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Abstract

Objective—Previous mortality studies of U.S. Gulf War veterans through 2000 and 2004 have 

shown an increased risk of brain cancer mortality among some deployed individuals. When 

veterans possibly exposed to environmental contaminants associated with demolition of the 

Khamisiyah Ammunition Storage Facility at Khamisiyah, Iraq, have been compared to 

contemporaneously deployed unexposed veterans, the results have suggested increased risk for 

mortality from brain cancer among the exposed. Brain cancer mortality risk in this cohort has not 

been updated since 2004.

Methods—This study analyzes the risk for brain cancer mortality between 1991–2011 through 

two series of comparisons: U.S. Gulf War deployed and non-deployed veterans from the same era; 

and veterans possibly exposed to environmental contaminants at Khamisiyah compared to 

contemporaneously deployed but unexposed U.S. Gulf War veterans. Risk of brain cancer 

mortality was determined using logistic regression. Life test hazard models were created to plot 

comparisons of annual hazard rates. Joinpoint regression models were applied to assess trends in 

hazard rates for brain cancer mortality.

Results—U.S. Army veterans possibly exposed at Khamisiyah had similar rates of brain cancer 

mortality compared to those not possibly exposed; however, veterans possibly exposed had a 

higher risk of brain cancer in the time period immediately following the Gulf War.

*Corresponding author at: VISN 2 Center of Excellence for Suicide Prevention, Canandaigua VA Medical Center, Canandaigua, NY, 
USA. shannon.barth@va.gov (S.K. Barth). 
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Conclusion—Results from these analyses suggest that veterans possibly exposed at Khamisiyah 

experienced different patterns of brain cancer mortality risk compared to the other groups.
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1. Introduction

There is ongoing concern about health effects that may be associated with deployment 

during the 1990-1991 Gulf War. There is concern that the nerve agents sarin and cyclosarin, 

along with the possibility of additional unknown contaminants, were released when U.S. 

forces detonated the Khamisiyah Ammunition Storage Facility in Khamisiyah, Iraq, on 

March 10 through March 13, 1991 [1,2]. The Department of Defense and Central 

Intelligence Agency developed a plume model in 2000 to estimate the potential area of 

distribution of products resulting from demolition of munitions and identification of military 

units possibly exposed through service at or around the Khamisiyah munitions depot [1,2]. 

Studies have shown associations between likely environmental contaminant exposure at 

Khamisiyah and decreased neurobehavioral functioning, cognitive dysfunction, central 

nervous system pathology, and immunosuppression, demonstrating that exposures to these 

agents in this area may be related to damage to the central nervous system [3-8]. Several 

studies have indicated a relationship between low-level sarin and cyclosarin exposure and 

alterations in brain structure and function [7,9,10].

There has been evidence to suggest that U.S. Gulf War veterans possibly exposed at 

Khamisiyah had a higher risk of brain cancer mortality in the years following the war. In a 

2005 paper by Bullman et al. [11], risk of brain cancer mortality from 1991 through 2000 

among U.S. Army Gulf War veterans possibly exposed to environmental contaminants at 

Khamisiyah was compared to U.S. Army Gulf War veterans not possibly exposed. Results 

indicated an increased risk of brain cancer mortality among U.S. Gulf War Army veterans 

possibly exposed to environmental contaminants at Khamisiyah for one day (adjusted risk 

ratio = 1.72; 95% confidence interval: 0.95, 3.10) or two or more days (adjusted risk ratio = 

3.26; 95% confidence interval: 1.33, 7.96), compared to U.S. Gulf War Army veterans who 

were deployed but not possibly exposed at Khamisiyah. Barth et al. [12] extended the 

follow-up period through 2004 for the U.S. Army Gulf War cohort and expanded the 

analyses to look at all U.S. Gulf War veterans compared to a stratified random sample of 

veterans who served during the Gulf War but did not deploy to theater. There was no overall 

increased risk of brain cancer mortality among Gulf War deployed versus Gulf War era (i.e. 

