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Abstract: To address gaps in understanding the pathophysiology of Gulf War Illness (GWI), the
VA Million Veteran Program (MVP) developed and implemented a survey to MVP enrollees who
served in the U.S. military during the 1990–1991 Persian Gulf War (GW). Eligible Veterans were
invited via mail to complete a survey assessing health conditions as well as GW-specific deployment
characteristics and exposures. We evaluated the representativeness of this GW-era cohort relative
to the broader population by comparing demographic, military, and health characteristics between
respondents and non-respondents, as well as with all GW-era Veterans who have used Veterans
Health Administration (VHA) services and the full population of U.S. GW-deployed Veterans. A total
of 109,976 MVP GW-era Veterans were invited to participate and 45,270 (41%) returned a completed
survey. Respondents were 84% male, 72% White, 8% Hispanic, with a mean age of 61.6 years
(SD = 8.5). Respondents were more likely to be older, White, married, better educated, slightly
healthier, and have higher socioeconomic status than non-respondents, but reported similar medical
conditions and comparable health status. Although generally similar to all GW-era Veterans using
VHA services and the full population of U.S. GW Veterans, respondents included higher proportions
of women and military officers, and were slightly older. In conclusion, sample characteristics of
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the MVP GW-era cohort can be considered generally representative of the broader GW-era Veteran
population. The sample represents the largest research cohort of GW-era Veterans established to
date and provides a uniquely valuable resource for conducting in-depth studies to evaluate health
conditions affecting 1990–1991 GW-era Veterans.

Keywords: Gulf War; Gulf War Illness; cohort studies; environmental exposures; generalizability;
health outcomes; Million Veteran Program; Veterans

1. Introduction

During the 1990–1991 Persian Gulf War (GW), approximately 700,000 U.S. Armed
Forces service members were deployed to the Persian Gulf region in support of Operations
Desert Shield and Desert Storm. Following deployment, reports described an unexplained
multisymptom illness among returning GW Veterans that included chronic headache,
widespread pain, persistent fatigue, gastrointestinal distress, skin abnormalities, memory
and concentration problems, and mood disturbances [1–5]. This chronic multisymptom
illness, commonly referred to as Gulf War Illness (GWI), has affected 25–35% of military
personnel deployed in this conflict [6–8].

More than three decades after the 1990–1991 Gulf War, research has documented
the consistency and persistence of GWI symptoms and associated significant decrements
in health and quality of life among GW Veterans [4,9–11]. Deployment-related toxic
exposures, such as pesticides, pyridostigmine bromide (PB) pills, and chemical agents (e.g.,
sarin/cyclosarin), have been postulated as invoking a persistent central proinflammatory
response among Veterans with GWI [7,12]. Additionally, genetic studies have investigated
the role of various genes involved in the development of GWI, and possible genetic risk
loci have been identified, including PON1 and BCHE [13,14]; however, replication of
these results has proven difficult [15]. Recent systematic reviews of the GWI literature
have shown that evidence-based treatments are still lacking and that there are no existing
validated biomarkers to identify GWI [16,17]. In summary, significant gaps remain in
our understanding of the complex pathophysiology of GWI, particularly with respect to
elucidating potential gene-by-environment interactions that may influence susceptibility
to GWI.

The Department of Veterans Affairs (VA) Million Veteran Program (MVP) launched in
2011 with the goal of enrolling at least one million VA users into a genetic and health cohort
and has since become one of the largest and most diverse cohorts in the world. Participation
in the MVP entails collection of self-reported survey data, provision of a blood specimen
for genetic analysis, access to health records, and permission to be recontacted for further
data collection or participation in additional research (for details on MVP methodology, see
Gaziano et al. [18] and Nguyen et al. [19]).

In 2018, the MVP initiated the first major recontact effort within the program, designed
to support the VA Cooperative Studies Program (CSP) #2006 project, “Genomics of Gulf War
Illness in Veterans”. A detailed description of the rationale and methods for the CSP#2006
project have been previously published [20,21]. The primary objectives of CSP #2006 are
to (1) identify genetic variants associated with GWI and (2) examine interactions between
genetic variants and self-reported GW environmental exposures in relation to Veterans’
risk of developing GWI. To achieve these objectives, MVP enrollees who served during the
1990–1991 Gulf War Era were recontacted and invited to complete a comprehensive survey
assessing Gulf War-specific deployment characteristics, deployment-related exposures,
symptoms of GWI, and comorbid medical conditions.

The aims of this paper are to (1) describe the methodology used for outreach and
data collection from Gulf War Era MVP participants; (2) report survey response rates;
(3) compare survey respondents versus non-respondents on demographic, military ser-
vice, and health-related characteristics; and (4) evaluate the representativeness of the
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MVP/CSP#2006 Gulf War Veteran cohort relative to the broader U.S. Gulf War Veteran
population (overall and among VHA users).

2. Materials and Methods
2.1. Study Design and Population
2.1.1. MVP 1990–1991 Gulf War Era Survey

At the time of enrollment into the MVP, participants agree to be contacted for addi-
tional research purposes. Prior to the full survey implementation, pilot work assessed
the feasibility of identifying and contacting Gulf War Era Veterans to complete the survey.
Starting in June 2018, MVP enrollees who served during the 1990–1991 Gulf War Era were
invited via mail to participate in a survey about their health and their military experiences
during 1990–1991. Participants were able to opt out of contact; those who did not opt
out were sent the “MVP 1990–1991 Gulf War Era Survey”. The survey questionnaire col-
lected health information that included symptoms associated with GWI, diagnosed medical
and psychiatric conditions, healthcare and hospitalization data, lifestyle habits, as well as
Gulf War service details such as deployment locations and exposure to agents potentially
associated with GWI (see Supplementary File S1 for a copy of the complete survey).

