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 Introduction 

 Amyotrophic lateral sclerosis (ALS) is a devastating, 
incurable and fatal disorder of the motor neurons, the 
highly specialized cells in the brain and spinal cord re-
sponsible for all voluntary muscle movement. The pro-
gressive degeneration of motor neurons prevents com-
munication between the nervous system and the body’s 
muscles, leading to muscle spasticity, atrophy, fascicula-
tions and ultimately paralysis. Death typically occurs 
within 2–4 years of symptom onset. With 1–2 newly di-
agnosed cases per 100,000 person-years, the incidence of 
ALS in the United States is similar to that of multiple scle-
rosis, but its prevalence is much lower due to the high 
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 Abstract 

 Recent reports of a potentially increased risk of amyotrophic 
lateral sclerosis (ALS) for veterans deployed to the 1990–1991 
Persian Gulf War prompted the Department of Veterans Af-
fairs to establish a National Registry of Veterans with ALS, 
charged with the goal of enrolling all US veterans with a neu-
rologist-confirmed diagnosis of ALS. The Genes and Environ-
mental Exposures in Veterans with ALS study (GENEVA) is a 
case-control study presently enrolling cases from the De-
partment of Veterans Affairs registry and a representative 
sample of veteran controls to evaluate the joint contribu-
tions of genetic susceptibility and environmental exposures 
to the risk of sporadic ALS. The GENEVA study design, recruit-
ment strategies, methods of collecting DNA samples and en-
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mortality; the cumulative lifetime risk is estimated to be 
1 in 1,000 for those reaching adulthood  [1] . The incidence 
of ALS is 20–60% higher in men than in women  [2, 3] , 
sharply increases after 40 years of age and, in many study 
populations, peaks between 55 and 65 years  [4] . The in-
cidence was recently reported to be twice as high in non-
Hispanic Caucasians, compared to African, Asian and 
Hispanic ethnicities  [5] . 

  Several genes have been identified for familial (Men-
delian) forms of the disease. The majority of these are 
inherited in a dominant manner; thus, patients with these 
ALS forms are typically recognized in clinic by the pres-
ence of at least 1 affected first-degree relative. All inher-
ited forms of ALS together account for approximately 5–
10% of all cases  [6] . Mutations in the superoxide dis-
mutase 1   gene (SOD1, MIM 147450) are responsible for 
20% of familial ALS  [6, 7] ; thus, at most 2% of all ALS 
patients are attributed to this cause. While the known 
Mendelian genes may lead to an earlier onset of the dis-
ease  [8] , the clinical phenotype of familial ALS is other-
wise identical to sporadic ALS. Several other genes for 
forms of ALS have been localized or identified and hold 
promise for an improved understanding of the molecular 
chain of events involved in the onset and progression of 
this disease subtype  [6, 9] . 

  In contrast, the genetic contributions to the far more 
common (90–95%) sporadic form of the disease are poor-
ly understood. Research to date suggests that sporadic 
ALS is likely due to a combination of multiple genetic and 
environmental factors, which may interact in complex 
ways  [10, 11] . Putative susceptibility genes for sporadic 
ALS that have been supported by at least 2 studies include 
the vascular endothelial growth factor (VEGF)  [12–14] , 
the angiogenin (ANG)  [15, 16]  or nearby apurinic endo-
nuclease (APEX) gene  [15, 17] , the hemochromatosis gene 
(HFE)  [18, 19] , the survival motor neuron genes (SMN1, 
SMN2)  [20, 21]  and the cluster of paraoxonase genes on 
chromosome 7q (PON1, PON2, PON3)  [22–25] . The PON 
genes are of particular interest for testing the hypothesis 
of gene-environment interaction in ALS since PON1 is 
involved in the detoxification of organophosphate pesti-
cides and chemical nerve agents  [26, 27] . The apolipopro-
tein E (APOE) gene has been examined in multiple stud-
ies, most of which did not support an association with the 
risk of sporadic ALS; however, carriers of the APOE-4 al-
lele tended to experience more rapid disease progression, 
shorter survival and possibly an earlier age of onset, sup-
porting APOE as a modifier gene  [28–31] . The results of 
4 genome-wide association studies have recently been re-
ported  [32–35] . A joint analysis of 3 of these studies im-

plicated the dipeptidyl-peptidase 6 (DPP6) gene as a plau-
sible ALS susceptibility gene with potentially relevant 
biological function  [35] , and this finding is awaiting rep-
lication in other data sets. 

  A number of putative environmental risk factors for 
sporadic ALS have been examined, most of them with 
inconsistent findings across studies. Some of the more 
consistently reported associations include exposure to 
pesticides and agricultural occupation  [36–38] , exposure 
to lead  [36, 38–46]  and possibly other heavy metals  [43–
45] , cigarette smoking  [47–49] , intense physical activity 
including professional soccer playing  [50–52]  and head 
injury  [36, 53–60] . The importance of environmental risk 
factors suggests a potential involvement of genes in xeno-
biotic metabolism pathways. Examples of such genes in-
clude PON1, as mentioned above, and the  � -aminolevu-
linic acid dehydratase (ALAD) gene, which plays an im-
portant and well-characterized role in lead metabolism 
and has been implicated as a susceptibility gene for spo-
radic ALS  [61] . 

  Of particular relevance for the study described here, 
an approximately two-fold risk of ALS was reported for 
veterans of the 1990–1991 Persian Gulf War  [62–64] , and 
for the much larger population of all US veterans  [65] . 
These studies were recently evaluated by an Institute of 
Medicine committee  [66] . The Gulf War studies prompt-
ed the Department of Veterans Affairs (VA) to fund the 
establishment of a nationwide registry charged with the 
goal of identifying and enrolling all living veterans with 
ALS. This study is referred to as the National Registry of 
Veterans with ALS  [67]  and its recruitment methods are 
described in more detail in a companion paper [Allen et 
al., this issue]. The VA registry includes blood collections 
and the establishment of a DNA bank for registry par-
ticipants  [68] . 