not deployed to the Persian Gulf Region) (adjusted risk ratio = 0.90, 95% confidence 

interval: 0.73, 1.11); however, there was evidence of an increased risk of brain cancer 

mortality among Army Gulf War veterans exposed to oil well fire smoke (adjusted risk ratio 

= 1.67, 95% confidence interval: 1.05, 2.65). When controlling for potential environmental 

contaminant exposure at Khamisiyah, there was a marginally-increased risk for brain cancer 

mortality among those possibly exposed to oil well fire smoke (adjusted risk ratio = 1.81, 

95% confidence interval: 1.00, 3.27). Those with two or more days of possible exposure at 

Barth et al. Page 2

Cancer Epidemiol. Author manuscript; available in PMC 2018 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Khamisiyah had an increased risk of brain cancer mortality when controlling for oil well fire 

smoke exposure (adjusted risk ratio = 2.71, 95% confidence interval: 1.25, 5.87).

There are concerns about the potential health effects of the many environmental exposures 

during the Gulf War, including oil well fire smoke, nerve agents (sarin and cyclosarin), 

multiple vaccinations, pyridostigmine bromide, pesticides, and depleted uranium 

[7,9,10,13-15]. Both human (Gulf War veteran populations) and animal studies have 

reported neurological outcomes associated with the exposures present during Gulf War 

deployment, including neuro-inflammation [16], changes in brain volume [17], hippocampal 

dysfunction [18,19], decreased white matter [7,9,20] and alterations in executive function 

and cognition [21,22].

Some Gulf War veterans were exposed to Kuwaiti oil well fire smoke due to the destruction 

of more than 750 oil wells between January 16, 1991 and November 6, 1991, when the last 

oil well was capped [23]. There are several studies that indicate an association between 

exposure to oil well fire smoke during the Gulf War and health conditions, such as acute 

respiratory and lung conditions like asthma and bronchitis [24-26]. There is evidence to 

suggest that the inhalation of particulate matter may have long-term health effects, 

particularly on the neurological system [27-34].

The purpose of this study was to examine brain cancer mortality risk over time, from 1991 

through 2011, among U.S. Gulf War deployed veterans compared to Gulf War era veterans 

and deployed Army veterans possibly exposed to environmental contaminants at 

Khamisiyah compared to deployed Army veterans not possibly exposed at Khamisiyah.

2. Methods

This study analyzed four cohorts of U.S. Gulf War veterans: 1) 502,678 U.S. veterans 

deployed to the Persian Gulf theater of operations between August 1, 1990 and March 1, 

1991, excluding those subsequently possibly exposed to environmental contaminants at 

Khamisiyah or with unknown exposure status (Gulf War deployed); 2) 746,142 U.S. 

veterans who served in the U.S. Armed Forces between August 1, 1990 and March 1, 1991 

but were not deployed to the Persian Gulf theater of operations (Gulf War era); 3) 100,483 

U.S. Army veterans located within 50 km of the Khamisiyah demolition site between March 

10-13, 1991 and thought to have been possibly exposed to the plume containing sarin and 

cyclosarin and possibly additional unknown environmental contaminants (Army, possibly 

Khamisiyah exposed); and 4) 224,974 U.S. Army veterans deployed between March 10-13, 

1991 without possible exposure to the plume at Khamisiyah (unexposed Army).

