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RESEARCH ARTICLE
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Abstract
Objective: Neurotoxic chemicals are suggested in the etiology of amyotrophic lateral sclerosis (ALS). We examined the
association of environmental and occupational risk factors including persistent organochlorine pesticides (OCPs) and
ALS risk among cases from the Centers for Disease Control and Prevention National ALS Registry and age, sex, and
county-matched controls. Methods: Participants completed a risk factor survey and provided a blood sample for OCP
measurement. ALS cases were confirmed through the Registry. Conditional logistic regression assessed associations
between ALS and risk factors including OCP levels. Results: 243 matched case-control pairs (61.7% male, mean [SD]
age ¼ 62.9 [10.1]) were included. Fifteen of the 29 OCPs examined had sufficient detectable levels for analysis. Modest
correlations of self-reported years of exposure to residential pesticide mixtures and OCP serum levels were found
(p<.001). Moreover, occupational exposure to lead including soldering and welding with lead/metal dust and use of lead
paint/gasoline were significantly related to ALS risk (OR ¼ 1.77, 95% CI: 1.11-2.83). Avocational gardening was a sig-
nificant risk factor for ALS (OR ¼ 1.57, 95% CI: 1.04-2.37). ALS risk increased for each 10ng/g of a-Endosulfan (OR
¼ 1.42, 95% CI: 1.14-1.77) and oxychlordane (OR ¼ 1.24, 95% CI: 1.01-1.53). Heptachlor (detectable vs. nondetect-
able) was also associated with ALS risk (OR ¼ 3.57, 95% CI: 1.50-8.52). Conclusion: This national case-control study
revealed both survey and serum levels of OCPs as risk factors for ALS. Despite the United States banning many OCPs
in the 1970s and 1980s, their use abroad and long half-lives continue to exert possible neurotoxic health effects.

Keywords: Pesticides, neurodegenerative outcomes, amyotrophic lateral sclerosis, risk assessment

Introduction

Amyotrophic lateral sclerosis (ALS) is fatal and
the most common motor neuron disease. The
2018 United States (U.S.) annual incidence of
ALS is 2-3 per 100,000 persons and the age-
adjusted prevalence is 6.6 per 100,000, which has
been increasing in recent decades (1,2). ALS has

few known risk factors and 90-95% of cases are
considered non-familial/sporadic with 5-10%
familial. The median survival is 3-5 years and
there is no current reversible treatment for ALS.
Major advances have been made in identification
of genetic causes of the disease (3). Several envir-
onmental and occupational factors have been
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investigated as potential risk factors for ALS (4–7).
In particular, long-term exposure to air pollutants,
military service, and hazardous agents such as pes-
ticides and solvents have been studied (4,5,8,9).
Associations between ALS and exposure to heavy
metals and other trace elements including lead,
particularly from occupational activities, are sup-
ported by epidemiological evidence (10,11).
Similarly, environmental exposure to the inorganic
metalloid selenium has been linked to increased
ALS incidence (9).

Neurotoxic chemicals including pesticides are
suggested to play a role in the etiology of ALS
(6,12–15). Numerous studies examined self-
reported exposure to pesticides and risk of ALS.
Three studies to date have compared persistent
organic pesticide (POPs) blood levels in ALS cases
and controls. Su et al. (16) measured 122 environ-
mental toxins focusing on POPs in 126 ALS cases
and 130 controls in Michigan. Increased ALS risk
was reported with elevated serum levels of penta-
chlorobenzene and cis-chlordane after adjustment
for age, sex, and educational levels. Several resi-
dential and occupational self-reported exposures
were associated with increased serum POPs levels.
Su et al. extended their work with a second case-
control study of POPs and ALS risk to replicate
earlier findings and to evaluate the association with
an environmental risk score and survival within the
ALS case group (17). Their data continued to sup-
port POPs as important factors for ALS risk as
well as to be an important factor for enhanced
ALS mortality rate (1.65 times, p¼ 0.008). Vinceti
et al. (18) measured six dichlorodiphenyltrichloro-
ethane (DDT) metabolites and hexachlorobenzene
levels in cerebrospinal fluid of 38 ALS cases and
controls in Italy. Among males aged >60 years, a
slight but statistically unstable increased ALS risk
was noted with higher levels of the metabolite,
dichlorodiphenyldichloroethylene (p,p’-DDE).

