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Rates of amyotrophic lateral sclerosis (ALS) have been reported to be higher among US military veterans, who

currently number more than 21 million, but the causal factor(s) has not been identified. We conducted a review to

examine the weight of evidence for associations between military service, deployments, and exposures and ALS

etiology and survival. Thirty articles or abstracts published through 2013 were reviewed. Although the current ev-

idence suggests a positive association with ALS etiology, it is too limited to draw firm conclusions regarding asso-

ciations between military service and ALS etiology or survival. Some evidence suggests that deployment to the

1990–1991 Persian Gulf War may be associated with ALS etiology, but there is currently no strong evidence

that any particular military exposure is associated with ALS etiology. Future studies should address the limitations

of previous ones, such as reliance on mortality as a surrogate for incidence, a dearth of survival analyses, lack of

clinical data, low statistical power, and limited exposure assessment. The Genes and Environmental Exposures in

Veterans with Amyotrophic Lateral Sclerosis (GENEVA) Study is one such study, but additional research is needed

to determinewhether military-related factors are associated with ALS and to assess potential prevention strategies.

amyotrophic lateral sclerosis; Gulf War; incidence; military personnel; mortality; motor neuron disease; occupational

exposure; veterans

Abbreviations: ALS, amyotrophic lateral sclerosis;C9ORF72, chromosome 9 open reading frame 72 gene; CI, confidence interval;

DMDC, Defense Manpower Data Center; FUS, fused in sarcoma gene; GENEVA, Genes and Environmental Exposures in

Veterans with Amyotrophic Lateral Sclerosis; IOM, Institute of Medicine; MND, motor neuron disease; OR, odds ratio; PON, para-
oxonase gene;SOD1, copper/zinc superoxide dismutase 1 gene; TARDP, TARDNA binding protein 43 gene;UBQLN2, ubiquilin 2
gene; VA, Department of Veterans Affairs.

INTRODUCTION

Amyotrophic lateral sclerosis

Amyotrophic lateral sclerosis (ALS), often called Lou
Gehrig’s disease, is a debilitating neurodegenerative disease
that involves loss of motor neurons in the central nervous sys-
tem (1–3). Specifically, motor neurons die in the brain stem
and spinal cord (lower motor neurons) and in the cerebral cor-
tex (upper motor neurons) (1–3). Persons with ALS comprise
more than 90% of individuals with motor neuron disease
(MND); in the United Kingdom, the term MND is used for
ALS (1–3). A diagnosis of ALS requires both upper and lower
motor neuron involvement (1–3). Approximately two-thirds
of persons with ALS have a spinal form, symptoms of which

include muscle wasting and spasticity, progressive weakness,
motor dysfunction, and paralysis (1–3). Most remaining per-
sons with ALS have a bulbar form, symptoms of which in-
clude difficulty speaking or swallowing, excessive drooling,
and facial weakness, although limb symptoms usually appear
within 1–2 years of bulbar symptoms in these individuals
(1–3). Some forms of ALS also involve cognitive changes
that resemble frontotemporal dementia (1–3).

ALS is rare in the general population; incidence is approx-
imately 2 per 100,000 population per year, and prevalence is
approximately 6 per 100,000 population (1–3). Nevertheless,
2.7 of every 1,000 deaths in theUnited States in 2011were due
to ALS (4). In addition, the effect of motor neuron loss in the
daily lives of persons with ALS is dramatic and may include
an inability to move, eat, talk, or complete other activities of
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daily living (1). ALS patients are unable to work, have high
medical bills, require intensive health care, and are often de-
pressed (2, 3).
Half of persons with ALS die within 3 years of diagnosis,

but 4% survive at least 10 years after diagnosis (1–3). The
most common cause of death among ALS patients is respira-
tory failure (2). Riluzole is the only ALS therapy approved by
the US Food and Drug Administration, but a recent meta-
analysis found it extends survival by only 2–3 months (5).
Treatments including physical therapy can relieveALS symp-
toms (2, 3), but explanations for the extremely variable sur-
vival of ALS cases, particularly explanations that could lead
to interventions or therapies, are sorely needed.
Approximately 90%–95% of ALS is classified as sporadic,

and 5%–10% is classified as familial (1–3), based on family
history. Most familial forms are due to polymorphisms in
genes for copper/zinc superoxide dismutase 1 (SOD1), TAR
DNA binding protein 43 (TARDP), fused in sarcoma (FUS),
or ubiquilin 2 (UBQLN2) or an expansion of the intronic
hexanucleotide repeat sequence in the chromosome 9 open
reading frame 72 gene (C9ORF72) (1, 6–11). Established
risk factors for sporadic ALS include increasing age, male sex,
and cigarette smoking (1–3, 12). Other possible risk factors
have been investigated (1–3, 13–15), but none have been con-
sistently associated with sporadic ALS.
Factors consistently associated with shorter survival after

ALS diagnosis include older age at diagnosis (16–24), bulbar
onset (17–22, 24–26), clinical features (e.g., disease progres-
sion/disability status, respiratory function) (17–19, 21, 23, 27,
28), time between symptom onset and diagnosis (17–19, 24–
26, 29), and diagnosis category (definite, probable, etc.) (17).

Military-related factors and ALS

More than 21 million Americans, or about 1 in 11 of those
aged 18 years ormore, have served in themilitary (30). Among
American men, who comprise 92% of US military veterans
(31), this number jumps to about 1 in 6 (30). US military per-
sonnel are exposed to a number of factors encountered in the
unique circumstances of their jobs that may lead to health
problems later in life (32). For example, US military person-
nel are exposed to intensive physical activity, detrimental
lifestyle factors (cigarette smoking, alcohol consumption),
physical trauma (combat-related trauma, fractures), emotional/
psychological trauma, transmissible agents (viruses), toxic
substances (lead, pesticides), and other environmental toxi-
cants and experiences (33, 34). Concern regarding potential
health effects of US military service is demonstrated by the
fact that typing “military OR veterans OR soldiers” into the
search engine on the Institute of Medicine (IOM) website re-
turns 103 reports published after 1998 (35). Unfortunately,
one of the health consequences suspected to be associated
with US military service is ALS (34).
An association between military-related factors and ALS

was first proposed in connection with the 1990–1991 Per-
sian Gulf War (hereafter called the Gulf War). Six cohort
studies on this topic were published between 2000 and
2005 (36–41). In 4 of the studies, investigators reported
an increased rate of ALS incidence, hospitalization, or mor-
tality among US military veterans deployed to the Gulf War

as comparedwith veterans deployed to other areas (36–38, 40),
but in 1 they did not (39). Another study found that the ALS
mortality rate was higher among US men who reported mili-
tary service compared with men who did not (41). In response
to these studies, the US Department of Veterans Affairs (VA)
requested that the IOM establish a committee to “review, eval-
uate, and summarize the scientific literature on ALS in veter-
ans. If an association exists between military service and the
development of ALS, then the committee might make recom-
mendations that will help to identify risk factors” (34, p. 9).
The IOM report, published in 2006, concluded that there

was “limited and suggestive evidence of an association be-
tween military service and later development of ALS” (34,
p. 3). The IOM report also recommended that further studies
be conducted to “elucidate ALS risk factors relevant to mil-
itary service” (34, p. 4). Several studies of the association
between military-related factors and ALS incidence, preva-
lence, mortality, or survival were not included in the IOM
report, and several new studies on this topic have been
conducted since its publication. Therefore, we reviewed
the literature to examine the weight of evidence for associ-
ations between military service, deployments, and expo-
sures and ALS/MND etiology and survival (we combined
ALS and MND together because studies often have not dis-
tinguished between them). We also aimed to provide recom-
mendations for future studies of these relationships.