The beginning of follow-up for U.S. Gulf War deployed veterans was the day the veteran left 

the Gulf War theater of operations. For U.S. Gulf War era veterans, follow-up began on May 

1, 1991. The end of follow-up was either the date of death for those deceased or December 

31, 2011, which was the end of the study period for those alive. Data on possible exposure to 

environmental contaminants at Khamisiyah was obtained from a plume model developed 

jointly by Department of Defense and the Central Intelligence Agency. Details can be found 

in the Department of Defense U.S. Demolition Operations at Khamisiyah reports [1,2,35]. 
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The analyses included 21 years of mortality data (years 1991–2011). Vital status and cause 

of death for all cohorts were obtained through the Department of Veteran Affairs/

Department of Defense Joint Suicide Data Repository, a collaborative single-source of data 

for mortality information for those with history of military service. Currently, the Suicide 

Data Repository contains cause of death information for all veterans who separated from 

active duty service between January 1, 1975 and December 31, 2011 or who used 

Department of Veterans Affairs health care services between the fiscal years 2000 and 2011. 

Brain cancer mortality was identified using ICD-9 191.

2.1. Statistical analyses

Analyses included comparisons of 1) Gulf War deployed versus Gulf War era veterans and 

2) Army, possibly exposed at Khamisiyah versus unexposed Army veterans. Three different 

analytic strategies were used to assess relationships between deployment, exposure, and risk 

for brain cancer.

Crude brain cancer mortality rates per 10,000 person-years were calculated for each group. 

Cox proportional hazards models were used to calculate adjusted rate ratio estimates for 

brain cancer mortality using data from the full 21-year period of follow-up. Covariates in the 

Cox proportional hazards model included age at entry to follow-up, race (white/other), sex, 

and type of military unit (active duty, National Guard, Reserves). Rank was included as a 

covariate for analyses of the Khamisiyah cohorts but was not available for all Gulf War 

deployed and era veterans. Service branch was included for models comparing Gulf War 

deployed to Gulf War era. Models assessing the Khamisiyah cohorts considered the 

possibility of dose-response by comparing those with one day of possible exposure within 

the plume and those with two or more days of possible exposure within the plume to those 

who were not under the plume.

Life test hazard models were created to calculate and plot comparisons of annual hazard 

rates for the two sets of cohort comparisons. The Log-rank test was calculated for each 

comparison to test the null hypothesis of no difference in hazard rates between groups. 

Finally, overall trends in brain cancer mortality over the study period were investigated. 

Joinpoint regression models were applied to assess trends in hazard rates for brain cancer 

mortality and average annual percent change in brain cancer mortality risk through the end 

of the study period [36]. The study was approved by the Washington, DC Department of 

Veterans Affairs Medical Center Institutional Review Board.

3. Results

Tables 1 and 2 present the demographic and military characteristics of the U.S. Gulf War 

deployed and Gulf War era groups (Table 1) and Army, possibly exposed at Khamisiyah and 

unexposed Army veterans (Table 2).

Tables 3 and 4 present the results of the Cox proportional hazards models. Results from 

these analyses did not identify a statistically significant increased risk for brain cancer 

mortality among Gulf War deployed compared to Gulf War era veterans (adjusted risk ratio 

= 0.88, 95% confidence interval: 0.75, 1.04) (Table 3). Army, possibly exposed at 
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Khamisiyah veterans had an elevated, though not statistically significant, risk for brain 

cancer mortality when compared to the unexposed Army group. There was some evidence of 

a dose-response relationship (one day of exposure: adjusted risk ratio = 1.11, 95% 

confidence interval: 0.79, 1.57; two or more days of exposure: adjusted risk ratio = 1.72, 

95% confidence interval: 0.92, 3.21) (Table 4), though the risk of brain cancer mortality was 

not statistically significant for either of these groups when compared to the unexposed Army 

group.

Figs. 1 and 2 show the results from the life test hazard models, which estimate the risk over 

time. These analyses identified a significant difference in the risk of brain cancer mortality 

among Gulf War deployed and era veterans, with the Gulf War era group having a higher 

risk of brain cancer during the follow-up period (P value for Log-Rank test = 0.0005) (Fig. 

1). Consistent with the results from the Cox proportional hazards models, we found no 

significant difference in the risk of brain cancer mortality between Army, possibly exposed 

at Khamisiyah veterans when compared to the unexposed Army group (P value for Log-

Rank test = 0.1728) (Fig. 2).

