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Background Household pesticide use is widespread in the USA. Since the 1970s,
organophosphorus chemicals (OPs) have been common active
ingredients in these products. Parkinson’s disease (PD) has been
linked to pesticide exposures but little is known about the contri-
butions of chronic exposures to household pesticides. Here we
investigate whether long-term use of household pesticides, espe-
cially those containing OPs, increases the odds of PD.

Methods In a population-based case-control study, we assessed frequency of
household pesticide use for 357 cases and 807 controls, relying on
the California Department of Pesticide Regulation product label
database to identify ingredients in reported household pesticide
products and the Pesticide Action Network pesticide database of
chemical ingredients. Using logistic regression we estimated the
effects of household pesticide use.

Results Frequent use of any household pesticide increased the odds of PD
by 47% [odds ratio (OR)¼ 1.47, (95% confidence interval (CI): 1.13,
1.92)]; frequent use of products containing OPs increased the odds
of PD more strongly by 71% [OR¼ 1.71, (95% CI: 1.21, 2.41)] and
frequent organothiophosphate use almost doubled the odds of PD.
Sensitivity analyses showed that estimated effects were independ-
ent of other pesticide exposures (ambient and occupational) and
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.

Conclusions We provide evidence that household use of OP pesticides is
associated with an increased risk of developing PD.

Keywords Environmental exposures, household pesticide use, organophos-
phorus pesticides, paraoxonase, Parkinson’s disease, United States,
California

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 asso-
ciated with an increased risk for developing PD1 but
most human studies focused on occupational
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exposures.2,3 Household pesticide use in the USA con-
tinues to be very common, with use prevalence as
high as 80–90% of households.4–6 This is of concern
since persistence of pesticides inside homes can lead
to prolonged exposures of household members.7–9

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 house-
hold use in 2001 and 2004, respectively.10,11

Organophosphorus pesticides as a class and individual
OPs such as chlorpyrifos and parathion have been
associated with PD in a handful of studies.12–16

Here we explore whether exposures to pesticides
from household use, especially those containing OPs,
impact the odds of developing PD. In addition, we
also assess whether our results are consistent with
genetic susceptibility expected among carriers of the
192QQ and 55MM variants in the gene encoding the
xenobiotic enzyme paraoxonase (PON1) known to
detoxify several common OPs.17

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 recruitment18,19 and case
criteria20,21 have been described elsewhere.

We identified 1167 PD patients through local
neurologists, medical groups and public service an-
nouncements; 397 had received a PD diagnosis 43
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 (N¼ 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.22 Six sub-
jects withdrew prior to interview.

Initially, we recruited controls from the population
using Medicare lists (in 2001) but, after the instate-
ment of the Health Insurance Portability and
Accountability Act (HIPAA), we solely used residen-
tial 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

neighbouring households and enrolled participants
during in-person visits at their doorstep. Control sam-
pling strategies have been described in detail
elsewhere.18,23

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 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 eli-
gibility at their doorstep, finding 3515 to be ineligible
(88% due to age criteria) and leaving 1241 eligible
controls, of whom 634 declined participation and
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 func-
tional variants.

Exposure assessment
Trained staff collected information on demographic
characteristics, smoking history and lifetime house-
hold 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 (565 years)
in three micro-environments, i.e. inside the home,
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 chem-
icals (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 (2–11
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 por-
tion 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 inter-
viewers and supervisors.
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We supplemented our interview data with informa-
tion about ingredients of reported home and garden
use pesticide products from the California Department
of Pesticide Regulation (CDPR) product label data-
base.24 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 with 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 data-
base to identify products possibly used if product
names were recalled incompletely. The active ingredi-
ent 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 con-
sidered 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.25

The organophosphorus pesticides we identified in
reported products included glyphosate, chlorpyrifos,
bensulide, dichlorvos, diazinon, malathion, tetrachlor-
vinphos, oxydemeton-methyl, parathion, demeton,
glufosinate-ammonium, disulfoton and methidathion.

Genotyping methods
Using whole blood or saliva samples from partici-
pants, genotyping for PON1 L55M (rs854560) was
conducted at the UCLA Genotyping and Sequencing
Core Facility via pyrosequencing,15and 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 meta-
bolic activity in carriers of these homozygous variants
is lowest.27

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 pesti-
cide usage beginning with (i) any use of household
pesticides, then for types/classes of main active ingre-
dients 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, methi-
dathion) and finally (iv) the most commonly used
insecticides, diazinon and chlorpyrifos.