METHODS

We conducted a search of journal articles that used human
subjects and were published in English through the end of
2013 using the PubMed (US National Library of Medicine,
Bethesda, Maryland) and Web of Science (Thomson Reuters
Corporation, New York, New York) databases. Specifically,
we used the following search terms in both databases:
(“amyotrophic lateral sclerosis” OR “motor neuron disease”
OR “motor neurone disease”OR “motor neuron diseases”OR
“motor neurone diseases” OR motorneuron OR motorneu-
rone OR ALS OR MND) AND (militar* OR “armed forces”
OR soldier OR soldiers OR veteran OR veterans OR occupa-
tion OR occupat* OR professional OR profess* OR “World
War”OR “Korean War”OR “VietnamWar”OR “Gulf War”
OR deploy*) (Figure 1). After removing duplicates, we ex-
cluded articles that did not study ALS/MND etiology or sur-
vival as the outcome or military service, deployments, or
exposures as the exposure variable. We also excluded articles
for other reasons (reviews, commentaries, case reports (no
comparison group), animal studies, cell cultures, ALS clus-
ters or possible clusters, familial ALS, etc.) (Figure 1). Fi-
nally, we identified relevant articles and abstracts from the
reference lists of articles found by our searches of the afore-
mentioned databases or from other sources.
After identifying articles that met our selection and inclu-

sion criteria, we extracted the following information: study
design, study population, sample (including size), outcome,
exposure, matching or adjustment factors, statistical analysis,
and results. We then categorized articles into 1) cohort stud-
ies of ALS/MND etiology, 2) case-control studies of ALS/
MND etiology, 3) cross-sectional studies of ALS/MND eti-
ology, and 4) cohort studies of ALS/MND survival.
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RESULTS

We identified 567 and 405 articles by searching PubMed
and Web of Science, respectively, for a total of 972 articles
(Figure 1). After removing 237 duplicates, we excluded 712
additional articles for the reasons shown in Figure 1. After
adding 7 articles and abstracts identified from other sources,
we included a total of 30 articles and abstracts in our review
(Figure 1). Two cohort studies (42, 43), 4 case-control stud-
ies (44–47), and 1 cross-sectional study (48) did not have
at least 5 exposed cases or controls or did not report an es-
timate or P value for the association(s) of interest. We did
not consider these studies informative, so we focused the

remainder of our review on the other 23 articles and ab-
stracts. For completeness, however, we present extracted in-
formation from these 7 studies in Web Table 1 (available at
http://epirev.oxfordjournals.org/).

Cohort studies of ALS/MND etiology

There have been 11 cohort studies of ALS/MND etiology
and military-related factors (Table 1). The association be-
tween military service overall and ALS/MND etiology has
been evaluated in 2 cohort studies (41, 49). The first was a
prospective study of men in the American Cancer Society’s
Cancer Prevention Study II cohort (41). Using information

Articles and 
Abstracts From 
Reference Lists

and Other Sources
n = 7

Articles and Abstracts Included in Review
n = 30

Articles Identified
n = 972

Duplicate Articles
Excluded
n = 237

Unique Articles
n = 735

Articles Excluded 
Because They

Were Not Related 
to ALS/MND or
Military Service; 
Were Reviews, 
Commentaries, 
Case Reports, 

Animal Studies, or 
Studies of Cell 

Cultures, Clusters, 
or Familial ALS; or 
for Other Reasons

n = 712

Remaining Articles
n = 23

PubMed Articles
n = 567

Search terms used were (“amyotrophic 
lateral sclerosis” OR “motor neuron disease”

OR “motor neurone disease” OR “motor 
neuron diseases” OR “motor neurone

diseases” OR motorneuron OR motorneurone
OR ALS OR MND) AND (militar* OR “armed 

forces” OR soldier OR soldiers OR veteran OR
veterans OR occupation OR occupat* OR

professional OR profess* OR “World War” OR
“Korean War” OR “Vietnam War” OR “Gulf

War” OR deploy*)

Filters applied were article type (journal 
article), language (English), publication 
date (published by December 31, 2013),

and species (humans)

Web of Science Articles
n = 405

Search terms used were (“amyotrophic 
lateral sclerosis” OR “motor neuron disease” 

OR “motor neurone disease” OR “motor 
neuron diseases” OR “motor neurone

diseases” OR motorneuron OR motorneurone 
OR ALS OR MND) AND (militar* OR “armed

forces” OR soldier OR soldiers OR veteran OR
veterans OR occupation OR occupat* OR

professional OR profess* OR “World War” OR
“Korean War” OR “Vietnam War” OR “Gulf

War” OR deploy*)

Filters applied were document type
(article), language (English), and time 

span (published before 2014)

Figure 1. Article search and selection strategy employed in a review of studies on associations between military service, deployments, and ex-
posures and amyotrophic lateral sclerosis (ALS) etiology and survival. The solid lines represent articles which remained in the review after each step
shown, whereas the dashed lines represent articles which were excluded after each step shown. Only articles published through the end of 2013
were considered. MND, motor neuron disease.
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Table 1. Characteristics of Cohort Studies of the Association Between Military Service, Deployments, or Exposures and Amyotrophic Lateral Sclerosis/Motor Neuron Disease Etiology

Published Through the End of 2013

First Author, Year
(Reference No.)

Study Population Sample Outcome Exposure
Matching or Adjustment

Factors
Statistical Analysis Results

Gale, 1999
(52)

British male former
prisoners of war
in Japan followed
from 1952 to
death or 1997

11,134 prisoners of
war, 11 deceased
MND cases

MND death rate NA Age SMR and PMR (using
the entire English and
Welsh male
populations as the
standard for both
statistics)

1952–1965: SMR = 1.33
(95% CI: 0.16, 4.82);
n = 2 deceased cases

1966–1980: SMR = 0.91
(95% CI: 0.30, 2.12);
n = 5 deceased cases

1981–1997: SMR = 0.38
(95% CI: 0.10, 1.00);
n = 4 deceased cases

1952–1997: SMR = 0.62
(95% CI: 0.31, 1.11);
PMR = 0.73
(95% CI: 0.36, 1.30)

Smith, 2000
(40)

Active-duty Gulf
Wara-era US
military service
personnel
followed from
October 1988 to
July 1997

551,841 active-duty
service personnel
(6 ALS
hospitalizations)
deployed to
the Gulf War;
1,478,704 active-
duty service
personnel (12 ALS
hospitalizations)
not deployed to the
Gulf War

ALS hospitalization
rate

Deployment to the Gulf
War (DMDC-provided
data, self-reported)

