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Abstract
Our objectives were to summarize literature on the association of amyotrophic lateral sclerosis
(ALS) with pesticides as a group and to evaluate associations of ALS with specific pesticides. We
conducted a meta-analysis of published studies of ALS and pesticides as a group and investigated
the association of ALS with specific pesticides, using data from the Agricultural Health Study
(AHS), a cohort including 84,739 private pesticide applicators and spouses. AHS participants
provided information on pesticide use at enrollment in 1993-1997. In mortality data collected
through February, 2010, ALS was recorded on death certificates of 41 individuals whom we
compared to the remaining cohort (controls), using unconditional logistic regression adjusted for
age and gender to calculate odds ratios (ORs) and 95% confidence intervals. In the meta-analysis,
ALS was associated with use of pesticides as a group (1.9, 1.1-3.1). In the AHS, ALS was not
associated with pesticides as a group, but was associated with use of organochlorine insecticides
(OCs) (1.6, 0.8-3.5), pyrethroids (1.4, 0.6-3.4), herbicides (1.6, 0.7-3.7), and fumigants (1.8,
0.8-3.9). ORs were elevated for ever use of the specific OCs aldrin (2.1, 0.8-5.1), dieldrin (2.6,
0.9-7.3), DDT (2.1, 0.9-5.0), and toxaphene (2.0, 0.8-4.9). None of these associations was
statistically significant. Similar results were observed in an analysis restricted to men. In
conclusion, the meta-analysis suggests that ALS risk is associated with use of pesticides as a
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group, and our analysis of AHS data points to OC use in particular. The latter results are novel but
based on a small number of cases and require replication in other populations.
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amyotrophic lateral sclerosis; motor neuron disease; cohort study; meta-analysis; pesticides;
organochlorine insecticides

1. INTRODUCTION
ALS is a rapidly progressive neurodegenerative disease affecting motor neurons in the brain
and spinal cord, with symptoms including muscular weakness, spasticity, and hyperreflexia.
The condition is rare, with an annual incidence of 1 to 2 per 100,000; incidence is greater in
men and increases with age.

The etiology of ALS is not well understood. Approximately 10% of ALS cases have a
family history of ALS, likely involving genetic factors. Environmental factors including
metals, organic solvents, and pesticides may also contribute to ALS (Sutedja et al, 2009).
Exposure to pesticides as a group has been explicitly evaluated in seven case-control studies
(Bonvicini et al, 2010; Chancellor et al, 1993; Deapen and Henderson, 1986; Gunnarsson et
al, 1992; McGuire et al 1997; Morahan and Pamphlett, 2006; Savatierri et al, 1991) and one
cohort study (Weisskopf et al, 2009b); exposure was generally associated with increased risk
in the case-control studies although the relationship was not always statistically significant.
None of these studies evaluated the role of specific pesticides in ALS etiology.

To summarize existing findings, we conducted a meta-analysis of published studies of ALS
and exposure to pesticides as a group. We then evaluated the association of ALS with
specific pesticides, using data from the Agricultural Health Study (AHS), a cohort of
licensed pesticide applicators and their spouses. Our study provides the first analytic
evaluation of the role of specific pesticides in ALS.

2. MATERIALS AND METHODS
2.1. Exposure to pesticides as a group: Meta-analysis of published studies

We searched for epidemiologic studies of ALS and pesticide exposure in Medline through
December 31, 2011, using the MeSH terms “amyotrophic lateral sclerosis,” “motor neuron
disease,” and “pesticides.” We also searched the bibliographies of retrieved articles. All
identified case-control and cohort studies with information on pesticide use were included in
the analysis (Bonvicini et al, 2010; Chancellor et al, 1993; Deapen and Henderson, 1986;
Gunnarsson et al, 1992; McGuire et al 1997; Morahan and Pamphlett, 2006; Savatierri et al,
1991; Weisskopf et al, 2009b). We regarded studies as random effects and estimated
summary ORs using mixed-model analysis of variance (Normand 1999) unless a
preliminary test showed no evidence of study-to-study heterogeneity in relative risk
estimates (i.e., p>0.40), whereupon we used fixed-effects analysis of variance.