2.1.2. Selection Criteria for Invitational Mailing

Participant selection criteria for the MVP 1990–1991 Gulf War Era Survey were ap-
plied in two steps. First, eligible MVP participants (N = 589,620) were identified based
on the following criteria: (1) an MVP blood specimen was collected; and the participant
(2) was still living, (3) had not withdrawn from the MVP, (4) did not opt out of receiv-
ing additional research requests, (5) was not included in the pilot work (n = 600), and
(6) had an accurate and current address on file. Second, data provisioned by the Veterans
Affairs/Department of Defense Identity Repository (VADIR) were used to limit the list of
eligible MVP participants to only those Veterans with confirmed military service between
1 August 1990 and 31 July 1991 (including Active Duty, Reserves, or National Guard). The
MVP and VADIR datafiles were merged by matching social security number (SSN) and date
of birth, yielding a total of 109,976 MVP GW-era Veterans who were eligible to be contacted
for the survey. This approach identified 24,078 Veterans (21.9%) who had deployed to the
1990–1991 Gulf War and 85,898 Veterans (78.1%) who were in the military during the Gulf
War period but had not deployed to the Gulf War theater.

2.1.3. Overview of Survey Distribution

The cohort selection criteria and participant flow diagram for the two major waves
of survey mailings are shown in Figure 1. A first wave of 49,989 mailings (Wave 1) took
place in the summer of 2018 (i.e., 17 June 2018—13 August 2018). On September 18, 2018, a
follow-up mailing (a.k.a. “second invite”) was sent to Veterans who had been contacted for
Wave 1 but had not responded (n = 36,403). The second wave of 59,987 Gulf War Era Survey
mailings (Wave 2) were distributed on January 23, 2019. The follow-up mailing to Wave
2 non-respondents was distributed on March 11, 2019 (n = 44,189). Thank-you mailings
were sent to all MVP participants who returned surveys. This study has been approved
by the VA Central Institutional Review Board (CIRB) and the research oversight/ethics
committees at each participating VA facility.
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Figure 1. Selection of participants for the MVP 1990–1991 Gulf War Era Survey and response
rates. Legend: 1 Veterans enrolled in the MVP who gave a blood specimen as of 10 July 2018.
2 MVP enrollees with blood specimen who served during 1 August 1990–31 July 1991 (according
to VADIR) and who were matched to MVP data using social security number and date of birth.
MVP GW Veterans represented 18.7% of all eligible MVP participants enrolled at the time of cohort
selection (i.e., 110,001 out of 589,620). 3 Mailing vendor had a valid address on file and mailing
was not returned due to bad address (n = 25 Veterans were excluded due to not having a valid
mailing address).

2.2. Measures
2.2.1. Data Sources

In the current paper, the MVP GW Era Survey data were only used to report response
rates; that is, no questionnaire item-level responses from the GW Era Survey are reported
herein. This section provides a brief description of the four data sources used to evaluate the
profile of characteristics of GW Era Survey respondents versus several comparison groups.

1. MVP Baseline Survey: The MVP Baseline Survey collects self-reported information
from participants, including demographics, uniformed services experience, activ-
ities and habits, health status, medical history, and health care usage. Refer to
Nguyen et al. [19] for details regarding MVP Baseline Survey development methods
and a compilation of measure source references.

2. VA Corporate Warehouse (CDW): The VA CDW is a structured query language extract
from the Veterans Information Systems and Technology Architecture (VISTA) clinical
data system. VISTA represents the complete medical record for Veterans Health
Administration (VHA) patients and contains records on over 22 million patients, with
approximately 12 million patients having had a recorded visit to a VHA facility during
the past five years [22].

3. MVP Core Demographics File: This datafile was created by the MVP Data Analytics
team and contains participant demographic information at the time of MVP enroll-
ment. Three data sources were compared to determine a Veteran’s best measure for
a given demographic variable: MVP Survey data, CDW data, and Observational
Medical Outcomes Partnership (OMOP) data; OMOP is a common data model that
allows for comparison across disparate observational data sources [23]. If at least two
out of three sources matched for a given variable, that value was selected as the final
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response. In instances of disagreement across sources, the MVP Survey response was
given priority whenever available. When MVP Survey responses were unavailable,
OMOP was given priority, and if both survey and OMOP responses were missing,
CDW data were reported.

4. Veterans Affairs/Department of Defense Identity Repository (VADIR): VADIR pro-
vides military service information for Veterans and service members, including branch
of service, unit component, military ranks, and deployment dates. This data source is
maintained by the Department of Defense (DoD) Manpower Data Center.

2.2.2. Comparison Group Sample Sizes

Demographic, military, and health-related characteristics were compared between
GW Era Survey respondents and three comparison groups, as defined below: (1) GW
Era Survey non-respondents, (2) GW-era VHA users, and (3) the entire population of U.S.
deployed 1990–1991 GW Veterans. The first comparison group was selected to allow for
an examination of differences between survey respondents and non-respondents, while
comparison groups 2 and 3 were selected to evaluate whether the MVP/CSP#2006 Gulf
War Veteran cohort is representative of the broader GW-era VHA user population and the
full Gulf War Veteran population, respectively.

1. Comparison group 1 (CG-1): All 109,976 Veterans who were mailed a GW Era Survey
were used to evaluate response rates in relation to military and demographic char-
acteristics (n = 45,270 GW Era Survey respondents and n = 64,706 non-respondents).
When examining health-related characteristics, the cohort was limited to those who
had completed the MVP Baseline Survey (n = 40,040 GW Era Survey respondents and
n = 29,827 non-respondents).