Our aim was to examine the association of per-
sistent organochlorine pesticides (OCPs), a form
of POPs, and ALS risk among a national sample
of cases from the Centers for Disease Control and
Prevention Agency for Toxic Substances and
Disease Registry (CDC/ATSDR) National ALS
Registry and matched controls using serum sam-
ples for OCP analysis and a survey assessment for
comparison.

Methods

Case selection

To enter the National ALS Registry through its
web portal, patients must answer a series of valid-
ation (screening) questions. These validation ques-
tions were obtained from the Veterans
Administration’s ALS Registry and were found to
be effective; 93.4% of those who passed the

screening questions were determined by a neurolo-
gist to have ALS/motor neuron disease (19,20).

The OCP analyses were conducted for 300 of
the ALS cases enrolled in the National ALS
Registry as well as the National ALS Biorepository
arms from the 500 participants meeting the study
criteria. For our study, CDC identified a conveni-
ence sample of 280 of these 500 cases distributed
equally between four geographic areas. Full survey
information was important for participants, so it
was used as one of the selection criteria. These
cases enrolled in the Registry and provided survey
and serum samples for OCP analyses performed
by SGS AXYS Analytical Services Ltd. (British
Columbia).

The current study included 80 Biorepository
Pilot cases from 2013-2015 and 200 cases (2017-
2018) from the ongoing ALS Biorepository. In
addition to CDC obtaining a representative age
and sex distribution for the 280 cases, cases were
randomly assigned from within each of the four
Census regions of the U.S.

The University of Pittsburgh, under a data use
agreement with CDC, received the case survey
information and serum OCP results. Controls
were identified to collect survey data and non-fast-
ing blood samples (N¼243), which were meas-
ured at the same lab as cases. The University of
Pittsburgh Institutional Review Board approved
the study.

Control selection

We recruited age, sex, and county-matched con-
trols for ALS cases between 2018 and 2021.
Potential controls were identified using a national
sample of individuals through MSG (Marketing
Systems Group, Horsham, Pennsylvania) based on
commercial/consumer databases; details of which
are published elsewhere (21). Exclusion criteria
included a self-reported diagnosis of ALS,
Parkinson’s disease, Parkinsonism, or post-polio
syndrome. Information for cases was based on the
ALS Registry’s Risk Factor Survey which was cre-
ated and validated by the Stanford University
School of Medicine’s ALS Consortium of
Epidemiologic Studies (ACES) (22). Controls
were administered a similar survey to collect self-
reported information by trained interviewers using
a computer-assisted questionnaire available on
the web. https://pitt.co1.qualtrics.com/jfe/form/SV_
3gcOXnQ54PMfjwh

Survey-Based Occupational, Residential
and Hobby Exposure: The survey consisted of
personal demographics, lifestyle, residential, mili-
tary, and occupational history sections as well as
detailed information on lifetime household, occu-
pational and hobby exposure to herbicides and
pesticides, metals, aromatics, and other solvents
(23). Total years of exposure to pesticides was
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calculated (age of first use to age of last use minus
years of nonuse).

To capture occupational exposures for partici-
pants who responded “Yes,” the survey asked,
“Over your lifetime (at least 100 days or more),
have you ever had a JOB where you handled
[exposure of interest]?” Duration in years of occu-
pational exposures included handling herbicides,
fungicides, insecticides, rodenticides, glues or
adhesives, solvents, or degreasers, as well as
unleaded/leaded gasoline or paint, and using sol-
dering or welding in metal fabricating resulting in
metal dust or fumes. There were 27 jobs catego-
rized into six groups based on the participant’s
longest held position: professional; managerial spe-
cialty; technical/sales; service, operators, fabrica-
tors, and laborers; and other. Similarly, the survey
included a checklist of industries based on the
2012 North American Industry Classification
System (24).

