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Challenges for Epidemiological Research of 
Pesticide Exposure and Parkinson’s Disease

Parkinson’s disease (PD), a neurodegenerative disease affecting at least

one million individuals in the US, is characterized by a progressive loss of

dopaminergic neurons in the substantia nigra and the formation of Lewy

bodies (inclusions composed of aggregated proteins) in the surviving

neurons. Once approximately 70% of the dopaminergic neurons have

been lost, the clinical signs of PD become apparent; these include resting

tremor, muscular rigidity, and bradykinesia, among many other motor

and non-motor manifestations. Increasing age is a major risk factor for

PD, and as a consequence the disease prevalence and ensuing societal

impact of the disease are expected to increase as the population ages in

coming years. Despite this, the factors that trigger the pathological

changes leading to PD remain unknown for the vast majority of cases.

A slow progressive loss of dopaminergic neurons accompanies normal

aging, and exposure to harmful environmental factors may cause PD by

accelerating the rate of neuronal depletion. Alternatively, environmental

exposures in early life may reduce the number of dopaminergic neurons to

levels below those needed to maintain function upon age-related neuronal

depletion in later life. In either case, the environmental impact may not be

immediately evident, and the disease may appear years later when

dopamine levels drop below the threshold required for normal function.1

Investigators have long sought to identify harmful environmental 

factors leading to PD, particularly since the 1983 identification of 

1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP) as a causal agent.2

MPTP contaminated a synthetic narcotic, leading to severe parkinsonism

with features of classic PD in several young drug users. MPTP was later

shown to act selectively on dopaminergic neurons in the substantia nigra.

Since then, much epidemiological research has focused on the pathways

leading to MPTP-induced parkinsonism.

Structural and functional similarities exist between the active metabolite

of MPTP (MPP+) and some pesticide chemicals, particularly paraquat.

Given this, pesticide exposure has been examined in many

epidemiological studies as a risk factor for PD, but some uncertainty

remains. A meta-analysis of case-control studies conducted prior to 2001

showed that individuals with PD were 85% more likely to report being

directly exposed to pesticides compared with unaffected individuals.3

Lifestyle factors thought to correlate with pesticide exposure, including

rural living, well-water consumption, and farming, have also been

implicated in PD, adding support to the association between pesticide

exposure and PD. However, rural living, well-water consumption, and

farming are poorly defined, highly variable, and inter-related factors likely

reflecting several environmental exposures, which may or may not

include pesticide exposure. Furthermore, the lack of significant

association between direct pesticide exposure and PD in several studies

and the inconsistent reporting of specific pesticide chemicals as risk

factors for PD have disputed the role of pesticide exposure in PD.4 In this

article, we present the major challenges of examining the complex

relationship between pesticide exposure and PD and suggest future

directions for the research field. 

Study Design Considerations

Different observational study designs have contributed valuable

information on the relationship between pesticide exposure and PD, but

the drawbacks of each design must be considered when interpreting the

findings. Descriptive ecological studies have suggested a relationship

between pesticide exposure and an increased prevalence of PD at the

population level,5,6 but individual characteristics of exposure and disease

cannot be inferred from these measures. Individual-level measures have

been provided by other epidemiological study designs.

The case-control study design, which ascertains individuals based on their

disease status and retrospectively assesses their exposures, has been employed

most often to examine the association between pesticide exposure and PD,

with at least 40 studies published since 1983.4 As reviewed by Brown et al., the
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studies of cases and unrelated controls have mostly supported a significant

positive association, but inconsistent findings have been reported.4 The

association has been further supported by a study of cases and related

controls in which confounding by unmeasured genetic and environmental

factors is reduced since cases are generally well-matched to their relatives.7

Nonetheless, all case-control studies are subject to inherent biases due to

inaccurate recall of pesticide exposures, problems in temporal inference

(i.e. whether exposure precedes disease), and selection of cases and

controls that may not be from the same base population.

A few cohort studies that ascertain healthy individuals based on their exposures

and prospectively follow them to assess their disease status have also examined

the association of pesticide exposure with PD. Cohort studies are robust to

recall, temporal inference, and selection biases, but the evidence supporting

the association from cohort studies is preliminary.8–10 As most cohorts were not

designed to study pesticide exposures or PD, inadequate exposure assessment

and variable case definitions—including self-reporting, which introduces the

potential for disease misclassification bias—have also complicated the

interpretation of findings from some studies.

Studies often obtain detailed pesticide exposure assessments at the expense of

reliable PD diagnoses based on clinical examinations. The Farming and

Movement Evaluation (FAME) Study, a nested case-control study taken from

the Agricultural Health Study cohort of pesticide applicators and their spouses,

is an example of an ongoing study that achieves both detailed exposure and

clinical assessments.11 However, its relatively small sample size is problematic, as

is the case for most case-control studies examining pesticide exposure in PD.

