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1  |  INTRODUC TION

Amyotrophic lateral sclerosis (ALS) is a progressive, degenerative 
neurological disease.1 It is the most common form of motor neuron 
disease (MND), but still considered rare, with a global incidence of 

approximately 2/100,000 persons.2 ALS onset typically occurs in later 
life, peaking between 50 and 75 years of age, affecting persons of both 
sexes and all ethnicities.1 The consequences of ALS can be devastating 
for those affected and their families. Disease progression is rapid, with 
only half of patients living longer than three years following diagnosis.3
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Background: The cause of amyotrophic lateral sclerosis (ALS) is unknown, but occu-
pations have been explored as a potential proxy measure of risk. There is a substantial 
body of literature connecting military service to ALS. We aimed to summarize and 
assess the quality of this evidence.
Methods: Systematic review of the literature, including observational studies which 
explored one of the following exposures: general military service (army, air force, 
marines, or navy); or specific exposures associated with military service measured 
among military personnel. The outcome of interest was ALS incidence, which could 
include onset, diagnosis, or death from ALS.
Results: A total of 2642 articles were screened. Following exclusion, 19 articles re-
mained for inclusion in the systematic review, including 1 meta-analysis and 18 origi-
nal observational studies. Most studies were of moderate quality. In general, the 
relationship between military service was suggestive of an increased risk, particularly 
among Gulf War and WWII veterans. Exposure to pesticides (including Agent Orange) 
certain chemicals (exhaust, burning agents), heavy metals, and head trauma appeared 
to increase the risk of ALS among military personnel.
Conclusions: There is a possible association between military service and the subse-
quent development of ALS; however, the evidence was limited. Studies were gener-
ally hindered by small sample sizes and inadequate follow-up time. Future studies 
should endeavor to objectively measure specific exposures, or combinations thereof, 
associated with military service, as this will be of vital importance in implementing 
preventative strategies into military organizations.
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The cause of ALS is unknown; however, men, people of European 
descent, and those a family history are more likely to develop the dis-
ease.4 In recent years, occupations have been explored as a potential 
proxy measure for ALS risk. In two reports from the United States, 
it was found that a disproportionately large fraction of men affected 
by ALS have a history of military service.4,5 Military personnel are 
subjected to intense physical exertion and are more likely than their 
civilian counterparts to be exposed to certain agents, including lead, 
pesticides, smoking, and trauma, thought to be linked to ALS.6

In 2017, a meta-analysis concluded that there is indeed an in-
creased risk of ALS associated with service in the military.7 Since this 
publication, more studies have explored this relationship. As well, 
researchers have begun to explore the effect of specific military-re-
lated exposures which might contribute to this elevated risk of ALS.6 
We aimed to not only update the findings from the meta-analysis, 
but also highlight these putative military-related risk factors for ALS. 
To our knowledge, this is the first study to summarize and assess the 
quality of the evidence through a systematic review of the literature 
concerning military service and military-related exposures and ALS.

2  |  METHODS

2.1  |  Eligibility criteria

Eligibility criteria were developed a priori with no deviations during 
implementation. We included observational study designs appropri-
ate for the study of etiology: case–control, cohort, or meta-analyses. 
Studies must have explored one of the following exposures: gen-
eral military service (army, air force, marines, or navy); or specific 
exposures associated with military service measured among military 
personnel. The outcome of interest was ALS incidence, which could 
include onset, diagnosis, or death due to ALS. Typically, death is not 
considered a measure of incidence; however, in the context of ALS, 
it has been used as such due to the rapidly fatal nature of the dis-
ease.8 Studies were included if they reported a risk estimate (odds 
ratio, rate ratio, risk ratio, hazard ratio, and standardized morbidity 
ratio); included a minimum of 5 cases of ALS; and were published in 
English. Case reports, intervention, descriptive studies of incidence/
prevalence and natural history studies of ALS were excluded. No 
restrictions were imposed in terms of age, sex, ethnicity, or publica-
tion date. If an original study was included in a meta-analysis, we 
reported only the results of the meta-analysis.

2.2  |  Search strategy

We performed a comprehensive literature search using a strategy 
developed by persons with expertise in neuroepidemiology and sys-
tematic review methodology, with the aid of two research librarians 
at the Karolinska University Library. Medline, Embase, and Web of 
Science were searched for articles published up to June 25, 2019. 
The detailed search strategy for all three databases is available in 

the Appendix. Finally, reference lists within articles were screened, 
and experts were consulted to identify papers which may have been 
missed.

2.3  |  Data extraction

Articles were stored in EndNote where duplicates were deleted. 
Articles were screened at three levels: title, abstract, and full paper 
based on the inclusion criteria. Titles and abstracts were screened 
by one reviewer (KAM), and full papers were reviewed by three in-
dependent reviewers (KAM, KAS, and LMS), with disagreements re-
solved by consensus.

2.4  |  Quality assessment

The AMSTAR (A MeaSurement Tool to Assess systematic Reviews) 
29 was employed for the quality assessment of meta-analyses, and 
the Newcastle-Ottawa Scale (NOS)10 was used to evaluate the qual-
ity of observational studies. The AMSTAR 2 does not generate a 
quality score, but aids in the identification of high-quality meta-anal-
yses.9 The NOS has 3 subscales, selection, comparability, and expo-
sure/outcome, with points awarded on each subscale for a maximum 
of 9 points.10 Two reviewers (KAM and KAS) independently scored 
each original observational study using the NOS, with discrepancies 
resolved by consensus. All studies were retained, regardless of qual-
ity score.