Five questions were included about exposure to
OCPs: herbicides, insecticides, fumigants, and fun-
gicides in the home, insecticides in the yard and
lawn, and use of chemical pet soaps. We used
similar definitions of duration in years for self-
reported exposure to pesticides in the home and
exposure to occupational and hobby related pesti-
cides, also including exposure to metals related to
jobs and hobbies involving lead and organic sol-
vents. Due to small numbers of affirmative
responses to hobby survey questions, these were
grouped into ever/never categories (e.g. participa-
tion for one hour per month for at least one year).

After survey administration, a blood specimen
was collected for OCP measurement. Consent was
obtained from each control by mail and a blood
draw conducted by ExamOne (www.examone.com,
Lenexa, KS), an in-home national biospecimen col-
lection company, during which the phlebotomist
obtained a 10ml non-fasting blood sample. Upon
arrival at the University of Pittsburgh, the sample
was centrifuged and the serum aliquoted and
stored at −35 �C until shipment on dry ice to SGS
AXYS.

Blood Sample Analysis: Serum samples were
sent in batches of 20-40 specimens of 2ml serum
each to the lab for analysis. The samples, including
method blank and quality control samples, were
fortified with isotopically labeled pesticides and
liquid-liquid extracted using a 1:1:3 mixture of
ethanol: saturated ammonium sulfate: hexane. The
resulting extract was chromatographically cleaned
using a series of size exclusion gel permeation and
florisil columns. Extracts were fractionated into
non-polar (E1) and polar (E2) portions and separ-
ately instrumentally analyzed. The E1 and E2 por-
tions were analyzed by high resolution gas
chromatography/high resolution mass spectrometry
(HRGC/HRMS). The high-resolution mass

spectrometer (HRMS) was equipped with a J&W
DB5 chromatography column (60 m, 0.25mm i.e.
0.10 mm film thickness) coupled directly to the
HRMS source. The HRMS was operated at a
static (8000) mass resolution (10% valley) in the
electron ionization (EI) mode using multiple ion
detection (MID) acquiring two characteristic ions
for each target analyte and surrogate standard.
Target concentrations were calculated using iso-
tope dilution quantification and results were
adjusted to a lipid-based sample weight.

OCP Analytical Methods: SGS AXYS
Analytical Services Ltd. (British Columbia) used
analytical procedures described in the MLA-028
Method, the same methodology used by CDC for
the NHANES Study of OCPs, to determine con-
centrations of OCPs using isotope dilution
HRGC/HRMS by EPA Method 1699 (https://
www.epa.gov/sites/default/files/2015-10/documents/
method_1699_2007.pdf). This method also allows
for the optional analysis of technical Toxaphene
and Toxaphene congeners. C12-PCB 159 is the
surrogate standard for both analyses, but different
ions are monitored.

Case and control samples were analyzed by SGS
AXYS using the same methodology with the same
instruments and lab procedures for both the cases
and the controls within a similar time period. They
were not done in parallel, but cases were measured
in 2018-2019 and controls 2019-2021. Twenty nine
OCPs were measured using lipid-adjusted analyses
for 280 cases and 243 controls that included:
a-HCH, b-HCH, c-HCH, d-HCH, Heptachlor,
Heptachlor Epoxide, Hexachlorobenzene, Aldrin,
cis-Chlordane, trans-Chlordane, oxy-Chlordane,
trans-Nonachlor, cis-Nonachlor, 2,40-DDD, 4,40-
DDD, 2,40-DDE, 4,40-DDE, 2,40-DDT, 4,40-DDT,
Mirex, Toxaphene, a-Endosulfan, Dieldrin, Endrin,
b-Endosulfan, Endosulfan sulfate, Endrin aldehyde,
Endrin ketone, and Methoxychlor.

Statistical Analysis: Personal, environmental,
and occupational characteristics are presented as
frequencies or means/standard deviations (SD).
Demographic characteristics, smoking status, and
exposure to pollutants were cross classified by
case-control status. Differences between cases and
controls for continuous variables were assessed
using t-tests and Mann–Whitney U tests (when
non-normally distributed), and Chi-square for cat-
egorical variables. We chose not to adjust for mul-
tiple comparisons in this study as all the analyses
in the paper were performed according to planned
hypotheses. The data analyses therefore were not
corrected for multiple comparisons.