Complex Assessment of Pesticide Exposure

The complex nature of pesticide exposure poses a major obstacle for

obtaining reliable pesticide exposure assessments. Most individuals

exposed to pesticides experience unique exposures that vary in a

multitude of ways. The duration, frequency, route of uptake (i.e.

inhalation, ingestion, or dermal absorption), and pesticide agents often

vary across time in irregular patterns for the same individual. For instance,

some people may report chronic low doses of the same pesticide

chemical, while others may report acute high doses of different pesticide

chemicals. Furthermore, individuals may report occupational, residential,

and/or environmental exposures, and integration of the different types of

exposure is challenging.

The impact of pesticide exposure in neurodegeneration may depend on a

critical window of time. A single exposure in childhood or adulthood may

be a sufficient predisposition to PD in later life. Alternatively, a multiple hit

hypothesis has been proposed, whereby pesticide exposures at multiple

time-points may influence the risk for disease.12 Ideally, a large prospective

cohort study following children through adulthood and measuring their

pesticide exposure and PD incidence over different periods of their life

would be needed to address many of these questions, but today minimal

evidence is available to identify the critical window of time for exposure.

Until then, exposures must be recalled throughout the lifespan, but

reliability of exposure reports may vary from childhood to adulthood.

Most studies examining pesticide exposures have been retrospective

studies that rely on self-report, thus incurring the potential for inaccurate

recall. Among the several types of pesticides (e.g. insecticides, herbicides,

fungicides, and fumigants) there are hundreds of specific pesticide

chemicals. The continuous flow of available products into and out of the

market and the existence of commercial products containing 

multiple pesticide chemicals further complicates the recollection of specific

pesticide exposures. Given this, broad categories of pesticides are often

assessed. It is debatable whether self-reporting is a reliable assessment for

occupational exposure to broad categories of pesticides, and there is even

less confidence in self-reporting for assessment of specific pesticide

chemicals and for assessment of residential exposures.13–15

Some insecticide classes (organochlorines, organophosphates, rotenoids,

and pyrethroids), the herbicide class of chlorophenoxy acids/esters, the

herbicide paraquat, and the fungicide maneb have been implicated in

PD.4,7,16 However, studies moving beyond the broad assessment of

pesticides and examining classes or specific chemicals for an increased risk

for PD are limited, and no single chemical has been consistently implicated.

Factors that may influence the level of exposure to any pesticide, such as

protective gear, are usually not examined. The broad and variable

assessment of pesticide exposure in many retrospective studies introduces

the potential for exposure misclassification bias, possibly explaining the

inconsistency of pesticide associations in PD. Not all pesticides are equal,

not even pesticides in the same class, so the quality of pesticide exposure

assessment when summarizing evidence for specific chemicals is vital to

the validity of association findings.

Insufficient Biological Evidence

Even though epidemiological studies have implicated the broad spectrum of

pesticides in PD, only select pesticide chemicals have been investigated for

biological function relating to PD. Thus, limited biological evidence is

available to authenticate the epidemiological implication of pesticide

exposure in PD. High levels of organochlorine chemicals, notably dieldrin,

have been found in the brains of individuals with PD compared with

controls,17,18 and cases of organophosphorus-induced acute parkinsonism

have been reported.19,20 Furthermore, rodents display symptoms and

pathological features characteristic of PD when exposed to high doses of

several pesticide chemicals, specifically rotenone,21 paraquat alone,22 and

paraquat with maneb23 and other dithiocarbamates.24

There are several proposed biological mechanisms for pesticide exposure

leading to PD. Impaired mitochondrial complex I activity is a commonly

suggested mechanism, given that MPTP exerts its toxic effects by inhibiting

mitochondrial complex I and deficiency at this site has been observed in PD.

Alternatively, pesticides may interfere with dopamine transmission, inhibit

xenobiotic-metabolizing enzymes, exacerbate oxidative stress, initiate

inflammatory processes, or promote α-synuclein fibrillation, a known cause

A slow progressive loss of dopaminergic

neurons accompanies normal aging, 

and exposure to harmful environmental

factors may cause Parkinson’s 

disease by accelerating the rate of

neuronal depletion.
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of PD. No biological mechanism has been consistently shown to mediate the

effect of pesticide exposure on dopaminergic neurons in the substantia

nigra and lead to PD.

Future Directions

Pesticide exposure has been suspected for many years to increase risk for PD,

but progress has been slow toward identifying the truly causal pesticide agents

among the numerous possibilities and their biological mechanisms of action.

