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The aim of this study was to examine the relationship between the risk of amyotrophic
lateral sclerosis (ALS) and exposure to rural environments. Studies were identified through
OVID MEDLINE and EMBASE search up to September 2013 using as keywords rural
residence, farmers, and pesticide exposure. Twenty-two studies were included for this
meta-analysis. Summary odds ratios (ORs) were calculated using random effect model by
type of exposure index, and subgroup analyses were conducted according to study design,

gender, region, case ascertainment, and exposure assessment. The risk of ALS was

Received: 8 May 2014
Accepted: 12 August 2014

significantly increased with pesticide exposure (OR, 1.44; 95% Cl, 1.22-1.70) and with

farmers (OR, 1.42; 95% Cl, 1.17-1.73), but was not significant with rural residence (OR,
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1.25; 95% Cl, 0.84-1.87). The risk estimates for subgroup analysis between pesticide
exposure and ALS indicated a significant positive association with men (OR, 1.96), and in
studies using El Escorial criteria for ALS definition (OR, 1.63) and expert judgment for
pesticide exposure (OR, 2.04) as well. No significant publication bias was observed. Our

findings support the association of pesticide exposure and an increased risk for ALS,
stressing that the use of more specific exposure information resulted in more significant

associations.

Keywords: Agriculture; Environmental Exposure; Farming; Meta-analysis;
Neurodegenerative Diseases; Occupations

INTRODUCTION

Amyotrophic lateral sclerosis (ALS) is a rapidly progressive de-
generative neurological disease. About 5%-10% of ALS is famil-
ial, with the remaining 90% of people diagnosed with ALS being
classified as having sporadic disease (1). Although several envi-
ronmental risk factors have been considered, the causes of ALS
are largely unknown. The association between ALS and expo-
sure to neurotoxic chemicals, such as solvents, pesticides and
metals, has been investigated in several epidemiologic studies
with inconsistent results (2, 3).

Pesticides are known to be important risk factors for ALS and
other neurodegenerative diseases such as Parkinson’s and Al-
zheimer’s (4). Although the biologic mechanisms contributing
to risk of ALS associated with exposure to pesticides are unknown,
many pesticides are considered as potential neurotoxins in var-
ious ways (5). In addition, an increased ALS risk with pesticide
exposure was also reported from alteration of paraoxonase 1
function, which detoxifies organophosphates (6). Recently, a
case of ALS was reported in Korea involving a worker at a waste
disposal site who had crushed glass pesticide bottles for for 15
yr (7).

Previous epidemiologic studies, however, have produced in-
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consistent results when examining the association of pesticides
and ALS. Exposure to pesticides has been reported to be associ-
ated with ALS risk in some investigations (8-10), but others have
found no relationship (3, 11-14). One possible explanation for
these inconsistencies may be low statistical power since the
number of cases available for study is typically limited in the
case of rare diseases such as ALS. Therefore, two meta-analyses
with regard to pesticide exposure and ALS have been conduct-
ed to date (15, 16). Kamel et al. (15) showed that occupational
exposure to pesticides as a group significantly increased (about
two-fold) the risk for ALS. Another study by Malek et al. (16)
also reported a roughly two-fold increase in risk of ALS among
men, but not among women.

Previous meta-analyses, however, only included studies of
pesticide exposure but excluded studies based on job title such
as a farmer or those based on living on a farm, both of which
would be used as important surrogate indices for pesticide ex-
posure. Since rural residence or aspects of agricultural activity
other than pesticide use may also serve as a potential risk factor
for ALS (13, 17-20), it is important to investigate the risk of ALS
with overall environments, from residence in rural area to pes-
ticide exposure.

The objectives of this meta-analysis, therefore, were to inves-
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tigate the overall scope of exposure to pesticides and rural envi-
ronments with the risk of ALS by including studies for broad
categories of exposure assessment categories such as rural resi-
dence, farmers, and pesticide exposure.

