associated with belief in chemical or biological warfare
exposure, war stressors and negative life events after the
war (Boyd et al. 2003).

Being more objective than self-reported symptoms,
registry diagnoses have often been examined with the
hope that they might shed light on the cause of illnesses
among Gulf War veterans. It is important to note that
many veterans were given no diagnoses after registry
evaluations. Considering the two US registries, 34 528
(27%) of the 122 973 registry participants were
evaluated without illness (Gray et al. 2004). This
reflects the large proportion of participants who had no
health complaints but just wanted to participate. A UK
registry review reported that 25% of the evaluated were
Phil. Trans. R. Soc. B (2006)
considered well (Lee et al. 2002). Among those given

diagnoses, the most common disease classifications

were mental disorders, respiratory disorders, skin

conditions and musculoskeletal diseases (Gray et al.
1998b, 2004; Department of Veterans Affairs 2002).

These diagnoses have been used to study subsets of

registry participants for rheumatological diagnoses

(Erickson et al. 1998; Escalante & Fischbach 1998;

Grady et al. 1998), signs, symptoms and ill-defined

conditions (Roy et al. 1998), symptoms consistent with

chronic fatigue syndrome (Kipen et al. 1999), repro-

ductive morbidity (Murphy et al. 1997), mental health

diagnoses (Ikin et al. 2004; Lee et al. 2005b) and

neurological conditions (Newmark & Clayton 1995).

While mental health conditions such as post-traumatic

stress disorder (PTSD; Ikin et al. 2004) were common

(reviewed elsewhere in this volume), like the Joseph

et al. report ( Joseph & The Comprehensive Clinical

Evaluation Program Evaluation Team 1997), these

specific studies failed to identify conditions that were

unexpected or would explain a new disease entity

related to war exposures.

Very similar to the Gulf War veterans who were

studied in cross-sectional or cohort studies (Gray et al.
1999a; Kang et al. 2000; Gray et al. 2002b), registry

participants reported a high prevalence of Gulf War-

related exposures (table 4; Kroenke et al. 1998;

Department of Veterans Affairs 2002; Stuart et al.
2002; Boyd et al. 2003; Kelsall et al. 2004). As these

exposures were often correlated and the health

registries had no comparison groups of non-exposed

veterans, it was difficult to use the registry exposure

data in evaluating exposures for possible associations

with increased symptoms among Gulf War veterans.



Table 4. Self-reported exposure histories of US registry
participants as of September 1999. (Adapted from
Department of Veterans Affairs 2002. CARC, chemical
agent resistant coating; VA, Department of Veterans Affairs;
DoD, Department of Defense; NR, not recorded in
Comprehensive Clinical Evaluation Program (CCEP).)

per cent self-reporting
exposure

potential exposure
during Gulf War

revised VA
registry
(nZ21 306)

DoD CCEP
(nZ32 876)

diesel and other
petrochemical fumes

90.9 89.5

passive smoking 89.1 85.4
skin exposure to fuel 74.8 NR
burning trash/faeces 77.3 NR
smoke from oil well fires 75.5 70.6
ate food other than

provided by military
70.1 66.0

pesticides (creams, sprays) 68.5 67.6
smoke from tent heaters 70.6 70.0
pyridostigmine bromide

pills
69.4 78.9

other paints and solvents 53.7 56.0
anthrax vaccination 53.0 49.6
CARC paint 36.5 44.9
microwaves 32.8 28.9
ate or drank contaminated food 35.3 23.5
bathed in water not

provided by military
29.9 30.2
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The self-reported exposures could not be verified and
were subject to recall and reporting biases ( Joellenbeck
et al. 1998). Even so, when an Australian team was
commissioned to conduct systematic health evalu-
ations of their Gulf War veterans they added a non-
Gulf War exposed group. Using self-reported data they
found increased symptom reporting was associated
with immunizations, pyridostigmine bromide tablets,
anti-biological warfare tablets, pesticides, insect repel-
lants, being in a chemical weapons area and stressful
military services experiences (Kelsall et al. 2004).
(c) Value and limitations of registry data

While registry data have often been examined by
research teams, registry data are limited in their
research value. Registry participants were self-selected.
Participation was likely influenced by the news media,
the desire for health evaluations and the possibility for
compensation. Registry participants did not well
represent the population of deployed Gulf War veterans
(Gray et al. 1998b; Smith et al. 2002b). In general
registry data are without controls so only internal
comparisons can be made (eg. the sick vs. those
without diagnoses). With these limitations, the
research value of the healthcare registry data seems
less than that of controlled epidemiological study data
we review below. However, registry data were valuable
in that they identified Gulf War veterans most likely to
seek evaluations and demonstrated that most unex-
plained illnesses were symptom-based. Registry data
were also important for what they failed to do. For
instance, although exhaustively examined, registry data
Phil. Trans. R. Soc. B (2006)
failed to implicate a specific Gulf War exposure or
group of exposures as aetiologic. They also failed to
support the notion that Gulf War veterans were
suffering from of a unique group of symptoms or
signs, in other words a ‘Gulf War Syndrome’.
3. HOSPITALIZATIONS STUDIES
US DoD and Department of Veterans Affairs (VA)
hospitals in the United States and various fixed foreign
settings record admission records in an electronic
format. Beginning in October 1988, the US Navy
(includes Marine Corps), Army and Air Force adapted
a common electronic hospitalization record data
structure that permitted hospitalization comparisons
across services. The VA has been capturing hospitaliz-
ation data in an electronic format since 1970. As far as
the authors are aware only US and Saudi Arabia’s
(Gackstetter et al. 2005) servicemen’s hospitalizations
have been captured in administrative electronic data
bases. No similar Gulf War era data are available to
study the morbidity of Gulf War veterans from other
countries in the 34-country Coalition. While such data
bases were designed for administrative purposes and
they have limitations (Kuller 1995; Riegodedios et al.
2005), these hospitalization data bases have often
proven valuable in epidemiological studies.

(a) War zone hospitalizations

In the Gulf War theatre (1991a) ill US military
personnel were evaluated at various field medical
facilities, including field hospitals and hospital ships.
Some also received treatments at a hospital in Saudi
Arabia (Smith et al. 2004a). If their illnesses or injuries
required specialized treatment, veterans were evacu-
ated to fixed DoD and VA facilities in Germany and the
United States. While administrative electronic records
are available from encounters at these fixed facilities,
until recently, electronic data were not available for the
medical encounters that occurred in the Gulf War
theatre in mobile units. Such health records were only
captured on paper and due to the rapid nature of the
deployment that was not without difficulty (Pohlmann
1991).