3  |  RESULTS

A total of 2642 articles were screened, 2 of which were identi-
fied from reference lists of relevant articles. Of these, 102 were 
reviewed at the full-paper level. Following exclusion, 19 articles 
remained, including 1 meta-analysis and 18 original observational 
studies. Reasons for exclusion included, but were not limited to: lack 
of military personnel (n = 51), review paper (n = 11), and absence of a 
risk estimate (n = 10). For the full screening results, see the PRISMA 
flowchart in Figure 1.

Most studies were of moderate quality, with a median score of 
7 of a possible 9 (range: 4 to 8). Funding for the included studies 
came primarily from government agencies (n = 16) and non-profit 
foundations (n = 3). Studies were classified into three groups: those 
which explored general military service; military service during spe-
cific wars; and exposures associated with military service. Details of 
the 18 original articles are available in Table 1.

3.1  |  General military service

The relationship between general military service and ALS risk has 
been explored extensively. Our results included one meta-analysis 
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from 2017, which encompassed 9 studies,7 and 3 original stud-
ies.11–13 While the meta-analysis suggested an increased risk, the 
three subsequent studies reported no relationship between military 
service and ALS risk.11–13

The meta-analysis by Tai et al7 summarized evidence between 
1981 and 2016 regarding the risk of ALS associated with general 
military service. The analysis included 6 case–control and 3 cohort 
studies, with moderate heterogeneity between studies (I2 = 55%). 
Among the 9 studies, the pooled odds ratio (OR) was 1.29 (95% con-
fidence interval [CI]: 1.08–1.54), suggesting a significant increased 
risk of ALS among military personnel. Sensitivity analyses revealed 
that studies of higher quality were more likely to yield a positive 
association between military service and ALS risk than studies of 
moderate quality. The quality of the review itself was high, based on 
the AMSTAR criteria; however, there were noted limitations to the 
included studies, such as small sample sizes, biased control selection, 
and potentially imprecise case selection.7

A case–control study in New England, USA compared newly-di-
agnosed ALS patients to controls seen for other neurological con-
ditions in two neurology clinics.11 Between 2009 and 2015, 295 
cases of ALS and 224 controls were enrolled. More ALS cases had 
served in the military (28% of cases versus 20% of controls), but the 
risk estimate did not reach statistical significance (OR: 1.09; 95%CI: 
0.67–1.78 adjusted for age and gender).11

The incidence of ALS was measured among all men and women 
who had served in the military for a minimum of one year in 
Denmark12 using a population-based nested case–control design. 

ALS cases were identified using International Classification of 
Disease [ICD] codes for ALS from hospitalization discharge re-
ports and matched 10:1 to non-ALS controls randomly selected 
from the general population. A total of 102 (9.45%) men and 10 
(1.34%) women with ALS had been employed in the military, com-
pared to 8833 (8.19%) men and 782 (1.05%) women without ALS. 
Following adjustment for socioeconomic status, residential lo-
cation, and marital status, there was no risk of ALS among men 
(OR: 1.15; 95%CI: 0.92 to 1.43) nor women (OR: 1.11; 95%CI: 
0.55–2.25).12

Similarly, linked registries in Sweden were accessed to explore 
the relationship between occupation and risk of ALS, defined using 
ICD codes from hospital and physician billings.13 Among 4567 ALS 
cases, 31(0.68%) had stated in the 1990 census that they were 
employed in the armed forces, compared to 195/22,402 controls 
(0.87%). Following adjustment for age, sex, and education level, 
there was no risk of ALS among armed forces personnel (OR: 0.77; 
95%CI: 0.52 to 1.14).13

3.2  |  Military service during specific war periods

Six cohort studies14–19 and one case–control study20 investigated 
the risk of ALS among American Gulf War veterans. Three prospec-
tive studies and one retrospective study explored the risk of ALS re-
lated to serving during World War II, the Korean, and Vietnam Wars, 
all based in the United States.20–23

F I G U R E  1  PRISMA Flowchart of study selection
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TA B L E  1  Description of included studies.

Citation
Author, 
year Study design Region Sample Source of cases Source of controls Exposure Main findings

QA score 
(0–9)

General military service

11 Andrew, 
2017

Case–control USA 295 ALS cases (79 served in the 
military)/224 controls (42 served 
in the military)

Patients seen in one of two neurology 
clinics with a probable or definite ALS 
diagnosis

Patients with other 
neurological disease 
from the same 
neurology clinics as 
cases

Self-reported military service/
deployment

Neither military service (OR: 1.09; 95%CI: 0.67–1.78) nor deployment 
(OR: 0.73; 95%CI: 0.41–1.31) were associated with ALS risk

5

12 Dickerson, 
2018

Nested 
case–control

Denmark 1079 male ALS cases (102 served 
in the military)/107 900 male 
controls (8833 served in the 
military).

747 female ALS cases (10 served 
in the military)/ 74 700 female 
controls (782 served in the 
military)

National Patient Register (≥1 ICD code for 
ALS)

General Danish population Military service for ≥1 year 
as recorded in the Danish 
Pension Fund

No altered risk of ALS associated with military service in men (OR: 
1.15; 95%CI: 0.92–1.43) nor women (OR 1.11 95%CI: 0.55–2.25)

8

13 Peters, 
2017

Nested 
case–control

Sweden 4567 ALS cases (31 served in the 
armed forces)/22 402 controls 
(195 served in the armed forces)

National Patient Register (≥1 ICD code for 
ALS)

General Swedish 
population

Occupation in the armed 
forces as reported in the 
census from 1970, 1980, 
& 1990

No altered risk of ALS associated with employment in the armed 
forces (OR: 0.77; 95% CI: 0.52 to 1.14)

7

Military service during specific war periods

Gulf War

14 Smith, 
2000

Cohort USA 551,841 Gulf War veterans (6 ALS 
cases)/1 478704 non-deployed 
service personnel (12 ALS cases)

Defense Manpower Data Center & 
Department of Defense hospitalization 
records (≥1 ICD code for ALS)

N/A Deployment to the Gulf War The risk of ALS was not different between those deployed to the Gulf 
War and those not deployed (risk ratio 0.94; 95%CI: 0.65–1.35)

7

15 Kang, 
2001

Cohort 
(Follow-up 
study)

USA 621,902 Gulf War veterans/746 248 
non-deployed service personnel

Number of cases of ALS was not 
provided.