We also excluded exposures reported for the past 10
years prior to the index age to account for the ex-
tended preclinical state of PD.26 We calculated a
weighted average 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 years and the index age
minus 10. We also calculated weighted averages with-
out lagging, and, using the same method, calculated
weighted averages for exposures at younger ages only
(16–<45years). Similarly, we calculated weighted
averages for each of the four age periods of exposure.
We dichotomized household pesticide use into ‘fre-
quent use’ as an average frequency at or above the
median of the exposure distribution in exposed con-
trols 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 prod-
uct name were excluded in analyses of organophos-
phorus 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
412 years), and family history of PD in first-degree
relatives (yes/no). We assessed effects for any pesti-
cide use as well as for each organophosphorus pesti-
cide 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 residences and workplaces
based on a geographic information system (GIS)
model we developed using the California Pesticide
Use Reporting system during 1974–99,18,19 by weight-
ing annual pounds of pesticide applied by proportion
of acreage treated within a 500-metre buffer around
addresses and summing exposures over the 26-year
period. We created indicator variables, one for resi-
dential and one for workplace exposures, for ever
having greater than median exposure (in exposed
controls) for four types of pesticides [organochlorines
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(OC), organophosphorus, dithiocarbamates (DTC) and
paraquat (PQ)]. We also adjusted for a job exposure
matrix (JEM) derived life-time cumulative occupa-
tional pesticide measure (none, low, medium, high)
based on work history and detailed job tasks informa-
tion.23 Finally, we assessed modification of the effect
estimate for PD from home pesticide use by PON1
192QQ genotype, and also the combined PON1 diplo-
type (55MM, 192QQ), to identify low metabolizers.27

We used SAS Version 9.2 to conduct all analyses.

Results
Our study participants were mostly older than 60
years of age; cases were more likely to be male, less
educated than controls and more often never smokers
(Table 1).

Frequent household pesticide use increased the odds
of developing PD by 47% (95% CI: 1.13, 1.92).
However, for organophosphorus and organothiopho-
sphate classes of chemicals, associations were larger
(70–100% increase), and both common active ingredi-
ents chlorpyrifos and diazinon contributed to the in-
crease (Table 2). Point estimates for unlagged
exposures were slightly attenuated (Supplementary
Table 1, available as Supplementary Data at IJE
online) and for OP exposure at younger ages
(16–<45) slightly increased. Susceptibility window
analyses in the four age periods yielded smaller esti-
mates in the older ages (Supplementary Table 2,
available as Supplementary Data at IJE online).

Adjustment for ambient pesticide exposures at resi-
dences or workplaces attenuated estimates for house-
hold OP pesticide use minimally [OR¼ 1.59 (95%
CI: 1.12, 2.25)]; similarly adjustment for life-time
occupational pesticide exposures using our JEM esti-
mates made no difference [OR¼ 1.69 (95% CI: 1.19,
2.40)] (Table 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 or-
ganophosphorus 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 esti-
mates for use of any household pesticide were not
different for men and women.

The influence of PON1 192QQ genotype (Table 4)
was assessed in Caucasians only. As expected, we
observed no increase in the OR with any PON1 geno-
type 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 geno-
types; but we observed much larger ORs (2.62–3.71)
in frequent users of OPs who carried the 192QQ geno-
type compared with never/rare users who were car-
riers of 192RR and QR genotypes. Carriers of the
PON1 diplotype, 55MM-192QQ, had an almost 6-fold
increase in the odds of PD, though this estimate was

based on small numbers [OR¼ 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.

Discussion
Our population-based case-control study of PD con-
ducted in California’s Central Valley suggests that
household pesticide use increases the odds of develop-
ing PD especially for products that contain OPs as
active ingredients independent of occupational and
ambient exposures. Moreover, our results are corrobo-
rated by our finding that carriers of the PON1 192QQ
variant or the 55MM-192QQ diplotype using house-
hold pesticides are at higher risk than non-carriers
who are rarely or un-exposed.

Few previous studies have analysed personal house-
hold 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

Table 1 Characteristics of study population

Characteristic
Cases (N¼ 357)

n (%)
Controls (N¼ 807)

n (%)

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

Agea

Mean� SD 68.3� 10.2 66.2� 11.6

Range 34–88 35–99

460 years 75 (21.0) 254 (31.5)

460 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)

412 years 195 (54.6) 525 (65.0)

First-degree relative with PDb

No 305 (85.4) 742 (91.9)

Yes 52 (14.6) 65 (8.1)

aThis is the age at diagnosis for cases and age at interview for
controls.
bWe assumed that 26 controls who did not report family history
of PD did not have first-degree relatives with PD.
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any household pesticide product (including those con-
taining OPs).13 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).28 A recent PD meta-analysis re-
ported 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.1

Our study is unique, since we used information on
main active ingredients from CDPR to augment de-
tailed 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.29,30 Chlorpyrifos is permitted
for use in ant and roach bait in homes,31 and other
organophosphorus pesticides with similar mechan-
isms of toxicity, such as bensulide, are also still per-
mitted as ingredients in household pesticide
products.32 Thus, it is important to consider contribu-
tions of household organophosphorus pesticide use in
PD studies since decades of past use exposed a large
proportion of the US population. Although in general