The proportion of detectable levels in serum
samples varied dramatically by OCP. Thus, the
exposure metric used in the logistic regression
models for the different OCPs included one of the
three classifications:
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1. For OCPs having measurable levels in �70%
of the samples, the exposure was treated as a
continuous measure. Additionally, samples
with nondetectable values were imputed as
LOD/sqrt (2), where LOD is the limit of
detection (25).

2. For OCPs having measurable levels in 25-
<70% of the samples, the metric had three
categories: undetectable, below and above the
median of the measurable exposures.

3. For OCPs with measurable levels in �5-<25%
of the samples, the metric had two categories:
undetectable/detectable. Finally, OCPs with too
few measurable samples (i.e. <5%) were not fit
to regression models and descriptives by case-
control status and are provided in Table S1.

For OCPs analyzed as having a continuous
exposure metric (e.g. 1), Spearman rank-order cor-
relations assessed the association of self-reported
exposures (years when personally handled herbi-
cides, fungicides, insecticides, and use of chemical
pet soaps at home) and OCP serum levels in cases
and controls.

Both unadjusted and adjusted conditional
regression and adjusted unconditional logistic
regression models (including matching variables:
age and sex), were fit with case-control status as
the dependent variable and OCP serum level as
the independent variable. From previous work and
the literature, a base multivariable model was fit
with the covariates of education level and smoking
(26,27). Odds ratios (OR) and 95% confidence
intervals (CI) from the resulting regression models
are estimates of the relative risk of ALS.
Multivariable models with self-reported occupa-
tional and personal exposures to insecticides, her-
bicides, solvents, and lead, were also separately fit
using conditional logistic models. All analyses were
performed using SAS 9.4.

Results

Of the 280 cases with surveys and blood, one indi-
vidual had an OCP analysis but lacked lipid adjust-
ments, resulting in 279 cases. A matched control
with a survey was obtained for 267 of the 279 cases
(95.7% participation rate). Among the 267 con-
trols, 243 (91%) consented to the University of
Pittsburgh on the followed request of an in-home
blood draw. See Figure S1.

Demographic Characteristics: Table 1
presents characteristics of the cases and matched
controls. The male/female distribution of cases and
controls was similar to the national norm for ALS
with 61.7% males and 38.3% females. The mean
(SD) age at ALS diagnosis was 61.2 (9.9) years,
and their age at blood draw was 62.9. Controls
were individually matched to cases on year of
birth; with 72% born between 1940 and 1959.

Most participants were white (98.8%). A total of
34.2% of cases and 39.5% of controls attained a
college degree. Regional distribution of cases and
controls was similar with slightly less proportion of
cases and controls living in the Northeast region of
the U.S. Military enrollment and deployment out-
side the U.S. were comparable between cases and
controls. A greater proportion of ALS cases
reported ever smoking than controls (43.2% vs
34.2%, p¼.04). Occupation and industry for the
longest job held showed no significant increased
risk of ALS (Table S1).

OCP Serum Levels Distribution: Table 2
presents percentile distributions of the 243 cases
and 243 controls for the 29 OCPs. Six of the OCPs
had detectable levels in �70% of their samples
(4,40-DDE, Hexachlorobenzene, trans-Nonachlor,
b-Endosulfan, a-Endosulfan, and oxychlordane).
Three additional OCPs had detectable levels in 25-
52% of their samples (cis-Nonachlor, Mirex, and
b-HCH). The third group consisting of cis-
Chlordane, trans-Chlordane, Dieldrin, Heptachlor,
Heptachlor Epoxide, and 4,40-DDT had detectable
levels in 5-<25% of their samples. Of the remaining
14 OCPs, 11 had detectable levels in <5% of sam-
ples (Table S2), with three having no detectable lev-
els (Toxaphene, Methoxychlor, d-HCH) thus
limiting analysis. Table S3 presents summary statis-
tics for serum OCP levels for the 6 pesticides ana-
lyzed as a continuous measure (classification 1) for
observed and LOD adjusted data by case-control
status.

