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ABSTRACT OF THE DISSERTATION 

 

An Investigation into Household and Occupational Pesticide Exposures with Genetic Variants 

 as Risk Factors for Parkinson’s Disease 

 

by 

 

Shilpa Narayan 

Doctor of Philosophy in Epidemiology 

University of California, Los Angeles, 2015 

Professor Beate R. Ritz, Chair 

 

Epidemiologic studies suggest that pesticides are risk factors for Parkinson’s Disease 

(PD) but predominantly assessed pesticide exposure as a broad category and often did not 

examine exposure modifying factors such as personal protective equipment (PPE) use and 

variants in genes that encode proteins involved in pesticide metabolism and distribution in the 

body. Only a handful have investigated household pesticide exposures alone. This dissertation 

research examined the relation between PD and exposures to pesticides from multiple exposure 

sources, including household use, occupational use, and ambient pesticide exposures from drift 

in addition to genetic variation in PON1 and ABCB1.  

We recruited 360 incident PD cases and 827 population controls between 2001 through 

2011 from central California, collected data on demographics, covariates, residential and 

occupational address history, and exposures to chemicals by telephone, and participants provided 

either whole blood or saliva samples. 
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Frequent use of any household pesticide increased PD risk by 47%; frequent use of 

products containing organophosphorus pesticides (OPs) increased risk more strongly by 71%, 

and frequent organothiophosphate use almost doubled the risk of PD. The largest odds ratios 

were estimated for frequent OP users who were carriers of the 192QQ paraoxonase genetic 

variant related to slower detoxification of OPs. 

Ever occupational pesticide use for > 10 years doubled the risk of PD compared to never 

occupational pesticide users. PD risk was also increased with occupational use of fungicides, 

herbicides, insecticides, carbamates, OPs, and organochlorine (OC) pesticides. Surprisingly, we 

found higher risks among those who reported using PPE, possibly because these workers felt 

compelled to use PPE when handling toxic pesticides.  

We replicated a prior finding of ABCB1 polymorphisms at both rs1045642 and 

rs2032582 modifying PD risk from occupational OC exposures. We also newly found that PD 

risk from occupational OP exposures is modified by these polymorphisms. However, we did not 

detect multiplicative interactions. 

Our results suggest that exposures to OPs, carbamates, and OCs increase PD risk, and the 

risk from commonly used pesticides, specifically OCs and OPs, may be increased more strongly 

in individuals who are genetically susceptible to neurotoxic effects of pesticides. 
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1 Background and Introduction 

Parkinson’s disease (PD) is a chronic and progressive movement disorder. Estimated 

incidence rates vary, but one systematic review approximated the incidence rate to be 16-19 per 

100,000 person-years (1). PD prevalence is approximately 1%, though estimates of PD 

prevalence vary between studies and depending on age group (2, 3). Though PD is a rare disease, 

the annual economic burden of PD in the US has been estimated to be 23 billion dollars (4). 

Given the negative health and economic impacts, research into the cause of PD is necessary to 

identify worthwhile public health interventions that would alleviate these burdens.  

1.1 Parkinson’s Disease risk and protective factors  

Parkinson’s Disease has unknown etiology, though some risk and protective factors have 

been identified. Increasing age is the most evident risk factor for the disease. Males are also more 

frequently affected than females and have 1.5 times the risk of PD (5). An unexplained yet 

consistent inverse relation has been found between smoking and PD (6-8), with ever smokers 

estimated to have half the risk of PD compared to never smokers. Another potential protective 

factor is coffee drinking, with a meta-analysis estimating a 30% reduction in risk for coffee 

drinkers compared with non-coffee drinkers (6). A meta-analysis of familial aggregation studies 

comparing the proportion of affected first degree relatives between cases and controls found that 

having a first-degree relative with PD almost triples the risk of disease (RR= 2.9 , 95% CI: 2.2–

3.8) (9). Common genetic polymorphisms have been found to influence susceptibility for 

sporadic PD (2), and it is suspected that PD etiology is multi-factorial, involving both 

environmental and genetic risk factors (10, 11). Other occupational and environmental exposures 

have also been suggested as risk factors for PD, including pesticides and solvents (12). 
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1.2 PD Clinical Features and Neuropathology 

Diagnosis of idiopathic PD is based on clinical assessment, and definitive diagnosis can 

only be obtained postmortem through histopathological studies. The four cardinal features of PD 

are rest tremor, cogwheel rigidity, bradykinesia, and loss of postural reflexes/postural instability 

(13). Other non-motor symptoms of the disease may include cognitive impairment, depression, 

and autonomic dysfunction. 

Pathological features of PD include substantial death of the dopamine-producing nerve 

cells in the substantia nigra, with the loss of these cells leading to a dopamine deficit. Lewy 

bodies, which are inclusion bodies containing alpha-synuclein, ubiquitin, and other proteins are 

another pathological feature of the disease. 

1.3 Previous findings on PD and Pesticides 

Pesticide exposures have been of interest to PD researchers as a potential risk factor since 

the early 1980s when heroin addicts using a synthetic heroin laced with 1-Methyl-4-phenyl-

1,2,5,6-tetrahydropyridine (MPTP) developed parkinsonism (14). N-Methyl-4-phenylpyridine 

(MPP+) is a toxic metabolite of MPTP that is transported by the dopamine transporter (DAT) 

into dopaminergic neurons and is similar in structure to the herbicide paraquat (15).  

Possible mechanisms involved in PD pathogenesis include mitochondrial dysfunction, 

proteasome inhibition, oxidative stress, aggregation of alpha-synuclein, and problems with 

dopamine homeostasis and Ca2+ homeostasis (16). Experimental evidence from animal, cell, and 

other lab based studies demonstrate that other pesticides besides paraquat are neurotoxic. 

Rotenone, a botanical pesticide that is a mitochondrial complex I inhibitor, damages 

dopaminergic neurons(17) and inhibits proteasome activity (18). The dithiocarbamate pesticide 

maneb has been linked to selective dopaminergic neuron degeneration (19). The organochlorine 
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pesticide dieldrin induces oxidative stress and depolarization of mitochondrial membrane 

potential leading to death of neuronal cells (20) and another organochlorine (OC), heptachlor has 

negative effects on the striatal dopaminergic system in mice (21). Organophosphorus (OP) 

pesticides are another class that have been implicated in PD.  The OP pesticide chlorpyrifos 

increased dopamine turnover in murine striatal synaptosomes and decreased mitochondrial 

function (22). Some studies have examined more environmentally relevant doses of pesticide 

exposure (23-25). The benzimidazole/carbamate fungicide, benomyl, was selectively toxic to 

dopaminergic neurons and it was determined that benomyl’s neurotoxic actions most likely 

occurred through inhibition of aldehyde dehydrogenase (ALDH) (23). The dopamine metabolite 

3,4-dihydroxyphenylacetaldehyde (DOPAL) is toxic and is metabolized by ALDH. Thus ALDH 

inhibition is a potential mechanism that may result in selective vulnerability of dopaminergic 

neurons to pesticides. Despite experimental evidence on mechanisms of pesticide neurotoxicity 

from toxicologic studies, there is uncertainty regarding the relevance of these studies to 

Parkinson’s Disease in humans. Routes of pesticide administration in animal studies, such as 

intraperitoneal injection and direct injection into the brain, are not directly comparable to the 

routes of human exposure by ingestion, inhalation, or dermal contact, and the dose of pesticides 

administered usually is not comparable to human exposure levels (16).  

Over 40 epidemiologic studies have examined associations between pesticide exposures 

and PD. Most studies of pesticide exposure and PD have been on occupational pesticide 

exposures or occupational and non-occupational exposures combined. A recent meta-analysis 

summarized studies in this field of research through November 2010 (26). While many of these 

have suggested positive associations of PD with exposure to pesticides, herbicides, insecticides, 

and fungicides, several confidence intervals are very wide due to small sample sizes, and there 
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are some inconsistent results. Some studies found a negative association (27, 28) and several did 

not find evidence of an association (27, 29-34). The effect estimates for pesticides overall varied 

in magnitude from RR values of 0.75 to 7.00. The authors of the meta-analysis found a high 

degree of heterogeneity between studies, with large calculated I2 values, indicating that the 

variations in the findings of the studies are not due to chance alone (35). Despite the substantial 

heterogeneity, the authors used random effects meta-analysis to pool results of the studies and 

obtained a summary risk ratio of 1.52 (95% CI: 1.23, 1.89) for the association between 

occupational pesticide exposure and PD. They explored the potential reasons for heterogeneity 

and found that differences in exposure assessment contributed to heterogeneity (26). Additional 

characteristics which might have contributed to heterogeneity of study results, but which the 

meta-analysis authors were not able to investigate include differences in PD diagnostic criteria, 

varying participation rates, differences in pesticide-PD associations between males and females, 

differences in the type of agriculture in the different study regions, and differences in the time-

periods of the studies.  

Compared to those studies that examined any occupational pesticide use, fewer studies 

have looked at specific pesticides alone and questions remain on whether and which specific 

pesticides may be responsible for the increased risk of PD seen in many studies. An occupational 

cohort study of workers at a paper mill who were exposed to the fungicide diphenyl found an RR 

of 5.6 (95 % CI: 1.8-13) for the relation between diphenyl and PD, though this study included 

only 5 exposed PD cases (36). In another study of professional pesticide use among agricultural 

workers in France, use of organochlorine insecticides and dithiocarbamate fungicides more than 

doubled PD risk in men (OR=2.4, 95% CI: 1.2-5.0 & OR=2.1, 95%CI: 1.0-4.3, respectively) 

(37). One case-control study nested within the Finnish Mobile Clinic Health Examination Survey 
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cohort with 101 incident PD cases, assessed serum biomarkers for exposure to the 

organochlorine pesticide dieldrin at baseline, and reported that increasing serum concentrations 

of dieldrin increase PD risk (38). However, biomarkers are feasible only for the study of 

persistent organochlorine pesticides. Another family based case control study of pesticide use at 

work or at home found organochlorines and organophosphorus pesticides to be associated with 

PD (39). In the Agricultural Health Study (AHS), a cohort of licensed pesticide applicators and 

their spouses from Iowa and North Carolina, multiple pesticides were assessed for an association 

with PD. Increased risk of PD was associated with self-reported uses of the pesticides dicamba, 

trifluralin, 2, 4, 5-T, butylate, chlorothalonil, benomyl, methyl bromide, the organochlorine 

pesticide lindane, and the organophosphorus pesticide phorate (40). A subsequent case control 

study nested within the AHS, found associations between rotenone (OR = 2.5, 95% CI: 1.3–4.7) 

and paraquat (OR = 2.5; 95% CI, 1.4–4.7) exposures and PD (41). Rotenone use was found to 

increase PD risk in a Texas case control study (OR= 10.0, 95% CI: 2.9-34.3), but no association 

was seen for many other pesticides including DDT, lindane, dieldrin, paraquat, the 

dithiocarbamates maneb/mancozeb, diazinon, or malathion. Prior investigations in Central 

California on well water, ambient residential, and ambient workplace pesticide exposures from a 

geographic information system (GIS) provide evidence suggesting that exposures to specific 

pesticides (paraquat, maneb, ziram, chlorpyrifos, diazinon, parathion, N-methyl carbamates, 

benomyl, cyanazine, dieldrin, endosulfan, metam, propargite, triflumizole, captan, mancozeb, 

and zineb) either alone and/or in combination with other pesticides, head trauma, and genetic 

susceptibility (23-25, 42-49) increase PD risk. 

 While some studies found positive associations between specific pesticides and PD, 

others did not (34, 50-52). A  Canadian case-control study of self-reported occupational pesticide 
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exposures, found that pesticide use was associated with prevalent PD, but that exposures to 

specific pesticides including organochlorines, organophosphates, and carbamates were not (52). 

A United Kingdom based occupational cohort study of paraquat production workers did not find 

an association between paraquat and PD mortality, but only had 1 exposed case (51). In a Finnish 

population based case-control study, use of the organochlorine pesticide DDT was not found to 

be associated with prevalent PD (50). Finally, in a study of a primarily urban area of Washington 

state, investigators did not find associations between PD and specific pesticides, including the 

OPs parathion, diazinon, and malathion, the herbicide paraquat, DDT, and 2-4D (34, 53). Results 

from epidemiologic studies on PD and exposures to specific pesticides are inconsistent. 

Additional epidemiologic research on specific pesticide exposures should lead towards an 

understanding of the heterogeneity of prior findings.  

1.4 PD and Susceptibility genotypes 

In addition to pesticide exposures, genetic factors have been linked to PD. Monogenic PD 

has been linked to mutations in SNCA, Parkin, PINK1, DJ-1, and LRRK2 (2, 54, 55). However, 

highly penetrant genes are estimated to only explain a minority of PD cases (55). The disease is 

likely multifactorial for the majority of cases (54, 56). The study of gene-environment 

interactions may offer insight into the varying associations found for specific pesticides and PD. 

Genetic polymorphisms that impact physiologic processes of pesticide metabolism and 

distribution are of particular interest. 

Paraoxonase (PON1) is an arylesterase that contributes to the detoxification of several OP 

chemicals (57). Putative functional single nucleotide polymorphisms (SNPs) have been 

identified in the PON1 gene and two exonic SNPs have been studied extensively: L55M 

(rs854560) and Q192R (rs662). The PON1 192 variant has been shown to affect the catalytic 
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efficiency of hydrolysis of toxic OP pesticide metabolites paraoxon and chlorpyrifos oxon, with 

the R allele having higher activity than the Q allele (58, 59). The SNP at position 55 is thought to 

be related to serum concentrations of PON1, with higher concentrations of PON1 seen in carriers 

of the L allele compared with the M allele (60, 61). The 192Q and 55M alleles were found to 

influence PON1 serum diazoxonase activity (62) in human serum. These PON1 gene 

polymorphisms have been studied in relation to PD risk (63-69), but a recent meta-analysis 

concluded that there is no association (70) as expected, if PON1 variation influences PD risk 

only via OP exposure such that subjects exposed to OPs who have less detoxification capabilities 

due to gene status would be more affected by these neurotoxins (57).  

ABCB1, which encodes P-glycoprotein (P-gp), is another gene that may be relevant to PD 

etiology in individuals exposed to pesticides. P-gp is categorized as an ATP-binding cassette 

(ABC) transporter, which includes a large family of proteins involved in membrane transport. 

Transport substrates of P-gp include lipophilic compounds, organic cations, and organic bases 

(71), and P-gp acts as an efflux transporter, pumping many of its substrates out of cells (72). 

Multiple organochlorine and organophosphorus pesticides have also been found to be P-gp 

substrates, and common functional polymorphisms in ABCB1 have been connected with PD in 

epidemiologic studies of individuals exposed to pesticides(73-75). Common ABCB1 

polymorphisms include rs1045642 and rs2032582, which have been linked to changes in P-gp 

expression and function through laboratory-based studies (76-78). P-gp is located in numerous 

regions of the body including the blood-brain barrier and in enterocytes in the gastrointestinal 

tract (72). P-glycoprotein might be involved in susceptibility to PD through interactions with 

pesticides which might be substrates of P-gp transport or inhibitors of P-gp function. Reduced 

expression and transport activity of P-gp due to functional polymorphisms in ABCB1 could allow 
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increased absorption of xenobiotic neurotoxins into the bloodstream through the gastrointestinal 

tract and increased accumulation of these neurotoxins in the brain.  

1.5 Study Objectives 

Many case-control studies and cohort studies as well as basic science studies have now 

suggested a role for pesticides as a risk factor for Parkinson’s Disease, but these studies 

predominantly assessed pesticide exposure as a broad category and often did not examine 

exposure modifying factors such as use of personal protective equipment, specific job tasks, and 

variants in genes that encode proteins involved in pesticide metabolism and distribution in the 

body. Previous epidemiologic studies examined occupational exposures to pesticides either alone 

or together with non-occupational exposures, and only a handful have explored household 

pesticide exposures (37, 53, 79) alone.  

Further investigation into specific pesticides and interactions of pesticide exposures with 

common genetic variants should contribute to clarifying the nature of the suggested relationship 

between pesticides and PD risk. Thus, the objectives of this dissertation include examinations of  

PD associations with (1) household pesticide exposures, specifically household 

organophosphorus (OP) exposures, and modification of associations by genetic variants in the 

gene PON1, encoding the xenobiotic metabolizing enzyme paraoxonase, (2) occupational 

exposure to specific types of pesticides, and (3) the interaction of organochlorine (OC) and OP 

pesticide exposures with genetic variants in the ABCB1 gene, which encodes the P-glycoprotein 

transporter in the blood-brain barrier that controls entry of xenobiotics into the brain. Study 

subjects came from the Parkinson Environment Gene (PEG) Study in Central California. 
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2 Parkinson Environment Gene (PEG) Study 

2.1  Study Subjects 

The Parkinson Environment Gene (PEG) study is a population-based case-control study 

of Parkinson’s disease, with subjects from Kern, Fresno, and Tulare counties in central 

California. This region is primarily rural with a large amount of agricultural activity.  

Cases diagnosed with Parkinson’s disease within the three years prior to contact with us 

were recruited from 2001 through 2007. Cases were eligible to take part in the study if they lived 

in CA for at least 5 years prior to diagnosis and were residents of Fresno, Kern, or Tulare 

Counties, were not in the last stages of a terminal illness, had their diagnosis confirmed as 

clinically probable or possible PD by a UCLA movement disorder specialist, and were willing to 

participate. Cases were recruited in collaboration with 90% of practicing neurologists in the 

region, Kaiser Permanente, Kern and Visalia Medical Centers, the Veteran’s Administration, 

Parkinson’s Disease support groups, local newspapers, and radio stations that broadcast public 

service announcements. Case diagnoses of clinically probable or possible PD were confirmed 

using the following criteria: (I) presence of at least two of the following signs: bradykinesia, 

cogwheel rigidity resting tremor, at least one of which must have been resting tremor or 

bradykinesia; (II) no suggestion of a cause for another parkinsonian syndrome, such as trauma, 

brain tumor, infection, cerebrovascular disease, or other known neurological disease or treatment 

in the past with dopamine-blocking or dopamine-depleting agents; (III) No atypical features such 

as prominent oculomotor palsy, cerebellar signs, vocal cord paresis, severe orthostatic 

hypotension, pyramidal signs, amyotrophy, or limb apraxia; (IV) asymmetric onset; (V) if 

treatment with levodopa had been initiated, symptomatic improvement after treatment. Probable 

cases met criteria one through four plus/minus criterion five. Possible cases had at least one sign 

from criterion one and fulfilled criteria two and three (80). These cases were followed for a five 
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year period to better understand the progression of motor and non-motor manifestations of PD, 

and during that follow-up process, additional cases were identified as not having idiopathic PD 

(81).     