2. Comparison group 2 (CG-2): The GW-era VHA user sample included all living Vet-
erans at the time of mailing (15 November 2018) who had at least one VHA visit
and had served during the 1990–1991 GW Era according to military service infor-
mation in VADIR (n = 1,751,873). Although GW Era Survey respondents (n = 45,270)
represent a subset of CG-2, they were excluded from CG-2 to allow for analysis of
independent samples.

3. Comparison group 3 (CG-3): GW Era Survey respondents who were deployed to the
Gulf theater between 1 August 1990 and 31 July 1991, (n = 10,695) were compared to
the entire population of U.S. deployed 1990–1991 GW Veterans (n = 696,470) [24].

2.2.3. Demographic, Military Service, and Health-Related Characteristics

1. Demographic variables: When comparing GW Era Survey respondents to non-
respondents (CG-1), and to all deployed GW Veterans (CG-3), gender, age, race,
and ethnicity were determined primarily based on the MVP Core Demographics file.
For GW-era VHA users (CG-2), demographic characteristics were primarily based on
CDW data. For individuals who were missing data in both MVP Core Demographics
and CDW files, values were supplemented with VADIR information whenever avail-
able. Age in years was calculated at the date of the GW Survey mailing (i.e., date of
first mailing or 15 November 2018, which represents the midpoint between batches of
first mailed survey invites, for those who were not invited to participate in the GW
Survey). Ages outside of 44 through 96 years were set to missing as they were unlikely
to be correct for Veterans serving during the 1990–1991 GW Era. Marital status and
whether Veterans had been designated by the VA to have military service-connected
disabilities were reported from CDW. For the subset of CG-1 with a completed MVP
Baseline Survey, education and income were also reported.

2. Military service variables: Service branch, deployment during the GW Era, unit
component (i.e., Active duty, National Guard, or Reserves), and military rank (i.e.,
enlisted, officer, or warrant officer) in or closest to August 1990 were reported from
VADIR. The data cleaning procedure used for defining military rank was previously
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described in detail by Duong and colleagues [21]. Veterans’ history of serving in a
combat zone was reported from CDW.

3. Health-related variables: Health-related characteristics were reported for GW Era
Survey respondents and non-respondents with a completed MVP Baseline Survey
(n = 69,867) including current health status (“good to excellent”, “fair to poor”), smok-
ing status (“never”, “former”, “current”), current physical fitness status (“very good
to fairly good”, “satisfactory”, “fairly poor to very poor”), current exercise frequency
(“≤1–3 times/month”, “once/week”, “2–4 times/week”, “≥5 times/week”), pain in-
tensity in the past week (scale from 0 to 10), VA health care use in the past year (“none”,
“less than half”, “more than half”, “all care”), and number of VA inpatient hospital
stays in the past year. The Veterans RAND 12 Item Health Survey (VR-12) [25,26] is a
standardized index of general health and quality of life developed for use in Veteran
populations, and it was included in the MVP Baseline Survey. We reported the VR-12
physical component score (PCS) and mental component score (MCS), calculated using
a SAS macro provided by the developer, Dr. Lewis Kazis [27]. For both the VR-12 PCS
and MCS, the population mean is 50 (SD = 10) and higher scores correspond to better
health-related quality of life. To assess alcohol use, we used the Alcohol Use Disorders
Identification Test (AUDIT-C) which was included in the MVP Baseline Survey [28].
The AUDIT-C was scored and interpreted following standard procedures, whereby
an individual is considered to screen positively for problematic alcohol use with a
score of 4 or more for men and 3 or more for women. The MVP Baseline Survey also
asks participants if they were “ever diagnosed” with a list of 75 health conditions.
Participants were considered to have a health condition if they answered ‘yes’ to the
diagnosis question, provided a year of diagnosis, or checked they are currently taking
medication for the given condition. We reported the mean of the total number of heath
conditions that each participant answered affirmatively. The Charlson Comorbidity
Index (CCI) was developed to assess mortality risk by weighting 17 comorbidities [29].
A CCI score of zero indicates that a patient does not have any of the 17 comorbid
conditions assessed, and higher CCI scores correspond to an increasing predicted
mortality rate. For the current study, the CCI was calculated for each individual
using International Classification of Diseases (ICD-9/10) code diagnosis data for the
17 conditions obtained from CDW between 16 November 2008, and 15 November 2018.
Body mass index (BMI) was computed generally following the methods (including
height and weight cleaning procedures) described by Nguyen et al. [30]. Weight mea-
surements were obtained from CDW between 16 November 2016, and 15 November
2020 and height measurements between 16 November 2013 and 15 November 2023
(i.e., representing a +/− 2-year window and +/− 5-year window, respectively, from
the midpoint of MVP GW Survey data collection: 15 November 2018).

2.3. Data Analysis

First, we calculated survey response rates according to survey wave (i.e., 2018 vs. 2019)
and deployment status (i.e., deployed vs. not deployed). Veterans who returned partially
complete surveys were counted as survey respondents whereas those who returned totally
blank surveys (n = 337) were counted as non-respondents. Second, we generated frequency
tables to compare demographic, military, and health characteristics between GW Survey
respondents and the three comparison groups outlined above. We also calculated the
standardized mean difference (SMD/Cohen’s d) to determine whether there were signifi-
cant differences between respondents and non-respondents on each of the characteristics
examined [31–33]. Given the large sample size of this study, we chose to report SMD as
a measure of the magnitude of group differences because large samples render p-values
considerably less meaningful [34,35]. According to Andrade [35], SMDs of 0.2, 0.5, and
0.8 are considered small, medium, and large, respectively. Finally, we conducted stratified
analyses to determine whether the marked differences in response rates observed between
GW officers vs. enlisted personnel may have driven apparent differences in other response
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characteristics (i.e., whether the observed patterns may be due to confounding by military
rank). All analyses were conducted in SAS 9.4 (SAS Institute Inc., Cary, NC, USA).