Defense Manpower Data Center & 
Veterans Affairs death certificates

N/A Deployment to the Gulf War The risk of ALS was not different between those deployed to the Gulf 
War and those not deployed (rate ratio: 0.59; 95%CI: 0.21–1.66)

7

16 Barth, 
2009

Cohort USA 621,902 (23 ALS cases) Gulf War 
veterans/746 284 (38 ALS cases) 
non-deployed military personnel

Defense Manpower Data Center & 
Veterans Affairs death certificates

N/A Deployment to the Gulf War The risk of death due to ALS was not different between Gulf War 
veterans and non-deployed veterans (rate ratio = 0.96, 95% CI: 
0.56, 1.62)

7

17 Haley, 
2003

Cohort USA 695 000 (20 ALS cases) Veterans support groups N/A Deployment to the Gulf War The observed incidence of ALS in Gulf War veterans under age 
45 exceeded the expected incidence between 1995 and 1998 
(standardized morbidity ratio: 2.27, p = 0.006)

7

18 Horner, 
2003

Cohort USA 696,118 (40 ALS cases) Gulf War 
veterans/1786 215 (67 ALS cases) 
non-deployed military personnel

Publicized phone number and Internet ads, 
mass mailings to neurologists. Veterans 
Affairs and Department of Defense 
inpatient, outpatient, and pharmacy 
medical databases & benefit files, 
TriCare (health insurance plan)

N/A Deployment to the Gulf War The risk of ALS was elevated among Gulf War veterans (relative risk: 
1.92; 95% CI: 1.29–2.84)

8

19 Coffmann, 
2005

Cohort USA 696,118 (42 ALS cases) Gulf War 
veterans/1786 215 (76 ALS cases) 
non-deployed military personnel

Publicized phone number and Internet ads, 
mass mailings to neurologists. Veterans 
Affairs and Department of Defense 
inpatient, outpatient, and pharmacy 
medical databases & benefit files, 
TriCare (health insurance plan)

N/A Deployment to the Gulf War The risk of ALS was elevated among Gulf War veterans (relative risk: 
1.77; 95%CI lower bound: 1.21)

7

World War II, Korean and Vietnam Wars

20 Beard, 
2016

Case–control USA 621/958 US Department of Veteran's Affairs 
National Registry of Veterans with ALS

Genes and Environmental 
Exposures in Veterans 
with Amyotrophic 
Lateral Sclerosis 
(GENEVA) study

Deployment to WWII, 
Korean, Vietnam, or Gulf 
War

The odds of ALS were increased among persons who served in WWII 
(OR: 4.79; 95%CI: 1.48–15.49) or the Korean War (OR: 3.52; 
95%CI: 1.07–11.54), but not the Vietnam or Gulf War

6
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TA B L E  1  Description of included studies.

Citation
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year Study design Region Sample Source of cases Source of controls Exposure Main findings
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3.2.1  |  Gulf War (1990-1991)

Of the 6 cohort studies published, each employed different methods 
to identify persons with ALS from the same source population of 
American veterans. Three reported no association,14–16 while three 
reported a significantly increased risk of ALS among those deployed 
to the Gulf War.17–19

The first cohort study to report on the risk of ALS associated with 
the Gulf War was published 9 years following the end of the war.14 

The primary outcome was hospitalization for ALS (based on ICD 
codes) within all Department of Defense hospitals, with those de-
ployed to the Gulf War (n = 551,841) compared to active service per-
sons who were not deployed during the same period (n = 1,478,704). 
Between 1991 and 1997, 6 persons who had served in the Gulf War 
were hospitalized for ALS, compared to 12 persons who had not 
served (age-adjusted risk ratio: 1.66; 95% CI: 0.62–4.44).14

The same cohort was subsequently studied using death records 
to identify cases of ALS.15 Information on cause of death was gath-
ered from Veterans Affairs death certificates or the National Death 

Citation
Author, 
year Study design Region Sample Source of cases Source of controls Exposure Main findings

QA score 
(0–9)

21 Weisskopf, 
2005

Cohort USA 281,874 male military veterans (217 
ALS cases) and 126,414 non-
veterans (63 ALS cases)

Cancer Prevention Study II & National 
Death Index

N/A Self-reported period of 
service coinciding with: 
WWII

Korean War
Vietnam War

Men who served during WWII had an elevated risk of ALS (relative 
risk: 1.60; 95%CI: 1.12–2.30), but there was no altered risk of ALS 
among those who served during the Korean or Vietnam Wars

7

22 Weisskopf, 
2015

Cohort USA 267,817 male military veterans (221 
ALS cases) and 428,926 non-
veterans (154 ALS cases)

National Longitudinal Mortality Study & 
National Death Index

N/A Self-reported period of 
service coinciding with:

WWII
Korean War
Vietnam War

Men who served during WWII had an elevated risk of ALS (HR: 1.47; 
95%CI: 1.13, 1.91), but there was no altered risk of ALS among 
those who served during the Korean or Vietnam Wars

7

23 Cragg, 
2017

Cohort 
(Follow-up to 
study 21)

USA 331,001 male military veterans (358 
ALS cases) and 676,912 non-
veterans (285 ALS cases)

National Longitudinal Mortality Study & 
National Death Index

N/A Self-reported period of 
service coinciding with:

WWII
Korean War
Vietnam War

Men who served during WWII had an elevated risk of ALS (HR: 1.3; 
95%CI: 1.1–1.6), but there was no altered risk of ALS among those 
who served during the Korean or Vietnam Wars

