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Abstract

Background Veterans of the 1990-1991 Gulf War have experienced excess health problems, most prominently

the multisymptom condition Gulf War illness (GWI). The Department of Veterans Affairs (VA) Cooperative Studies
Program #2006 “Genomics of Gulf War lliness in Veterans” project was established to address important questions con-
cerning pathobiological and genetic aspects of GWI. The current study evaluated patterns of chronic ill health/GWI

in the VA Million Veteran Program (MVP) Gulf War veteran cohort in relation to wartime exposures and key features

of deployment, 27-30 years after Gulf War service.

Methods MVP participants who served in the 1990-1991 Gulf War completed the MVP Gulf War Era Survey in 2018-
2020. Survey responses provided detailed information on veterans'health, Gulf War exposures, and deployment time
periods and locations. Analyses determined associations of three defined GWI/ill health outcomes with Gulf War
deployment characteristics and exposures.

Results The final cohort included 14,103 veterans; demographic and military characteristics of the sample were similar
to the full population of U.S. 1990-1991 Gulf War veterans. Overall, a substantial number of veterans experienced chronic
ill health, as indicated by three defined outcomes: 49% reported their health as fair or poor, 31% met Centers for Disease
Control and Prevention criteria for severe GWI, and 20% had been diagnosed with GWI by a healthcare provider. Health
outcomes varied consistently with veterans' demographic and military characteristics, and with exposures during deploy-
ment. All outcomes were most prevalent among youngest veterans (< 50 years), Army and Marine Corps veterans, enlisted
personnel (vs. officers), veterans located in Iraq and/or Kuwait for at least 7 days, and veterans who remained in theater from
January/February 1991 through the summer of 1991. In multivariable models, GWI/ill health was most strongly associated
with three exposures: chemical/biological warfare agents, taking pyridostigmine bromide pills, and use of skin pesticides.

Conclusions Results from this large cohort indicate that GWI/chronic ill health continues to affect a large proportion of Gulf
War veterans in patterns associated with 1990-1991 Gulf War deployment and exposures. Findings establish a foundation
for comprehensive evaluation of genetic factors and deployment exposures in relation to GWI risk and pathobiology.
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Background

The complex health problems associated with military
service in the 1990-1991 Gulf War have presented a pro-
longed and difficult challenge for affected veterans. On
August 2, 1990, the Iraqi Army invaded the small neigh-
boring country of Kuwait, triggering a rapid interna-
tional response led by U.S military forces in partnership
with 38 Coalition countries [1]. The initial U.S. military
response, codenamed Operation Desert Shield, began
on August 7, 1990, and involved an extended buildup of
troops in the region over the next five months. The active
combat period, codenamed Operation Desert Storm,
began January 17, 1991, with a massive air campaign,
followed by initiation of the ground assault February 24,
1991. After just four days of ground combat, a cease fire
was declared in conjunction with the surrender of Iraqi
forces, providing an end to active hostilities, the libera-
tion of Kuwait, and a decisive victory for the U.S. and its
Allies. The timeline and geographical areas associated
with U.S. troop deployment to the Gulf War are shown
in Fig. 1. Although the war was successful and relatively
brief, reports soon emerged of unexplained health prob-
lems affecting U.S. and Coalition troops during deploy-
ment and in the months and years after their return from
theater [2-6]. These problems included a complex of
symptoms not explained by established medical or psy-
chiatric diagnoses. This condition, now known as Gulf
War illness (GW1), continues to affect a substantial num-
ber of veterans who served in the 1990-1991 Gulf War,
decades after their deployment [7—10].

Gulf War illness is characterized by a profile of multiple
chronic symptoms, consistently documented across dif-
ferent Gulf War veteran (GWV) populations [11, 12]. The
symptoms occur in multiple health domains and biologi-
cal systems and typically include some combination of
persistent pain, fatigue, and cognitive difficulties, often in
conjunction with gastrointestinal problems, respiratory
symptoms, and skin abnormalities [11-15]. Prevalence
estimates for GW1I vary with the case definition applied,
with large GWYV population studies and GWI expert
panel reports generally concluding that about one third
of the nearly 700,000 U.S. veterans who served in the
Gulf War developed GWI [16-19].

Possible GWI causes and contributing factors have
been extensively investigated in the decades since vet-
erans returned from Gulf War deployment. In addition
to the expected physical and psychological stressors of
war, Gulf War military personnel encountered a vari-
able mix of potentially hazardous chemical exposures.
A number of exposures were unique to the 1990-1991
Gulf War or widely encountered by military personnel
for the first time in that conflict—heavy smoke from over
600 oil well fires that burned across Kuwait throughout
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much of 1991 [20], depleted uranium munitions [21, 22],
low-level exposure to nerve agents [23], and use of pyri-
dostigmine bromide (PB) pills as a prophylactic measure
against deadly effects of nerve agent exposure [24, 25].
Epidemiologic and clinical studies have most consistently
identified a limited number of deployment exposures as
the most prominent risk factors for GWI. These include
(1) use of PB, taken by approximately 50% of troops [11,
19, 26], (2) extensive use of different types and combina-
tions of pesticides and insect repellants [19, 27, 28] and,
less consistently, (3) low-level exposure to nerve agents
during deployment [19, 29-31].

In addition to the chronic symptoms reported by vet-
erans, dozens of studies have characterized a range
of objectively-measured biological alterations among
GWVs that significantly differ between groups of GW1I
cases and healthy GWV controls [17, 18, 32]. The larg-
est number of studies have identified significant changes
in brain structure and function [33-37], neurocogni-
tive decrements [38—42], and alterations in immune and
inflammatory measures [43-46]. Several investigations
have also identified genetic factors potentially associated
with GWTI [47], suggesting that some veterans may have
been at greater genetic risk [48—50] for GWI and/or been
more vulnerable to adverse effects of particular expo-
sures [31, 51, 52]. But despite considerable progress in
understanding key aspects of GWI, important questions
and challenges remain. These include a pressing need for
effective GWI treatments, a more detailed understanding
of pathobiological mechanisms, including genetic factors,
associated with GWI, and improved tools for GWT case
ascertainment and clinical diagnosis [17, 18, 32, 53].

Multiple GWTI case definitions have been proposed in
the years since veterans’ health problems were initially
reported [11, 12]. Although a consensus GWI case defi-
nition has not been established, two GWI case defini-
tions were recommended for research purposes in a 2014
report from the Institute of Medicine (now the National
Academy of Medicine [NAM]) [12]. These include the
U.S. Centers for Disease Control and Prevention (CDC)
criteria for chronic multisymptom illness [13], and the
Kansas criteria for GWI [14]. Results of recent studies,
however, have raised concerns that these widely-used
GWI case definitions, both developed in the late 1990s,
no longer adequately define the current profile of the
GWI symptom complex [7, 8, 54]. Decades after the war,
GWYV studies consistently report that the number and
severity of veterans’ symptoms and comorbid diagnosed
conditions have continued to increase as veterans have
aged [10, 55-57].

The present study was developed to characterize key
features of Gulf War deployment, including exposures,
in a large contemporary sample of GWVs, and to assess
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Fig. 1 1990-1991 Gulf War theater of operations and timeline

their association with chronic ill health. The study builds
on the large cohort and rich data resources of the U.S.
Department of Veterans Affairs (VA) Million Veteran
Program (MVP), a major nationwide initiative to deter-
mine genetic associations of conditions affecting U.S. vet-
erans. MVP launched in 2011 and reached an important
milestone of enrolling the first one million veterans in
2023 [58]. VA Cooperative Studies Program #2006 (CSP
#2006) “Genomics of Gulf War Illness in Veterans” is a
multipart project within MVP that focuses on 1990-1991

Gulf War era MVP participants. It includes both GWVs
(i.e., veterans who deployed to the Gulf War theater in
1990-1991), and Gulf War era (GW-era) veterans who
were in the military during that period but did not serve
in the Gulf War [59].

The current study provides an assessment of the health
and deployment experiences of deployed GWVs in the
CSP #2006 cohort. The study’s primary objectives are
to: (1) characterize patterns and variability in veteran-
reported deployment profiles and exposures during the
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Gulf War, (2) evaluate associations of key features of Gulf
War deployment and exposures with veterans’ health sta-
tus, including GWI, nearly 30 years after the war, and (3)
establish a foundation for additional studies to investigate
interaction between genetic factors and exposures poten-
tially associated with GW1 risk and pathobiology.

Methods

Study design and sample

Participants for this large cohort study were drawn from
veterans in the full MVP study cohort who had served dur-
ing the 1990-1991 Gulf War era. Details of MVP subject
enrollment and data collection have previously been reported
[60]. The MVP CSP #2006 project utilized an additional vet-
eran recruitment and data collection effort, as previously
described [59, 61]. Briefly, the eligible CSP #2006 recruit-
ment sample included 109,976 GWVs and GW-era veterans
enrolled in MVP who were confirmed by U.S. Department
of Defense (DOD) records to have served in the military
between August 1,1990, and July 31,1991, and had consented
to be contacted for future studies. All veterans in the recruit-
ment sample were contacted by mail between June 2018 and
March 2019. Veterans were provided project information
and invited to complete the detailed “MVP 1990-1991 Gulf
War Era Survey” As previously reported, a total of 45,270
veterans completed and returned surveys, reflecting an over-
all response rate of 41.2% [61]. This included 45,169 surveys
available for possible inclusion in the CSP #2006 analytic
dataset as of August 2020. The final CSP #2006 analytic sam-
ple included a total of 40,778 veterans, after excluding surveys
returned by a total of 4,391 veterans in the following groups:
(1) 4,092 veterans who skipped the entire survey section that
asked about symptom occurrence and severity, (2) 299 veter-
ans for whom it could not be ascertained if they had deployed
to the Persian Gulf region during the 1990-1991 Gulf War
era. Nearly all excluded respondents (1=4,283, 97.5%) were
initially classified as nondeployed or undetermined for the
recruitment sample, based on available data from the Vet-
erans Affairs/Department of Defense Identity Repository
(VADIR). Only 108 veterans initially classified as deployed
GW Vs were excluded from the final CSP #2006 sample.

The cohort of 14,103 GW Vs evaluated for the current
study included all veterans in the final CSP #2006 ana-
lytic sample whose survey responses indicated they had
“deployed at any time to the Persian Gulf Region during
the 1990-1991 Gulf War Era” Missing or ambiguous
responses to this survey question were supplemented
with deployment data from VADIR, where available.

Questionnaires for the current study were returned by
veterans from July 2018 through August 2020. The sur-
vey response rate among deployed GWVs (44.4%) was
modestly higher than for the full CSP#2006 recruitment
sample [61]. To assess the representativeness of the GWV
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study sample and expected generalizability of study results,
demographic, military, and health characteristics of VADIR-
identified deployed GWV survey respondents (n=10,623)
in the initial recruitment sample were compared to those of
deployed nonrespondents (n=13,348). These comparisons
utilized demographic and military data obtained for the ini-
tial recruitment sample as well as health data for the subset
of veterans (n=14,691) who had previously completed the
MVP Baseline Survey in connection with MVP enrollment.
In addition, demographic and military characteristics of the
final GWV study cohort were compared to the full popula-
tion of U.S. 1990-1991 GW'Vs [62].

Data collection: Gulf war era survey questionnaire

and supplemental data

The survey questionnaire asked veterans who reported they
had deployed to the 1990-1991 Gulf War to provide detailed
information on their Gulf War military service, including
their branch of service at the time of the Gulf War as well as
the month and year they first arrived in theater and when
they left the region. The questionnaire included a map that
delineated and labeled specific countries and regions in the
Gulf War theater and asked veterans to identify areas where
they had been located during deployment. Veterans were
also asked to report on eight specific Gulf War experiences
and exposures potentially encountered during deployment.

The questionnaire also included a range of demographic
and health-related questions. This included detailed ques-
tions about veterans’ race and Hispanic ethnicity, for which
they were asked to indicate all categories that applied to them.
Health questions provided detailed information on veter-
ans’ symptoms and medical history. Veterans were asked to
report if they had experienced a persistent or recurring prob-
lem with 34 health symptoms included in various GW1I case
definitions. For each symptom reported, veterans were asked
to rate the problem as mild, moderate, or severe. Addition-
ally, veterans were asked to report if they had previously been
diagnosed by a physician or other healthcare provider with a
broad range of medical and mental health conditions. They
were specifically asked if they had ever been told by a health-
care provider that they had GWT and if they themselves felt
they had GW1I. The questionnaire also asked veterans to rate
their general health (excellent, very good, good, fair, or poor)
and included the veterans’ version of the RAND Short Form
12 (VR-12), a standardized index of general health and quality
of life developed for veteran populations [63, 64].