After reviewing paper medical records, Wintermeyer
and colleagues (Heier et al. 1993; Wintermeyer et al.
1994, 1996) published several descriptive accounts of
their field hospital’s activity during the periods before
and after the fighting. They reported that hospitaliz-
ation rates fluctuated with the combat activity. They
comment that the highest rate of cases occurred during
the ground war and Iraqis, not Coalition military
personnel, accounted for 82% of admissions during
that time.

Recently, the DoD conducted an extensive search for
paper records of US military hospitalizations that
occurred ‘in-theatre’ during the Gulf War. Record
reviewers identified 22 444 in-theatre admissions from
44 Army hospitals, 15 Air Force hospitals and 4 Navy
hospitals. They also identified 5563 evacuated admis-
sions to hospitals in Europe (Smith et al. 2004a).
Considering the Gulf War period as August 1, 1990 to
July 31, 1991, the record reviewers estimated that the
28 000 records accounted for approximately 75% of the
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total war zone admissions that occurred during the war.
These paper records were electronically coded in a
fashion similar to that which is used in fixed hospital
admissions. To these data, Smith et al. (2004a) added
exposure modelling data from oil well fire smoke and
munitions destruction at Khamisiyah, Iraq. In their
multivariable logistic regression modelling, they found
that enlisted personnel who were female, White,
Reservists, Army and healthcare workers or supply
handlers had the highest odds of in-theatre hospitaliz-
ation during the war. They saw no increased risk for
hospitalization among those exposed to oil well fire
smoke or possibly exposed nerve agent plumes at
Khamisiyah. The most frequent in-theatre diagnoses
were similar to the hospital diagnoses that occurred
among Gulf War veterans after the war. The authors also
stratified hospitalizations by occupational group and
recognized no unusual pattern of diagnoses. Hence, the
hospitalization risk factor and diagnoses findings were
strikingly similar to those found in studies of post-war
hospitalizations that occurred in the United States.

(b) Hospitalizations after the war

Because electronic data were available, a number of
large, comprehensive US Gulf War veteran post-war
hospitalization analyses have been performed (table 5;
Gray et al. 1996, 1999b, 2000; Knoke & Gray 1998;
Knoke et al. 1998; Dlugosz et al. 1999; Smith et al.
2000, 2002a, 2003, 2004a,d; Gackstetter et al. 2005).
The first controlled study was a comparison of DoD
hospitalizations between 547 076 Gulf War veterans
and 618 335 non-deployed era veterans during the
period August 1991 through September 1993 (Gray
et al. 1996). Hospitalizations for three time periods
were examined for any cause and diagnoses in 14 broad
diagnostic categories. Gulf War veterans were found to
have an elevated risk for certain types of hospitaliz-
ations, but these increases were likely due to deferred
medical care, a post-war baby boom or mental illness
previously recognized as war sequelae. A related study
of veterans hospitalizations in the VA hospital systems
and California hospitals also failed to demonstrate
unexpected diagnoses among Gulf War veterans (Gray
et al. 2000). These works were accompanied by similar
controlled examinations of hospitalizations for a group
of 77 diagnoses thought most likely to occur during the
emergence of a new unexplained illness (Knoke & Gray
1998), evaluations of risk for the most common cancer
among young males (testicular cancer) (Knoke et al.
1998), comprehensive evaluations of mental health
diagnoses (Dlugosz et al. 1999), searches for chronic
effects of possible sub-clinical exposure to nerve agents
during munition destruction (Gray et al. 1999b; Smith
et al. 2003), evaluations of risk for fibromyalgia,
systemic lupus erythematosus and amyotrophic lateral
sclerosis (ALS), (Smith et al. 2000) chronic effects of
oil well fire smoke exposure (Smith et al. 2002a),
combat-exposure effects among Saudi Gulf War
veterans (Gackstetter et al. 2005), evaluations of the
hospitalization experience of health registry partici-
pants (Smith et al. 2004b) and comparisons of Gulf War
veterans with other US veterans who served in other
conflicts (Blood & Aboumrad 2001; Smith et al.
2004d ).
Phil. Trans. R. Soc. B (2006)
Considering all hospitalizations, Gulf War veterans
have been at increased risk of musculoskeletal dis-
orders, multi-symptom conditions, mental health
disorders and injuries (Gray et al. 1996, 2000; Dlugosz
et al. 1999). However, these findings have been
consistent with the experience of other veteran groups,
our understanding of the stressors of war or obser-
vations that deployed veterans were more often risk
takers (Hobfoll et al. 1991; Dlugosz et al. 1999; Bell
et al. 2000, 2001). In some ways, Gulf War veterans
have been better off than other veterans groups. Gulf
War veterans have had fewer hospitalizations than
veterans of the Vietnam War (Blood & Aboumrad
2001) and veterans who deployed to the Gulf war
theatre after active hostilities ended (Smith et al.
2004d ).

While these hospitalization studies, due to their large
size, have had tremendous power to distinguish an
usual, even rare Gulf War morbidity effect, they have
not done so. There have been some interesting Gulf
War-associated findings; however, considering the
numerous modelling constructs, these findings could
be simply explained by chance alone. One such finding
is the slight increase in risk for some Gulf War veterans
to be hospitalized with cardiac dysrhythmias (risk ratio
(RR)Z1.23; Smith et al. 2003). These veterans were
possibly exposed to sub-clinical doses of nerve agent
munition fumes. While interesting, such a latent
chronic effect of a sub-clinical nerve agent exposure
would be in contrast to what we understand about this
class of chemicals and seems unlikely (Perrotta 1996;
Institute of Medicine: Committee on the Evaluation of
the Department of Defense Comprehensive Clinical
Evaluation Program 1997; Brown 2006).