The complexity of obtaining a reliable pesticide exposure assessment over the

lifespan poses a major challenge. Ideally, long-term biomarkers of pesticide

exposure could provide objective, reliable assessments in large-scale

epidemiologic studies. However, such a biomarker is available only for the

organochlorine insecticide class.16 Further research is needed to identify other

long-term biomarkers for pesticide exposure. This research would be guided by

epidemiological findings since biomarkers would likely only indicate exposure

to relevant pesticides instead of overall pesticide exposure.

Until the elusive long-term biomarkers are identified, more extensive

questionnaires are needed for pesticide exposure assessment. Pesticide

exposure is generally thought to be a risk factor for PD, even though the

challenges presented here have shown that many questions remain. Most

studies have only considered exposure to any pesticide in classifying

individuals as exposed or unexposed. The next step in deciphering the role of

pesticides on PD is to refine the broad assessment toward a more specific

categorization of pesticide exposures and to examine the role of specific

pesticides on risk of PD. Consistency in assessment measures would also ease

the integration of interview data and biological samples for large-scale

collaborations. Exposure to different pesticides may contribute to PD in

different individuals, and this heterogeneity may only be detectable with

large-scale studies with adequate exposure assessments.

Some cases of PD are entirely attributable to a genetic or environmental

cause, but the vast majority of cases likely result from an intricate interplay

of susceptibility genes and environmental triggers, such as pesticide

exposure. Despite the potential for gene–environment interactions, few

studies have reported examining joint effects of pesticide exposure and

genetic factors on risk for PD. The candidate genes that have been

reported for interaction with pesticide exposure in PD include genes

involved in dopamine transmission (SLC6A325), xenobiotic metabolism

(CYP2D6,26,27 GSTP1,28 and NQO129), and oxidation reduction (NOS130 and

SOD229). These initial gene–environment interaction reports merit

replication, and many biologically plausible interactions between candidate

genes and pesticide exposure in PD remain unexplored. Studies of

environmental associations not accounting for interacting genetic factors

and studies of genetic associations not accounting for environmental

factors may explain the inconsistencies in both genetic and environmental

association findings. Identification of genetic interactions with pesticide

exposure is therefore a vital step towards unifying the pesticide studies in

PD and understanding the relevant biological pathways. ■

Cognitive Aging  Parkinson’s Disease

50 U S N E U R O L O G Y

1. Landrigan PJ, Sonawane B, Butler RN, et al., Early environmental
origins of neurodegenerative disease in later life, Environ Health
Perspect, 2005;113:1230–33.

2. Langston JW, Ballard P, Tetrud JW, Irwin I, Chronic Parkinsonism in
humans due to a product of meperidine-analog synthesis, Science,
1983;219:979–80.

3. Priyadarshi A, Khuder SA, Schaub EA, Priyadarshi SS,
Environmental risk factors and Parkinson’s disease: a meta-
analysis, Environ Res, 2001;86:122–7.

4. Brown TP, Rumsby PC, Capleton AC, et al., Pesticides and
Parkinson’s disease—is there a link?, Environ Health Perspect,
2006;114:156–64.

5. Ritz B, Yu F, Parkinson’s disease mortality and pesticide exposure
in California 1984–1994, Int J Epidemiol, 2000;29:323–9.

6. Barbeau A, Roy M, Bernier G, et al., Ecogenetics of Parkinson’s
disease: prevalence and environmental aspects in rural areas, Can
J Neurol Sci, 1987;14:36–41.

7. Hancock DB, Martin ER, Mayhew GM, et al., Pesticide exposure
and risk of Parkinson’s disease: a family-based case-control study,
BMC Neurol, 2008;8.

8. Ascherio A, Chen H, Weisskopf MG, et al., Pesticide exposure and
risk for Parkinson’s disease, Ann Neurol, 2006;60:197–203.

9. Baldi I, Lebailly P, Mohammed-Brahim B, et al., Neurodegenerative
diseases and exposure to pesticides in the elderl, Am J Epidemiol,
2003;157:409–14.

10. Petrovitch H, Ross GW, Abbott RD, et al., Plantation work and risk
of Parkinson disease in a population-based longitudinal study,
Arch Neurol, 2002;59:1787–92.

11. Farming and Movement Evaluation (FAME) Study, 2008. Available
at: www.niehs.nih.gov/research/atniehs/labs/epi/studies/fame/
index.cfm

12. Thiruchelvam M, Brockel BJ, Richfield EK, et al., Potentiated and

preferential effects of combined paraquat and maneb on
nigrostriatal dopamine systems: environmental risk factors for
Parkinson’s disease?, Brain Res, 2000;873:225–34.

13. Perry MJ, Marbella A, Layde PM, Non-persistent pesticide exposure
self-report versus biomonitoring in farm pesticide applicators, Ann
Epidemiol, 2006;16:701–7.