Duration of Exposure to Pesticides: Results
of the comparison of years of self-reported expos-
ure to residential-based pesticide mixtures and
their correlations with OCP levels show (Table 3)
modest correlations with years of use and OCP
serum levels. Significant spearman correlation
coefficients ranged from 0.17 for cases for levels of
hexachlorobenzene from exposure to insecticides
in the home to 0.30 for trans-nonachlor levels and
insecticides use in the yard. For controls, the low-
est correlation was 0.19 for oxychlordane exposure
and years of herbicide use in the yard to 0.27 for
oxychlordane and use of chemical pet soaps. a-
and b-endosulfan levels were not correlated to at
home pesticide use and not approved for residen-
tial use.

Logistic Regression Results: Results are dis-
played for adjusted and unadjusted logistic regres-
sion analyses for the 15 OCPs with sufficient
detectable levels for analysis in Figure 1(A–C).
After controlling for smoking and education,
a-Endosulfan (OR ¼ 1.42, 95% CI: 1.14-1.77;
adjusted conditional) and oxychlordane (OR ¼
1.24, 95% CI: 1.01-1.53; unadjusted conditional)
showed increased risk of ALS for a 10 ng/g
increase (Figure 1A). Figure 1B shows the three
OCPs (cis-Nonachlor, Mirex, and b-HCH) were
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not significantly related to risk of ALS. Analyses of
the six additional OCPs (cis-Chlordane, trans-
Chlordane, Dieldrin, Heptachlor, Heptachlor
Epoxide, and 4,40-DDT) (Figure 1C), dichotom-
ized by detectable or undetectable OCP levels,
revealed Heptachlor was significantly associated
with ALS risk (OR ¼ 3.57, 95% CI: 1.50-8.52) in
both adjusted conditional and unconditional
regression models.

Table 4 presents the conditional logistic regres-
sion results for self-reported occupational, residen-
tial, and avocational exposures to pesticides,
solvents, and lead with ALS risk. Occupational
exposures to lead including soldering and welding
with lead/metal dust and use of lead paint/gasoline
were significantly related to ALS risk (OR ¼ 1.77,
95% CI: 1.11-2.83). In addition, gardening was a
significant risk factor for ALS (OR ¼ 1.57, 95%
CI: 1.04-2.37).

Discussion

Our population-based case-control study used both
survey data and serum levels for measurement of 29
OCPs resulting in 15 OCPs with detectable

frequencies to consider the association with risk of
ALS. Three OCPs (Oxychlordane, a-endosulfan,
Heptachlor) demonstrated an elevated risk for ALS.
These are within a subcategory of heavily chlori-
nated organochlorine insecticides (28). Moreover,
our survey data revealed occupations involving lead
exposure and gardening as a hobby were also associ-
ated with increased risk for ALS.

ALS is characterized by progressive degener-
ation of spinal and cortical motor neurons, and
multiple pathogenic mechanisms have been sug-
gested. These include mitochondrial dysfunction,
oxidative stress, dysregulated RNA signaling, exci-
totoxicity, and impaired axonal transport (29). A
recent study by Kulic et al. investigated the neuro-
toxicity of cis-chlordane on motor neurons using
in vitro and in vivo models. The authors found
cis-chlordane is especially toxic to motor neurons
in vitro- and in vivo-independent of its known
antagonism of the GABA receptor (30).

Serum levels of OCPs have been decreasing
over time in the general population after a period
of peak production and banning of OCPs in the
U.S (31). However, currently background concen-
trations of these remaining OCPs are still higher

Table 1. Demographic characteristics at survey of 243 ALS cases and controls.

Characteristic
Cases

(n5243), n (%)
Controls

(n5 243), n (%)

Sex
Male 150 (61.7) 150 (61.7)
Female 93 (38.3) 93 (38.3)

Race
White (or part White) 240 (98.8) 240 (98.8)
Black 3 (1.2) 3 (1.2)

Birth year
<1940 14 (5.8) 13 (5.4)
1940–1949 80 (32.9) 82 (33.7)
1950–1959 96 (39.5) 95 (39.1)
1960–1969 44 (18.1) 42 (17.3)
�1970 9 (3.7) 11 (4.5)

Age at blood draw, years
Mean (SD) 62.9 (10.1) 67.4 (9.0)
Median (range) 64.1 (36-88) 68.4 (42-93)