3. Results
3.1. Survey Response Rate

Among the 109,976 MVP enrollees who served during the GW Era and were invited
to participate in the 1990–1991 Gulf War Era Survey, 45,270 had completed and returned
a survey by 28 October 2021. This represents an overall survey response rate of 41.2%,
with Veterans deployed to the GW region showing a modestly higher response rate than
their non-deployed counterparts (44.4% vs. 40.3%, respectively; see Figure 1). The survey
response rate was consistent across the two major waves of invitational mailings (range:
40.3–42.9%).

3.2. Characteristics of Gulf War Era Survey Respondents Versus Non-Respondents

Compared with non-respondents, GW Era Survey respondents were older, on average,
and included higher proportions of Veterans who were White, were married or cohabitating
with a partner, were officers, had served in the Air Force, and were deployed to the Persian
Gulf region (see Table 1). Survey respondents were also more likely to report higher annual
income and level of education than non-respondents. In contrast, non-respondents were
younger, more racially and ethnically diverse, and included a higher proportion of enlisted
and Army personnel. Respondents and non-respondents had a similar gender distribution
and component distribution, and the two groups did not differ with respect to mean BMI
level. The largest differences (i.e., SMDs) were observed for age, race, and military rank.

Table 1. Demographic and military characteristics of Gulf War Era Veteran Survey respondents vs.
non-respondents.

Characteristics All
(N = 109,976)

Respondents
(n = 45,270)

Non-Respondents
(n = 64,706) SMD 8

Gender 1 (%) 0.01 *
Male 83.5 83.7 83.5
Female 16.5 16.3 16.5

Age 1 0.48 **
Mean (SD) 59.3 ± 8.4 61.6 ± 8.5 57.7 ± 7.9
Median (Q1, Q3) 58 (52, 65) 61 (55, 68) 56 (51, 63)
Minimum–Maximum 44–94 45–94 44–93

Age Group 1 (%) 0.46 **
40–49 12.0 7.5 15.2
50–59 43.0 35.4 48.4
60–69 30.9 37.1 26.6
70+ 14.0 20.0 9.7

Race 1 (%) 0.36 **
White 63.7 72.1 57.9
Black/African American 27.6 18.6 33.8
American Indian/Alaskan Native 0.9 0.8 0.9
Asian 5 1.5 1.4 1.6
Other 2.5 2.7 2.3
Multiple Responses 3.5 4.1 3
Unknown 0.4 0.2 0.6

Ethnicity 1 (%) 0.04 *
Hispanic 6 8.9 8.3 9.3
Non-Hispanic 90.7 91.5 90.2
Unknown 0.4 0.1 0.5
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Table 1. Cont.

Characteristics All
(N = 109,976)

Respondents
(n = 45,270)

Non-Respondents
(n = 64,706) SMD 8

Education 2 0.26 **
High school or less 11.7 10.2 13.8
Some college 28.8 26.3 32.2
Associates 15.9 15.4 16.6
Bachelors 21.3 22.3 20.1
Masters/Professional/Doctorate 20.9 24.8 15.7
Missing 1.3 1.1 1.7

Income (annual) 2 0.29 **
$30,000 18.6 14.8 23.6
$30,000–$59,999 28.1 27.1 29.4
$60,000–$99,999 24.5 26.1 22.2
$100,000+ 18.9 21.8 15.0
Missing 10.0 10.3 9.6

Marital Status 3 (%) 0.11 *
Married/cohabitating with partner 57.3 64.3 51.4
Missing 2.6 3.0 2.3

Service Branch 4 (%) 0.13 *
Army 53.2 52.0 54.0
Navy 21.1 20.2 21.7
Air force 17.5 20.0 15.7
Marine Corps 7.0 6.3 7.6
Coast Guard 1.1 1.3 1.0
Other 7 0.2 0.2 0.1

Deployment to Persian Gulf Region in
1990–1991 4 (%) 0.07 *

Yes 21.9 23.6 20.7
No 78.1 76.4 79.3

Rank 4 (%) 0.36 **
Enlisted 82.7 75.1 88.1
Officer 13.6 20.5 8.7
Warrant Officer 1.9 2.7 1.4
N/A or Missing 1.8 1.6 1.9

Component 4 (%) 0.04 *
Active Duty 61.5 61.3 61.6
National Guard 12.2 12.9 11.8
Reserves 26.3 25.8 26.7

BMI 3 −0.07 *
Mean (SD) 31.4 (5.9) 31.2 (5.7) 31.6 (6.1)
Missing (%) 9.1 10.4 8.2

1 Data source: Core demographics file supplemented with VADIR. 2 Data source: MVP Baseline Survey. Per-
centages out of those that completed a baseline survey (all n = 69,867, respondents n = 40,040, non-respondents
n = 29,827). 3 Data source: CDW. 4 Data source: VADIR. 5 Asian includes Chinese, Japanese, Asian Indian,
Other Asian, Filipino, and Pacific Islander. 6 Hispanic includes Mexican, Puerto Rican, Cuban, other Span-
ish/Hispanic/or Latino/or multiple responses. 7 Other includes Coast Guard, National Oceanic and Atmospheric
Administration (NOAA), Public Health Service (PHS), and multiple branches. 8 Standardized mean differences
(SMD) exclude missing values. * = small effect size, ** = medium effect size.