Age Cox proportional
hazards regression

Deployment: HR = 1.66 (95%
CI: 0.62, 4.44)

Kang, 2001
(39)

Gulf War-era US
military veterans
followed from
May 1991 to
death or
December 1997

621,902 veterans
(no. of cases was
not reported)
deployed to the
Gulf War; 746,248
veterans (no. of
cases was not
reported) from a
stratified random
sample of all
US troops not
deployed to the
Gulf War

ALS mortality rate Deployment to the Gulf
War (DMDC-provided
data, self-reported)

Age, race, marital
status, branch of
service, and type of
service unit

Cox proportional
hazards regression

Deployment: HR = 0.59 (95%
CI: 0.21, 1.66)

Haley, 2003
(37)

Gulf War-era US
military veterans
followed from
1991 to 1998

Approximately
695,000 veterans
(17 cases)
deployed to the
Gulf War

ALS incidence rate NA Age SMR (using the entire
US male population
as the standard)

1991–1994: SMR = 0.94 (95%
CI: 0.26, 2.41); n = 4 cases

1995–1998: SMR = 2.27 (95%
CI: 1.27, 3.88); n = 13 cases

Horner, 2003
(38)

Gulf War-era US
military veterans
(active-duty or
activated
Reserve and
National Guard
personnel)
followed for
10 years
beginning in
August 1990

696,118 veterans
(40 cases)
deployed to
the Gulf War;
1,786,215 veterans
(67 cases) not
deployed to the
Gulf War

ALS incidence rate Deployment to the Gulf
War (DMDC-provided
data, self-reported)

Age RR and 95% CI Deployment: RR = 1.92 (95%
CI: 1.29, 2.84)
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Table 1. Continued

First Author, Year
(Reference No.)

Study Population Sample Outcome Exposure
Matching or Adjustment

Factors
Statistical Analysis Results

Coffman, 2005
(36)

Gulf War-era US
military veterans
(active-duty
or activated
Reserve and
National Guard
personnel)
followed for 10
years beginning
in August 1990

696,118 veterans
(40 cases)
deployed to the
Gulf War;
1,786,215 veterans
(67 cases) not
deployed to the
Gulf War

ALS incidence rate Deployment to the Gulf
War (DMDC-provided
data, self-reported)

Case under-
ascertainment and
age

Capture-recapture
methods: log-linear
models, sample
coverage approach,
ecological models;
RR and 95% CI

Deployment: RR = 1.77 (lower
95% confidence limit: 1.21);
n = 42 deployed cases,
n = 76 nondeployed cases

Weisskopf, 2005
(41)

ACS CPS II males
followed from
1989 to death or
1998

281,874 US military
veterans (217
cases); 126,414
nonveterans (63
cases)

ALS mortality rate Military service (veteran
status); branch, no. of
years, and time period
of service; no. of wars
during period of service
(inferred)

Age, smoking,
education, alcohol
intake, self-reported
exposure to
pesticides and
herbicides, andmain
lifetime occupation
as a farmer, in a job
involving electrical
work or welding, or in
food preparation

Cox proportional
hazards regression

Military service: HR = 1.53
(95% CI: 1.12, 2.09); result
was largely independent of
branch and no. of years and
time period of service;
increasing ALS mortality
rates with increasing
numbers of wars during
period of service (inferred)

Horner, 2008
(51)

Gulf War-era US
military veterans
(active-duty or
activated
Reserve and
National Guard
personnel)
followed from
1991 to death
or 2001

696,118 veterans
(48 cases)
deployed to the
Gulf War;
1,786,215 veterans
(76 cases) not
deployed to the
Gulf War

ALS incidence rate Deployment to the Gulf
War (DMDC-provided
data, self-reported)

Age SIR (using the
nondeployed group
as the standard for
the deployed group
and a group of men in
western Washington
State (78) as the
standard for the
nondeployed group),
χ2 for homogeneity,
χ2 for trend

Deployed: SIR peaked in 1996
at approximately 1.5 and then
dropped to nearly 0 in 2001
(P for homogeneity = 0.0003,
P for trend = 0.74)

Nondeployed: SIR was fairly
constant between 0.25 and
0.50 from 1991 to 2001 (P
for homogeneity = 0.0002,
P for trend = 0.48)

Miranda, 2008
(53)

US military veterans
deployed to the
Gulf War who
were followed
from 1991 to
death or 2001

41 cases ALS incidence rate Spatial risk, branch of
service, potential
exposure to chemical
warfare agents in and
around Khamisiyah,
Iraq

Spatial risk, branch of
service, and
potential exposure
to chemical warfare
agents in and
around Khamisiyah

Bayesian Poisson
regression

Spatial risk was highest for a
location about 500 km
southeast of Khamisiyah
(posterior probability of
ALS = 0.91, IRR = 2.01)

Branch of service—Army:
IRR = 1.0 (referent); Air
Force: IRR = 1.7 (95% CrI:
0.6, 4.1); Marine Corps:
IRR = 0.2 (95% CrI: 0.03,
0.9); Navy: IRR = 0.3 (95%
CrI: 0.06, 1.1)

Khamisiyah—IRR = 1.7, 95%
CrI: 0.7, 3.7

Barth, 2009
(50)

Gulf War-era US
military veterans
followed from
May 1991 to
death or 2004

621,902 veterans
(23 cases)
deployed to the
Gulf War; 746,248
veterans (38
cases) from a
stratified random
sample of all US
troops not
deployed to the
Gulf War

ALS mortality rate DMDC-provided data on
deployment to the Gulf
War; potential
exposure to nerve
agents at Khamisiyah,
Iraq; potential
exposure to oil-well fire
smoke

Age, sex, race, marital
status, branch of
service, and type of
service unit;
analyses were
stratified by sex

Cox proportional
hazards regression

Deployment—all veterans:
HR = 0.96 (95% CI: 0.56,
1.62); males: HR = 0.91
(95% CI: 0.53, 1.56);
females: NA (n = 1
deceased case)

Khamisiyah—no association
(data not shown)

Oil-well fire smoke—no
association (data not
shown)
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on 217 cases among 281,874 US military veterans and 63
cases among 126,414 nonveterans followed for up to 10 years,
Weisskopf et al. (41) found that the ALSmortality rate among
men who reported military service was 1.53 (95% confidence
interval (CI): 1.12, 2.09) times that of men who did not. They
also found that, compared with men who did not serve in
the military, the ALS mortality rate was elevated for veterans
who had served in every branch except the Marine Corps
(41). The lower rate among Marines, however, was based
on only 4 ALS deaths. The ALS mortality rate was increased
in every quintile of years of service, but the increase was
not monotonic and the linear trend test was not significant
(P = 0.26). In addition, the ALS mortality rate was elevated
for men who served during every time period of service eval-
uated, although service during the time of World War II was
the only time period in which the elevated rate was statistically
significant (41). Finally, the ALS mortality rate increased with
increasing numbers of wars during the time of military service
(Ptrend = 0.004 when the reference group, men who did not re-
port military service, was included in the test, but Ptrend = 0.29
when it was not) (41). These results should be interpreted cau-
tiously, however, becauseWeisskopf et al. did not have infor-
mation on whether or not men who reported military service
were actually deployed to the wars of interest (World War I,
World War II, the Korean War, and the Vietnam War), so
they inferred it based on time periods of service.
The second study that considered military service overall