  The goal of the Genes and Environmental Exposures 
in Veterans with ALS (GENEVA) case-control study de-
scribed here is to evaluate the joint effects of genetic sus-
ceptibility and environmental factors on the risk of ALS 
in US veterans, with a focus on identifying gene-environ-
ment interactions. The cases enrolled into the GENEVA 
study are a subset of those enrolled into the VA registry. 
The specific aims of the study are to recruit an appropri-
ate group of veteran controls, collect their DNA samples, 
administer an extensive structured telephone interview 
about environmental exposures to both ALS cases and 
controls, and genotype case and control samples for poly-
morphisms in ALS candidate genes. We describe below 
the study design and recruitment strategies used in the 
GENEVA study. 
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  Materials and Methods 

 Case Identification 
 Patients were enrolled into the National Registry of Veterans 

with ALS from April 1, 2003 through September 30, 2007. The 
registry employed 2 primary methods for identifying cases, which 
are described in detail in the companion paper [Allen et al., this 
issue] and briefly summarized here. The first recruitment method, 
referred to as ‘active’, identified veterans who were using the VA 
system for obtaining some or all of their health care and involved 
periodic searches of national VA inpatient and outpatient data-
bases for the presence of an ICD-9 (International Classification of 
Diseases, 9th Revision, Clinical Modification) code of 335.2X 
[motor neuron diseases (MND)]. The VA databases maintained 
the ICD-9 coding system during the registry enrollment period. 
The highest enrollment priority was assigned to individuals with 
an ALS-specific ICD-9 code of 335.20. A small proportion of reg-
istry enrollees [Allen et al., this issue] were contacted because they 
had previously participated in the VA-funded Gulf War study of 
ALS, which used similar active and passive recruitment methods 
 [64] . The identified veterans were mailed an introductory letter 
and then called for screening. The second method of case identi-
fication, referred to as ‘passive’, consisted of regular distribution 
of study brochures and mass mailings to nationwide ALS special-
ty clinics and neurologists identified from American Academy of 
Neurology and VA neurology service listings. The registry was 
also publicized on ALS-related websites, including the National 
ALS Association (ALSA) (http://www.alsa.org), local ALSA chap-
ters and the ALS Division of the Muscular Dystrophy Association 
(http://www.als-mda.org). Veterans, their family members or oth-
er caregivers were invited to contact the study team at any time via 
a toll-free telephone number, mail, e-mail or a secure web-based 
enrollment tool linked to the ALS registry website.

  Following informed consent, the enrollees’ medical records 
were reviewed by neurologists specializing in ALS, using the 
World Federation of Neurology Revised El Escorial ALS Diagnos-
tic Criteria  [69, 70] . Each patient was classified into 1 of the follow-
ing categories: clinically definite ALS, clinically probable ALS, 
clinically probable and lab supported ALS, clinically possible ALS, 
suspected ALS (including progressive muscular atrophy, progres-
sive bulbar palsy and primary lateral sclerosis), indeterminate or 
no ALS/MND. Consent to participate in the registry-affiliated 
DNA bank was obtained by a separate process, as described else-
where  [68] . Once a confirmed diagnosis of ‘no ALS/MND’ was 
established for original registry participants, they were not includ-
ed in follow-up interviews. If a blood sample had been obtained 
prior to arriving at this diagnosis, it was destroyed. 

  For the GENEVA study, which was approved by the Institution-
al Review Boards of the Durham VAMC and Duke University Med-
ical Center, eligible veterans included living registry enrollees who 
were classified as clinically definite ALS, clinically probable ALS, 
clinically probable and lab supported ALS, clinically possible ALS, 
PMA or PBP, who had consented to participate in the DNA bank and 
who had agreed to be contacted about other ALS-related studies. 
Future enrollment efforts will also include PLS cases who par-
ticipated in the DNA bank and gave contact permission.

  Selection of Potential Controls 
 To identify an appropriate source population of potential vet-

eran controls, in June 2005 we obtained a random sample of 

10,000 records from the Beneficiary Identification and Record 
Locator System (BIRLS) database maintained by the Veterans 
Benefit Administration (VBA). This database contains records 
of all US veterans with a release of active duty (RAD) date of 1973 
or later, and a subset of veterans with an earlier RAD. Starting in 
1973, database systems at both VBA and the Defense Manpower 
Data Center maintained by the Department of Defense relied on 
the requirement for all military service personnel to submit a 
specific release form (DD214) at the time of their discharge. At 
VBA, the BIRLS database serves primarily to verify a person’s 
veteran status when a claim for any VA benefit is processed. The 
records prior to 1973 largely represent the subset of all veterans 
that actively contacted the Department of Veterans Affairs by 
submitting any type of benefit application, all veterans whose 
surviving relatives applied for death benefits and all Medal of 
Honor recipients. VA benefits include a wide range of services. 
According to the most recent National Survey of Veterans con-
ducted in 2001 (NSV 2001, http://www1.va.gov/vetdata/page.
cfm?pg=5), 24% of all US veterans use VA health care, either ex-
clusively or in addition to non-VA health care, 14% receive ser-
vice-connected disability benefits, 40% use educational and vo-
cational training benefits, 47% use the home loan guarantee pro-
gram and 11% are covered by VA life insurance. The total number 
of ‘master records’ in BIRLS is estimated to be 44 million  [71] . 
The percentage of US veterans who were alive during the registry 
enrollment period but not represented in the BIRLS database is 
unknown. However, this approach was a reasonable and admin-
istratively feasible mechanism for identifying a representative 
sample of the estimated 25 million US veterans. 