MATERIALS AND METHODS

Search strategy and selection criteria

We conducted systematic reviews for rural residence, farmers,
and pesticide exposure according to the MOOSE guidelines (21).
A search was performed in OVID MEDLINE and EMBASE up
to September 2013 using the medical subject headings (MeSH).
The search terms for ALS included ‘motor neurone disease,
‘amyotrophic lateral sclerosis, ‘Lou Gehrig disease, ‘Charcot
disease! These were combined with search terms for the expo-
sure which included ‘agrochemicals; ‘pesticide, ‘organophos-
phorus compounds, ‘insecticides; ‘cholinesterase inhibitors,
‘herbicides, ‘paraquat, ‘gramoxone;, ‘fungicide, ‘agriculture, ‘oc-
cupational exposure, ‘farmer, ‘farmworker, ‘rural residence,
‘rural environment’ We also scanned the bibliographies of rele-
vant articles in order to identify additional studies.

Studies included in our analysis were selected based on the
following inclusion criteria: 1) peer-reviewed cohort or case-
control studies; 2) studies which investigated the association
between rural residence, farmers or pesticide exposure and
amyotrophic lateral sclerosis; 3) reported outcome measures
with odds ratio (OR) or relative risk (RR) for ALS, or that provid-
ed the number of individuals; and 4) written in English. Review
articles, case reports, case-series, letters to editors, commentar-
ies, proceedings, laboratory science studies, and any non-rele-
vant studies were excluded from analysis.

Study identification and data extraction

As shown in Fig. 1, a total of 1,720 articles were obtained after
searching databases and references and performing a hand-
search. After excluding the duplicates (n = 434), the remaining
articles were reviewed (n = 1,286) and 1,220 articles were ex-
cluded for not meeting the selection criteria. The remaining 66
articles were selected for review of their entire content. Among
them, 44 were excluded for the following reasons: 25 were not
case-control or cohort studies, 17 provided insufficient data; no
control group (n = 7), no eligible exposure for rural living, farm-
er, pesticide (n = 4), and no eligible outcome for ALS (n = 6),
and two were duplicate articles. Therefore, a total of 22 studies
were included in our meta-analysis (3, 8, 9, 11-15, 17-20, 22-31).
When the study samples were overlapped in two or more arti-
cles, we selected the article with the most comprehensive pop-
ulation. Based on the predetermined selection criteria, two of
the authors independently selected all trials retrieved from the
databases and bibliographies. Disagreements between evalua-
tors were resolved through discussion or in consultation with a

http://dx.doi.org/10.3346/jkms.2014.29.12.1610

Articles identified through MEDLINE (n = 475), EMBASE (n = 1,219),
and bibliographies searched for relevant studies (n = 26)

Total retrieved: n = 1,720

—> 1,654 articles excluded
- Duplicate articles (n = 434)
- Irrelevant articles after screening title and abstract (n = 1,220)

A
Studies selected for review of entire article (n = 66)

> 44 articles excluded
- Not case-control or cohort study (n = 25)
- Insufficient data for calculation of OR (n = 17)
- No control group (n =7)
- No eligible exposure for rural living, farmer, pesticide (n = 4)
- No eligible outcome for ALS (n = 6)
- Duplicate articles (n = 2)

\
Studies included in meta-analysis (n = 22)

Fig. 1. Identification and selection of studies included in this meta-analyses.

third author. In the case of insufficient or missing data, they were
derived either from the text or tables or, when possible, calcu-
lated from the relevant data within the study.

Standardized data extraction forms were used to extract the
following data from the studies included in the final analysis:
name of the first author with year of publication, journal name,
country where the study was conducted, study design, diagnos-
tic criteria, definition of rural residence, farmer, and pesticide
exposure, adjusted factors, number of cases/controls or cohort
participants, and RR or OR with 95% confidence intervals (CIs).

Case ascertainment was based on using or not using El Esco-
rial criteria for diagnosis of ALS. The World Federation of Neu-
rology developed the El Escorial diagnostic criteria for ALS, which
have proven to be accurate in diagnosis of ALS using pathology
as a ‘gold standard’ and represents them as universal guidelines
for the diagnosis of ALS (32). Exposure assessment methods
were summarized into two categories (i.e., self-reported vs. ex-
pertjudgement).