Recently, Gulf War veterans’ hospitalization experi-
ences have been examined in concert with cancer
registries. Australian investigators evaluated cancer
incidence among Gulf War veterans and non-deployed
era veterans (Sim et al. 2003). They linked the personal
identifiers from 1833 Gulf War veterans and 2847 non-
deployed veterans to the Australian national cancer
registry data from 1 January 1991 to 31 December
1998. The authors detected no difference in cancer
incidence between the two groups. Macfarlane et al.
(2003) studied 51 721 UK Gulf War veterans and
50 755 UK matched era veterans for incident cancers
in the UK’s National Health Service (NHS) central
register. The team found no excess risk of cancer
among Gulf War veterans. Levine et al. (2005) linked
US cancer registries data from the District of Columbia
and New Jersey with the identifiers of 1.4 million Gulf
War era veterans. The years 1991–1999 were exam-
ined. They found Gulf War veterans to be at increased
risk for testicular cancer, citing a crude proportional
incidence ratio of 3.05 (95% CIZ1.47–6.35). How-
ever, this increase is very likely due to ascertainment
bias as Gulf War veterans were referred in large
numbers to the government hospitals in these regions
for health registry evaluations (Gray 2005). Hospital-
ization data have also been used to examine reproduc-
tive and neurologic outcomes. However, as these
diagnoses are the subject of accompanying reviews,
we will not further discuss their studies here (see Doyle
et al. 2006; Rose & Brix 2006).



Table 5. Summary of US Gulf War veteran hospitalization studies. (All were retrospective cohort designs. GWV, Gulf War
veterans; NDV, non-deployed veterans of the same era.)

authors and year description

Gray et al. 1996 compared DoD hospitalizations among 547 076 GWVs and 618 335 NDVs for 2 years after
the war. Unconditional logistic regression modelling was used. GWVs at increased risk for
mental health diagnoses. No evidence of unexplained hospitalizations found.

Knoke & Gray 1998 compared DoD hospitalizations among 552 111 GWVs and 1 479 751 NDVs 1 August 1990
through 1 April 1996 for one or more of 77 diagnoses thought by the CDC to best describe
an unexplained illnesses. Cox proportional hazards modelling was used. No evidence of
unexplained illness detected.

Knoke et al. 1998 examined DoD hospitalizations among 517 223 male GWVs and 1 291 323 male NDVs 1
August 1990 through 31 March 1996 for testicular cancer diagnoses. Cox proportional
hazards modelling was used. At 4 years, the cumulative risks for the two groups were not
different.

Dlugosz et al. 1999 examined 30 539 initial DoD mental health hospitalizations (2 August 1990–31 July 1991)
among 1 805 775 regular active duty personnel for the effects of the Gulf War. Cox
proportional hazards modelling was used. GWVs were at increased risk for acute reactions to
stress. GWV men who served in ground war combat occupations were at higher risk for
alcohol-related disorders.

Gray et al. 1999b examined DoD hospitalizations among 349 291 US Army GWVs from March 1991 to
September 1995. Cox proportional hazards modelling was used. Estimates of possible
exposure to fumes from nerve agent destruction at Khamisiyah, Iraq (March 1991) were
estimated through geographical information system modelling. No suggestion that GWVs
were suffering post-war morbidity from sub-clinical nerve agent exposure.

Gray et al. 2000 examined GWVs and NDVs hospital admissions in DoD, VA and California Office of
Statewide Health Planning and Development hospital systems (CA) during the years
1991–1994. Proportional morbidity ratios of hospitalization discharge diagnoses were
calculated. GWVs experienced proportionally more hospitalizations for fractures and
bone and soft-tissue injuries (DoD and CA), various diseases of the respiratory
(including asthma) and digestive systems (VA) and diverse symptom diagnoses (VA).

Smith et al. 2000 examined DoD hospitalizations among 551 841 GWVs and 1 478 704 NDVs during 1
October 1988–31 July 1997 for systemic lupus erythematosus, amyotrophic lateral sclerosis
or fibromyalgia diagnoses. Cox proportional hazard modelling was used. Study data did not
support Gulf War service and disease associations.

Blood & Aboumrad 2001 examined DoD hospitalization rates among 11 894 enlisted US Marine Vietnam veterans with
10 878 GWVs. Age-adjusted hospitalization rates were calculated. GWVs had lower
hospitalization rates but a higher proportion of admissions for musculoskeletal disorders.

Smith et al. 2002a examined DoD hospitalizations (1 August 1991–31 July 1999) among 405 142 US GWVs
exposed to oil well fire smoke during the war. Exposures to smoke particulate matter were
based on meteorologic data, diffusion modelling and troop location data. Cox proportional
hazards modelling was used. Study data did not suggest that GWVs were suffering post-war
morbidity due to oil well fire smoke exposures.

Smith et al. 2003 the authors used revised nerve agent fume exposure modelling (Khamisiyah, Iraq) to
reexamine DoD hospitalizations among 418 072 US GWVs from 10 March 1991 to 31
December 2000. Cox proportional hazards modelling was used. GWVs were found to have
an increased risk of cardiac dysrhythmias (risk ratioZ1.23, 95% confidence interval (CI)Z
1.04–1.44). No other chronic disease associations were found.

Smith et al. 2004a the authors examined data from 28 027 US GWV admissions that occurred during 1 August
1990–31 July 1991 in the Gulf War theatre. Unconditional logistic regression modelling was
used. Risk factor profiles and most frequent diagnoses were very similar to those recorded in
post-war hospitalizations.

Smith et al. 2004b DoD hospitalizations were compared for 69 189 GWV health registry participants and
477 333 non-participants. Registry participants were 1.43 times more likely to have a post-
war hospitalization.

Gackstetter et al. 2005 examined the Saudi hospitalization experience of 15 612 Saudi National Guard soldiers
during the period 1 January 1999–31 December 1999. 8342 of the soldiers were
exposed to combat at Al Khafji during the ground war. Cox proportional hazards
modelling was used. Combat-exposed veterans had an increased risk of hospitalization
(risk ratio (RR)Z1.80, 95% confidence interval (CI)Z1.25–2.59) but no unusual
patterns of diagnoses.

Smith et al. 2004d examined US DoD hospitalizations for 455 465 GWVs, 249 047 veterans of Southwest Asia
after the Gulf War and 44 341 Bosnia veterans after their deployment to 31 December 2000.
Cox proportional hazards modelling was used. Compared to GWVs personnel deployed to
Southwest Asia were at increased risk for hospitalization (hazard ratioZ1.05; 95%
confidence intervalZ1.02–1.08). Bosnia veterans at the least risk. Data did not support
unique post-war morbidity among GWVs.
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(c) Value and limitations of hospital data

The hospitalization studies of Gulf War veterans are
remarkable for their large size and large number of
outcomes. Such data permitted extensive multivariable
modelling and granted researches tremendous power
to detect small effects. Smith et al.’s (2004b) recent
study of hospitalizations among DoD registry partici-
pants is a good example. The modelling of 73 218
hospitalizations among 546 522 veterans over nearly a
3 year period afforded the opportunity to examine 14
covariates yielding 34 unique odds ratios in a single
model. Hospitalization data are further valuable in that
they give researchers an opportunity to examine
outcomes over time. Hence, Cox proportional hazards
modelling was often used in these studies (table 5).

