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ABSTRACT
Objectives: Examine associations between pesticide exposure and signs or symptoms of parkinsonism.
Methods: Prior to the 2014 pesticide spray season, the authors examined 38 active pesticide handlers
aged 35 to 65 (median: 43.5) who participated in the State of Washington’s cholinesterase monitoring
program in the Yakima Valley, where cholinesterase-inhibiting insecticides are applied in fruit orchards.
A movement disorder specialist assessed the workers using the Unified Parkinson’s Disease Rating Scale
(UPDRS) motor subscore 3 (UPDRS3). Participants also self-reported work and medical histories, includ-
ing the UPDRS activities of daily living subscore 2 (UPDRS2). The authors explored the relation between
these scores and lifetime occupational pesticide exposure while accounting for age. Results: All
participants were Hispanicmen born inMexicowho hadworked in agriculture for 4 to 43 years (median:
21 years, including 11 years applying pesticides, mostly in the United States). Ten participants (26%)
reported difficulty with one ormore UPDRS2 activities of daily living (maximum= 2), and nine (24%) had
a UPDRS3 >0 (maximum= 10). Themost common symptom and sign, respectively, were excess saliva (n
= 6) and action tremor (n = 5). UPDRS2 and UPDRS3 scores were unrelated to the number of years
applying pesticides, but UPDRS3, especially action tremor, was positively associated with living on or by
a farm. Conclusions: Symptoms and signs of parkinsonism were absent to mild in this small sample of
activeworkers who apply cholinesterase-inhibiting insecticides inWashington State, USA. Future studies
should be larger and examine older, retired workers with greater cumulative exposure to agricultural
pesticides at work and home, including other types of agricultural pesticides.
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Introduction

Parkinsonism (PS) is a relatively common movement
disorder characterized by rigidity, bradykinesia, tre-
mor, and postural instability. 1-Methyl-4-phenyl-
1,2,3,6-tetrahydropyridine (MPTP), a chemical that
is structurally similar to the herbicide paraquat, causes
PS in humans.1 Animal models of PS that employ
MPTP, paraquat, the insecticide rotenone, and the
fungicide maneb indicate that oxidative stress is the
underlying mechanism,2 suggesting that a variety of
pesticides, including more commonly used pesticides,
may contribute to PS. This includes the insecticide
chlorpyrifos, which may increase α-synuclein or its
aggregation in neurons.3 α-Synuclein is the hallmark
protein of the most common cause of PS, Parkinson’s
disease (PD). Occupational exposure to pesticides is
associated with an approximately 50% increased risk

of PD.4,5 However, epidemiologic evidence for asso-
ciations between PD and specific pesticides, including
chlorpyrifos, is mixed.6–9 One challenge is that PD is
uncommon, especially in working-aged individuals.
However, because PD likely develops over the course
of many years, signs and symptoms of PS may be
apparent long before diagnosis. Studies in which pes-
ticide-exposed workers have been examined for signs
of PS have been limited to workers exposed to
paraquat10 or maneb.11 In this study, we examined
agricultural pesticide handlers from apple orchards in
central Washington State, where insecticides such as
chlorpyrifos are much more commonly used.12 We
hypothesized that we might observe parkinsonian
symptoms and signs even in a contemporary sample
of active workers, as has been observed for workers
exposed to maneb11 or other sources of manganese.13
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Materials and methods

Study participants

All study participants provided oral informed con-
sent, and the University of Washington Institutional
Review Board approved all study procedures, prior
to contact with any workers potentially eligible for
the present study. All recruitment materials and
study protocols were designed to minimize any
potential effects of difficulty speaking English or
reading Spanish on subject recruitment or participa-
tion. Notably, the screening and recruitment script
(read out loud) was written at a seventh grade read-
ing level, and the informed consent formwas written
at a fifth grade reading level. In addition, bilingual
recruitment staff (M.N., P.P.) offered to read study
materials in English or Spanish to all potential parti-
cipants during the recruitment process.