Statistical analysis

Overall pooled estimates and their corresponding 95% CI were
obtained using DerSimonian and Laird random effects models
(33). If the article reported stratified estimates, the strata were
combined and the crude OR was recalculated (22, 26, 27, 31).
Available raw data were used in a 2 x 2 table to calculate the OR
and 95% CI in a study (20). As the incidence of ALS is low (i.e.,
1-3 per 100,000 persons per year), we assumed odds ratio to be
equal to relative risk. We conducted meta-analyses stratified by
rural residence, farmers, and pesticide exposure separately. Sub-
group analyses were performed according to the following char-
acteristics: 1) study design, 2) region (Europe, the USA, and oth-
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Table 1. Characteristics of studies included in the meta-analysis by type of exposure index

(A) Rural residence

First author, year Countrv Studv desian Case Exposure Exposure definition Number of cases/ Risk estimates
(Ref No.) y y desig ascertainment assessment P controls (95% Cl)
Granieri, 1988 (13) Italy Case-control ~ Medical records, Self-reported Ever lived in suburban areas and 72/216 1.8(1.1-3.1)
telephone surveys rural farming areas with < 5,000
inhabitants
Cruz, 1999 (25) USA Case-control ~ Medical records Self-reported Ever resided on a farm or ranch 174/348 0.8 (0.6-1.3)
Qureshi, 2006 (23) USA Case-control ~ Medical records Self-reported Living in rural area 95/106 0.74 (0.28-1.93)
Furby, 2010 (18) France  Case-control  El Escorial criteria Self-reported Living in area with < 8,000 108/122 1.350 (0.788-2.314)
inhabitants for the longest
period over their lifetimes
Das, 2012 (17) India Case-control  El Escorial criteria Self-reported Living in rural area for more than 110/240 1.99 (1.02-3.88)
10yr
(B) Farming occupation
First author, year ) Case Exposure . Number of cases/ Risk estimates
(Ref No.) LTIy S ST ascertainment assessment SEEUT SETIET controls (95% Cl)
Granieri, 1988 (13) ltaly ~ Case-control  Medical records, Self-reported Agricultural workers 72/216 1.8(1.0-3.2)
telephone surveys
Chio, 1991 (29) Italy  Case-control  Diagnosed MND with Clinical records ~ Farmers and breeders 512/512 1.6 (1.3-2.0)
strict clinical and elec-
tfromyogra-phyic criteria
Gunnarsson, 1991 (31)  Sweden Case-control  Death certificates Census records ~ Farm workers 1,375/1,434 1.17 (0.50-2.77)
(ICD*-8: 348.0)
Kalfakis, 1991 (20)  Greece Case-control  Diagnosis of ALS or MND Clinical records ~ Farmers 316/360 1.74 (1.28-2.38)°
Strickland, 1996 (30)  USA  Case-control ~ Active patients of ALS  Self-reported Farming occupation 25/50 0.2 (0.02-1.6)
clinic
Park, 2005 (19) USA  Case-control  Death certificates Expert judgment Al farm-related occupation (BOC®  6,347/2,607,999  1.20 (1.02-1.41)
(ICD-9: 335.2) occupation code: 473-477, 479,
483-489
Sutedja, 2007 (27)  Netherlands Case-control  El Escorial criteria Self-reported Skilled agricultural and fishery 364/482 0.93 (0.36-2.44)
workers
Fang, 2009 (26) USA  Case-control  El Escorial criteria Self-reported Farming, forestry, and fishing 109/253 1.0 (0.2-4.2)
occupation
Furby, 2010 (18) France  Case-control  El Escorial criteria Self-reported Market-oriented skilled agricultural 108/122 2.884 (1.274-6.530)
workers
Das, 2012 (17) India  Case-control  El Escorial criteria Self-reported Farming occupation 110/240 1.07 (0.62-1.85)
3nternational Classification of Disease; °Bureau of the Census; ‘Calculated by case and control numbers.
(C) Pesticide exposure
First author, year . Case Exposure . Number of cases/ Risk estimates
(Ref No.) BRI S EEIE ascertainment assessment BB o controls (95% ClI)
Deapen, 1986 (28) USA  Case-control  Voluntary ALS patient  Self-reported Occupational exposure to pesticides 518/518 2.0(0.8-5.4)
registries
Granieri, 1988 (13) ltaly ~ Case-control  Medical records, Self-reported Previous continuous exposure to ag- 72/216 1.0 (0.5-1.9)
telephone surveys ricultural chemicals during work
Savettieri, 1991 (11) ltaly ~ Case-control  ALS cases reviewed by  Interview Continual exposure to agricultural 46/92 3.0(0.4-20.3)
two senior neurologists chemicals
Gunnarsson, Sweden Case-control  Medical records Self-reported Occupationally exposed to pesticides 92/372 1.1(0.2-5.32
1992 (14) and insecticides
Chancellor, Scotland Case-control ~ Scottish MND register  Self-reported Ever used insecticides or pesticides 103/103 1.4 (0.6-3.1)
1993 (12) as part of subject’s occupation
McGuire, 1997 (9) USA  Case-control  ALS surveillance system Expert judgment  Ever exposed to agricultural chemi- 174/348 2.0(1.1-3.5)
cals
Burns, 2001 (24) USA  Cohort Death certificates Expert judgment  Manufacture or formulation of 2,4-D 3/40,600 3.45 (1.10-11.11)°
(ICD"-8: 348.0)
Park, 2005 (19) USA Case-control  Death certificates Expert judgment  Pesticide exposed occupation (BOC®  6,347/2,607,999  1.20 (1.02-1.41)