However, hospitalization data have a number of
limitations. They are greatly influenced by the admin-
istrative needs that give them origin. Knoke et al.
(Knoke & Gray 1998) discovered this in their work.
When evaluating a group of non-specific diagnostic
codes thought most likely to be used to record
hospitalization for unexplained illnesses, they discov-
ered a marked increase in risk among Gulf War
veterans. An audit of a sample of hospital paper records
revealed the excess was entirely due to administrative
hospitalizations in support of the DoD’s healthcare
registry. Similarly, hospital outcomes can be greatly
influenced by nosology. Hospital diagnostic coding is
dynamic and the coders frequently receive guidance
that over time alters how coders would record
hospitalization diagnoses for similar patients. This is
particularly true in civilian hospitals, where diagnostic
codes are strongly linked to insurance claims.
4. OUTPATIENT STUDIES
Quality outpatient electronic data were only available
beginning in 1996 from the US Veteran’s Adminis-
tration (VA; Boyko et al. 2000) and 1999 (DoD) when
most of the Gulf War era cohort was no longer eligible
for healthcare. Hence, studies of outpatient morbidity
have largely been paper record based.
(a) War zone ambulatory care

Medical personnel conducted several surveys of US
military personnel serving in the Gulf War theatre
before the fighting began. Richards et al. (1993)
surveyed 2598 US personnel stationed in Saudi Arabia
(September–December 1990), finding that respiratory
symptoms were quite common. Participants often
complained of cough (43.1%), sore throat (34.4%)
and runny noses (15.4%). In a separate survey, Hyams
et al. (1991) similarly studied 2022 soldiers serving in
Saudi Arabia during late 1990. After only two months
of service in theatre, many reported having had
diarrhoea (57%) and 20% reported that the diarrhoea
kept them from their work. US shipboard personnel
also complained of respiratory and diarrhoeal disease
symptoms (Paparello et al. 1993). While perhaps not as
common a problem as in previous wars (Blood &
Aboumrad 2001), Gulf War veterans were markedly
affected by infectious diseases (Hyams et al. 1995;
Hyams 1999).
Phil. Trans. R. Soc. B (2006)
Ambulatory care records in the Gulf War theatre are
sparse. Most reports are descriptive. Hines summar-
ized 15 401 US outpatient clinical visits that occurred
from November 1990 to February 1991 (Hines 1993).
Considering all visits for both male and female,
orthopaedic problems (30.3%), respiratory complaints
(24.9%) and dermatological conditions (13.9%) were
most prevalent. In other reviews, injuries and respirat-
ory complaints were most common (Shaw et al. 1991;
Wasserman et al. 1997).

Hines (1992) and Murphy et al. (1997) considered
US ambulatory visits by women and concluded that
women soldiers occasionally need gynaecological care
but in general, in-theatre medical care was adequate.
However, it was felt that future studies of deployed
gender-specific morbidity should be performed.

Before the fighting began, Hyams et al. (1995)
conducted surveillance among 40 000 Marines sta-
tioned in northeastern Saudi Arabia. They documen-
ted waves of gastroenteritis and acute respiratory
disease that were associated with the eating of local
fruits and vegetables (gastroenteritis) or the sudden
mixing of troops (respiratory infections). A military
field laboratory established in Saudi Arabia at the
beginning of the deployment was very important in
understanding these outbreaks (Hyams et al. 1993).

(b) Value and limitations of ambulatory care data

Save for tedious archived medical record reviews
(Araneta et al. 1997; Dlugosz et al. 1999), the
availability of ambulatory care data for Gulf War
veterans is thought to be poor. However, the recent
policies of electronically capturing DoD and VA
outpatient data holds much promise for future
epidemiological study.
5. MORTALITY STUDIES
If one considers the spectrum of alleged Gulf War-
associated morbidity (table 1), perhaps the most
objective outcome to study is mortality. Administra-
tively death data are captured by various systems and
scrutinized for their causes. While Gulf War veteran
mortality studies have been relatively few (table 6)
ascertainment of mortality data is thought to be
excellent and, compared to other medical outcomes,
unequal in veracity.

(a) Mortality during the war

Two studies of mortality have been conducted
regarding deaths during the War. In 1994, Helmkamp
summarized the US battle and non-battle fatalities that
occurred during the six week combat phase of
Operations Desert Shield and Desert Storm, 17
January 1991 to 28 February 1991 (Helmkamp
1994). A total of 219 troops (212 men and 7 women)
were killed during the six week period. Of these, 154
(148 men and 6 women) were battlefield casualties and
65 were non-battlefield casualties. Fifty-five of the 65
non-battle deaths resulted from accidental injuries;
other causes included six illnesses, two suicides and one
homicide. Battle and non-battle casualty rates were one
of the lowest experienced by the US in any major
conflict in the twentieth century.



Table 6. Descriptions of published Gulf War veteran mortality studies during the post-war period.

authors and year
study design and
country description

Kang & Bullman 1996 Cohort, United States a study of post-war mortality through 30 September 1993 among 695 516
Gulf veterans and 746 291 non-Gulf War veterans. 1765 deaths among
the Gulf and 1729 deaths among non-Gulf veterans were compared and
analysed.

Macfarlane et al. 2000 Cohort, United
Kingdom

a study of post-war mortality from 1 April 1991 to 31 March 1999 among
53 462 Gulf veterans and an equal number of non-Gulf veterans. 395
deaths among the Gulf and 378 among the era cohort were compared
and analysed.

Kang & Bullman 2001 Cohort, United States further update of the US Gulf veteran mortality study through December
1997. A total of 10 424 deaths in 6.5 year post-war period were analysed
by their deployment status.

Sim et al. 2003 Cohort, Australia a study of post-war mortality from 1 January 1991 to 31 December 2000
among 1833 Gulf veterans and 2848 non-Gulf veterans. 20 deaths
among the Gulf and 23 deaths among non-Gulf were studied.