  The primary source of vital status information in BIRLS is the 
submission of a copy of the veteran’s death certificate to the De-
partment of Veterans Affairs for death benefits. Previous studies 
reported high accuracy rates of BIRLS for ascertaining vital status, 
with a range from 80 to 95%  [72–74] , although BIRLS is considered 
inferior to the National Death Index and lacks reliable information 
on the cause of death. At the time of our request to VBA, the total 
number of unique non-deceased records in BIRLS with birth years 
ranging from 1900 to 1980 was 21.2 million [D. Cohen, pers. com-
mun.]. For the purpose of this study, we requested 2,000 non-de-
ceased records from each of the following 5 birth cohort catego-
ries, with the respective number of total records at the time of our 
request listed in parentheses: 1900–1930 (2.5 million), 1931–1940 
(1.8 million), 1941–1950 (4 million), 1951–1960 (5 million) and 
1961–1980 (7.8 million). Sampling was performed based on a ran-
dom number generated from the system date. The BIRLS extracts 
also included partial information on sex (available for 69% of the 
10,000 records), the most recent RAD (80%) and military service 
branch (78%). Since BIRLS does not contain reliable current con-
tact information, the Durham VAMC entered into an interagency 
agreement with the National Institute of Occupational Safety and 
Health to access Internal Revenue Service (IRS) mailing address 
databases. Annual data merges provided addresses from the most 
recent tax filing date. We also cross-checked the BIRLS data ex-
tract against the VA National Enrollment Database in order to 
match cases and controls on past VA health care use. 

  Control Recruitment and Matching Strategy 
 The GENEVA study design aimed to frequency-match cases 

and controls on age, sex, race/ethnicity and use of the VA system 
for health care (for cases, prior to the date of their first ALS diag-
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nosis). It is well known that socioeconomic differences exist be-
tween veterans who rely solely on the VA for health care and those 
who use other systems  [75] ; however, ALS cases may switch from 
other health care providers to the VA as a consequence of their 
disease and its associated medical care costs. This was, in fact, the 
case for 23% of GENEVA cases, who reported not having used the 
VA for health care prior to their first diagnosis but identified them-
selves as current VA users when they enrolled into the ALS regis-
try. Unfortunately, the BIRLS database includes no information on 
race/ethnicity and only partial information on sex; thus, the only 
2 variables available for the entire database extract prior to inviting 
potential controls were age and VA health care use, based on the 
cross-check against the National Enrollment Database in Decem-
ber 2005. Mailing batches of 100–300 potential controls were fre-
quency-matched to ALS cases on the basis of their date of birth, 
using 5-year categories of age at the first ALS diagnosis (reference 
age) as the target frequencies, and on the basis of a record match 
with the VA National Enrollment Database, using the proportion 
of GENEVA cases who reported VA health care use prior to their 
diagnosis as the target frequency. This is an imperfect surrogate 
variable since VA health care use may change over time. 

  Control recruitment strategies incorporated elements of the 
Dillman method  [76] , as described below. This strategy was origi-
nally designed to maximize the response rate for mailed study 
questionnaires. After an invitation letter and study brochure were 
mailed, up to 3 reminder letters were sent within the next 2 months. 
The reminder letters included a response form and stamped re-
turn envelope for providing a current telephone number and pre-
ferred contact time. Alternatively, subjects could return the re-
sponse form to opt out of participation and prevent further contact 
attempts. They were informed that they might be contacted by 
telephone if they did not respond in either way. Telephone contact 
attempts at different times of day were made with both responders 
and nonresponders, with highest enrollment priority assigned to 
individuals who returned the opt-in response form. For nonre-
sponders, telephone numbers were identified through freely avail-
able internet search engines and a commercial locator. 

  During the first telephone contact with a potential control 
participant, a telephone screener was administered to confirm 
that the individual was a US veteran and to determine study eli-
gibility. Consistent with previous epidemiologic studies  [35, 42] , 
exclusion criteria included the presence of ALS or other neuro-
logical disorders (Alzheimer disease and other forms of dementia, 
Parkinson disease, multiple sclerosis, postpolio syndrome, myas-
thenia gravis and any neuropathies) by self-report. Subjects were 
also ineligible if they reported the presence of progressive muscle 
weakness. Consented participants were mailed occupational and 
residential history worksheets and a life timeline with a request 
to review (but not send back) these forms prior to the telephone 
interview for assistance with recall. A separate mailing included 
the Oragene saliva collection kit (DNA Genotek Inc., Ottawa, 
Ont., Canada) with detailed instructions and color photographs 
of how to collect a saliva sample. DNA was extracted from the 
saliva samples using PureGene (Gentra Systems Inc., Minneapo-
lis, Minn., USA) chemistry according to the manufacturer’s pro-
tocol.

  Study Questionnaire and Data Quality Monitoring 
 Most of our study questionnaire was composed of modules 

developed by the ALS Consortium of Epidemiologic Studies 

(http://aces.stanford.edu). Military-specific sections were adapt-
ed from questionnaires used in the Iowa Gulf War study  [78]  and 
the Millennium Cohort Study  [79] . We also used the validated 
Posttraumatic Stress Disorder Checklist (military version)  [80–
82] . This instrument was shown to be highly specific (0.99) with 
lower sensitivity (0.60), for a positive predictive value of 75% and 
negative predictive value of 97% when using a cutoff of 50 on a 
scale of 17–85  [83] . Study interviews were conducted by the Dur-
ham VAMC-based staff as well as interviewers at Social and Sci-
entific Systems Inc. (Durham, N.C., USA), who were trained by 
the VAMC-based staff. Data were recorded on hard copies and 
entered into an Oracle database (PEDIGENE � , Duke University 
Medical Center, Durham, N.C., USA). For cases, exposures were 
ascertained up to a reference date, which was the month and year 
of their first physician-confirmed ALS diagnosis. This date is 
generally considered more reliable and precise than the self-re-
ported symptom onset date. Given that the median number of 
months between the self-reported symptom onset and the first 
ALS diagnosis in GENEVA cases was 13.0 months, which is com-
parable to previous studies  [84] , any exposures that may have oc-
curred after symptom onset account for a very short time period 
relative to a lifetime environmental exposure history. The refer-
ence date for controls was the interview date. For most exposures, 
information about the relevant duration was recorded as well. 
Throughout the interview, a lifetime calendar of major personal 
events was used to enhance the subject’s ability to recall their ex-
posure history. Periodic quality control checks of up to 25% of 
interviews were performed by comparing the complete interview 
hard copy to the database entries.