(10D-9: 335.2)

occupation code: 473, 474, 477,
479, 483-489)
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Table 1. (C) (continued )

First author, year Country  Study design Case Exposure Exposure definition Number of cases/ Risk estimates
(Ref No.) ascertainment assessment controls (95% Cl)
Fang, 2009 (26) USA  Case-control  El Escorial criteria Self-reported Exposed > 10 times to insecticides/ 109/253 0.97 (0.56-1.67)
herbicides/fungicides on any of
subjects’ jobs
Weisskopf, 2009 (3) USA  Cohort National Death Index Self-reported Currently exposed or had been 1,156/13,578,000 1.07 (0.79-1.43)
(ICD-9: 335.2, ICD-10: regularly exposed to pesticides/ person-year
G12.2) herbicides
Bonvicini, 2010 (8) ltaly ~ Case-control  El Escorial criteria Expert judgment  Occupational exposure to pesticides 41/82 4.7 (1.4-15.5)
Furby, 2010 (18) France  Case-control  El Escorial criteria Self-reported Exposure to agricultural chemicals 108/122 3.043 (1.194-7.756)
during work or leisure activities
Pamphlett, 2012 Australia Case-control  EI Escorial criteria Self-reported Ever exposed to herbicides or 614/778 1.60 (1.28-2.01)
(22) pesticides
Kamel, 2012 (15) USA  Cohort Death certificates Self-reported Ever personally mixed or applied 41/84,698 1.1 (0.4-3.0)
pesticides
Das, 2012 (17) India  Case-control  El Escorial criteria Self-reported Exposure to insecticides/pesticides 110/240 1.61(1.27-1.99)

> 3 hours a day for > 3 months in
a year for the last 10 yr

“Risk estimates among males only; "International Classification of Disease; “Bureau of the Census.

Table 2. Summary estimates and heterogeneity for meta-analyses of studies by type of exposure index and subgroups

Rural residence

Farming occupation

Pesticide exposure

Characteristics Summary estimates Heterogeneity Summary estimates Heterogeneity Summary estimates Heterogeneity
a2 OR(95%C) Poorm %% ORESHO) poor 10 oREs%C) PP

Total 5 1.25(0.84-1.88)  0.042 59.7 10 142(1.17-1.73)  0.077 4241 15 1.44(1.22-1.70)  0.048 41.2
Design

Case-control 5 1.25(0.84-1.88)  0.042 59.7 10  142(1.17-1.73)  0.077 4241 12 1.49(1.24-1.78)  0.077 39.6

Cohort 0 - - - 0 - - 3  1.35(0.74-2.47) 0157 46.0
Region

Europe 2 1.57(1.08-2.28)  0.451 0.0 6 1.65(1.40-1.93) 0540 0.0 6 1.81(1.07-3.05)  0.188 33.0

USA 2 0.79(0.55-1.13)  0.883 0.0 3 1.02(0.55-1.92) 0.272 232 7 1.26(1.03-1.55 0.207 289

Other 1 1.99 (1.02-3.88) - - 1 1.07 (0.62-1.85) - - 2 161(1.37-1.88) 0969 0.0
Gender