Population controls must have been at least 35 years of age, did not have PD, lived in CA 

for at least five years prior to screening, and must have resided primarily in Fresno, Kern, or 

Tulare counties. Controls ages 65 or older were sampled randomly from Medicare enrollees in 

the three counties and from randomly selected housing units identified from tax assessor records 

of residential parcels during the first year of the study.  After the instatement of HIPAA, all 

remaining controls were recruited from randomly selected parcels from tax assessor records, and 

two sampling strategies were used to enroll controls. First, letters were mailed to randomly 

selected residential units and controls were enrolled through mail and phone. In the second 

strategy, controls were recruited from randomly selected clusters of neighboring households 

during home visits by trained field staff who determined eligibility and enrolled controls at the 

door step. Only one person per household was allowed to enroll as a control in our study (42, 

82).  

2.2 Data Collection 

Trained interviewers collected data by telephone. We obtained information on 

demographics, family history of PD, smoking, residential and occupational address history, 

exposures to specific chemicals (pesticides, metals, chemical solvents, etc.), a medical history, 

and data on other lifestyle factors such as physical activity, alcohol consumption, coffee 

consumption, etc. Subjects also completed the Mini Mental State Examination (MMSE) either in 

person or by telephone. UCLA movement disorder specialists examined cases, administering the 

motor exam portion of the Unified Parkinson’s Disease Rating Scale (UPDRS) and assigning a 
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score on the Modified Hoehn and Yahr Scale. Subjects provided either whole blood or saliva 

samples. The UCLA Institutional Review Board approved the study, and all participants 

provided written informed consent. 

3 Household Organophosphorus Pesticide Use and Parkinson’s Disease 

 

3.1 INTRODUCTION 

Parkinson’s disease (PD) is a neurodegenerative disease characterized clinically by both 

motor and non-motor symptoms and pathologically by loss of dopaminergic neurons in the 

midbrain and presence of Lewy bodies.  Pesticides in general have been associated with an 

increased risk for developing Parkinson’s disease (26) but most human studies focused on 

occupational exposures (83, 84). Household pesticide use in the USA continues to be very 

common, with use prevalence as high as 80-90% of households (85-87). This is of concern since 

persistence of pesticides inside homes can lead to prolonged exposures of household members 

(88-90). Until recently, many pesticide products permitted for household use contained 

organophosphorus (OP) chemicals; e.g. the OP insecticides chlorpyrifos and diazinon were 

widely used in household applications prior to the United States Environmental Protection 

Agency phase out from products permitted for household use in 2001 and 2004, respectively (91, 

92). Organophosphorus pesticides as a class and individual OPs such as chlorpyrifos and 

parathion have been associated with PD in a handful of studies (39, 46, 53, 93, 94). 

Here we explore whether exposures to pesticides from household use, especially those 

containing OPs, impact the odds of developing PD.  In addition, we also assessed whether our 

results are consistent with genetic susceptibility expected among carriers of the 192QQ and 

55MM variants in the gene encoding for the xenobiotic enzyme paraoxonase (PON1) known to 

detoxify several common OPs (95). 
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3.2 METHODS 

The UCLA Institutional Review Board approved the study, and all participants provided 

written informed consent. 

Subject Recruitment and Enrolment  

This case-control study enrolled incident idiopathic PD patients from 2001 to 2007 and 

population-based controls between 2001 and 2011 from three mostly rural agricultural counties 

(Kern, Tulare, and Fresno) in central California. Subject recruitment (42, 43) and case criteria 

(80, 96) have been described elsewhere.  

We identified 1167 PD patients through local neurologists, medical groups, and public 

service announcements; 397 had received a PD diagnosis >3 years prior to recruitment, 134 lived 

outside the area, 51 did not have a PD diagnosis, and 22 were too ill to participate. Of all eligible 

cases (N=563), 90 could not be examined i.e. declined, moved, became too ill or died before we 

examined them.  Our movement disorder neurologists examined 473 eligible patients and 

excluded 107, because they did not meet required criteria for idiopathic PD (97). Six subjects 

withdrew prior to interview.    

Initially, we recruited controls from the population using Medicare lists (in 2001) but, 

after the instatement of the Health Insurance Portability and Accountability Act (HIPAA), we 

solely used residential tax assessor records from the tri-county area. Two sampling strategies 

were implemented to maximize control enrolment success: first, we randomly selected 

residential parcels and enrolled via mail and phone, and second, we randomly selected clusters of 

neighboring households and enrolled participants during in-person visits at their door-step. 

Control sampling strategies have been described in detail elsewhere (42, 82). 

 Of 1212 potential controls contacted through the first recruitment strategy, 457 

were ineligible (409 were < 35 years of age, 44 were too ill to participate, and 4 did not reside in 
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target counties). Furthermore, 409 eligible controls declined, became too ill or moved after 

screening and prior to interview leaving 346 controls recruited via phone and mail. In addition, 

an early mailing, for which the number of eligible subjects who declined remains unknown, 

produced 62 controls with home pesticide use information from interviews. We screened 4756 

individuals for eligibility at their door step, finding 3515 to be ineligible (88% due to age 

criteria) and leaving 1241 eligible controls, of whom 634 declined participation, while 607 

controls enrolled. However, 183 subjects agreed to an abbreviated questionnaire without 

household pesticide information and were excluded.  

Of all cases and controls enrolled, in total 357 cases and 807 controls provided 

information necessary for analyses of household pesticide use. For 278 cases and 397 controls of 

Caucasian race we have both PON1 genotype and household pesticide use information to assess 

modifications of OP pesticide effects on PD due to differences in OP metabolism from known 

functional variants.  

Exposure Assessment 

 Trained staff collected information on demographic characteristics, smoking 

history, and lifetime household pesticide use. Participants self-reported personal use of pesticide 

products during four age periods: young adult (16-<25 years), adult (25-<45 years), middle-age 

(45-<65 years), and senior (≥65 years) in three micro-environments, i.e. inside the home, or 

outdoors on lawns and in yards, or during gardening activities. Subjects were asked to recall 

names of products and the pesticide targets (e.g. cockroaches, spiders, ants, termites, 

bees/hornets/wasps, flies, weed control, plant disease); some recalled specific chemicals (e.g. 

malathion, diazinon). We also elicited information about formulation of products (e.g. liquid, 

granules, bait, powder) and frequency of use i.e. none or rare (once a year or less), occasional (2-
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11 times a year), or regular use (once a month or more; note: nobody reported more than once a 

week average use). We prompted interviewees who recalled a portion of the product name, with 

similarly sounding products with the same target and formulation.  All interviews for cases and 

controls enrolled through our first sampling strategy were conducted from 2001 through 2007 

and from 2009 through 2011 for controls enrolled through our second strategy. Throughout, we 

employed the same primary interviewers and supervisors.  

 We supplemented our interview data with information about ingredients of 

reported home and garden use pesticide products from the California Department of Pesticide 

Regulation (CDPR) product label database (98). Over 70% of products in this database have 

registration dates from the year 1970 and later. We compared dates of active registration listed in 

the CDPR database to dates of reported pesticide use to identify products for sale in California in 

those years. We also cross-referenced targets (e.g. ants, weeds) and formulation (e.g. liquid, 

granules) reported with targets, types (e.g. herbicide, insecticide, fungicide), and formulations 

listed in the CDPR database to identify products possibly used if product names were recalled 

incompletely. The active ingredient contributing the largest percentage to a product’s 

composition was identified as the main ingredient.  For some pesticides used before 1970, 

information on product composition was not available through CDPR; instead we identified the 

most likely main active ingredient with the same brand name (e.g. Black Flag) and target (e.g. 

ants). For some products, chemical composition varied over time, thus we considered the subject 

exposed to all possible main active ingredients. In addition, we also assigned chemical classes 

for each main active ingredient using the Pesticide Action Network (PAN) pesticide database 

(99).   
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The organophosphorus pesticides we identified in reported products included glyphosate, 

chlorpyrifos, bensulide, dichlorvos, diazinon, malathion, tetrachlorvinphos, oxydemeton-methyl, 

parathion, demeton, glufosinate-ammonium, disulfoton, and methidathion.  

Genotyping Methods 

 Using whole blood or saliva samples from participants, genotyping for PON1 L55M 

(rs854560) was conducted at the UCLA Genotyping and Sequencing Core Facility via 

pyrosequencing (46), and for Q192R (rs662) with the Fluidigm BioMark HD system (Fluidigm 

Corporation, South San Francisco, CA) at the University of Washington. Genotyping call rates 

for PON1 L55M and PON1 Q192R were 100% and 93%, respectively, and we did not detect 

departure from Hardy-Weinberg equilibrium in controls. We considered PON1 55MM and 

PON1 192QQ as ‘risk’ genotypes, because results for human serum analyses of PON1 

diazoxonase activity suggested median metabolic activity in carriers of these homozygous 

variants is lowest (62). 

Statistical Methods 

We included only household pesticide products that subjects reported having personally 

used in their home, in yards and on lawns, or for gardening. We present results for progressively 

more specific pesticide usage beginning with (i) any use of household pesticides, then for 

types/classes of main active ingredients including (ii) any organophosphorus pesticide, (iii) 

subclasses of organophosphate (e.g. dichlorvos, tetrachlorvinphos) and organothiophosphates 

(e.g. chlorpyrifos, diazinon, malathion, oxydemeton-methyl, parathion, demeton, disulfoton, 

methidathion), and finally, (iv) the most commonly used insecticides, diazinon and chlorpyrifos.  

We also excluded exposures reported for the last 10 years prior to the index age to 

account for the extended pre-clinical state of PD (100). We calculated a weighted average 
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frequency of pesticide use, first multiplying the midpoint of the reported pesticide use frequency 

category (i.e. for rare use: 0.5 times/year, occasional use: 6.5 times/year, regular use: 32 

times/year) by years in each age period except for 10 years prior to index date, and summing 

across the periods before dividing by the total number of years between age 16 and the index age 

minus 10. We also calculated weighted averages without lagging, and using the same method, 

calculated weighted averages for exposures at younger ages only (16-<45 years). Similarly, we 

calculated weighted averages for each of the four age periods of exposure. We dichotomized 

household pesticide use into “frequent use” as an average frequency at or above the median of 

the exposure distribution in exposed controls and “never use/rare use” for an average frequency 

below the median. We also examine indoor and outdoor (i.e. yards, lawns, gardening) use 

separately. Subjects who reported use but did not specify a product name were excluded in 

analyses of organophosphorus use, but included as ‘exposed’ for any type of household pesticide 

use. 

We calculated odds ratios (ORs) and 95% confidence intervals (CIs) in unconditional 

logistic regression analysis adjusting for age (continuous) at index date (i.e. year of diagnosis for 

cases and year of interview for controls), sex, race (white/non-white), smoking (ever/never), 

education (<12 years, 12 years, and >12 years), and family history of PD in first degree relatives 

(yes/no).  We assessed effects for any pesticide use as well as for each organophosphorus 

pesticide group. As reference group for all comparisons we used “never use/rare use” of any 

household pesticides, thereby excluding those who used other types/classes of pesticides from 

the comparison when considering specific sub-categories of pesticides. 

 In sensitivity analyses, we excluded 62 controls from an unknown base of eligible 

subjects and stratified by gender. Additionally, we adjusted for ambient pesticide exposures at 
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residences and workplaces based on a Geographic Information System (GIS) model we 

developed using the California Pesticide Use Reporting system during 1974-1999 (42, 43), by 

weighting annual pounds of pesticide applied by proportion of acreage treated within a 500 meter 

buffer around addresses and summing exposures over the 26 year period. We created indicator 

variables, one for residential and one for workplace exposures, for ever having greater than 

median exposure (in exposed controls) for four types of pesticides (organochlorines (OC), 

organophosphorus, dithiocarbamates (DTC) and paraquat (PQ)). We also adjusted for a Job 

Exposure Matrix (JEM) derived life-time cumulative occupational pesticide measure (none, low, 

medium, high) based on work history and detailed job tasks information (82). Finally, we 

assessed modification of the effect estimate for PD from home pesticide use by PON1 192QQ 

genotype, and also the combined PON1 diplotype (55MM, 192QQ), to identify low metabolizers 

(62). We used SAS Version 9.2 to conduct all analyses. 

3.3 RESULTS 

Our study participants were mostly older than 60 years of age, cases were more likely 

male, less educated than controls, and more often never smokers (Table 3-1). 

Frequent household pesticide use, increased the odds of developing Parkinson’s disease 

by 47% (95% CI: 1.13, 1.92). However, for organophosphorus and organothiophosphate classes 

of chemicals associations were larger (70-100% increase), and both common active ingredients 

chlorpyrifos and diazinon contributed to the increase (Table 3-2). Point estimates for unlagged 

exposures were slightly attenuated (Appendix Table 7-1) and for OP exposure at younger ages 

(16-<45) slightly increased. Susceptibility window analyses in the four age periods yielded 

smaller estimates in the older ages (Appendix Table 7-2). 

Adjustment for ambient pesticide exposures at residences or work places attenuated 

estimates for household OP pesticide use minimally [OR=1.59 (95% CI: 1.12, 2.25)]; similarly 
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adjustment for life-time occupational pesticide exposures using our JEM estimates made no 

difference [OR=1.69 (95% CI: 1.19, 2.40)] (Table 3-3). 

Separating indoor and outdoor household pesticide use resulted in similar size 50-70% 

increases in the odds ratio, but more participants reported use of organophosphorus pesticides 

outdoors on lawns, yards, or in gardens (25.9% of cases and 17.4% of controls outdoors vs. 3.0% 

and 1.8% indoors). Odds ratio estimates for use of any household pesticide were not different for 

men and women. 

 The influence of PON1 192QQ genotype (Table 3-4) was assessed in Caucasians only. 

As expected, we observed no increase in the OR with any PON1 genotype in never/rare users of 

household pesticides, and a small 41% increase for subjects reporting frequent use of any 

pesticide who carried 192RR and QR genotypes; but we observed much larger ORs (2.62-3.71) 

in frequent users of OPs who carried the 192QQ genotype compared with never/rare users who 

were carriers of 192RR and QR genotypes. Carriers of the PON1 diplotype, 55MM-192QQ, had 

almost 6-fold increase in the odds of PD, though this estimate was based on small numbers 

[OR=5.75 (95% CI: 1.41, 23.40)]. 

Our estimates for household pesticide use and joint analyses of household pesticide use 

and PON1 192 genotype were similar after excluding the 62 controls recruited in early mailings.  

3.4 DISCUSSION 

Our population-based case-control study of PD conducted in California’s Central Valley 

suggests that household pesticide use increases the odds of developing PD especially for 

products that contain OPs as active ingredients independent of occupational and ambient 

exposures.  Moreover, our results are corroborated by our finding that carriers of the PON1 

192QQ variant or the 55MM-192QQ diplotype using household pesticides are at higher risk than 

non-carriers who are rarely or un-exposed.  
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 Few previous studies have analyzed personal household pesticide use in relation to PD 

risk.  In contrast to our results, a case-control study in Washington State did not find an 

association of PD with personal use of any household pesticide product (including those 

containing OPs) (53). A French case-control study found a 40% increase in the OR for PD for 

gardening related pesticide exposures but 95% CIs included the null (95% CI: 0.90, 2.30) (37). A 

recent PD meta-analysis reported a summary risk ratio of 1.18 (95% CI: 0.86, 1.63) for 

household pesticide use relying on three studies –including the two we referenced above (26). 

Our study is unique, since we used information on main active ingredients from CDPR to 

augment detailed questionnaire data. CDPR registers all pesticide products, including those 

meant for household use, before they can be sold in California.  

Organophosphorus pesticides are still used in large amounts agriculturally (101, 102). 

Chlorpyrifos is permitted for use in ant and roach bait in homes (103), and other 

organophosphorus pesticides with similar mechanisms of toxicity, such as bensulide, are also 

still permitted as ingredients in household pesticide products (104). Thus, it is important to 

consider contributions of household organophosphorus pesticide use in PD studies since decades 

of past use exposed a large proportion of the US population. While in general OP elimination 

from the body is fast, for more lipophilic agents such as chlorpyrifos and diazinon some 

proportion stored in body fat may be more gradually released into circulation and eliminated 

(105, 106). Pesticides may also persist for longer periods in carpet dust (88). A recent study in 

the Salinas Valley of California suggests that household pesticide use may contribute a 

considerable proportion to pesticide exposures from indoor dust even in agricultural areas, with 

the finding that concentrations of chlorpyrifos and diazinon in household dust samples were 40-

80% lower in 2006 than in 2000-2002 when both pesticides were ingredients of household 
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pesticide products (107). We recently reported that behaviors such as ventilation and cleaning of 

pesticide treated areas that would minimize pesticide exposures after in-home treatment and use 

of personal protective equipment during applications are uncommon (85). Animal studies 

indicated that OPs, such as chlorpyrifos, may affect dopaminergic neurotransmission (22, 108), 

and chronic low exposure to some OPs may result in mitochondrial dysfunction and apoptosis of 

neurons (109). Moreover, it has been suggested that neurotoxicity from OPs such as diazinon and 

chlorpyrifos may occur at levels lower than those eliciting acute toxicity (110). 

Our analyses of organophosphorus pesticide use only account for main active ingredients 

and no other active or inert pesticide ingredients in products. Indeed, other active ingredients 

tend to change more frequently over time making it more difficult to identify them accurately, 

and inert ingredients are not required to be reported.  To limit exposure misclassification for OP 

pesticide usage, we excluded participants with frequent use who could not recall a specific 

product name or enough information to identify a product and active ingredient.  

A particular strength of our study is the disease characterization largely limiting 

misclassification error since cases were diagnosed by UCLA movement disorder specialists, and 

a majority of cases were re-evaluated over time.  However, as with all other case control studies 

we assessed exposures only retrospectively, possibly resulting in differential recall bias if cases 

ruminate about causes for disease and over-report or more accurately recall and report past 

household pesticide use than controls.  Our exposure assessment for OP pesticides depended 

only partially on recall and in large part on information on active ingredients retrieved from the 

CDPR.  We relied on this database to identify products and periods when they contained OP 

pesticides as main ingredients, information participants would be unlikely to recall or 

differentially recall. In addition, no study participant would have been able to report use 
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consistent with PON1 genotype carrier status which was unknown to them. Similar to our recent 

finding for ambient organophosphorus pesticide exposures (47), we estimated the highest risk of 

PD in carriers of the 55MM-192QQ diplotype who were frequent users of household OPs. Given 

extensive evidence that the PON1 Q192R single nucleotide polymorphism is functional (58, 59, 

111-113) and experimental data from human serum analyses that showed the Q allele influences 

PON1 serum diazoxonase activity under close to physiological conditions (62), finding the 

expected influence of slow organophosphate metabolizer status on PD provides support that the 

associations are not solely attributable to recall bias. While a smaller proportion of eligible 

controls compared to cases participate in our study, this would only result in selection bias if 

household pesticide use was related to participation. However, it is less likely that selection bias 

would affect our results from joint analyses of home pesticide use and genotype, since subjects 

would not have been able to select themselves into our study based on PON1 genotype and 

household pesticide use.  