Figs. 3-6 present results from the Joinpoint regression analyses. The estimated annual 

percent change (APC) in rates of brain cancer mortality was 10.8% (95% confidence 

interval: 8.7, 12.9) for Gulf War deployed veterans, 8.0% (95% confidence interval: 6.6, 9.3) 

for Gulf War era veterans, 8.9% (95% confidence interval: 4.5, 13.6) for the unexposed 

Army group, and 2.3% (95% confidence interval: −1.3, 6.1) for the Army, possibly exposed 

at Khamisiyah group. The APC estimate was statistically significant and similar for all 

groups except the Army, possibly exposed at Khamisiyah group. Plots in all figures slope 

upwards, possibly due to the expected increase in brain cancer mortality that occurs with 

aging. This occurs in both the deployed and non-deployed groups and exposed and 

nonexposed groups.

4. Discussion

The objective of this study was to investigate trends and the risk of brain cancer mortality 

among U.S. Gulf War veterans, particularly those possibly exposed to environmental 

contaminants at Khamisiyah. Comparisons included aggregate and time series analyses of 

brain cancer mortality risk among 1) Gulf War deployed and Gulf War era veterans and 2) 

Army, possibly exposed at Khamisiyah versus unexposed Army veterans.

Notably, U.S. veterans in this study had lower rates of brain cancer mortality compared to 

U.S. adults (deployed = 0.23/10,000 person-years; non-deployed = 0.30/10,000 person-

years; possible exposed at Khamisiyah = 0.28/10,000 person-years; unexposed Army = 

0.23/10,000 person-years). Among U.S. men and women, the rate of brain cancer deaths was 

0.43 per 10,000 per year [37].

Cox proportional hazards models using data through 2011 did not identify an increased risk 

of brain cancer mortality among U.S. Gulf War deployed veterans when compared to U.S. 

Gulf War era veterans or among U.S. Army, possibly exposed at Khamisiyah veterans 

(regardless of the duration of exposure) when compared to unexposed U.S. Army veterans. 
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The results among the Army deployed exposed and unexposed groups differ from findings 

from previous follow-up periods through 2000 and 2004 which found increased risk for 

brain cancer mortality among those who were possibly exposed at Khamisiyah for two or 

more days compared to the unexposed group (2000: adjusted risk ratio = 3.26; 95% 

confidence interval: 1.33, 7.96; 2004: adjusted risk ratio = 2.71, 95% confidence interval: 

1.25, 5.87) [11,12].

Life test hazard models were calculated to assess the risk of brain cancer mortality between 

groups over the study period. Over time, U.S. Gulf War era veterans had higher rates of 

brain cancer mortality when compared to U.S. Gulf War deployed veterans; however, there 

was no statistically significant difference in the brain cancer mortality rate between U.S. 

Army, possibly exposed at Khamisiyah and unexposed U.S. Army veterans. Though plots of 

hazard rates for these groups initially showed a gap in the rate of brain cancer mortality, this 

difference in risk diminished over time and eventually converged. This gap, suggesting 

increased risk, in the earlier years of follow up was reported in previous studies of these 

cohorts. The early increased risk followed by an apparent drop in later years of follow-up 

may suggest that an agent, such as a neoplastic initiator or promoter, could have been 

present and that exposure to this agent, in sufficient dose or duration, could accelerate the 

development of brain cancer in susceptible population members. However, results from this 

study suggest a time-dependent increase in risk for brain cancer that cannot be explained by 

known contaminants or current disease models. Specifically, this hypothesis assumes 1) 

between-person variability in risk for brain cancer, 2) exposure to an unknown agent that 

would change expected course of disease, and 3) that any effects of exposure would be 

limited to populations with pre-existing risk.

