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The age-adjusted prevalence of seizure disorder in United 
States veterans deployed in Iraq and Afghanistan conflicts 
(IAV) is 6.1 per 1,000 persons (1), compared with 7.1 to 10 
per 1,000 persons in the general population (2,3). Persons 
with epilepsy are at risk of excess mortality in part because of 
comorbidity (4). Although patterns of comorbidity have been 
associated with mortality in IAV (5), the unique contribution of 
epilepsy to excess mortality in IAV is unknown. A cohort study 
was developed using inpatient, outpatient, and pharmacy data 
from the U.S. Department of Veterans Affairs, Veterans Health 
Administration (VA) to identify epilepsy, demographic charac-
teristics, and baseline comorbidity for IAV who received VA care 
in 2010 and 2011. The VA’s vital status records were used to 
identify 5-year mortality (2011–2015). The unadjusted Kaplan-
Meier estimator and adjusted proportional hazards regression 
models tested the hypothesis that excess mortality is associated 
with epilepsy. IAV with epilepsy were more likely than those 
without epilepsy to have mental and physical comorbidity, and 
significantly higher mortality, even after controlling for demo-
graphic characteristics and other comorbid conditions (adjusted 
hazard ratio = 2.6; 95% confidence interval [CI] 2.1–3.2). IAV 
with epilepsy could benefit from evidence-based chronic disease 
self–management programs to reduce physical and psychiatric 
comorbidity, and linkages to VA clinical and other community 
health and social service providers.

The cohort study included IAV who received VA care in 
both 2010 and 2011. Each IAV included in the cohort had 
one or more inpatient or outpatient visits in both years to 
ensure that they were active VA users, and that adequate data 
would be available to identify epilepsy and assess comorbidity. 
VA national health system data from inpatient, outpatient, 
and pharmacy records (2002–2011) identified IAV with and 
without epilepsy, and provided demographic characteristics 
and comorbidity data. Data from VA vital status records 
from 2011–2015 were used to identify persons who died 
and date of death. 

IAV with epilepsy were defined as having a diagnosis 
indicative of epilepsy during 2010–2011 using diagnosis codes 
(International Classification of Diseases, 9th Revision, Clinical 
Modification [ICD-9-CM]) and records of prescriptions for 
seizure medications (1). IAV with one or more diagnoses 
of epilepsy (ICD-9-CM 345), or two or more diagnoses of 
seizure not otherwise specified (ICD-9-CM 780.39), and a 

concomitant prescription for antiseizure medications* in 2011, 
met the epilepsy criteria for this study. IAV who met epilepsy 
criteria in 2010, but who did not receive antiseizure medica-
tions in 2011 were excluded from the study. The positive 
predictive value using this algorithm among IAV with epilepsy 
was 95% in a recent unpublished medical chart abstraction. 
IAV who did not meet the epilepsy study criteria formed the 
no epilepsy group.

Baseline demographic data (i.e., age, sex, race/ethnicity, poverty) 
and comorbidities were compiled from all available data for IAV 
with epilepsy before meeting epilepsy criteria, and for IAV without 
epilepsy through 2010. Sixteen comorbid conditions of interest 
included either those associated with epilepsy in the literature, 
or those that might have a strong association with mortality. 
Algorithms to ascertain comorbid conditions in administrative 
data required one inpatient diagnosis, or two outpatient diagnoses 
at least 7 days apart (6), except in cases of acute conditions such as 
traumatic brain injury, suicidality, and overdose in which a single 
diagnosis sufficed. VA vital status files provided information on 
the primary study outcome, the occurrence of death, and the 
date of death. The follow-up period to the study was January 
2011–December 2015 (or the date of meeting epilepsy criteria 
for those who first met epilepsy criteria in 2011), or until the date 
of death. Complete outcome data were available for this cohort 
because information for veterans who have received VA care or 
benefits is documented in the vital status data set regardless of 
whether they remain in VA care. (Figure 1)

Chi-square statistics were used to compare IAV with epilepsy 
to IAV without epilepsy on baseline demographic characteris-
tics, comorbid conditions, and mortality. First, analyses deter-
mined that there was no evidence of non-proportional hazards. 
Cumulative mortality curves were then calculated to determine 
if 5-year mortality in the epilepsy group differed from that in the 
no epilepsy group. The unadjusted Kaplan-Meier estimator and 
proportional hazards regression models adjusted for demographic 
characteristics and comorbid conditions were used to calculate 
hazard ratios. Statistically significant differences between groups 
were identified using a two-tailed significance level (p<0.01).