Although many epidemiologic studies have assessed associations between pesticides and 

Parkinson Disease, few have focused on household pesticide use or organophosphorus 

pesticides. Household pesticide use is highly prevalent in the US, and organophosphorus 

pesticides are still used in household pesticide products. We enhanced our exposure assessment 

and limited recall bias by using the CDPR product label database to identify major active 

ingredients in products. Our findings for household pesticide use and PD were strongest in 

carriers of genetic variants associated with slow metabolism for OPs. This study contributes 

important evidence for an association between PD and household pesticide use, specifically OP 

pesticide use. 
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Table 3-1. Characteristics of Study Population. 

Characteristic  

Cases 

(N=357)         

n (%) 

Controls 

(N=807)              

n (%) 

Sex (male)   205 (57.4) 371 (46.0) 

Age*    

mean ± SD  68.3 ± 10.2 66.2 ± 11.6 

range  34-88 35-99 

≤60 years  75 (21.0) 254 (31.5) 

>60 years  282 (79.0) 553 (68.5) 

Cigarette smoking    

Never  187 (52.4) 389 (48.2) 

Former  150 (42.0) 328 (40.6) 

Current  20 (5.6) 90 (11.2) 

Race    

White  287 (80.4) 564 (69.9) 

Non-White  70 (19.6) 242 (30.0) 

Unspecified   1 (0.1) 

Education    

0-<12 years  66 (18.5) 116 (14.4) 

12 years  96 (26.9) 166 (20.6) 

>12 years  195 (54.6) 525 (65.0) 

First-degree relative with 

PD† 

  

No  305 (85.4) 742 (91.9) 

Yes  52 (14.6) 65 (8.1) 
*This is the age at diagnosis for cases and age at interview for 

controls. 

† We assumed that 26 controls who did not report family history of 

PD did not have first-degree relatives with PD. 
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Table 3-2. Parkinson's Disease Association with Average Household Pesticide Use 

Frequency from age 16 until 10 years prior to Index Age in the Central Valley of 

California. 

 
Cases                    

n (%) 

Controls               

n (%) 

Crude    

OR 

Adjusted OR*                  

(95% CI) 

Any Household Pesticide Usage     

Never Use/Rare Use 196 (54.9) 504 (62.5) 1.00 1.00 

Frequent Use† 161 (45.1) 303 (37.5) 1.37 1.47 (1.13, 1.92) 

Any Organophosphorus (OP) pesticide use‡     

Never Use/Rare Use 196 (70.3) 504 (80.6) 1.00 1.00 

Frequent Use† 83 (29.7) 121 (19.4) 1.76 1.71 (1.21, 2.41) 

Chemical classes within OP pesticides     

Organophosphate     

Never Use/Rare Use 196 (75.1) 504 (84.1) 1.00 1.00 

Frequent Use† 65 (24.9) 95 (15.9) 1.76 1.72 (1.18, 2.51) 

Organothiophosphate     

Never Use/Rare Use 196 (85.2) 504 (92.3) 1.00 1.00 

Frequent Use† 34 (14.8) 42 (7.7) 2.08 1.95 (1.17, 3.23) 

Individual Organothiophosphate pesticides     

chlorpyrifos      

Never Use/Rare Use 196 (95.6) 504 (98.2) 1.00 1.00 

Frequent Use† 9 (4.4) 9 (1.8) 2.57 2.73 (1.03, 7.24) 

diazinon     

Never Use/Rare Use 196 (90.3) 504 (94.0) 1.00 1.00 

Frequent Use† 21 (9.7) 32 (6.0) 1.69 1.58 (0.87, 2.88) 

 

*Adjusted for age (continuous), sex, smoking, race, PD family history, and education.  

†Subjects with an average frequency of use per year during ages 16-<10 years prior to index age that was 

at or above the median in exposed controls were assigned to the "Frequent Use" category. For all 

comparisons, those in the "Never Use/Rare Use" category had an average frequency of use per year 

during ages 16-<10 years prior to index age that was below the median for ANY household 

pesticide. 

‡Subjects may be counted in multiple sub-categories of organophosphorus pesticide usage. 
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Table 3-3. Parkinson’s Disease Associations with Average Household Pesticide Use 

Frequency from age 16 until 10 years prior to Index Age; Additional Adjustment for 

Other Sources of Pesticide Exposure. 

 

   

ORIGINAL  

MODEL 
MODEL 1 MODEL 2 

Cases                     

n (%) 

Controls                

n (%) 

Crude  

OR 

Adjusted OR*,†  

(95% CI) 

Adjusted OR*,‡  

(95% CI) 

Adjusted OR*,§  

(95% CI) 

Any Household  

Pesticide Usage 

      

Never Use/Rare Use 196 (54.9) 504 (62.5) 1.00 1.00 1.00 1.00 

Frequent Use|| 161 (45.1) 303 (37.5) 1.37 1.47 (1.13, 1.92) 1.41 (1.08, 1.84) 1.45 (1.11, 1.90) 

Any Organophosphorus 

(OP) pesticide use¶ 

      

Never Use/Rare Use 196 (70.3) 504 (80.6) 1.00 1.00 1.00 1.00 

Frequent Use|| 83 (29.7) 121 (19.4) 1.76 1.71 (1.21, 2.41) 1.59 (1.12, 2.25) 1.69 (1.19, 2.40) 

Chemical classes  

within OP pesticides 

      

Organophosphate       

Never Use/Rare Use 196 (75.1) 504 (84.1) 1.00 1.00 1.00 1.00 

Frequent Use|| 65 (24.9) 95 (15.9) 1.76 1.72 (1.18, 2.51) 1.57 (1.07, 2.30) 1.70 (1.16, 2.50) 

Organothiophosphate       

Never Use/Rare Use 196 (85.2) 504 (92.3) 1.00 1.00 1.00 1.00 

Frequent Use|| 34 (14.8) 42 (7.7) 2.08 1.95 (1.17, 3.23) 1.95 (1.17, 3.25) 2.00 (1.18, 3.39) 

Individual 

Organothiophosphate 

pesticides 

      

chlorpyrifos        

Never Use/Rare Use 196 (95.6) 504 (98.2) 1.00 1.00 1.00 1.00 

Frequent Use|| 9 (4.4) 9 (1.8) 2.57 2.73 (1.03, 7.24) 2.55 (0.96, 6.75) 2.81 (1.02, 7.71) 

diazinon       

Never Use/Rare Use 196 (90.3) 504 (94.0) 1.00 1.00 1.00 1.00 

Frequent Use|| 21 (9.7) 32 (6.0) 1.69 1.58 (0.87, 2.88) 1.61 (0.88, 2.95) 1.58 (0.86, 2.90) 

*All models are adjusted for age (continuous), sex, smoking, race, education, and PD Family History. Additional 

adjustments for other pesticide exposures are listed below. 
 

†ORIGINAL MODEL: Unadjusted for other pesticide exposures. 
 

‡MODEL 1: Additionally adjusted for ambient residential and ambient workplace exposures to pesticides 

(organophosphorus, organochlorine, dithiocarbamates, and/or paraquat) from nearby agricultural applications. 
 

§MODEL 2: Additionally adjusted for a job exposure matrix (JEM) derived exposure to any pesticide. 
 

|| Subjects with an average frequency of use per year during ages 16-<10 years prior to index age that was at or 

above the median in exposed controls were assigned to the "Frequent Use" category. For all comparisons, those in 

the "Never Use/Rare Use" category had an average frequency of use per year during ages 16-<10 years prior to 

index age that was below the median for ANY household pesticide.                                                                                    

 
¶Subjects may be counted in multiple sub-categories of organophosphorus pesticide usage. 

 



25 

Table 3-4. Combined Effects of PON1 Q192R and Household Pesticide Usage from age 

16 until 10 years prior to Index Age in Association With Parkinson’s Disease, Caucasians 

Only.   

 Never Use/Rare Use Frequent Use* 

 
 Case  

n 

 

Control  

n 

 

Crude 

OR  

Adjusted  OR† 

(95% CI)               Case n 

 

Control 

 n 

 

Crude 

OR  

Adjusted  OR† 

(95% CI)              

Any Household 

Pesticide Use 
        

PON1 Q192R         

RR+RQ 74 133 1.00 1.00 62  84 1.33 1.41 (0.90, 2.21) 

QQ 75 120 1.12 1.09 (0.72, 1.65) 67 60 2.01 1.96 (1.23, 3.11) 

OR for interaction       1.35 1.27 (0.67, 2.42) 

Any 

Organophosphorus 

(OP) pesticide use‡ 

        

PON1 Q192R         

RR+RQ 74 133 1.00 1.00 28  48 1.05 1.03 (0.58, 1.82) 

QQ 75 120 1.12 1.09 (0.72, 1.65) 37 24 2.77 2.62 (1.42, 4.83) 

OR for interaction       2.35 2.34 (1.02, 5.35)  

Chemical classes within 

OP pesticides 
        

Organophosphate Use         

PON1 Q192R         

RR+RQ 74 133 1.00 1.00 24 36 1.20 1.26 (0.68, 2.33) 

QQ 75 120 1.12 1.09 (0.72, 1.66) 28 19 2.65 2.51 (1.28, 4.94) 

OR for interaction       1.97 1.82 (0.74, 4.51) 

Organothiophosphate 

Use 
        

PON1 Q192R         

RR+RQ 74 133 1.00 1.00 11 20 0.99 0.93 (0.41, 2.10) 

QQ 75 120 1.12 1.09 (0.72, 1.66) 16 7 4.11 3.71 (1.42, 9.68) 

OR for interaction       3.70 3.67 (1.05, 12.78) 
* Subjects with an average frequency of use per year during ages 16-<10 years prior to index age that was at or 

above the median in exposed controls were assigned to the "Frequent Use" category. For all comparisons, those 

in the "Never Use/Rare Use" category had an average frequency of use per year during ages 16-<10 years prior to 

index age that was below the median for ANY household pesticide.                                                                                    
 

†Adjusted for age (continuous), sex, smoking, and education. We did not adjust for family history of PD to avoid 

the issue of over-adjustment due to possible correlations of family history with PON1 genotype. 
 

‡Subjects may be counted in multiple sub-categories of organophosphorus pesticide usage.  
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4 Occupational Pesticide Use and Parkinson’s Disease 

4.1 INTRODUCTION 

Parkinson’s disease (PD) is a chronic and progressive movement disorder. Many previous 

epidemiologic investigations identified occupational pesticide exposures as risk factors for PD. 

Studies reporting associations of PD with occupational exposures to pesticides, herbicides, 

insecticides, and fungicides, however, are of varying quality, size, and consistency in terms of 

agents examined. Also, some studies assessed exposures rather crudely (ever/never occupational 

exposure), or employed self-reports only (16), with little more than a handful of studies creating 

job exposure matrixes (JEMs) based on various types of information and levels of detail (37, 82, 

114-117), and the Agricultural Health Study (AHS) being the only cohort of licensed pesticide 

applicators and spouses with a prospective design and detailed assessment of pesticide use (40).  

In our large California based case control study of PD, we conducted a detailed historical 

assessment of active use of occupational pesticides and personal protective equipment (PPE). In 

addition, we also have available extensive information on additional sources of pesticide exposure 

in this population, specifically ambient pesticide exposures from agricultural applications at work 

places and residences and household pesticide use. Here, we report for the first time on PD risk 

from primarily farming-related occupational pesticide use based on self-reports complemented by 

information on chemicals from the California pesticide registration system. Different from most 

previous studies, we are able to adjust for other pesticide exposure (gardening and household use 

and ambient bystander exposures) common in agricultural environments and examine whether 

personal protective equipment (PPE) use modifies risk. 

4.2 METHODS 

Study Subjects 



27 

The Parkinson Environment Gene (PEG) study is a population-based case-control study 

of Parkinson’s disease, with participants recruited from the mostly rural California counties 

Kern, Fresno, and Tulare. Cases were enrolled within three years of PD diagnosis, from 2001 

through 2007, and population controls were enrolled between 2001 and 2011. Descriptions of PD 

case diagnostic criteria (80, 96) and subject recruitment (42, 43) may be found in our prior 

publications. 

Briefly, through local neurologists, medical groups, and public service announcements, 

we identified 1167 PD patients. We excluded 397 diagnosed >3 years before contact, 134 not 

living in the target counties, 51 without a PD diagnosis, and 22 who were too ill to participate. 

Of 563 remaining eligible cases, 90 declined, moved, became too ill or died before we could 

examine them. We further excluded 107 who did not meet criteria for idiopathic PD at exam 

(118-120), and six withdrew prior to interview leaving us with 360 patients.                                                                                                                      

Controls 65 years or older were initially from Medicare enrollee lists for all three 

counties but after the Health Insurance Portability and Accountability Act (HIPAA) was instated, 

controls were randomly selected from residential parcel listings on tax assessor records. We used 

two strategies to enroll controls. First, we mailed letters to selected residential units and enrolled 

through mail and phone only. Using a second strategy, we recruited controls from randomly 

selected clusters of five neighboring households from parcel listings, and trained field staff 

conducted home visits to determine eligibility and enrolled controls at the door step. Only one 

eligible person per household was allowed to enroll as a control in our study (42, 82).  

Using the first sampling strategy, we contacted 1,212 potential controls of whom 457 

were ineligible (409 were < 35 years of age, 44 too ill to participate, and 4 lived outside target 
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counties). We recruited 346 controls via phone and mail, since an additional 409 eligible controls 

declined, became too ill, or moved after screening and prior to interview. Through an early 

mailing, for which the number of eligible subjects who declined remains unknown, we recruited 

and interviewed 62 controls. We screened 4,753 individuals for eligibility at their door step and 

found 3,512 to be ineligible (88% due to age criteria), leaving 1,241 eligible controls, of whom 

634 declined participation and 607 enrolled. Of the 607 controls enrolled through the second 

sampling strategy, 183 subjects agreed to participate in an abbreviated interview only and did not 

provide occupational information. Altogether, we have 827 controls available.  

This study was approved by the UCLA Institutional Review Board, and we obtained 

written informed consent from all participants. 

Data Collection 

 Trained interviewers collected information by telephone on demographic characteristics, 

smoking, household pesticide use, lifetime residential addresses, lifetime occupations and 

addresses, and screened for jobs with exposures of interest, i.e. fertilizers, pesticides, metals, 

wood, paint strippers, and solvents. PD cases (228 out of 360) and controls (457 out of 827), who 

screened positive i.e. reported (1) ever having worked with any one of the agents of interest or 

who reported having ever (2) lived on a farm, or (3) worked on a farm, were additionally 

interviewed to collect more details on specific occupational exposures. We did not interview 269 

participants who screened negative, and 9 who did not respond to our screening questions. Of 

those who screened positive for fertilizers or pesticides, or ever worked or lived on a farm 

(N=754), 21.3% (52/244) cases and 20% (102/510) controls refused to participate in the detailed 

occupational interview. Based on respondent data, it is unlikely that those who screened positive 

for other chemicals only (paint strippers, etc.), and refused to participate in occupational 
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interviews (10 cases and 60 controls) would have used pesticides occupationally. Of those who 

did not screen positive, 7 subjects were nevertheless interviewed and, as expected, none of them 

reported pesticide exposures. 

All of our patients were seen at least once – many multiple times over a period of 10 

years – by our UCLA movement specialists to confirm idiopathic PD according to UK Brain 

Bank, CAPIT Rating Scale, and Gelb criteria (118-120). We also conducted a Mini-Mental State 

Examination over the phone or in person, with phone scores converted into predicted in-person 

scores as recommended (121). 

Occupational Pesticide Exposures 

  Here, we newly utilize extensive information from the additional interview in which 

participants self-reported occupational pesticide use of fungicides, herbicides, insecticides, and 

other pesticides (rodenticides, defoliants) including the name of pesticide products used, purpose 

or site of usage (e.g. crop, plant, animal, insect), duration (years) of use, location of use (Fresno, 

Kern, or Tulare counties; California; United States or abroad), whether subjects mixed or loaded 

pesticides, application methods (tractor with/out an enclosed cab, hand sprayer, backpack or 

aerial application, etc.), and personal protective equipment (PPE) use (gloves, mask, coveralls, 

boots, goggles, respirator, etc.). In order to reduce subject burden and recall issues, we limited 

collection of all data to pesticide group (fungicides/herbicides/insecticides/other pesticides).  

 We identified the main active ingredient of each self-reported pesticide product, relying 

on the California Department of Pesticide Regulation (CDPR) product label database (98), which 

lists the active ingredients of all pesticide products sold on the California market. We obtained 

the main active ingredient (in terms of product weight), by comparing the reported pesticide 
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product name and purpose of use with CDPR database names, purposes (e.g. crop, plant, animal, 

insect), use types (e.g. fungicides, herbicides, insecticides), and product registration dates during 

the years of reported use.  

When information on product composition was not available through CDPR (i.e. use 

prior to 1970), the most probable main active ingredient was identified based on products with 

the same brand names (e.g. Lannate) and purposes/sites of usage (e.g. cotton, alfalfa). If the 

chemical composition of a product varied over time, we considered the user as exposed to all 

main active ingredients the product contained in the period of its use. To identify the chemical 

classes of the main active ingredients (e.g. dicarboximide, inorganic, amide, etc.), we used the 

Pesticide Action Network (PAN) pesticide database (99) and the Compendium of Pesticide 

Common Names (122). When the reported information was inadequate to identify chemical class 

we still were able to identify pesticide use type (fungicide/insecticide/herbicide/other pesticides).  

From the self-reported occupational pesticide use information we derived ever/never use 

for each main active ingredient. We additionally summarized over the categories of all 

pesticides, pesticide use types (fungicides, insecticides, herbicides, and other pesticides), and 

chemical classes (carbamates, organochlorines, organophosphorus).  We considered ‘ever users’ 

those who used any ingredient within the category. 

 We considered subjects who screened negative, or refused to participate in the 

occupational interview, or who participated but did not provide responses to questions about 

pesticide use as unexposed if during screening they reported no regular work (i.e. once a week or 

more) with fertilizers or pesticides. For those without a screening question value, or responding 

yes to our screening question but refusing the occupational interview, or missing responses to 
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questions about pesticide use (7 cases and 13 controls from all three groups combined), we 

considered the occupational pesticide use data as missing.  