7

Specific exposures related to military service

20 Beard, 
2016

Case–control USA 621/958 US Department of Veteran's Affairs 
National Registry of Veterans with ALS

Genes and Environmental 
Exposures in Veterans 
with Amyotrophic 
Lateral Sclerosis 
(GENEVA) study

Military-related factors Herbicide exposure (OR: 2.52; 95%CI: 1.05–6.05), pyridostigmine 
bromide use (OR: 2.70; 95%CI: 1.05–6.96), exhaust from heaters 
or generators (OR: 1.75; 95%CI: 1.05–2.92), explosions within 
one mile of the person (OR: 1.87; 95%CI: 1.11–3.14), exposure 
to burning agents in the field (OR: 7.75; 95%CI: 1.92–31.24) and 
Agent Orange (OR: 2.80; 95%CI: 1.44–5.44) all increased the risk 
of ALS.

6

24 Miranda, 
2008

Cohort USA 41 ALS cases Defense Manpower Data Center, VA, DoD Defense Manpower Data 
Center, Veteran's 
Administration, DoD

inpatient, outpatient, and 
pharmacy databases

Service in specific locations 
during the Gulf War

Deployment to the region near the site of the Khamisiyah munitions 
explosion was associated a heightened risk of ALS (relative risk: 
1.7; 95%CI: 0.7–3.7)

6

25 Yi, 2013 Cohort South 
Korea

114 562 Korean veterans of the 
Vietnam War (1865 ALS cases)

Survey, Ministry of National Defense and 
Ministry of Government Administration 
and Home Affairs

N/A Agent Orange Veterans who self-reported high exposure to Agent Orange during 
the Vietnam war were more likely to report having ALS (OR: 2.23; 
95%CI: 2.02–2.47)

4

26 Schmidt, 
2010

Case–control USA 241/597 US Department of Veteran's Affairs 
National Registry of Veterans with ALS

GENEVA study Cigarette smoking
Head injury

Having a head injury within 15 years of the reference date (date of 
ALS diagnosis or corresponding date for controls) was associated 
with increased odds of ALS (2.33; 95%CI: 1.18–4.61). There was 
no association between smoking and ALS

7

27 Fang, 2010 Case–control USA 200/229 US Department of Veteran's Affairs 
National Registry of Veterans with ALS

GENEVA Study Blood lead levels A doubling of blood lead was associated with a 1.9-fold increased risk 
of ALS (95% CI: 1.3, 2.7)

8

28 Peters, 
2016

Case–control USA 163/229 US Department of Veteran's Affairs 
National Registry of Veterans with ALS

GENEVA study Blood selenium, zinc, copper 
and manganese levels

ALS was inversely associated with selenium (OR: 0.4; 95% CI: 0.2–
0.8) and zinc (OR: 0.4; 95% CI: 0.2–0.8), and positively associated 
with copper (OR: 3.4; 95% CI:

1.5–7.9). No linear trend was found for manganese (OR: 0.9; 95% CI: 
0.6–1.3)

7

Abbreviations: ALS, Amyotrophic lateral sclerosis; CI, confidence interval; HR, hazard ratio; ICD, International classification of disease;  
N/A, not applicable; OR, odds ratio; QA, Quality assessment, measured according to the Newcastle-Ottawa Scale.
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Index. Gulf War veterans (n = 621,902) were compared to active 
service personnel who were not deployed (n = 746,248). There was 
no increased risk of ALS among the Gulf War veterans (rate ratio: 
0.59; 95%CI: 0.21–1.66). The number of deaths in each cohort was 
not provided. A subsequent study followed this cohort for an addi-
tional 6 years.16 Of the Gulf War veterans, 23 had died due to ALS, 
compared to 38 persons within the non-deployed cohort. The rate 
ratio remained statistically insignificant at 0.96 (95% CI: 0.56–1.62), 
adjusting for gender, race, branch of service, type of unit, age, and 
marital status.16

Cases of ALS diagnosed between 1991 and 1998 were counted 
from a pool of 695,000 Gulf War veterans and compared to expected 
rates of ALS from the US male population.17 Cases were identified 
through veteran's meetings, ALS support groups, Department of 
Defense records, and medical record review. Among 89 identified 
cases, 20 met criteria for a confirmed diagnosis of ALS. Most cases 
(17) were diagnosed prior to 45 years of age, and subsequent analy-
ses focused only on these “young-onset” cases. Immediately follow-
ing the Gulf War (between 1991 and 1994), there were 4 cases of ALS 
observed, compared to an expected number of 4.25 (standardized 

Citation
Author, 
year Study design Region Sample Source of cases Source of controls Exposure Main findings

QA score 
(0–9)

21 Weisskopf, 
2005

Cohort USA 281,874 male military veterans (217 
ALS cases) and 126,414 non-
veterans (63 ALS cases)

Cancer Prevention Study II & National 
Death Index

N/A Self-reported period of 
service coinciding with: 
WWII

Korean War
Vietnam War

Men who served during WWII had an elevated risk of ALS (relative 
risk: 1.60; 95%CI: 1.12–2.30), but there was no altered risk of ALS 
among those who served during the Korean or Vietnam Wars

7

22 Weisskopf, 
2015

Cohort USA 267,817 male military veterans (221 
ALS cases) and 428,926 non-
veterans (154 ALS cases)

National Longitudinal Mortality Study & 
National Death Index

N/A Self-reported period of 
service coinciding with:

WWII
Korean War
Vietnam War

Men who served during WWII had an elevated risk of ALS (HR: 1.47; 
95%CI: 1.13, 1.91), but there was no altered risk of ALS among 
those who served during the Korean or Vietnam Wars

7

23 Cragg, 
2017

Cohort 
(Follow-up to 
study 21)

