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Learning Objectives

� Summarize previous findings on the environmental hazards
and symptoms reported by Gulf War veterans, including
previous follow-up studies.
� Discuss the new 20-year follow-up findings in the Ft. Devens

Cohort of Gulf War veterans, including specific symptoms
associated with specific exposures.
� Discuss the study implications for ongoing care and

monitoring of Gulf War veterans.
Objective: This analysis examined the relationship between Gulf War (GW)

exposures and health symptoms reported in three time periods over 20 years in

Ft. Devens Cohort veterans. Methods: Repeated logistic regression models

examined the association of exposures and health symptoms over time.

Models included baseline age, active duty status, post-traumatic stress disor-

der status, sex, and time since deployment as covariates. Results: Exposure to

tent heaters was associated with increased odds of crying easily and muscle

twitching. Exposure to pyridostigmine bromide (PB) pills was associated with

increased odds of depression and fatigue. Exposure to the Khamisiyah sarin

plume was associated with increased odds of trouble concentrating and crying

easily. Conclusion: This longitudinal analysis demonstrated an association

between neurotoxicant exposures and increased odds of cognitive/mood,

fatigue, and neurological symptoms. In addition, most symptoms increased

over time since deployment regardless of exposure.
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M ilitary personnel deployed during the 1990 to 1991 Gulf War
(GW) were exposed to unique environmental hazards in

theatre, including pesticides, petrochemicals, debris from SCUD
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missiles, smoke from oil well fires, depleted uranium, prophylactic
medications such as pyridostigmine bromide (PB) pills, and the
chemical warfare agents sarin/cyclosarin.1–4 Previous findings from
cross-sectional data suggest that GW veterans self-reporting expo-
sure to smoke from oil well fires, pesticides, debris from SCUD
missiles, hearing chemical weapon alerts, and using PB anti-nerve
gas pills, were more likely to report cognitive dysfunction (eg,
changes in memory), depressive symptoms, and neurological com-
plaints (eg, headaches).1,2,5–9 In addition, pulmonary symptoms
such as asthma, chronic bronchitis, cough, and shortness of breath,
were more likely to be reported among GW veterans with exposure
to combustion by-products from oil well fires, propane fuel emis-
sions from tent heaters, and chemical weapons.7,10–12 Several
studies have now found that these symptoms may stem from chronic
neuroinflammatory or neuroimmune responses following neuro-
toxicant exposures.13–18

Follow-up studies among deployed GW veterans found that
the number and severity of health symptoms remained stable or
slightly worsened over follow-up periods of varying lengths (4–18
years), indicating neither improvement nor significant progres-
sion of symptoms.19–25 However, few longitudinal studies have
examined the relationship over time between GW exposures and
health symptoms in the same group. As GW veterans age, it is
becoming increasingly important to evaluate these symptoms
over time to study how neurotoxicants may influence patterns
of aging.

The Ft. Devens cohort (FDC) is a population of former US
Army Active, Reserve, and National Guard GW veterans followed
prospectively through a series of surveys since their return from
deployment in the Persian Gulf in 1991.7,9,26–30 These veterans were
not recruited on the basis of symptom reporting but based on their
military units. The findings from the FDC included early documen-
tation of the most common health symptoms, cognitive decrements in
environmentally exposed GW veterans, and differences in structural
neuroimaging, including lower white matter volumes, as well as the
effects of mild traumatic brain injury (mTBI) on GWI.7,9,26,30,31 To
our knowledge, the present study is the first to utilize data from three
surveys with the same veterans over a 20-year period to examine the
relationship between self-reported GW deployment exposures and
health symptoms over time.
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METHODS

Participants and Surveys
In the Spring of 1991 (Baseline), Active Duty, Reserve, and

National Guard Army personnel who returned from deployment to the
Persian Gulf through Ft. Devens, Massachusetts, were recruited to
participate in a survey to assess psychological health and combat
exposure. Follow-up questionnaires were designed to assess long-
term health, and psychological and functional well-being, as well as
Gulf-specific environmental and combat exposures.7,28,29 Figure 1
illustrates the overall timeline of the FDC study. The current study
uses a subset of FDC participants who completed the Health Symp-
tom Checklist at three follow-up time points (1992, 1997, 2013). All
demographic variables were taken from the baseline survey (1991).
All participants gave their informed consent for inclusion at each
timepoint, before they participated in the surveys. Institutional review
board approvals were obtained from VA Boston Healthcare System
and Boston University before initiating the surveys.