Defence Analytical
Services Agency 2005

Cohort, United
Kingdom

an extension of Macfarlane et al. study through 30 June 2005. 720 deaths
among Gulf and 753 deaths among era veterans were studied.
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Writer et al. studied US active duty Gulf War
veterans and a comparison group of veterans who
served elsewhere during the war and followed them
for a longer period from 1 August 1990 to 31 July
1991 (Writer et al. 1996). During the period from 1
August 1990 to 31 July 1991, a total of 2 590 193
persons served on active duty and 688 702 were
deployed to the Persian Gulf. The authors detected
no evidence of excess deaths due to rapidly fatal
illnesses among Gulf War veterans (standardized
mortality ratio, 93.9 (95% CIZ63.3–134.2)),
while deaths due to all injury (standardized mortality
ratio, 117.8 (95% CIZ101.2–134.3)) and its subset
of unintentional injury (standardized mortality ratio,
154.3 (95% CIZ132–177)) were significantly ele-
vated among Gulf veterans. An anticipated high
mortality rate from a rapidly fatal illness, had there
been a widespread exposure to a chemical or
biological warfare agent such as sarin gas or anthrax,
was not apparent among Gulf War veterans in this
study.

(b) Post-war mortality studies of US, UK and

Australian veterans

(i) US Gulf War veterans
Kang & Bullman conducted a cause-specific post-war
mortality study of 695 516 Gulf War veterans and
746 291 non-Gulf veterans (Kang & Bullman 1996).
Vital status was determined using databases of VA and
the Social Security Administration (SSA). A recent
study indicated that VA and SSA collectively recorded
96% of all Vietnam era veteran deaths. Causes of death
were coded by a qualified nosologist who used the
International Classification of Disease (1991b), 9th
Revision (ICD-9) without knowing the subject’s
deployment status. Using Cox proportional-hazards
model to adjust for confounders, Gulf veterans had
an excess of adjusted overall mortality compared to
non-deployed military personnel (RRZ1.09; 95%
CIZ1.01–1.16). This excess was due to external
causes of death (RRZ1.17; 95% CIZ1.08–1.27)
rather than disease related deaths. The mortality of
Gulf veterans and non-Gulf veterans were then
Phil. Trans. R. Soc. B (2006)
compared separately to that of the US population.
The overall mortality of both Gulf and non-Gulf
veterans was less than half the expected based on the
general population (standard mortality ratio (SMR)Z
0.44; 95% CIZ0.42–0.47 and SMRZ0.38; 95% CIZ
0.36–0.40, respectively). While troops sent to the
Persian Gulf before 1 March 1991 would have been
subjected to many of the potential risk factors
associated with service in the Persian Gulf (pyridos-
tigmine bromide pills, anthrax vaccine, Scud missile
attacks, combat stress, etc.), those deployed after that
date when the war ended would not have been similarly
exposed. Comparing these two groups of Gulf War
veterans, there was no difference in cause-specific
mortality.

Later, Kang & Bullman further extended the follow-
up period through 31 December 1997 for these veteran
cohorts, adding an additional 4 years 3 months of
observation (Kang & Bullman 2001). Over the entire
6.5 years of the follow-up period, May 1991–December
1997, the risk of deaths due to motor vehicle accidents
was still significantly higher among male Gulf veterans
than for male non-Gulf veterans. The risk of death due
to disease-related causes remained lower or about the
level expected among Gulf War veterans in comparison
to non-Gulf veterans, males. The deficit from death
due to infectious diseases contributed significantly to
the lower mortality from disease-related causes. Fifty-
seven per cent of deaths due to infectious diseases
among Gulf War veterans and 82% of deaths due to
infectious diseases among non-Gulf veterans were
related to human immunodeficiency virus (HIV)
infection (ICD-9, 042).

For Gulf War veterans, the risk of death from motor
vehicle accidents has decreased steadily over time, from
a rate ratio of 1.32 (95% CIZ1.13–1.53) in the
first follow-up period to a rate ratio of 1.00
(CIZ0.82–1.22) in the last follow-up period. The
chi-squared value (c2Z7.53) indicated a significant
( pZ0.0061, two-sided) decreasing trend in the risk of
motor vehicle accident death with increasing time,
since the Gulf War among Gulf veterans compared with
non-Gulf veterans. Risk of mortality due to disease-



562 G. C. Gray & H. K. Kang Healthcare utilization and mortality
related causes among Gulf veterans in comparison with
non-Gulf veterans has steadily increased over the last
three follow-up periods. In the most recent follow-up
period, the risks of mortality from natural causes were
almost identical in the two veteran cohorts.

(ii) British Gulf War veterans
Macfarlane et al. (2000) published a post-war mortality
study of UK Gulf War veterans. All 53 462 veterans
who served in the Gulf at sometime between
September 1990 and June 1991 were compared to an
equal number of veterans who were in the military on
1 January 1991 but did not serve in the Gulf. Selection
was random but stratified to match the Gulf cohort on
age (within 5 year age-group), gender, service, fitness
for active service and rank.

Study subjects were identified by the UK Ministry of
Defence and the ministry provided for each veteran
information on age as of 1 January 1991, gender,
service branch, rank and date of joining and leaving the
military. Vital status was followed from 1 April 1991 to
31 March 1999 using data from the NHS Central
Register, the Office for National Statistics (ONS) and
provided information on the date and cause of death
recorded on the death certificate or the Defence
Analytical Services Agency.

A mortality rate for each cause of death was
calculated based on the number of deaths and the
person-years at risk and subsequently a mortality rate
ratio (MRR) with 95% CI for comparison between
Gulf War veterans and non-Gulf veterans. As with US
Gulf War veterans, mortality from external causes was
higher in the UK Gulf War veteran cohort (MRRZ
1.18; 95% CIZ0.98–1.42), while mortality from
disease-related causes was lower (MRRZ0.87; 95%
CIZ0.67 to 1.11). The higher mortality rate from
external causes was primarily due to a higher number of
deaths from motor vehicle accidents, air/space acci-
dents or deaths associated with submersion, suffocation
or foreign bodies. There was no excess of deaths in the
Gulf War veteran cohort recorded either as suicide or
from injury from unknown cause.