USA 331,001 male military veterans (358 
ALS cases) and 676,912 non-
veterans (285 ALS cases)

National Longitudinal Mortality Study & 
National Death Index

N/A Self-reported period of 
service coinciding with:

WWII
Korean War
Vietnam War

Men who served during WWII had an elevated risk of ALS (HR: 1.3; 
95%CI: 1.1–1.6), but there was no altered risk of ALS among those 
who served during the Korean or Vietnam Wars

7

Specific exposures related to military service

20 Beard, 
2016

Case–control USA 621/958 US Department of Veteran's Affairs 
National Registry of Veterans with ALS

Genes and Environmental 
Exposures in Veterans 
with Amyotrophic 
Lateral Sclerosis 
(GENEVA) study

Military-related factors Herbicide exposure (OR: 2.52; 95%CI: 1.05–6.05), pyridostigmine 
bromide use (OR: 2.70; 95%CI: 1.05–6.96), exhaust from heaters 
or generators (OR: 1.75; 95%CI: 1.05–2.92), explosions within 
one mile of the person (OR: 1.87; 95%CI: 1.11–3.14), exposure 
to burning agents in the field (OR: 7.75; 95%CI: 1.92–31.24) and 
Agent Orange (OR: 2.80; 95%CI: 1.44–5.44) all increased the risk 
of ALS.

6

24 Miranda, 
2008

Cohort USA 41 ALS cases Defense Manpower Data Center, VA, DoD Defense Manpower Data 
Center, Veteran's 
Administration, DoD

inpatient, outpatient, and 
pharmacy databases

Service in specific locations 
during the Gulf War

Deployment to the region near the site of the Khamisiyah munitions 
explosion was associated a heightened risk of ALS (relative risk: 
1.7; 95%CI: 0.7–3.7)

6

25 Yi, 2013 Cohort South 
Korea

114 562 Korean veterans of the 
Vietnam War (1865 ALS cases)

Survey, Ministry of National Defense and 
Ministry of Government Administration 
and Home Affairs

N/A Agent Orange Veterans who self-reported high exposure to Agent Orange during 
the Vietnam war were more likely to report having ALS (OR: 2.23; 
95%CI: 2.02–2.47)

4

26 Schmidt, 
2010

Case–control USA 241/597 US Department of Veteran's Affairs 
National Registry of Veterans with ALS

GENEVA study Cigarette smoking
Head injury

Having a head injury within 15 years of the reference date (date of 
ALS diagnosis or corresponding date for controls) was associated 
with increased odds of ALS (2.33; 95%CI: 1.18–4.61). There was 
no association between smoking and ALS

7

27 Fang, 2010 Case–control USA 200/229 US Department of Veteran's Affairs 
National Registry of Veterans with ALS

GENEVA Study Blood lead levels A doubling of blood lead was associated with a 1.9-fold increased risk 
of ALS (95% CI: 1.3, 2.7)

8

28 Peters, 
2016

Case–control USA 163/229 US Department of Veteran's Affairs 
National Registry of Veterans with ALS

GENEVA study Blood selenium, zinc, copper 
and manganese levels

ALS was inversely associated with selenium (OR: 0.4; 95% CI: 0.2–
0.8) and zinc (OR: 0.4; 95% CI: 0.2–0.8), and positively associated 
with copper (OR: 3.4; 95% CI:

1.5–7.9). No linear trend was found for manganese (OR: 0.9; 95% CI: 
0.6–1.3)

7

Abbreviations: ALS, Amyotrophic lateral sclerosis; CI, confidence interval; HR, hazard ratio; ICD, International classification of disease;  
N/A, not applicable; OR, odds ratio; QA, Quality assessment, measured according to the Newcastle-Ottawa Scale.
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morbidity ratio [SMR]: 0.94; 95% CI: 0.26–2.41). Between 1995 and 
1998, there were 13 confirmed cases relative to an expected num-
ber of 5.72, resulting in a significantly elevated SMR of 2.27 (95% CI, 
1.27 to 3.88).17

Similarly, broad case ascertainment methods were used in an-
other cohort study from 2003.18 Researchers passively recruited 
ALS cases from military personnel through the Internet and mass 
mailings of information to neurologists across the United States.18 
Active ascertainment included the linkage of multiple Department 
of Defense registries. All subjects enrolled through these means 
had their medical records reviewed to confirm the diagnosis of 
ALS. Over a ten-year period, 40 cases of ALS were found from 
the cohort of persons who were deployed to the Gulf War 
(n = 696,118) compared to 72 cases among those who served in 
the military during the same time period, but whom were not de-
ployed (n = 1,786,215). This resulted in an age-adjusted risk ratio 
of 1.92 (95% CI: 1.29–2.84), suggesting an elevated risk of ALS 
among the Gulf War veterans.18 A subsequent study re-analyzed 
the same cohort to measure the effect of potential under-ascer-
tainment of cases among non-deployed veterans. Following cor-
rection for this potential bias, the risk ratio remained significantly 
elevated for the deployed cohort (RR: 1.77; 95% CI lower bound: 
1.21).19

Most recently, 621 prevalent ALS cases and 958 frequen-
cy-matched controls from the Veterans Affairs registry were ques-
tioned regarding their previous military deployments.20 There was 
no difference in the proportion of persons deployed to the Gulf War 
among cases and controls (2% for each; OR: 0.52; 95% CI: 0.17–1.63, 
adjusted for age, use of the Veterans Affairs healthcare system, sex, 
race/ethnicity, and military branch).20

3.2.2  |  World War II (1939–1945), Korean War 
(1950–1953), and Vietnam War (1955–1975)

Three cohort studies and a single case–control study reported on 
the risk of ALS associated with World War II, the Korean War, and 
the Vietnam War. Consistent results were found for an increased risk 
of ALS after serving during WWII, but not the Korean nor Vietnam 
Wars.20–23