Male 0 - - 2 1.49 (0.91-2.47) 0279 147 ) 1.96 (1.50-2.55) 0426 0.0

Female 0 - - 2 0.74 (0.34-1.62) 0.711 0.0 3] 1.42 (1.04-1.96) 0649 0.0
Case ascertainment

El Escorial criteria (+) 2 157 (1.03-239) 0375 0.0 4 135(0.78-2.31) 0.193 365 5 1.63(1.24-2.13)  0.087 50.8

El Escorial criteria () 3 1.06 (0.58-1.93)  0.038 69.5 6 1.45(1.16-1.80) 0.057 535 10  1.23(1.08-1.40) 0435 0.2
Exposure assessment®

Self-reported 5 1.25(0.84-1.88)  0.042 59.7 9 153(1.25-1.88) 0.264 20.2 11 1.40(1.19-1.66)  0.246 20.8

Expert judgment 0 - - - 1 1.20 (1.02-1.41) - - 4 204(1.12-3.70) 0.017 70.6

“Self-reported includes response through interview or questionnaire and records from census or hospital data. Expert judgment means evaluating the status of exposure or sub-

jects” occupation by panel based on subjects’ occupational history or census records.

ers including Australia and India), 3) gender, 4) case ascertain-
ment (El Escorial criteria or not), 5) exposure assessment (self-
reported or expert judgment).

Between-study heterogeneity was assessed using the Coch-
ran’s Q and Higgins' I statistics. Q-statistic P value of < 0.1 was
considered statistically significant and I* of 25, 50, or 75 indi-
cates low, medium, or high heterogeneity, respectively (34). We
estimated publication bias by using Begg'’s funnel plot (35) and
Egger’s test (36). In addition, contour-enhanced funnel plots
were performed in order to aid the interpretation of the funnel
plot. Although publication bias for pesticide exposure was not
significant for Egger’s test (P = 0.09), asymmetry in the funnel

http://dx.doi.org/10.3346/jkms.2014.29.12.1610

plot was observed and trim and fill analyses were therefore per-
formed (37). We used the Stata SE version 12.0 software pack-
age for statistical analysis (StataCorp, College Station, TX, USA).

Ethics statement

This study analyzed publicly available data, and thus protocol
review was unnecessary.

RESULTS

The study included a total of 19 case-control studies (8, 9, 11-14,
17-20, 22, 23, 25-31) and three cohort studies (3, 15, 24) (Table 1).
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Author (year) (Ref. No.)

0Odds Ratio (95% CI) % Weight

(A) Rural residence .
Granieri (1988) (13) —— 1.80 (1.07-3.02) 2225
Cruz (1999) (25) —a | 080(0541.18) 2655
Qureshi (2006) (23) —_—— 074(028194) 1169
Furby (2010) (18) 4 135(0.792.31) 2161
Das (2012) (17) — 1.99 (1.02-3.88) 17.91
Total (I-squared = 59.7%, P= 0.042) <> 1.25(0.84-1.87)  100.00
1
(B) Farming occupation :
Granieri (1988) (13) —t-— 1.80(1.01-3.22) 832
Chio (1991) (29) ’,l- 1.60 (1.29-1.98) 23.14
Gunnarsson (1991) (31) —_— 1.17 (0.50-2.75) 4.46
Kalfakis (1991) (20) ‘I-l— 1.74 (1.28-2.37) 17.75
Strickland (1996) (30)< T 0.20 (0.02-1.79) 0.77
Park (2005) (19) -‘I 1.20 (1.02-1.41) 26.39
Sutedija (2007) (27) —_—r 0.93(0.36-242) 3.67
Fang (2009) (26) —:— 1.00 (0.22-4.58) 1.56
Furby (2010) (18) R 2.88 (1.27-6.53) 483
Das (2012) (17) —_—p 1.07 (0.62-1.85) 9.11
Total (I-squared =42.1%, p=0.077) d) 142 (1.171.73) 100.00
1
(C) Pesticide exposure H
Deapen (1986) (28) ——:—'— 2.00(0.77-5.20) 272
Granieri (1988) (13) e 1.00 (0.51-1.95) 495
Savettieri (1991) (11) : 3.00 (0.42-21.37) 0.71
Gunnarsson (1992) (14) E— 1.10 (0.21-5.66) 1.00
Chancellor (1993) (12) —_— 1.40 (0.62-3.18) 353
McGuire (1997) (9) —— 2.00(1.12-3.57) 6.15
Burns (2001) (24) —_— 3.45 (1.09-10.96) 192
Park (2005) (19) |- 1.20 (1.02-1.41) 19.09
Fang (2009) (26) —_— 0.97 (0.56-1.68) 6.69
Weisskopf (2009) (3) —l—: 1.07 (0.80-1.44) 13.44
Bonvicini (2010) (8) e 470 (1.41-15.64) 179
Furby (2010) (18) J,—O— 3.04 (1.19-7.76) 282
Das (2012) (17) - 1.60 (1.28-2.00) 16.34
Kamel (2012) (15) —-—{— 1.10 (0.40-3.01) 247
Pamphlett (2012) (22) - 1.61(1.29-2.02) 16.39
Total (I-squared =41.2%, p=0.048) 4} 1.44 (1.22-1.70) 100.00
. 1
1
E Fig. 2. Forest plot according to type of exposure
index: (A) Rural residence, (B) Farming occupa-