* Based on results of iterative medical chart abstraction, individuals whose only 
seizure medication was either gabapentin or pregabalin were included only if 
they also had an ICD-9-CM 345 diagnosis; this selective inclusion was used 
in order to minimize false-positive cases because gabapentin and pregabalin are 
sometimes used for pain management, or for other indications.
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FIGURE 1. Cohort ascertainment timeline for Iraq and Afghanistan war veterans, by epilepsy status* — Veterans Health Administration (VA), 
United States, 2002–2015

* Comorbidity is noted until the date of epilepsy identification.

TABLE. Baseline demographic characteristics and comorbidity for Iraq and Afghanistan war veterans by epilepsy status — Veterans Health 
Administration, 2002–2011

Characteristic

Cohort (N=320,583)

Epilepsy 
(n = 2,187)

No epilepsy  
(n = 318,396)

(%) (%)

Age group (yrs)*
18–29 (36) (35)
30–39 (40) (32)
40–49 (18) (22)
50–59 (6) (9)
>60+ (1) (2)
Sex
Male (89) (87)
Female (11) (13)
Race/Ethnicity*
White (72) (66)
African American (14) (18)
Hispanic (10) (12)
Asian (2) (3)
Native American/Pacific Islander (2) (1)
Unknown (1) (1)
Poverty*†

Yes (97) (84)
No (3) (15)
Unclassified (0) (1)
Baseline comorbidity*
Post-traumatic stress disorder (66) (37)
Depression (58) (30)
Traumatic brain injury (48) (13)
Substance use disorder (33) (15)
Hypertension (25) (18)
Obesity (20) (16)
Bipolar disorder (17) (5)
Suicidality (12) (3)
Cerebrovascular disease (9) (1)
Cardiac disease (6) (2)
Diabetes (4) (3)
Cancer (non-skin cancer) (4) (1)
Overdose (3) (<1)
Liver disease (2) (1)
Schizophrenia (2) (1)
Kidney disease (1) (<1)
5-year mortality* (5) (1)

* Comparisons were based on chi-square statistics comparing epilepsy and no epilepsy groups with statistically significant differences (p<0.01).
† Poverty is defined using the Means Test variable, a proxy that identifies persons with documented income levels below a poverty threshold based on income, family 

composition, and geographic location. Individuals below this threshold are not required to pay copayments for care.
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Among 320,583 IAV who received VA care in 2010 and 2011, 
2,187 (0.7%) met the epilepsy criteria. IAV with epilepsy were more 
likely to be white and aged <40 years (Table). IAV with epilepsy 
were more likely than those without epilepsy to have each of the 
examined 16 comorbid conditions (Table). Approximately five times 
more IAV with epilepsy (4.6% [n = 101]) had died by the end of 
follow-up than those without epilepsy (1.0% [n = 3,136]) (Figure 2); 
unadjusted hazard ratio = 4.8; CI = 3.9–5.9. After controlling for 
demographic characteristics and comorbid conditions mortality was 
more likely among IAV with epilepsy than those without (adjusted 
hazard ratio = 2.6; CI = 2.1–3.2) (Table).

Discussion

This is the first study examining mortality in veterans with epi-
lepsy who were deployed in the Iraq and Afghanistan wars. Because 
epilepsy typically results in persons being excluded from military 
service,† epilepsy usually develops in veterans during or after military 
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FIGURE 2. Unadjusted cumulative mortality estimates of Iraq and Afghanistan war veterans during the 60-month follow-up period after 
initial provider visit, by epilepsy status — Veterans Health Administration, United States, 2011–2015

Summary
What is already known about this topic?