Over 500,000 men from across the United States were followed 
from 1989 to 1998 as part of the Cancer Prevention Study II.21 
Information on military service was collected via questionnaire, in 
which participants were asked to note their years of service. The 
outcome, death due to ALS, was based ICD codes in the National 
Death Index. From the full cohort, 116 men had served during the 
period of WWII and later died due to ALS, which resulted in a rela-
tive risk of 1.60 (95%CI: 1.12–2.30) adjusted for age, smoking status, 
education, alcohol intake, pesticide/herbicide exposure, and occu-
pation. Military service during the Korean and Vietnam wars was 
also associated with an elevated risk of death due to ALS; however, 
neither met statistical significance, with few deaths in either group 
(n = 36 and 4, respectively).21

A decade later, the same authors utilized census information re-
lating to period of service in the US military.22 Death due to ALS be-
tween 1979 and 2002 was collected from the National Longitudinal 
Mortality Study and verified in the National Death Index. Among 
696,743 men and 392,571 women, there were 375 and 96 deaths 
due to ALS, respectively. Service during the WWII time period was 
associated with an increased risk of death due to ALS among men 
(hazard ratio: 1.47; 95%CI: 1.13, 1.91), but none of the other periods 
were associated with risk of ALS death. There were fewer than five 
women who had served during any of the other war periods and 
died of ALS.22

As an extension, the same research group followed this cohort 
for an additional 9 years.23 Due to the small number of women who 
had served during any of the war periods, the analysis was restricted 
to men. Between 1979 and 2011, there were 1,007,913 who had 
responded to the census, of whom, 185 reported serving during 
WWII, and had died of ALS, resulting in a hazard ratio of 1.3 (95%CI: 
1.1–1.6). No other war periods were associated with ALS risk.23

Among 621 prevalent ALS cases and 958 frequency-matched 
controls from the Veterans Affairs Registry who were questioned 
regarding their previous deployments, the odds of ALS were in-
creased among persons who served in World War II or the Korean 
War (OR: 4.79; 95%CI: 1.48–15.49 and OR: 3.52; 95%CI: 1.07–11.54, 
respectively) relative to non-deployment.20 There was no altered 
risk of ALS associated with serving in either the Vietnam war, or any 
other wars (including Panama and Iraq/Persian Gulf region).

3.3  |  Exposures related to military service

Six studies reported on ALS risk factors which resulted from spe-
cific exposures experienced by military personnel, five based in the 
United States and one in South Korea.20,24–28 Exposures included 
chemical warfare agents, herbicides, smoking, head injury, and 
heavy metals.

A spatial analysis of troop movements during the Gulf War 
sought to determine whether specific geographic locations were as-
sociated with an increased risk of ALS.24 Immediately following the 
war, the United States Army conducted demolition operations of the 
munitions facilities in Khamisiyah, Iraq, which contained chemical 
warfare agents, and may have exposed soldiers nearby. Based on 
41 cases of ALS with known locations during the war, researchers 
concluded that persons who had served near Khamisiyah, Iraq had 
the highest risk of ALS (RR: 1.7; 95%CI: 0.7–3.7, adjusted for branch 
of service) compared to those who were deployed outside of this 
region. Though the difference did not reach statistical significance, 
the posterior probability that the location was associated with ALS 
was over 89%.24

In 2004, a mail survey was sent out to South Korean veterans of 
the Vietnam war.25 Of 164,208 eligible subjects, 114,562 (69.8%) re-
sponded. Participants were asked to self-report their Agent Orange 
exposure during the Vietnam War and whether they had ALS. There 
were 537 veterans who reported having ALS and low exposure to 
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Agent Orange, and 1328 who reported a high exposure. Following 
adjustment for age, military rank, smoking, drinking, physical activ-
ity, education, household income, herbicide experience in Korea, and 
body mass index, this resulted in an OR of 2.23 (95%CI: 2.02–2.47) 
for the high exposure group. However, when geographical proximity 
to Agent Orange spraying based on known battalion/company loca-
tion was explored as the exposure, the authors reported no relation-
ship with ALS (OR: 0.95; 95%CI: 0.86–1.06).25

Four studies20,26–28 of ALS risk have been published using 
the Genes and Environmental Exposures in Veterans with ALS 
(GENEVA)29 study, a case–control study based in the United States 
with the aim of identifying risk factors for ALS. Participants included 
persons who had ever been members of the U.S. Army, Air Force, 
Navy, Marine Corps, Coast Guard, activated Reserves, or National 
Guard. Cases and controls were recruited from Veterans Affairs, 
using active and passive methods. Diagnoses of ALS were confirmed 
by medical record review by a neurologist. Controls were randomly 
sampled from the same source population and frequency-matched 
to cases by age, gender, race, and use of Veterans Administration 
health care. All participants completed a telephone survey which 
asked them about a series of environmental exposures specific to 
the military.