To have a defined population and ensure that most
participants had substantial exposure to agricultural
pesticides such as chlorpyrifos, eligibility requirements
included (1) work in the coming season as a pesticide
handler in a fruit orchard and (2) current participation
in the State of Washington’s Cholinesterase
Monitoring Program. This statewide monitoring
program14 is an annual, mandatory (opt out) program
that obtains pre–spray season blood from approxi-
mately 90% of all pesticide applicators in the state
who anticipate applying cholinesterase-inhibiting
insecticides for >30 hours in any 30-day period that
year.We also required participants to be 35 to 65 years
of age to focus on active workers with pesticide expo-
sures of sufficient duration to be potentially related to
the development of PS signs and symptoms.

We identified workers who met the above elig-
ibility criteria at their baseline (pre–spray season)
visits to one of two clinics among the clinics partici-
pating in the statewide monitoring program, The
Healthy Worker and the Central Washington
Occupational Medicine clinics, in Yakima. In
February and March 2014, study staff (M.N., P.P.)
screened 238 potential participants from 20 work-
sites; 99 were ineligible, most because they were <35
years of age. Of the remaining 139 eligible workers,
70 (50%) agreed to participate. Each participant was
scheduled for an examination with a neurologist
specializing in movement disorders (S.-C.H.) on
one of two Saturdays in March at the Yakima offices
of the Pacific Northwest Agricultural Safety and

Health Center. Thirty-eight (54%) enrolled partici-
pants came to the examination scheduled with the
study neurologist. Most participants who were
scheduled on the first Saturday attended, whereas
most scheduled on the second Saturday did not.
Several enrolled participants who were scheduled
for the second Saturday but unable to come to their
examination appointment volunteered that they
were unable to come because they were asked to
work that day applying pesticides due to unexpect-
edly warm weather and low wind.

Assessment of agricultural pesticide exposure

At the time of enrollment, each participant also
received a structured questionnaire on medical
and agricultural work histories to complete at
home in Spanish. We wrote the questionnaire at a
fifth grade reading level, and multiple pages of the
questionnaire stated that participants could ask for
help in completing it. Bilingual staff (M.N., P.P.)
were also available to help participants complete the
questionnaire on the day of the examination.

We assessed agricultural pesticide exposure
through the take-home questionnaire. Because PS
often takes many years to develop, we focused on
cumulative occupational pesticide exposure, rather
than recent or acute exposures. Specifically, the ques-
tionnaire ascertained the number of years working
“at orchards, vineyards, greenhouses and farms that
grow crops such as food or flowers” (hereafter
“farm”) and the number of years they had applied
pesticides. Participants also reported the countries of
exposure, main crops, and use of personal protective
equipment (PPE). All participants completed this
questionnaire prior to the examination.

Assessment of parkinsonian symptoms and
medical history

The structured take-home questionnaire included
all questions from the validated Spanish language
version of Unified Parkinson’s Disease Rating
Scale (UPDRS)15 activities of daily living subscore
2 (UPDRS2) questionnaire. In active workers, we
anticipated minimal difficulties with activities of
daily living (few if any scores >1) and, therefore,
assessed each of these in a simplified yes/no (score:
0 vs. 1–4) format. The questionnaire also inquired
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about constipation in the past week, hyposmia,
and rapid eye movement (REM) sleep behavior
disorder (RBD), nonmotor conditions associated
with PD that may occur prior to PD diagnosis.16

We used simplified questions based on more
extensive batteries.17,18 Responses to these ques-
tions and the UPDRS2 questionnaire we hereafter
refer to as “symptoms” of PS.

The questionnaire also inquired about past and
current tobacco use, caffeine consumption, family
history of PD, and personal history of medication
use and conditions relevant to the assessment of PS.
These included musculoskeletal disorders (arthritis,
bone fracture, and spinal injury) and vascular
comorbidities (stroke, hypertension, heart disease,
and diabetes) that could affect the UPDRS3 score.

Assessment of parkinsonism and parkinsonian
signs

Aneurologist experienced inmovement disorders (S.-
C.H.) conducted all examinations in person with the
assistance of a certified interpreter (P.P.). The study
neurologist assessed participants for signs of PS,
including the UPDRS motor subscale 3 (UPDRS3).
This has been applied previously to worker cohorts as
described elsewhere13 and ascertains a variety of PS
signs, such as tremor, postural instability, rigidity,
bradykinesia, and abnormalities in gait, speech, and
expression. The neurologist also classified participants
as having PD, another type of PS, or neither. The
neurologist remained blinded to the participant’s
work history for the duration of the examination.