0224 0Odds Ratios

The studies were conducted mainly in Europe or the USA, with
the exception of one Indian and one Australian study. Among
the total studies, three (13, 17, 18) had data for rural residence,
farming occupation, and pesticide exposure and two (19, 26)
included data for farming occupation and pesticide exposure.
Thus, a total of 30 risk estimates were used for meta-analyses.
They include five case-control studies for rural residence (13,
17, 18, 23, 25), ten case-control studies for farming occupation
(13, 17-20, 26, 27, 29-31), and 15 studies for pesticide exposure;
three cohorts (3, 15, 24) and 12 case-control studies (8, 9, 11-14,
17-19, 22, 26, 28). El Escorial criteria were used in six studies (8,
17, 18, 22, 26, 27) and pesticide exposure was defined by expert
judgment in four studies (8, 9, 19, 24).

The risk of ALS was significantly increased with pesticide ex-
posure (OR, 1.44; 95% CI, 1.22-1.70) and with farming occupa-
tion (OR, 1.42; 95% CI, 1.17-1.73), but was not significant for ru-
ral residence (Table 2). Individual estimates from 22 studies and
their overall pooled ORs for rural residence, farming occupation,
and pesticide exposure are presented in the forest plot separate-
ly in Fig. 2. In subgroup analysis, pesticide exposure showed a
significantly increased risk of ALS for studies with case-control
design (OR, 1.49), among males (OR, 1.96) and with applied ex-
pert judgment exposure assessment (OR, 2.04). Results of the Q

1614  http://jkms.org

tion, (C) Pesticide exposure.

test and I* statistics were significantly heterogeneous for total
studies but not significant when sub-group analyses were con-
ducted by region or gender. No evidence of publication bias
was observed for all three exposure indices, but the plot was a
slightly asymmetric in contour-enhanced funnel plot at pesti-
cide exposure index (Fig. 3). After trim and fill analyses, ORs for
pesticide exposure were still significant (OR, 1.40; 95% CI, 1.10-
1.79) (data not shown).

DISCUSSION

Our findings from the meta-analysis support an association be-
tween pesticide exposure and ALS. The increased risks of ALS
were consistent by study deign, country, gender, ALS definition,
and type of exposure assessment. However, the risk for ALS was
not significantly increased by rural residence. The estimates for
ALS had a tendency to be significant as the order of accuracy
for pesticide exposure indicators, and the risks were higher in
men, in studies using El Escorial criteria and in those using ex-
pert judgment, compared to their counterparts. The lack of sig-
nificant evidence of publication bias supports the robustness of
our conclusions.