in relation to ALS/MND etiology was a retrospective cohort
study of French military personnel, including 69 male ALS
cases and 4 female ALS cases, identified from the French Na-
tional Military Health Care Fund (1991–2007) (49). The
overall ALS incidence rate among male active-duty military
personnel, 1.7/100,000 population per year in 2007, was
lower than that in the general population, but age-specific
rates were higher in the age groups 40–44 years and 50–54
years (1.9/100,000 population per year and 5.1/100,000 pop-
ulation per year, respectively, in 2007) (49).
Military deployment to the Gulf War has been evaluated in

relation to ALS/MND etiology in 7 cohort studies (36–40,
50, 51) (Table 1). The first of these used US Department of
Defense Defense Manpower Data Center (DMDC) deploy-
ment information for US active-duty service personnel and
found that 551,841 personnel deployed to the Gulf War were
1.66 (95% CI: 0.62, 4.44) times as likely to experience
an ALS hospitalization during 9 years of follow-up as
1,478,704 nondeployed personnel who served in the military
during the same era (40). This result, however, was based on
only 6 ALS hospitalizations among deployed personnel and
12 ALS hospitalizations among nondeployed personnel (40).
In the second study, which also used DMDC deployment in-
formation, Kang and Bullman (39) reported that, during 7
years of follow-up, 621,902 US military veterans deployed
to the Gulf War had an ALS mortality rate 0.59 (95% CI:
0.21, 1.66) times that of a stratified random sample of
746,248 veterans who were serving in the military at that
time but were not deployed to the Gulf War. The analysis
was repeated after an additional 6 years of follow-up, and
the updated hazard ratio, based on 23 deployed cases and
38 nondeployed cases, was 0.96 (95% CI: 0.56, 1.62) (50).
Although information on military rank, branch of service,T
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deployment date, and type of service unit was available, as-
sociations between these factors and ALS mortality rates
were not reported in either analysis (39, 50).

Observed and expected incidence rates of ALS by age 45
years were compared in another study of 695,000 US veter-
ans of the Gulf War followed for 8 years (37). Military ser-
vice and deployment to the Gulf War were confirmed via a
nonmilitary online database. Age-adjusted standardized mor-
bidity ratios, using the entire US male population as the stan-
dard, were calculated for 2 separate time intervals to allow a
lag from exposure to onset of ALS symptoms. For 1991–
1994, based on 4 confirmed cases, the age-adjusted standard-
ized morbidity ratio was 0.94 (95% CI: 0.26, 2.41) (37). The
age-adjusted standardized morbidity ratio for 1995–1998,
based on 13 confirmed cases, increased to 2.27 (95% CI:
1.27, 3.88). In a study of cumulative incidence rates of
ALS over a 10-year period which used DMDC deployment
information, Horner et al. (38) found that 696,118 veterans
deployed to the Gulf War were 1.92 (95% CI: 1.29, 2.84)
times as likely to be diagnosed with ALS as 1,786,215 veter-
ans who were not deployed but served in the military during
the same era. Although information was available, associa-
tions between ALS rates and branch of service or type of ser-
vice unit were not reported in that study. In a follow-up study
of the same cohort, Coffman et al. (36) aimed to evaluate the
effect on the estimated risk ratio of probable underascertain-
ment of ALS cases among veterans who were not deployed
to the Gulf War. The underascertainment-corrected risk ratio
decreased slightly to 1.77 (lower 95% confidence limit: 1.21)
(36). In a second follow-up study of the same cohort, Horner
et al. (51) reported that deployment to the Gulf War was as-
sociated with increased ALS incidence only during the first
10 years after the war and that the incidence rate was highest
in 1996.

Associations between specific military exposures and
ALS/MND etiology have been evaluated in 3 cohort studies
(50, 52, 53) (Table 1), one of which analyzed past experience
as a prisoner of war. In that study, Gale et al. (52) used rec-
ords from the United Kingdom War Pensions Agency to
form a cohort of 11,134 British men who were prisoners of
war in Japan and then followed them for 46 years. Using
the entire English and Welsh male populations as the stan-
dard, they found that the standardized mortality ratio for
MND death was 0.62 (95% CI: 0.31, 1.11) and the propor-
tional mortality ratio was 0.73 (95% CI: 0.36, 1.30) (52). In
a spatial analysis of the deployment locations (obtained from
the DMDC) of 41 ALS cases who were Gulf War veterans,
Miranda et al. (53) reported that a location about 500 km
southeast of Khamisiyah, Iraq, where US troops destroyed
munitions warehouses, bunkers, and rockets that contained
nerve agents, had the highest spatial risk of ALS (posterior
probability = 0.91, incidence rate ratio = 2.01) of any location
evaluated. They also reported significantly lower ALS inci-
dence for members of the Marine Corps compared with
members of the Army (incidence rate ratio = 0.2, 95% credi-
ble interval: 0.03, 0.9), but no overall test of the association
between service branch and ALS incidence was reported.
Veterans potentially exposed to nerve/chemical warfare agents
in and around Khamisiyah, determined using a US Depart-
ment of Defense dispersion model (54), were 1.7 (95%

credible interval: 0.7, 3.7) times as likely as unexposed vet-
erans to later develop ALS (53). In another study of 621,902
US military veterans deployed to the Gulf War, Barth et al.
(50) used the same Department of Defense dispersion model
(54) and reported that potential exposure to chemical warfare
agents in and around Khamisiyah was not associated with
ALSmortality after 13 years of follow-up. Barth et al. also re-
ported no association between potential exposure to oil-well
fire smoke during Gulf War deployment, determined via De-
partment of Defense data (55), and ALS mortality (50).

Case-control studies of ALS/MND etiology

Relationships between military service and ALS/MND eti-
ology have been evaluated in 4 case-control studies (14, 26,
56, 57) (Table 2). In a study based on the death certificates of
4,745 cases and 14,235 matched controls in Texas, White
et al. (57) reported an odds ratio of 2.28 (95% CI: 1.34,
3.87) for the association between veteran status and ALS/
MND death among men but an odds ratio of 1.13 (95% CI:
0.77, 1.67) for the same association among women. In a
study of 95 cases and 106 controls in Boston, Massachusetts,
Qureshi et al. (26) found a significant inverse association be-
tween being a self-reported male veteran and ALS (odds ratio
(OR) = 0.22, 95% CI: 0.09, 0.54). They also reported a sig-
nificant inverse association between being a male veteran
who had performed active duty and ALS (OR = 0.23, 95%
CI: 0.08, 0.62) (26). No association was found between self-
reported branch of service and ALS in a study of 77 cases and
185 controls in Rome, Italy (56). In a study of 109 cases and
253 frequency-matched controls conducted in New England,
Fang et al. (14) did not find an association between self-
reported military service and ALS (OR = 1.2, 95% CI: 0.7,
2.4). Subgrouping study participants by branch or duration
of service or wartime service did not reveal notable variation
in the association between military service and ALS (14).