Statistical analysis

We used Stata version 11 (College Station, TX) to
assess the relation between cumulative agricultural
pesticide exposure and PS symptoms and signs.
Because we sampled participants from an actively
working population that is unlikely to exhibit
severe symptoms and signs of PS, we dichoto-
mized health outcomes: any versus no self-report
of symptoms (hyposmia, RBD, constipation, or
difficulty with UPDRS2 activities of daily living);
any versus no neurologist assessed signs of PS
(UPDRS3 >0); and any versus no symptoms and/
or signs. Our primary exposure variable of interest
was total years applying agricultural pesticides, but

we also considered total years working on a farm,
because some pesticide exposure while working on
a farm is likely. We used unconditional logistic
regression to assess the association between PS
outcomes and pesticide exposure to adjust for
age. We verified that models were not influenced
(>10%) by inclusion of current or past tobacco use,
regular consumption of caffeinated drinks, or resi-
dential proximity to a farm.

Results

Characteristics of participants

Participants ranged in age from 35 to 65 years
(median: 43.5; mean: 45.3, SD = 7.7 years). All
were Hispanic Caucasian men born in Mexico.
They had arrived in the United States at a median
age of 20 years. Only eight (21%) participants had
ever regularly used tobacco products, whereas most
(89%) drank caffeinated coffee, tea, or cola. None of
the participants reported a family history of PD.

Participants had worked on a farm for 4 to 41
years (median: 21 years). Workers had applied agri-
cultural pesticides for up to 41 years (median: 11
years). All but one worker had applied agricultural
pesticides for at least one prior spray season. Only
three workers had ever applied pesticides outside
the United States, and 86% of workers reported
usually or always wearing PPE. Most worked in
apple orchards, some in combination with pears,
cherries, or peaches. Only six (16%) participants
lived on or near a farm. The remainder lived >1
mile from a farm, most (73%) lived “in town.”

Occurrence of parkinsonian symptoms

When we considered workers’ responses to the ques-
tionnaire (i.e., self-report of symptoms), 13 workers
(34%) reported possibly being affected by symptoms
of PS/PD (Table 1). Ten workers (26%) reported that
in the past week they had difficulty with any of the 11
UPDRS2 activities of daily living. However, noworker
reported having difficulty with more than two activ-
ities, and themean simplified UPDRS2 score was only
0.29 (SD = 0.52). The most commonly reported
symptom from the UPDRS2 questionnaire was hav-
ing too much saliva when awake or asleep (n = 6
participants, 16%). Difficulty with swallowing (n =
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1), speech (n = 1), or getting out of bed (n = 3) were
also noted on the UPDRS2 questionnaire. Six workers
(three with UPDRS2 >0; three with UPDRS2 = 0)
reported one or more of the following three potential
symptoms of PD: constipation in the past week, RBD,
or problems with sense of smell. The presence of one
or more of these symptoms was associated with too
much saliva (Fisher’s exact P = .04).

Occurrence of parkinsonian signs

Based on neurologist observation of PS/PD signs,
nine participants (24%) had at least one sign of PS,
that is a neurologist-assessed UPDRS3 >0
(Table 1). The maximum was 10, and the mean
was 0.76 (SD = 1.95). The most common sign was
action tremor, which affected five participants
(13%). All five had mild bilateral action tremor,
likely enhanced physiological tremor or essential
tremor. No participants had rest tremor or diffi-
culties with speech, expression, arising from a

chair, gait, or postural instability. Four participants
(11%) had some motor slowness (nonzero score
on measures of bradykinesia), although only one
was definitive enough to be deemed to have true
bradykinesia. Only one worker had rigidity, which
was mild. The study neurologist classified none of
the 38 workers as having PD or definite PS based
on the examination.

Predictors of parkinsonian symptoms and signs

Only half of the workers had any signs or symptoms
of PS, and only three (8%) had both (Table 1). There
was no indication that having either or both was less
common among never tobacco users than ever
tobacco users (all age-adjusted odds ratios >1.0;
data not shown in tables). Likewise, there was no
suggestion that PS symptoms/signs were positively
associated with the number of years applying agri-
cultural pesticides on a farm among the 34 partici-
pants with complete work history data (Table 2). PS
symptoms and especially signs were weakly asso-
ciated with the number of years working on a farm,
but this possible association was not statistically sig-
nificant (all age-adjusted P values >.21).