The Health Symptom Checklist
The Health Symptom Checklist is a pre-set list of health

symptoms originally adapted from Bartone et al.32 This measure
FIGURE 1. Overall timeline of the Ft. Devens Cohort (FDC)
study.
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asks participants to indicate whether they had experienced any of the
specific health symptoms. At Follow-up 1, a 20-item Health Symp-
tom Checklist asked veterans to indicate the frequency of 20
symptoms over the past 4 weeks using a Likert-scale rating (none,
a little, often, very often).28 Follow-up 2 included a 52-item
Expanded Health Checklist,7,29 which asked veterans to indicate
whether they experienced each health symptom over the past
4 weeks (yes or no). If the veteran indicated yes, they were asked
to indicate the frequency of the symptom as either sometimes, or a
lot. Follow-up 3 included a 34-item Health Symptom Checklist,
which asked veterans to endorse whether they experienced a
symptom (yes or no) over the past 30 days. If veterans indicated
yes, they were asked to indicate the frequency of the symptom
[(rarely (once or twice in all), some (about once per week), often
(several times per week), very often (almost every day)]. All
responses were dichotomized as present or absent. If a veteran
initially indicated not experiencing a symptom, but then endorsed a
frequency, the response was recoded as being present.

On the basis of the epidemiological literature examining GW
exposures and reported health symptoms,4 symptoms were chosen
that could be characterized as belonging to one of the following
categories: mood-cognition, fatigue, and neurological or physical
symptoms. A total of 12 symptoms fit these categories and were
included in all follow-up surveys: difficulty concentrating, feeling
depressed, crying easily, feeling anxious, trouble sleeping, lack of
energy, dizziness, headache, muscle twitching or trembling, rapid
heart rate, skin rash, and shortness of breath.

Gulf War Exposure Characterization
At Follow-up 2 and Follow-up 3, FDC veterans were asked

about environmental and combat exposures specific to GW deploy-
ment. Exposure to PB pills and chemical weapons were assessed at both
Follow-up 2 and Follow-up 3. There was substantial agreement for PB
pill exposure as assessed by the Kappa statistic [0.628 (95% confidence
interval, 95% CI¼ 0.516 to 0.740)]. However, agreement was low for
chemical weapon exposure [0.098 (95% CI¼ -0.005 to 0.201)]. This
may be due to the differential wording for the assessment of chemical
weapons at Follow-up 2 and Follow-up 3. Follow-up 2 assessed number
of times a participant was on formal alert for a chemical attack, and
Follow-up 3 assessed whether or not the participant was ever exposed to
chemical/biological warfare. To minimize the length of time between
deployment and recall, exposure data were taken from the Follow-up 2
survey, 6 years after deployment.

Veterans were asked to recall whether or not they had
consumed PB pills and heard formal chemical weapons alerts in
a dichotomous, yes or no response. They were also asked whether
they had experienced exposure to smoke from tent heaters according
to these categories: ‘‘not exposed,’’ ‘‘exposed but did not feel ill,’’
‘‘exposed and felt ill.’’ Answers for these three GW-specific expo-
sures were dichotomized into exposed and not exposed.

In addition, veterans were measured in regard to exposure to
the Khamisiyah weapons demolition. In March of 1991, the Army
Corp of engineers detonated underground munitions bunkers with
thousands of Iraqi rockets, which they were unaware at the time had
chemical weapons, sarin/cyclosarin, in the tips of the rockets. When
the explosions occurred, it was estimated that over 100,000 GW
veterans were exposed to low-level sarin/cyclosarin due to their
proximity to the air plumes from the explosions.33,34 The Department
of Defense (DOD) eventually notified exposed veterans by letter and a
registry was established. A list of FDC veterans who received
notification letters of potential exposure to sarin based on their
proximity to the Khamisiyah weapons depot detonations and pre-
sumed to be exposed to low levels of sarin/cyclosarin based on wind
plume modeling in 2000 was obtained by the DoD. These exposures
were categorized as a dichotomous variable, yes (received a notifica-
tion letter from the 2000 DOD exposure model) or no (never received
alf of the American College of Occupational and Environmental Medicine.