Other military-related factors have been evaluated in rela-
tion to ALS/MND etiology in 5 case-control studies (58–61)
(Table 2). In a study of 504 deceased US World War II
veteran cases and 504 matched living controls conducted
in 1963–1967, no significant associations (P > 0.05) were
found between ALS death and branch of service, arm of ser-
vice within the Army, decorations and awards, highest rank
attained, duration of service, location of any service overseas,
campaign credits, whether service extended to the Korean
conflict, immunizations during military service, military oc-
cupational specialties, or whether the veteran had been a pris-
oner of war (data on all of which were obtained from military
records) (59). In 2 studies of Japanese veterans, Kondo and
Tsubaki (58) reported that being a self-reported war prisoner
outside of Japan was not associated with MND (for males,
risk ratio = 0.96; P > 0.05) or MND death (for males, risk
ratio = 0.94 (P > 0.05); for females, risk ratio = 1.00 (P >
0.05)); 1 study was conducted during 1965–1966 and in-
cluded 712 MND deaths and 637 matched living controls,
and the other was conducted in 1973 and included 158
MND cases and 158 individually matched controls. In a
study of 8 Gulf War-veteran ALS cases, 28 civilian cases,
and 70 matched civilian controls from the United States,
Great Britain, Australia, and the Netherlands, Nicolson
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Table 2. Characteristics of Case-Control Studies of the Association Between Military Service, Deployments, or Exposures and Amyotrophic Lateral Sclerosis/Motor Neuron Disease Etiology

Published Through the End of 2013

First Author, Year
(Reference No.)

Study Population Sample Outcome Exposure
Matching or Adjustment

Factors
Statistical Analysis Results

Kurtzke, 1980
(59)

Male US World War II
veterans, 1963–1967

504 deceased cases;
504 randomly
selected, living
controls

ALS death Branch of service, arm of
service within the Army,
decorations and awards,
highest rank attained,
duration of service,
location of any service
overseas, campaign
credits, whether service
extended to Korean
conflict, immunizations
during military service,
military occupational
specialties, whether a
prisoner of war

Year of birth, date of entry
into military service, and
branch of service

Direct comparison
of counts;
continuity-
corrected χ2,
matched-pair
analysis, 2 × r χ2

All P ’s > 0.05

Kondo, 1981A
(58)

Japan, 1965–1966 458 deceased male
cases, 254
deceased female
cases; 216 living
male controls
(husbands of
female cases), 421
living female
controls (wives of
male cases)

MND death War prisoner outside of
Japan

Sex RR Males: RR = 0.94,
P > 0.05; females:
RR = 1.00, P > 0.05

Kondo, 1981B
(58)

Japan, 1973 104 male cases,
54 female cases;
104 male controls
(unrelated healthy
persons or hospital
patients), 54
female controls
(unrelated healthy
persons or hospital
patients)

MND War prisoner outside of
Japan

Individually matched on
age, sex, and residence

RR Males: RR = 0.96,
P > 0.05; females: NA

Nicolson, 2002
(61)

United States, Great
Britain, Australia,
Netherlands

8 Gulf Wara veteran
cases; 28 civilian
cases, 70 civilian
controls

ALS Systemic mycoplasmal
infections in blood
(Mycoplasma
penetrans, Mycoplasma
fermentans,
Mycoplasma hominis,
Mycoplasma
pneumoniae)

Age and sex Percentages, P
values (test not
specified)

Any infection—GulfWar
veteran cases: 100%;
civilian cases: 79%;
civilian controls: 9%
(P < 0.001 for all
cases vs. controls)

Mycoplasma
fermentans—Gulf
War veteran cases:
88%; civilian cases:
46%; civilian controls:
3% (P < 0.001 for all
cases vs. controls)

White, 2002
[abstract] (57)

Texas deaths, 1979–
2000

4,745 deceased
cases; 14,235
deceased controls

ALS/MND
death

Veteran status Age group, year of death,
and sex

Conditional logistic
regression

Males: OR= 2.28
(95% CI: 1.34, 3.87);
females: OR = 1.13
(95% CI: 0.77, 1.67)

Table continues
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Table 2. Continued

First Author, Year
(Reference No.)

Study Population Sample Outcome Exposure
Matching or Adjustment

Factors
Statistical Analysis Results

Qureshi, 2006
(26)

Neuromuscular clinic at
Massachusetts
General Hospital
in Boston,
Massachusetts, April
1998–August 2002

95 cases; 106
controls (51 non-
blood-related
relatives of cases,
55 friends or
unrelated persons)

ALS Male veteran, male
veteran who performed
active duty

Unrelated controls
matched on age;
adjusted for age and sex

Multiple logistic
regression

Male veterans:
OR = 0.22 (95% CI:
0.09, 0.54); male
veterans who
performed active
duty: OR = 0.23 (95%
CI: 0.08, 0.62)

Binazzi, 2009
(56)

Neurology clinics in
Rome, Italy, January
2005–July 2006

77 cases; 185
controls (healthy
relatives
or persons
accompanying
non-ALS
outpatients at the
clinics)

ALS Military service (Army,
Aviation [Air Force],
Navy)

Age and sex Mantel-Haenszel
OR

No association (data not
shown)

Fang, 2009
(14)

Cases from 2 referral
centers (Tufts-New
England Medical
Center and Brigham
and Women’s
Hospital) in Boston,
Massachusetts;
controls from random
telephone screening,
1993–1996

109 ALS cases,
253 controls

ALS Ever serving in military,
branch of service,
duration of service,
wartime service

Frequency-matched on
age, sex, and region of
residence within New
England; adjusted for
age, sex, region of
residence within New
England, smoking
history, and educational
level; stratified by
smoking history

Multiple logistic
regression

Ever serving in military:
OR = 1.2 (95% CI:
0.7, 2.4); no clear
variation in ORs
when persons who
had ever served in
the military were
subgrouped by
branch or duration of
service or wartime
service

Kwee, 2009
[abstract] (60)

US military veterans;
cases enrolled
beginning in April
2003, controls
enrolled beginning in
January 2006

1,165 veteran cases;
530 randomly
selected veteran
controls

ALS Interactions between
Vietnam deployment (as
a crude surrogate for
organophosphate
exposure) and
12 single-nucleotide
polymorphisms in the
PON gene cluster

Controls frequency-
matched to some cases
on age and use of the VA
system for health care;
no adjustment factors
mentioned

Logistic regression Interaction terms not
significant (data not
shown)

Abbreviations: ALS, amyotrophic lateral sclerosis; CI, confidence interval; MND, motor neuron disease; NA, not available; OR, odds ratio; PON, paraoxonase gene; RR, risk ratio; VA,

Department of Veterans Affairs.
a The 1990–1991 Persian Gulf War.