Additional data from VADIR were used to identify vet-
erans’ military rank during the Gulf War and to provide
supplemental data to replace missing values for military
branch, deployment, and demographic variables. Ques-
tionnaire and supplemental data were assembled in
the analytic dataset to provide assessment of veterans’
demographic characteristics,1990-1991 military and
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deployment characteristics, and deployment experi-
ences/exposures in relation to their health at the time
they completed the survey in 2018-2020.

Analytic variables: Health outcomes

To provide a full perspective of GWI and potentially offset
identified limitations in widely-used GW1 case definitions,
chronic ill health and GWI were evaluated using three dis-
tinct outcomes classified using questionnaire data: (1) The
first outcome utilizes veterans’ own assessments of their
general state of health, self-reported as Fair or Poor (SR-
Fair/Poor) vs. Good, Very Good, or Excellent Health. (2)
The second outcome designates if veterans met pre-estab-
lished CDC criteria for severe GWI (CDC-GWI), coded as
yes vs. no. A large majority of veterans in the cohort met
the general CDC criteria for GWI [13]. The study there-
fore focused on the more severely ill subset of veterans
who met CDC criteria for severe GWI, which recent stud-
ies have shown is more strongly associated with Gulf War
service than the general CDC criteria [7, 8]. As defined
by Fukuda et al., CDC criteria for severe GWTI include 10
symptoms and require that veterans report one or more
symptoms as severe in at least two of three defined symp-
tom domains: fatigue domain (fatigue symptom), mus-
culoskeletal domain (pain in muscles, pain in joints, joint
stiffness), and mood-cognition domain (difficulty sleeping,
difficulty concentrating or remembering, trouble finding
words, feeling moody, feeling anxious, feeling depressed).
(3) The third health outcome indicates if veterans reported
that a doctor or other healthcare provider had ever told
them they have GWI (Dx-GW1), coded as yes vs. no.

Analytic variables: Deployment characteristics
Deployment characteristics of interest included veteran-
reported locations and specific time periods in theater. Vet-
erans were asked to indicate if they had ever been located
in each area identified on the questionnaire map (e.g., Iraq,
Kuwait, Bahrain, Eastern Saudi Arabia, Central Saudi Ara-
bia, Northern Saudi Arabia, Western Saudi Arabia, at sea
in the Persian Gulf). Those who indicated “Yes” for a given
area were then asked to estimate the duration of time they
spent in that location by indicating if they had been there
1-6 days, 7-30 days, or 31 days or longer. Veterans typically
reported being in multiple locations for different periods of
time, for example, conducting operations for an extended
period in a particular location or passing through multiple
locations briefly while moving from one region to another.
For analytic purposes, three mutually exclusive sub-
groups were defined to evaluate deployment exposures
and health outcomes in relation to veterans’ location(s)
during Gulf War deployment. (1) The first defined loca-
tion subgroup represented veterans who had been for-
ward deployed, that is, veterans who reported they had
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been in Iraq and/or Kuwait, where nearly all battles of
the war had occurred, for 7 days or longer. (2) The sec-
ond location subgroup represented veterans who had
served primarily at sea during deployment. This included
all veterans who had not been in Iraq/Kuwait for 7 days
or longer, but reported being at sea and/or serving on
board ship for 7 days or longer. (3) The third location
subgroup represented veterans who served primarily on
land in support areas, and included all veterans who had
not been in Iraq/Kuwait or served on board ship for at
least 7 days.

Similarly, mutually exclusive deployment time periods
were defined based on the month/year veterans reported
arriving in theater and the month/year they departed the
region. A key element in defining time period subgroups
was whether the veteran had been present in theater dur-
ing January—February 1991, the period of active hostili-
ties, in relation to the months spent in theater before and
after that period. Four mutually exclusive time period sub-
groups were defined and evaluated in relation to health
outcomes and exposures: (1) veterans present in the
region only during Operation Desert Shield (i.e., departed
before January 1991); (2) veterans present during Opera-
tion Desert Storm (January—February 1991) who left the
region between March 1991 and May 1991; (3) veterans
present during Operation Desert Storm (January—Feb-
ruary 1991) who left the region between June 1991 and
August 1991; (4) Veterans who first arrived in the region
after Operation Desert Storm (i.e., March 1991 or after).

Analytic variables: Deployment experiences and exposures
Veterans were asked to report (No/Yes/Not Sure) if, dur-
ing Gulf War deployment, they had eight specific expe-
riences (directly involved in ground combat, worked
with prisoners of war) and exposures (close proxim-
ity to smoke from oil well fires, exposed to chemical or
biological warfare agents, took pyridostigmine bromide
pills, used pesticide cream or liquids on the skin, wore
uniforms treated with pesticides, used insect baits/no-
pest strips in living area). Those who indicated “Yes” to a
specific item were then asked to estimate the duration of
the experience/exposure. Deployment experiences/expo-
sures were evaluated first as binary variables (i.e., “Yes”
responses (any duration) to a given exposure vs. no expo-
sure). A second exposure variable was used to evaluate
exposure duration (1-6 days, 7-30 days, 31 +days) com-
pared to veterans who reported no exposure. To provide
context and a general indication of representativeness
of veteran-reported exposures, the frequencies at which
veterans reported individual exposures were compared
with veterans’ responses to similar exposure questions in
the large, population-based VA National Survey of Gulf
War Veterans conducted in 1995 [65].
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Missing values

If veterans did not provide a response to a given question
or provided contradictory responses (e.g., marked both
“Yes” and “No” to an exposure question), responses were
coded as missing and not included in analyses. In specific
instances where veterans reported “No” or “Not Sure” to
a given location or exposure question, but also provided
a duration period for that location or exposure, the initial
“No” or “Not Sure” response was retained, but the dura-
tion response was not included in analyses.

Statistical analyses
Initial descriptive analyses summarized the frequencies
of demographic, military, deployment, and health char-
acteristics of all GWVs in the study cohort. Additional
analyses evaluated the three primary health outcomes
of interest in relation to veterans’ demographic, military,
and deployment characteristics. The large sample size
provided sufficient power to identify very small group
differences as statistically significant. This included, in
some assessments, small differences in health meas-
ures with little clinical importance and small differences
in deployment characteristics with minimal relevance
for determining risk. To emphasize group differences
that were more meaningful and avoid pitfalls related to
significance testing in large samples [66], final analytic
results utilized an alpha level of 0.01 to identify asso-
ciations of p<0.01 as statistically significant. Descrip-
tive assessments of population characteristics primarily
involved categorical variables. Bivariate associations of
demographic, military, and deployment characteristics
with primary health outcomes (SR-Fair/Poor, CDC-GW]I,
Dx-GWI) were assessed by determining prevalence odds
ratios (ORs) and 99% confidence intervals (C.I.) com-
pared to a reference group within each category. Propor-
tions of veterans who reported each queried deployment
experience/exposure were compared across military and
deployment subgroups using chi-square tests.
Associations of veteran-reported experiences and
exposures during deployment with health outcomes were
determined as follows. Initial analyses assessed bivari-
ate (unadjusted) associations of health outcomes with
each individual exposure. Multivariable logistic regres-
sion models were then used to determine the independ-
ent association of each experience/exposure with health
outcomes, while controlling for demographic and mili-
tary covariates and for potential confounding by other
significant exposures. A backward elimination process
was applied that sequentially eliminated individual vari-
ables that were least strongly associated with the health
outcome (indicated by the prevalence OR) and no longer
significant (evaluated at p>0.05 to retain potentially
informative covariates during model development) when
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assessed with other variables in the model. Deployment
experiences/exposures were evaluated as categorical var-
iables in the logistic models to allow comparison of out-
comes among veterans who reported they did not have a
given exposure to veterans who reported they sad been
exposed and also to veterans who were not sure, adjusted
for covariates. Initial multivariable models evaluated all
“Yes” responses to a given exposure as a single “exposed”
group, compared to veterans who reported no exposure.
Additional models evaluated health outcomes in relation
to (1) exposure duration (1-6 days, 7-30 days, 31 + days),
and (2) “Not Sure” exposure responses, compared to vet-
erans who reported no exposure.

Final logistic models identified the association of health
outcomes with each queried experience/exposure, con-
trolling for sex, age, race, and enlisted vs. officer rank, as
well as other significant deployment experiences/expo-
sures (oil well fire smoke, involved in ground combat,
took pyridostigmine bromide (PB) pills, use of skin pes-
ticides, use of insect baits/no-pest strips). Due to validity
concerns and limitations associated with the “exposure
to chemical or biological warfare agents” variable (e.g.,
two exposures combined into a single question,>50%
“Not Sure” responses) this variable was not included as
a covariate in models that evaluated independent effects
of other exposures. The Cochrane Armitage trend test
was used to determine if significant ordered differences
occurred in the association of health outcomes with
increasing duration of exposure. Interactions between
effects of pesticide exposures were assessed using the
Breslow-Day test for homogeneity of odds ratios [67] in
bivariate analyses, and by evaluation of interaction terms
in multivariable logistic models. All analyses were con-
ducted using SAS Enterprise Guide, version 8.3 [68].

Results

The final study cohort included a total of 14,103 veter-
ans who served in the 1990-1991 Gulf War. The major-
ity (89%) were male although nearly 11% of participants
were women, higher than the proportion of women (7%)
among all U.S. Gulf War veterans (Supplemental Table 1,
Additional file 1). Veterans in the cohort were also some-
what older in 1991 (lower % were<25 years, higher %
were 35—44 years) and included a higher proportion of
officers, but were otherwise similar to the full popula-
tion of U.S. military personnel who served in the Gulf
War [62]. Evaluation of VADIR-identified GWVs in the
recruitment sample (Supplemental Table 2, Additional
file 2) indicated that survey respondents were generally
similar to nonrespondents in relation to sex, military ser-
vice branch and component, and current health charac-
teristics (number of health conditions reported, number
of hospitalizations in the prior year). However, similar



Steele et al. Environmental Health (2024) 23:92 Page 7 of 19
Table 1 Demographic, military, and health characteristics of Table 1 (continued)
1990-1991 Gulf War veterans in the MVP CSP #2006 cohort e (%)
(n=14,103)
e (%) Health/Quality of Life VR-12 Measures
Physical Component Summary 36.1(£11.5)
Demographic Characteristics Score (PCS-12): Mean (+5D)
Age (years) Mental Component Summary 418 (£14.1)
45-49 1830 (13.0%) Scolrfe (MC?I—D): I\:Iean )(i SD)
Gulf War lliness (GWI) measures
50-59 6198 (44.0%) o . )
60-69 4646 (32.9%) CDC-GWI: Veteran meets CDC criteria for severe GWI
20+ 1429 (10.19%) Yes 3852 (30.7%)
0,
Mean age (+5D) 59.1 (£78) No 8705 (69.3%)
Median age (range) 58.2 (45.1-926) Dx-GWI: Veteran told by healthcare provider that he/she has GWI
Sex Yes 2769 (20.2%)
Male 12,573 (89.1%) No 10,965 (79.8%)
Female 1530 (10.9%) Veteran feels he/she has GWI
Race Yes 7887 (59.4%)
0,
White/Caucasian 9365 (66.4%) No _ 2390 (40.6%)
Black/African American 3165 (22.5%) Year of GWI onset:“ median (range) 1993 (1990-2019)
Asian 268 (1.9%) Abbreviations: MVP CSP #2006 =VA Million Veteran Program Cooperative Studies
. . . Program #2006; SD Standard deviation, GED General Education Development
American Indian/Alaskan Native 161 (1.1%) (High School Equivalence) Certificate, VR-12 Veterans RAND 12 Item Health
Other/multiple responses 1136 (8.1%) Survey®®, CDC U.S. Centers for Disease Control and Prevention, GW! Gulf War
Ethnicity finess
X X o @ For some characteristics, strata do not sum to 14,103 due to missing values.
Hispanic 1377 (9.:8%) Missing values for demographic characteristics: Race n=8; Ethnicity n=6;
Non-Hispanic 12,720 (90.2%) Education n=10 (no missing values for Age, Sex); military characteristics:
Highest education level Rank n= 145 (no missing values for Military Branch, Component); health
9 characteristics: Self-reported general health n=50; VR-12 n=46; CDC-GWI
High school graduate or GED 1730 (12.3%) n=1546; Dx-GWI n=369; Veteran feels he/she has GWI n=826
Some college 4240 (30.1%) b Defined according to CDC criteria for severe chronic multisymptom iliness in
13
Associate degree 2318 (16.4%) Gulf War veterans
C
Bachelor's degree 2974 (21.19%) Year of GWI onset reported by veterans who felt they had GWI
Master’s degree or higher 2831 (20.1%)
Military Characteristics to the full CSP#2006 recruitment sample [61], deployed
Military branch in 1990-1991 GWYV respondents were older than deployed nonre-
Army 7475 (53.0%) spondents (34% vs. 18% were> 35 years of age in 1991)
Navy 3123 (22.1%) and included higher proportions of White/Caucasian
Air Force 2047 (14.5%) veterans (67% vs. 53%) and military officers (14% vs. 5%)
Marine Corps 1417 (10.1%) than non-respondents,
Coast Guard 4 (03%) Overall, the frequency of missing data was generally
Rank in August 1990 low: 0-1% for demographic and military characteris-
Enlisted 11477 (82.2%) tics, < 3% for two of the three primary health outcomes,
Warrant Officer 391 (2.8%) 5-7% for locations in theater and most individual expo-
Officer 2090 (15.0%) sures. However, two variables were missing data for
Component in August 1990 more than 10% of participants: the CDC-GWI outcome
Active 10,704 (75.9%) was not determined for 11% of the sample, due to miss-
Reserves 2461 (17.4%) ing or ambiguous responses for any of the multiple sur-
National Guard 038 (6.7%) vey items required to define CDC-GWI. Similarly, 16%
General Health Characteristics of respondents lacked complete response data for the
Self-reported general health multiple variables required to define the time periods
Excellent 525 (3.7%) they were in theater.
Very good 2036 (14.5%) Demographic, military, and health characteristics of
Good 4621 (32.9%) the study sample are detailed in Table 1. As shown, the
Fair 5042 (35.9%) large majority of veterans (77%) were between 50 and
Poor 1829 (13.0%) 69 years of age at the time of data collection, with a
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Table 2 Chronicill health in 1990-1991 Gulf War veterans: VR-12 summary measures and concurrence of outcomes