Results from the Joinpoint analyses indicate statistically significant increases in the risk of 

brain cancer mortality among the U.S. Gulf War deployed veterans, U.S. Gulf War era 

veterans, and unexposed U.S. Army veterans. All three groups have similar, statistically 

significant annual percent changes in brain cancer mortality risk, with estimates ranging 

from 7.9% to 10.5%. The observed trends in brain cancer mortality risk are consistent with 

age-based patterns of brain cancer mortality in the U.S. general population [38]. There was 

no significant increase in the risk of brain cancer mortality in the U.S. Army, possibly 

exposed at Khamisiyah group. For this group, the annual percent change was 2% and was 

not statistically significant. As previously discussed, the findings of earlier studies showing 

an increased risk coupled with an apparent absence of the normally observed age-related 

increase in brain cancer mortality for this group in the later years of follow-up could suggest 

an accelerated manifestation of disease among those who were susceptible to environmental 

exposures.

Importantly, the observed plot of the hazard rates for brain cancer mortality for the U.S. 

Army, possibly exposed at Khamisiyah group was not consistent with plots of the hazard 

rates in other groups. Specifically, the distribution of brain cancer mortality risk among U.S. 

Army, possibly exposed at Khamisiyah group over time had a higher point estimate at the 

first year of follow-up, lower point estimate at the final year of follow-up, and did not appear 

to have the same distribution across time that was observed in the other groups.
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Studies on amyotrophic lateral sclerosis (ALS) among Gulf War veterans demonstrate a 

similar pattern of increased risk for a neurological disease among Gulf War veterans in the 

early years after the war, leveling off in more recent years of follow-up. Horner et al. [39] 

reported the relative risk of ALS for deployed Gulf War veterans to be 1.92 (95% confidence 

interval: 1.29, 2.84) using incidence data from 1991 to 1998. When looking at trends in ALS 

incidence over time, there was no evidence of differences in incidence between deployed 

and non-deployed Gulf War veterans until 1995, when the number of cases among the 

deployed more than doubled between 1995 and 1998. The authors hypothesized that Gulf 

War-specific neurotoxic exposures likely caused the increases in ALS after the war. It should 

be noted that not only are the time trends for brain cancer mortality and ALS mortality 

consistent, but the earlier observed risk for brain cancer mortality among possibly exposed 

Army Gulf War veterans is stronger through 2000 than what was reported by Horner et al. 

for ALS in Army deployed Gulf War veterans through 1998 (3.26 vs. 2.04) [11,39].

There are several strengths to this study. The large cohort size of approximately 1.38 million 

total U.S. Gulf War deployed and U.S. Gulf War era veterans allows for detection of risk for 

rare diseases such as brain cancer. This study extended the follow-up of previous studies of 

brain cancer mortality to 21 years post-war, allowing analyses of mortality trends over time. 

A weakness of this study is the use of the Khamisiyah plume model for exposure 

assessment. Although several studies have used the plume model to determine exposure 

[40-42], a report published by the General Accountability Office in 2004 concluded that the 

Department of Defense/Central Intelligence Agency 2000 Khamisiyah plume model was 

unsupported and recommended that Department of Defense and Department of Veteran 

Affairs no longer use this plume model for epidemiological studies of the Gulf War [43]. 

The Department of Veteran Affairs concurred with this decision but allowed for completion 

of studies already underway, including the work presented here. Additionally, brain cancer is 

rare, with a 0.6% lifetime risk of diagnosis among adult U.S. men and women [37] and the 

cause of the majority of brain cancers is unknown [44], which contributes to the challenges 

of this research question. Furthermore, this is a retrospective epidemiologic study and 

therefore significant findings do not indicate causation.