2.2. Exposure to specific pesticides: Study of the AHS cohort
The cohort was enrolled in 1993 to 1997 in Iowa and North Carolina (Alavanja et al, 1996)
and included 52,394 private pesticide applicators (mostly farmers) and 32,345 of their
spouses. Most applicators were men (97%), most spouses were women (99%), and most of
the cohort was white and not Hispanic (99%). Applicators enrolled by completing a
questionnaire at pesticide licensing sites, and spouses enrolled by completing a
questionnaire at home. Some applicators (~42%) completed a supplemental questionnaire at
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home. The questionnaires collected information on lifetime pesticide use as well as
demographics, lifestyle, and medical history
(http://aghealth.nci.nih.gov/questionnaires.html). Personally applying pesticides was
reported by both applicators (99%) and spouses (56%). Mortality data were available for the
cohort through February 7, 2010, from state mortality files and the National Death Index.
The study was approved by IRBs at all participating institutions, and all cohort members
provided informed consent.

We identified 41 individuals with ALS on their death certificates, 37 as the underlying and 4
as a contributing cause of death. Medical records of seven of the 41 were available for
review by the study neurologist (RSB) using published criteria (Brooks et al, 2000); five
were diagnosed with ALS (one definite, two probable, and two possible) and one with
progressive bulbar palsy; one was indeterminate. Based on this validation, and because
death certificates are a reliable source of information on ALS (Kamel et al, 2008), we
defined cases as individuals with ALS on their death certificates. Remaining cohort
members without ALS served as controls.

Cohort members provided information on ever use and on years and days per year of use of
any pesticide. We used this information to calculate total lifetime days of use of any
pesticide, dichotomized as minimal use (≤25 lifetime days) or greater than minimal use (>25
days). Cohort members also provided information on ever use of 50 specific pesticides
which we used to construct variables for ever use of pesticides in functional and chemical
classes. We also evaluated 29 specific pesticides used by at least 5 cases. For each exposure
variable, we compared individuals who were or were not exposed.

We compared the 41 ALS cases to the remaining 84,698 AHS cohort members without ALS
(controls), using unconditional logistic regression to calculate odds ratios (ORs) and 95%
confidence intervals (CIs). We adjusted all models for age and gender. Some models were
also adjusted for cigarette smoking (ever/never), education (≤high school vs >high school),
state (Iowa vs North Carolina), or head injury (ever/never). We conducted an additional
analysis excluding two cases who died within two years of enrollment in the AHS, as they
may have already had ALS, and another analysis restricted to individuals at least 60 years
old, to address the possibility of uncontrolled confounding by age. To adjust for correlated
use of organochlorine insecticides (OCs), for each specific OC we created a variable
representing ever use of any other OC and ran models including both this variable and the
specific OC. All analyses were conducted with SAS 9.2 (Cary, NC) using AHS data releases
P1REL20100501, P2REL20100700.02, and P3REL1000_00.

3. RESULTS
Studies included in the meta-analysis (Table 1, Figure 1) evaluated occupational exposure to
pesticides as a group, usually with some minimal criterion for ever use, eg, regular use and/
or use for some minimal period. Relative risks for pesticide use ranged from 1.1 to 4.7. We
saw little evidence of heterogeneity among the seven case-control studies (p>0.8); the
summary OR for pesticide use was 2.2 (95% CI, 1.5-3.3). Inclusion of the cohort study,
which introduced some heterogeneity (p=0.17), yielded a slightly lower summary OR of 1.9
(1.1-3.1).

In the AHS, gender, state, education and smoking history were similar in ALS cases and
controls; as expected, cases were older than controls (Table 2). Race/ethnicity and alcohol
use were similar in cases and controls (data not shown). Similar proportions of cases and
controls had ever personally used pesticides as a group or had used pesticides as a group
more than minimally (>25 lifetime days) (Table 2). Inclusion of the present study in the
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meta-analysis slightly reduced the ORs for use of pesticides as a group: the summary ORs
were 2.0 (1.4-3.1) without and 1.8 (1.1-2.8) with the published cohort study.

Cases were more likely than controls to have ever used grouped OCs, pyrethroids,
herbicides, or fumigants (Table 3). Among 29 specific pesticides used by at least five cases
(Table 4), ORs were ≥1.0 for all OCs while ORs for pesticides in other chemical or
functional groups were more variable. In particular, ORs were ≥2.0 for the OCs aldrin,
dieldrin, DDT, and toxaphene. None of these associations was statistically significant.
Further adjustment for state, education, or cigarette smoking, or exclusion of two cases who
died within two years of enrollment did not materially alter associations with OCs as a
group, aldrin, dieldrin, DDT or toxaphene. In analyses restricted to individuals at least 60
years old, ORs were elevated for aldrin (1.8), dieldrin (2.6), and toxaphene (3.9), but not for
DDT (0.8) or OCs as a group (1.3). In analyses restricted to men, ORs were elevated for
OCs as a group (2.0), aldrin (2.4), dieldrin (3.0), DDT (2.4), and toxaphene (2.2); too few
female cases had used pesticides to analyze separately.