Chronic lll Health/Gulf War lliness Health VR-12 VR-12 % who report % who meet CDC % told by healthcare

Outcomes PCS MCS General Health as Criteria for Severe provider they have
(mean) (mean) Fair/Poor GWI? GWI

Veterans who self-reported their General Health 29.0 353 - 49% 30%

as Fair or Poor (SR-Fair/Poor; n=6871)

Veterans who met CDC Criteria for Severe GWI? 282 308 78% - 36%

(CDC-GWI; n=3852)

Veterans who were told they have GWI by Health- 306 346 71% 55% -

care Provider (Dx-GWI; n=2769)

All Veterans (n=14,103) 36.1 418 49% 31% 20%

Abbreviations: VR-12 Veterans RAND 12 Item Health Survey®®, PCS Physical Component Summary Score, MCS Mental Component Summary Score, CDC U.S. Centers for

Disease Control and Prevention, GWI Gulf War lliness

2 Severe GWI defined according to CDC criteria for severe chronic multisymptom iliness'>

mean age of 59 years. Over half the study cohort (53%)
had served in the Army during the war, and 82% were
in the enlisted ranks.

Overall, GWVs in the cohort reported a considerable
degree of ill health (Table 1). Nearly half (49%) char-
acterized their general health as fair or poor (SR-Fair/
Poor). The mean VR-12 Physical Component Summary
(PCS) score was 36.1, more than one standard deviation
(10 points) below the general population mean of 50
[63, 69], indicating significantly reduced physical health
status. Veterans’ mean VR-12 Mental Component Sum-
mary (MCS) score of 41.8 was also below the popula-
tion mean, but to a lesser degree than the PCS. Most
veterans in the cohort (88%) met the general CDC cri-
teria for chronic multisymptom illness/GWI [13] and
31% met CDC criteria for severe GWI (CDC-GWI).
Fewer veterans (20%) had been told by a healthcare
provider they had GWI (Dx-GWI), although 59% of
veterans in the sample felt they had GWT at the time of
the survey. Among veterans who felt they had GWI, the
median year of illness onset reported was 1993. Over-
all, 64% reported illness onset within 5 years of the Gulf
War (1996 or before), and 6% reported illness onset
more than 20 years after the Gulf War (2012 or later)
(not shown in table).

Additional descriptive assessments determined mean
VR-12 PCS and MCS scores associated with the three
primary health outcomes of interest, and the extent of
overlap among the three outcomes. As shown in Table 2,
veterans with each of the three outcomes had similar,
markedly reduced PCS scores (mean VR-12 PCS scores
28.2-30.6) that were approximately two standard devia-
tions below the general population mean of 50. Veter-
ans with CDC-GWI, on average, had worse MCS scores
(mean VR-12 MCS=30.8) than veterans with the other
two outcomes (mean MCS=34.6 and 35.3). The three
defined health outcomes appeared to capture somewhat
different groups of ill veterans. The greatest agreement

occurred between SR-Fair/Poor and both GWI out-
comes. Among 3,852 veterans with CDC-GWI, 78%
reported their health as fair or poor. And among 2,789
veterans with Dx-GW1, 71% reported their health as fair
or poor. There was less agreement between the two GW1I
outcomes assessed. Among veterans with CDC-GWI,
only 36% had Dx-GWI. Conversely, among veterans with
Dx-GWTI, just 55% had CDC-GWT.

The association of chronic ill health with veterans’
demographic, military, and deployment characteris-
tics is detailed in Table 3. Patterns of association were
largely consistent across the three defined health out-
comes. In contrast to most chronic conditions and
health status indicators, the highest prevalence of all
three outcomes occurred in the youngest veterans (<50
years of age at the time of the study) in the cohort, with
progressively lower prevalence in older age groups.
For example, 38% of GWVs 45-49 years of age met
severe GWTI criteria, but only 19% of GW'Vs over age
70 met severe GW1I criteria (OR=0.39, p <0.0001). The
prevalence of illness also differed by veterans’ race. All
outcomes occurred at highest frequencies among vet-
erans who self-identified as Black/African American
and “Other” or multiple races. Generally, the lowest
prevalence of ill health occurred among veterans who
self-identified as White/Caucasian, although a lower
proportion of Asian (13%) than Caucasian (18%) veter-
ans had been diagnosed with GWI by a healthcare pro-
vider. In addition, a higher proportion of female (36%)
than male (30%) veterans had CDC-GWI (OR=1.29,
p<0.0001), although the other two outcomes did not
differ by sex.

Health outcomes varied significantly in relation to
veterans’ military rank and branch of service during
Gulf War deployment (Table 3). All outcomes affected
a significantly greater proportion of veterans who
served in the enlisted ranks compared to officers, and
were most prevalent among Army and Marine veterans,
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Table 3 Association of demographic, military, and deployment characteristics with chronic ill health in 1990-1991 Gulf War veterans

All Veterans Veteran Self-Reports Veteran Meets Veteran Told by
General Health as CDC Criteria Healthcare Provider
Fair/Poor for Severe GWI° that he/she has GWI
(SR-Fair/Poor) (CDC-GWI) (Dx-GWI)
n® Prev. OR (99% C.l.) Prev. OR (99% C.1.) Prev. OR (99% C.1.)
Demographic Characteristics
Sex
Male 12573 49 9% 1.0 (ref) 30 % 1.0 (ref) 20 % 1.0 (ref)
Female 1530 48%  0.95(0.82,1.09) 36%  129(1.11,151)7  21%  1.05(0.88,1.25)
Age at time of study (years)
45-49 1830 539% 1.0 (ref) 38% 1.0 (ref) 25% 1.0 (ref)
50-59 6198 51%  091(0.79,1.05) 34%  087(0.75,1.01) 20%  0.78(0.66,092)"
60-69 4646 47%  077(069,086)"  26%  059(050,069)°  19%  072(061,086)"
70 + 1429 41%  062(051,0749"  19%  039(031,049)" 17%  064(051,080)"
Race
White/Caucasian 9365 43 % 1.0 (ref) 26 % 1.0 (ref) 18% 1.0 (ref)
Black/African American 3165 61%  201(1.81,224"  41%  199(1.77,224"  26%  168(148,190)"
Native American/Alaskan Native 161 55%  161(1.07,243) 40%  1.85(1.19,2.89) 21%  1.21(0.73,203)
Asian 268 56%  167(1.21,230)°  27%  1.03(0.70,1.50) 13%  0.73(046,1.18)
Other/Multiple 1136 58%  180(153,213)"  39%  183(1.54,219)  27%  1.73(143,209)"
Military Characteristics
Military Rank in 1990-1991
Officer 2090 26 % 1.0 (ref) 15 % 1.0 (ref) 12% 1.0 (ref)
Warrant Officer 391 419%  200(149,268)"  20%  144(098,2.10) 7%  144(097,212)
Enlisted 11477 53%  332(289,381)"  34%  289(243,344)" 2%  197(164,237)"
Military Branch in 1990-1991
Air Force 2047 37 % 1.0 (ref) 21 % 1.0 (ref) 13% 1.0 (ref)
Navy 3123 449%  134(115,1557  26%  1.28(1.06,1.54) 2%  089(0.71,1.12)
Marines 1417 47%  152(127,182)"  32%  178(144,220  22%  192(151,243)"
Army 7475 55%  2.06(1.80,235"  35%  202(1.72,237)"  25%  229(1.90,2.75)"
Military Component in 1990-1991
Active 10704 48% 1.0 (ref) 30% 1.0 (ref) 19% 1.0 (ref)
Reserves/National Guard 3399 51%  1.11(0.99,1.23) 32%  1.05(0.93,1.18) 24%  1.40(1.24,159)"
Deployment Characteristics
Location in Theater
At Sea 7 days or longer 1993 41% 1.0 (ref) 24 % 1.0 (ref) 9% 1.0 (ref)
In Iraq or Kuwait 7 days or longer 6023 55%  1.74(152,199)"  38%  197(168,232)"  27%  369(297,458)"
Other land locations (not Irag/Kuwait) 5131 43 % 1.09 (0.95, 1.25) 24 % 1.03(0.87,1.22) 17 % 2,06 (1.65,2.58)"
Time Period in Theater
Left the region before Jan 1991 474 43 1.0 (ref) 25% 1.0 (ref) 1% 1.0 (ref)
Present Jan-Feb, left Mar-May 1991 7831 49 % 1.27(1.00, 1.63) 30% 1.29(0.96, 1.74) 21 % 2.19(149,322)"
Present Jan-Feb, left Jun-Aug 1991 2193 55%  162(125211)°  37%  174(1.28,238)  28%  3.15(2.11,4.69)"
First arrived in/after March 1991 947 46%  1.12(0.84,1.50) 27%  1.12(0.79,1.59) 14%  126(0.80,198)
All Veterans 14103 49 % 31% 20%

Abbreviations: GWI Gulf War lliness, Prev Prevalence, OR Prevalence Odds Ratio, 99% C./ 99% Confidence Interval, (ref) =reference group

2 U.S. Centers for Disease Control and Prevention criteria for severe chronic multisymptom illness'3; *OR significant, p <0.01; ** p <0.0001

b For some characteristics, strata do not sum to 14,103 due to missing values; Missing values for demographic characteristics: Race n=8 (no missing values for Age,
Sex); military characteristics: Rank n= 145 (no missing values for Military Branch, Component); deployment characteristics: Location in Theater n=956; Time Period in

Theater n=2,279
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compared to Air Force and Navy veterans. Veterans
who were in the Reserve Component (includes Reserves
and National Guard) during the Gulf War had similar
rates of SR-Fair/Poor and CDC-GWTI as Active Compo-
nent veterans. However, a somewhat higher proportion
of Reserve Component veterans (24%) had been told by
a healthcare provider they had GWI (Dx-GWI), com-
pared to Active Component veterans (19%, p <0.0001).

Health outcomes also differed significantly with general
features of Gulf War deployment. Among the 13,147 vet-
erans who provided full location and duration informa-
tion, just under half (#=6,023, 46%) reported they had
been in Iraq and/or Kuwait for at least seven days dur-
ing deployment. The greatest burden of chronic ill health,
for all defined outcomes, occurred among veterans in
this group. Being in Iraq/Kuwait for at least seven days
was most strongly associated with Dx-GWI (OR=3.69,
p<0.0001). Conversely, all outcomes occurred at sig-
nificantly lower rates among veterans who had served in
other land locations or primarily at sea during Gulf War
deployment.

The burden of ill health also varied significantly in
relation to the specific time periods veterans served
in theater. As shown in Table 3, all health outcomes
occurred least frequently among veterans who were pre-
sent only during Desert Shield (i.e., departed the region
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before January 1991) or first arrived in theater after the
ground war had ended (March 1991 or later). Health out-
comes occurred at higher frequencies among veterans
who were present in theater during January and Febru-
ary 1991, the period of active hostilities (air and ground
wars), with the highest rates among military person-
nel who were present in January—February 1991 and
remained in theater through the summer months (June—
August 1991).