GENEVA participants were asked about their smoking status 
and history of head injuries.26 Persons were categorized as smok-
ers if they self-reported smoking at least one cigarette per day for 
6 months or longer. Among 241 incident cases and 597 controls, 
there was no association of ALS with cigarette smoking. Head inju-
ries were associated with an increased risk of ALS, only among vet-
erans who were >30 years of age (OR 1.88, 95% CI 1.15–3.08) and 
veterans who had a head injury <=15 years prior to the reference 
date (ALS diagnosis date or corresponding date for controls) (OR: 
2.33; 95%CI: 1.18–4.61).26

Blood lead levels were compared among 184 ALS cases from the 
National Registry of Veterans and 194 controls from the GENEVA 
cohort.27 A doubling of blood lead levels was associated with a 
statistically significantly increased odds of ALS (OR: 2.6; 95% CI: 
1.9–3.7) after adjustment for age.27 Using the same study design, 
researchers examined blood levels of selenium, zinc, copper, and 
manganese among 163 ALS cases and 229 controls.28 A doubling 
of copper levels was associated with increased odds of having ALS 
(OR: 3.4; 95% CI: 1.5–7.9), while a doubling of selenium or zinc was 
associated with reduced odds of ALS (OR: 0.4; 95% CI: 0.2–0.8 and 
OR: 0.4; 95% CI: 0.2–0.8, respectively). The relationship between 
manganese levels and ALS was more complex as it was non-linear. 
The strongest association was found when the mid-level amount 
of manganese was compared to the lowest 20% (OR: 2.3; 95% CI: 
1.2–4.3).28

Most recently, information on 39 specific military exposures was 
collected via standardized telephone interview from 619 ALS cases 
and 956 frequency-matched controls in the GENEVA cohort.20 Six 
questions related to general military exposures, 15 related to WWII, 
the Korean, Vietnam, or Gulf War, and the remaining questions spe-
cifically asked about each war. The number of respondents to these 

last questions was smaller than the full cohort size, ranging from 16 
to 231 cases, depending on the war. Among the general questions, 
herbicide exposure for military purposes (OR: 2.52; 95% CI: 1.05–
6.05) and pyridostigmine bromide (pre-treatment pills to protect 
against nerve agents) use (OR: 2.70; 95% CI: 1.05–6.96) were both 
found to increase the risk of ALS. Of the exposures which potentially 
occurred during all four wars, two were found to increase the risk 
of ALS: exhaust from heaters or generators (OR: 1.75; 95%CI: 1.05–
2.92), and explosions in the air or ground within one mile of the per-
son (OR: 1.87; 95%CI: 1.11–3.14). Among those deployed to WWII or 
the Korean or Vietnams Wars, those who were exposed to burning 
agents in the field had an increased risk of ALS (OR: 7.75; 95%CI: 
1.92–31.24). Among Vietnam War veterans, those exposed to Agent 
Orange had an increased risk of ALS (OR: 2.80; 95%CI: 1.44–5.44). 
None of the other exposures significantly altered the risk of ALS.20

4  |  DISCUSSION

We systematically reviewed the literature on the risk factors for the 
development of ALS associated with military service. Between 2000 
and 2019, 18 original studies and 1 meta-analysis were published, 
which met criteria for inclusion. The majority of studies reported on 
the risk of ALS associated with military service in general (12 studies, 
including original studies captured in the meta-analysis), followed by 
studies which reported on the risk associated with deployment to 
the Gulf War (7 studies).

In 2006, the USA Department of Veterans Affairs commissioned 
a report which concluded that “there is limited and suggestive ev-
idence of an association between military service and later devel-
opment of ALS”.30 Eleven years later, a high-quality meta-analysis 
concluded that there is indeed an increased risk; albeit a moderate 
one.7 Since the publication of this meta-analysis, we found an ad-
ditional three studies that found no altered risk of ALS associated 
with military service.11–13 There were common limitations to studies 
which explored this relationship. First, death due to ALS was used as 
an outcome in one-third of studies.7 While death has been shown to 
be an appropriate surrogate for ALS incidence,8 it may be confounded 
by military service, which can be related to survival.31 Further, most 
studies were completed on American veterans. Historically, veterans 
have had greater access to healthcare than the general American 
population, which may have also contributed to an ascertainment 
bias, in which military personnel were over-represented.

Generally, studies of higher quality tended to report a posi-
tive association between military service and ALS. For instance, 
one of the largest studies, a population-representative study from 
Denmark, indicated that military service was associated with a 1.3-
fold increased risk of ALS.32 This study also revealed a gradient in 
which a ten-year increase in years employed by the military was as-
sociated with increased odds of developing ALS.32

Five years prior to the report on military service and ALS, the 
USA Veterans Affairs made a policy decision to provide disabil-
ity compensation to Gulf War veterans who developed ALS.30 
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Subsequent to this decision, more evidence has emerged to support 
an association between deployment to the Gulf War and ALS. Three 
cohort studies reported a significantly increased risk of ALS among 
persons deployed to the Gulf War,17–19 while three reported no as-
sociation.14–16 It should be noted that the number of ALS cases from 
the six cohort studies was small, ranging from 614 to 40.18 Further, 
all studies drew from the same population of American veterans, 
but each used different methods of case ascertainment, making it 
unclear how much repetition in cases occurred between studies. 
The highest quality study, containing the largest number of cases, 
found an almost two-times increased risk of ALS associated with de-
ployment.18 The three earlier studies that reported no altered risk 
(one of which was a follow-up of the same cohort) had fewer than 
25 cases. It is certainly possible that they were under-powered to 
detect a difference. Furthermore, all studies were completed in the 
decade following the end of the war, which may not provide ade-
quate follow-up time given that 85% of the persons deployed to the 
Gulf War were under the age of 35 in 1990,18 and the onset of ALS 
peaks between 50 and 75 years of age. Again, the evidence varies, 
but the higher quality studies point to an elevated risk of ALS associ-
ated with Gulf War service. As the number of cases increases, future 
studies will be necessary to confirm or refute this relationship.

Of the other major 20th century wars, only military service 
during WWII was consistently associated with the subsequent de-
velopment of ALS. Three cohort studies explored these relation-
ships, one of which was a follow-up to an earlier study using the 
same sources.21–23 All were limited to the study of men, used self-re-
port to define the exposure and death records as the outcome. None 
had information on deployment status; therefore, if the risk factor 
for ALS was an exposure that occurred during deployment, then 
the true risk may be even higher. Reasons for an increased risk in 
WWII are not known. One specific factor to this period—ionizing 
radiation—was not found to increase the risk of ALS in Japan.33 It is 
possible that these findings are related, in part, to a lack of follow-up 
time and power, as those who served in more recent years have not 
yet met the typical risk period for ALS onset.