Information on cumulative lifetime use of specific pesticides was limited. We evaluated
exposure-response trends for nine herbicides and one insecticide for which there were at
least 10 exposed cases; this category did not include any of the OC insecticides. We found
no significant trends (data not shown).

Because ALS was associated primarily with OCs, we compared characteristics of
individuals who did or did not use these pesticides. Users of OCs as a group, compared to
nonusers, were older (mean age 52 vs 45), more likely to be male (90% vs 49%), and more
likely to have ever smoked (50% vs 35%); education levels did not differ. Similar
differences were observed for aldrin, dieldrin, DDT, and toxaphene. Individuals who did or
did not use OCs as a group were equally likely to live in Iowa (64% vs 62%). However,
distributions by state differed for specific OCs: for aldrin and dieldrin, higher proportions of
users than nonusers lived in Iowa (79% vs 65-66%), while for DDT and toxaphene lower
proportions of users than nonusers lived in Iowa (48-55% vs 68-69%). None of these
differences explained the association of ALS with OC use.

Head injury, reported by only two cases, was not related to ALS. Adjustment for head injury
did not alter associations of OCs with ALS. No case reported a physician diagnosis of
pesticide, lead, or solvent poisoning or use of herbicides in the military.

4. DISCUSSION
We found that ALS risk was associated with use of OCs, pyrethroids, herbicides, and
fumigants but not other pesticide classes. Four specific OCs were also associated with ALS
risk: aldrin, dieldrin, DDT, and toxaphene. Although not statistically significant, these
associations provide leads for further investigation. Results were not materially changed by
adjustment for potential confounders including smoking or head injury, which may be risk
factors for ALS (Chen et al, 2007; Schmidt et al, 2010; Weisskopf et al, 2009a), and results
were similar in an analysis restricted to men.

Previous case-control studies have evaluated the role of exposure to pesticides as a group,
most finding ORs that were elevated although not always statistically significant (Table 1).
Exposure assessment in some of these studies was limited, consisting of a single question
(Bonvicini et al, 2010; Chancellor et al, 1993; Deapen and Henderson, 1986; Gunnarsson et
al, 1992; Savattieri et al, 1991). Although recall bias is a concern in small case-control
studies, particularly those with limited exposure assessment, studies with more detailed
exposure assessment also had positive findings. For example, a study based on industrial
hygienist evaluation of a complete occupational history (McGuire et al, 1997) found an
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overall association (OR 2.0) that was apparent in men (OR 2.4) but not in women (OR 0.9).
The association was stronger among men with greater exposure (OR 2.8) and appeared to be
confined to insecticides, but exposure to other pesticide classes was uncommon. Another
study (Morahan and Pamphlett, 2006) found that regular exposure was more strongly
associated with increased risk than ever exposure.

Only one previous cohort study (Weisskopf et al 2009b) has evaluated the relationship of
ALS to use of pesticides as a group, finding a weak association (OR 1.1) similar to that
reported here. Results from these two cohort studies may suggest that the associations
reported by the case-control studies due to bias, but alternative explanations exist.
Weisskopf et al (2009b) adjusted for all neurotoxic exposures, a strategy that may have
resulted in over-control, while the absence of associations of ALS risk with use of pesticides
as a group in the AHS is potentially related to the fact that in this agricultural cohort
essentially all men and more than half of the women had used at least one pesticide, thus
limiting variability for this general measure. Future studies may help to resolve differences
related to study design.

In the meta-analysis we found statistically significant ORs between 1.8 and 2.2 depending
on which studies were included. The meta-analysis was limited by the small number of
studies, and by differences among studies in matching criteria, exposure metrics, and data
analytic methods, but there was little evidence of heterogeneity among the case-control
studies, and the meta-analytic association was statistically significant in all analyses. It is
possible that this finding is a result of publication bias, since studies may not publish
negative results if pesticide use was not a major focus, but the small number of published
studies precluded statistical evaluation of this possibility.