Although seizure disorders are associated with traumatic brain 
injury, little information exists regarding comorbidities and 
mortality in veterans with epilepsy who were deployed in the 
Iraq and Afghanistan conflicts.

What is added by this report?

U.S. veterans with epilepsy who were deployed in the Iraq and 
Afghanistan conflicts were more likely than those without 
epilepsy to have mental and physical comorbidity, and were 2.6 
times more likely to die during 2011–2015, even after control-
ling for demographic characteristics and other conditions 
associated with death.

What are the implications for public health practice?

Veterans with epilepsy who were deployed in the Iraq and 
Afghanistan conflicts could benefit from evidence-based 
chronic disease self-management programs to reduce physical 
and psychiatric comorbidity, and linkages to U.S. Department of 
Veteran Affairs clinical health care providers and other commu-
nity health and social service providers.

† U.S. Department of Defense physical standards preclude enlistment of those 
under treatment for seizure disorders and require a 5-year period without any 
seizures or treatment for seizures prior to enlistment per Department of Defense 
Instruction 6130.4.
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service, accounting for the lower age-adjusted prevalence of epilepsy 
in IAV (2,3). However, as with civilians with epilepsy (4,7), IAV with 
epilepsy had significantly higher mortality, even after controlling for 
demographic characteristics and comorbidity.

In the general population, mortality in those with epilepsy is 
higher among persons with psychiatric and physical comorbid-
ity (8), and the most common causes of death include cancer, 
cardiovascular disease, cerebrovascular disease, and pneumonia 
(9). Moreover, patients with persistent seizures and diagnoses 
of symptomatic or cryptogenic epilepsies§ have the largest 
excess mortality (4). The study data did not include informa-
tion on the cause of death, the persistence of seizures, or the 
diagnostic type of seizures; however, cancer, cardiovascular 
disease, and cerebrovascular disease were more prevalent in 
IAV with epilepsy, putting them at higher risk for mortality. 
Even after controlling for these comorbidities, epilepsy was 
significantly associated with mortality. Consistent with other 
studies, excess mortality in veterans with epilepsy might be 
associated with both epilepsy (e.g., poorly controlled seizures, 
sudden unexpected death in epilepsy) and other individual or 
environmental factors (e.g., depression, high risk behaviors, 
and social isolation).

The findings in this report are subject to several limitations. 
First, veterans who were not treated in VA facilities during the 
study period were excluded, limiting generalizability to all 
veterans. Among the nearly 1.9 million IAV, approximately 
61% are enrolled in VA health care.¶ Second, the data did 
not account for epilepsy care received outside the VA, which 
might underestimate epilepsy-associated burden in the study 
sample. Third, comparison of epilepsy prevalence between 
veterans with epilepsy and the general U.S. population should 
be interpreted with caution because these groups differ demo-
graphically, and epilepsy ascertainment criteria differ. Finally, 
some IAV with psychogenic nonepileptic seizures and diag-
nosed with epilepsy, or misclassified as having epilepsy, could 
have been included in the analysis; however, identifying these 
persons based on administrative data is not possible (1).

Health care providers should strive to ensure that veterans 
with epilepsy receive appropriate treatment to maximize sei-
zure control. The VA implemented the Epilepsy Centers of 
Excellence, a hub-and-spoke model of care, to increase access 
to comprehensive, multidisciplinary epilepsy specialty care in 
response to the risk for epilepsy in the IAV population with trau-
matic brain injury. However, a significantly higher prevalence of 

comorbidities in this population suggests that closer integration 
of primary care, epilepsy specialty care, and mental health care 
might be needed to reduce excess mortality. For veterans with 
epilepsy, public health agencies, including the VA, can imple-
ment evidence-based chronic disease self-management programs 
and supports that target physical and psychiatric comorbidity 
(10), study long-term outcomes, including cause of death, and 
ensure linkages to appropriate VA clinical and community health 
care and social service providers.
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