The frequency of individual deployment experiences/
exposures reported by GWVs ranged from 21% who
indicated they had been exposed to chemical or biologi-
cal warfare agents, to 64% who reported being in close
proximity to smoke from oil well fires. Overall, veterans
reported Gulf War experiences and exposures in consist-
ent patterns relative to their military and deployment
characteristics (Fig. 2; details provided in Supplemental
Table 3, Additional file 3). Specifically, most experiences/
exposures queried were reported by substantially more
Army and Marine Corps veterans than Air Force and
Navy veterans. The only exceptions were that Air Force
veterans reported use of two types of pesticides (skin
pesticides and insect baits) at about the same frequencies
as Marine Corps veterans. In addition, all experiences/
exposures were reported at highest frequency by veter-
ans who had been in Iraq and/or Kuwait for seven days or
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b. Frequency of Veteran-Reported Deploy
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Fig. 2 Frequency of exposures reported by 1990-1991 Gulf War veterans: variability by branch of service, location in theater, time period in theater.
Note: Frequency values for all subgroups are provided in Supplemental Table 3 (Additional file 3)
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longer, intermediate frequency by veterans in other land
areas, and lowest frequency by veterans who served pri-
marily at sea during the war.

Veteran-reported deployment experiences/exposures
also varied in consistent patterns with the time periods
they served in theater. Nearly all exposures were reported
at highest frequencies by veterans who were present in
theater during January—February 1991, and by signifi-
cantly fewer veterans who departed the region during
Operation Desert Shield (i.e., before January 1991), or
first arrived during or after March 1991, after the period
of active hostilities had ended. A notable exception is that
veterans who arrived in March 1991 or later reported an
intermediate frequency of exposure to oil well fire smoke
(50%) compared to a much higher frequency reported by
veterans who were present during January/February 1991
(68%-82%) and a much lower frequency (17%) reported
by veterans who departed theater before January 1991.

There was considerable uncertainty about several expo-
sures, as detailed in Supplemental Table 3 (Additional
file 3). Over half of veteran respondents (54%) reported
they were not sure if they had been exposed to chemical
or biological agents, and over a third (34%) were not sure
if they had worn pesticide-treated uniforms. In contrast,
very few veterans responded “Not Sure” when asked if
they had been directly involved in ground combat (3%) or
worked with prisoners of war (2%).

Consistent with previous studies [11], there was sig-
nificant correlation among veteran-reported exposures
(Spearman correlation p<0.0001 between all exposure
pairs; Supplemental Table 4, Additional file 4). Although
collinearity was not indicated, identified correlations
underscored the potential for confounding effects among
exposures in relation to health outcomes. The most con-
sistent pattern of correlations occurred among the three
pesticide exposures queried (using pesticides on the skin,
wearing uniforms treated with pesticides, using insect
baits/no-pest strips in living area), for which correlation
coefficients ranged from 0.54 to 0.64.

Five of the eight Gulf War experiences/exposures que-
ried for the current study had previously been evaluated
using similar questions for the large, population-based
VA National Survey of Gulf War era Veterans conducted
in 1995 (see Supplemental Table 5, Additional file 5)
[65]. Frequencies of exposures reported by veterans for
the current study were generally consistent with those
reported by veterans surveyed in 1995, although the
proportion who reported exposure to chemical/biologi-
cal warfare agents in the current study (21%) was about
twice the proportion (10%) who reported exposure to
nerve gas in 1995.

The association of health outcomes with individual
exposures and exposure duration during the Gulf War are
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detailed in Table 4. In initial bivariate (unadjusted) analy-
ses (not shown), each health outcome appeared to be sig-
nificantly associated with all veteran-reported exposures
(p<0.0001). After adjusting for concurrent exposures
and demographic and military covariates in multivariable
models, six of the eight queried experiences/exposures
were significantly associated with all health outcomes.
For five of the six significant exposures, the magnitude of
association was greatest (OR point estimates ranged from
1.35 to 5.77) in relation to Dx-GWTI and lowest (OR point
estimates ranged from 1.16 to 2.74) in relation to SR-Fair/
Poor.

Veteran-reported exposure to chemical/biological war-
fare agents was most strongly associated with all health
outcomes (OR point estimates ranged from 2.74 to 5.77,
all p<0.0001) in multivariable models. The next strong-
est associations were identified for taking PB pills in rela-
tion to Dx-GWI (OR=2.55, p<0.0001) and use of skin
pesticides for both CDC-GWI (OR=1.80, p<0.0001) and
SR-Fair/Poor (OR=1.58, p<0.0001). Additional deploy-
ment experiences/exposures identified as significant risk
factors, in descending order, included close proximity to
smoke from oil well fires (ORs=1.55-2.14), direct par-
ticipation in ground combat (ORs=1.29-1.58), and use
of insect baits/no-pest strips in living areas (ORs=1.16—
1.35). For all outcomes, duration-response effects were
evident for five of the six significant deployment expe-
riences/exposures (oil well fires, ground combat, PB
pills, chemical/biological agents, skin pesticides), with
greater illness prevalence and higher ORs associated with
longer-duration exposures (Cochran-Armitage trend test
»<0.0001 for each exposure).

Associations of “Not Sure” exposure responses with
health outcomes were also assessed (Table 4). In nearly
all cases, prevalence and OR estimates for health out-
comes among veterans who indicated they were “Not
Sure” regarding a particular exposure were intermediate
between those for “Yes” (exposed) and “No” (not exposed)
responses. This is consistent with expectation, assuming
some veterans who reported “Not Sure” to a given expo-
sure may have been exposed, and others were not.

Due to the clear pattern of correlation among the three
queried pesticide exposures, exploratory analyses evalu-
ated effects of individual and combinations of pesticides
in relation to CDC-GWI. As detailed in Supplemen-
tal Table 6 (Additional file 6), use of skin pesticides was
most strongly associated with CDC-GWI, individually
and in combination with other pesticides, compared to
the other two pesticide types. Neither stratified bivariate
analyses nor logistic regression models identified signifi-
cant interactive effects in relation to any pesticide com-
bination. As shown, adjusted models suggested additive
effects of using skin pesticides with uniform pesticides
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Table 4 Association of deployment experiences and exposures with chronic ill health in 1990-1991 Gulf War veterans

Veteran Self-Reports Veteran Meets Veteran Told by

General Health CDC Criteria Healthcare Provider

as Fair/Poor for Severe GWI° that he/she has GWI

(SR-Fair/Poor) (CDC-GWI) (Dx-GWI)

All Veterans Exposed vs Exposed vs Exposed vs
Not Exposed Not Exposed Not Exposed

Exposure® / Duration n Prev. OR,y(99%C.l) Prev. OR,4(99% C.l.) Prev. OR,y(99%C.l)
Close Proximity to Smoke from Oil Well Fires

No 3046 33% 1.0 (ref) 17% 1.0 (ref) 7% 1.0 (ref)

Yes 8599 54%  1.55(1.35,1.77)" 36%  155(1.31,183)" 26%  2.14(1.72,265)"
1-6 days 1421 48%  135(1.11,1.65) 27%  1.19(093,1.52) 19%  1.52(1.14,2.03)
7-30 days 2882 52%  147(1.24,1.74)" 33%  1.32(1.07,163) 24%  1.70(1.32,2.19)"
31+ days 3807 58%  1.78(1.52,2.09)" 42% 197 (163, 238) 31% 262 (2.08,331)"

(Not sure: n=1740) 50%  1.49(1.251.77) 26%  1.21(0.97,1.50) 15%  1.59(1.21,2.08)"
Directly Involved in Ground Combat

No 8550 43% 1.0 (ref) 24% 1.0 (ref) 14% 1.0 (ref)

Yes 4195 59%  1.29(1.14,146)" 42% 151(132,172)" 32%  1.58(1.37,1.82)"
1-6 days 1878 56%  1.24(1.06,145) 37%  1.26(1.06,1.50)" 28%  1.32(1.10, 158)**
7-30 days 1278 59%  1.30(1.09,1.56) 44%  162(1.34,1.97)" 35%  1.77(145,215)"
31+ days 812 66%  1.54(1.23,193)" 53%  2.02 (160, 255) 36%  1.71(135,217)"

(Not sure: n=402) 62%  1.38(1.03,1.85) 43%  1.47(1.07,2.01) 32%  1.72(1.25,2.36)"
Took Pyridostigmine Bromide Pills

No 3241 33% 1.0 (ref) 17% 1.0 (ref) 7% 1.0 (ref)

Yes 7581 55%  141(1.22,162)" 37%  135(1.14,161)" 28%  2.55(2.04,3.19)"
1-6 days 1664 51%  138(1.14,167) 31%  1.17(0.93,147) 24%  2.13(162, 280)“
7-30 days 2140 55%  1.50(1.24,1.81)" 37%  141(1.13,1.76)" 28%  249(191,325)"
31+ days 2856 58%  1.59(1.33,1.91)" 42%  158(1.28,194)" 31%  2.56(1.98,331)"

(Not sure: n=2624) 49%  1.35(1.15,1.58)" 28%  1.23(1.01,1.50)" 15%  1.73(1.34,2.23)"
Exposed to Chemical/Biological Warfare Agents

No 3400 30% 0 (ref) 15% 1.0 (ref) 5% 1.0 (ref)

Yes 2773 67%  2.74(230,3.28)" 51%  3.29(268,4.05)" 44% 577 (445,748)"
1-6 days 1020 62%  237(189,297) 45%  279(216,361)" 37%  451(3.33,609)"
7-30 days 749 63%  2.50(1.93,3.23)" 50%  3.09(233,4.09)" 47% 627 (4.57,862)"
31+ days 768 75%  3.93(2.98,5.18)" 63%  494(3.71,6.57)" 51%  6.84(497,9.42)"

(Not sure: n=7204) 51%  1.66(1.451.91)" 30%  1.71(1.43,2.05)" 19%  227(1.78 2.90)"
Used Pesticide Cream or Liquid on Your Skin

No 5585 38% 1.0 (ref) 20% 1.0 (ref) 1% 1.0 (ref)

Yes 5376 58%  1.58(1.39,1.80)" 41% 180 (155,209 30%  1.77(1.50,2.08)"
1-6 days 388 55%  1.56(1.15,2.10)° 29% 116 (0.82,1.65) 28%  163(1.14,231)
7-30 days 1237 550%  1.53(1.26,1.85)" 38% 167 (135, 208) " 28%  1.64(1.30,2.07)"
31+ days 3272 61%  1.75(1.50,203)" 45%  2.13(1.80,252)" 31% 176 (147,212)"

(Not sure: n=2389) 54%  1.29(1.11,1.50)" 33%  1.43(1.20,1.71) 21%  1.32(1.081.61)
Wore a Uniform Treated with Pesticides

No 5812 40% 1.0 (ref) 22% 1.0 (ref) 13% 1.0 (ref)

Yes 3006 57%  1.12(0.95,1.30) 42%  1.21(1.02,145) 30%  1.19(0.99,1.44)
1-6 days 162 51%  1.01(0.64,1.60) 42%  127(0.77,2.10) 26%  1.19(0.71,2.00)
7-30 days 463 56%  1.18(0.88,1.57) 39%  1.21(0.89,1.65) 30%  1.29(0.94,1.78)
31+ days 2112 58%  1.16(0.97,1.38) 43%  127(1.05,154)" 31% 116 (0.95,1.43)

(Not sure: n=4499) 55%  1.11(0.97,1.27) 35%  1.14(0.97, .33) 24%  1.10(0.93,1.31)

Used Insect Baits/No Pest Strips in Your Living Area

No

5629

40%

1.0 (ref)

23% 1.0 (ref)

13% 1.0 (ref)
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Veteran Self-Reports Veteran Meets Veteran Told by
General Health CDC Criteria Healthcare Provider
as Fair/Poor for Severe GWI® that he/she has GWI
(SR-Fair/Poor) (CDC-GWI) (Dx-GWI)
All Veterans Exposed vs Exposed vs Exposed vs
Not Exposed Not Exposed Not Exposed
Exposureb/ Duration n Prev. adf (99% C.l.) Prev. ad,‘ (99% C.l.) Prev. adf (99% C.l.)
Yes 4,839 56%  1.16(1.02,1.31) 40%  1.26(1.09,146)" 29%  1.35(1.15,1.58)"
1-6 days 113 54% 1.30(0.76,2.23) 36% 1.36 (0.76, 241) 22% 1.07 (0.56, 2.02)
7-30 days 619 53%  1.02(0.79,1.31) 37%  1.10(0.83,1.45) 28% 23(0.92,1.65)
31+ days 3,647 57%  1.18(1.03,1.36) 41%  131(1.12,1.53)" 29%  134(1.13,158)"
(Not sure: n=2905) 53% 1.15(0.99, 1.32) 31% 1.07 (0.86, A79) 20% 1.17(0.93,1.34)