Among the full sample of 38 workers, poor adher-
ence to use of PPE (n = 5) or frequent same-day
reentry of pesticide treated areas (n = 9) were not
positively associated with PS symptoms or signs.
However, residence on or near a farm (n = 6) was
associated with having any PS signs observed by the
neurologist and with action tremor in particular (all
age-adjusted logistic regression P values and two-
sided Fisher’s exact P values = .02).

Discussion

Our study is one of the few in which workers
exposed to pesticides have been systematically
examined for signs of PS. Examination by a move-
ment disorders specialist is a key strength of this
study, because some signs of PS, such as rigidity,
are difficult for other clinicians to assess and
would not likely be well reported by study partici-
pants themselves. Previous studies have examined
12 paraquat-exposed workers10 and 50 maneb-
exposed workers.11 Because the 38 workers in our
study applied pesticides in apple orchards in
Washington State, these workers potentially had

Table 1. Symptoms and signs of parkinsonism in Hispanic
Caucasian men actively working as pesticide handlers in tree
fruit orchards (N = 38), central Washington State, March 2014.
Characteristic n (%)

Any signs or symptoms of parkinsonism 19 (50)
Any symptoms 13 (34)
UPDRS2a > 0 10 (26)

Excess saliva 6 (16)
Difficulty getting out of bed 3 (8)
Difficulty swallowing 1 (3)
Difficulty with speech 1 (3)

Other symptoms 6 (16)
Constipation 4 (11)
Possible hyposmia 2 (5)b

Possible RBD 2 (5)b

Any signs (UPDRS3c > 0) 9 (24)
Action tremor 5 (13)
Motor slownessd 4 (11)
Rigidity 1 (3)

Both symptoms and signs 3 (8)
aUnified Parkinson Disease Rating Scale motor activities of daily living
subscore 2, self-reported on a standardized questionnaire; difficulty
with other activities of daily living not reported.

bOne reported symptoms consistent with this condition and one was
unsure whether they were experiencing these (“problems with sense
of smell” or ever been told that they “sometimes make complex
movements, such as waving, while you are asleep and dreaming”).

cUnified Parkinson Disease Rating Scale motor subscore 3, as assessed
in person by a movement disorders specialist neurologist; other
possible signs not observed including rest tremor, postural instability
or problems with gait, expression, or speech.

dNonzero score on finger taps, rapid arm movements, hand move-
ments, and/or leg/foot agility; no participants had global bradykine-
sia scores >0; only one of these participants was deemed to have true
bradykinesia.
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some exposure to both the herbicide paraquat and
mancozeb,12 a fungicide similar to maneb that
contains the neurotoxicant manganese. However,
fewer than a fifth of apple acres in this region are
treated with these pesticides. As indicated by our
inclusion criteria, it is more certain that these
workers were exposed to cholinesterase-inhibiting
insecticides, such as chlorpyrifos and azinphos-
methyl.12 Some nonhuman studies suggest that
chlorpyrifos may be relevant to PD.3 However, a
recent study by our group using specimens from a
similar worker group from the Yakima Valley
observed no association between chlorpyrios or
azinphos-methyl exposure and α-synuclein, a pro-
tein critically involved in PD.19 The results from
the present study likewise generally indicate that
neither PS nor PD in particular are likely to be
common in actively working agricultural pesticide
handlers in this region of the United States, where
most workers are carefully managed and moni-
tored to help prevent overexposure to cholinester-
ase-inhibiting insecticides. Moreover, relatively
few of our workers lived on or near a farm,
where they might potentially receive additional
pesticide exposure through drift or drinking
water, and most reported that they usually use
PPE. This is notable because the possible associa-
tion between PD and paraquat in the Agricultural
Health Study is confined to workers who did not
use protective gloves.20 In addition, two recent
studies outside the United States have reported

that PS may be associated with exposure to pesti-
cides, including cholinesterase inhibitors, in agri-
cultural workers, but it is essential to note that
both studies relied on subject self-report of PS or
symptoms.21,22