Ambient Pesticide Exposures 

A geographic information system (GIS) was used to obtain estimates of ambient 

workplace and ambient residential pesticide exposures. The lifetime occupational and residential 

addresses for the period 1974-1999 were geocoded and combined with data on pesticide use 

records from CDPR and land use maps from the California Department of Water Resources 

(123, 124). We estimated the pounds per acre per year of pesticides applied within a 500 meter 

radius surrounding each address. We then summed the exposures over the 26-year period and 

calculated 26-year average exposures. Those subjects with exposure at workplace or residential 

addresses greater than or equal to the median 26-year average exposure in exposed controls for 

four types of pesticides (organochlorines (OC), organophosphorus, dithiocarbamates (DTC) and 

paraquat (PQ)) were assigned a value of 1 for workplace and residential exposure, respectively. 

Those with exposures at workplace or residential addresses below the median 26-year average 

exposure in exposed controls for all four types of pesticides were considered unexposed and 

assigned a 0 for workplace and residential exposure, respectively. 

Household Pesticide Exposures 

We previously created a measure of household pesticide use frequency (125), identifying 

main active ingredients of reported home and garden use pesticide products from the CDPR 

product label database in the manner described for occupational products. We calculated the 

lifetime average frequency of any household pesticide use (personal application indoors or 

outdoors in yards, on lawns, or in gardens), considering use at or above the median value in 

exposed controls ‘frequent use’ and use below the median ‘never/rare use’.  
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Statistical analyses 

 We calculated odds ratios and 95% confidence intervals using unconditional logistic 

regression for ever use of any occupational pesticide, pesticide use types (i.e. 

fungicides/insecticides/herbicides/ other pesticides), and exposure to specific chemicals and 

classes as reported. To allow for comparison to prior studies on occupational pesticides, we used 

a reference group of never occupational pesticide users throughout, which included participants 

with other types of pesticide exposures (i.e. frequent household pesticide use and/or ambient 

pesticide exposures). We report on chemicals and chemical classes with at least 5 exposed cases 

and 5 exposed controls for analyses and examined specifically carbamates, OPs, and OCs. We 

conducted analyses of self-reported duration of work with pesticides in years, examining those 

with 1) >0 and ≤ 10 years and 2) >10 years of work with pesticides, and calculating a p-trend 

based on the median of each category. We also analyzed PPE use (yes/no, type of PPE used, 

frequency of PPE use) and job tasks of mixing or loading pesticides or applying pesticides at 

work. 

Analyses were adjusted for sex, smoking (ever/never), age at index date (continuous), 

education (<12 years, 12 years, and >12 years), and race (white/non-white). For sensitivity 

analyses, we adjusted for other sources of pesticide exposure (frequent household use, ambient 

workplace, ambient residential) or for occupational use (yes/no) of other types of pesticides (i.e. 

OPs, OCs, DTCs, paraquat, rotenone, carbamates, triflumizole, captan, and propargite, pesticides 

for which we have previously seen associations of ambient exposures with PD (24, 25, 42, 43, 

48)). We additionally adjusted for PD family history (yes/no), MMSE scores, other farming 

related exposures (includes regular, i.e. once a week or more, work with metals, wood, chemical 

solvents, or paint strippers), estimated associations for males only, excluded controls who were 



33 

interviewed later than cases (i.e. between 2009-2011), excluded the 62 controls from an 

unknown base population, and excluded participants with low MMSE scores (less than 27). We 

additionally analyzed occupational pesticide use with a ‘low exposure’ reference group. 

Participants in this reference category 1) did not use pesticides occupationally, 2) were 

unexposed to ambient residential or workplace OP, OC, DTC pesticides and paraquat (i.e. 

exposed below the median of exposed controls), and 3) were never/rare users of household 

pesticides. They may have had lower ambient exposures to pesticides at workplaces or 

residences or lower household pesticide exposures from infrequent use. All analyses were 

conducted in SAS version 9.3. 

4.3 RESULTS 

The majority of our participants were older than 60 years of age and of European 

ancestry. Cases were more often male, less educated than controls, and more likely to be never 

smokers than controls (Table 4-1). Men (28%) reported occupational pesticide use more 

frequently than women (4.2%). 

Those ever using any occupational pesticides, fungicides, insecticides, and herbicides had 

29 to 89% increased risk for PD (Table 4-2). On average, cases used pesticides longer than 

controls and most effect estimates were much larger for those having used pesticides for more 

than 10 years. Adjusting for other sources of pesticide exposure (i.e. frequent household use, 

ambient residential and ambient workplace) attenuated our estimates. Concerning pesticide 

groups, we estimated the strongest association for use of carbamates (OR=3.45, 95% CI: 1.19, 

10.02). When we conducted analyses with the ‘low exposure’ reference group, we found our 

ORs to be elevated for all categories of occupational pesticide use (Table 4-4). Results did not 

change in other sensitivity analyses. Active occupational users who also reported using PPE were 
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at increased risk, while our data suggested a smaller risk increase for ever pesticide users without 

PPE, and the highest OR for those always using PPE (Table 4-3). We also saw a positive 

association for the job task of mixing/loading pesticides (OR=1.61, 95% CI: 1.00, 2.59).  

4.4 DISCUSSION 

Our findings for occupational pesticide use are in agreement with earlier studies showing 

an increase in PD risk. Our results are also consistent with expectations in terms of duration of 

exposure such that longer years of use were associated with higher risk, and the highest risks 

were estimated for job activities (mixing/loading) known to result in particularly high exposures 

(126). Interestingly, those who reported PPE use, especially always use of PPE, were at highest 

risk of PD, possibly because these farm workers felt compelled to use PPE when handling toxic 

pesticides; however, the types of PPEs they used failed to protect them adequately. Different 

from previous studies, our estimates are adjusted for all other sources of pesticide exposure in 

addition to all major confounders.    

 Toxicologic studies in animals, cells, and in vitro experiments with pesticides provided 

evidence of neurotoxicity in support of the hypothesis that pesticides are involved in PD 

pathogenesis. Mechanisms by which pesticides may be related to PD pathogenesis include 

oxidative stress and inhibition of mitochondrial complex I (127).  

Paraquat neurotoxicity causes dopaminergic cell death in the substantia nigra pars 

compacta (SNpc) of mice (128, 129). Rotenone inhibits mitochondrial complex I in rats (130). 

Additionally, pesticides were found to accelerate the formation of α-synuclein fibrils in vitro, 

including rotenone, DDT, 2,4-dichlorophenoxyacetic acid (2,4-D), dieldrin, 

diethyldithiocarbamate, paraquat, maneb, trifluralin, parathion, and imidazoldinethione (131), 

and mice exposed to paraquat had increases in brain levels of α-synuclein and α-synuclein 
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containing aggregates in the SNpc (132). Lab and epidemiologic  studies from our group show 

that benomyl inhibits aldehyde dehydrogenase, which detoxifies the dopamine metabolite 

DOPAL, in mesencephalic rat neurons and inhibits the ubiquitin-proteasome system in SK-N-

MC neuroblastoma cells (23-25, 133). 

Previously, ten cohort studies – six occupational - examined associations between PD and 

occupational pesticide exposures or work in occupations involving pesticide exposures (30, 36, 

40, 51, 115, 116, 134-137), and reported relative risk estimates ranging from 0.66 to 5.6. However, 

since PD is a rare event in all but very large cohorts, these studies relied on as few as 1 and a 

maximum of 134 exposed incident PD cases. Exposure assessment in these studies was based on 

self-report, broad occupational categories listed in national databases, and few used employee 

records (36, 51) or job-exposure matrices (115, 116). The Agricultural Health Study (40) and a 

French (PAQUID) study (116) performed the most detailed exposure assessments, but still only 

had 68 and 8 exposed PD cases available for analysis, respectively. Some studies collected 

exposure information only once at baseline, possibly ignoring long periods of exposure during 

follow-up and prior to diagnosis that might be relevant (30, 115, 134, 137, 138). Case control 

studies enrolling larger numbers of PD cases might have higher diagnostic accuracy if patients are 

examined by experts, but many were small (<200 cases) and included prevalent cases with long 

(>5 years) or unspecified disease duration (28, 32, 33, 37, 50, 52, 114, 139-144). Few included 

incident cases (34, 37), raising concerns about survivor bias, differential recall due to cognitive 

impairment in prevalent cases, and temporal ambiguity.  

Strengths of our California case control study are that it is to date the largest in terms of 

the number of PD cases with a high exposure prevalence (21%) and that we enrolled incident PD 

cases diagnosed by UCLA movement disorder specialists and re-evaluated most patients at 
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multiple follow-up occasions, limiting misclassification of disease status. Our study is one of few 

that evaluated risk of PD from exposure to specific pesticides (34, 36-38, 40, 50-52, 93) and also 

duration and intensity/type of exposure, only the second occupational study which assessed use of 

personal protective equipment, and the first that controlled for other sources of pesticide exposures 

in residents of largely agricultural counties in which few can be considered completely unexposed. 

Since participants often do not know or remember what active ingredients the product they used 

contained, we compared reported pesticide brand names, purposes, and dates of use with 

information in the CDPR database to identify the main active pesticide ingredients in reported 

pesticide products. Restricting analyses to subjects with high MMSE score indicated that our 

results were not affected by impaired cognition. Furthermore, we collected detailed information 

about PPE use during occupational work with pesticides. Findings from the Agricultural Health 

Study suggested that PPE use in pesticide applicators may reduce PD risk (40), while a family-

based case-control study found PPE use to not alter associations between pesticide use at home 

and work  and PD (39). In contrast, our findings suggest that PPE use did not protect against risk 

but rather may even be a surrogate marker for the use of more toxic pesticides or, alternatively, 

the PPEs they used did not protect from exposure to the agents handled. Indeed, most of our study 

participants did not report using highly protective PPE (e.g. respirators, chemically resistant rubber 

gloves). Additional research targeting PPEs when assessing health risks from chronic pesticide 

exposures is needed. 

Our subjects reported occupational use of 148 different pesticides, with 42% and 37.8% 

of exposed cases and controls, respectively, reporting use of more than one pesticide up to a 

maximum of 29 different pesticides, limiting our ability to estimate effects for single pesticide 

exposures of interest for PD based on animal, cell, or previous human data. Of cases and controls 
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who reported occupational pesticide use, 35.1% of cases and 25.4% of controls did not recall the 

specific products used.  Chemicals our participants commonly used include DDT, 2,4-D, 

malathion, and glyphosate, but these have not been previously linked to PD. Our finding for 

carbamates  is consistent with our prior finding of an increased PD risk  in  consumers of  well-

water possibly contaminated with N-methyl carbamates (48). Our difficulty in interpreting 

results as pesticide specific is due to co-exposure to multiple pesticides applied simultaneously 

or sequentially by study participants. When we mutually adjusted for occupational use of other 

pesticides we previously identified as relevant for PD, estimates for occupational carbamate use 

remained elevated, but confidence intervals widened (OR=4.46, 95% CI: 0.66, 30.25). 

Importantly, in our reference group of non-occupationally exposed subjects a majority were 

exposed to other sources of pesticides including household and gardening pesticides or ambient 

exposures at residences or workplaces from agricultural applications in these counties. Of note, 

in sensitivity analyses we created an alternate reference group of ‘low exposure’, excluding 

subjects with other sources of pesticide exposure, and found even more strongly increased risks 

with occupational use of carbamates, organochlorines, and organophosphorus pesticides (Table 

4-4). 

 In this population based study of incident PD, we found evidence of increased risk with 

occupational pesticide use, increasing years of pesticide use, and job tasks resulting in the 

highest exposures to pesticides such as mixing and loading pesticides. We also found some 

evidence for specific pesticides including carbamates, OPs, and OCs. Finally, personal protective 

equipment use may not result in a reduced risk from pesticide exposures at the workplace. 
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Table 4-1. Characteristics of subjects. 

Variable 

Cases (360)                                                         

mean(sd) or n(%) 

Controls (827)                                                 

mean(sd) or n(%) 

Age    

mean (sd)  68.3 (10.2) 66 (11.7) 

<=60 years 76 (21.1) 264 (31.9) 

>60 years 284 (78.9) 563 (68.1) 

range 34-88 35-99 

Sex   

Male 206 (57.2) 382 (46.2) 

Female 154 (42.8) 445 (53.8) 

Race   

missing 0 2 (0.2) 

White 290 (80.6) 569 (68.8) 

Black 3 (0.83) 28 (3.4) 

Latino 47 (13.1) 160 (19.4) 

Asian 4 (1.1) 25 (3) 

Native American 16 (4.4) 43 (5.2) 

Education   

<12 years 67 (18.6) 123 (14.9) 

12 years 96 (26.7) 172 (20.8) 

>12 years 197 (54.7) 532 (64.3) 

Family History of 

PD   

positive 53 (14.7) 65 (7.9) 

negative 307 (85.3) 762 (92.1) 

Smoking Status   

Never 188 (52.2) 400 (48.4) 

Former 152 (42.2) 333 (40.3) 

Current 20 (5.6) 94 (11.4) 

Years of Occupational Pesticide use  

mean (sd)  18.2 ± 15.4 13.0 ± 13.2 
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Table 4-2. OR (95% CI) for self-reported occupational pesticide use, years of use, 

and PD risk.  

Variable*: n(%) or  mean ± 

SD 
Cases    

(360)  

Controls 

(827)                    

Unadjusted 

OR 

Adjusteda OR 

(95%CI) 

Adjustedb OR 

(95%CI) 

Any Occupational Pesticides 

Missing 7 (1.9) 13 (1.6)       

No Occupational Pesticide Usec 279 (77.5) 700 (84.6) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref) 

Ever Occupational Pesticide 

Use 

74 (20.6) 114 (13.8) 1.63 1.50 (1.05, 2.14) 1.36 (0.95, 1.95) 

      

Duration of use in years           

Zero yearsc 279 (77.5) 700 (84.6) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref) 

>0 and ≤ 10 years 29 (8.1)  55 (6.7)  1.32 1.27 (0.77, 2.09)  1.22 (0.74, 2.02)  

> 10 years 35 (9.7)  40 (4.8)  2.20 1.98 (1.20, 3.28)  1.69 (1.01, 2.83)  

p-trendd     0.0009 0.0073 0.0426 

Pesticide Product Type      

Fungicides           

No Occupational Pesticide Usec 279 (77.5) 700 (84.6) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref) 

Ever Fungicide Use 31 (8.6) 39 (4.7) 2.00 1.89 (1.12, 3.19) 1.62 (0.95, 2.76) 

      

Duration of use in years           

Zero yearsc 279 (77.5) 700 (84.6) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref) 

>0 and ≤ 10 years 14 (3.9)  18 (2.2)  1.95 1.97 (0.93, 4.17)  1.86 (0.87, 3.95)  

> 10 years 13 (3.6)  16 (1.9)  2.04 1.82 (0.83, 3.97)  1.46 (0.66, 3.23)  

p-trendd   0.0363 0.0969 0.2776 

Insecticides           

No Occupational Pesticide Usec 279 (77.5) 700 (84.6) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref) 

Ever Insecticide Use 51 (14.2) 87 (10.5) 1.47 1.29 (0.87, 1.94) 1.15 (0.76, 1.74) 

      

Duration of use in years           

Zero yearsc 279 (77.5) 700 (84.6) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref) 

>0 and ≤ 10 years 20 (5.6) 41 (5.0)  1.22 1.12 (0.62, 1.99)  1.05 (0.58, 1.90)  

> 10 years 23 (6.4)  29 (3.5)  1.99 1.71 (0.94, 3.10)  1.45 (0.79, 2.65)  

p-trendd   0.0146 0.0771 0.2315 

Herbicides           

No Occupational Pesticide Usec 279 (77.5) 700 (84.6) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref) 

Ever Herbicide Use 41 (11.4) 60 (7.3) 1.72 1.51 (0.96, 2.36) 1.34 (0.84, 2.12) 

      

Duration of use in years           

Zero yearsc 279 (77.5) 700 (84.6) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref) 

>0 and ≤ 10 years 8 (2.2)  31 (3.8)  0.65 0.65 (0.29, 1. 46)  0.59 (0.26, 1.35)  

> 10 years 26 (7.2) 22 (2.7)  2.97 2.41 (1.31, 4.44)  2.07 (1.12, 3.85)  

p-trendd   0.0005 0.0070 0.0290 

Other Pesticides (rodenticides,defoliants,etc) 

No Occupational Pesticide Usec 279 (77.5) 700 (84.6) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref) 

Ever Use of Other Pesticides 20 (5.6) 39 (4.7) 1.29 1.27 (0.71, 2.29) 1.19 (0.66, 2.17) 

      

Duration of use in years           

Zero yearsc 279 (77.5) 700 (84.6) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref) 

>0 and ≤ 10 years 6 (1.7)  18 (2.2)  0.84 0.98 (0.37, 2.59)  1.01 (0.38, 2.69) 

> 10 years 9 (2.5)  8 (1.0)  2.82 2.60 (0.95, 7.12)  2.05 (0.74, 5.69)  

p-trendd   0.0536 0.0764 0.1829 

*Note that subjects may be counted in multiple sub-categories of pesticide usage.  



40 

Table 4-2. OR (95% CI) for self-reported occupational pesticide use, years of use, 

and PD risk.  

aAdjusted for sex, smoking(ever/never), age(continuous), education(<12 years, 12 years, and >12 years), 

race(white/non-white).  
bAdjusted for sex, smoking(ever/never), age(continuous), education(<12 years, 12 years, and >12 years), 

race(white/non-white), household pesticide use frequency (frequent vs never/rare), and ambient residential and work 

address pesticide exposures. 
cReference group composed of never users of occupational pesticides by self-report. These subjects may have other 

pesticide exposures (based on frequent household pesticide use, ambient residential, and/or ambient workplace pesticide 

exposures). 
dBased on median of each category. 
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Table 4-3. OR (95% CI) for occupational pesticide use with/out Personal protective 

equipment (PPE) and PD risk.  