Educationa

High school diploma/GED, technical trade 42 (17.3) 39 (16.0)
Some college 36 (14.8) 35 (14.4)
College graduate 83 (34.2) 96 (39.5)
Postgraduate 79 (32.5) 73 (30.0)

U.S. Census Region
Northeast 40 (16.5) 40 (16.5)
Midwest 69 (28.4) 69 (28.4)
South 71 (29.2) 71 (29.2)
West 63 (25.9) 63 (25.9)

Ever member of armed forces
Yes 53 (21.8) 55 (22.6)
No 190 (78.2) 188 (77.4)

Deployment
Yes 16 (6.6) 15 (6.2)
No 227 (93.4) 228 (93.8)

Smoking status
Never smoker 138 (56.8) 160 (65.8)
Ever smoker (�1 cigarette/day for 6þ months) 105 (43.2) 83 (34.2)

aEducational level is unknown for three cases.
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Table 2. Distribution of observed organochlorine pesticides detection levels and analytical strategies among 243 cases and controls.

Pesticide

Cases (N5 243) (ng/g) Controls (N5 243) (ng/g)

N (%) 10th 50th 90th N (%) 10th 50th 90th

4,40-DDE 243 (100) 36.4 96.9 387.0 243 (100) 41.4 105.0 338.0
Hexachlorobenzene 243 (100) 5.5 7.8 13.1 243 (100) 5.3 7.8 11.5
trans-Nonachlor 241 (99.2) 6.5 16.1 40.5 237 (97.5) 7.7 16.2 41.4
b-Endosulfan 234 (96.3) 24.4 34.6 48.9 221 (90.9) 14.9 36.5 62.3
a-Endosulfan 226 (93.0) 13.2 19.5 28.3 188 (77.4) 9.0 18.1 33.6
oxy-Chlordane 170 (70.0) 5.5 12.2 29.9 203 (83.5) 5.2 10.7 25.2
cis-Nonachlor 121 (50.0) 4.0 6.5 11.6 127 (52.2) 3.0 5.6 8.4
Mirex 68 (28.0) 3.4 5.0 15.4 78 (32.1) 2.5 5.0 15.6
b-HCH 66 (27.2) 4.4 7.8 24.2 67 (27.6) 2.4 6.3 15.3
cis-Chlordane 51 (21.0) 3.6 5.3 11.9 52 (21.4) 2.3 4.5 12.1
trans-Chlordane 33 (13.6) 3.2 4.2 7.7 21 (8.6) 2.2 4.3 6.6
Dieldrin 27 (11.1) 7.5 11.3 23.1 43 (17.7) 4.4 11.4 25.8
Heptachlor 24 (9.9) 3.0 4.6 7.1 7 (2.9) 1.6 4.0 6.5
Heptachlor Epoxide 21 (8.6) 8.8 13.4 23.1 26 (10.7) 3.9 11.7 42.4
4,40-DDT 12 (4.9) 5.8 11.9 26.9 7 (2.9) 2.2 4.2 395.0
Low detection in the populationa

c-HCH 11 (4.5) – – – 2 (0.8) – – –

Endrin Aldehyde 8 (3.3) – – – 4 (1.6) – – –

2,40-DDT 4 (1.6) – – – 1 (0.4) – – –

a-HCH 4 (1.6) – – – 5 (2.1) – – –

Aldrin 2 (0.8) – – – 6 (2.5) – – –

Endosulfan Sulfate 1 (0.4) – – – 5 (2.1) – – –

d-HCH 1 (0.4) – – – 0 (0) – – –

2,40-DDD 0 (0) – – – 2 (0.8) – – –

2,40-DDE 0 (0) – – – 2 (0.8) – – –

4,40-DDD 0 (0) – – – 2 (0.8) – – –

Endrin 0 (0) – – – 1 (0.4) – – –

Endrin Ketone 0 (0) – – – 0 (0) – – –

Methoxychlor 0 (0) – – – 0 (0) – – –

Toxaphene 0 (0) – – – 0 (0) – – –

aLow detection of OCP levels is defined as OCPs with too few measurable samples (i.e. <5%).

Table 3. Spearman rank-order correlation matrix for cases and controls using self-reported total years of exposure to residential
pesticides.