In our small sample, a neurologist specializing in
movement disorders observed no cases of definite
PS, defined by >1 cardinal feature of PS, and with
few exceptions UPDRS3 scores were zero or very
low. The mean (SD) was 0.76 (1.95), which is some-
what lower than a recent study of 12 paraquat-
exposed workers with UPDRS3 scores of 3.5 (1.8),
as might be expected given that those workers were
older than ours on average (55.8 years).10 Similarly
in our study, UPDRS2 score (which captures symp-
toms that are common in PS but not unique to PS)
was 0.29 on average (SD = 0.52) as compared with
0.7 (SD = 0.9) in the paraquat study. Taken
together, these results are generally negative
because of the limited extent of PS signs observed.
On the other hand, Du et al.10 conducted a brain
imaging study and, despite low UPDRS2 and
UPDRS3 scores, observed that workers exposed to
pesticides (including but not limited to paraquat)
had microstructural differences in the substantia
nigra region of the brain when compared with
age-matched subjects without occupational pesti-
cide exposure. Those unexposed comparison work-
ers (n = 12) had a mean UPDRS2 of 0.1 (SD = 0.3),
which is somewhat lower than in our sample,
despite being older on average (53.9 years).
However, mean UPDRS3 in that sample was
slightly higher at 1.0 (SD = 1.7), which is very
similar to our sample, given the difference in
mean age between our sample and theirs. Mean
UPDRS3 was lower in the present sample than
another sample of active workers with a mean age
of 51.6 years, selected for comparison with welders
and with a mean UPDRS3 of 4.6 (SD = 2.6).13

Underscoring our generally negative findings,
there was no indication that symptoms or signs
of PS were positively associated with total years
working as a pesticide applicator, even though our
inclusion criteria were designed to ensure substan-
tial cumulative occupational pesticide exposure.
The lack of association did not appear to be due
to low statistical power, because there was no
suggestion of a positive association with years
working as a pesticide applicator. Du et al.10

Table 2. Signs and symptoms of parkinsonism in relation to cumu-
lative duration of agricultural pesticide exposure among Hispanic
Caucasian men actively working as pesticide handlers in tree fruit
orchards (N = 34)a, central Washington State, March 2014.

Age-adjusted odds ratios and 95%
confidence intervals for the presence
of any parkinsonism signs and/or

symptoms

Signs and symptoms Per year applying
pesticidesb

Per year working
on a farmb

Any symptoms (UPDRS2c >0) 0.99 (0.92, 1.08) 1.05 (0.94, 1.18)
Any signs (UPDRS3d >0) 0.96 (0.87, 1.06) 1.10 (0.95, 1.28)
Any signs/symptoms (UPDRS2c

>0 or UPDRS3d >0)
0.96 (0.89, 1.04) 1.05 (0.95, 1.16)

aExcludes 4/38 participants with incomplete work history data.
bApplying pesticides or working on a farm (orchard, vineyard, green-
house, or farm that grows crops such as food or flowers).

cUnified Parkinson Disease Rating Scale activities of daily living sub-
score 2, self-reported on a standardized questionnaire.

dUnified Parkinson Disease Rating Scale motor subscore 3, assessed in
person by a movement disorders specialist neurologist.
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likewise did not observe an association between
UPDRS scores and total years exposed to pesti-
cides. However, because applying pesticides might
be difficult to do with signs of PS, we cannot rule
out a healthy worker survivor effect, which would
most likely bias these associations down, even past
null. In contrast, there was a weak positive asso-
ciation between total years working on a farm and
PS symptoms and signs, and a significant associa-
tion between living on or near a farm and PS signs.
Although this association may be due to chance, it
is plausible that living near the treated areas may
possibly increase pesticide exposure sufficiently to
affect worker health, or agricultural exposures
other than pesticides could be relevant.

Our sample of workers was likely relatively unex-
posed to manganese, a well-established neurotoxi-
cant. Therefore, it is interesting to compare our
results with those for workers exposed to the fungi-
cide maneb and other sources of manganese. Ferraz
et al.11 conducted neurological examinations of 50
maneb-exposed workers and compared them with
19 other rural workers.11 That study observed some
action tremor and bradykinesia as observed here, but
rigidity was much more common than our study.
Rigidity is also common in workers exposed to man-
ganese-containing welding fume.13 Therefore, if
nonmanganese pesticides are associated with PS,
the phenotype may be different than that among
manganese-exposed workers. Cholinesterase-inhi-
biting insecticides, which the present workers used,
also target the human nervous system, but acute high
level exposures have different observable effects than
manganese. One effect of overexposure to cholines-
terase inhibitors is increased saliva production.23