Since the original publication of Gulf veteran
mortality data through March 1999, several updates
have been released by the UK Government including
the latest one published by the Defence Analytical
Services Agency (DASA) of the UK Ministry of
Defence on 14 July 2005 (Defence Analytical Services
Agency 2005). The Gulf veteran cohort and the
comparison cohort were followed from 1 April 1991
to 30 June 2005. There were 720 deaths among the
Gulf veterans and 753 deaths among control veterans.
No statistical difference was observed in overall or in
any of the cause-specific groups between the Gulf
veterans and control veterans. Mortality rates for
disease-related causes for both Gulf and control
veterans have increased over the period, but the
adjusted mortality ratio was 0.86 (95% CIZ
0.74–1.00), reflecting the natural ageing of the cohorts.
The risk of deaths due to transport accidents was still
higher among Gulf veterans than controls (RRZ1.21;
95% CIZ0.96–1.51), although since the year 2000,
the rates were slightly higher among control veterans
than the Gulf veterans.
Phil. Trans. R. Soc. B (2006)
(iii) Australian Gulf War veterans
Sim et al. studied whether or not male Australian
Defence Force personnel who served in the Gulf War
have an excess risk of death compared to non-deployed
veterans (Australian Department of Defence et al.
2003). A total of 1833 veterans were identified from the
Gulf War Nominal Roll and 2848 non-deployed
comparison group veterans were selected and followed
from 1 January 1991 to 31 December 2000 for their
mortality outcomes. All cause mortality and cancer
incidence rate were determined using the data from the
National Death Index (NDI) and the National Cancer
Statistics Clearing House (NCSCH). Cox regression
modelling was used to generate risk ratios (RR). There
were 20 deaths among Gulf veterans and 23 among
controls resulting in RRZ1.4 (95% CIZ0.8–2.7).
Disease-related death rate was higher in the Gulf
veterans than in the controls, RRZ2.2 (95% CIZ
0.8–5.6). A similar rate of death from external causes is
observed between the two groups, RRZ1.1 (95% CIZ
0.5–2.9).
(iv) Potential risk factors for the excess deaths from motor
vehicle accidents
It seems remarkable that using different techniques and
different populations, both US and UK teams found
excess deaths due to accidents, especially motor vehicle
accidents, among their Gulf War veterans (table 7).
Several potential pathways were proposed by Bell et al.
to explain the increased risk of such injury mortality
following the Gulf War deployment (Bell et al. 2001).
First, the increased risk may be a consequence of
mental disorders such as depression and PTSD and
other psychiatric conditions developed after the war. As
many as 12% of Gulf War veterans who participated in
a population based survey of 15 000 Gulf War veterans
have met the criteria for PTSD (Kang et al. 2003).
Second, physical and psychological traumas experi-
enced during the war may result in the post-war
adoption of coping behaviours such as heavy drinking
that also increased injury risk. The rate of self-reported
traumatic injury in the previous three months requiring
medical care was higher among a sample of Iowa Gulf
War veterans than non-deployed veterans (Odds ratio
(OR)Z1.26; 95% CIZ1.02–1.55), although alcohol
involvement in the accident was unknown (Zwerling
et al. 2000). Moreover, a survey of 30 000 Gulf War era
veterans indicated the proportion of veterans who
drank alcoholic beverages was not significantly different
between the Gulf veterans and non-Gulf veterans
(Kang et al. 2000). Third, greater injury risk may be
the indirect consequence of increased experience of ill
defined diseases and symptoms reported by many
returning veterans (The Iowa Persian Gulf Study
Group 1997; Fukuda et al. 1998; Gray et al. 1998b,
1999a; Murphy et al. 1999). Fourth, Gulf War veterans
may experience poorer survivability for a given injury
event resulting in greater mortality. Finally, the process
that selects certain individuals for deployment may lead
to a spurious association between Gulf War deploy-
ment and injury mortality by preferentially selecting
individuals who are risk takers and/or exposed to
greater hazards.
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In an effort to evaluate the possible reasons for the
excess deaths due to moving vehicle accidents (MVA),
Kang et al. analysed data from 549 Gulf War veterans
and 398 non-Gulf veterans who died from motor
vehicle accidents (ICD-9, E810–E825; Kang et al.
1997). Gulf and non-Gulf veterans were compared on
numerous host and external factors including age, race,
gender, marital status, driver status (driver versus
passenger), vehicle type, speed, alcohol and drug
measures, seat belt use, nature of collision (fixed object
versus moving vehicle). Data for the evaluation were
obtained from the mortality study and the fatal
accident reporting system (FARS). Of the 947 veterans
identified as having died from MVA, 92% were on the
FARS. Those who were not on FARS were veterans
who died overseas. Gulf veterans who died from MVA
accidents less often used seat belts, wore motorcycle
helmets or made crash-avoidance manoeuvres; more
often were speeding, alcohol involved, had single
vehicle crash, collisions with fixed objects, rollovers,
ejections and previous driving under the influence
convictions. More Gulf veterans died at the scene of the
accident or within one hour of medical attention. This
descriptive pattern lends support to speculation that
Gulf veterans being the survivors of war would perceive
the degree of risk in any given situation differently from
other non-war veterans and they may therefore engage
in more risk-taking behaviour. Something similar has
been observed in veterans of World War II, Korea and
Vietnam.

(v) Cancer mortality
There has been concern about a possible link between
service in the Gulf and an increased risk of cancer,
particularly among those who were exposed to depleted
uranium, oil well fire smoke and other petrochemical
products. Mortality studies of Australia, US and UK
veterans found no significant increase in the risk of
death from cancer.

A cause-specific mortality study of US Gulf War
veterans to date has not suggested excess deaths due to
cancer in aggregate or any specific type of cancer (Kang
& Bullman 1996; Kang & Bullman 2001). While over
the 7 year follow-up period, from 1991 to 1997, the risk
of death due to disease related causes among US Gulf
War veterans in comparison to non-Gulf veterans has
steadily increased, there was no significant excess of
overall cancer deaths or deaths from cancer at any
specific site. A similar finding was reported for UK
Gulf War veterans whose vital status was followed
through March 1999 (Macfarlane et al. 2000). In a
more recent follow-up of the same UK veterans
through June 2005, 144 deaths due to cancer were
reported, while 164 deaths were reported among the
era controls resulting in adjusted MRR of 0.95 (95%
CIZ0.76–1.19). No site-specific cancer was found to
be associated with the Gulf War deployment status.
Among the Australian Gulf War veterans, five deaths
due to cancer were observed, while four cancer deaths
were recorded among the controls. No relative
mortality risk was calculated due to these small
numbers.