Worked with Prisoners of War

27% 1.0 (ref)
40% 1.11(0.97,1.28
39% 1.11(091,1.34

17% 1.0 (ref)
30%  1.15(0.99,1.33
28%  1.06(0.87,1.29

No 9768 46% 1.0 (ref)
Yes 3169 56%  1.02(0.90,1.17)
1-6 days 1361 57% 1.07 (0.90, 1.28)
7-30 days 944 54%  0.93(0.76,1.14)
31+ days 664 58%  1.13(0.89,1.73)
(Not sure:n=330) 62% 1.23(0.89,1.72)

1.2

1.3
40%  1.13(0.90, 1.40
42%  1.21(0.94,1.56
43% 1.32(0.93,1.88) 32%

33%  1.36(1.05,1.75)"
1.54(1.08,2.19)

) )
) )
) 31%  1.12(0.90, 1.40)
) )

Abbreviations: GWI Gulf War iliness, Prev Prevalence, OR ,4; Adjusted prevalence odds ratio, 99% C.I. 99% confidence interval, (ref) reference group

2 GWI defined according to U.S. Centers for Disease Control and Prevention (CDC) criteria for severe chronic multisymptom illness'?

b Missing values for deployment experiences/exposures: Oil Fire Smoke n=718; Ground Combat n=956; Took PB Pills n=657; Exposed to Chem/Bio Agents n=726;
Used Skin Pesticides n=753; Wore Uniform w/Pesticides n=786; Used Insect Baits/strips n=730; Worked w/POWs n=836

¢ Logistic regression models adjusted for other significant experiences/exposures in theater (oil fire smoke, serving in combat, taking pyridostigmine bromide pills,
using pesticides on skin, using fly baits/no-pest strips in living area), military rank (Enlisted vs. Officers), sex, age, race

*Adjusted prevalence OR significant, p<0.01; **Adjusted prevalence OR significant, p<0.0001

and/or insect baits, with the greatest pesticide-associated
risk among veterans who reported using all three types of
pesticides (OR=2.48, p <0.0001).

Discussion

More than three decades after the 1990-1991 Gulf War,
important questions remain about the health of mili-
tary veterans who served in that conflict. The current
study utilized survey data collected in 2018-2020 from
the nationwide cohort of GWV participants in VA’s Mil-
lion Veteran Program (MVP) to evaluate measures of
chronic ill health in relation to Gulf War exposures and
other characteristics of deployment. The final cohort
(n=14,103) represents the largest sample of U.S. GWVs
studied to date and was similar to the overall population
of U.S. GWVs. Study results confirm a continuing burden
of chronic ill health, including GWI, in a substantial pro-
portion of GW'Vs that is associated with specific aspects
of their 1990-1991 Gulf War service.

Forty-nine percent of GWVs in this large cohort
reported their general health as fair or poor (SR-Fair/
Poor), 31% met CDC criteria for severe GWI (CDC-
GWTI), and 20% had been diagnosed with GWT (Dx-GW1I)
by a healthcare provider. Despite differences in how the

three outcomes were ascertained, these measures of
chronic ill health among GWVs were associated with
consistent patterns of demographic, military, and deploy-
ment characteristics. All occurred at highest frequencies
among the youngest GWVs in the cohort and were less
prevalent in older age groups. Several recent studies have
also reported higher rates of GWI in younger veterans
[8, 9, 56], although earlier GWV studies did not identify
consistent age-related differences [11].

Health outcomes also occurred in consistent patterns in
relation to veterans’ military and deployment character-
istics. All were identified at highest rates among veterans
who served in the Army and Marine Corps, and among
enlisted personnel compared to officers. Similar associa-
tions of GWI with military branch and rank have been
reported by previous GWYV studies [11]. Veterans who
served in the Reserve Component had similar rates of
both SR-Fair/Poor and CDC-GWT as Active Component
veterans, although more Reserve veterans (24% vs. 19%)
had been diagnosed with GWI by a healthcare provider
(Dx-GWI). Early reports on the health of GW Vs suggested
that Reserve/National Guard GWVs were disproportion-
ately affected by Gulf War-related illnesses, compared to
Active Component GWVs [62, 70]. Identified differences
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were based largely on the profile of veterans enrolled in
VA and DOD Gulf War Registry programs, however, and
were not generally supported by subsequent GWV gen-
eral population studies [8, 9, 14, 71].

The current study also identified clear patterns of
GWT/ill health in relation to veterans’ deployment loca-
tions and time periods of service during the 1990-1991
Gulf War. Highest illness rates were consistently identi-
fied among GWVs who served for at least 7 days in Iraq
and Kuwait, where nearly all battles had taken place, and
among veterans who were in theater during the period of
active hostilities (January—February 1991) and remained
through the summer months of 1991.

Core questions related to GW1I etiology have focused
on identifying specific experiences or exposures dur-
ing the Gulf War that may have caused or contributed
to GWI In the current study, six of the eight individual
deployment experiences and exposures queried were
significantly, independently, and consistently associated
with the three defined GW1/ill health outcomes. Veteran-
reported exposure to chemical/biological warfare agents
was associated with the highest OR estimates, followed
by use of PB pills and use of skin pesticides. Overall, these
findings are consistent with earlier GWV studies [11, 19]
in identifying deployment exposures with potential neu-
rotoxicant effects as the greatest risk factors for GWI.

Previous studies of GWVs have most consistently
identified extended use of PB pills and pesticides as sig-
nificant risk factors for GWI, after adjusting for effects of
concurrent exposures [11, 19]. The 1990-1991 Gulf War
is the only conflict in which PB pills were widely issued
and ordered for use by U.S. military personnel in theater.
Multiple government-sponsored reports have character-
ized the extent of PB use as well as the types and patterns
of pesticide use [11, 24, 26, 72, 73]. At least 64 pesticide
products are known to have been used during the Gulf
War, including 15 identified by DOD as “pesticides of
potential concern” [72]. Military-issued pesticides and
repellants included multiple organophosphate, carba-
mate, and pyrethroid compounds as well as a high con-
centrate (75%) N,N-diethyl-meta-toluamide (DEET) skin
product that is no longer used by the military [26, 72-74].

Some previous GWYV population studies have also
reported significant associations between GWI and
chemical weapons exposures during deployment. Mul-
tiple chemical agent releases and possible troop expo-
sures in the Gulf War theater have been identified [23,
75-77]. The most extensively documented and analyzed
event occurred in connection with demolition operations
at a large weapons depot near Khamisiyah, Iraq, in early
March 1991. Department of Defense models indicate that
about 100,000 U.S. troops were located in plume areas
downwind from the Khamisiyah demolitions and were
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potentially exposed to low levels of the nerve agents sarin
and cyclosarin [23]. Determining if individual GWVs
were exposed to chemical weapons, however, has been
a substantial challenge, with GWV studies using several
approaches that have yielded differing results. When
chemical weapons exposure has been estimated based
on proximity to the Khamisiyah event or plume models,
studies have generally identified no, or relatively low-level
associations with GWI [78-81]. Moderate-level, signifi-
cant associations are more typically identified by studies
in relation to specific experiences evaluated as proxies for
possible chemical weapons exposures, such as hearing
chemical alarms or donning mission-oriented protective
posture (MOPP) gear [31, 81, 82]. The largest magnitude
risk estimates have been reported by studies that simply
ask veterans if they were or believe they were exposed to
chemical weapons during Gulf War deployment [28—30].
The elevated association of GWI/chronic illness with
chemical/biological warfare agents identified by the cur-
rent study (ORs ranged from 2.74-5.77, p<0.0001) falls
into the latter category. This finding should be inter-
preted in that context, considering the method of expo-
sure ascertainment and identified variable limitations.

In addition to the neurotoxicant exposures consist-
ently associated with GWI in previous studies, a limited
number of studies have reported additional GWT risk fac-
tors, including exposure to oil well fires [28, 83], deploy-
ment-related vaccines [5, 83, 84], and head injuries during
deployment [27, 85]. The current study did not ask veter-
ans about all experiences and possible hazardous exposures
that might have occurred during Gulf War deployment.
Notably, however, the deployment locations and time peri-
ods associated with the largest number of reported expo-
sures in this cohort were also those associated with the
highest illness frequencies 27—-30 years after the war.

Genetic studies may provide additional insights con-
cerning effects of Gulf War exposures [47]. A num-
ber of candidate gene studies have previously reported
gene-exposure interactions in relation to GWI risk. This
includes findings that GWI risk in relation to possible
nerve agent exposure was significantly elevated among
GW Vs with a specific genetic variant of the paraoxonase
1 enzyme (PONL1,4,;) [31], and preliminary indications
of interactions between PB use and a single nucleotide
polymorphism of the PON1 gene [52] and slow-acting
genetic variants of the butyrylcholinesterase enzyme [51,
86]. Although these findings require further corrobora-
tion, they suggest a potentially complex scenario involv-
ing variability of health effects resulting from one or more
Gulf War exposures in relation to one or more gene vari-
ants. This underscores the importance of a careful and
comprehensive evaluation of gene-exposure interactions
potentially linked to GWT in a large, representative GWV
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population. Studies to address this core objective of the
MVP CSP #2006 project are underway. Clarification of
genetic factors associated with GW1I can contribute essen-
tial insights concerning the etiology and pathobiology of
GW]I, identify subgroups of importance, and potentially
support improved GW1I diagnosis and clinical care.

Beyond providing an updated assessment of GWI/
ill health in GWVs and associations with features of
Gulf War deployment, the current study provides use-
ful insights concerning other research issues related to
the health of GWVs. In the last decade, multiple stud-
ies have raised questions about the accuracy of the two
most widely used GWI case definitions, both developed
in the late 1990s, for defining the current GWI symptom
profile. Such concerns arise from consistent documenta-
tion of increased frequency and severity of both symp-
toms and diagnosed health conditions among GWVs and
comparison veteran cohorts over time, and substantially
reduced specificity of both the CDC and Kansas GW1I
criteria in relation to Gulf War service [7, 8, 54, 57].

To address and potentially compensate for limitations
related to established GWI case criteria, we evaluated
three indicators of chronic ill health in the MVP GWV
cohort. The defined health outcomes were both general
and specific in nature. That is, they were defined by vet-
erans’ own assessments of their general level of health
(SR-Fair/Poor), by the presence/absence of 10 common
symptoms included in CDC criteria for severe GWI
(CDC-GWI), and by veterans’ reports of being diagnosed
by their healthcare providers with GWI (Dx-GWI).
Despite differences in how the three outcomes were
determined, identified risk factors for chronic ill health
were highly consistent across all outcomes. This indicates
that the identified associations are robust, despite uncer-
tain precision in ascertaining who does/does not have
GWL It also raises the expectation that GW1 risk factors,
biological alterations, and genetic associations can be
identified more definitively if evaluated using a current,
more precise GWI case definition, refined to optimize
metrics of sensitivity and specificity.

An essential aspect of population health research is to
determine whether health conditions occur randomly in
a given population, or if identified associations and pat-
terns indicate a greater likelihood that the condition can
be attributed to specific causes and contributing factors.
A basic, but important contribution of the current study
is the demonstration that GWT and indicators of chronic
ill health do not occur randomly among GWVs. Study
findings indicate that GW1I/ill health is associated with a
clear pattern of deployment characteristics and specific
exposures, identifiable nearly 30 years after the war, and
is not a general, nonspecific result of warzone deploy-
ment or effects of aging.
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There are several important strengths of the current
study. They include the size and nationwide represen-
tation of the MVP GWYV cohort, providing the largest
research sample of U.S. Gulf War veterans evaluated for
any study to date. Although not originally developed as
a population-based sample, cohort characteristics are
similar to the full GWV population, providing confidence
in the generalizability of research results. The timing of
data collection for the current study is also an impor-
tant strength, providing an essential, updated charac-
terization of the health of GWVs 27-30 years after their
Gulf War service. In addition, three indicators of GW1/
chronic ill health were evaluated to offset potential limi-
tations of particular case definitions currently in use.
Another strength is our assessment of Gulf War deploy-
ment locations and time periods, which produced use-
ful insights not typically provided by GWV studies. For
veterans asked about wartime experiences many years
after deployment, these characteristics of time and place
were potentially less affected by differential or inaccurate
recall than might be expected for particular exposures.
The consistency of study findings across health outcomes
regarding associations of GW1/ill health with specific risk
factors and Gulf War deployment characteristics sup-
ports the validity and robust nature of our findings.