TABLE 2. Frequencies and Percentages of Reported Health
Symptoms at Each Follow-Up

Follow-up 1 Follow-up 2 Follow-up 3

n (%) n (%) n (%)

Mood-Cognition
Trouble Concentrating 153 (52.4) 119 (40.8) 167 (57.2)
Feeling Depressed 140 (47.9) 98 (33.6) 165 (56.5)
Crying Easily 61 (20.9) 44 (15.1) 74 (25.3)
Feeling Anxious 155 (53.1) 89 (30.5) 187 (64.0)

Fatigue
Trouble Sleeping 140 (47.9) 159 (54.5) 194 (66.4)
Lack of Energy 182 (62.3) 158 (54.1) 190 (65.1)

Neurological and Physical
Dizziness 76 (26.0) 82 (28.1) 80 (27.4)
Headache 183 (62.7) 135 (46.2) 138 (47.3)
Muscle Twitch or
Trembling

108 (37.0) 92 (31.5) 137 (46.9)

Rapid Heart Rate 65 (22.3) 38 (13.0) 88 (30.1)
Skin Rash 75 (25.7) 85 (29.1) 96 (32.9)
Shortness of Breath 62 (21.2) 71 (24.3) 106 (36.3)
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a notification letter) for Khamisiyah exposure status as a proxy for
sarin chemical weapons exposure during their deployment.34

Data Analysis
Descriptive statistics were used to describe the demographics

and characteristics of the full FDC and the current study sample. The
frequencies and percentages of health symptoms at each follow-up
time point are reported. A generalized estimating equation using a
logit link and an unstructured correlation was built for each health
symptom, which included the GW-specific exposures to tent heat-
ers, PB pills, self-reported exposure to chemical warfare agents and
notification of proximity to sarin/cyclosarin air plumes, as well as
the additional covariates of baseline age, active duty status, post-
traumatic stress disorder (PTSD) status, and sex.

In addition, dates of survey completion were used to deter-
mine the amount of time in years since baseline survey completion
to evaluate the effect of time on health symptom reporting. Interac-
tion terms for years since deployment and each exposure were
initially included in each model. Interaction terms that were not
significant were removed from final models. Odds ratios (ORs) and
95% CIs were calculated from the logistic regression models. In
interactions models, years since deployment were centered at 1.24
years, the mean time since deployment at Follow-up 1, so that ORs
for exposure involved in interactions are describing associations at
Follow-up 1. P values less than 0.05 were considered significant.
Adjustments were not made for multiplicity. All analyses were
performed using SAS 9.4 (SAS, Cary, North Carolina).

RESULTS

Demographics and Baseline Characteristics
A total of 2949 FDC veterans completed the initial survey

upon return from the GW in 1991. A total of 295 FDC veterans
responded at all three time points, of whom 292 veterans had health
symptom data at all three time points. In this subsample, the average
age immediately after deployment was approximately 32.3 years,
and veterans were more likely to be male and Caucasian. Only
16.4% were active duty and 5.5% met the clinical cut off for PTSD.
The full FDC from the baseline survey did not differ from the
subgroup with three time points compared in this study with regard
to sex or PTSD status as measured by the Mississippi PTSD Scale.
However, the study sample differed from the full FDC with regard to
age, race, and active duty status (Table 1).

Reported Exposure and Health Symptoms
At Follow-up 2, approximately 85.6% of veterans reported

exposure to chemical weapons, 68.5% reported exposure to PB pills,
and 68.2% reported exposure to tent heaters. Approximately, 41.4%
TABLE 1. Demographics and Baseline (1991) Characteristics
of Full Ft. Devens Cohort and Current Ft. Devens Cohort
Sample

Demographic/Characteristic

Full Devens

Cohort (N¼ 2,949)

Study Sample

(N¼ 292)

Age, years� 30.2� 8.4 32.3� 8.5
Male, n (%) 2,702 (91.6%) 260 (89.0%)
Caucasian, n (%)� 2,443 (82.8%) 272 (93.2%)
Active Duty, n (%) (vs Reserve,

National Guard)�
823 (27.9%) 48 (16.4%)

Mississippi PTSD scale-score 61.9� 13.4 61.9� 14.2
Clinical cutoff on Mississippi

scale-score, n (%)
116 (3.9%) 16 (5.5%)

�P< 0.05.
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of veterans received notification of exposure to sarin gas from the
Khamisiyah munitions demolition. On average, the number of years
since deployment was 1.24� 0.28 years at Follow-up 1, 5.95� 0.18
years at Follow-up 2, and 23.91� 0.92 years at Follow-up 3. Fre-
quencies and percentages of reported health symptoms at each
Follow-up period are displayed in Table 2. Frequency of symptoms
ranged from as low as 13.0% (rapid heart rate) to as high as 66.4%
(trouble sleeping).