Among the subset of MVP GW-era Veterans who had previously completed the MVP
Baseline Survey (n = 69,867), health-related characteristics were compared between GW
Era Survey respondents (n = 40,040) vs. non-respondents (n = 29,827) (see Table 2). The
proportion of GW Survey respondents with a Baseline Survey was nearly double that of
non-respondents with a Baseline Survey (88.4% vs. 46.1%). Respondents appeared to be
somewhat healthier, overall, than non-respondents. Specifically, higher proportions of
respondents reported “good to excellent” health (i.e., 66.6% vs. 57.0%) and “very good to
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fairly good” current physical fitness status (i.e., 37.9% vs. 30.0%). In addition, respondents
reported higher weekly exercise frequency and lower pain levels in the past week than
non-respondents. Non-respondents reported receiving more of their healthcare from the
VA than respondents (i.e., 65.2% vs. 58.1% received at least half of their care from VA).
More non-respondents also reported VA inpatient stays in the past year than respondents
(i.e., 16.9% vs. 11.5% had one or more VA inpatient stays). Non-respondents had slightly
lower scores on both the physical component summary and mental component summary
scores on the VR-12 relative to respondents. A greater proportion of non-respondents
reported current smoking than respondents (23.1% vs. 15.7%). Conversely, a slightly higher
proportion of respondents screened positive for hazardous drinking on the AUDIT-C
compared to non-respondents. The two groups did not differ in the mean number of
self-reported health conditions or the Charlson Comorbidity Index. Notably, the differences
(SMDs) were small for all health characteristics compared between the two groups.

Table 2. Health-related characteristics of Gulf War Era Veteran Survey respondents vs. non-respondents
as reported in the MVP Baseline Survey (n = 69,967).

Characteristics Respondents
(n = 40,040)

Non-Respondents
(n = 29,827) SMD 1

Current health status (%) 0.20 *
Good to excellent 66.6 57.0
Fair to poor 33.1 42.4
Missing 0.3 0.6

Current physical fitness status (%) 0.19 *
Very good to fairly good 37.9 30.0
Satisfactory 36.2 36.8
Fairly poor to very poor 25.3 32.3
Missing 0.6 0.9

Current exercise frequency (%) 0.12 *
≤1–3 times/month 38.8 44.3
Once/week 14.2 14.0
2–4 times/week 32.7 28.7
≥5 times/week 13.6 11.7
Missing 0.8 1.3

Pain intensity, past week (%) −0.19 *
No pain (0) 9.8 8.2
Mild pain (1–3) 36.1 28.7
Moderate pain (4–6) 29.3 30.7
Severe pain (7–10) 24.5 31.9
Missing 0.3 0.5

VA health care use, past year (%) 0.17 *
None 11.8 8.6
Less than half of care 29.1 24.6
More than half of care 24.6 25.3
All care 33.5 39.9
Missing 1.1 1.7

VA inpatient hospital stays, past year (n) 0.18 *
None 78.8 72.7
1–3 9.7 13.6
≥4 1.8 3.3
Missing 9.8 10.4

VR-12 score (mean, SD)
PCS 36.7 ± 12.1 34.7 ± 12.3 0.16 *
MCS 46.3 ± 13.3 42.5 ± 14.1 0.27 *
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Table 2. Cont.

Characteristics Respondents
(n = 40,040)

Non-Respondents
(n = 29,827) SMD 1

Smoker 0.19 *
Never 42.2 38.7
Former 40.8 36.6
Current 15.7 23.1
Missing 1.3 1.6

Drinker (AUDIT-C) 2 0.05 *
Yes 22.0 19.9
No 75.9 76.7
Missing 2.2 3.4

Charlson Comorbidity Index 3 0.04 *
Mean (SD) 3 ± 2.1 3 ± 2.5
Median (Q1, Q3) 3 (2, 4) 2 (1, 4)
Missing 0.1 0.2

Number of Health Conditions 4 0.02 *
Mean (SD) 7.1 ± 3.8 7.2 ± 4.1
Median (Q1, Q3) 7 (4, 9) 7 (4, 10)
Missing 12.4 12.9

Note: Table represents the subset of GW Veterans we mailed to who responded to the MVP Baseline Survey.
Unless noted, all responses are from the Baseline Survey. 1 Standardized mean differences (SMD) exclude missing
values. * = small effect size. 2 Drinker—based on the AUDIT-C: defined as a positive screen for a score of 4 or
more for males and a score of 3 or more for females. 3 Charlson Comorbidity Index calculated from data in CDW.
4 Number of positive responses to 75 conditions listed on the MVP Baseline Survey.

3.3. Stratified Analysis of Survey Response Rates by Deployment Status and Rank

Given the sizable observed differences in response rates between officers and enlisted
personnel, we conducted a stratified analysis of response rates by deployment status and
rank. Complete results can be accessed in Supplementary File S2. In summary, officers had
consistently higher response rates than enlisted personnel across demographic, military,
and health strata and in both deployed and non-deployed Veterans. There was evidence to
support that associations of demographic and military characteristics with survey response
frequencies typically occurred in similar patterns, independent of military rank. That is,
a pattern of higher response in relation to GW deployment, older age, and better health
appears in both officers and enlisted groups. There were a few variables, however, in which
response differences did appear to be correlated with military rank (e.g., race/ethnicity,
military branch). For example, differences in response frequencies between racial subgroups
were more pronounced in officers than in enlisted personnel, for both deployed and non-
deployed Veterans (i.e., deployed White officers had ~32% higher response than deployed
Black officers, whereas deployed White enlisted personnel had ~14% higher response than
Black enlisted personnel).