A
L
S
A
m
o
n
g
M
ilita

ry
V
e
te
ra
n
s

6
3

E
pidem

iolR
ev

2
0
1
5
;3
7
:5
5
–
7
0

D
ow

nloaded from
 https://academ

ic.oup.com
/epirev/article-abstract/37/1/55/409321 by N

C
IPC

 user on 10 June 2020



et al. (61) reported that ALS cases (veterans and civilians to-
gether) were more likely to have evidence of systemic myco-
plasmal infections (especially Mycoplasma fermentans) in
their blood than civilian controls (83% vs. 9%; P < 0.001)
and that the occurrence of infections was higher among the
8 ALS cases who were Gulf War veterans than in the 28 ci-
vilian cases (100% vs. 79%). Finally, in a study of 1,165 US
military veteran cases and 530 veteran controls, 12 single-
nucleotide polymorphisms in the paraoxonase (PON) gene
cluster did not modify the association between deployment
to the VietnamWar (used as a surrogate for organophosphate
exposure) and ALS (60).

Cross-sectional studies of ALS/MND etiology

The association between military service overall and ALS/
MND etiology has been evaluated in 1 cross-sectional study
(62) (Table 3). This study used information from death certif-
icates for 1982–1991 from 27 US states and found a positive
association (proportionate mortality ratio = 1.88; P < 0.05)
between occupation as military personnel and MND death
among persons aged 15–55 years (62).

Cohort studies of ALS/MND survival

Relationships between military service or deployment and
ALS/MND survival or progression have been evaluated in 4
cohort studies (24, 26, 63, 64) (Table 4). In a study of 961
veteran ALS cases and 2,571 nonveteran cases in the Clinical
Assessment, Research and Education Program database, a
nonmilitary database of ALS patients from North America
(65), Brooks et al. (63) reported no relationship between
veteran status and ALS survival. In a study of 95 cases in
Boston, Massachusetts, Qureshi et al. (26) reported that after
1 year of follow-up, both being a male veteran and being a
male veteran who had performed active duty were associated
with faster disease progression, measured by the ALS Func-
tional Rating Scale (27), and with declining respiratory
function, measured by predicted percentage of forced vital
capacity. Another study found that ALS survival, defined
as the time between onset of symptoms and death, the begin-
ning of ventilation, or the end of follow-up (October 2002),
was significantly shorter (hazard ratio = 0.62, 95% CI: 0.40,
0.96) among 43 US veterans deployed to the Gulf War (me-
dian survival time, 40.2 months), defined using DMDC data,
than among 66 veterans who were not deployed but served in
the military during the same era (median survival time, 57.0
months) (64). Finally, in a study of 1,063 US military-veteran

ALS cases, 603 of whom had died or begun using ventilation
by October 2006, Pastula et al. (24) reported that DMDC-
defined deployment to the Vietnam War was associated with
shorter survival after ALS diagnosis (hazard ratio = 1.73,
95% CI: 1.36, 2.19), but ALS survival was not associated
with cumulative years or branch of military service or with de-
ployment to the Korean War or the Gulf War.

DISCUSSION

The IOM report (34) concluded that there were sugges-
tive, though not conclusive, findings that ALS rates may
be higher among US military veterans, currently numbering
more than 21 million, compared with nonveterans (41), par-
ticularly among those deployed to the Gulf War (36–38,
40). We conducted a review of the relevant literature, incor-
porating new research published since the IOM report. Our
review focused on studies of associations between military
service, deployments, and exposures and ALS/MND etiol-
ogy and survival.
Associations between military service-related factors and

ALS/MND etiology were evaluated in 3 cohort studies (41,
49, 53), 5 case-control studies (14, 26, 56, 57, 59), and 1
cross-sectional study (62). Six of these studies (2 cohort, 3
case-control, and 1 cross-sectional) evaluated military ser-
vice overall and ALS/MND etiology; 3 reported positive as-
sociations (41, 57, 62), 1 reported a null association (14), and
2 reported inverse associations (26, 49). These differences
may be explained in part by limitations of study design, such
as control selection, statistical power, and sources of informa-
tion on exposure and outcome. For example, one of the case-
control studies that found an inverse association, conducted
from April 1998 to August 2002 in Boston, used non-blood-
related relatives of the cases (e.g., spouses), friends who ac-
companied the cases to the clinics, or unrelated persons as
controls (26). These controls were probably not represen-
tative of the exposure distribution in the source population
giving rise to the cases, potentially biasing the results. For
example, the proportions of veterans among cases (mean
age = 54 years) and controls (mean age = 53 years) were
8% and 24%, respectively (26). However, only 6% of Boston
residents aged 18 years or more were US military veterans in
2000 (4% of residents aged 18–64 years and 20% of residents
aged 65 years or more were veterans) (66).
The cohort study that observed an inverse association over-

all found positive associations with ALS incidence in the age
groups 40–44 years and 50–54 years (49). That study identi-
fied military personnel from the French National Military

Table 3. Characteristics of a Cross-Sectional Study of the Association Between Military Service and Amyotrophic Lateral Sclerosis/Motor Neuron

Disease Etiology Published Through the End of 2013

First Author, Year
(Reference No.)

Study
Population

Sample Outcome Exposure
Matching or

Adjustment Factors
Statistical
Analysis

Results

Schulte, 1996 (62) 27 US states,
1982–1991

9,435 deceased MND
cases; 130,420 total
neurodegenerative
disease deaths

MND death Occupation
as military
personnel

Age-standardized;
stratified by sex
and race

PMR Ages 15–55 years:
PMR = 188,
P < 0.05; n = 27
deceased cases

Abbreviations: ALS, amyotrophic lateral sclerosis; MND, motor neuron disease; PMR, proportionate mortality ratio.
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Table 4. Characteristics of Cohort Studies of the Association Between Military Service or Deployments and Amyotrophic Lateral Sclerosis/Motor Neuron Disease Survival Published Through

the End of 2013

First Author, Year
(Reference No.)

Study Population Sample Outcome Exposure
Matching or Adjustment

Factors
Statistical
Analysis

Results

Brooks, 2003
[abstract] (63)

ALS CARE database,
beginning in 1996

946 male veteran
cases, 15 female
veteran cases;
1,154 male
nonveteran cases,
1,417 female
nonveteran cases
(no. of deaths not
specified)

ALS survival Veteran status Not specified, but
investigated age, sex,
region affected and
disease course,
comorbid conditions,
modes of treatment,
site of treatment, and
caregiver status

Stepwise
multiple
logistic
regression

Decreased survival among
veterans, but decrease
disappeared after
adjustment for age (data not
shown)

Qureshi, 2006
(26)

Neuromuscular clinic at
Massachusetts
General Hospital in
Boston,
Massachusetts,
followed for 1 year after
enrollment (April
1998–August 2002)

95 cases ALSFRS,
predicted
%FVC

Male veteran, male
veteran who
performed active
duty

Sex Random slope
regression

Male veterans—change in
ALSFRS: β =−0.02
(SE, 0.01), P = 0.13;
change in predicted %FVC:
β =−0.07 (SE, 0.03),
P = 0.04

Male veterans who performed
active duty—change in
ALSFRS: β =−0.02
(SE, 0.01), P = 0.03;
change in predicted %FVC:
β =−0.08 (SE, 0.04),
P = 0.04

Kasarskis, 2009
(64)

Gulf Wara-era US military
veterans (active-duty or
activated Reserve and
National Guard
personnel) with ALS
followed from 1991 to
death or October 2002

43 cases deployed
to the Gulf War;
66 cases not
deployed to the
Gulf War (no. of
deaths not
specified)