  The occupational history data were manually coded as fol-
lows: Industries were assigned North American Industry Clas-
sification System 2002 codes developed by the US Census Bureau 
(http://www.census.gov/epcd/naics02). Job titles were assigned 
Standard Occupational Classification 2000 codes developed by 
the US Department of Labor (http://www.bls.gov/soc/home.
htm). For jobs held during military service, we used the coding 
system implemented in the Millennium Cohort Study question-
naire [M. Ryan, pers. commun.] with separate occupational cat-
egories for job titles of enlisted service members versus officers 
or warrant officers. Subjects were queried about all job tasks per-
formed in each job title and the materials used for each task. To 
facilitate statistical analyses, we coded job tasks and materials by 
reviewing job-title-specific modules originally developed by the 
National Cancer Institute  [85, 86]  and revised for neuroepide-
miologic studies. The review of these modules generated a list of 
job tasks with potential for exposure to neurotoxic agents and a 
list of typical materials used in 1 or more of these tasks. During 
the manual review of each respondent’s occupational history, job 
tasks and materials mentioned by the respondent received a nu-
meric code from this list whenever a match of either task or ma-
terial was found. 

Statistical Analysis
The statistical comparisons of currently enrolled cases 

and controls shown in  tables 1  and  2  were performed with the
SAS software (SAS Institute Inc., Cary, N.C., USA), using either
a  �  2  or Fisher’s exact test for categorical variables and a t test 
for continuous variables. The power calculations were per-
formed with the QUANTO software (http://hydra.usc.edu/gxe) 
 [77] .
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Table 1. Demographic characteristics of GENEVA cases and controls (as of October 2007), compared to potential controls who refused 
to participate or could not be contacted by telephone and to the US veteran population per 2001 National Survey of Veterans

Variablea GENEVA 
cases
(n = 537)

GENEVA
controls
(n = 292)

p value Controls: refusal
to participate
(n = 689)

Controls:
no telephone
contact (n = 673)

US veterans
(n � 25,000,000)

Sex Male 97.6 93.8 0.01 96.6 93.8 94.1
Female 2.4 6.2 3.4 6.2 5.9

Ageb, years Less than 35 2.2 1.0 0.002 0.7 5.8 9.1
35–39 4.1 1.4 2.6 10.4 5.3
40–44 5.2 3.4 2.8 8.3 6.7
45–49 6.0 5.1 7.1 10.0 8.1
50–54 10.4 7.9 6.3 14.0 13.4
55–59 17.9 17.8 16.3 15.4 11.1
60–64 18.8 17.5 13.9 14.1 8.6
65–69 15.1 13.4 12.2 8.5 10.1
70–74 12.3 14.0 14.4 5.6 10.7
75–79 6.5 14.4 14.2 5.4 9.5
>79 1.5 4.1 9.6 2.5 6.8
Mean 8 SD 59.6811.4 63.3811.0 <0.0001 64.4812.3 54.6813.2 58.0 (SD n/a)

Race White 92.4 91.1 0.59 n/a n/a 84.8
Black 3.5 4.1 8.8
Multiple 2.4 2.8 2.2
Other/unknown 1.6 2.0 4.2

Ethnicity Hispanic/Latino 2.6 3.1 0.69 n/a n/a 4.5
Not Hispanic/Latino 97.4 96.9 95.2
Unknown 0 0 0.3

Use of VA Ever 37.9 45.6 0.05 31.9c 40.7c 24.4
health care Never 62.1 54.4 68.1 59.3 76.6

Application for Ever 76.4 82.5 0.06 n/a n/a n/a
VA benefits Never 23.6 17.5

Education Less than high school 3.5 1.0 0.01 n/a n/a 11.1
High school diploma 41.5 34.6 29.9
Post-high-school diploma 18.3 21.2 35.8
College degree 22.5 21.6 23.0 (college or

graduate degree)Graduate degree 13.6 20.1
Other/unknown 0.6 1.4 0.2
Years of schooling: 
mean 8 SD 14.582.8 15.283.1 0.001 n/a

Employment Employed 54.9 44.9 0.002d n/a n/a 54.9
status Retired 36.9 49.3 32.0

Disabled 6.7 3.8 6.9
Full-time student 0.2 0 0.4
Unemployed 1.3 2.1 4.8

Marital status Never married 1.9 4.1 0.04 n/a n/a 7.2
Married/living with partner 87.7 83.6 74.9
Separated/divorced 7.5 6.5 12.3
Widowed 3.0 5.8 5.3

n/a = Not available.
a Prior to first ALS diagnosis for cases; prior to interview date for controls. b Age at first ALS diagnosis for cases; age at interview 

for controls. c Based on record match with VA National Enrollment Database. d Based on categories ‘employed’ ‘retired’ and ‘other’.
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  Results 

 Case enrollment for GENEVA started in May 2005, 
and control enrollment in January 2006; both efforts are 
still ongoing, with case enrollment approximately 85% 
and control enrollment approximately 30% complete. 
 Figure 1 a illustrates the recruitment process for the VA 
registry enrollees who were invited to participate in the 