Limitations that may affect study results and inter-
pretation relate primarily to the potential for informa-
tion bias resulting from use of self-reported health and
exposure data. This is less a concern for health outcomes
for the current study, which primarily utilized meas-
ures identified by veterans’ symptoms and standardized
health index values—both of which, by definition, rely on
patient self-report. Limitations related to self-reported
exposures are a greater potential concern for the study
and may have led to over- or underestimates of the asso-
ciations of health outcomes with risk factors. This prob-
lem is common across all GWYV health studies, due to
very limited documentation of exposures during the Gulf
War [11, 16]. Such limitations can currently be assessed,
to some extent, by evaluating the consistency of findings
across studies and across populations. Further progress
in identifying effects of specific exposures in individual
veterans will likely depend on advances in identification
of epigenetic or other biomarkers of Gulf War exposures.

A related concern, also common in GWYV studies, is
the proportion of veterans who were unsure whether
or not they had certain exposures during the Gulf War,
most prominently in relation to chemical/biological
warfare agents (54%), pesticide-treated uniforms (34%),
and PB pills (20%). In many cases, ‘Not Sure” was likely
the most accurate response. For example, some vet-
erans are known to have been exposed to chemical
warfare agents, but usually at very low levels that did
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not cause symptoms. So veterans would commonly
not know if they had been exposed. The large number
of “Not Sure” responses resulted in a reduced num-
ber of veterans for whom effects of exposures could
be directly evaluated (i.e., veterans who reported they
were or were not exposed). Still, as indicated above, our
analytic results were consistent with those expected in
the absence of pronounced systematic bias introduced
by “Not Sure” responses, for example, that could occur
if veterans differentially reported “Not Sure” in relation
to their health status.

Limitations associated with missing data can also be a
concern for large population surveys. Although this was
a relatively minor issue for the current study overall, one
of the primary health outcomes of interest, CDC-GWI,
was not ascertained for 11% of the sample. This reduced
the sample size for evaluating prevalence and risk factors
for CDC-GWI. However, the overall similarity of identi-
fied associations of deployment factors across the three
primary health outcomes evaluated by the study lessens
concerns about biased results due to the reduced number
of veterans for whom CDC-GWI was determined.

Factors related to sample selection and survey response
rates represent an additional possible limitation. In order
to achieve project objectives, the study sample was drawn
from a large national VA cohort assembled to address
genetic questions related to veterans’ health. The survey
response rate for GWVs in the current study was 44%,
lower than the 50-80% response rates reported by earlier
GWYV population studies [14, 65, 87], but comparable to or
higher than response rates achieved by later GWV stud-
ies [88, 89]. Still, the demographic and military profiles
of study participants in the current cohort were generally
similar to veterans in the target sample who did not par-
ticipate, and to the full population of U.S. GWVs. Notable
exceptions were that the study cohort included lower pro-
portions of younger veterans and enlisted personnel com-
pared to nonparticipants and the general GWYV population.
To the extent these differences introduced selection bias
into study results, we would expect a possible downward
bias in relation to prevalence estimates for the health out-
comes reported here. However, the sampling method and
response rate do not appear to have introduced substantial
bias in relation to overall study results. The most prominent
factors associated with GW1/ill health identified by the cur-
rent study (age, enlisted ranks, Army and Marine Corps
service, neurotoxicant exposures) parallel those most con-
sistently identified by previous GWV studies.

Conclusions

The current study evaluated data collected in 2018-2020
from over 14,000 veterans of the 1990-1991 Gulf War
to provide an updated assessment of veterans’ health
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in relation to their Gulf War service. Results indicate a
continued high burden of GW1/ill health in this cohort
that occurs in consistent patterns associated with veter-
ans’ deployment characteristics and exposures, nearly 30
years after the Gulf War. Military and demographic simi-
larities of this cohort to the full population of U.S. GW'Vs
provide confidence that study results have a high degree
of generalizability to all Gulf War veterans. Findings also
demonstrate the value of the MVP GWYV cohort as an
important resource for future studies to address priority
questions regarding the health of GWVs. This includes
studies to determine the role of deployment exposures
and genetic factors in GWI and biological mechanisms
associated with veterans’ persistent symptoms.
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CDC U.S. Centers for Disease Control and Prevention

CDC-GWI Meets CDC-defined criteria for severe Gulf War illness [13]

al Confidence interval

CSP #2006 VA Cooperative Studies Program #2006

DEET N,N-diethyl-meta-toluamide (insect repellant)

DOD U.S. Department of Defense

Dx-GWI Veteran was told by healthcare provider that he/she has Gulf
War illness

GWI Gulf War illness

GWV Gulf War veteran

KKMC King Khalid Military City, in northeastern Saudi Arabia

MOPP Mission-oriented protective posture gear (worn as protection
against potential exposure to hazardous agents)

MVP VA Million Veteran Program

OR Prevalence odds ratio

PON-1 Paraoxonase-1, an enzyme that hydrolyzes organophosphate

and other toxicants
PB Pyridostigmine bromide (used as prophylaxis against effects of
nerve gas attack)

SR-Fair/Poor  Self-reported general state of health reported as Fair or Poor

us. United States of America

VA U.S. Department of Veterans Affairs

VADIR Veterans Affairs/Department of Defense Identity Repository

VR-12 Veterans RAND 12 Item Health Survey

VR-12 PCS Veterans RAND 12 Item Health Survey: Physical Component
Summary score

VR-12 MCS Veterans RAND 12 Item Health Survey: Mental Component

Summary score

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512940-024-01118-7.

Additional file 1: Supplemental Table 1. Comparison of Demographic and
Military Characteristics of Gulf War Veterans in the CSP #2006 Cohort with
AllUS. Gulf War Veterans.

Additional file 2: Supplemental Table 2. Comparison of Demographic,
Military, and Health Characteristics of CSP #2006 Survey Respondents vs.
Non-Respondents Among Deployed Gulf War Veterans.

Additional file 3: Supplemental Table 3. Frequency of Veteran-Reported
Deployment Experiences/Exposures in Gulf War Miliary and Deployment
Subgroups.

Additional file 4: Supplemental Table 4. Correlation Among Veteran-
Reported Experiences/Exposures During the 1990-1991 Gulf War.

Additional file 5: Supplemental Table 5. Comparison of 1990-1991 Gulf
War Exposures Reported by Gulf War Veterans in the CSP #2006 Cohort
and the VA 1995 National Health Survey of U.S. Gulf War Veterans.



https://doi.org/10.1186/s12940-024-01118-7
https://doi.org/10.1186/s12940-024-01118-7

Steele et al. Environmental Health (2024) 23:92

Additional file 6:Supplemental Table 6. Association of Severe Gulf War
llIness with Use of Individual and Combined Pesticides During Gulf War
Deployment.

Additional file 7: Appendix A: VA Million Veteran Program: Core Acknowl-
edgement for Publications.

Acknowledgements

The authors gratefully acknowledge the 1990-1991 Gulf War veterans who
participated in the MVP Gulf War Era Survey project. We are also grateful

for the assistance of Rene LaFleur and the support of the team at the West
Haven VA Cooperative Studies Program Epidemiology Center, especially
John Concato (former Director), Alysia Maffucci, Elani Streja, and Krishnan
Radhakrishnan, as well as CSP #2006 Executive Committee Members Erin
Dursa, Nancy Klimas, Kim Sullivan, and Hongyu Zhao. We acknowledge

the support of MVP leadership, especially Suma Muralidhar, and the help

of Nicole Usher at MVP. We also acknowledge the support of Grant Huang,
Director of VA Cooperative Studies Program, and of Karen Block, Gulf War
lliness Program Director, VA Office of Research and Development. Finally, we
acknowledge the lasting contributions of Dawn Provenzale, former Director
of the Cooperative Studies Program Epidemiology Center-Durham and
former Co-Chair of CSP #2006. (Please see Appendix A (Additional file 7) for
full MVP acknowledgements.)

Authors’ contributions

LS, ERH, KMH, RQ, STA, JK, and LMD were primary contributors to study
conceptualization, design, analytic approach, and development of the
original manuscript draft. Data curation: JK, RQ; formal data analysis: LS, JK,
RQ; interpretation of analytic results: LS, ERH, KMH, RQ, STA, JK, LHD, DAH, MA;
supervision: DAH, ERH, MA; writing (review, editing, interpretation): LS, ERH,
KMH, RQ, STA, LMD, JK, DAH, MA, RP, EJG, JMG. All authors read and approved
the final manuscript.

Funding

This research was supported by VA Cooperative Studies Program #2006 and
the VA Million Veteran Program (MVP Core Project 029). Drew Helmer’s salary
was supported by VA Health Services Research & Development CIN 13-413.
This publication does not represent the views of the U.S. Department of
Veteran Affairs or the United States Government.

Data availability
Due to the nature of this research, participants of this study did not agree for
their data to be shared publicly, so supporting data are not available.

Declarations

Ethics approval and consent to participate

This research was conducted according to the guidelines of the Declaration of
Helsinki and approved by both the VA Central Institutional Review Board (CIRB MVP
protocol code:10-02; CIRB CSP #2006 protocol code:19-26) and the VA Research
Oversight/Ethics Committee. All MVP participants provided informed consent at
the time of study enroliment, which included consent to collection and use of
self-reported questionnaire data. In addition, the cover page of the MVP CSP #2006
Gulf War Era Survey included the following statement:“By completing all or some of
these questions, you are voluntarily consenting to participate in this survey”

Consent for publication
Not applicable

Competing interests
The authors declare that they have no competing or conflicts of interest.

Author details

'Veterans Health Research Program, Yudofsky Division of Neuropsychiatry,
Department of Psychiatry and Behavioral Sciences (MS 350), Baylor College
of Medicine, One Baylor Plaza, Houston, TX 77030, USA. Million Veteran
Program (MVP) Coordinating Center, VA Boston Healthcare System, Boston,
MA 02130, USA. *Center for Innovations in Quality, Effectiveness, and Safety
(IQUESY), Michael E. DeBakey VA Medical Center, Houston, TX 77030, USA.

Page 17 of 19

“Department of Medicine, Baylor College of Medicine, Houston, TX 77030,
USA. °Department of Psychiatry, Boston University Chobanian & Avedisian
School of Medicine, Boston, MA 02118, USA. ®Cooperative Studies Program
Clinical Epidemiology Research Center (CSP-CERC), VA Connecticut Healthcare
System, West Haven, CT 06516, USA. Department of Psychiatry, Yale University
School of Medicine, New Haven, CT 06511, USA. 8Medicare and Medicaid
Analysis Center, U.S. Department of Veterans Affairs, Braintree, MA 02184, USA.
VA Cooperative Studies Program Epidemiology Center-Durham, Department
of Veterans Affairs, Durham, NC 27705, USA. '°Center for Child and Family
Policy, Duke Margolis Center for Health Policy, Duke University Sanford School
of Public Policy, Durham, NC 27708, USA. ' Department of Medicine, Brigham
and Women's Hospital, Harvard Medical School, Boston, MA 02115, USA.
2Department of Internal Medicine, Yale University School of Medicine, New
Haven, CT 06511, USA. '*Department of Biostatistics and Bioinformatics, Duke
Molecular Physiology Institute, Duke University, Durham, NC 27705, USA.

Received: 1 May 2024 Accepted: 23 September 2024
Published online: 25 October 2024

References

1. US. Department of Defense. Conduct of the Persian Gulf War: Final
Report to Congress Washington, DC; April 1,1992 https://apps.dtic.mil/sti/
citations/ADA249270 [Accessed 15 Apr 2024].

2. DeFraites RF, Wanat ERI, Norwood AE, Williams S, Cowan D, Callahan T.
Investigation of a Suspected Outbreak of an Unknown Disease among
Veterans of Operation Desert Shield/Storm 123d Army Reserve Com-
mand, Fort Benjamin Harrison, Indiana, April, 1992. Washington, DC:
Water Reed Army Institute of Research; June 15, 1992 https://apps.dtic.
mil/sti/citations/ADA301076 [Accessed 15 Apr 2024].

3. US. Centers for Disease Control and Prevention (CDC). Unexplained
iliness among Persian Gulf War Veterans in an Air National Guard Unit:
preliminary report--August 1990-March 1995 MMWR: Morbidity and
Mortality Weekly Report 1995;44:443-7.

4. Stretch RH, Bliese PD, Marlowe DH, Wright KM, Knudson KH, Hoover CH.
Physical health symptomatology of Gulf War-era service personnel from
the states of Pennsylvania and Hawaii. Mil Med. 1995;160:131-6.

5. Unwin C, Blatchley N, Coker W, Ferry S, Hotopf M, Hull L, et al. Health of
UK servicemen who served in Persian Gulf War. Lancet. 1999;353:169-78.