Pesticides differ in chemical structure and vary widely in neurotoxicity, so evaluating
pesticides as a group may obscure associations with specific pesticides. Fortunately, AHS
cohort members varied considerably in their use of particular pesticides, allowing us to
evaluate these specific exposures. Our results suggest that ALS is primarily related to use of
OCs. OC use has been largely discontinued in the United States and is therefore associated
with age, as is ALS. Although our models were adjusted for age, we cannot exclude the
possibility that the observed associations are related to uncontrolled confounding by age. In
individuals over the age of 60, ALS was no longer associated with DDT or with OCs as a
group, suggesting that the relationship observed in the entire cohort may be due to residual
confounding by age. However, even in this older subgroup ALS was associated with use of
aldrin, dieldrin, and toxaphene. Interestingly, Parkinson’s disease is also associated with
exposure to OCs in general (Hancock et al 2008; Elbaz et al 2009) as well as two specific
OCs, beta-hexachlorocyclohexane (Richardson et al, 2009) and dieldrin (Tanner et al, 2011;
Weisskopf et al, 2010).

Rural residence or aspects of agricultural activity other than pesticide use may be associated
with increased ALS risk, but AHS cohort members share these characteristics regardless of
exposure to particular pesticides. Thus these more general associations should not affect the
association of ALS with use of a particular pesticide.

Previous reports concerning specific pesticides consist of case reports describing ALS
occurring after exposure to a dithiocarbamate (Hoogenraad, 1988), OCs (Foncesca et al,
1993), pyrethroids (Doi et al, 2006), a mixture of an OC and a pyrethroid (Pall et al, 1987),
or the fumigant methyl bromide (Shaw, 2010). A cohort study found an excess of ALS cases
among manufacturing workers exposed to 2,4-D compared to other company employees,
based on 3 cases (Burns et al, 2001). Less direct evidence has implicated organophosphate
insecticides. For example, US veterans deployed to the first Persian Gulf war, reported to
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have increased risk of ALS (Horner et al, 2003), may have been highly exposed to
organophosphate insecticides or other cholinesterase inhibitors (Golumb, 2008). Some
studies have reported that ALS is associated with polymorphisms in the gene for
paraoxonase 1, which detoxifies organothiophosphates (Costa et al, 2005). A recent meta-
analysis found no relationship of ALS to coding polymorphisms in paraoxonase 1 (Wills et
al, 2009), but the role of polymorphisms in the promoter region remains an open question
(Landers et al, 2008). Increased ALS risk may also result from an interaction of paraoxonase
1 polymorphisms with pesticide exposure (Morahan et al, 2007; Kwee et al, 2009).
Interestingly, an upper motor neuron syndrome with some similarities to ALS was found in
individuals poisoned by triorthocresyl phosphate, a neurotoxic organophosphate
contaminating Jamaica ginger, an alcoholic drink used in the US in the 1930s during
Prohibition that caused “ginger jake” paralysis in thousands of US residents (Morgan and
Penovich, 1978). Nevertheless, we did not find an association of ALS risk with OP use in
the AHS cohort.

Because we conducted a mortality study, it is possible that the observed associations reflect
survival as well as etiology. The factors most consistently associated with ALS survival are
age, site of onset, and diagnostic delay [Ganesalingam et al, 2009]. We found little evidence
that age confounded or modified our results. No published information suggests that
pesticides affect site of onset or diagnostic delay, suggesting that these factors are not likely
to confound our results. It is of course possible that there is no association with pesticide use
in ALS cases with spinal onset or more slowly progressing disease, but we are unable to
address this possibility with our data.

The present study has important strengths, including its prospective design, its basis in a
farming population able to report exposure accurately, and its information on specific
pesticides and confounders. Its principal limitation is the small number of ALS cases, which
may have contributed to the lack of statistical significance for most associations. A larger
case group would also have permitted more detailed evaluation of exposure determinants
such as duration or intensity of use, application methods, or use of personal protective
equipment. However, given the rarity of ALS, few prospective studies are likely to have
both larger case groups and the detailed exposure information available for the AHS cohort.

4.1 Conclusions
Our meta-analysis suggests that ALS risk may be associated with use of pesticides as a
group, and our analysis of AHS data points to OC use in particular. The latter results are
novel but are based on a small number of cases and require replication in other populations.
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Highlights

• In a meta-analysis of 8 studies, ALS was associated with general pesticide
exposure

• In an agricultural cohort, ALS was associated with organochlorine insecticides

• Specific pesticides associated with ALS were aldrin, dieldrin, DDT, and
toxaphene
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Figure 1.
Meta-analysis of ALS risk and occupational use of pesticides as a group. Details of included
studies are presented in Table 1. The filled circles represent relative risks from individual
studies and the open diamonds represent meta-analytic results; the error bars show 95%
confidence intervals in both cases.
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