GENEVA study to date. Screening methods prior to med-
ical record review of the 2,089 registry enrollees (2,066 
with confirmed ALS or MND diagnosis) are described in 
the companion paper [Allen et al., this issue], which also 
provides information about the geographic distribution 
of all enrollees and the reliability of the ICD-9 diagnosis 
codes within the VA databases. Of the 537 GENEVA cas-
es enrolled and interviewed to date, 33% were self-re-

Table 2. Military service characteristics of cases and controls enrolled in the GENEVA study (as of October 
2007), compared to potential controls who refused to participate or could not be contacted by telephone and to 
the US veteran population per 2001 National Survey of Veterans

Variable GENEVA 
cases 
(n = 537)

GENEVA 
controls
(n = 292)

p value Controls: refusal 
to participate
(n = 689)

Controls: no 
telephone contact
(n = 673)

US veterans
(n � 25,000,000)

Deploymenta

WWII 5.6 3.8 0.31 n/a n/a 12.3
Korea 7.0 11.0 0.05 7.2
Vietnam 24.3 29.2 0.13 17.4
Persian Gulf War 2.7 2.4 1.0 5.3
None of the above 59.0 55.1 0.28 60.1

Military pay grade
Enlisted 74.0 69.2 0.32 n/a n/a n/a
Officer 15.5 18.8
Neitherb 10.5 12.0

Branch of most recent active duty servicec

Army 40.4 37.0 0.30 42.2 46.0 50.2
Navy 22.0 20.9 23.1 21.3 24.4
Air Force 21.8 23.6 25.5 23.2 19.6
Marine Corpsd 9.7 8.6 7.4 8.6 11.9
Coast Guard 1.1 1.0 1.8 0.9 1.4
Activated Reserves/Guard 3.7 5.4 n/a n/a n/a
Other 1.3 3.4 0.2 0 2.2

Most recent release of active duty datee

9/1940–7/1947 6.4 3.4 0.01 4.3 2.0 20.5
8/1947–5/1950 0.9 0.7 0.8 0.5 6.7
6/1950–1/1955 9.9 9.3 5.3 2.4 6.7
2/1955–7/1964 23.4 15.4 14.7 7.9 16.9
8/1964–4/1975 31.8 32.2 34.5 31.5 25.6
5/1975–8/1980 6.7 11.6 14.7 15.4 36.1
9/1980–7/1990 8.2 11.3 15.3 18.6 27.9
8/1990 or later 12.7 16.1 10.4 21.7 13.9

a GENEVA data refers to question ‘Were you ever deployed to…’; National Survey of Veterans (2001) data 
refers to question ‘Have you served in combat or war zone…’.

b Service prior to the end of the draft (1973).
c National Survey of Veterans (2001) data refers to “ever having served on active duty” rather than most re-

cent active duty branch, thus more than one branch may have been indicated; branches with predominantly 
female service personnel (Women’s Army Auxiliary Corps, Women’s Army Corps, Women Accepted for Vol-
untary Emergency Service, Navy Nursing Corps, Air Force Nursing Corps, Women’s Air Force Service Pilots, 
Coast Guard Women’s Reserve) not included in ‘other’ category.

d Including US Merchant Marines.
e Categories from 2000 US Census, with addition of 8/1947–5/1950.

D
ow

nloaded from
 http://w

w
w

.karger.com
/ned/article-pdf/30/3/191/3152943/000126911.pdf by guest on 25 April 2024



 Genes and Environmental Exposures in 
Veterans with ALS (GENEVA) 

Neuroepidemiology 2008;30:191–204 197

ferred only (not identified in a VA database), 43% were 
non-self-referred and 24% were both self-referred and 
identified in a VA database, but contacted the registry 
team before any recruitment material was sent to them. 
Thirty-two percent of GENEVA cases (n = 173) were en-

rolled into the registry within 12 months of their first 
ALS diagnosis, and thus considered incident; 45% were 
enrolled within 18 months.  Figure 1 b illustrates the en-
rollment process for the GENEVA controls. Of the 10,000 
randomly sampled veterans from BIRLS, the match rate 

  Fig. 1.   a  Ascertainment of GENEVA cases. 
* Withdrawal before collection: 56.2%; in-
eligible after medical record review (no 
MND): 23.1%; closeout: 10.8%; sample 
could not be obtained during nurse visit: 
10.0%. ** Reasons for ineligibility: pres-
ence of Alz heimer disease or other form of 
dementia (n = 5); change in disease status 
by time of first contact (to PLS, indetermi-
nate or no MND) (n = 8); withdrawal from 
the registry or its DNA bank by the time of 
first contact (n = 2); telephone interview 
not feasible for other reasons (n = 4).  b  As-
certainment of GENEVA controls. * Cor-
rect telephone number could not be identi-
fied: 57.8%; closeout after leaving multiple 
voicemail messages: 37.7%; no answering 
machine, and telephone was never picked 
up: 4.5%. ** Reasons for ineligibility: not 
US veteran (n = 4); neuropathy (n = 9); Alz-
heimer disease or other form of dementia 
(n = 7); Parkinson disease (n = 4); multiple 
sclerosis (n = 1); post-polio syndrome
(n = 1); myasthenia gravis (n = 2); other 
(n = 3). 
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for the annual IRS mailing address merge facilitated by 
the National Institute of Occupational Safety and Health 
was 89%. Sixty-eight percent of the 10,000 veterans had 
not used the VA for health care prior to December 2005, 
according to the cross-check against the National Enroll-
ment Database. Of the 1,022 eligible individuals who 
could be contacted by mail and telephone (excluding 
those whose final outcome is pending), 333 consented, 
for a cooperation rate of 32.6%. 