6.  Goss Gilroy Inc. Health Study of Canadian Forces Personnel Involved in
the 1991 Conflict in the Persian Gulf. Ottawa: Gulf War lliness Advisory
Committee - Department of National Defence; 1998.

7. Duong LM, Nono Djotsa A, Vahey J, Steele L, Quaden R, Harrington KM,
et al. Association of Gulf War lliness with Characteristics in Deployed vs.
Non-Deployed Gulf War Era Veterans in the Cooperative Studies Program
2006/Million Veteran Program 029 Cohort: A Cross-Sectional Analysis. Int
J Environ Res Public Health. 2022;20(1):258.

8.  Gifford EJ, Vahey J, Hauser ER, Sims KJ, Efird JT, Dursa EK, et al. Gulf War
iliness in the Gulf War Era Cohort and Biorepository: The Kansas and Cent-
ers for Disease Control Definitions. Life Sci. 2021;278: 119454,

9. Porter B, Long K, Rull RP, Dursa EK, Millennium Cohort Study Team.
Prevalence of Chronic Multisymptom lliness/Gulf War lliness Over Time
Among Millennium Cohort Participants, 2001 to 2016. J Occup Environ
Med 2020,62:4-10.

10. Zundel CG, Heeren T, Grasso CM, Spiro A, Proctor SP, Sullivan K, Krengel
M. Changes in Health Status in the Ft. Devens Gulf War Veterans Cohort:
1997-2017. Neurosci Insights. 2020;15. https://doi.org/10.1177/26331
05520952675.

11. Research Advisory Committee on Gulf War Veterans'llinesses. Gulf War
lliness and the Health of Gulf War Veterans: Scientific Findings and
Recommendations. U.S. Government Printing Office 2008-560-653.
Washington, D.C. 2008. https://www.va.gov/RAC-GWVI/docs/Commi
ttee_Documents/GWlandHealthofGWVeterans_RAC-GWVIReport_
2008.pdf [Accessed 15 Apr 2024 1.

12. Institute of Medicine. Chronic Multisymptom lliness in Gulf War
Veterans: Case Definitions Reexamined. Washington, DC: The National
Academies Press; 2014.

13. Fukuda K, Nisenbaum R, Stewart G, Thompson WW, Robin L, Washko
RM, et al. Chronic multisymptom illness affecting Air Force veterans of
the Gulf War. JAMA. 1998;280:981-8.


https://apps.dtic.mil/sti/citations/ADA249270
https://apps.dtic.mil/sti/citations/ADA249270
https://apps.dtic.mil/sti/citations/ADA301076
https://apps.dtic.mil/sti/citations/ADA301076
https://doi.org/10.1177/2633105520952675.
https://doi.org/10.1177/2633105520952675.
https://www.va.gov/RAC-GWVI/docs/Committee_Documents/GWIandHealthofGWVeterans_RAC-GWVIReport_2008.pdf
https://www.va.gov/RAC-GWVI/docs/Committee_Documents/GWIandHealthofGWVeterans_RAC-GWVIReport_2008.pdf
https://www.va.gov/RAC-GWVI/docs/Committee_Documents/GWIandHealthofGWVeterans_RAC-GWVIReport_2008.pdf

Steele et al. Environmental Health

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

(2024) 23:92

. Steele L. Prevalence and patterns of Gulf War illness in Kansas veterans:

association of symptoms with characteristics of person, place, and
time of military service. Am J Epidemiol. 2000;152:992-1002.

. Maule AL, Janulewicz PA, Sullivan KA, Krengel MH, Yee MK, McClean

M, White RF. Meta-analysis of self-reported health symptoms in
1990-1991 Gulf War and Gulf War-era veterans. BMJ Open. 2018;8(2):
e016086.

. National Academies of Sciences, Engineering, and Medicine 2016. Gulf

War and Health: Volume 10: Update of Health Effects of Serving in the
Gulf War, 2016. Washington, DC: The National Academies Press; 2016.
https://doi.org/10.17226/21840. Accessed 26 Sept 2024.

. Research Advisory Committee on Gulf War Veterans’llinesses. Gulf

War lliness and the Health of Gulf War Veterans: Research Update and
Recommendations, 2009-2013. U.S. Government Printing Office Wash-
ington, D.C. 2014. https://www.va.gov/RAC-GWVI/RACReport2014Final.
pdf [Accessed 15 Apr 2024 1.

. US. Department of Defense Congressionally Directed Medical

Research Programs. The Gulf War lliness Landscape. 2022; https://
cdmrp.health.mil/gwirp/pdfs/Gulf%20War%20llIness%20Research%
20Landscape_2022.pdf [Accessed 15 Apr 2024].

. White RF, Steele L, O'Callaghan JP, Sullivan K, Binns JH, Golomb BA,

et al. Recent research on Gulf War illness and other health problems

in veterans of the 1991 Gulf War: Effects of toxicant exposures during
deployment. Cortex. 2016;74:449-75.

U.S. Department of Defense Office of the Special Assistant for Gulf War
llinesses. Environmental Exposure Report: Oil Well Fires. Washington,

D.C. Oct 13, 1998. https://www.gulflink.osd.mil/oil_well_fires/index.html
[Accessed 15 Apr 2024].

U.S. Department of Defense Office of the Special Assistant for Gulf War
llinesses. Environmental Exposure Report: Depleted Uranium in the Gulf
(. Washington, D.C. Dec 13, 2000. https://gulflink.health.mil/du_ii/index.
htm [Accessed Mar 4, 2024].

Harley N, Foulkes E, Hilborne LH, Hudson A, Anthony CR. A Review of

the Scientific Literature As It Pertains to Gulf War llinessess: Depleted
Uranium, vol. 7. Santa Monica, CA: RAND Corporation; 1999.

U.S. Department of Defense Office of the Special Assistant to the
Undersecretary of Defense for Gulf War llinesses, Medical Readiness,

and Military Deployments. Case Narrative: U.S. Demolition Operations at
Khamasiyah, Final Report. Washington, D.C. April 16, 2002. https://gulflink.
health.mil/khamisiyah_iii/index.htm [Accessed 15 Apr 2024].

Golomb B. A Review of the Scientific Literature As It Pertains to Gulf

War llinesses: Pyridostigmine Bromide, vol. 2. Santa Monica, CA: RAND
Corporation; 1999.

U.S. Department of Defense Office of the Special Assistant for Gulf War
llinesses. The drug pyridostigmine bromide: Just what is it and what does
it do? May 14, 1997. http://www.gulflink.osd.mil/news/na_pb15may.htm.
[Accessed 15 Apr 2024 1.

Fricker RD, Reardon E, Spektor DM, Cotton SK, Hawes-Dawson J, Pace

JF, Hosek SD. Pesticide Use During the Gulf War: A Survey of Gulf War
Veterans. Santa Monica, CA: RAND Corporation; 2000.

Steele L, Klimas N, Krengel M, Quinn E, Toomey R, Little D, et al. Brain-
immune interactions as the basis of Gulf War illness: Clinical assessment
and deployment profile of 1990-1991 Gulf War veterans in the Gulf

War lllness Consortium (GWIC) multisite case-control study. Brain Sci.
2021;11(9):1132.

Krengel M, Sullivan K, Heboyan V, Zundel CG, Wilson CC, Klimas N, Cough-
lin SS. Neurotoxicant exposures and rates of Chronic Multisymptom
lliness and Kansas Gulf War lliness criteria in Gulf War deployed women
veterans. Life Sci. 2021;280: 119623.

Proctor SP, Heeren T, White RF, Wolfe J, Borgos MS, Davis JD, et al. Health
status of Persian Gulf War veterans: self-reported symptoms, environmen-
tal exposures and the effect of stress. Int J Epidemiol. 1998;27:1000-10.
Nisenbaum R, Barrett DH, Reyes M, Reeves WC. Deployment stressors and
a chronic multisymptom illness among Gulf War veterans. J Nerv Ment
Dis. 2000;188:259-66.

Haley RW, Kramer G, Xiao J, Dever JA, Teiber JF. Evaluation of a gene-
environment interaction of PON1 and low-level nerve agent exposure
with Gulf War illness: A prevalence case-control study drawn from the
U.S. Military Health Survey’s national population sample. Environ Health
Perspect 2022;130:57001.

32.

33

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45.

46.

47.

48.

49.

50.

51.

52.

53.

Page 18 of 19

Gean EG, Ayers CK, Winchell KA, Freeman M, Press AM, Paynter R, et al.
Biological measures and diagnostic tools for Gulf War lliness - a system-
atic review. Life Sci. 2021;275: 119360.

Alshelh Z, Albrecht DS, Bergan C, Akeju O, Clauw DJ, Conboy L, et al.
In-vivo imaging of neuroinflammation in veterans with Gulf War illness.
Brain Behav Immun. 2020;87:498-507.

Haley RW, Marshall WW, McDonald GG, Daugherty MA, Petty F, Flecken-
stein JL. Brain abnormalities in Gulf War syndrome: evaluation with 1TH MR
spectroscopy. Radiology. 2000;215:807-17.

Rayhan RU, Stevens BW, Timbol CR, Adewuyi O, Walitt B, VanMeter JW,
Baraniuk JN. Increased brain white matter axial diffusivity associated with
fatigue, pain and hyperalgesia in Gulf War illness. PLoS ONE. 2013;8(3):
€58493.

Zhang Y, Avery T, Vakhtin AA, Mathersul DC, Tranvinh E, Wintermark

M, et al. Brainstem atrophy in Gulf War lliness. Neurotoxicology.
2020;78:71-9.

Cheng CH, Alshelh Z, Guan Y, Sullivan K, Loggia ML, Koo BB. Association of
the tissue microstructural diffusivity and translocator protein PET in Gulf
War lliness. Brain Behav Immun Health. 2021;18: 100364.

Sullivan K, Krengel M, Proctor SP, Devine S, Heeren T, White RF. Cognitive
functioning in treatment-seeking Gulf War veterans: pyridostigmine
bromide use and PTSD. J Psychopathol Behav Assess. 2003;25(2):95-103.
Sullivan K, Krengel M, Bradford W, Stone C, Thompson TA, Heeren T, White
RF. Neuropsychological functioning in military pesticide applicators from
the Gulf War: Effects on information processing speed, attention and
visual memory. Neurotoxicol Teratol. 2018;65:1-13.

Keating D, Krengel M, Dugas J, Toomey R, Chao L, Steele L, et al. Cognitive
decrements in 1991 Gulf War veterans: associations with Gulf War illness
and neurotoxicant exposures in the Boston Biorepository, Recruitment,
and Integrative Network (BBRAIN) cohorts. Environ Health. 2023;22(1):68.
Janulewicz PA, Krengel MH, Maule A, White RF, Cirillo J, Sisson E, et al.
Neuropsychological characteristics of Gulf War illness: A meta-analysis.
PLoS ONE. 2017;12(5): €0177121.

Jeffrey MG, Krengel M, Kibler JL, Zundel C, Klimas NG, Sullivan K, Crad-
dock TJA. Neuropsychological findings in Gulf War illness: A Review. Front
Psychol. 2019;10:2088.

Vojdani A, Thrasher JD. Cellular and humoral immune abnormalities in
Gulf War veterans. Environ Health Perspect. 2004;112(8):840-6.

. Whistler T, Fletcher MA, Lonergan W, Zeng XR, Lin JM, Laperriere A, et al.

Impaired immune function in Gulf War lliness. BMC Med Genomics.
2009;2:12.

Zhang Q, Zhou XD, Denny T, Ottenweller JE, Lange G, LaManca JJ, et al.
Changes in immune parameters seen in Gulf War veterans but not

in civilians with chronic fatigue syndrome. Clin Diagn Lab Immunol.
1999;6(1):6-13.

Brimacombe M, Zhang Q, Lange G, Natelson BH. Immunological variables
mediate cognitive dysfunction in Gulf War veterans but not civilians with
chronic fatigue syndrome. NeurolmmunoModulation. 2002;10(2):93-100.
Sullivan K, O'Callaghan JP. Advancing the role of neuroimmunity and
genetic susceptibility in Gulf War illness. Brain Sci. 2022;12(8):1068.

Coller JK, Tuke J, Wain TJ, Quinn E, Steele L, Abreu M, et al. Associations of
immune genetic variability with Gulf War illness in 1990-1991 Gulf War
veterans from the Gulf War lliness Consortium (GWIC) Multisite Case-
Control Study. Brain Sci. 2021;11(11):1410.

Abdullah L, Nkiliza A, Niedospial D, Aldrich G, Bartenfelder G, Keegan

A, et al. Genetic association between the APOE epsilon4 allele, toxicant
exposures and Gulf war illness diagnosis. Environ Health. 2023;22(1):51.
Georgopoulos AP, James LM, Mahan MY, Joseph J, Georgopoulos A,
Engdahl BE. Reduced Human Leukocyte Antigen (HLA) protection in Gulf
War illness (GWI). EBioMedicine. 2016;3:79-85.