Longitudinal Associations Between Gulf War
Exposure and Health

The relation between GW-specific exposures and health symp-
toms are displayed in Table 3. Overall, years since deployment was
significantly associated with an increase in reporting of 9 of the 12
symptoms and a decrease in one symptom (headache) over time
(Table 3). The increase odds of reporting of these symptoms ranged
from 2% to 6% per year since deployment. Self-reported exposure to
chemical weapons was not significantly associated with health
symptoms. However, self-reported exposure to tent heaters was
associated with increased odds of crying easily (OR¼ 1.77, 95%
CI¼ 1.03 to 3.04, P¼ 0.038) and muscle twitch or trembling
(OR¼ 1.50, 95% CI¼ 1.00 to 2.23, P¼ 0.048) compared with
veterans not reporting exposure to tent heaters. Significant interac-
tions between tent heaters and years since deployment were noted for
lack of energy (P¼ 0.036) and shortness of breath (P¼ 0.009), with
differing patterns. Those reporting exposure to tent heaters initially
reported lower frequency of shortness of breath (at Follow-up 1
OR¼ 0.59, 95% CI¼ 0.33 to 1.04, P¼ 0.068), but eventually
reported a higher frequency (at Follow-up 3 OR¼ 1.33, 95%
CI¼ 0.75 to 2.37, P¼ 0.331), than those unexposed. Those reporting
exposure to tent heaters reported higher frequency of fatigue initially
(at Follow-up 1 OR¼ 1.60, 85% CI¼ 0.92 to 2.76, p¼ 0.09), but
eventually reported lower frequencies (at Follow-up 3 OR¼ 0.84,
95% CI¼ 0.50 to 1.43, P¼ 0.52), than those unexposed.

Self-reported exposure to PB pills was associated with
increased odds of feeling depressed (OR¼ 1.65, 95% CI¼ 1.06
to 2.55, P¼ 0.026), crying easily (OR¼ 1.86, 95% CI¼ 1.01 to
3.43, P¼ 0.046), and lack of energy (OR¼ 1.74, 95% CI¼ 1.14 to
2.64, P¼ 0.010) compared with veterans not reporting PB pill
usage. In addition, a significant interaction was noted between
PB pill exposure and years since deployment for trouble sleeping
(P¼ 0.008), where those reporting exposure initially reported
higher frequency of trouble sleeping (at Follow-up 1 OR¼ 2.09,
he American College of Occupational and Environmental Medicine. 665



TABLE 3. Longitudinal Associations Between GW-Specific Exposures and Reported Health Symptoms

Tent Heaters PB Pills
Self Report of Chemical

Weapons
Khamisiyah DOD

Notification Years Since Deployment

OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value

Mood-Cognition
Trouble Concentrating 0.84 (0.56-1.25) 0.39 1.16 (0.74–1.80) 0.52 0.84 (0.47–1.50) 0.55 1.56 (1.06–2.28) 0.023 1.02 (1.01–1.03) 0.002
Feeling Depressed 0.94 (0.63–1.39) 0.75 1.65 (1.06–2.55) 0.026 0.72 (0.39–1.36) 0.32 1.24 (0.85–1.80) 0.26 1.03 (1.02–1.05) <0.001
Crying Easily 1.77 (1.03–3.04) 0.038 1.86 (1.01–3.43) 0.046 1.19 (0.52–2.68) 0.68 1.94� (1.03–3.65) 0.040 1.04 (1.01–1.06) 0.002
Feeling Anxious 1.19 (0.80–1.77) 0.39 1.50 (0.96–2.34) 0.070 0.73 (0.39–1.39) 0.39 0.91 (0.62–1.35) 0.63 1.04 (1.02–1.05) <0.001

Fatigue
Trouble Sleeping 0.91 (0.62–1.35) 0.65 2.09� (1.25–3.48) 0.005 0.92 (0.53–1.59) 0.76 0.96 (0.66–1.39) 0.83 1.06 (1.04–1.09) <0.001
Lack of Energy 1.30� (0.84–2.01) 0.24 1.74 (1.14–2.64) 0.010 0.80 (0.45–1.40) 0.43 1.03 (0.72–1.48) 0.88 1.03 (1.01–1.05) 0.005