3.4. Comparison of Gulf War Era Veteran Survey Respondents to All Gulf War Era VHA Users

Compared with the overall population of living GW-era VHA users at the time of
the mailing, GW Era Survey respondents included a higher proportion of women (16%
vs. 12%), were four years older on average (61.6 vs. 57.5 years), and were less racially
diverse (e.g., 20% vs. 24% identified as Black/African American). Survey respondents also
included higher proportions of Veterans who were married (64% vs. 55%), were military
officers (21% vs. 13%), had VA service-connected disabilities (85% vs. 74%), and had served
in a combat zone (18% vs. 13%) (see Table 3). Among GW Era Survey respondents, there
was slightly more representation from the Army and Reserves, and the mean score on the
Charlson Comorbidity Index was slightly higher relative to the broader GW-era population
receiving VHA healthcare.



Int. J. Environ. Res. Public Health 2024, 21, 72 11 of 22

Table 3. Characteristics of Gulf War Era Veteran Survey Respondents vs. All Gulf War Era VHA Users.

Characteristics GW Survey
Respondents(n = 45,270)

GW-Era VHA Users 1

(n = 1,751,873) SMD 5

Gender 2 (%) 0.12 *
Male 83.7 87.9
Female 16.3 12.1

Age 2 0.50 **
Mean (SD) 61.6 ± 8.4 57.5 ± 8.1
Median 61 56
Min–Max 44–93 44–96
Q1, Q3 55, 68 51, 63
Missing <11 546

Race 2 (%) 0.13 *
White 76.4 69.9
Black/African American 19.5 24.1
Asian 1.3 2.1
American Indian/Alaskan Native 0.7 0.8
Other 0.9 1.0
Multiple Responses 0.8 0.7
Missing 0.4 1.4

Ethnicity 2 (%) −0.02 *
Hispanic or Latino 6.1 6.3
Not Hispanic or Latino 93.1 89.1
Unknown 0.8 4.6

Marital Status 3 (%) 0.08 *
Married/cohabitating with

partner 64.3 55.2
Missing 3.0 11.3

Service Branch 4 (%) 0.10 *
Army 52.0 47.4
Navy 20.2 21.1
Air force 20.0 21.0
Marine Corps 6.3 7.8
Coast Guard 1.3 1.3
Other 0.2 1.4

Rank 4 (%) 0.23 **
Enlisted 75.1 85.4
Officer 20.5 12.5
Warrant Officer 2.7 2.0
N/A or Missing 1.6 0.1

VA Service-Connected Disability 3 (%) 0.27 **
Yes 84.9 73.9
No 15.1 26.1
Mean (SD) Disability Rating % 63.6 ± 32.2 56.8 ± 34.0 0.21 **

Ever Served in Combat Zone 3 (%) 0.09 *
Yes 17.5 12.5
No 66.4 59.9
Unknown 16.2 27.5

Component 4 (%) 0.10 *
Active Duty 61.3 66.3
National Guard 12.9 11.2
Reserves 25.8 22.5

Charlson Comorbidity Index 3 0.59 ***
Mean (SD) 3 (2.1) 1.9 (1.7)
Median (Q1, Q3) 3 (2, 4) 1 (1, 3)

1 Veterans who were alive as of 15 November 2018, who had at least one inpatient or outpatient VHA visit, and
had served during the 1990–1991 GW Era according to VADIR. This comparison group excludes the GW Survey
respondents (n = 45,270). 2 Data source: CDW supplemented with VADIR. 3 Data source: CDW. 4 Data source:
VADIR. 5 Standardized mean differences (SMD) exclude missing values. * = small effect size, ** = medium effect
size, *** = large effect size.
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3.5. Comparison of Deployed Gulf War Veteran Survey Respondents to All Deployed Gulf
War Veterans

Finally, the deployed GW Era Survey respondents (n = 10,695) were also compared to
the entire population of U.S. Veterans who served in the 1990–1991 Gulf War (n = 696,470)
as documented in a 2002 federal report (see Table 4) [24]. SMD scores were not calculated
for this comparison because the deployed GW Era Survey respondents (n = 10,695) are a
subset of the entire population of GW Veterans (n = 696,470). Survey respondents were very
similar to the overall population of GW Veterans, with limited differences. The deployed
GW Survey respondents were more likely to be female, and were about three years older,
on average, at their time of deployment (i.e., age in 1991) compared with the full population
of GW Veterans. Additionally, deployed GW Survey respondents were more likely to have
served in the Army, to be in the Reserves or National Guard, and to be officers compared
with the full population of GW Veterans. Notably, the racial composition of the two groups
was nearly identical.

Table 4. Demographic and military characteristics of deployed MVP GW Survey sample and the full
U.S. population of 1990–1991 Gulf War Veterans.

Demographic Characteristics

Deployed
MVP Gulf War

Survey Respondents 1

(n = 10,695)

All Deployed
Gulf War Veterans 2

n = 696,470

Gender (%)
Male 88.9 92.5
Female 11.1 7.2
Unknown 0.0 0.3

Age Group in 1991 (%)
Mean age in years (SD) 31.4 ± 7.8 28.0
<25 25.5 40.9
25–34 42.0 40.3
35–44 27.7 15.6
45–54 4.5 2.6
55–64 0.2 0.2
≥65 0.0 0.0
Unknown 0.0 0.4

Race (%)
White 66.5 67.7
Black/African American 23.5 22.6
American Indian/Alaskan Native 0.9 0.6
Asian 3 1.6 2.3
Other 3.1 1.4
Multiple Responses 4.2 --
Unknown 0.2 0.4

Ethnicity (%)
Hispanic 4 9.8 5.1
Non-Hispanic 90.1 --
Unknown 0.1 --

Service Branch (%)
Army 61.0 50.4
Air Force 10.4 11.9
Marine Corps 11.3 14.9
Navy 17.0 22.7
Coast Guard 0.2 0.1
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Table 4. Cont.