Steele L, Lockridge O, Gerkovich MM, Cook MR, Sastre A. Butyrylcho-
linesterase genotype and enzyme activity in relation to Gulf War illness:
preliminary evidence of gene-exposure interaction from a case-control
study of 1991 Gulf War veterans. Environ Health. 2015;14:4.

Vahey J, Gifford EJ, Sims KJ, Chesnut B, Boyle SH, Stafford C, et al. Gene-
toxicant interactions in Gulf War illness: Differential effects of the PON1
genotype. Brain Sci. 2021;11(12):1558.

U.S. Department of Veterans Affairs Office of Research and Development.
Gulf War Research Strategic Plan 2013-2017 (2015 update). Washington,
D.C. https//www.research.va.gov/pubs/docs/GWResearch-StrategicPlan.
pdf [Accessed 15 Apr 2024].


https://doi.org/10.17226/21840
https://www.va.gov/RAC-GWVI/RACReport2014Final.pdf
https://www.va.gov/RAC-GWVI/RACReport2014Final.pdf
https://cdmrp.health.mil/gwirp/pdfs/Gulf%20War%20Illness%20Research%20Landscape_2022.pdf
https://cdmrp.health.mil/gwirp/pdfs/Gulf%20War%20Illness%20Research%20Landscape_2022.pdf
https://cdmrp.health.mil/gwirp/pdfs/Gulf%20War%20Illness%20Research%20Landscape_2022.pdf
https://www.gulflink.osd.mil/oil_well_fires/index.html
https://gulflink.health.mil/du_ii/index.htm
https://gulflink.health.mil/du_ii/index.htm
https://gulflink.health.mil/khamisiyah_iii/index.htm
https://gulflink.health.mil/khamisiyah_iii/index.htm
http://www.gulflink.osd.mil/news/na_pb15may.htm
https://www.research.va.gov/pubs/docs/GWResearch-StrategicPlan.pdf
https://www.research.va.gov/pubs/docs/GWResearch-StrategicPlan.pdf

Steele et al. Environmental Health (2024) 23:92

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

Haley RW, Dever JA, Kramer G, Teiber JF. The effect of disease misclassifi-
cation on the ability to detect a gene-environment interaction: implica-
tions of the specificity of case definitions for research on Gulf War iliness.
BMC Med Res Methodol. 2023;23(1):273.

Dursa EK, Cao G, Porter B, Culpepper WJ, Schneiderman Al. The health

of Gulf War and Gulf era veterans over time: U.S. Department of
Veterans Affairs' Gulf War Longitudinal Study. J Occup Environ Med
2021,63(10):889-894.

Sullivan K, Krengel M, Heboyan V, Schildroth S, Wilson CC, lobst S,

et al. Prevalence and patterns of symptoms among female veterans

of the 1991 Gulf War era: 25 years later. ] Womens Health (Larchmt).
2020;29(6):819-26.

Krengel MH, Zundel CG, HeerenT, Yee M, Spiro A, Proctor SP, et al. Health
symptom trajectories and neurotoxicant exposures in Gulf War veterans:
the Ft. Devens cohort Environ Health. 2022;21(1):7.

U.S. Department of Veterans Affairs, VA News."One Million Strong: VA's
Million Veteran Program makes history”. Nov. 15, 2023. https://news.va.
gov/126177/one-million-vas-million-veteran-program-history [Accessed
15 Apr 2024].

Radhakrishnan K, Hauser ER, Polimanti R, Helmer DA, Provenzale D,
McNeil RB, et al. Genomics of Gulf War iliness in U.S. veterans who served
during the 1990-1991 Persian Gulf War: Methods and rationale for Veter-
ans Affairs Cooperative Study #2006. Brain Sci 2021;11(7):845.

Gaziano JM, Concato J, Brophy M, Fiore L, Pyarajan S, Breeling J, et al.
Million Veteran Program: A mega-biobank to study genetic influences on
health and disease. J Clin Epidemiol. 2016;70:214-23.

Harrington KM, Quaden R, Steele L, Helmer DA, Hauser ER, Ahmed ST,

et al. The Million Veteran Program 1990-1991 Gulf War Era Survey: An
evaluation of veteran response, characteristics, and representativeness of
the Gulf War Era veteran population IJERPH 2024;21(1):72.

U.S. Department of Veterans Affairs; U.S. Department of Defense. Com-
bined Analysis of the VA and DoD Gulf War Clinical Evaluation Programs:
A Study of the Clinical Findings from Systematic Medical Examinations of
100,339 U.S. Gulf War Veterans; United States Veterans Health Administra-
tion, United States Office of the Assistant Secretary of Defense (Health
Affairs), editors. Washington, DC: U.S. Department of Veterans Affairs; 2002.
Selim AJ, Rothendler JA, Qian SX, Bailey HM, Kazis LE. The history and
applications of the Veterans RAND 12-Item Health Survey (VR-12). J
Ambul Care Manage. 2022;45(3):161-70.

Boston University School of Public Health. VR-36, VR-12 and VR-6D.
https://www.bu.edu/sph/about/departments/health-law-policy-and-
management/research/vr-36-vr-12-and-vr-6d/ [Accessed 15 Apr 2024].
Kang HK, Mahan CM, Lee KY, Magee CA, Murphy FM. llinesses among
United States veterans of the Gulf War: a population-based survey of
30,000 veterans. J Occup Environ Med. 2000;42(5):491-501.

Lin M, Lucas HC, Shmueli G. Too Big to Fail: Large samples and the p-value
problem. Inf Syst Res. 2013;24(4):906-17.

Breslow NE. Statistics in epidemiology: the case-control study. J Am Stat
Assoc. 1996;91(433):14-28.

SAS Enterprise Guide 8.3. Cary: SAS Institute, Inc.

Kazis LE, Miller DR, Skinner KM, Lee A, Ren XS, Clark JA, et al. Patient-
reported measures of health: The Veterans Health Study. J Ambul Care
Manage. 2004,27(1):70-83.

Gray GC, Hawksworth AW, Smith TC, Kang HK, Knoke JD, Gackstetter GD.
Gulf War Veterans' Health Registries. Who is most likely to seek evaluation?
Am J Epidemiol. 1998;148(4):343-349.

Spencer PS, McCauley LA, Lapidus JA, Lasarev M, Joos SK, Storzbach D.
Self-reported exposures and their association with unexplained iliness

in a population-based case-control study of Gulf War veterans. J Occup
Environ Med. 2001Dec;43(12):1041-56.

US. Department of Defense Office of the Special Assistant for Gulf War
llinesses, Medical Readiness, and Military Deployments. Environmental Expo-
sure Report: Pesticides Final Report. Washington, D.C. April 17, 2003. https://
gulflink.health.mil/library/pest_final/indexhtml [Accessed 15 Apr 2024 1.
Cecchine G, Golomb BA, Hilborne LH, Spektor D, Anthony CR. A Review
of the Scientific Literature As It Pertains to Gulf War Ilinesses: Vol. 8: Pesti-
cides. Arlington: National Defense Research Institute (RAND); 2000.

U.S. Department of Defense Defense Centers for Public Health. DOD
Insect Repellant System. https://ph.health.mil/topics/entomology/pur/
Pages/DoD-Insect-Repellent-System.aspx [Accessed 15 Apr 2024].

Page 19 of 19

75. US. Department of Defense Office of the Special Assistant for Gulf War
llinesses. Case Narrative: Czech and French Reports of Possible Chemical
Agent Detections. Washington, D.C. July 29, 1998. https://gulflink.health.
mil/czech_french/ [Accessed 15 Apr 2024].

76. US. General Accounting Office. Gulf War llinesses: DOD's Conclusions
About U.S. Troops' Exposure Cannot be Adequately Supported. Washing-
ton, D.C. Jun. 1, 2004. GAO-04-159 https://www.gao.gov/products/gao-
04-159 [Accessed 15 Apr 2024].

77. Tuite JJ, Haley RW. Meteorological and intelligence evidence of long-
distance transit of chemical weapons fallout from bombing early in the
1991 Persian Gulf War. Neuroepidemiology. 2013;40(3):160-77.

78. McCauley LA, Lasarev M, Sticker D, Rischitelli DG, Spencer PS. lliness expe-
rience of Gulf War veterans possibly exposed to chemical warfare agents.
Am J Prev Med. 2002;23(3):200-6.

79. Blanchard MS, Eisen SA, Alpern R, Karlinsky J, Toomey R, Reda DJ, et al.
Chronic multisymptom illness complex in Gulf War | veterans 10 years
later. Am J Epidemiol. 2006;163(1):66-75.

80. Mahan CM, Page WF, Bullman TA, Kang HK. Health effects in Army Gulf
War veterans possibly exposed to chemical munitions destruction at
Khamisiyah, Iraq: Part |. Morbidity associated with potential exposure. Mil
Med. 2005;170(11):935-44.

81. Haley RW, Tuite JJ. Epidemiologic evidence of health effects from long-
distance transit of chemical weapons fallout from bombing early in the
1991 Persian Gulf War. Neuroepidemiology. 2013;40(3):178-89.

82. Gray GC, Reed RJ, Kaiser KS, Smith TC, Gastanaga VM. Self-reported symp-
toms and medical conditions among 11,868 Gulf War-era veterans: the
Seabee Health Study. Am J Epidemiol. 2002;155(11):1033-44.

83. Cherry N, Creed F, Silman A, Dunn G, Baxter D, Smedley J, et al. Health and
exposures of United Kingdom Gulf War veterans. Part II: The relation of
health to exposure. Occup Environ Med. 2001;58(5):299-306.

84. Wolfe J, Proctor SP, Erickson DJ, Hu H. Risk factors for multisymptom
iliness in US Army veterans of the Gulf War. J Occup Environ Med.
2002;44(3):271-81.

85. Yee MK, Janulewicz PA, Seichepine DR, Sullivan KA, Proctor SP, Krengel
MH. Multiple mild traumatic brain injuries are associated with increased
rates of health symptoms and Gulf War illness in a cohort of 1990-1991
Gulf War veterans. Brain Sci. 2017;7(7):79.

86. Loewenstein-LichtensteinY, Schwarz M, Glick D, Norgaard-Pedersen
B, Zakut H, Soreq H. Genetic predisposition to adverse conse-
quences of anti-cholinesterases in “atypical” BCHE carriers. Nat Med.
1995;1(10):1082-5.

87. lowa Persian Gulf Study Group. Self-reported illness and health
status among Gulf War veterans. A population based study. JAMA.
1997,277:238-45.

88. Kang HK, Li B, Mahan CM, Eisen SA, Engel CC. Health of US Veterans of
1991 Gulf War: A Follow-Up Survey in 10 Years. J Occup Environ Med.
2009;51:401-10.

89. Khalil L, McNeil RB, Sims KJ, Felder KA, Hauser ER, Goldstein KM, Voils Cl,
Klimas NG, Brophy MT, Thomas CM, Whitley RL, Dursa EK, Helmer DA,
Provenzale DT. The Gulf War Era Cohort and Biorepository: A Longitudi-
nal Research Resource of Veterans of the 1990-1991 Gulf War Era. Am J
Epidemiol. 2018Nov 1;187(11):2279-91.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://news.va.gov/126177/one-million-vas-million-veteran-program-history
https://news.va.gov/126177/one-million-vas-million-veteran-program-history
https://www.bu.edu/sph/about/departments/health-law-policy-and-management/research/vr-36-vr-12-and-vr-6d/
https://www.bu.edu/sph/about/departments/health-law-policy-and-management/research/vr-36-vr-12-and-vr-6d/
https://gulflink.health.mil/library/pest_final/index.html
https://gulflink.health.mil/library/pest_final/index.html
https://ph.health.mil/topics/entomology/pur/Pages/DoD-Insect-Repellent-System.aspx
https://ph.health.mil/topics/entomology/pur/Pages/DoD-Insect-Repellent-System.aspx
https://gulflink.health.mil/czech_french/
https://gulflink.health.mil/czech_french/
https://www.gao.gov/products/gao-04-159
https://www.gao.gov/products/gao-04-159

	Association of deployment characteristics and exposures with persistent ill health among 1990-1991 Gulf War veterans in the VA Million Veteran Program
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Study design and sample
	Data collection: Gulf war era survey questionnaire and supplemental data
	Analytic variables: Health outcomes
	Analytic variables: Deployment characteristics
	Analytic variables: Deployment experiences and exposures
	Missing values
	Statistical analyses

	Results
	Discussion
	Conclusions
	Acknowledgements
	References