The mortality study results were supported by a UK
cancer incidence study. Among the UK Gulf veterans,
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there was no overall increase in incidence of cancer and
neither was the incidence higher among those veterans
who reported specific exposures during their deploy-
ment such as multiple vaccinations, personal use of
pesticides/insecticides and depleted uranium
(Macfarlane et al. 2003). In Australian Gulf veterans,
the cancer incidence rate was higher than the
comparison group (RRZ1.5; 95% CIZ0.6–3.9), but
this was not statistically significant (Australian
Department of Defence et al. 2003). There were too
few cancers of any one type to evaluate for individual
cancer type: 9 among Gulf and 10 in comparison
group. There was no comparable cancer incidence
study in US Gulf War veterans.

(vi) Potential nerve agent exposure and brain cancer
Bullman et al. compared the cause-specific mortality of
100 487 who were potentially exposed to nerve agent
plumes from Khamisiyah with that of 224 980
unexposed US Army Gulf War veterans (Bullman
et al. 2005) using a revised model of plume exposure.
Vital status follow-up for each veteran began on the
date the veteran left the Gulf Theatre alive and ended
on the earlier of either the veteran’s date of death or 31
December 2000. The risks of most disease-related
mortality were similar for exposed and unexposed
veterans for over 60 comparisons. However, exposed
veterans had an increased risk of brain cancer deaths
(RRZ1.94; 95% CIZ1.12–3.34). The risk was greater
among those who were exposed two or more days than
those who were exposed only 1 day when each group
was compared separately to all unexposed veterans
(RRZ3.26; 95% CIZ1.33–7.96 and RRZ1.72; 95%
CIZ0.95–3.10, respectively). In addition, the results
were analysed for three separate follow-up periods. The
highest risk was observed during the last third
observation period, 1 August 1997–31 December
2000 with a rate ratio of 3.03 (95% CIZ1.34–6.82).
However, caution is needed in interpreting these
findings. Until quite recently there has been little
evidence suggesting that sub-acute exposure to nerve
agents could cause any adverse health effects (Fulco
et al. 2003). However, recent animal studies reported
alterations in the brain that could lead to memory loss,
cognitive dysfunction and sarin induced immunosup-
pression (Henderson et al. 2001, 2002; Kalra et al.
2002). There is no evidence in animal studies that sarin
is carcinogenic (Fulco et al. 2003). Moreover, there was
little evidence that veterans possibly exposed the nerve
agent plumes experienced unusual post-war hospital-
ization or cancer mortality when the exposure status
was based on the previous DoD 1997 model (Gray et al.
1999b; Smith et al. 2003). In view of these and other
animal study findings, further follow-up of this cohort
should be undertaken in the future.

(vii) Amyotrophic lateral sclerosis
Two recent studies reported that US Gulf War veterans
may be at increased risk for ALS, known as motor
neuron disease in the United Kingdom (Haley 2003;
Horner et al. 2003). An association of Gulf War service
and ALS was first suggested when ALS cases began
to occur in young servicemen at an age when it is
not common (Karsarskis et al. 1999). ALS is a
Phil. Trans. R. Soc. B (2006)
progressively fatal neurological disease characterized
by a progressive loss of motor control. The peak age at
onset of ALS is between 55 and 75 years old and is
found more often among men than women. Haley et al.
compared the number of ALS cases diagnosed between
1991 and 1998 among Gulf War veterans 45 years of
age or younger with the expected number (Haley
2003). The expected number was calculated from the
age distribution of the Gulf War veteran population and
age-specific incidence rates of ALS estimated from the
vital statistics of the general population. This study
reported that over the 8 years of follow-up, 20 ALS
cases were confirmed in approximately 690 000
Gulf War veterans and 17 were diagnosed before age
45 years. The study found that the incidence of ALS
cases among Gulf War veterans exceeded the expec-
tation (Poisson trend test, pZ0.05) and suggested a
war-related environmental trigger. A second overlap-
ping study also reported an excess of ALS among Gulf
War veterans (Horner et al. 2003). This study
attempted to identify all ALS cases occurring among
all Gulf War veterans who served at least one month
during the Gulf War. Comparing those deployed to the
Gulf theatre to those who were not deployed to the Gulf
theatre, the study reported an almost twofold excess of
ALS cases among those deployed (RRZ1.92; 95%
CIZ1.29–2.84).

Although the studies were conducted with care,
there still is the concern that a limitation in the study
methodology could have biased the results. A differen-
tial ascertainment of ALS cases by Gulf War deploy-
ment status of veterans could have increased or
decreased the risk of ALS associated with the Gulf
War. A future mortality study of these cohorts should
shed light on this health issue. ALS is almost always
fatal and median survival time from diagnosis is an
estimated 1.5–3 years. Therefore, the ALS mortality is
a good surrogate for incidence. While the diagnosis of
ALS may be difficult early in the disease course, the
validity of the ALS diagnosis reported in death
certificates is considered accurate.

A mortality study of US Gulf War veterans whose
vital status was followed through 1997 did not find a
rise in ALS mortality among the Gulf veterans in
comparison to non-Gulf veterans (RRZ0.59; 95%
CIZ0.21–1.66; Kang & Bullman 2001). Unless the
ALS mortality risk associated with Gulf War deploy-
ment is an order of magnitude greater among the
deployed, it is unlikely that either a study of UK
veterans or a study of Australian veterans could provide
a definite answer to this question because of its very
rare annual mortality rate, especially among the age
groups of Gulf War veterans (less than 0.5 per 100 000
in those aged 30–40 years).

(c) Value and limitations of mortality data

A study of mortality experience in US Gulf War
veterans is considerably less problematic than a study
of their morbidity. The sources used for vital status in
the Australian, British and US studies should ensure
fairly complete vital status ascertainment for both Gulf
and non-Gulf veterans. In the first US mortality study,
it was determined that vital status was ascertained at an
estimated rate of 89 per cent (95% CIZ83–97) with no
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significant differences between Gulf War and non-Gulf
War veterans (Kang & Bullman 1996). Cause of death
was obtained for equally high percentages for each
veteran cohort, 93.7% of Gulf veterans and 93.4% of
non-Gulf veterans. For a more complete ascertainment
of vital status of veterans, one could use the NDI
maintained by the National Center for Health Stat-
istics, but cost likely outweighs the gain.

Another strength of the VA mortality study was
substantial statistical power to detect small to moderate
increased risks of cause-specific mortality. Sampling
errors should also be reduced as all Gulf War veterans
were used as the study group and almost half of all
veterans who did not go to the Persian Gulf were used
as a comparison group (Kang & Bullman 1998).