Our results were consistent with previously published meta-

http://dx.doi.org/10.3346/jkms.2014.29.12.1610
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Fig. 3. Contour-enhanced funnel plot according to type of exposure index: (A) Rural
residence, (B) Farming occupation, (C) Pesticide exposure.

analyses, which reported an association between pesticide ex-
posure and ALS (15, 16). However, our increased risk both men
and women were different with a previous study (16) which re-
ported that the significant association was found only among
men. In addition, our results showed that the ORs for ALS be-
came significant in the order of rural residence, farmer, and
pesticide exposure, which was the order of accuracy for pesti-
cide exposure indicators, and statistical significance was found
both for farming occupation and pesticide exposure. The infor-
mation on rural residence is a crude measure of pesticide expo-
sure because not all rural residents are farmers nor are exposed

http://dx.doi.org/10.3346/jkms.2014.29.12.1610

to farming, and not all farmers actually use pesticides (38). Ru-
ral residents may also be exposed to physical, chemical or bio-
logical factors other than pesticides. Since rural residence or
farmer are a wider category of exposure than pesticide, using
rural living or farmer as an indicator for pesticide exposure may
underestimate the risk of association with pesticide exposure.
Similarly, no significant association between childhood leuke-
mia and parental occupational exposure was observed when
farming/agricultural work was used as a surrogate for pesticide
exposure, whereas significantly increased risks were observed
when specific use of pesticides by the parents was considered
(39).

When using El Escorial criteria for case ascertainment, ORs
for ALS tend to be higher than when not used. This may be ex-
plained by the assertion that clarifying case ascertainment by
using El Escorial criteria allows greater precision in the diagno-
sis of ALS which may impact these effects. Similarly, the OR for
ALS was higher when expert judgement was used for exposure
assessment compared to self-reported interviews or question-
naires. Although self-reported information may provide detailed
data at the individual level, exposure misclassification from re-
call bias or reliability issues are always of concern. Expert judg-
ment by using job title and occupational history creates greater
precision in exposure assessment, despite the fact that it might
also result in non-differential exposure misclassification (40).
Therefore, our findings may stress the importance of using more
objective information for defining disease and exposure in epi-
demiologic studies.

Men had a higher risk for ALS than women in regard to pesti-
cide exposure, although the confidence intervals were overlapp-
ed. This discrepancy by gender was also observed in a previous
meta-analysis (16) and a study from India (17). This gender dis-
crepancy included in these studies may partly be explained as
men having different features of occupational exposure to pes-
ticides, for example their being exposed to pesticide more fre-
quently or in larger amounts when they use pesticide, or being
influenced by sex-related factors.

The possible factors leading to the different risks of ALS and
pesticide exposure among countries may include differences in
the amounts, pattern, and methods of pesticide use, as well as
by genetics. We have considered all pesticides as a single expo-
sure category although pesticides include many different chem-
icals. However, few studies investigated individual pesticides,
their exposure duration or intensity; therefore, we were not able
to do subgroup analysis on these issues. Possible interaction
among pesticides and genetic factors may also potentiate the
different results from countries. Future studies with more de-
tailed information on pesticide use and other potential risk fac-
tors are needed to clarify this issue. Further studies for non-oc-
cupational pesticide exposure are also needed to describe the
full scope of association with pesticide exposure and ALS.
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This study has other important limitations. First, the original
studies included in this meta-analysis had adjusted for limited
potential confounding factors. However, majority of studies in-
cluded cases and controls of similar demographic characteris-
tics, thus the association between ALS and exposures would
not be expected substantially to change by uncontrolled con-
founding factors. Subgroup analyses by confounding factors
were also limited due to few studies adjusted for same factors.
Second, publication bias might influence the results of meta-
analysis. However, the present analysis did not appear to be
hampered by publication bias, since there was no evidence of
publication bias as observed by Begg’s funnel plot and Egger’s
test. Duval and Tweedie’s trim and fill analyses also provided
an adjusted estimate of the effect of pesticide exposure on ALS
and revealed that there was still significant risk of ALS with pes-
ticide exposure (37). Heterogeneity may be inevitable in meta-
analysis, but sub-group analyses showed consistent positive as-
sociations with pesticide exposure and the risk of ALS.

Despite some limitation in terms of detailed information on
pesticide exposure, our findings from the meta-analysis of 19
case-control and three cohort studies support an association
between pesticide exposure and ALS, but not for rural residence.
These meta-analyses present overall scopes of categories for
exposure to pesticide and/or rural environment assessment
such as rural residence, farming occupation, and pesticide ex-
posure, which help us to more comprehensively understand
the relation between ALS and exposure to pesticides. Consider-
ing that farmers are commonly frequently exposed to pesticides
at a high level, it is important to recommend lowering exposure
to pesticides in order to reduce the risk of development of ALS.
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