 Cases (360)  Controls (827)                        

                                                           

n % 

                              

n % 

Unadjusted 

OR 

Adjusteda OR 

(95%CI) 

PPEb       

No Occupational Pesticide Usec 279 (77.5) 700 (84.6) 1.00 (Ref) 1.00 (Ref) 

Occ pesticide use without PPE 28 (7.8) 49 (5.9) 1.43 1.33 (0.80, 2.20)  

Occ pesticide use with PPE use 46 (12.8) 65 (7.9) 1.78 1.64 (1.06, 2.53)  

Types of PPE       

gloves             

No Occupational Pesticide Usec 279 (77.5) 700 (84.6) 1.00 (Ref) 1.00 (Ref) 

Occ pesticide use without gloves 34 (9.4) 61 (7.4) 1.40 1.25 (0.78, 1.99)  

Occ pesticide use with gloves 40 (11.1) 53 (6.4) 1.89 1.82 (1.14, 2.90)  

mask             

No Occupational Pesticide Usec 279 (77.5) 700 (84.6) 1.00 (Ref) 1.00 (Ref) 

Occ pesticide use without mask 43 (11.9) 68 (8.2) 1.59 1.54 (1.00, 2.37)  

Occ pesticide use with mask 31 (8.6) 46 (5.6) 1.69 1.45 (0.87, 2.41)  

coveralls             

No Occupational Pesticide Usec 279 (77.5) 700 (84.6) 1.00 (Ref) 1.00 (Ref) 

Occ pesticide use without coveralls 50 (13.9) 77 (9.3) 1.63 1.51 (1.01, 2.27)  

Occ pesticide use with coveralls 24 (6.7) 37 (4.5) 1.63 1.48 (0.84, 2.62) 

tractor with enclosed cab             

No Occupational Pesticide Usec 279 (77.5) 700 (84.6) 1.00 (Ref) 1.00 (Ref) 

Occ pesticide use without enclosed 

cab 

66 (18.3) 104 (12.6) 1.59 1.51 (1.05, 2.18)  

Occ pesticide use with enclosed cab 8 (2.2) 10 (1.2) 2.01 1.42 (0.53, 3.77)  

PPE use frequencyd             

No Occupational Pesticide Usec 279 (77.5) 700 (84.6) 1.00 (Ref) 1.00 (Ref) 

No PPE and Occ pesticide use 28 (7.8) 49 (5.9) 1.43 1.33 (0.80, 2.21)  

Sometimes PPE use when Occ 

pesticide use 

23 (6.4) 39 (4.7) 1.48 1.40 (0.79, 2.45)  

Always PPE use when Occ 

pesticide use 

20 (5.6) 21 (2.5) 2.39 2.21 (1.14, 4.30)  

aAdjusted for sex, smoking(ever/never), age(continuous), education(<12 years, 12 years, and >12 years), 

race(white/non-white). 

bPPE includes gloves, masks, coveralls, applying pesticides in an enclosed cab, and other sorts of protection, 

such as boots, goggles, etc. For 14 subjects who used pesticides, information on PPE use was not available, and 

we assigned them to no PPE.  

c Reference group composed of never users of occupational pesticides by self-report. These subjects may have 

other pesticide exposures (based on frequent household pesticide use, ambient residential, and/or ambient 

workplace pesticide exposures). 

dThe PPE use frequency does not incorporate information on use of a tractor with an enclosed cab. Note that 3 

cases and 5 controls reported using PPE, but did not provide a frequency of PPE use. 
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Table 4-4. OR (95% CI) for self-reported occupational pesticide use and PD risk. 

Reference group has low exposure to pesticides. 

 Cases    (360)  Controls (827)                     

Variable* n % n % 

Unadjusted 

OR 

Adjusteda OR 

(95%CI) 

Any Occupational Pesticides          

Missing 2 (0.6) 16 (1.9)     

low exposureb 34 (9.4) 134 (16.2) 1.00 (Ref) 1.00 (Ref) 

Exposure to other sources of pesticidesc 250 (69.4) 563 (68.1) 1.75 1.89 (1.25, 2.87)  

Ever Occupational Pesticide Use 74 (20.6) 114 (13.8) 2.56 2.50 (1.50, 4.15)  

Pesticide Product Type             

Fungicides       

low exposureb 34 (9.4) 134 (16.2) 1.00 (Ref) 1.00 (Ref) 

Exposure to other sources of pesticidesc 293 (81.4) 638 (77.2) 1.81 1.92 (1.27, 2.91)  

Ever Fungicide Use 31 (8.6) 39 (4.7) 3.13 3.11 (1.65, 5.88)  

Insecticides       

low exposureb 34 (9.4) 134 (16.2) 1.00 (Ref) 1.00 (Ref) 

Exposure to other sources of pesticidesc 273 (75.8) 590 (71.3) 1.82 1.97 (1.30, 2.98)  

Ever Insecticide Users 51 (14.2) 87 (10.5) 2.31 2.10 (1.22, 3.60)  

Herbicides       

low exposureb 34 (9.4) 134 (16.2) 1.00 (Ref) 1.00 (Ref) 

Exposure to other sources of pesticidesc 283 (78.6) 617 (74.6) 1.81 1.94 (1.28, 2.94)  

Ever Herbicide Use 41 (11.4) 60 (7.3) 2.69 2.45 (1.37, 4.36)  

Other Pesticides (rodenticides,defoliants,etc) 

low exposureb 34 (9.4) 134 (16.2) 1.00 (Ref) 1.00 (Ref) 

Exposure to other sources of pesticidesc 304 (84.4) 638 (77.2) 1.88 1.98 (1.31, 2.99)  

Ever Use of Other Pesticides 20 (5.6) 39 (4.7) 2.02 2.06 (1.03, 4.09)  

Chemical Class of Main Active Ingredients 

Carbamates             

low exposureb 34 (9.4) 134 (16.2) 1.00 (Ref) 1.00 (Ref) 

Exposure to other sources and/or other 

occupational pesticidesc 

314 (87.2) 671 (81.1) 1.84 1.95 (1.29, 2.95)  

Ever Carbamate Use 10 (2.8) 6 (0.7) 6.57 5.55 (1.81, 17.04) 

Organochlorines 
            

low exposureb 34 (9.4) 134 (16.2) 1.00 (Ref) 1.00 (Ref) 

Exposure to other sources and/or other 

occupational pesticidesc 

314 (87.2) 660 (79.8) 1.88 1.98 (1.31, 2.99)  

Ever Organochlorine Use 10 (2.8) 17 (2.1) 2.32 1.97 (0.81, 4.82)  

Organophosphorus Pesticides             

low exposureb 34 (9.4) 134 (16.2) 1.00 (Ref) 1.00 (Ref) 

Exposure to other sources and/or other 

occupational pesticidesc 

308 (85.6) 647 (78.2) 1.88 1.98 (1.31, 2.99)  

Ever Organophosphorus Use 16 (4.4) 30 (3.6) 2.10 2.01 (0.95, 4.23)  

*Note that subjects may be counted in multiple sub-categories of pesticide usage.      
aAdjusted for sex, smoking(ever/never), age(continuous), education(<12 years, 12 years, and >12 years), race(white/non-

white).  
b Reference category subjects are unexposed to ambient residential or workplace pesticides (OPs, OCs, DTCs, & paraquat), are 

never/rare users of household pesticides, and did not use pesticides occupationally. 

cThese subjects did not self-report occupational pesticide use for the specific category of pesticides but were exposed to 

pesticides. They reported using other pesticides occupationally and/or were exposed to pesticides based on other measures of 

pesticide exposure (frequent household pesticide use, ambient residential, and/or ambient workplace pesticide exposures). 
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5 Genetic Variability in ABCB1, Occupational Pesticide Exposure, and 

Parkinson’s Disease  

 

5.1 INTRODUCTION 

Parkinson’s disease (PD), the second most common neurodegenerative disease, is 

considered to have a multifactorial etiology. There is substantial evidence suggesting that pesticide 

exposures increase risk of PD (26), and it has recently been suggested that the risk attributable to 

these exposures may be modified by regulators of xenobiotic uptake and their distribution 

throughout the body, such as P-glycoprotein (P-gp), encoded by the ABCB1 gene (73-75), since 

P-gp is involved in efflux of xenobiotics across the blood brain barrier (BBB) (71). 

Certain lipophilic pesticides, such as the organophosphorus pesticide (OP) chlorpyrifos, 

organochlorines (OCs), and rotenone, easily cross the blood brain barrier (145-147). Animal and 

cell studies suggest that pesticides are removed from BBB endothelial cells by P-glycoprotein; 

e.g., mice deficient in P-gp had higher brain concentrations of a lipophilic pesticide (148, 149). 

Many lipophilic and amphipathic xenobiotic compounds, including several OC and OP pesticides, 

are not only P-gp substrates, but also dose dependently either stimulate  or inhibit transport activity 

or modulate P-gp expression (150-155). 

The ABCB1 gene is highly polymorphic with thousands of putative single nucleotide 

polymorphisms (156); the two most studied are a synonymous mutation in rs1045642 (c.3435C/T) 

in exon 26 and a missense mutation in rs2032582 (c.2677G/T/A) in exon 21 (157). These 

polymorphisms have been shown to affect P-gp function in a substrate dependent fashion (76). 

The mutation at rs1045642 possibly alters substrate specificity by changing the timing of co-

translational folding (77); additionally, the homozygous TT genotype has been associated with 
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lower P-gp expression levels (78, 158), possibly through a reduction of mRNA stability (159). P-

gp expression has also been lower for carriers of the TT genotype at rs2032582 (158).  

A French study (75), reported that exposed carriers of the TT genotype for rs1045642 

exhibited the highest risk of PD when exposed to organochlorine pesticides compared to 

unexposed C allele carriers (OR=7.2, 95% CI: 2.1, 24.8). Results for rs2032582 were similar, with 

exposed men carrying the  T-allele exhibiting 7.9 times the risk of developing PD compared to 

unexposed G-allele carriers  (95% CI: 2.2, 28.9), and multiplicative interaction terms were 

statistically significant. Additionally, a multiplicative interaction was also observed in case-only 

analyses for rs2032582 and cumulative lifetime hours of organochlorine exposure.  

We have previously found that exposures ambiently at residences and workplaces to OCs 

dieldrin and endosulfan (24, 25) and to OPs (46, 47, 49) as well as consumption of well water 

possibly contaminated with OPs(48) and frequent household use of OPs (125) increase PD risk. 

Several other epidemiologic (37-39, 53, 93, 94), as well as toxicologic (20-22, 108-110), studies 

have implicated OCs and OPs in PD, and pesticides in these chemical classes have been found to 

impact P-gp function. Here, we re-examine the influence of the two ABCB1 polymorphisms and 

occupational OC and OP pesticide exposures on PD risk in an attempt to replicate and expand on 

prior epidemiologic findings reported by Dutheil et al. (2010). 

5.2 METHODS 

All research procedures for this study were approved by the University of California, Los 

Angeles (UCLA) Institutional Review Board, with written informed consent provided by all 

participants. 

Study Subject Recruitment 
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We conducted a population-based case-control study of Parkinson’s disease, with 

participants recruited from Kern, Fresno, and Tulare counties in Central California. From 2001 

through 2007, we enrolled cases within three years of PD diagnosis, and from 2001 to 2011 we 

enrolled population controls. Our prior publications describe PD case diagnostic criteria (80, 96) 

and subject recruitment (42, 43). 

Through local neurologists, medical groups, and public service announcements, we 

identified 1167 PD patients, of whom 604 were ineligible (397 were diagnosed >3 years before 

contact, 134 did not live in target counties, 51 did not have PD, and 22 were too ill).  Among 

eligible cases (n=563), 90 declined, moved, became too ill or died and therefore could not be 

examined. We excluded 107 patients not meeting idiopathic PD criteria at exam (118-120), and 

six cases withdrew before being interviewed.                                                                                                                      

Prior to the instatement of the Health Insurance Portability and Accountability Act 

(HIPAA), we enrolled controls 65 years or older from Medicare enrollee lists, but afterwards we 

selected all controls randomly from residential tax assessor records. We enrolled controls using 

two approaches. We first mailed letters to selected residential units and enrolled controls by mail 

and phone. With a second expanded approach, we recruited controls randomly selected and 

living in clusters of five neighboring households in the three counties at the door step during 

home visits. We permitted enrolment of one eligible person per household as a control (42, 82).  

We contacted 1,212 potential controls with our first approach; 457 were ineligible (409 

were too young, 44 too ill to participate, and 4 lived outside the counties). Additionally, 409 

eligible controls declined, became too ill, or moved after screening and prior to interview; thus, 

we recruited 346 remaining eligible controls via phone and mail. Through an early mailing, we 
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recruited and interviewed another 62 randomly selected controls for whom the proportion of 

eligible subjects declining participation remains unknown. Using our second recruitment 

approach, we screened 4,753 individuals for eligibility and found 3,512 ineligible (88% due to 

age criteria). Of the remaining 1,241 eligible controls, 634 declined participation, and 607 

enrolled at the door step, but a subset (N=183) agreed only to an abridged interview and did not 

provide information needed to determine occupational pesticide exposures.  

For 351 cases and 725 controls of all races, and 282 cases and 514 controls of European 

ancestry, we have both ABCB1 genotype and pesticide exposure information to assess 

modifications of occupational OC and OP pesticide associations with PD by the two functional 

variants of interest. 

Data Collection 

 Our trained staff conducted telephone interviews to collect data on demographic 

characteristics, smoking, lifetime occupations and addresses, household pesticide use, lifetime 

residential addresses, and screened for jobs with exposures of interest, i.e. fertilizers or pesticide 

exposures, metals, wood, paint strippers, and solvents. PD cases (290 out of 360) and controls 

(619 out of 827) screened positive in that they reported (1) work with any one of the exposures 

of interest, (2) ever having lived or (3) having worked on a farm. While most of these subjects, 

228 cases (78.6%) and 457 controls (73.8%), agreed to interviews about specific occupational 

exposures, 62 cases and 162 controls refused this additional interview. Among those screening 

positive for regular work (i.e. once a week or more) with fertilizers or pesticides, having worked 

on a farm, or lived on a farm (N=754), 21.3% (52/244) of cases and 20% (102/510) of controls 

refused the detailed occupational interview.  
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Our UCLA movement disorder specialists confirmed idiopathic PD in all cases based on 

UK Brain Bank, CAPIT Rating Scale, and Gelb criteria (118-120), and a majority were seen 

multiple times over a 10 year period. Our interviewers conducted the Mini-Mental State 

Examination in person or over the phone; we converted phone scores to predicted in-person 

scores as recommended (121). 

Occupational Pesticide Exposures 

 Using occupational histories and self-reported job tasks (pesticide mixing and 

application, planting and ploughing, field and non-fieldwork, and work with farming supplies, 

etc.) for each farming related job held for 6 months or longer, we previously created a job 

exposure matrix (JEM) measure of lifetime cumulative workplace pesticide exposure (82). We 

assigned weights representing the intensity of probable pesticide exposure, multiplied by the 

years in the job, and calculated lifetime cumulative exposure by summing over all jobs. We 

consider those with a lifetime cumulative exposure above the 75th percentile of exposed controls 

occupationally exposed to pesticides. 

 Using our detailed occupational interview, we collected occupational pesticide use 

information for fungicides, herbicides, insecticides, and other pesticides, eliciting the name of 

each pesticide product whenever possible, purpose or site of usage (e.g. crop, plant, animal, 

insect), and years of use. 

 We used the California Department of Pesticide Regulation (CDPR) product label 

database (98) to identify the main active ingredients (based on product weight) of self-reported 

pesticide products, comparing reported pesticide product names and purposes of use with CDPR 

database information (names, purposes, use types (e.g. fungicides, herbicides, insecticides), and 
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product registration dates) on products sold on the California market in the reported years of use. 

Products with the same brand names (e.g. Lannate) and purposes/sites of usage (e.g. cotton, 

alfalfa) were used to identify the most likely main active ingredient for products used prior to 

1970 for which product details were unavailable through CDPR. Participants were considered 

exposed to all main active ingredients in the product throughout the reported time span of use if 

pesticide products changed chemical composition over time. We used the Pesticide Action 

Network (PAN) pesticide database (99) and the Compendium of Pesticide Common Names 

(122) to determine chemical classes (e.g. organophosphorus, organochlorine) of main active 

ingredients. 

We distinguished ever/never use of each main active ingredient in self-reported products 

and ever/never use of any occupational pesticide or of any main active ingredient in a chemical 

class (organochlorines include DDT, toxaphene, aldrin, dieldrin,chlordane, lindane, 

methoxychlor, chlorothalonil, dicofol; organophosphorus chemicals include malathion, methyl 

parathion, parathion, diazinon, demeton, phosmet, TEPP, mevinphos, phorate, chlorpyrifos, 

dimethoate, acephate, disulfoton, naled, methamidophos, ethion, bensulide). 

 We considered participants who refused the extended occupational interview, screened 

negative, or those who participated without providing occupational pesticide use information 

‘never users’ of occupational pesticides if they had reported ‘no use’ for our screening question 

about ever regular work with fertilizers or pesticides. A minority of subjects (7 cases and 13 

controls) did not provide the information necessary to identify their occupational pesticide use 

status and were considered to have missing occupational pesticide use values.  

Ambient Pesticide Exposures 
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Using a geographic information system (GIS), we combined CDPR pesticide use reports, 

California Department of Water Resources land use maps, and geocoded lifetime occupational 

and residential addresses from 1974 through 1999 to obtain estimates of pounds per acre per year 

of pesticides applied within 500 meters around each address (123, 124). We computed 26-year 

average exposures to individual pesticides within the OC, OP, and dithiocarbamate (DTC) 

classes, as well as for paraquat (PQ). Participants with exposure levels at or above the median 

value of the 26-year average in exposed controls at workplaces or residences for each pesticide 

group (OCs, OPs, DTCs, and PQ) were considered “exposed” ambiently at workplaces or 

residences, respectively. 

Our measure for ambient workplace OC pesticide exposure included exposure to 

chlorothalonil, camphechlor, toxaphene, dienochlor, methoxychlor, lindane, dicofol, dieldrin, 

endosulfan, and chlordane. Our workplace GIS-based measure for OP pesticide exposure 

included exposure to 36 OP pesticides (49). 

Household Pesticide Exposures 

We previously used the CDPR product label database to identify main active ingredients 

in household pesticide products (personal application indoors or outdoors in yards, on lawns, or 

in gardens) (125). We computed an average frequency of any household pesticide use over the 

lifetime and defined ‘frequent users’ as those with lifetime average frequencies greater than or 

equal to the median for exposed controls. Those using them less frequently and never users were 

included in a ‘never/rare users’ group.  

Genotyping methods 
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 Whole blood or saliva samples from participants were genotyped at rs1045642 (C3435T) and 

rs2032582 (G2677(A,T)) at IntegraGen in France by allele-specific PCR (AS-PCR) using the 

Fluidigm BioMark system (Fluidigm Corporation, South San Francisco, CA). Genotyping call 

rates for rs1045642 and rs2032582 in those of European ancestry were 98.8% and 98.0%, 

respectively. Therefore, 10 and 17 subjects who failed genotyping for rs1045642 and rs2032582, 

respectively, are not included in tests for marginal associations of ABCB1 genotypes with PD (14 

and 35 subjects from all race/ethnicities, respectively, failed genotyping). We tested for and did 

not detect departures from Hardy-Weinberg equilibrium in controls.  