A potential limitation of the US study is that some of
the non-Gulf veterans may not have been as healthy as
those who were sent to the Persian Gulf as indicated by
the excess deaths from HIV infection among non-Gulf
veterans. Non-Gulf veterans may have included
individuals who were recovering from surgery or had
ailments serious enough to preclude them from being
deployed but not serious enough to require their
dismissal from the military. To evaluate the magnitude
of this potential selection bias, Kang & Bullman
compared the mortality of a group of 106 840 non-
Gulf Reservists and National Guard veterans who were
activated and deployed to locations other than the
Persian Gulf to that of 115 478 Reserve and National
Guard members who were not deployed at all (Kang &
Bullman 1998). Again using the Cox proportional
hazards models, there was no difference in either
overall mortality or cause-specific mortality between
the two groups, although the adjusted rate ratio for
infectious and parasitic disease (ICD, 001–139) was
0.43 (95% CIZ0.11–1.62). If there had been a
significant selection bias, then those deployed would
have had a significantly lower risk of cause-specific
mortality than those who were not deployed. Gray et al.
also reported, on the basis of history of pre-war
hospitalization rates among Gulf and non-Gulf veter-
ans, that the effect of the possible selection bias was
transient and largely resolved by the conclusion of the
war (Gray et al. 1998a). They concluded that military
personnel, in general, are healthy and without serious
chronic conditions. If they develop a chronic disease
that causes a sustained reduction in their ability to
perform their military duties, they are eventually
separated from military service. The effect of this
potential selection bias would be very limited and could
not have accounted for the findings. It should be noted,
however, that in the UK study this potential selection
bias is not an issue since the two cohorts were matched
on fitness for active service.

Another potential limitation is the reliance on death
certificates rather than medical records for cause of
death data. While death certificates are reliable sources
for vital status ascertainment, their accuracy in
recording cause of death may be variable (Engel et al.
1980; Percy et al. 1981). However, the agreement
between medical records and death certificates has
been reported to be good for external causes of death
(1987; Boehmer et al. 2004). One additional limitation
is the lack of data on non-military service related
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characteristics/behaviours, e.g. excessive alcohol con-
sumption and smoking that could be risk factors for
adverse health outcomes. However, such factors should
be present in similar proportions in both Gulf War and
non-Gulf veterans, as both joined the military prior to
the Gulf War and in almost all instances deployment to
the Persian Gulf area was not voluntary. A population-
based survey may capture prevalent cases; however, a
very large sample size (over 100 000) is necessary due
to relative rarity of disease among Gulf War era veterans
of generally middle age men and women. In a
population based health survey of 15 000 Gulf War
veterans completed in 1995/1996, only 0.7% of
veterans reported having a cancer other than a skin
cancer, while 0.6% of non-Gulf War veterans reported
having a similar condition (Kang et al. 2000). There are
several other cross-sectional surveys of US and UK
Gulf War veterans and none of these studies has
reported a significant increase in cancer prevalence or
hospitalization rate for cancer among Gulf War
veterans (Gray et al. 2000; Cherry et al. 2001).
Mortality surveillance is more efficient and less
expensive than incidence surveillance and is a reason-
able approximation of incidence for diseases that are
known to have a short survival time since diagnosis.
Five year survival is just 6% for liver cancers and 13%
for lung cancers (Ries et al. 1996).
6. DISCUSSION
It seems remarkable that 15 years after the war there
has been so much invested in evaluating the health of
Gulf War veterans. There have been numerous expert
panels assembled, many research projects commis-
sioned, a small army of government investigators
assembled, dozens of public hearings, extensive health
registries established and many resultant reports. The
sheer volume of published works is daunting.
A PubMed search on 28 August 2005 using the
keywords ‘Gulf War’ yielded 1102 citations in the
medical literature and this search misses the many news
stories, the expert panel reports, the legislative actions
and the volumes of written material available on the
Internet. In all it has been estimated that the US
government alone has expended more than a billion
dollars (Gray et al. 2004) in evaluating Gulf War
veteran illnesses. This investment is unprecedented.

In several of the Coalition countries, this investment
and the Gulf War experience has significantly influ-
enced the collection of exposure and medical outcome
data during military deployments (Hyams et al. 2002;
Trump et al. 2002). For example, the US has
commissioned extensive pre- and post-deployment
evaluations of veterans, increased environmental sam-
plings during deployment and given us an under-
standing that the health consequences of serving in
combat arena can be long, profound and the cause of
both mental and somatic illness. It has influenced the
commissioning of the largest prospective cohort studies
ever attempted, a study of more than 100 000 military
personnel over 21 years (Gray et al. 2002a; Ryan et al.
2002; Smith et al. 2004c) and a study of 20 000 UK
military service personnel, half of whom deployed to
the 2003 invasion of Iraq. In short, comprehensive
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efforts are now made to aggressively prevent disease
and to monitor veterans’ exposures and health from
their service entry to well beyond their separation from
service. This reflects a major shift in thinking.
Examinations of Gulf War veterans’ healthcare utiliz-
ation and mortality data have greatly influenced this
paradigm shift.
7. CONCLUSIONS
Since returning home, Gulf War veterans have
consistently reported a wide variety of health problems.
As recorded in the health registries and in controlled
epidemiological studies reviewed elsewhere in this
volume, these health problems have caused consider-
able disabilities. However, in general the problems have
not manifested in unusual causes of hospitalizations or
mortality that might indicate a new Gulf War-specific
condition. Instead, the comprehensive and very
valuable studies of Gulf War veterans’ healthcare
utilization and mortality have provided direction
towards improving the health of future military
personnel who are asked to go in harms way. From
these studies, we recognized that we can expect future
veterans to be at increased risk for mental health
disorders, multi-symptom conditions, accident-related
injuries and musculoskeletal disorders.

While a number of diagnoses (e.g. cardiac dysrhyth-
mias, ALS, mental disorders and cancer mortality)
merit continued monitoring among Gulf War veterans
in case more convincing latent deployment effects are
detected, it now seems time to consider ceasing other
Gulf War veteran research. Health registries have
closed and the ones that remain open are greatly
reduced in activity. Available healthcare utilization data
have been thoroughly examined. Because Gulf War
veterans have experienced many confounding
exposures since the War and because many have left
the service, it becomes increasingly difficult to conduct
epidemiological studies for aetiology of ‘Gulf War
illness’. It seems prudent now to direct veteran research
efforts, especially that involving aetiology, towards
improving the health of those who are now serving in
Iraq and Afghanistan.
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