   Tables 1  and  2  show a comparison of matching vari-
ables and other demographic and military service charac-
teristics for the cases and controls enrolled to date. In these 
tables, information from the BIRLS database is included 
for the invited controls who could be contacted (at least 
once) by telephone but refused, actively or passively, to 
participate (n = 689), and for those whose mailed invita-
tion letters were not returned but with whom telephone 
contact could never be established for various reasons
(n = 673). In addition, corresponding data from the gen-
eral population of US veterans per 2001 National Survey 
of Veterans is shown. Survey data were collected from 
20,048 veterans, and weighting methods based on the 
probability of selection, survey nonresponse and house-
holds with more than 1 telephone number were used to 
represent the entire noninstitutionalized US veteran pop-
ulation (http://www1.va.gov/vetdata/page.cfm?pg=5).  Ta-
ble 1  shows that the GENEVA cases and controls enrolled 
to date were well matched on race/ethnicity, despite the 
lack of prior information about these variables. While the 
vast majority ( 1 93%) of both cases and controls were male, 
the proportion of female participants was significantly 
higher in controls than cases (p = 0.01) since females were 
less likely to refuse to participate. Furthermore,  table 1  
shows that it was more difficult to make telephone contact 
with younger veterans: 48.5% of those who could not be 
contacted, either due to an incorrect phone number or be-
cause they ignored multiple voicemail messages, were in 
the age group 35–54 years, compared to 19.5% of refusers 
and 18.8% of GENEVA controls. This shifted the age dis-
tribution of enrolled controls toward a significantly high-
er mean (63.3 years, compared to 59.6 years for cases) and 
significantly increased the proportion of retired controls 
compared to cases. The comparison between GENEVA 
controls and those who could be contacted by phone but 
actively or passively refused to participate, suggests that 
veterans who used the VA for health care were less likely 
than non-VA users to refuse participation once telephone 
contact was made. We are making an effort to achieve 
closer frequency matching on both age and VA health care 
use for the final sample that will be used for analysis. 

  The comparison with the National Survey of Veterans 
shows that the GENEVA participants (cases and especial-
ly controls) were more highly educated than the general 
population of US veterans. Partially due to the nature of 
ALS and the recruitment methods that were employed, 
they also included a lower proportion of younger veter-
ans, a higher proportion of white males and a higher pro-
portion of VA health care users. These demographic 
characteristics are likely responsible for other differences 
between GENEVA participants and the general veteran 
population for the variables shown in  tables 1  and  2  (e.g. 
military branch and service period). However, within the 
study population, cases and controls were well matched 
on basic military characteristics ( table 2 ).

  The proportion of cases and controls who had ever ap-
plied for at least 1 form of VA benefit was similar overall 
[76.4% of cases (prior to their ALS diagnosis), 82.5% of 
controls; p = 0.06]. Not surprisingly, this proportion var-
ied somewhat by discharge period and case-control sta-
tus. For example, 68.2% of cases versus 82.1% of controls 
discharged during the Korea and pre-Vietnam era re-
ported that they had applied for some form of VA benefit. 
For the Vietnam era (1964–1975), the respective propor-
tions were similar (82.6% of cases, 86.2% of controls), and 
this was also true for subsequent periods. We will adjust 
future analyses of environmental exposure data for these 
observed differences, which are partially due to the fact 
that potential GENEVA controls were identified through 
the BIRLS database. 

   Table 3  summarizes the broad categories of the envi-
ronmental exposure information collected during the 
telephone interview. Since ALS may affect the muscles 
used for speech, 22% of the case interviews (n = 119) were 
conducted with assistance from the patient’s caregiver, 
typically the spouse. In the majority of these interviews 
(83%), the respondent communicated with the partici-
pant, while 17% were true proxy interviews. Many patient 
interviews were conducted during the course of multiple 
phone calls, to ease the burden on the patient and care-
giver. Of the 173 incident GENEVA cases who were en-
rolled into the registry within 12 months of their first 
ALS diagnosis, 116 (67%) were interviewed within 18 
months. 

  Blood samples from ALS patients were obtained for 
85% of registry patients who participated in the DNA 
bank; for the remaining 15%, only a mouthwash sample 
was available. The DNA extractions using saliva samples 
obtained from the GENEVA controls provided a median 
yield of 43  � g (mean 75  � g, range 0.4–716  � g, excluding 
samples without any DNA). We received 3 samples with-
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out any DNA and 7 samples with  ! 5  � g yield, which was 
typically due to an insufficient amount of saliva in the 
vial or occasional spills due to improper sealing of the 
vial. For all samples with  ! 5  � g yield, a second sample 
was requested from the participant. 

  The companion paper [Allen et al., this issue] describes 
the clinical variables that have been collected from all 
registry enrollees, including the GENEVA cases.   As illus-
trated in  figures 2  and  3 , all registry enrollees with posi-
tive medical record review (n = 2,066), those who also 
participated in the DNA bank, and those who partici-
pated in both the DNA bank and the GENEVA study 
were comparable in terms of diagnostic breakdown and 
proportion of incident versus prevalent cases, based on 
the time between first ALS diagnosis and enrollment into 
the registry. The survival characteristics in the 3 patient 
groups conformed to the expected pattern, given the re-
spective recruitment procedures, with a median of 25.5 
months from first ALS diagnosis to death in registry
participants (n = 1,032 deceased), 28.1 months in DNA 
bank participants (n = 364 deceased) and 31.1 months in 
GENEVA participants (n = 116 deceased). 