This somewhat diminishes our finding that 16% of
workers in our sample reported having excess saliva
(sialorrhea). In comparison, one study reported that
25% of elderly (mean: 80.5 years) patients without
PD report sialorrhea.24 It also was somewhat unex-
pected to have observed at least one person (3%)
with symptoms consistent with RBD, since a major-
ity of RBD patients are diagnosed after age 50,25 and
RBD only affects 0.5% of older individuals.26

Conclusions

Symptoms or signs of PS are uncommon and, if
present, are negligible or mild, suggesting little to

no PS, among this small sample of active agricultural
workers who handle cholinesterase-inhibiting insec-
ticides in fruit orchards in this region of the United
States. Future studies focused on this class of pesti-
cides should examine older workers and retirees or
workers with greater levels of exposure, such as in
those living in close proximity to the treated areas
and in other countries with less exposure control, to
ensure that these negative findings were not due to
small sample size, relatively low pesticide exposure,
and the healthy worker survivor effect.

Acknowledgments

The authors thank the participants in the study, The Healthy
Worker, and the Central Washington Occupational Medicine
clinics in Yakima, Washington, and Marcy Harrington of the
Pacific Northwest Agricultural Safety and Health Center.

Funding

This work was funded by a pilot grant from the Pacific
Northwest Agricultural Safety and Health Center at the
University of Washington through a grant from the National
Institute for Occupational Safety and Health (U54OH007544).

References

1. Langston JW, Ballard P, Tetrud JW, Irwin I. Chronic
Parkinsonism in humans due to a product of meper-
idine-analog synthesis. Science. 1983;219:979–980.

2. Bové J, Perier C. Neurotoxin-basedmodels of Parkinson’s
disease. Neuroscience. 2012;211:51–76.

3. Slotkin TA, Seidler FJ. Developmental exposure to
organophosphates triggers transcriptional changes in
genes associated with Parkinson’s disease in vitro and
in vivo. Brain Res Bull. 2011;86:340–347.

4. Allen MT, Levy LS. Parkinson’s disease and pesticide
exposure—a new assessment. Crit Rev Toxicol.
2013;43:515–534.

5. Brouwer M, Koeman T, van den Brandt PA, Kromhout
H, Schouten LJ, Peters S, Huss A, Vermeulen R.
Occupational exposures and Parkinson’s disease mor-
tality in a prospective Dutch cohort. Occup Environ
Med. 2015;72:448–455.

6. Dhillon AS, Tarbutton GL, Levin JL, Plotkin GM,
Lowry LK, Nalbone JT, Shepherd S. Pesticide/environ-
mental exposures and Parkinson’s disease in East
Texas. J Agromedicine. 2008;13:37–48.

7. Kamel F, Tanner C, Umbach D, Hoppin J, Alavanja M,
Blair A, Comyns K, Goldman S, Korell M, Langston J,
Ross G, Sandler D. Pesticide exposure and self-reported

220 S. SEARLES NIELSEN ET AL.



Parkinson’s disease in the agricultural health study. Am
J Epidemiol. 2007;165:364–374.

8. Lee PC, Rhodes SL, Sinsheimer JS, Bronstein J, Ritz B.
Functional paraoxonase 1 variants modify the risk of
Parkinson’s disease due to organophosphate exposure.
Environ Int. 2013;56:42–47.

9. Manthripragada AD, Costello S, CockburnMG, Bronstein
JM, Ritz B. Paraoxonase 1, agricultural organophosphate
exposure, and Parkinson disease. Epidemiology.
2010;21:87–94.

10. Du G, Lewis MM, Sterling NW, Kong L, Chen H,
Mailman RB, Huang X. Microstructural changes in
the substantia nigra of asymptomatic agricultural
workers. Neurotoxicol Teratol. 2014;41:60–64.

11. Ferraz HB, Bertolucci PH, Pereira JS, Lima JG,
Andrade LA. Chronic exposure to the fungicide
maneb may produce symptoms and signs of CNS
manganese intoxication. Neurology. 1988;38:550–553.

12. US Department of Agriculture (USDA) National
Agricultural Statistics Service online database. Available
at: http://quickstats.nass.usda.gov/. Accessed July 25, 2013.