Neurological or Physical
Dizziness 0.88 (0.58–1.33) 0.54 1.42 (0.84–2.38) 0.19 0.70 (0.36–1.38) 0.31 1.35� (0.83–2.21) 0.23 1.02 (1.00–1.04) 0.08
Headache 0.97 (0.65–1.46) 0.89 1.32 (0.84–2.09) 0.23 0.89 (0.48–1.62) 0.69 0.63 (0.42–0.93) 0.021 0.98 (0.97–1.00) 0.009
Muscle Twitch or

Trembling
1.50 (1.00–2.23) 0.048 1.18 (0.75–1.86) 0.53 0.63 (0.34–1.15) 0.13 1.09 (0.72–1.66) 0.69 1.03 (1.01–1.04) <0.001

Rapid Heart Rate 0.90 (0.56–1.43) 0.65 1.49 (0.85–2.60) 0.17 0.61 (0.29–1.27) 0.19 1.21 (0.77–1.89) 0.40 1.03 (1.01–1.04) <0.001
Skin Rash 0.84 (0.56–1.27) 0.41 1.31 (0.79–2.19) 0.30 1.15 (0.58–2.27) 0.69 1.17� (0.71–1.92) 0.54 1.03 (1.01–1.05) 0.002
Shortness of Breath 0.59� (0.33–1.04) 0.07 1.51 (0.89–2.57) 0.13 0.84 (0.42–1.67) 0.61 1.60� (0.92–2.76) 0.09 1.02 (1.00–1.05) 0.09

Models included baseline age, sex, active military status, and PTSD status as covariates.
Interactions between years since deployment and exposures were assessed in each model. Significant interactions (denoted with �) were found between years since deployment

and tent heaters for lack of energy (P¼ 0.036) and shortness of breath (P¼ 0.009), between years since deployment and PB pills for trouble sleeping (P¼ 0.008), and between years
since deployment and Khamisiyah Notification for crying easily (P¼ 0.021), dizziness (P¼ 0.028), skin rash (P¼ 0.003), and shortness of breath (P¼ 0.037). Odds ratios for
exposure with interactions correspond to the effect at Follow-up 1, at 1.24 years post deployment.

CI, confidence interval; OR, odds ratio.
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95% CI¼ 1.25 to 3.48, P¼ 0.005), but eventually endorsed trouble
sleeping at the same frequency as those unexposed (at Follow-up 3
OR¼ 0.83, 95% CI¼ 0.47 to 1.48, P¼ 0.053).

Exposure to the sarin plume from the Khamisiyah demolition
operation was associated with increased odds of trouble concentrating
(OR¼ 1.56, 95% CI¼ 1.06 to 2.28, P¼ 0.023) and decreased odds of
headaches (OR¼ 0.63, 95% CI¼ 0.42to 0.93, P¼ 0.021) compared
with FDC veterans who did not receive Khamisiyah notification
letters. A significant interaction was noted between exposure to sarin
and years since deployment for crying easily (P¼ 0.021), where those
exposed initially reported higher frequency of crying easily (at
Follow-up 1 OR¼ 1.94, 95% CI¼ 1.03 to 3.65, P¼ 0.040). Addi-
tional significant interactions between notification of exposure to the
sarin plume from Khamisiyah and years since deployment were seen
for dizziness (P¼ 0.028), skin rash (P¼ 0.003), and shortness of
breath (P¼ 0.037). For each of these four symptoms, the exposed
group reported initially reported higher frequency of symptoms than
the unexposed group, but eventually reported either similar or lower
rates than the unexposed group.