  We also compared the clinical characteristics of the 
GENEVA cases with respect to the recruitment method. 
The 57% of self-referred cases represented 3 major groups: 
15.8% (n = 85) learned about the registry from their neu-
rologist, 19.6% (n = 105) from ALSA and 21.8% (n = 117) 
from other publicity or word-of-mouth. Forty-three per-
cent of GENEVA cases were non-self-referred. The pro-
portion of cases with definite or probable ALS showed 
relatively little variation across recruitment method, with 
a range of 70.7% (non-self-referred) to 75.2% (non-ALSA 
publicity). The proportion of patients with bulbar onset 
was lowest (11.5%) in those who self-referred based on 
non-ALSA publicity and highest (17.5%) in those in-
formed by their neurologist. The median survival time 
was 24.9 months in those informed by their neurologist, 
26.5 months in those who self-referred based on non-
ALSA publicity, 38.0 months in those who self-referred 
based on ALSA publicity and 46.2 months in the non-
self-referred group. The majority (85%) of the 173 inci-
dent cases were self-referred. 

  Assuming a disease prevalence of 0.001 and 5% sig-
nificance level, the anticipated final sample (630 cases, 
1,000 controls) will have 80% power to detect a main ef-
fect odds ratio (OR) of 1.35 for a binary environmental 
exposure with population frequency 30%, and 80% pow-
er to detect a gene-environment interaction OR of 1.57 on 
the multiplicative scale, assuming absence of main effects 
and a 30% allele frequency with a log-additive mode of 

inheritance. When the sample is restricted to an antici-
pated  � 40% of incident cases according to the above def-
inition (250 cases, 1,000 controls), it will have 80% power 
to detect a main effect OR of 1.52 for a binary environ-
mental exposure with population frequency 30%, and 
80% power to detect a gene-environment interaction OR 
of 1.97, assuming absence of main effects and a 30% allele 

Table 3. Categories of environmental exposure data collected by 
structured telephone interview

Category Description

Demographics and 
body habitus

age, sex, race/ethnicity, origin of 4 
grandparents, years of schooling, highest 
degree attained, employment status, 
height, weight

Lifetime occupation-
al history

job title, job tasks, materials used (per 
task), protective equipment used (per 
job title), level of physical activity for all 
jobs held for at least 6 months

Home and military 
pesticide use

use of insecticides, herbicides, and fun-
gicides in home and garden; testing, 
transporting or spraying herbicides for 
military purposes

Consumption of to-
bacco, alcohol, caf-
feinated drinks

cigarettes, cigars, pipes, alcohol, coffee, 
tea, caffeinated soft drinks (lifetime du-
ration and dose)

Deployment and 
military history

theaters of operation and specific expo-
sures for deployments to WW II, Korea, 
Vietnam, Persian Gulf War; vaccination 
history, imminent danger and hardship 
duty pay, combat zone tax exclusion 
benefits

Hobbies with poten-
tial lead exposure

hunting/shooting, fishing, bullet and 
lead casting

Medical history head injury, electrical shock, bone frac-
tures, lead poisoning

Posttraumatic stress 
disorder

scale of 17–85 for intrusion, avoidance 
and hyperarousal symptoms

Family history diagnosis of ALS, Alzheimer disease, 
Parkinson disease, Down’s syndrome in 
any first-degree relative

Residential history all residences lived at for at least 6 
months since birth; city/town, state/
country, urban vs. rural, proximity to 
agricultural areas, source of water

Physical activity recreational activities, competitive team 
sport, organized sport (lifetime duration 
and intensity)
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frequency with a log-additive mode of inheritance. A 
case-only analysis  [87]  will have 80% power to detect a 
gene-environment interaction OR of 1.42 (630 cases) and 
1.75 (250 cases). For testing main genetic effects, the an-
ticipated final sample (1,200 cases, 1,000 controls) will 
have 80% power to detect an OR of 1.20 for a 30% allele 
frequency with a log-additive mode of inheritance. 

  Discussion 

 We have summarized the study design and recruit-
ment strategy used in the GENEVA study, which is pres-
ently enrolling a subset of VA registry participants as cas-
es. One of the registry’s initial scientific limitations was 
the lack of a control group and the difficulty in selecting 
such a group  [66] . It is indeed a great challenge to iden-
tify an epidemiologically valid control group when the 
nationwide enrollment of both prevalent and incident 
cases is based on multiple recruitment strategies. Con-
trols are much more readily identified for case recruit-
ment strategies relying solely on database searches with-
in a well-defined subpopulation of US veterans, such as 
those receiving health care from the VA system. However, 
an obvious disadvantage of such a study would be its 
smaller sample size and lack of generalizability, since the 
many US veterans obtaining health care at non-VA fa-
cilities would be excluded. Due to self-referrals, the VA 
ALS registry includes a substantial proportion of non-VA 

health care users; however, it is unclear whether the prob-
ability of participation in the registry was influenced by 
an individual’s exposure history. Since the GENEVA 
study did not begin case recruitment until 2 years after 
the start of registry enrollment activities, its ideal pool of 
participants was further reduced by the high mortality of 
ALS patients and the burden of conducting an extensive 
telephone interview. For 25% of those who refused to be 
interviewed, including withdrawals after verbal consent, 
advanced disease was noted as the reason; in addition, 17 
case interviews (3.2%) remained incomplete, largely due 
to advanced disease as well. While the GENEVA partici-
pants are representative of the larger population of regis-
try participants in terms of their primary disease charac-
teristics, ALS patients with a very short survival period 
and fast progression rate are under-represented in this 
study population. For controls, the probability of partici-
pation was strongly related to age. Many younger indi-
viduals (age group 25–54 years) could not be contacted by 
telephone and were thus underrepresented among the 
study participants. The educational level of study par-
ticipants was higher than that in the general US veteran 
population. Our data suggest that VA health care users in 
the control group were more likely than nonusers to par-
ticipate in the study once telephone contact had been 
made. Interestingly, an analysis of VA registry partici-
pants demonstrated that those who were VA health care 
users at the time of enrollment into the registry, as op-
posed to the time of their first ALS diagnosis, were less 
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  Fig. 2.  Distribution of neurologist-confirmed diagnoses of ALS 
and MND for 3 groups of patients: (1) enrolled into National Reg-
istry of Veterans with ALS (excluding those with no ALS/MND 
diagnosis); (2) enrolled, with blood or mouthwash sample avail-
able in Registry DNA Bank; (3) enrolled and interviewed for
GENEVA study. PMA = Progressive muscular atrophy; PBP = 
progressive bulbar palsy; PLS = primary lateral sclerosis; in-
det. = indeterminate clinical status. 
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  Fig. 3.  Distribution of time between first ALS diagnosis and en-
rollment into National Registry of Veterans with ALS for 3 groups 
of patients: (1) enrolled into National Registry of Veterans with 
ALS (excluding those with no ALS/MND diagnosis); (2) enrolled, 
with blood or mouthwash sample available in Registry DNA 
Bank; (3) enrolled and interviewed for GENEVA study. 
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likely to participate in the DNA bank component  [68] . 
This finding may be related to differences in recruitment 
methods (active vs. passive) for VA users and non-users 
in the registry.