While studies of military service and deployment are infor-
mative, neither can point to a specific etiological agent. For this 
reason, we also explored the literature on risk factors for ALS ex-
perienced by military personnel. Six studies explored risk factors 
among military personnel and varied in terms of exposure, case 
ascertainment, and quality. Briefly, exposure to pesticides (Agent 
Orange), chemicals (exhaust, burning agents), heavy metals, and 
head trauma, appeared to increase the risk of ALS among military 
personnel. Two studies reported a more than doubling of risk as-
sociated with Agent Orange exposure.20,25 This finding is in con-
cordance with results from a 2012 meta-analysis which reported 
a significantly increased risk of ALS associated with pesticide 
exposure.34 However, both studies were based on self-reported 
exposures and when the South Korean study attempted to use a 
more objective measure (known battalion/company location), the 
association disappeared.25 Proximity to explosions also appeared 
to increase ALS risk, as noted by two studies.20,24 The first likely 

related to the release of nerve agents into the atmosphere follow-
ing the explosion of a munitions factory.24 The second was based 
on 151 ALS cases who self-reported being within one mile of an ex-
plosion.20 It is unclear how an explosion would subsequently lead 
to ALS, but it may be related to traumatic brain injury or perhaps 
trauma, both of which have been associated with an increased risk 
of ALS.35,36 A second study provides further support for a role 
of traumatic brain injury among military personnel and ALS risk. 
Self-reported head trauma was associated with an increased risk 
of ALS.26 Cigarette smoking was not found to increase ALS risk 
among military personnel, contrary to findings from the general 
population where smoking is considered an established risk factor 
for ALS.37 Each of these self-reported exposures is susceptible to 
recall bias or reporting error. For instance, a study published after 
the final search for this review used a more objective measure of 
traumatic brain injury (US Department of Defense registry data) 
and found no increased risk of ALS among 139 Veterans with defi-
nite ALS.38 Further, one study reported an association between 
pyridostigmine bromide (prophylactic pills used in the Gulf War) 
use and ALS, but found that when soldiers who had implausible 
values for these exposures (persons who served before the Gulf 
War) were removed, the association disappeared.20

Last, heavy metal levels in blood were explored in military per-
sonnel and findings were suggestive of an increased risk of ALS as-
sociated with higher levels of lead and copper and lower levels of 
selenium and zinc.27,28 The roles of these metals in mitigating or ag-
gravating oxidative stress may explain these findings.39 Copper and 
lead are the most common heavy metals in ammunition fumes. It 
is possible that these metals serve as a proxy for a wider range of 
exposures (i.e., various particulate matter and gases from ammuni-
tion fumes) and that the combined exposure is a risk factor for ALS. 
However, these levels were measured on prevalent cases of ALS; 
therefore, it is impossible to determine whether they represent a 
cause or consequence of the disease.

All in all, the evidence regarding specific risk factors for ALS 
was scattered. Most evidence was based on self-reported expo-
sures and is likely susceptible to reporting errors. None of the 
factors identified had sufficient evidence to characterize as true 
etiological factors.

4.1  |  Strengths and limitations

Strengths of this review include its comprehensive methodology, 
including a thorough search of three large databases. Articles were 
screened by multiple trained reviewers and disagreements resolved 
by consensus, but it is still possible that some studies were missed. 
Publication bias may have influenced results; however, 6 of the 18 
original studies reported null findings, suggesting that this body of 
literature may be less susceptible to this form of bias. Ultimately, 
the quality of a review hinges on the quality of the original research. 
While the average quality score of the included studies was high, 
there were some common limitations which should be noted. Many 
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of the studies included a small number of ALS cases. This is an inher-
ent challenge to studying a rare disease, but it may have resulted in a 
lack of statistical power to detect differences between groups. Most 
studies reported on both sexes; however, overall there were very 
few female cases of ALS included. There is a clear preponderance 
of men with ALS, by a factor of 1.2–1.5.3 The military is also a heav-
ily male-dominated field; between 1973 and 2010, women never 
represented more than 14% of active-duty military personnel in the 
United States.40 It is possible that men bear a greater biological risk 
than women, or they may be more likely to be exposed to environ-
mental risk factors, such as those common among military person-
nel. Most studies adequately controlled for the sex disparity through 
matching or adjustment of their models, but the findings of this sys-
tematic review pertain mostly to men due to the overwhelming pro-
portion of men in each cohort. The studies were also predominantly 
of Americans of European descent, meaning that the generalizability 
of these findings to other groups is not known. None of the studies 
explored a cumulative risk score, and only a single study investigated 
the effect modification of multiple variables.26 The case–control 
studies of prevalent ALS cases may have been subject to survivor 
bias, in that only persons who survive long enough to participate in 
a study would be included. Cohort studies were largely limited by a 
lack of adequate follow-up time given that persons typically serve in 
the military as young adults, while ALS affects older adults.

4.2  |  Future directions

In their profession, military personnel are exposed to strenuous 
physical activity, trauma, and contaminants.6 Although many ques-
tions remain unanswered, there appears to be an increased risk of 
ALS among military personnel, particularly among individuals who 
were deployed to WWII or the Gulf War. Understanding specific ex-
posures, or combinations thereof, associated with ALS is of vital im-
portance in order to implement preventative strategies into military 
organizations. Future studies should endeavor to access large source 
populations and report their power calculations to ensure that null 
results are not misinterpreted; consider duration of exposures; and 
include adequate follow-up time to ensure that they are capturing 
a true “at-risk” population. Standardization of study design and ex-
posure definitions may be required to better understand these rela-
tionships through international efforts.
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