ALS survival
(from onset
of symptoms
to death or
ventilation)

Deployment to the
Gulf War (DMDC-
provided data,
self-reported)

Age, site of onset Cox
proportional
hazards
regression

Median survival time—
deployed: 40.2 months;
nondeployed: 57.0 months;
HR = 0.62 (95% CI: 0.40,
0.96)

Pastula, 2009
(24)

US military veterans with
ALS followed from April
2003 to death or
October 2006

1,063 veteran cases
(603 dead or on
ventilation)

ALS survival
(from
diagnosis to
death or
ventilation)

Cumulative military
service (years);
branch of service;
deployment to
Korean War,
Vietnam War, or
Gulf War

Age; race; site of onset;
ALS type; time from
onset of symptoms to
diagnosis; history of
myocardial infarction,
stroke/cerebrovascular
disease, diabetes,
cancer, or a major
traumatic injury;
cigarette smoking;
cumulative military
service; branch of
service; and
deployment to Korean
War, Vietnam War, or
Gulf War

Cox
proportional
hazards
regression

Cumulative military service
(per 10-year increase):
HR = 1.03 (95% CI: 0.91,
1.17)

Branch of service—Air Force:
HR = 1.00 (referent); Army:
HR = 1.08 (95% CI: 0.84,
1.41); Coast Guard:
HR = 2.14 (95% CI: 0.92,
4.98); Marines: HR = 1.26
(95% CI: 0.91, 2.03); Navy:
HR = 1.24 (95% CI: 0.93,
1.66)

Deployment location—Korean
War: HR = 0.98 (95% CI:
0.74, 1.30); Vietnam War:
HR = 1.73 (95% CI: 1.36,
2.19); Gulf War: HR = 0.92
(95% CI: 0.57, 1.50)

Abbreviations: ALS, amyotrophic lateral sclerosis; ALSFRS, ALS Functional Rating Scale; CARE, Clinical Assessment, Research and Education Program; CI, confidence interval; DMDC,

Defense Manpower Data Center; %FVC, percentage of forced vital capacity; HR, hazard ratio; MND, motor neuron disease; SE, standard error.
a The 1990–1991 Persian Gulf War.
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Health Care Fund, so military personnel who retired, left the
military for other reasons, or obtained health care elsewhere
were not included in the database (49). The study that found
a null association (OR = 1.2, 95% CI: 0.7, 2.4) was based
on 109 ALS cases, only 24 of whom had ever served in the
military (14), so perhaps the weak positive association was
not statistically significant because of low power. For com-
parison, 2 of the 3 studies that found positive associations
had 217 (41) and 1,476 (57) exposed cases, respectively, al-
though the third had only 27 exposed cases (62). Two of the
studies with positive associations ascertained information on
occupation from death certificates (57, 62), which is likely to
have resulted in nondifferential misclassification and bias to-
ward the null (67, 68). Furthermore, one of those studies
found a positive association with MND mortality only after
restricting the analysis to persons aged 15–55 years (62). Re-
sults of the other study (57) were published only in abstract
form, which makes it difficult to evaluate the robustness of
the reported findings.
Use of ALS/MND mortality as a surrogate for incidence

was a problem common to all 3 studies reporting positive as-
sociations with military service (41, 57, 62). This could have
resulted in nondifferential misclassification and bias toward
the null if military service was not related to survival, or in
differential misclassification and bias either toward the null
or away from the null if it was. In a recent review of ALSmor-
tality studies, Marin et al. (69) stated that ALS/MND mortal-
ity can accurately reflect trends in incidence. This statement
was based on 2 high-quality studies (70, 71), but neither
study investigated the possible occurrence of bias when
ALS/MND mortality is used to estimate measures of associ-
ation between exposures and incidence, such as rate differ-
ences or rate ratios. Therefore, while it is suggestive of a
positive association, the current literature is too limited to
draw conclusions regarding a possible association between
military service and ALS/MND etiology. If such an associa-
tion exists, it may be age-specific (49, 62), but it does not ap-
pear to vary by branch, duration, or time period of service
(14, 41, 53, 56, 59).
Relationships between military deployment-related factors

and ALS/MND etiology were evaluated in 8 cohort studies
(36–41, 50, 51) and 2 case-control studies (14, 59). Deploy-
ment to the Gulf War and ALS/MND etiology was evaluated
in 7 of the cohort studies. Five of these studies reported pos-
itive associations (36–38, 40, 51) and 2 did not (39, 50). Two
studies (37, 40) that found positive associations, however,
were based on small numbers of exposed cases. One of these
studies (37) had additional limitations (e.g., military service
was confirmed via a nonmilitary online database, expected
incidence rates were calculated in an unorthodox manner).
The remaining 5 studies arose from 2 different VA research
groups. The first of these groups published 3 studies that found
a positive association between Gulf War deployment and
ALS incidence (36, 38, 51). The other group published 2
studies that used ALSmortality data and found no association
(39, 50). Other features of the studies conducted by the 2
groups, such as design, population, and exposure assessment,
were similar (36, 38, 39, 50, 51). A limitation of the first study
by the group using incidence data (38) was potential underas-
certainment of cases among veterans not deployed to the Gulf

War (36). The second study by this group used capture-
recapture methods to estimate the number of missing cases
among the nondeployed veterans and to correct the original
analysis for this potential underascertainment (36). The new
results were slightly attenuated relative to the first, but the
positive association remained (36). Studies by the group
using mortality data (39, 50) were limited by low statistical
power; these studies had 43% fewer cases than the incidence
studies. In addition, using mortality instead of incidence data
could have resulted in differential or nondifferential misclas-
sification and bias toward or away from the null (see above).
Therefore, the truth probably lies somewhere in between the
results of the 2 VA research groups: There may be a moderate
association between Gulf War deployment and ALS/MND
etiology, but it is probably not as strong as that reported in
the 3 positive studies (36, 38, 51). No association with any
other military deployment or deployment-related factor is ap-
parent from published literature (14, 41, 59).
Associations between several military exposures and ALS/

MND etiology were considered in 3 cohort studies (50, 52,
53) and 5 case-control studies (58–61). Nevertheless, there
is currently not strong evidence that any particular military
exposure is associated with ALS/MND etiology. The higher
prevalence of systemic mycoplasmal infections among ALS
cases (veterans and civilians together) relative to civilian con-
trols and the higher prevalence of these infections among
Gulf War veteran ALS cases compared with civilian cases
(61) needs to be confirmed in other nonmilitary populations
with larger sample sizes.
Two cohort studies of associations between military ser-

vice and ALS/MND survival or progression found disparate
results: One reported no association with survival (63) and
the other reported a significant association with faster pro-
gression (26). The results of the first study (63), however,
were published in abstract form only, which makes it difficult
to evaluate the robustness of the reported findings. The study
that used progression as the outcome did not adjust for age at
diagnosis (26), which is one of the most consistently reported
prognostic factors for ALS survival (16–24). Two other co-
hort studies of the association between Gulf War deployment
and ALS survival found conflicting results: One found an el-
evated hazard ratio (64) and the other found no association
(24). Both of these studies were plagued by immortal person-
time bias, which arises when follow-up time is counted as
person-time at risk for an outcome even though that time oc-
curs before the last event required to enter the risk set (72,
73). A likely explanation for the discrepancy between the re-
sults of the 2 studies is that the first study—which found a
positive association—was restricted to Gulf War-era veterans
(64), whereas the other—with no association—included non-
Gulf War-era veterans in the comparison group (24). The lat-
ter also reported a positive association between VietnamWar
deployment and ALS survival (24). Clearly, associations be-
tween military service or deployment and ALS survival need
to be evaluated in other populations before conclusions can
be drawn.
Some overall conclusions can be made regarding limita-