Statistical analyses 

We separately examined professional exposure to organochlorine (OC) and 

organophosphorus (OP) pesticides according to occupational self-report and ambient GIS-

derived workplace exposure. Subjects in the reference category (i.e. ‘low exposure’) include 

those unexposed to 1) pesticides occupationally according to self-report; 2) ambiently to 

workplace pesticides (OPs, OCs, DTCs, and paraquat; i.e. exposed below the median of exposed 

controls); 3) our JEM score (i.e. exposed at or below the 75th percentile);  and 4) never/rare users 

of household pesticides. Thus, these reference group subjects may be exposed to lower exposures 

due to active occupational use, or from ambient exposures to pesticides at workplace or 

residential addresses, or infrequently using pesticides at home. Similar to Dutheil et al. (2010), 

who created a separate category for those with pesticide exposures from gardening/home use 

only, we also grouped into a separate category subjects who reported frequent household 

pesticide use but were low or un-exposed to all other occupational sources of pesticides as listed 

above. Unlike the French study, our ‘occupationally OC exposed’ and ‘occupationally OP 

exposed’ groups included those exposed to OCs or OPs 1) ambiently (at or above the median of 
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exposed controls) at workplace addresses and/or 2) to self-reported occupational pesticides. We 

also created a separate category for subjects with workplace exposure to other pesticides (based 

on JEM, ambient workplace exposures, and self-reported active use as defined above). All 

exposures had to have occurred prior to the index time.    

Using unconditional logistic regression to calculate odds ratios (ORs) and 95% 

confidence intervals (CIs), we estimated marginal associations for occupational OC and OP 

pesticides (exposed ambiently at workplaces and/or due to self-reported active use) separately 

and used a recessive genetic model to assess associations for each SNP. For rs1045642, the 

reference group includes any C allele carriers, for rs2032582 any G allele carriers. We 

considered the ‘TT’ genotype the risk genotype for both SNPs as done by Dutheil et al. (2010) in 

interaction analyses. We also created an ABCB1 risk score in which participants were assigned a 

score of 1 for each homozygous variant genotype at each SNP and a score of 0 otherwise 

(1=homozygous variant genotype at one of the ABCB1 SNPs, 2=homozygous variant genotype at 

both SNPs). We also estimated marginal associations of each ABCB1 polymorphism with PD, 

using dummy variables to compare heterozygous and homozygous variant genotypes to 

homozygous wild-types.  

  We then examined each ABCB1 polymorphism and occupational pesticide exposures 

together, using subjects without the risk genotype and with ‘low exposure’ as reference groups. 

We conducted gene-environment interaction analyses separately for rs1045642, rs2032582, and a 

‘double recessive’ genetic model based on our risk score comparing those with a score of 2 to 

those with scores of 0 or 1, using product terms to assess interactions on a multiplicative scale. 

We confirmed with logistic regression that pesticide exposures were independent of 

susceptibility genotypes in controls and  conducted case-only analyses, which provide increased 



52 

statistical power to detect departure from multiplicativity compared to case-control analyses 

(160). 

To address concerns about population stratification, we conducted analyses restricted to 

European ancestry participants only; in sensitivity analyses we included all subjects and adjusted 

for race (white/nonwhite). We adjusted in all analyses for age at index date (continuous  and 

using age at diagnosis for cases and  at interview for controls), sex, county (Fresno/Kern/ 

Tulare), smoking (never/former/current), and total in-person MMSE score (MMSE score ≤ 25/ 

MMSE score >25). We mutually adjusted combined analyses of each ABCB1 polymorphism and 

occupational pesticide exposures for the homozygous variant genotype at the other SNP. 

Multicollinearity is unlikely to cause a problem, because the LD among the SNPs is not strong 

(r2 = 0.53). We previously found that PON1 55MM (at rs854560) variant genotype modifies PD 

risk from ambient residential and workplace OP pesticide exposures (47). Therefore, we adjusted 

all analyses of OP pesticides for PON1 slow metabolizer genotype status. In sensitivity analyses, 

we examined associations adjusted for ambient residential exposures (to OPs, OCs, DTCs, and 

paraquat), excluded controls recruited from an unknown base of eligible subjects, or excluded 

controls obtained with the second sampling approach. All statistical analyses were conducted 

using SAS 9.3. We conducted power analyses using Quanto Version 1.2.4 (161, 162) with two-

sided tests and an alpha level of 0.05. 

5.3 RESULTS 

Most of our study participants were older than 60 years of age. We found more males and 

more never smokers among cases than controls (Table 5-1). ABCB1 SNP genotype frequencies 

were similar in those of European ancestry and all races together (Appendix Table 7-4). 
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We observed 47-54% increases in PD risk for rs2032582 and rs1045642 using recessive 

genetic models for participants of European ancestry (Table 5-2), and similar results for all 

subjects combined (Appendix Table 7-5). Occupational pesticide exposures to OCs and OPs 

increased PD risk by 72-88% (Table 5-3), and nearly doubled PD risk in all races (Appendix 

Table 7-6). A larger percentage of subjects were exposed to OP pesticides, though approximately 

64% of occupationally exposed subjects were exposed to both types of pesticides (104 cases and 

146 controls). 

 For occupational pesticide exposure and ABCB1 SNP rs1045642, we estimated the 

largest ORs of 2.09-3.84 for OP and/or OC exposed carriers of the homozygous variant TT 

genotype and other pesticides compared with ‘low exposure’ non-variant genotype carriers. 

Adjusting for the variant TT genotype at rs2032582 did not appreciably alter results (Table 5-4). 

We observed similar increases in risk for carriers of the TT genotype for ABCB1 SNP rs2032582 

(ORs: 2.44-3.36) with occupational OC and/or OP exposures, though results were attenuated 

following adjustment for carrying the homozygous variant genotype at rs1045642. Among those 

occupationally exposed to OC and/or OP pesticides, participants with the highest risk had 

homozygous variant genotypes for both rs1045642 and rs2032582 [OR= 3.71, 95% CI: (1.96, 

7.02)] (Appendix Table 7-3). Results were similar when adjusting for ambient residential 

pesticide exposures and for all races combined (Appendix Table 7-7). We determined that we 

had at least 80% power to detect interaction ORs of 4.1-5.4 or greater as reported in Dutheil et al. 

(2010). However, we did not detect interactions on the multiplicative scale using case-control 

and case-only analyses. 
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Marginal and joint associations for occupational pesticide exposure and ABCB1 

genotypes were similar after we excluded controls recruited early from an unknown base of 

eligible subjects and controls recruited with the second approach. 

5.4 DISCUSSION 

Our population based case-control study corroborated a previous report that two common 

genetic variants in the ABCB1 gene, which codes for P-glycoprotein, act together with pesticide 

exposures to increase PD risk. Specifically, PD risk from occupational exposures to 

organochlorine pesticides is being modified by variant alleles of the ABCB1 gene at both 

rs1045642 and rs2032582. We newly report that associations between occupational 

organophosphorus pesticide exposures and PD are also modified by polymorphisms in both 

SNPs. Our findings also suggest that the highest PD risk occurs in carriers of the TT genotype at 

both ABCB1 polymorphic sites when occupationally exposed to pesticides, either from ambient 

exposures at the workplace and/or through active work with these chemicals. Our study had 

sufficient power to detect interaction ORs of the magnitude reported in Dutheil et al. (2010), but 

we did not replicate these findings of large interactions on a multiplicative scale. 

Human P-glycoprotein, encoded by the ABCB1 gene, is the most studied of the ATP-

binding cassette (ABC) transporters, and is involved in efflux of a large variety of substrates 

from cells (163). In human brain tissue samples, P-glycoprotein has been found to be expressed 

by endothelial cells in central nervous system capillaries (164),  primarily on the luminal but also 

on the basal side of BBB endothelial cells facing the brain interstitial fluid and on intracellular 

organelle membranes (165). The transporter is also expressed in other areas of the body 

important for xenobiotic uptake and distribution including  the apical surface of enterocytes, the 
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nose-brain barrier, proximal tubular kidney cells, and the biliary canalicular membrane of 

hepatocytes (72, 166, 167). 

Several studies examined associations between PD and polymorphisms in the ABCB1 

gene in European and Asian populations, without accounting for environmental exposures (see 

Appendix Tables 7-8 and 7-9). The results of these studies have been inconsistent. An Italian 

hospital based case control study, found no association between PD and rs1045642 or 

rs2032582, but reported an association between the TT genotype at rs1045642 and the T allele at 

rs2032582 and early onset PD (168). A Polish population based case control study found 

suggestive evidence of a protective association between the 2677G-3435C haplotype (G allele at 

rs2032582 and C allele at rs1045642) and PD (169). A German clinic based case control study 

that only included PD cases with evidence of increased iron content in the substantia nigra, found 

no association between 10 SNPs in ABCB1 and PD (170). A Swedish hospital based case control 

study did not find evidence of an association of either rs1045642 or rs2032582 with PD (171). 

The recent meta-analysis of PD genome-wide association studies in individuals of European 

ancestry identified associations in the discovery phase between PD and two ABCB1 SNPs, 

rs28746490 and rs2235043, though these did not reach genome-wide significance, with meta p-

values between 1x10-4 and 0.05 (172). Our genetic marginal effect estimates (Table 5-2) suggest 

an increased risk of PD for homozygous variant carriers of either SNP, but due to small numbers 

of subjects completely unexposed according to all of our pesticide measures, we cannot estimate 

genetic effects in a truly pesticide unexposed population.  

Three prior studies in European populations have provided evidence for a gene-

environment interaction between pesticide exposure and polymorphisms in ABCB1 (73-75). Two 

studies (Drozdzik et al. 2003; Zschiedrich et al. 2009) conducted case-only analyses but did not 
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examine specific pesticides, nor did they present information on whether pesticide exposure and 

the rs1045642 polymorphism were independent in controls. Assumptions of independence along 

with disease rarity are both required in order to estimate departures from multiplicative 

interaction using a case-only analysis (173).  

A Japanese hospital based case control study did not find evidence of interaction (174), 

and unlike the French case control study (Dutheil et al. 2010) which used a recessive genetic 

model, they examined interactions for rs1045642 using a dominant genetic model. Genotype 

frequencies were different in these two populations (CC, CT, and TT genotypes 37.4%, 45.1%, 

and 17.4%, in Japanese controls and 24%, 50%, and 26% in French controls). 

When using genetic markers in association studies, there is the possibility that the marker 

studied is associated with a causal variant and is not itself the causal variant due to linkage 

disequilibrium. We also can only speculate that our results might be due to dysfunctional P-gp 

activity or reduced P-gp expression. Our subjects are exposed to a large variety of environmental 

toxins that may upregulate or downregulate P-gp expression and activity, and we most likely did 

not account for all possible modulators in our analyses. However, we have employed some of the 

most comprehensive pesticide exposure assessment. We adjusted our analyses for smoking; the 

polycyclic aromatic hydrocarbon benzo[a]pyrene, a component of cigarette smoke, has been 

shown to modulate P-gp expression in cell studies (175), and smoking is inversely associated 

with PD. 

In this study, we relied partially on self-reported information to construct our exposure 

measures, though we used the CDPR database to identify whether our subjects worked with OC 

or OP pesticides instead of asking our subjects to recall exposures to specific chemicals. In 

Dutheil et al. (2010), enrolled participants worked in agriculture or related occupations, and all 
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subjects considered exposed to OC pesticides had worked with these pesticides. In our study, 

approximately 30% of subjects worked in jobs related to farming, fishing, or forestry (82), but 

fewer reported working directly with pesticides. Therefore, the majority of subjects we 

considered occupationally exposed to OC or OP pesticides were exposed ambiently at the 

workplace. It is important to note that our participants who had ambient workplace pesticide 

exposures did not necessarily work in occupations related to agriculture or pesticide application. 

In both studies, participants actively used or were exposed to a large variety of pesticides. While 

the French study had slightly more subjects who worked with OC pesticides compared to OPs, in 

our California population a larger percentage had been occupationally exposed to OP pesticides 

and a majority to both.  

Our GIS based measures of specific pesticide exposures do not depend on recall, a unique 

strength of our study. There is the possibility of some nondifferential exposure misclassification 

due to variations in wind patterns and tracking of pesticide residues into workplaces as well as 

geocoding problems due to incomplete addresses; this however, affected exposure assessment for 

similar proportions of cases and controls (49). In an effort to reduce exposure misclassification, 

we increased the specificity of our GIS based exposure assignments, considering subjects 

exposed to OC or OP pesticides only when their exposure levels were at or above the median 

level in exposed controls. Another key strength of our study is that UCLA movement disorder 

specialists diagnosed PD and even repeated evaluations for most of our cases over time. 

Multiple investigations highlighted the role of P-gp for the xenobiotic efflux function of 

the blood-brain barrier and the biological interaction of pesticides with P-gp as transport 

substrates and inhibitors. Using GIS based exposure assessment of ambient pesticide exposures 

from drift in addition to self-reported occupational pesticide use, our results support prior 
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findings that genetic variants at rs1045642 and rs2032582 in ABCB1 modify PD risk from 

occupational exposures to organochlorines. Additionally, we found evidence suggesting that 

variants at these loci also modify risk from organophosphorus (OP) pesticide exposures, and 

together, homozygous variant genotypes at both positions appear to confer the greatest PD risk in 

those with both OC and OP exposures. 
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Table 5-1. Characteristics of Study Population, participants 

with European ancestry (n=866). 

 

Cases    

(N=286)         

No. (%) 

Controls 

(N=580)         

No. (%) 

Sex (male) 161 (56.3) 290 (50) 

Agea   

mean +/- SD 69.1 +/- 10.4 67.5 +/- 11.6 

range 34-88 35-99 

≤60 years  58 (20.3) 151 (26.0) 

>60 years 228 (79.7) 429 (74) 

Cigarette smoking   

Never 157 (54.9) 260 (44.8) 

Former 117 (40.9) 254 (43.8) 

Current  12 (4.2)  66 (11.4) 

County   

Fresno 134 (46.9) 246 (42.4) 

Kern 100 (35) 236 (40.7) 

Tulare 52 (18.2) 98 (16.9) 

Education   

0-<12 years  32 (11.2)  40 (6.9) 

12 years  84 (29.4)  119 (20.5) 

>12 years 170 (59.4)  421 (72.6) 

First-degree relative with PD   

No 245 (85.7) 528 (91.0) 

Yes  41 (14.3)  52 (9.0) 

ABCB1 rs2032582 genotypeb   

GG 95 (33.2) 186 (32.1) 

GT 118 (41.3) 278 (47.9) 

TT 68 (23.8) 104 (17.9) 

ABCB1 rs1045642 genotypeb   

CC 62 (21.7) 122 (21.0) 

CT 128 (44.8) 308 (53.1) 

TT 95 (33.2) 141 (24.3) 
a This is the age at diagnosis for cases and age at interview for 

controls. 

bGenotyping failed for 17 and 10 subjects, respectively, for 

rs2032582 and rs1045642. 
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Table 5-2.  Parkinson Disease associations with ABCB1 rs2032582 (n=849), ABCB1 rs1045642 

(n=856), and ABCB1 risk score (n=846), participants with European ancestry. 

 Cases Controls Unadjusted 

OR 

Adjusteda  
Dutheil et al. 

2010 

  No. (%) No. (%) OR (95% CI) ORb (95% CI) 

ABCB1-rs2032582      

GA 0 0 NC NC 0.6 (0.2- 2.3) 

GG 95 (33.8) 186 (32.7) 1.00 1.00 1.00 

GT 118 (42) 278 (48.9) 0.83 0.82 (0.59, 1.15) 1.0 (0.7-1.4) 

TA 0 0 NC NC NC 

TT 68 (24.2) 104 (18.3) 1.28 1.31 (0.88, 1.96) 1.0 (0.6-1.6) 

ABCB1-rs2032582      

GG+GT  213 (75.8)    464 (81.7) 1.00 1.00 1.00 

TT   68 (24.2)   104 (18.3) 1.42 1.47 (1.04, 2.10) NC 

ABCB1- rs1045642       

CC 62 (21.8) 122 (21.4) 1.00 1.00 1.00 

CT 128 (44.9) 308 (53.9) 0.82 0.82 (0.56, 1.19) 1.2 (0.8-1.9) 

TT 95 (33.3) 141 (24.7) 1.33 1.34 (0.89, 2.02) 1.0 (0.6-1.6) 

ABCB1- rs1045642      

CC+CT   190 (66.7)   430 (75.3) 1.00 1.00 1.00 

TT     95 (33.3)   141 (24.7) 1.53 1.54 (1.12, 2.12) NC 

ABCB1 risk scorec      

0 182 (64.8) 415 (73.5) 1.00 1.00 1.00 

1 36 (12.8) 58 (10.3) 1.42 1.33 (0.84, 2.11) NC 

2 63 (22.4) 92 (16.3) 1.56 1.63 (1.12, 2.37) NC 

p-Value for trend   0.0076   

NC: not calculated           
aAdjusted for age(continuous),sex, county, smoking (never/former/current).  

bOR from conditional logistic regression on matched sets (matched on age (±2 years), sex, and region of 

residency). Adjusted for pack-years (never smoker/ever smoker <=17 pack years (their median)/ever 

smoker > 17 pack-years) and MMSE (total in-person MMSE score <=26/MMSE score 27-28/MMSE score 

>=29). One case and one control had the TA genotype for rs2032582. 

cWe assigned a score of 1 for each homozygous variant genotype at each SNP and a score of 0 otherwise. 

We then summed scores for the two SNPs to obtain the final ABCB1 risk score (1=homozygous variant 

genotype at one of the ABCB1 SNPs, 2=homozygous variant genotype at both SNPs). 
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Table 5-3. PD associations with workplace exposure to Organochlorine and Organophosphorus (n=804) 

pesticides, participants with European ancestry. 

Exposure 

Cases  Controls  Unadjusted 

OR  

Adjusteda             

OR (95% CI) No.  (%)                              No.  (%)                     
Workplace Organochlorine Exposure 

low exposureb 56 (19.8) 149 (28.6) 1.00 1.00 

frequent household pesticide use without 

workplace pesticide exposure 28 (9.9) 78 (15.0) 0.96 1.00 (0.58, 1.72) 

workplace exposure to other pesticides 76 (26.9) 111 (21.3) 1.82 1.84 (1.19, 2.84) 

ambient workplace OC exposure and/or 

self reported OC usec 123 (43.5) 183 (35.1) 1.79 1.72 (1.15, 2.58) 

Workplace Organophosphorus Exposure    

low exposureb 56 (19.8) 149 (28.6) 1.00 1.00 

frequent household pesticide use without 

workplace pesticide exposure 
28 (9.9) 78 (15) 0.96 1.01 (0.58, 1.73) 

workplace exposure to other pesticides 38 (13.4) 67 (12.9) 1.51 1.42 (0.85, 2.38) 

ambient workplace OP exposure and/or 

self reported OP usec 161 (56.9) 227 (43.6) 1.89 1.88 (1.28, 2.76) 

aAdjusted for age(continuous), sex, county, smoking (never/former/current), and total in-person MMSE score 

(MMSE score ≤ 25/ MMSE score >25).  

b Reference category subjects are unexposed to any ambient workplace pesticides (OPs, OCs, DTCs, & 

paraquat), did not use pesticides occupationally, are unexposed according to JEM score,and are never/rare users 

of household pesticides. They may have ambient residential pesticide exposures. 

cMany cases (n=104) and controls (n=146) are occupationally exposed to both OC and OP pesticides. 
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Table 5-4. ABCB1 SNP rs1045642 and Exposure to Workplace Organochlorine & Organophosphorus Pesticides in Association With Parkinson 

Disease, participants with European ancestry. 