Results from these analyses suggest that U.S. Army veterans possibly exposed at 

Khamisiyah experienced different patterns of brain cancer mortality risk than the other three 

groups included in this study. We did not find an overall increased risk of brain cancer 

mortality among U.S. Gulf War deployed veterans when compared to U.S. Gulf War era 

veterans after 21 years of follow-up. Analyzing trends over time using the life test hazard 

and Joinpoint regression models provided us with a greater understanding of the overall 

patterns of brain cancer mortality among these cohorts. The reason for observed between 

group differences remains unclear and could be attributed to an early acceleration of disease 

among those most susceptible to developing brain cancer following environmental 

exposures. The observed trends in brain cancer mortality risk are consistent with age-based 

patterns of brain cancer mortality in the U.S. general population [38].
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Fig. 1. 
Life test hazard model: Comparison of brain cancer mortality risk among U.S. Gulf War 

deployed and Gulf War era veterans, 1991-2011, United States.
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Fig. 2. 
Life test hazard model: Comparison of brain cancer mortality risk among deployed U.S. 

Gulf War Army Veterans possibly exposed at Khamisiyah and unexposed Gulf War Army 

Veterans, 1991-2011, United States.
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Fig. 3. 
Joinpoint model for brain cancer mortality rate trend among U.S. Gulf War deployed 

veterans, 1991-2011, United States.

*APC = annual percent change.
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Fig. 4. 
Joinpoint model for brain cancer mortality rate trend among U.S. Gulf War era veterans, 

1991-2011, United States. *APC = annual percent change.
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Fig. 5. 
Joinpoint model for brain cancer mortality rate trend among deployed U.S. Army Gulf War 

Veterans possibly exposed at Khamisiyah, 1991-2011, United States.

*APC = annual percent change.
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Fig. 6. 
Joinpoint model for brain cancer mortality rate trends among unexposed U.S. Gulf War 

Army Veterans, 1991-2011, United States.

*APC = annual percent change.
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Table 1

Demographic and Military Characteristics of U.S. Gulf War Deployed and Gulf War Era Veterans.

Gulf War deployed Gulf War era

n % N %

Total 502,678 746,142

Brain cancer deaths 239 0.05 458 0.06

Age in 1991

 17–24 213,228 42.42 258,783 34.68

 25–34 201,418 40.07 288,191 38.62

 35–44 75,114 14.94 154,056 20.65

 45–54 11,888 2.36 40,208 5.39

 55+ 1038 0.21 4950 0.66

Sex

 Male 472,018 93.90 647,136 86.73

 Female 30,668 6.10 99,052 13.28

Race

 White 346,327 68.90 521,024 69.83

 Other 156,359 31.11 225,164 30.18

Branch

 Army 203,034 40.39 415,675 55.71

 Navy 135,860 27.03 132,413 17.75

 Marine Corps 92,294 18.36 113,779 15.25

 Air Force 71,498 14.22 84,321 11.30

Unit Component

 Active Duty 428,719 85.29 523,932 70.22

 Reserves 45,559 9.06 143,951 19.29

 National Guard 28,408 5.65 78,305 10.49
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Table 2

Demographic and Military Characteristics of U.S. Army, Possibly Khamisiyah-Exposed and Unexposed Army 

Veterans.

Army, possibly Khamisiyah-exposed Unexposed Army

n % N %

Total 100,483 224,974

Brain cancer deaths 58 0.06 104 0.05

Age

 17–24 37,323 37.14 88,551 39.36

 25–34 41,799 41.60 93,895 41.74

 35–44 17,410 17.33 35,224 15.66

 45–54 3617 3.60 6682 2.97

 55+ 334 0.33 622 0.28

Sex

 Male 89,773 89.34 204,589 90.94

 Female 10,710 10.66 20,385 9.06

Race

 White 65,144 64.83 145,005 64.45

 Other 35,339 35.17 79,969 35.55

Rank

 Enlisted 88,798 88.37 202,088 89.83

 Officer 11,685 11.63 22,886 10.17

Unit Component

 Active Duty 74,412 74.05 175,039 77.80

 Reserves 26,022 25.90 49,888 22.18
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