14. Engel LS, Seixas NS, Keifer MC, et al., Validity study of 
self-reported pesticide exposure among orchardists, J Expo Anal
Environ Epidemiol, 2001;11:359–68.

15. Teitelbaum SL, Questionnaire assessment of nonoccupational
pesticide exposure in epidemiologic studies of cancer, J Expo Anal
Environ Epidemiol, 2002;12:373–80.

16. Dick FD, Parkinson’s disease and pesticide exposures, Br Med Bull,
2006;79–80:219–31.

17. Fleming L, Mann JB, Bean J, et al., Parkinson’s disease and brain
levels of organochlorine pesticides, Ann Neurol, 1994;36:
100–103.

18. Corrigan FM, Wienburg CL, Shore RF, et al., Organochlorine
insecticides in substantia nigra in Parkinson’s disease, J Toxicol
Environ Health A, 2000;59:229–34.

19. Bhatt MH, Elias MA, Mankodi AK, Acute and reversible
parkinsonism due to organophosphate pesticide intoxication: five
cases, Neurology, 1999;52:1467–71.

20. Muller-Vahl KR, Kolbe H, Dengler R, Transient severe parkinsonism
after acute organophosphate poisoning, J Neurol Neurosurg
Psychiatry, 1999;66:253–4.

21. Sherer TB, Kim JH, Betarbet R, Greenamyre JT, Subcutaneous
rotenone exposure causes highly selective dopaminergic
degeneration and alpha-synuclein aggregation, Exp Neurol,
2003;179:9–16.

22. McCormack AL, Thiruchelvam M, Manning-Bog AB, et al.,
Environmental risk factors and Parkinson’s disease: selective

degeneration of nigral dopaminergic neurons caused by the
herbicide paraquat, Neurobiol Dis, 2002;10:119–27.

23. Thiruchelvam M, Richfield EK, Baggs RB, et al., The nigrostriatal
dopaminergic system as a preferential target of repeated
exposures to combined paraquat and maneb: implications for
Parkinson’s disease, J Neurosci, 2000;20:9207–14.

24. Barlow BK, Thiruchelvam MJ, Bennice L, et al., Increased
synaptosomal dopamine content and brain concentration of
paraquat produced by selective dithiocarbamates, J Neurochem,
2003;85:1075–86.

25. Kelada SN, Checkoway H, Kardia SL, et al., 5’ and 3’ region
variability in the dopamine transporter gene (SLC6A3), pesticide
exposure and Parkinson’s disease risk: a hypothesis-generating
study, Hum Mol Genet, 2006;15:3055–62.

26. Elbaz A, Levecque C, Clavel J, et al., CYP2D6 polymorphism,
pesticide exposure, and Parkinson’s disease, Ann Neurol, 2004;55:
430–34.

27. Deng Y, Newman B, Dunne MP, et al., Further evidence that
interactions between CYP2D6 and pesticide exposure increase risk
for Parkinson’s disease, Ann Neurol, 2004;55:897.

28. Wilk JB, Tobin JE, Suchowersky O, et al., Herbicide exposure
modifies GSTP1 haplotype association to Parkinson onset age: the
GenePD Study, Neurology, 2006;67:2206–10.

29. Fong CS, Wu RM, Shieh JC, et al., Pesticide exposure on
southwestern Taiwanese with MnSOD and NQO1 polymorphisms
is associated with increased risk of Parkinson’s disease, Clin Chim
Acta, 2007;378:136–41.

30. Hancock DB, Martin ER, Vance JM, Scott WK, Nitric oxide synthase
genes and their interactions with environmental risk factors,
Neurogenetics, 2008;9:249–62.

Identification of genetic interactions with

pesticide exposure is a vital step towards

unifying the pesticide studies in

Parkinson’s disease and understanding

the relevant biological pathways.

hancock_subbed.qxp  14/1/09  10:12 am  Page 50



www.apdaparkinson.org

American Parkinson
Disease Association 

to ease the burden... 
...to find the cure 

American Parkinson Disease Association 
Parkinson Plaza - 135 Parkinson Avenue 

Staten Island, NY 10305 
800-223-2732 

The American Parkinson Disease 

Association (APDA) is the largest 

grassroots organization serving the 

country’s  1.5 million people with 

Parkinson’s disease and their 

caregivers through a national 

network of 56 chapters, 64 

Information & Referral Centers and 

800 support groups.

APDA has been a funding partner in 

every PD research breakthrough 

and has been providing support to 

persons with Parkinson’s disease 

and their caregivers for 47 years 

making it easier to remain as inde-

pendant as possible for as long as 

possible.

APDA_ad.qxp  14/1/09  10:16 am  Page 51


	US_Neuro_48_hr
	US_Neuro_49_hr
	US_Neuro_50_hr
	US_Neuro_51_hr