13. Racette BA, Criswell SR, Lundin JI, Hobson A, Seixas N,
Kotzbauer PT, Evanoff BA, Perlmutter JS, Zhang J,
Sheppard L, Checkoway H. Increased risk of parkinson-
ism associated with welding exposure. Neurotoxicology.
2012;33:1356–1361.

14. Wilson BW, Henderson JD, Furman JL, Zeller BE,
Michaelsen D. Blood cholinesterases from Washington
State orchard workers. Bull Environ Contam Toxicol.
2009;83:59–61.

15. Fahn S, Elton RL, UPDRS Development Committee.
Unified Parkinson’s Disease Rating Scale. In: Fahn S,
Marsden CD, Calne DB, Goldstein M, eds. Recent
Developments in Parkinson’s Disease. Vol. 2. Florham
Park, NJ: MacMillan Healthcare Information; 1987:153–
163, 293–304.

16. Poewe W. Non-motor symptoms in Parkinson’s dis-
ease. Eur J Neurol. 2008;15(Suppl 1):14–20.

17. Millar Vernetti P, Perez Lloret S, Rossi M, Cerquetti D,
Merello M. Validation of a new scale to assess olfactory
dysfunction in patients with Parkinson’s disease.
Parkinsonism Relat Disord. 2012;18:358–361.

18. Stiasny-Kolster K, Mayer G, Schäfer S, Möller JC,
Heinzel-Gutenbrunner M, Oertel WH. The REM
sleep behavior disorder screening questionnaire—a
new diagnostic instrument. Mov Disord.
2007;22:2386–2393.

19. Searles Nielsen S, Checkoway H, Zhang J, Hofmann
JN, Keifer MC, Paulsen M, Farin FM, Cook TJ,
Simpson CD. Blood α-synuclein in agricultural pesti-
cide handlers in central Washington State. Environ Res.
2015;136:75–81.

20. Furlong M, Tanner CM, Goldman SM,
Bhudhikanok GS, Blair A, Chade A, Comyns K,
Hoppin JA, Kasten M, Korell M, Langston JW,
Marras C, Meng C, Richards M, Ross GW,
Umbach DM, Sandler DP, Kamel F. Protective
glove use and hygiene habits modify the associa-
tions of specific pesticides with Parkinson’s disease.
Environ Int. 2015;75:144–150.

21. Norkaew S, Lertmaharit S, Wilaiwan W, Siriwong W,
Pérez HM, Robson MG. An association between orga-
nophosphate pesticides exposure and Parkinsonism
amongst people in an agricultural area in Ubon
Ratchathani Province, Thailand. Rocz Panstw Zakl
Hig. 2015;66:21–26.

22. Povey AC, McNamee R, Alhamwi H, Stocks SJ,
Watkins G, Burns A, Agius R. Pesticide exposure and
screen-positive neuropsychiatric disease in British
sheep farmers. Environ Res. 2014;135:262–270.

23. Roberts JR, Reigert JR. Recognition and Management
Of Pesticide Poisoning. 6th ed. Washington, DC: US
Environmental Protection Agency Office of Pesticide
Programs; 2013. EPA735K13001.

24. Shneyder N, Adler CH, Hentz JG, Shill H, Caviness JN,
Sabbagh MN, Beach TG, Driver-Dunckley E.
Autonomic complaints in patients with restless legs
syndrome. Sleep Med. 2013;14:1413–1416.

25. Bonakis A, Howard RS, Ebrahim IO, Merritt S, Williams
A. REM sleep behaviour disorder (RBD) and its associa-
tions in young patients. Sleep Med. 2009;10:641–645.

26. Taub LF. Making the diagnosis: idiopathic rapid eye
movement sleep behavior disorder. J Am Acad Nurse
Pract. 2010;22:346–351.

JOURNAL OF AGROMEDICINE 221

http://quickstats.nass.usda.gov/

	Abstract
	Introduction
	Materials and methods
	Study participants
	Assessment of agricultural pesticide exposure
	Assessment of parkinsonian symptoms and medical history
	Assessment of parkinsonism and parkinsonian signs
	Statistical analysis

	Results
	Characteristics of participants
	Occurrence of parkinsonian symptoms
	Occurrence of parkinsonian signs
	Predictors of parkinsonian symptoms and signs

	Discussion
	Conclusions
	Acknowledgments
	Funding
	References