4,4’-DDE Hexachloro-benzene trans-Nonachlor b-Endosulfan a-Endosulfan Oxychlordane

Cases (Coefficient�, P value ��, Number of observations���)
Insecticides in the home �0.27 0.17 0.24 0.077 0.093 0.25

��0.001 0.042 0.003 0.36 0.28 0.012
���146 146 144 141 137 97

Insecticides in the yard 0.28 0.23 0.30 0.086 0.033 0.20
0.001 0.008 <0.001 0.32 0.71 0.053
137 137 136 133 126 93

Herbicides 0.21 0.18 0.20 0.009 0.032 0.20
0.007 0.046 0.012 0.91 0.70 0.042
162 162 161 157 151 107

Chemical pet soaps 0.11 0.077 0.24 0.20 −0.044 0.26
0.25 0.43 0.014 0.042 0.67 0.030
106 106 104 101 99 70

Controls (Coefficient�, P value ��, Number of observations���)
Insecticides in the home �0.13 0.087 0.24 0.019 0.048 0.25

��0.094 0.25 0.001 0.81 0.57 0.002
���180 180 178 169 145 156

Insecticides in the yard 0.13 0.089 0.25 0.076 0.072 0.18
0.13 0.31 0.003 0.41 0.46 0.054
132 132 132 118 108 113

Herbicides 0.23 −0.007 0.24 0.11 0.095 0.19
0.002 0.93 0.002 0.19 0.28 0.027
167 167 164 148 133 138

Chemical pet soaps 0.22 0.12 0.21 0.056 0.002 0.27
0.027 0.24 0.030 0.59 0.99 0.010
105 105 104 99 81 90
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than many organic pollutants such as polychlori-
nated biphenyls (PCBs) and polybrominated
diphenyl ethers (PBDEs) (32).

Strengths and limitations

The National ALS Registry and Biorepository pro-
vided a unique opportunity to obtain both survey
data and serum for OCP analysis for our study.
We were able to use the same lab, methodology
and instrumentation for OCP measurement of
cases and controls. Additionally, we recruited a
population-based sample of controls matched to
cases which strengthened the generalizability of the
results.

The survey obtained self-reported occupational
and residential pesticide exposure history and
information on risk factors such as lead and sol-
vents. The individual data on duration (years) of
exposure to pesticides revealed a significant correl-
ation of self-reported duration of exposure to pesti-
cides serum levels with additional confirmation of
occupational exposure to lead and ALS risk. We
also noted an increased risk of ALS and gardening
over time.

Limitations include the lack of information on
the ages that participants self-reported personal,
environmental, and occupational exposures, pre-
venting analysis by time windows of exposures. It
is also possible that some individuals who self-
enrolled in the National ALS Registry were not
diagnosed with ALS which could result in nondif-
ferential classification of the exposure and bias the
results toward the null.

Moreover, particularly at the start of the
Registry, patients who joined the CDC Registry
may have been longer survival prevalent cases. Our

ALS study cases enrolled in the Registry from
2013-2018 and ALS survival is estimated to be on
average two to five years. We calculated years from
diagnosis of ALS to enrollment in the Registry and
determined that 79.4% reported diagnosis and
ALS registry survey completion within two years of
their diagnosis with an additional ten percent
within five years of diagnosis. The remaining ten
percent of registry cases represent those with lon-
ger survival which could have introduced bias.

However, one of the study’s main objectives
was to investigate persistent OCP serum levels and
its association with ALS; many OCPs have a have
long half-lives (DDE, DDT, 7 years, chlordane,
10 years) and are still used in other developed
countries and continues to accumulate in foods
(33,34). As most cases fall within this window for
capturing blood levels of these OCPs, we believe
the validity and integrity of the study has been
maintained with the original hypothesis and aims.

Another potential limitation is that this study
may not reflect a more standard ALS Cohort with
some socioeconomic bias regarding who partici-
pates. As this was a matched case control study,
controls were matched to cases by age, gender,
and region of the country; which helps control for
many potential confounding factors regarding the
potential exposures under investigation. Moreover,
education, a primary indicator of socioeconomic
bias was similar within comparison groups (the
cases had 34.2% with college graduation and
32.5% postgraduate compared to 39.2% of con-
trols with college education and postgraduate was
30.0% which is similar). In addition, the male:
female ratio of 61.7% and 38.3% is the same as
the national norm (35). We believe we have good
internal validity to perform the analyses.