   ABCB1-rs1045642    

 CC+CT TT  
 N 

case/control 

Crude OR     

(95% CI) 

Adjusteda OR 

(95% CI) 
N case/control 

Crude OR     

(95% CI) 

Adjusteda OR 

(95% CI) 

Product 

p-value 

Workplace Organochlorine Exposure       

low exposureb 38/119 1.00 1.00 18/30 1.88 1.78 (0.80, 3.98) - 
frequent household pesticide use 

without workplace pesticide 

exposure  

21/55 1.20 1.30 (0.69, 2.46) 7/22 1.00 0.95 (0.34, 2.67) 0.16 

workplace exposure to other 

pesticides  

46/82 1.76 1.84 (1.08, 3.14) 30/26 3.61 3.63 (1.73, 7.62) 0.84 

ambient workplace OC exposure 

and/or self reported OC use 

84/131 2.01 1.94 (1.20, 3.13) 38/49 2.43 2.33 (1.19, 4.55) 0.38 

Workplace Organophosphorus Exposure       

low exposureb 38/119 1.00 1.00 18/30 1.88 1.97 (0.86, 4.51) - 
frequent household pesticide use 

without workplace pesticide 

exposure  

21/55 1.20 1.60 (0.81, 3.13) 7/22 1.00 0.93 (0.33, 2.67) 0.06 

workplace exposure to other 

pesticides  

28/53 1.65 1.81 (0.96, 3.42) 10/13 2.41 2.07 (0.73, 5.84) 0.39 

ambient workplace OP exposure 

and/or self reported OP use  

102/160 2.00 2.08 (1.29, 3.37) 58/62 2.93 3.00 (1.58, 5.72) 0.49 

aAdjusted for age(continuous), sex, county, smoking (never/former/current), and total in-person MMSE score (MMSE score ≤ 25/ MMSE score >25), and the variant TT 

genotype at rs2032582. Results for OP pesticides are additionally adjusted for PON1 55MM (at rs854560) variant genotype. 

bReference category subjects are unexposed to any ambient workplace pesticides (OPs, OCs, DTCs, & paraquat), did not use pesticides occupationally, are unexposed 

according to JEM score, and are never/rare users of household pesticides. They may have ambient residential pesticide exposures. 
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6 Conclusion and Public Health Implications 

 

This dissertation examined the relation between Parkinson’s disease and exposures to 

pesticides from multiple exposure sources, including household use, occupational use, and 

ambient pesticide exposures from drift in addition to genetic variation in PON1 and ABCB1 that 

may render individuals to be more susceptible to neurotoxic effects of pesticides.  

We found evidence that household pesticide use, particularly of OP pesticides increases 

risk of PD. These findings are in accord with other prior findings for OP pesticides. In a clinic-

based case control study in Texas, use of chlorpyrifos products was associated with a doubling in 

PD risk (OR = 2.0; 95% CI = 1.02-3.8) (93). A family-based case control study found ever use of 

organophosphorus pesticides increased PD risk by 89% (OR=1.89; 95% CI=1.11-3.25) (39), and 

an older German case control study found ever use of alkylated phosphates associated with an 

80% increase in PD risk (OR=1.8; 95% CI=0.9-3.3) (94). We are the first to report these 

associations after adjusting for ambient pesticide exposures in agricultural areas with high levels 

of commercial pesticide applications. Our results are further supported by our finding that 

carriers of the PON1 variants for slow metabolism of OPs are at much higher risk when using 

household OP pesticides. In addition, we found the same gene-environment interaction for 

household OP pesticide use that we saw for ambient exposures to agricultural OP pesticides in 

earlier PEG studies (46, 47), providing more support that PON1 slow metabolizer genotype 

status and OP pesticide exposures interact to increase PD risk. 

Our findings for occupational pesticide use corroborate findings of increased risk of PD 

with use (26), and confirm prior findings for a link between increased risk of PD and exposure to 
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specific pesticides, such as carbamates, organochlorines, and organophosphorus pesticides. Our 

results may be due to differential recall bias. We also saw an increased risk of PD with use of 

personal protective equipment, which, though unexpected, may reflect a situation in which those 

with exposure to more toxic pesticides wore PPE. Understanding how occupational tasks and 

behaviors affect health is important to protect the health of agricultural workers. Further studies 

on use of personal protective equipment may have ramifications for agricultural worker 

protection standards.  

As we would expect based on a majority of US households reporting use and storage of 

household pesticides (85-87, 176), a larger percentage of PEG study participants were frequent 

household pesticide users (45.1% of cases and 37.5% of controls) compared to occupational 

pesticide users (20.6% of cases and 13.8% of controls). We estimated similar sized odds ratios 

for both types of pesticide exposures, for which there are many possible explanations. For 

example, if we were better at assessing household pesticide use than occupational pesticide use, 

the misclassification of our occupational pesticide use variable could result in reduced OR 

estimates. When we improved upon our occupational pesticide exposure assessment using details 

on duration, those with longer durations of occupational pesticide use had larger risk of PD. This 

population has many different types of pesticide exposures, and few study participants are truly 

unexposed to pesticides. Thus, the reference groups of “never/rare household pesticide use” in 

the household pesticide analyses and “no occupational pesticide use” in the occupational 

pesticide use analyses include participants with other pesticide exposures, which could lead to 

similar estimates. In support of this explanation, we observed elevated OR estimates for ever 

occupational pesticide users when we excluded frequent household pesticide users and those 
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with ambient pesticide exposures at residences and workplaces from our reference group (Table 

4-4).   

We reported a replication of a prior finding (75) of ABCB1 polymorphisms modifying PD 

risk from occupational organochlorine pesticide exposures. We also found that PD risk from 

occupational organophosphorus pesticide exposures is modified by ABCB1 polymorphisms. 

These results provide further evidence that pesticides which are P-gp substrates or inhibitors may 

greatly increase PD risk. Our study suggests that ABCB1 polymorphisms are possibly relevant in 

PD etiology for those who are ambiently exposed to pesticides at their workplaces in addition to 

those who actively use pesticides. 

Though the etiology of PD is unknown, we can imagine possible causal mechanisms for 

PD. We can use the sufficient-component cause model (177) to represent possible sets of 

sufficient causes (see Figure 6-1). The moment that all of the components of a sufficient cause 

are present will be the beginning of PD onset for an individual. Increasing age is an undisputed 

risk factor for PD, and we add age in all sufficient causes for the disease. In addition, being male 

could be a component in some causal constellations. Genetic factors, such as autosomal 

dominant or recessive mutations could result in monogenic PD (2), represented by the causal pie 

in Figure 6-1a, or two single nucleotide polymorphisms together may result in PD in males, 

which could be represented by the pie in Figure 6-1b. Some PD cases may occur without the 

involvement of genetic risk factors, requiring the presence of environmental/exogenous risk 

factors (Figures 6-1c and 6-1d). Finally, other sufficient causes for PD may require both genetic 

and environmental risk factors to be present (Figures 6-1e and 6-1f). 
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Less than 5% of PD is currently explained by genes (55, 178), and we did not look at the 

public health role of genetic risk variants in our research. Instead, we examined genetic variants 

to identify possible mechanisms for the involvement of pesticides as PD risk factors. Gaining a 

better understanding of the mechanisms and pathways involved in PD etiology will aid the 

development of therapeutics and neuroprotective agents. 

 

 

 

Figure 6-1: A representation of some possible sets of sufficient causes for Parkinson’s 

Disease. 
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Studies in animals and cells have suggested that pesticides could be involved in PD 

etiology. What is now needed to guide epidemiologic studies of specific pesticides are more 

laboratory studies to identify mechanisms of neurotoxicity for dosages and modes of pesticide 

exposure that reflect the human experience. In addition, examining possible mechanisms of 

pesticide neurotoxicity in laboratory models more relevant to human physiology, such as human 

induced pluripotent stem cells, would be informative for epidemiologic investigations. Finally, 

better pesticide exposure assessment that accounts for multiple sources of pesticide exposure, 

such as dietary sources, household and occupational exposures, ambient exposures, and 

bystander exposures from job tasks that don’t directly involve mixing, loading or applying 

pesticides, such as farm fieldwork, planting, or ploughing, is necessary for better understanding 

of possible risks from pesticides. 

With projected worldwide increases in the population over the age of 65 and higher PD 

incidence rates in the elderly, the negative health and economic burdens of PD are bound to 

increase. One study projected that the number of PD cases over the age of 50 in the world’s most 

populous countries is expected to double by 2030 to approximately 9 million cases (179). It is 

imperative that epidemiologic research efforts are directed towards understanding the etiology of 

this debilitating disease now in order to identify those at risk and prevent future PD cases.  

Given the large number of epidemiologic studies that have suggested pesticides as a risk 

factor for PD and the widespread use of pesticides in agriculture and in households, further 

research into the role of pesticide exposures is necessary. If specific offending chemicals are 

identified through research, efforts can be made to implement legislation that bans the 

production, sale, and use of the particular pesticide.  
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7 Appendix  
 

Table 7-1. Parkinson's Disease Association with Average Household Pesticide Use Frequency from 

Age 16 Years to Index Age in the Central Valley of California, ALL RACES. 

  Cases                

n (%) 

Controls           

n (%) 

Crude 

OR 

Adjusted OR*    

(95% CI) 

Any Household Pesticide Usage     

Never Use/Rare Use 206 (57.7) 498 (61.7) 1.00 1.00 

Frequent Use† 151 (42.3) 309 (38.3) 1.18 1.31 (1.00, 1.71) 

Any Organophosphorus (OP) pesticide use‡     

Never Use/Rare Use 206 (71.8) 498 (80.2) 1.00 1.00 

Frequent Use† 81 (28.2) 123 (19.8) 1.59 1.61 (1.14, 2.28) 

Chemical classes within OP pesticides     

Organophosphate     

Never Use/Rare Use 206 (77.2) 498 (83.7) 1.00 1.00 

Frequent Use† 61 (22.8) 97 (16.3) 1.52 1.55 (1.06, 2.28) 

Organothiophosphate     

Never Use/Rare Use 206 (86.2) 498 (92.2) 1.00 1.00 

Frequent Use† 33 (13.8) 42 (7.8) 1.90 1.89 (1.14, 3.14) 

Individual Organothiophosphate pesticides     

chlorpyrifos      

Never Use/Rare Use 206 (95.8) 498 (97.8) 1.00 1.00 

Frequent Use† 9 (4.2) 11 (2.2) 1.98 2.07 (0.82, 5.23) 

diazinon     

Never Use/Rare Use 206 (91.6) 498 (93.6) 1.00 1.00 

Frequent Use† 19 (8.4) 34 (6.4) 1.35 1.37 (0.75, 2.52) 

*Adjusted for age (continuous), sex, smoking, race, PD family history and education.  

† Subjects with an average frequency of use per year during ages 16-<index age that was at or above the 50th 

percentile in exposed controls were assigned to the "Frequent Use" category. Those in the "Never Use/Rare Use" 

category had an average frequency of use per year during ages 16-<index age that was below the 50th percentile for 

ANY PESTICIDE. 

‡Subjects may be counted in multiple sub-categories of organophosphorus pesticide usage. 

 

 

 

 



69 

Table 7-2. Parkinson's Disease Association with Average Household Pesticide Use 

Frequency in Each of Four Age Periods in the Central Valley of California, ALL RACES. 

  Cases       

n (%) 

Controls  

n (%) 

Crude 

OR 

Adjusted OR* 

(95% CI) 

YOUNG ADULT (16-<25 YEARS OF AGE) ; 

357 case, 807 controls 

    

Any Household Pesticide Usage     

Never Use/Rare Use 281 (78.7) 656 (81.3) 1.00 1.00 

Frequent Use† 76 (21.3) 151 (18.7) 1.18 1.39 (1.00, 1.94) 

Any Organophosphorus (OP) pesticide use     

Never Use/Rare Use 281 (94) 656 (95.9) 1.00 1.00 

Frequent Use† 18 (6.0) 28 (4.1) 1.50 1.54 (0.81, 2.92) 

ADULT (25-<45 YEARS OF AGE); 357 case, 

807 controls 

    

Any Household Pesticide Usage     

Never Use/Rare Use 201 (56.3) 501 (62.1) 1.00 1.00 

Frequent Use† 156 (43.7) 306 (37.9) 1.27 1.40 (1.07, 1.82) 

Any Organophosphorus (OP) pesticide use     

Never Use/Rare Use 201 (72.6) 501 (82.3) 1.00 1.00 

Frequent Use† 76 (27.4) 108 (17.7) 1.75 1.77 (1.23, 2.55) 

MIDDLE AGE (45-<65 YEARS OF AGE); 348 

case, 767 controls 

    

Any Household Pesticide Usage     

Never Use/Rare Use 199 (57.2) 502 (65.5) 1.00 1.00 

Frequent Use† 149 (42.8) 265 (34.6) 1.42 1.32 (1.01, 1.74) 

Any Organophosphorus (OP) pesticide use     

Never Use/Rare Use 199 (72.1) 502 (81.4) 1.00 1.00 

Frequent Use† 77 (27.9) 115 (18.6) 1.69 1.38 (0.96, 1.97) 

SENIOR (≥ 65 YEARS OF AGE-<index age); 

246 case, 457 controls 

    

Any Household Pesticide Usage     

Never Use/Rare Use 167 (67.9) 319 (69.8) 1.00 1.00 

Frequent Use† 79 (32.1) 138 (30.2) 1.09 1.11 (0.77, 1.58) 

Any Organophosphorus (OP) pesticide use     

Never Use/Rare Use 167 (81.5) 319 (83.5) 1.00 1.00 

Frequent Use† 38 (18.5) 63 (16.5) 1.15 1.08 (0.66, 1.74) 

*Adjusted for age (continuous), sex, smoking, race, PD family history and education.  
†Subjects with a frequency of use per year during the age period that was at or above the 50th percentile in 

exposed controls were assigned to the "Frequent Use" category. Those in the "Never Use/Rare Use" category 

had an average frequency of use per year during the same age period that was below the 50th percentile for 

ANY PESTICIDE. 

NOTE: 9 cases and 40 controls were younger than 45 years at index age; 111 cases and 350 controls were 

younger than 65 years at index age. 
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Table 7-3. ABCB1 SNP rs2032582 and ABCB1 risk score Exposure to Workplace Organochlorine & 

Organophosphorus Pesticides in Association With Parkinson Disease, participants with European 

ancestry. 

 ABCB1-rs2032582 

 GG+GT TT 

N case/ 

control 

Crude 

OR     

(95% CI) 

Adjusteda OR 

(95% CI) 

N case/ 

control 

Crude 

OR     

(95% CI) 

Adjusteda OR 

(95% CI) 

Product 

p-value 

Workplace Organochlorine Exposure 
low exposureb 41/124 1.00 1.00 14/24 1.76 1.33 (0.56, 3.16) - 

frequent household 

pesticide use without 

workplace pesticide 

exposure  

22/60 1.11 1.21 (0.65, 2.25) 6/18 1.01 0.76 (0.26, 2.24) 0.26 

workplace exposure to 

other pesticides  

54/89 1.84 1.82 (1.10, 3.01) 21/17 3.74 3.07 (1.32, 7.12) 0.66 

ambient workplace 

OC exposure and/or 

self reported OC use  

94/147 1.93 1.83 (1.16, 2.90) 26/32 2.46 1.85 (0.88, 3.91) 0.57 

Workplace Organophosphorus Exposure 

low exposureb 41/124 1.00 1.00 14/24 1.76 1.51 (0.62, 3.68) - 

frequent household 

pesticide use without 

workplace pesticide 

exposure  

22/60 1.11 1.45 (0.75, 2.77) 6/18 1.01 0.76 (0.25, 2.31) 0.13 

workplace exposure to 

other pesticides  

30/55 1.65 1.73 (0.94, 3.19) 8/9 2.69 1.60 (0.52, 4.88) 0.48 

ambient workplace OP 

exposure and/or self 

reported OP use  

118/181 1.97 1.96 (1.24, 3.10) 39/40 2.95 2.62 (1.26, 5.42) 0.80 

 ABCB1 risk scorec 

 ≤1 2   
  

N case/ 

control 

Crude 

OR     

(95% CI) 

Adjusteda OR 

(95% CI) 

N case/ 

control 

Crude 

OR     

(95% CI) 

Adjusteda OR 

(95% CI) 

Product 

p-value 

Workplace Organochlorine Exposure 
low exposureb 41/126 1.00 1.00 14/22 1.96 1.99 (0.92, 4.28) - 

frequent household 

pesticide use without 

workplace pesticide 

exposure 

24/59 1.25 1.34 (0.73, 2.46) 4/18 0.68 0.69 (0.22, 2.21) 0.06 

workplace exposure to 

other pesticides 

56/90 1.91 1.91 (1.16, 3.15) 19/15 3.89 4.29 (1.95, 9.45) 0.83 

ambient workplace 

OC exposure and/or 

self reported OC use 

95/151 1.93 1.85 (1.18, 2.92) 25/27 2.85 2.87 (1.47, 5.61) 0.62 

Workplace Organophosphorus Exposure 

low exposureb 41/126 1.00 1.00 14/22 1.96 2.25 (1.01, 5.02) - 

frequent household 

pesticide use without 

workplace pesticide 

exposure  

24/59 1.25 1.62 (0.86, 3.07) 4/18 0.68 0.68 (0.21, 2.20) 0.02 

workplace exposure to 

other pesticides  

30/57 1.62 1.69 (0.92, 3.10) 8/7 3.51 2.62 (0.87, 7.86) 0.60 

ambient workplace OP 

exposure and/or self 

reported OP use  

121/184 2.02 2.05 (1.30, 3.22) 36/35 3.16 3.71 (1.96, 7.02) 0.66 
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Table 7-3. ABCB1 SNP rs2032582 and ABCB1 risk score Exposure to Workplace Organochlorine & 

Organophosphorus Pesticides in Association With Parkinson Disease, participants with European 

ancestry. 

aAdjusted for age(continuous), sex, county, smoking (never/former/current), and total in-person MMSE score (MMSE 

score ≤ 25/ MMSE score >25). Results for OP pesticides are additionally adjusted for PON1 55MM (at rs854560) 

variant genotypes. Analyses for rs2032582 are additionally adjusted for the variant TT genotype at rs1045642. 

bReference category subjects are unexposed to any ambient workplace pesticides (OPs, OCs, DTCs, & paraquat), did 

not use pesticides occupationally, are unexposed according to JEM score,and are never/rare users of household 

pesticides. They may have ambient residential pesticide exposures. 
cWe assigned a score of 1 for each homozygous variant genotype at each SNP and a score of 0 otherwise. We then 

summed scores for the two SNPs to obtain the final ABCB1 risk score (1=homozygous variant genotype at one of the 

ABCB1 SNPs, 2=homozygous variant genotype at both SNPs). 
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Table 7-4. Characteristics of Study Population, 

all races (n=1212). 