Demographic Characteristics

Deployed
MVP Gulf War

Survey Respondents 1

(n = 10,695)

All Deployed
Gulf War Veterans 2

n = 696,470

Rank in August 1990–1991 (%)
Enlisted 82.3 89.3
Officer 13.7 9.5
Warrant Officer 3.0 1.2

Component (%)
Active Duty 76.9 83.9
Reserve & National Guard 23.1 16.1

1 Data sources for deployed GW Survey respondents: gender, age (calculated as of 1 January 1991, to be consistent
with the VA/DoD report), race, ethnicity from MVP Core demographic file supplemented with VADIR data; service
branch, rank, and component from VADIR. 2 Responses from VA/DoD report. Includes all military personnel
deployed to the Gulf theater between 1 August 1990 and 31 July 1991. Note: VA/DoD report combined race and
ethnicity in a single variable, adding to 100%. Ethnicity is shown separately in this table to align with how data
were collected for deployed MVP GW Veterans, but the two sources are not entirely comparable. 3 Asian includes
Chinese, Japanese, Asian Indian, Other Asian, Filipino, and Pacific Islander (definition applies only to Deployed
Gulf War Survey Respondents). 4 Hispanic includes Mexican, Puerto Rican, Cuban, other Spanish/Hispanic/or
Latino/or multiple responses (definition applies only to MVP Deployed Gulf War Survey Respondents).

4. Discussion

The MVP 1990–1991 Gulf War Era Survey represents a successful first large-scale
recontact effort of MVP participants. The resulting sample represents the largest research
cohort of 1990–1991 Gulf War and non-deployed Gulf War-Era Veterans collected to date. In
addition to standard assessment of survey response rates and characteristics, available data
allowed detailed comparisons of the final study sample to the entire patient population of
VHA users who served during the 1990–1991 Gulf War Era, as well as the full population
of U.S. Veterans who served in the 1990–1991 Gulf War. The overall comparability of the
MVP Gulf War Era study cohort to the larger populations of U.S. Gulf War Veterans and
Veterans of the era, together with the multifaceted data resources assembled for the project,
provide an important foundation for detailed studies of long-term health consequences
associated with the 1990–1991 Gulf War.

The overall MVP GW Survey response rate of 41% is comparable to response rates
observed for other large government-sponsored Veteran population surveys. It is similar
to that of the recent MVP COVID-19 Survey distributed via mail in 2020 (40% response
rate) [36] and higher than the Mental Health Questionnaire participation rate of 31% for the
original UK Biobank participants [37]. In addition, it is not far from the 53% response rate
observed for the mailed portion of the population-based survey of 30,000 Gulf War Veterans
conducted in 1995 [6] and higher than the response rate of 34% for the first follow-up survey
of the 1995 cohort of Gulf War Veterans [38].

Survey response rates were modestly higher among deployed vs. non-deployed
Veterans (44% vs. 40%). Response was most consistently higher among older Veterans,
those who identified as White, and Veterans who had served as officers in the military.
Additional stratified analyses were undertaken to determine whether the elevated response
rate among officers may be driving differences in other response characteristics. We
concluded that rank-related response differences did not generally confound the overall
pattern of demographic, military, and health associations with response rates, although
response patterns observed across racial/ethnic subgroups and military branches differed
for officers vs. enlisted personnel.

Survey respondents also reported better health than non-respondents on a variety
of indicators, although the magnitude of health differences was uniformly small. This
included more favorable self-reported current health status, physical fitness, exercise
frequency, and pain levels. However, on average, respondents and non-respondents
showed a similar number of self-reported specific health conditions and a comparable
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degree of medical comorbidity based on VA electronic health record data (as indicated by
the Charlson Comorbidity Index). And, although survey respondents were less likely to be
current smokers than non-respondents, they were slightly more likely to screen positive
for problematic drinking. Survey respondents also had slightly higher scores on both the
physical and mental component scales of the VR-12 relative to non-respondents, indicating
higher health-related quality of life. Regarding patterns of healthcare utilization, survey
respondents were less likely to rely predominantly on VA health care than non-respondents.
This finding is in line with the higher on-average levels of education and income reported
by respondents, suggesting they may have slightly greater access to private insurance and
non-VA healthcare services than non-respondents.

In this paper, we also compared GW Era Survey respondents to the overall popula-
tion of 1990–1991 GW-era Veterans using the VHA system at the time of data collection.
We found that the demographic characteristics of the survey respondents were generally
consistent with those of the VHA-enrolled GW-era population, with minor differences.
Notably, GW Era Survey respondents included a higher proportion of Veterans who were
women, were married, and were military officers than the GW-era VHA user population;
respondents were also slightly older and less racially diverse than the GW-era VHA user
population. A similar pattern was observed in the UK Biobank Study, in that the par-
ticipation rate was higher among women, older age groups, and persons living in less
socioeconomically marginalized areas compared with the general population [39]. GW Era
Survey respondents were also more likely to have served in a combat zone, to have a VA
service-connected disability rating, and had a slightly greater level of medical comorbidity
(i.e., higher Charlson Comorbidity Index) than the overall GW-era population using VHA
services. Taken together, the higher frequencies of service in a military combat zone, VA
service-connected disability, and medical comorbidity observed among GW Era Survey
respondents suggests they may carry a slightly higher disease burden than the larger popu-
lation of all GW-era VHA users. Alternatively, the higher degree of medical comorbidity
seen in respondents (per the CCI) may be an artifact of their higher healthcare utilization,
providing more opportunity for documenting ICD diagnostic codes. These findings are
generally consistent with previous studies that have identified motivational factors that
influence Veterans’ participation in health research, including altruism, giving back to the
medical community for the care they have received, and a desire to help scientists learn
how to treat other Veterans with the same disease, which seem to be particularly strong
among Veterans with armed combat experience [40–42].