DISCUSSION
In a longitudinal analysis controlling for baseline age, active

duty status, PTSD status, and sex, exposure to tent heaters was
associated with higher endorsement of crying easily and muscle
twitching/trembling. Our findings are similar to other studies that
have shown tent heater exposure to be related to increased reporting
of cardiac, neurological, and pulmonary symptoms,7 as well as
chronic multisymptom illness (CMI), involving fatigue, cognitive/
mood, and musculoskeletal symptoms.29

Self-reported exposure to PB pills was significantly associated
with higher endorsement of feeling depressed, crying easily, trouble
sleeping, and lack of energy. These results are consistent with
previous reports of nearly 250,000 GW veterans, which suggested
consumption of PB pills is a causal factor of GW Illness (GWI), a
disorder that affects approximately 30% of GW veterans and is
characterized by a combination of symptoms that include fatigue,
cognitive and mood dysfunction, musculoskeletal pain, gastrointesti-
nal complaints, respiratory symptoms, and skin rashes.1–4,35–37

Similarly, other studies demonstrated that veterans who consumed
PB pills had significantly higher odds of CMI, which is a commonly
666 � 2020 The Author(s). Published by Wolters Kluwer Health, Inc. on beh
used definition for GWI.29,35 In addition, self-reported PB exposure
has recently been associated with medical conditions, including
myocardial infarction, diabetes, and chronic fatigue syndrome.12

PB reversibly binds to the same cholinergic receptors as nerve
agents such as sarin and soman causing the receptors to be unavailable
for these nerve agents. Thus, a Food and Drug Administration waiver
was obtained by the DoD for PB pills to be administered as a
prophylactic medication during the GW. Safety was assumed, as PB
pills were commonly used to treat a chronic autoimmune neuromus-
cular disorder, myasthenia gravis.38 However, PB is an acetylcholines-
terase inhibitor (AChEi), which reversibly inactivates the AChE
enzyme preventing the breakdown of acetylcholine (ACh).39,40 Subse-
quent accumulation of ACh in the synapse overstimulates muscarinic
and nicotinic cholinergic receptors and has been shown to be associated
with later cognitive, muscle, and sleep dysfunction.41,42 Further, oli-
godendrocytes have now been shown to have functional cholinergic
receptors that are affected by GW-relevant AChE inhibitors, suggesting
brain myelination may also be affected.43,44

Exposure to ACHEis, such as PB pills and sarin nerve gas,
may also trigger brain-immune responses due to activation of
microglia and astrocytes, the brain’s immune sentinels. These
sentinels enhance cytokine and chemokine signaling leading to
chronic neuroinflammation.14,15,45–49 In addition, neuroendocrine
and autonomic nervous system disruptions can occur, as well as
alteration of innate immune function as cholinergic receptors also
exist outside the central nervous system (CNS).4,42,50

In the current analysis, consumption of PB pills was associated
with mood-cognition and fatigue symptoms, but significant associ-
ations were not observed among other neurological or physical
symptoms. However, it is interesting to note that the ORs consistently
indicated that PB pill consumption was associated with a 16% to 51%
increase in symptoms even when the association was not statistically
significant. The current sample size is relatively small, so it is possible
that the current analysis lacks statistical power to detect associations
that may be seen with a larger sample size.

Self-reported exposure to chemical weapons was not associ-
ated with any of the 12 symptoms despite several studies examining
cross-sectional symptoms, medical conditions, and cognitive out-
comes reporting differences .7,9,12,51,52 However, comparison of an
objective notification from the DOD of Khamisiyah-related sarin
alf of the American College of Occupational and Environmental Medicine.
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exposure was associated with increased odds of trouble concentrating
and crying easily and decreased odds of headaches. These symptoms
of altered mood and cognitive functioning after nerve agent exposure
are consistent with those reported in the literature for other known
exposed groups, including those poisoned from the Tokyo subway
terrorist attacks in 1995.53 The DoD notified approximately 100,000
veterans who may have been exposed to sarin following the demoli-
tion plume, based on where their unit was located.33,34 Although we
recognize that the Khamisiyah notified groups may not be the only
GW veterans exposed to chemical weapons during the war,54,55 the
Khamisiyah incident remains at least one verified and sensitive
measure of sarin exposure during the deployment. Our results add
to the evidence that the Khamisiyah notification letter is a sensitive
surrogate measure of sarin exposure, particularly for those who were
at close proximity to the demolition plume. Our group was the first to
report a dose–response association of brain imaging outcomes with
the Khamisiyah plume estimated exposure levels obtained by DOD26

and this finding has since been partially replicated.56,57 Therefore,
these results suggest that self-reported exposure to chemical weapons
may not be as sensitive as the Khamisiyah notification letter for
longitudinal analyses.