  We initially considered the use of both active and pas-
sive recruitment strategies for controls, in order to mirror 
the recruitment process for cases. However, we ultimately 
decided to focus our efforts on active recruitment of the 
BIRLS-identified target population to avoid the problem 
that demographic characteristics and exposure histories 
of individuals motivated enough to respond to generic 
study advertisements may differ greatly from those of less-
interested individuals. This seemed particularly problem-
atic with advertising of the study at veterans’ service orga-
nizations. It is impossible to eliminate this type of selec-
tion bias altogether since refusal rates are almost always 
higher in controls than cases, often substantially so, and 
this is true for GENEVA as well. This general problem of 
low participation rates in contemporary epidemiologic 
studies has been discussed extensively in the literature 
 [88, 89]  and illustrates the challenge of conducting popu-
lation-based studies in both veteran and civilian popula-
tions. It should be noted that the greatest concern about 
such biases relates to main effects of environmental expo-
sures, which may have influenced the probability of par-
ticipating in the study. Since individuals are usually not 
aware of their genetic background, the estimation of ge-
netic main effects is more robust to these types of biases. 
While it is not impossible that willingness to participate 
may vary with genetic polymorphisms that influence an 
individual’s behavior, a large study of almost 3,000 indi-
viduals and  1 100 polymorphisms did not detect such ef-
fects  [90] . Estimates of gene-environment interaction may 
be obtained in an unbiased way from case-only analyses, 
as long as one can make a case for population indepen-
dence of genetic polymorphism and en vironmental expo-
sure  [87, 91] , or from analyses based on ‘flexible matching’ 
of cases and controls (at the analysis rather than design 
stage) on the environmental factor of interest  [92] .

  We will utilize a variety of analytic strategies to ad-
dress the potential of systematic biases in any study re-
sults reported in the future. Specifically, the following 
types of sensitivity analyses will address the possibility of 
selection and survival bias: (1) we will restrict the analysis 
to cases (currently 76.4%) and controls (currently 82.4%) 
who applied for at least one VA benefit, since the BIRLS 
database captures all veterans from this group; this is es-
sentially the subgroup of all US veterans who have made 
any contact with the Department of Veterans Affairs; (2) 
we will compare the exposure history of cases who were 

identified through active versus passive recruitment 
strategies; (3) in order to address the question of how 
completely the registry has identified all US veterans with 
ALS who were alive (prevalent cases) or newly diagnosed 
(incident cases) between April 2003 and September 2007, 
we will perform capture-recapture analyses similar to 
those performed for the Persian Gulf War study  [93] ; (4) 
in order to address the possibility of survival bias, i.e. to 
distinguish exposure effects on ALS risk from effects on 
survival, we will restrict the analysis to incident cases; (5) 
a comparison of basic characteristics of the invited sam-
ple of potential controls, including those who could not 
be contacted or refused to participate, and the enrolled 
GENEVA controls ( tables 1  and  2 ) will help evaluate bias 
and indicate which variables are potentially important to 
adjust for in the analysis of exposure variables.

  We will also be able to evaluate potential bias by using 
publicly available information to compare the exposure 
history of GENEVA controls with that of the general US 
veteran population, including veterans who never con-
tacted the VA. An example for this was shown in  tables 1  
and  2  with the demographic and military service charac-
teristics of the estimated 25 million US veterans, based 
on the 2001 National Survey of Veterans. Another exam-
ple is the Millennium Cohort Study, which is currently 
generating a wealth of exposure information for a very 
large representative sample of active duty and reserve/
guard service personnel ( 1 77,000 participants in panel 1) 
who were identified from Department of Defense mili-
tary service rosters in the year 2000  [79] . While the co-
hort is much younger than the GENEVA participants, 
analyses performed in the Millennium Cohort Study will 
provide ancillary information of relevance for our study 
population. For example, a linking of self-reported mili-
tary occupational histories with electronic databases 
maintained by the Department of Defense demonstrated 
that self-reported military occupation can be used with a 
high degree of confidence  [94] . The same study also iden-
tified particular occupational categories that were associ-
ated with higher odds of self-reported military exposures, 
such as witnessing death or trauma, contact with chemi-
cal or biological warfare agents, and exposure to depleted 
uranium or pesticides. 

  Conclusion 

 In summary, the GENEVA study is a unique resource 
for examining the joint effects of genetic susceptibility 
and environmental exposures on the risk of sporadic 
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ALS. It will help determine whether any specific expo-
sures common in the military population are responsible 
for the observation that military service may be associ-
ated with an increased ALS risk. This general hypothesis 
 [65]  and a more narrowly defined hypothesis that deploy-
ment to the Persian Gulf War may account for an in-
creased risk  [64]  have recently received much attention 
 [66] . Regardless of whether these hypotheses are ulti-
mately confirmed or refuted, we believe that our study 
results will improve the limited understanding of the eti-
ology of sporadic ALS in the general population, both 
military and civilian. 
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