OP elimination from the body is fast, for more lipo-
philic agents, such as chlorpyrifos and diazinon, some
proportion stored in body fat may be more gradually
released into circulation and eliminated.33,34

Pesticides may also persist for longer periods in
carpet dust.7 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 chlor-
pyrifos and diazinon in household dust samples were
40–80% lower in 2006 than in 2000–02 when both
pesticides were ingredients of household pesticide
products.35 We recently reported that behaviours
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.4

Animal studies indicated that OPs, such as chlorpyr-
ifos, may affect dopaminergic neurotransmission,36,37

and chronic low exposure to some OPs may result
in mitochondrial dysfunction and apoptosis of
neurons.38 Moreover, it has been suggested that

Table 2 Parkinson’s disease associations with average household pesticide use frequency from age 16 years until 10 years
prior to index age in the Central Valley of California

Pesticide use
Cases
n (%)

Controls
n (%) Crude OR Adjusted ORa(95% CI)

Any household pesticide usage

Never use/rare use 196 (54.9) 504 (62.5) 1.00 1.00

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

Any organophosphorus (OP) pesticide usec

Never use/rare use 196 (70.3) 504 (80.6) 1.00 1.00

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

aAdjusted for age (continuous), sex, smoking, race, PD family history and education.
bSubjects 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.
cSubjects may be counted in multiple sub-categories of organophosphorus pesticide usage.
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neurotoxicity from OPs such as diazinon and chlor-
pyrifos may occur at levels lower than those eliciting
acute toxicity.39

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 iden-
tify them accurately, and inert ingredients are not
required to be reported. To limit exposure misclassifi-
cation 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 retro-
spectively, 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, in-
formation that participants would be unlikely to recall
or differentially recall. In addition, no study partici-
pant would have been able to report use consistent
with PON1 genotype carrier status which was
unknown to them. Similarly to our recent finding
for ambient organophosphorus pesticide exposures,40

we estimated the highest risk of PD in carriers of the

Table 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 usea

Pesticide use
Case

n
Control

n
Crude

OR
Adjusted

ORb (95% CI)
Case

n
Control

n
Crude

OR
Adjusted

ORb (95% CI)

Any household pesticide use

PON1 Q192R

RRþRQ 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 usec

PON1 Q192R

RRþRQ 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

RRþRQ 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

RRþRQ 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)

aSubjects 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.
bAdjusted 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.
cSubjects may be counted in multiple sub-categories of organophosphorus pesticide usage.
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55MM-192QQ diplotype who were frequent users of
household OPs. Given extensive evidence that the
PON1 Q192R single nucleotide polymorphism is func-
tional41–45 and experimental data from human serum
analyses that showed the Q allele influences PON1
serum diazoxonase activity under close to physio-
logical conditions,27 finding the expected influence
of slow OP metabolizer status on PD provides support
that the associations are not solely attributable to
recall bias. While a smaller proportion of eligible con-
trols compared with 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 re-
sults 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 geno-
type and household pesticide use.

Although many epidemiologic studies have assessed
associations between pesticides and PD, few have
focused on household pesticide use or organophos-
phorus pesticides. Household pesticide use is highly
prevalent in the USA, and organophosphorus pesti-
cides 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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KEY MESSAGES

� Results suggest that household pesticide use increases the odds of developing PD especially for
products that contain OPs.

� This is further corroborated by our finding that carriers of the PON1 variants for slow metabolism of
OPs are at much higher risk when using household OP pesticides.

� We provide first evidence that even in agricultural areas with high levels of commercial pesticide
applications, household pesticide use contributes to the increased odds of PD, even when adjusting
for occupational and ambient pesticide exposures.

References
1 van der Mark M, Brouwer M, Kromhout H, Nijssen P,

Huss A, Vermeulen R. Is pesticide use related to
Parkinson disease? Some clues to heterogeneity in study
results. Environ Health Perspect 2012;120:340–47.

2 Freire C, Koifman S. Pesticide exposure and Parkinson’s
disease: Epidemiological evidence of association.
Neurotoxicology 2012;33:947–71.

3 Van Maele-Fabry G, Hoet P, Vilain F, Lison D.
Occupational exposure to pesticides and Parkinson’s dis-
ease: A systematic review and meta-analysis of cohort
studies. Environ Int 2012;46:30–43.

4 Armes MN, Liew Z, Wang A et al. Residential pesticide
usage in older adults residing in Central California. Int J
Environ Res Public Health 2011;8:3114–33.

5 Savage EP, Keefe TJ, Wheeler HW et al. Household pesti-
cide usage in the United States. Arch Environ Health 1981;
36:304–09.