Previous research indicates that symptom reporting remains
relatively stable or has increased slightly in GW veterans over time.23

In this sample, significant associations between time since deployment
and symptom reporting were observed in 10 of 12 symptoms. Generally,
these symptoms significantly increased over time, with the exception of
headaches, which decreased. Although speculative, this may be due to
veterans seeking effective treatments early after return from deployment
for this symptom. The changes in symptom trajectories could indicate
emerging or worsening symptoms with age or could reflect normative
aging. Porter et al58 found that rates of CMI significantly increased over
time in all groups assessed, with GW veterans having the highest
prevalence rate compared with era and non-era personnel at each
timepoint. It is particularly striking that the symptoms involved in
the criteria for CMI are increasing over time in veteran comparison
groups (era and non-era personnel) and thus may be related to normal
aging symptomatology. However, it was recently demonstrated that GW
deployment is associated with accelerated aging such that the average
50-year-old GW deployed veteran exhibits rates of medical conditions
that are similar to those seen in 70-year-old non-veterans.12 Thus,
symptom trajectories may be altered in this aging population and
GW veterans should be carefully monitored for age-related chronic
illnesses and treated to prevent further health complications.

Limitations and Strengths
The current analysis was limited to subjects that had data at

all three time points, which may limit the generalizability of our
results to the greater Ft. Devens cohort and the population of GW
veterans as a whole. Indeed, compared with the greater Ft. Devens
cohort, the current sample appeared to be more likely to meet the
clinical cut off for PTSD and more likely to be Caucasian. Selection
bias is also a concern for a variety of reasons. First, selection bias is
inherent in surveys, as it is possible that veterans who respond may
be different than veterans that do not respond. Concern for selection
bias is higher in longitudinal studies, as individuals with more health
problems may be more likely to remain in the study than healthy
individuals. Alternatively, longitudinal studies also exclude the
sickest veterans, who are either too ill to participate, or may have
died during the course of the study. However, it is important to note
that the FDC is unlike other veteran samples, as they were not
recruited from patients at the Department of Veteran Affairs hos-
pitals but rather were recruited and interviewed as a cohort study
days after their return from the war.

Another important challenge to studying the effects of GW
exposures on veteran health is a lack of records or measurements
quantifying chemical exposures during deployment. It may also be
� 2020 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf of t
the case that other exposures that were not assessed in this cohort
may be contributing to chronic health symptoms in this cohort
including depleted uranium or other heavy metals that may be better
suited to biomarker studies for assessment. However, although three
of the four exposures analyzed were self-reported, recall bias was
minimized by using exposure data from Follow-up 2, which was less
than 5 years after return from the GW and before many exposure-
outcome reports had been made public. It is also important to note
that the first round of DOD Khamisiyah notification letters were
sent out in 1997. The first two surveys included in this study were
conducted before the Khamisiyah letters were sent. Therefore, the
subjective reporting of symptoms may be less biased, as veterans
may not have known that they were exposed to sarin and thus would
not attribute their symptoms as such.

The current study was limited to using 12 health symptom
variables that were reported at all three time points. Some of the
health symptoms assessed differed slightly in wording across the
three surveys, and thus may have contributed to the decrease in
symptoms observed at follow-up 2. It would be of interest to explore
other symptoms commonly reported among GW veterans, including
gastrointestinal symptoms such as nausea and diarrhea, respiratory
symptoms such as coughing and wheezing, and additional cognitive
symptoms including difficulty remembering and trouble finding
words. In addition, the analyses presented in this paper reflect
grouped data. Therefore, individual variation of symptoms over
time may have been masked. Future studies should investigate
individual trajectories of symptoms and their associations with
exposure. Similarly, results are from a limited sample of GW
veterans, and may lack generalizability to a larger population.
Finally, analyses were not adjusted for multiple comparisons which
increases the chance of type I error.

CONCLUSION
The current longitudinal analysis demonstrated higher odds

of symptom reporting associated with exposure to tent heaters,
consumption of PB pills, and exposure to sarin/cyclosarin from the
Khamisiyah demolitions plume, among a group of GW veterans
while controlling for baseline age, active duty status, PTSD status,
and sex. In addition, overall, time since deployment was signifi-
cantly related to symptom reporting indicating that symptoms are
increasing over time in this cohort of GW veterans. This increase in
symptoms may be the result of normative aging or may be specific
to neurotoxicant-induced accelerated aging patterns in certain
instances that should be further studied. These results raise concerns
about GW veterans’ health more than 25 years after the war. GW
veterans should continue to be followed over time by their care
providers to properly manage long-term health issues and treat new
health issues that may arise.
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