 Cases (N=356)         

No.(%) 

Controls (N=856)         

No.(%) 

Sex (male) 205 (57.6) 411 (48.0) 

Agea   

mean +/- SD 68.3 +/- 10.2 66.2 +/- 11.6 

range 34-88 35-99 

≤60 years 74 (20.8) 264 (30.8) 

>60 years 282 (79.2) 592 (69.2) 

Cigarette smoking 

Never 186 (52.2) 404 (47.2) 

Former 151 (42.4) 348 (40.7) 

Current 19 (5.3) 104 (12.1) 

Race   

White 286 (80.3) 580 (67.8) 

Black 3 (0.8) 26 (3.0) 

Latino 47 (13.2) 181 (21.1) 

Asian 4 (1.1) 24 (2.8) 

Native 

American 

16 (4.5) 43 (5.0) 

Unspecified 0 2 (0.2) 

County   

Fresno 162 (45.5) 350 (40.9) 

Kern 126 (35.4) 349 (40.8) 

Tulare 68 (19.1) 157 (18.3) 

Education   

0-<12 years 66 (18.5) 146 (17.1) 

12 years 95 (26.7) 180 (21.0) 

>12 years 195 (54.8) 530 (61.9) 

First-degree relative with PD  

No 303 (85.1) 791 (92.4) 

Yes 53 (14.9) 65 (7.6) 

ABCB1 rs2032582 genotype 

GG 117 (32.9) 292 (34.1) 

GT 157 (44.1) 386 (45.1) 

TT 76 (21.3) 149 (17.4) 

ABCB1 rs1045642 genotype 

CC 82 (23.0) 217 (25.4) 

CT 162 (45.5) 438 (51.2) 

TT 111 (31.2) 188 (22.0) 

a This is the age at diagnosis for cases and age at 

interview for controls. 

bGenotyping failed for 14 and 35 subjects, respectively, 

for rs1045642 and rs2032582. 
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Table 7-5.  Parkinson Disease associations with ABCB1 rs2032582 (n=1177), 

ABCB1 rs1045642 (n=1198), and ABCB1 risk score (n=1173), all races included. 

 Cases Controls Unadjusted 

OR 

Adjusteda OR 

  No. (%) No. (%) (95% CI) 

ABCB1-rs2032582     

GG 117 (33.4) 292 (35.3) 1.00 1.00 

GT 157 (44.9) 386 (46.7) 1.02 0.96 (0.71, 1.29) 

TT 76 (21.7) 149 (18.0) 1.27 1.34 (0.92, 1.93) 

ABCB1-rs2032582     

GG+GT 274 (78.3 ) 678 (82) 1.00 1.00 

TT 76 ( 21.7) 149 (18.0) 1.26 1.37 (0.99, 1.90) 

ABCB1- rs1045642     

CC 82 (23.1) 217 (25.7) 1.00 1.00 

CT 162 (45.6) 438 (52) 0.98 0.85 (0.61, 1.18) 

TT 111 (31.3) 188 (22.3) 1.56 1.42 (0.98, 2.05) 

ABCB1- rs1045642     

CC+CT 244 (68.7) 655 (77.7) 1.00 1.00 

TT 111 (31.3) 188 (22.3) 1.59 1.59 (1.18, 2.12) 

ABCB1 risk scoreb     

0 235 (67.1) 617 (75.0) 1.00 1.00 

1 44 (12.6) 79 (9.6) 1.46 1.41 (0.93, 2.14) 

2 71 (20.3) 127 (15.4) 1.47 1.56 (1.10, 2.21) 

p-Value for trend   0.0062 
aAdjusted for age(continuous),sex, county, smoking (never/former/current), total in-

person MMSE score (MMSE score ≤ 25/ MMSE score >25), race (white/non-white).  

bWe assigned a score of 1 for each homozygous variant genotype at each SNP and a 

score of 0 otherwise. We then summed scores for the two SNPs to obtain the final 

ABCB1 risk score (1=homozygous variant genotype at one of the ABCB1 SNPs, 

2=homozygous variant genotype at both SNPs). 
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Table 7-6. PD associations with workplace exposure to Organochlorine and Organophosphorus pesticides 

(n=1088), all races. 

Exposure 

Cases  Controls  
Unadjusted 

OR 

Adjusted ORa             

(95% CI) No.  (%)                              No.  (%)                     
Workplace Organochlorine Exposure   

low exposureb 61 (17.3) 198 (26.9) 1.00 1.00 

frequent household pesticide use without 

workplace pesticide exposure 34 (9.7) 104 (14.1) 1.06 1.13 (0.69, 1.84) 

workplace exposure to other pesticides 94 (26.7) 168 (22.8) 1.82 1.85 (1.24, 2.75) 

ambient workplace OC exposure and/or self 

reported OC usec 163 (46.3) 266 (36.1) 1.99 1.93 (1.34, 2.78) 

Workplace Organophosphorus Exposure         

low exposureb 61 (17.3) 198 (26.9) 1.00 1.00 

frequent household pesticide use without 

workplace pesticide exposure 34 (9.7) 104 (14.1) 1.06 1.13 (0.69, 1.85) 

workplace exposure to other pesticides 48 (13.6) 91 (12.4) 1.71 1.57 (0.98, 2.51) 

ambient workplace OP exposure and/or self 

reported OP usec 209 (59.4) 343 (46.6) 1.98 2.00 (1.41, 2.85) 

aAdjusted for age(continuous), sex, county, smoking (never/former/current), total in-person MMSE score 

(MMSE score ≤ 25/ MMSE score >25), and race (white/non-white).  

b Reference category subjects are unexposed to any ambient workplace pesticides (OPs, OCs, DTCs, & 

paraquat), did not use pesticides occupationally, are unexposed according to JEM score,and are never/rare users 

of household pesticides. 

cSeveral cases (n=142) and controls (n=222) are occupationally exposed to both OC and OP pesticides. 
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Table 7-7. ABCB1 polymorphisms and Exposure to Workplace Organochlorine & Organophosphorus 

Pesticides in Association With Parkinson Disease, all races. 

     ABCB1-rs2032582     

 GG+GT TT   

  
N case/ 

control 

Crude 

OR     

(95% CI) 

Adjusteda OR 

(95% CI) 

N case/ 

control 

Crude 

OR     

(95% CI) 

Adjusteda OR 

(95% CI) 

Product 

p-value 

Workplace Organochlorine Exposure  
low exposureb 46/161 1.00 1.00 14/29 1.69 1.12 (0.50, 2.51) - 

frequent household pesticide 

use without workplace 

pesticide exposure  

26/81 1.12 1.23 (0.70, 2.17) 8/23 1.22 0.86 (0.33, 2.22) 0.43 

workplace exposure to other 

pesticides  

69/131 1.84 1.83 (1.16, 2.89) 23/26 3.10 2.32 (1.09, 4.93) 0.80 

ambient workplace OC 

exposure and/or self reported 

OC use  

131/216 2.12 2.05 (1.36, 3.10) 29/44 2.31 1.53 (0.77, 3.02) 0.37 

Workplace Organophosphorus Exposure 
low exposureb 46/161 1.00 1.00 14/29 1.69 1.10 (0.47, 2.58) - 

frequent household pesticide 

use without workplace 

pesticide exposure  

26/81 1.12 1.28 (0.70, 2.31) 8/23 1.22 0.85 (0.31, 2.32) 0.42 

workplace exposure to other 

pesticides  

38/72 1.85 1.84 (1.04, 3.26) 9/15 2.10 1.49 (0.52, 4.22) 0.63 

ambient workplace OP 

exposure and/or self reported 

OP use  

162/275 2.06 2.14 (1.40, 3.26) 43/55 2.74 2.06 (1.04, 4.06) 0.77 

     ABCB1-rs1045642    

 CC+CT TT   

  
N case/ 

control 

Crude 

OR     

(95% CI) 

Adjusteda OR 

(95% CI) 

N case/ 

control 

Crude 

OR     

(95% CI) 

Adjusteda OR 

(95% CI) 

Product 

p-value 

Workplace Organochlorine Exposure 
low exposureb 42/162 1.00 1.00 19/34 2.16 2.25 (1.06, 4.76) - 

frequent household pesticide 

use without workplace 

pesticide exposure  

25/75 1.29 1.38 (0.77, 2.46) 9/28 1.24 1.42 (0.58, 3.50) 0.17 

workplace exposure to other 

pesticides  

61/130 1.81 1.88 (1.17, 3.04) 33/34 3.74 4.11 (2.07, 8.15) 0.95 

ambient workplace OC 

exposure and/or self reported 

OC use  

115/198 2.24 2.18 (1.42. 3.35) 47/64 2.83 2.93 (1.62, 5.31) 0.21 

Workplace Organophosphorus Exposure 

low exposureb 42/162 1.00 1.00 19/34 2.16 2.18 (1.00, 4.78) - 

frequent household pesticide 

use without workplace 

pesticide exposure  

25/75 1.29 1.45 (0.78, 2.67) 9/28 1.24 1.34 (0.51, 3.48) 0.15 

workplace exposure to other 

pesticides  

37/72 1.98 1.93 (1.07, 3.47) 11/17 2.50 2.78 (1.02, 7.55) 0.49 

ambient workplace OP 

exposure and/or self reported 

OP use  

139/256 2.09 2.23 (1.43, 3.49) 69/81 3.29 3.73 (2.04, 6.81) 0.52 
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Table 7-7. ABCB1 polymorphisms and Exposure to Workplace Organochlorine & Organophosphorus 

Pesticides in Association With Parkinson Disease, all races. 

     ABCB1 risk scorec    

 ≤1 2   

  
N case/ 

control 

Crude 

OR     

(95% CI) 

Adjusteda OR 

(95% CI) 

N case/ 

control 

Crude 

OR     

(95% CI) 

Adjusteda OR 

(95% CI) 

Product 

p-value 

Workplace Organochlorine Exposure 
low exposureb 46/165 1.00 1.00 14/25 2.01 1.92 (0.91, 4.03) - 

frequent household pesticide 

use without workplace 

pesticide exposure  

28/82 1.22 1.34 (0.77, 2.32) 6/21 1.02 1.06 (0.40, 2.84) 0.17 

workplace exposure to other 

pesticides  

71/134 1.90 1.90 (1.21, 2.99) 21/22 3.42 3.85 (1.89, 7.84) 0.92 

ambient workplace OC 

exposure and/or self reported 

OC use  

132/221 2.14 2.11 (1.40, 3.16) 28/37 2.71 2.64 (1.44, 4.85) 0.36 

Workplace Organophosphorus Exposure 
low exposureb 46/165 1.00 1.00 14/25 2.01 1.98 (0.91, 4.32) - 

frequent household pesticide 

use without workplace 

pesticide exposure  

28/82 1.22 1.42 (0.79, 2.55) 6/21 1.02 0.98 (0.35, 2.71) 0.12 

workplace exposure to other 

pesticides  

38/76 1.79 1.78 (1.01, 3.12) 9/11 2.93 3.09 (1.07, 8.95) 0.85 

ambient workplace OP 

exposure and/or self reported 

OP use 

165/279 2.12 2.24 (1.47, 3.41) 40/48 2.99 3.43 (1.89, 6.24) 0.59 

aAdjusted for age(continuous), sex, county, smoking (never/former/current), total in-person MMSE score (MMSE score ≤ 25/ 

MMSE score >25), and race (white/non-white). Results for OP pesticides are additionally adjusted for PON1 55MM (at 

rs854560) variant genotypes. Analyses for rs2032582 are additionally adjusted for variant TT genotype at rs1045642, and 

analyses for rs1045642 are additionally adjusted for variant TT genotype at rs2032582. 
bReference category subjects are unexposed to any ambient workplace pesticides (OPs, OCs, DTCs, & paraquat), did not use 

pesticides occupationally, are unexposed according to JEM score,and are never/rare users of household pesticides. They may 

have ambient residential pesticide exposures. 
cWe assigned a score of 1 for each homozygous variant genotype at each SNP and a score of 0 otherwise. We then summed 

scores for the two SNPs to obtain the final ABCB1 risk score (1=homozygous variant genotype at one of the ABCB1 SNPs, 

2=homozygous variant genotype at both SNPs). 
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Table 7-8. Review of studies examining the association between PD, ABCB1 polymorphisms, & pesticides. 

Study Ancestry 
ABCB1 polymorphisms 

examined 
Cases Controls Findings 

Kiyohara et 

al. 2013 

Asian 

(Japanese) 
rs1045642(c.3435C/T) 238 368 Results suggested a slightly elevated risk of PD among those subjects 

with the CT or TT genotypes compared to those with the CC genotype 

(OR=1.33, 95% CI=0.93-1.90). Authors did not detect an association 

with occupational pesticide use and PD, home pesticide use and PD, and 

did not detect an interaction between occupational pesticide use or home 

pesticide use and the polymorphism. Never smokers with a CT or TT 

genotype had 4.01 times the risk of PD compared to smokers with the 

CC genotype (95% CI=2.05-7.83). Ever drinkers with at least one T 

allele had 1.83 times the risk of PD compared to never drinkers with the 

CC genotype (95% CI 1.07-3.15).  

Dutheil et al. 

2010 

European 

(French)  
rs2032582(c.2677G/T/A) 

& rs1045642(c.3435C/T) 

101 234 The two ABCB1 polymorphisms were not found to be associated with 

PD. Those men occupationally exposed to organochlorine pesticides 

who were homozygous variant carriers for either SNP were at the 

highest risk for PD. Case only analyses identified associations between 

rs2032582 and organochlorine exposure (OR=5.4, 95% CI=1.1-27.5) as 

well as cumulative hours of pesticide exposure. Case only analyses 

identified associations between rs1045642 and organochlorine exposure 

(OR=4.1, 95% CI= 1.0-17.0). 

Zschiedrich 

et al. 2009 

European 

(German 

and 

Serbian) 

rs2032582 (c.2677G/T/A) , 

rs1045642 (c.3435C/T), & 

rs55852620 (c.3320A/C) 

86 307 No association found between PD and any of the three ABCB1 

polymorphisms. Found an association between pesticide exposure and 

the polymorphism at rs1045642 in German cases.  

Droździk et 

al. 2003 

European 

(Polish) 
rs1045642 (c.3435C/T) 107 103  No association found between the polymorphism and PD. Found more 

3435CC homozygotes among cases not exposed to pesticides. Found 

more heterozygotes among cases exposed to pesticides.   
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Table 7-9. Review of studies examining the association between PD and ABCB1 polymorphisms. 

Study Ancestry ABCB1 polymorphisms examined Cases Controls Findings 

Westerlund et al. 2009 European 

(Sweden) 
rs2032582 (c.2677G/T/A) , rs1045642 

(c.3435C/T),  rs1128503 (c.1236T/C)  
288 313 No association of rs2032582 or rs1045642 

with PD found. rs1128503 genotype was 

associated with PD. 1236C–2677G 

haplotype associated with PD, & evidence 

suggesting the 1236C–2677G–3435C 

haplotype associated with PD. 

Funke et al. 2009 European 

(German) 
rs2032582 (c.2677G/T/A) ,  rs1045642 

(c.3435C/T), rs28401798 (c.3151C/G), 

rs28381804 (c.49T/C), rs1202183 (c.131T/C), 

rs9282565 (c.239C/A), rs2229109 

(c.1199G/A), rs1128503 (c.1236T/C), 

rs28381902 (c.1696G/A), & rs28381914 

(c.1777C/T) 

300 302 Did not find an association between PD 

and any of the ten listed ABCB1 

polymorphisms. 

Mizuta et al. 2008 * Asian 

(Japanase) 

 rs2235035 858 917 Analyses suggest association of rs2235035 

T allele with PD OR=1.15, 95%CI: 

1.00,1.32; 

Mizuta et al. 2006*  Asian 

(Japanase) 

 rs2235048,rs1202169 (-41A/G) 190 190 Analyses suggest an association of 

rs1202169 G allele with PD (OR=1.28, 

95%CI:0.96,1.72 ). 

Tan et al. 2005 Asian 

(Chinese) 
rs2032582 (c.2677G/T/A) , rs1045642 

(c.3435C/T), rs1202169 (-41A/G), 

rs34976462 (c.-145C/G),  rs3213619 (c.-

129T/C),  rs1128503 (c.1236T/C), and rs3842 

(4036A/G). 

185 206 No evidence of an association between any 

of the SNPs and PD. Found evidence of a 

protective association of 2677G-3435C 

haplotype and 2677T-3435T haplotype 

with PD. The two haplotypes 2677T-

3435C and 2677G-3435T were found to 

increase PD risk.  

Tan et al. 2004 European 

(Polish) 
rs2032582 (c.2677G/T/A) , rs1045642 

(c.3435C/T),  rs3213619 (c.-129T/C), 

rs1202169 (-41A/G),  rs34976462 (c.-

145C/G),  rs1128503 (c.1236T/C),  rs3842 

(4036A/G)   

158 139 No finding between individual SNPs and 

PD. Association between 2677G-3435C 

haplotype and not having PD (OR=0.25, 

95%CI: 0.06-1.08). 
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Table 7-9. Review of studies examining the association between PD and ABCB1 polymorphisms. 

Lee et al. 2004 Asian 

(Chinese) 
rs2032582 (c.2677G/T/A) , rs1045642 

(c.3435C/T), rs1202169 (-41A/G), rs1128503 

(c.1236T/C),  rs3842 (4036A/G), rs34976462 

(c.-145C/G), rs3213619 (c.-129T/C) 

206 224 SNPs at rs2032582, rs1045642, & 

rs1128503 were found to be associated 

with PD. Evidence suggesting an 

association of several haplotypes with PD 

including protective association of the 

3435T-2677T haplotype with PD. 

Associations of PD with rs2032582, 

rs1045642, and several haplotypes were 

found in men & in those at or over the age 

of 60 at index date.  

Momose et al. 2002 

&Toda et al. 2003* 

Asian 

(Japanese) 
rs1045642 (c.3435C/T) 232 249 Authors did not find evidence of an 

association of the SNP with PD. 

Furuno et al. 2002 European 

(Italian) 
rs2032582 (c.2677G/T/A) , rs1045642 

(c.3435C/T), & rs3213619 (c.-129T/C) 
95 106 No finding for PD. 3435TT genotype and 

2677T allele were associated with early 

onset PD (≤ 45 years of age at onset). 

Confirmed rs2032582 and rs1045642 in 

LD. 

*Studies Overlap & data and results for tested associations obtained from PDGene database (180). 
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