tions of previous studies of military service, deployments,
and exposures and ALS etiology and survival. First, ALS
mortality was used as the outcome in 8 of 21 (38%) etiology
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studies (39, 41, 50, 52, 57–59, 62), which makes it difficult to
determine whether reported associations were associations
with ALS incidence, survival after ALS diagnosis, or a mix-
ture of the two (see above). Second, only 4 of 25 (16%) studies
were formal survival analyses (24, 26, 63, 64), but immortal
person-time bias was probably present in at least 2 of them
(24, 64), and 1 other study (63) did not provide enough infor-
mation to make this determination. Third, important clinical
information, such as date of diagnosis, site of onset, respira-
tory function, etc., was used to subgroup ALS cases in only 2
of 21 (10%) etiology studies (26, 56). Fourth, 18 of 25 (72%)
studies had 124 or fewer ALS cases (14, 26, 36–40, 49–53,
56, 58, 61, 64), and the number of exposed cases was 48 or
less in all but 1 of these studies (it had 73) (49), so power to
detect associations between military-related factors and ALS
etiology or survival was often limited. Fifth, associations
between ALS etiology or survival and specific aspects of
military service or specific deployments or exposures were
usually not evaluated (because the relevant information was
not collected) or were evaluated in a limited way. For exam-
ple, only 9 of 25 (36%) studies evaluated associations be-
tween more than 1 military-related factor and ALS etiology
or survival (14, 24, 26, 41, 49, 50, 53, 59), and only 1 of
these studies examined more than 5 military-related factors
(it examined 11) (59). In addition, exposure metrics were
often vague or defined differently among studies. Further-
more, information on exposure gradient was used to evaluate
exposure-response relationships for at least 1 exposure in
only 5 of 25 (20%) studies (14, 24, 41, 49, 59). Clearly, stud-
ies that address the limitations of previous studies of military
service, deployments, and exposures and ALS etiology and
survival are needed. Studies that evaluate associations be-
tween extensive, hypothesis-driven lists of factors related to
military service, deployments, and exposures and ALS etiol-
ogy or survival would be particularly valuable.

As pointed out in the IOM report (34), studies conducted
in nonmilitary populations may provide clues regarding fac-
tors that may be more generally associated with ALS etiology
(or survival) and are also likely to be related tomilitary service.
For example, the IOM report lists intensive physical activity,
lifestyle factors, trauma, transmissible agents, occupational
toxicants, and environmental toxicants as potential risk factors
for ALS etiology that are likely to be experienced by military
populations (34).

The request for the IOM to review the 6 cohort studies pub-
lished between 2000 and 2005 (36–41) was initiated by the
VA (34). In addition, the VA established a National Registry
of Veterans with ALS (hereafter called the Registry) (74, 75),
which enrolled approximately 2,000 living veteran cases
from April 2003 to September 2007. The Registry (74, 75)
was established with the goal of identifying and enrolling
all living US military veterans with ALS, following their
health and disease progression over time, collecting informa-
tion that could be used for epidemiologic studies of ALS, and
providing a way to inform veterans with ALS about clinical
trials for which they might be eligible (74, 76).

Soon after veterans with ALS began to enroll in the Regis-
try, researchers at DukeUniversity (Durham,NorthCarolina),
in collaboration with the VA, began enrolling cases from the
Registry into the Genes and Environmental Exposures in

Veterans with Amyotrophic Lateral Sclerosis (GENEVA)
Study, a case-control study of 630 cases from the Registry
and 975 controls identified via VA databases and frequency-
matched to cases on age and use of the VA health-care system
(76). The goal of the GENEVA Study is to evaluate associa-
tions between ALS and environmental factors, genetic sus-
ceptibility, and their interactions (76).

Several of the limitations of previous studies of military
service, deployments, and exposures and ALS etiology and
survival outlined above can be addressed using data from
the GENEVA Study. Specifically, the GENEVA Study can
be used for both etiological and survival research because
of the following features. Living cases were identified via
the Registry and ALS diagnoses were confirmed via medical
record review (76). Important and high-quality clinical infor-
mation, such as date of diagnosis, site of onset, respiratory
function, etc., is also available. In addition, controls were
identified via VA databases and frequency-matched to cases
on age and use of the VA health-care system (76). Informa-
tion on the vital status of ALS cases is current through July
2013. Formal survival analyses, with the appropriate mitiga-
tion of immortal person-time bias, can be conducted. Thus,
associations between military-related factors and ALS etiol-
ogy or survival can be evaluated more carefully than in pre-
vious studies. In addition, having 630 ALS cases makes the
GENEVA Study one of the largest studies of military-related
factors and ALS etiology or survival ever conducted and will
provide better statistical power for evaluating associations of
interest. Finally, the GENEVA Study investigators collected
extensive information on various aspects of military service
and deployments and on more than 30 specific exposures re-
lated to military service (76), including pesticides, chemicals,
paint, gas, diesel fuel, solvents, ionizing and nonionizing ra-
diation, vaccines, and riot control substances, which was not
available in any previous study of military exposures and
ALS etiology or survival. Other studies that address the lim-
itations of previous studies of military service, deployments,
and exposures and ALS etiology and survival are also needed.

The GENEVA Study may also have some limitations. Re-
call bias may be possible and may be differential by war of
service, because the GENEVA Study interview occurred up
to 65 years after participants served in the military (74, 76).
There seems to be little evidence, however, that cases with
various diseases and controls recall past exposures differen-
tially (77). Another possible limitation of the GENEVA
Study and possibly other case-control studies of ALS, espe-
cially register- or population-based ones, is potential selec-
tion bias arising from nonparticipation of potential controls
and the fact that the patients with the most quickly progress-
ing disease probably died before they could enroll. Therefore,
investigators analyzing the GENEVA Study data will need to
evaluate and address these and other potential sources of bias.

In conclusion, although the current literature suggests a
positive association between military service and ALS/MND
etiology, it is too limited to make definitive statements
regarding the presence of possible associations between mil-
itary service and ALS/MND etiology or survival. An associ-
ation between GulfWar deployment and ALS/MND etiology
is possible. There is not currently strong evidence that any
particular military exposure is a risk factor for ALS/MND.
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Future studies of military service, deployments, and expo-
sures and ALS etiology and survival should address limita-
tions of previous ones, such as reliance on mortality as a
surrogate for incidence, a dearth of survival analyses, lack
of clinical data, low statistical power, and limited exposure
assessment. The GENEVA Study provides one such attempt,
but other, additional studies are clearly needed to determine
whether military-related factors are associated with ALS and
to assess potential prevention strategies.
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