Figure 1. Odds ratios for the Risk of ALS and OCPs.
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There was also no ability to compensate or
adjust for the prodromal or preclinical period.
Although the survey obtained self-reported years of
exposure to lawn, garden and residential applica-
tions of insecticides, herbicides, etc., the individual
compounds were not collected. We were not able
to adequately address occupational exposures due
to small numbers and lack of specificity in the
occupational history.

Conclusion

This study found significantly increased risk of
ALS with occupational exposures to lead as well as
residential pesticide use in the garden. Moreover,

three of the more heavily chlorinated serum OCPs,
oxychlordane, a-endosulfan, and heptachlor,
should be targeted for further investigation due to
their long half-lives and continued use abroad,
exerting possible neurotoxic health effects.
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Table 4. Occupational, residential, and avocational exposures to pesticides, solvents, and lead in 243 ALS cases and
matched controlsa.

Self-Reported Exposure
Duration of Exposureb

Survey: Self-reported Exposure Case/control pairs OR (95% CI) OR (95% CI)

Occupational Exposure
Ever Pesticides on jobc 226 0.80 (0.42, 1.50) –

Ever Solvent on jobd 228 1.27 (0.82, 1.97) –

Ever Lead on jobe 232 1.77 (1.11, 2.83) –

Residential Exposuref

Insecticides in home 230 0.56 (0.37, 0.84) 0.99 (0.98, 1.00)
Insecticides in lawn 229 1.32 (0.91, 1.91) 1.01 (1.00, 1.02)g

Herbicides in lawn or garden 231 1.03 (0.68, 1.56) 1.01 (1.00, 1.02)
Fungicides in home or
garden

230 1.09 (0.65, 1.82) 1.02 (0.99, 1.04)

Applied chemical soaps,
shampoos, dips, or powders
on a pet

233 1.03 (0.71, 1.50) 1.01 (1.00, 1.03)

Hobby Exposure
Ever Solvent with hobbyh 207 1.29 (0.80, 2.07) –

Ever Lead with hobbyi 204 1.53 (0.94, 2.50) –

Ever Gardening exposure j 210 1.57 (1.04, 2.37) –

Residential Characteristicsk

Live on a farm or ranch 218 0.83 (0.51, 1.34) 1.00 (0.99, 1.02)
Live within 1/4mile of
agricultural area that
sprayed with pesticides or
herbicides

157 0.82 (0.50, 1.35) 1.00 (0.98, 1.01)

Main source of drinking
water a private well

195 0.72 (0.46, 1.14) 0.99 (0.98, 1.00)

aAdjusted for smoking and education.
bDuration of Exposure¼ the age of last use to the age of first use minus the years of no use. No ORs (Odds Ratios)
available for occupational or hobby exposure as ever/never categories precluded assessment of duration and risk.

cAny job where handled herbicide, fungicide, insecticide, rodenticides, or fumigants for at least 100 days or more
during your lifetime.

dAny job where handled glue or adhesives, solvents and degreasers, unleaded gasoline, unleaded paint, and
formaldehyde for at least 100 days or more during your lifetime.

eAny job where soldered, welded, brazed or flame cut metals, exposed to metal dust or fumes, or handled leaded paint
or leaded gasoline for at least 100 days or more during your lifetime.

fResidential exposure: Ever personally handled pesticides from age 10 years old to the present.
gBorderline significant.
hSolvent hobby: Ever woodworked, repaired or restored old cars, built models using glue, or developed photographs
from age 10 years old to the present on a regular basis, for at least one hour each month for at least one year or
more.

iLead hobby: Ever made lead glazed pottery, used oil-based paint, or did home remodeling projects, metal work,
hunting, gun shooting at a range, casing bullets or reload ammunition, or fishing with lead weights from age 10 years
old to the present on a regular basis for at least one hour each month for at least one year or more.

jGardening hobby: Ever gardened from age 10 years old to the present on a regular basis, for at least one hour each
month for at least one year or more.

kResidences lived in for 6 months or more.
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