Perhaps most relevant to study objectives, we were able to compare key characteristics
of GW-deployed MVP Survey respondents to the full population of 696,470 deployed U.S.
GW Veterans. The MVP GW sample generally was very similar to the full population
of U.S. 1990–1991 GW Veterans. The racial composition of the two groups was nearly
identical, while the MVP GW Veteran study cohort was, on average, three years older and
included slightly higher proportions of women, officers, Reservists, and Army Veterans
compared with the full population of U.S. 1990–1991 GW Veterans. Overall similarities
demonstrate that the MVP cohort of GW-era Veterans appears to be generally representa-
tive of the broader GW-era Veteran population, including those receiving care in the VA
healthcare system.

Finally, the health profile of GW Era Survey respondents was slightly more favorable
than non-respondents with respect to a range of self-reported health indicators (e.g., higher
perceived physical health and fitness level, greater exercise frequency, lower pain levels)
as well as socioeconomic status indicators (e.g., higher educational attainment, higher
income level). This finding is suggestive of a possible “healthy volunteer” response bias
in this GW-era cohort, which has been well-documented in other volunteer-based cohort
studies [39,43,44]. Although such response bias appears to have occurred to some extent in
the current GW-era cohort, it differs from prior evidence that MVP participants, overall, are
not healthier than non-VHA Veterans or the general U.S. population. For example, previous
studies have shown that compared with the general population, MVP participants have
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a higher prevalence of overweight and obesity and are more likely to be seeking health
care [30]. We similarly found that the mean BMI for both MVP GW Survey respondents
and non-respondents was ~31 kg/m2, falling in the Class I obese category according to
clinical guidelines [45], which is higher than the mean BMI level reported in the general
U.S. population (c.f., National Health and Nutrition Examination Survey [NHANES]; [46]).

Strengths and Limitations

A major strength of the current study is our use of multiple data sources that were
external to the MVP GW Era Survey data to evaluate the characteristics of the study
cohort in relation to several key comparison groups (i.e., GW Survey non-respondents,
GW-era VHA users, and the full U.S. population of 1990–1991 GW Veterans). This detailed
investigation is critically informative regarding the generalizability of results generated
using this cohort. The overall similarity of the MVP GW-era sample with GW-era VHA
users and with all U.S. Gulf War Veterans provides confidence that research findings from
this cohort indeed are likely to be representative of Gulf War Veterans.

Other important strengths of this study include the assembly and detailed characteri-
zation of the largest sample of deployed 1990–1991 GW Veterans and non-deployed GW-era
Veteran cohorts. It provides good representation of subpopulations of GW-era Veterans
(e.g., gender, race, ethnicity, age, education, military branch), which affords greater power
to evaluate differences across subgroups than in previous GW studies. Data for the study
were collected in 2018–2019, providing health and related information on Veterans of the
1990–1991 GW Era 28 years after the war. This aspect is particularly important, as studies
have indicated that the health of GW Veterans has continued to decline in the decades after
the war as Veterans have aged [9,47].

We acknowledge several limitations inherent in volunteer-based survey studies, in-
cluding participation bias, recall bias (particularly when reporting on military experiences
from nearly 30 years ago), and reporting bias (e.g., over- or under-reporting of symptoms)
which may reduce the accuracy and generalizability of certain data and results in stud-
ies conducted using this cohort. The expected impact of some of these biases are more
predictable than others. For example, if the accuracy of Veteran-reported exposures is
“nondifferential” in relation to their health status, identified health-exposure associations
would be biased towards the null, potentially obscuring accurate identification of true
associations. Conversely, if sicker Veterans routinely “over report” a given exposure more
commonly than healthy Veterans, the estimated health–exposure association would be
inflated. Such limitations have long been associated with GW Veteran population research
and have potentially increased over time in some respects. In addition, government and
research sources have characterized the U.S. population of non-deployed GW-era Veter-
ans in different ways for different purposes since 1991. We did not identify a report that
described the overall U.S. population of non-deployed GW-era Veterans that was suitable
for current purposes. Therefore, we could not directly compare our non-deployed GW-era
Survey respondents to the appropriate population.

5. Conclusions

The VA MVP/CSP #2006 study population represents the largest cohort of 1990–1991
GW-era Veterans available for research, laying the foundation for future analyses of the com-
plex relationships among GWI phenotypes, genes, and GW deployment exposures. This
cohort offers a valuable resource for future epidemiologic and genomic studies investigat-
ing GWI and other health outcomes in Veterans, important work that is already underway
(e.g., Radhakrishnan et al. [20]; Duong et al. [21]; Koller et al. [48]). We demonstrated here
that the demographic, military, and health characteristics of this GW-era Veteran sample
are largely consistent with the general population of deployed GW Veterans and GW-era
Veterans using VHA healthcare services and can be considered generally representative
of the broader GW-era Veteran population. Future investigations based on this sample
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are expected to provide reasonably unbiased estimates of genetic and exposure–disease
associations that are generalizable to the GW Veteran population.
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