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To the Editor

Amyaotrophic lateral sclerosis (ALS) is a progressive degenerative neurological disease that
leads to muscle wasting and paralysis, and eventually respiratory failure. Although there are
familial cases of ALS, the vast majority of cases are sporadic and of unknown cause. One
etiologic factor that has garnered much interest with respect to ALS is military service.1-8

A previous analysis of 1,089,314 individuals in the National Longitudinal Mortality Study
(NLMS) followed up through 2002 revealed an association with military service and ALS
that was specific for service in World War 11 (WWII).# Service during other conflicts,
however, showed no association with ALS. To examine whether this period-specific
association was related to longer follow-up among WW]11 veterans, we examined the
relationship between military service and ALS risk in extended follow-up (and recruitment)
of the NLMS through 2011.

This work was approved by the Institutional Review Board of the Harvard T.H. Chan School
of Public Health. The NLMS, a representative sample of the civilian non-institutionalized
population of the United States, was the primary data source used in this study as described
previously. Briefly, it is a survey of households (homeless individuals were thus excluded)
and we restricted the population to those who were 25 years of age or older at the time of the
survey (to better ensure that participants who served in the military would have done so by
the time of their survey) and who responded to the questions regarding military service.
Respondents were asked whether each household member had served in the U.S. military
and the period of service. The National Death Index (NDI) was linked to the NLMS data, for
the years 1979 through 2011, and identified ALS deaths via International Classification of
Diseases (ICD) codes (ICD-9 335.2 before 1999; ICD-10 G12.2 after). Participants
contributed follow-up time from the time of their survey or, for those surveyed before 1979,
1 January, 1979 (the start of electronic NDI data) until the time of death or the last date of
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NDI linkage. Mean values are presented with corresponding standard deviations (SDs). We
used Cox proportional hazards modeling (using weighted data as described previously?)
with age as the time metameter to estimate hazard ratios (HRs) and 95% confidence
intervals (Cls) for ALS mortality.

In total, there were 1,007,913 NLMS male participants (15,242,189 person-years of follow-
up; average follow-up: 15.1+10.3 years per person), among whom there were 643 ALS
deaths. There was an elevated hazard ratio (HR) for military service among men that was
restricted to men who served during WWII (Table). These general patterns held for females
although there were fewer females (7,876,210 person years of follow-up; average follow-up:
10.7+7.3 years per person), and therefore wider Cls (eTable 1, Supplemental Digital
Content).

To assess possible cohort and period effects, we first ran analyses (among men only)
restricted to the principal birth years of people serving in each war era (WWII: 1907-1928;
Korea: 1925-1936; Vietnam: 1935-1958; see eAppendix, Supplemental Digital Content).
The results did not change appreciably (WWII HR: 1.5; 95% CI: 1.1-2.0; eTable 2,
Supplemental Digital Content). When analyses were further stratified by quartiles of age at
the time of survey, results for all war eras in the oldest age quartile were lower than the rest,
but otherwise generally similar. The only noticeable difference was an elevated HR for
Vietnam era service in the youngest quartile (<36 at survey: 49 ALS deaths total; HR 1.8;
95% CI: 1.0-3.3; eTable 3, Supplemental Digital Content).

In our extended follow-up, we did not find evidence for associations between periods of
service other than WWII and ALS, although we cannot rule out an increased risk among
veterans of the Persian Gulf, suggested in other studies,>® because there were too few of
those veterans in our cohort. Reduced associations in the oldest age quartiles of cohort and
period stratified analyses could reflect survival bias. The stronger association with Vietham
service in the youngest age at survey quartile could relate to a time-limited association with
Vietnam era service, or informative loss of Viethnam era veterans with age (see eAppendix,
Supplemental Digital Content).

Our data strengthen the conclusion that something specific to WW!II appears related to
increased risk of ALS, although they raise the possibility of an association with Vietnam era
service that deserves further attention. Of the several etiologic factors raised in prior studies
of military service’, our study suggests that those not specific to WWII don’t explain our
findings, including traumatic injuries, strenuous activity, viral infections, and lead exposure.!
lonizing radiation exposure (i.e., veterans involved in nuclear testing or clean-up) is one
potential environmental exposure specific to WWII, though a case-control study in Japan
found no such association.® Future research with data on such specific exposures is
warranted.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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TABLE

Hazard Ratios for ALS by Military Service Among Men

No. ALS Deaths  No. Followed Adjusted® HR (95% Cl)
(Total=643) (Total= 1,007,913)
Veteran
Yes 358 331,001 1.1(1.0,1.3)
No 285 676,912 Reference
Period of Service
wwi? 0 2585 -
WWII 185 97,128 1.3(1.1,1.6)
Korean War 68 55,227 1.0 (0.8, 1.4)
Vietnam War 56 106,164 1.0(0.7,1.3)
Persian Gulf War®:¢ 0 7693 -
Other 49 62,204 1.1(0.8,1.5)
No Service 285 676,912 Reference

Page 4

aAdjusted for age (time metameter), race/ethnicity (non-Hispanic white, non-Hispanic black, Hispanic, non-Hispanic other), education (less than
high school, high school, some college, college, postgraduate), and percent poverty (the ratio of the actual family income to the poverty threshold
defined by the number of people in the household; <=200%, 201-300%, 301-500%, >500%).

b . .
There were no ALS deaths in these groups, thus a HR could not be estimated

clncludes any war in this region since 2000

Abbreviations: Cl=confidence interval; HR=hazard ratio; WWI= World War |, WWI1= World War I1; ALS= amyotrophic lateral sclerosis
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