6 Stout DM II, Bradham KD, Egeghy PP et al. American
Healthy Homes Survey: A national study of residential
pesticides measured from floor wipes. Environ Sci Technol
2009;43:4294–300.

7 Gunier RB, Ward MH, Airola M et al. Determinants of
agricultural pesticide concentrations in carpet dust.
Environ Health Perspect 2011;119:970–76.

HOUSEHOLD PESTICIDES AND PARKINSON’S DISEASE 1483

D
ow

nloaded from
 https://academ

ic.oup.com
/ije/article/42/5/1476/623189 by guest on 09 April 2024

http://ije.oxfordjournals.org/lookup/suppl/doi:10.1093/ije/dyt170/-/DC1


8 Gurunathan S, Robson M, Freeman N et al.
Accumulation of chlorpyrifos on residential surfaces and
toys accessible to children. Environ Health Perspect 1998;
106:9–16.

9 Obendorf SK, Lemley AT, Hedge A, Kline AA, Tan K,
Dokuchayeva T. Distribution of pesticide residues within
homes in central New York State. Arch Environ Contam
Toxicol 2006;50:31–44.

10 Stone DL, Sudakin DL, Jenkins JJ. Longitudinal trends in
organophosphate incidents reported to the National
Pesticide Information Center, 1995-2007. Environ Health
2009;8:18.

11 Williams MK, Rundle A, Holmes D et al. Changes in pest
infestation levels, self-reported pesticide use, and per-
methrin exposure during pregnancy after the 2000-2001
U.S. Environmental Protection Agency restriction of or-
ganophosphates. Environ Health Perspect 2008;116:
1681–88.

12 Dhillon AS, Tarbutton GL, Levin JL et al. Pesticide/
Environmental exposures and Parkinson’s disease in
East Texas. J Agromedicine 2008;13:37–48.

13 Firestone JA, Smith-Weller T, Franklin G, Swanson P,
Longstreth WT Jr, Checkoway H. Pesticides and risk of
Parkinson disease: A population-based case-control study.
Arch Neurol 2005;62:91–95.

14 Hancock DB, Martin ER, Mayhew GM et al. Pesticide ex-
posure and risk of Parkinson’s disease: A family-based
case-control study. BMC Neurol 2008;8:6.

15 Manthripragada AD, Costello S, Cockburn MG,
Bronstein JM, Ritz B. Paraoxonase 1, agricultural organo-
phosphate exposure, and Parkinson disease. Epidemiology
2010;21:87–94.

16 Seidler A, Hellenbrand W, Robra BP et al. Possible envir-
onmental, occupational, and other etiologic factors for
Parkinson’s disease: A case-control study in Germany.
Neurology 1996;46:1275–84.

17 Costa LG, Furlong CE. Paraoxonase 1: Structure, func-
tion, and polymorphisms. In Satoh T, Gupta RC (eds).
Anticholinesterase Pesticides: Metabolism, Neurotoxicity, and
Epidemiology. Hoboken, NJ: Wiley, 2010.

18 Costello S, Cockburn M, Bronstein J, Zhang X, Ritz B.
Parkinson’s disease and residential exposure to maneb
and paraquat from agricultural applications in the
Central Valley of California. Am J Epidemiol 2009;169:
919–26.

19 Wang A, Costello S, Cockburn M, Zhang X, Bronstein J,
Ritz B. Parkinson’s disease risk from ambient exposure to
pesticides. Eur J Epidemiol 2011;26:547–55.

20 Jacob EL, Gatto NM, Thompson A, Bordelon Y, Ritz B.
Occurrence of depression and anxiety prior to
Parkinson’s disease. Parkinsonism Relat Disord 2010;16:
576–81.

21 Kang GA, Bronstein JM, Masterman DL, Redelings M,
Crum JA, Ritz B. Clinical characteristics in early
Parkinson’s disease in a Central California population-
based study. Mov Disord 2005;20:1133–42.

22 Hughes AJ, Ben-Shlomo Y, Daniel SE, Lees AJ. What fea-
tures improve the accuracy of clinical diagnosis in
Parkinson’s disease: A clinicopathologic study. Neurology
2001;57(Suppl 3):S34–38.

23 Liew Z, Wang A, Bronstein J, Ritz B. Job Exposure
Matrix (JEM) derived estimates of life-time occupational
pesticide exposure and the risk of Parkinson’s Disease.
Arch Environ Occup Health 2013; doi:10.1080/
19338244.2013.778808.

24 California Department of Pesticide Regulation Product/
Label Database. (2010); http://www.cdpr.ca.gov/docs/
label/prodnam.htm (13 August 2010, date last accessed).

25 Kegley SE, Hill BR, Orme S, Choi AH. Pesticide Action
Network PAN Pesticides Database – Chemicals. 2000.
www.pesticideinfo.org/Search_Chemicals.jsp (3 November
2010, date last accessed).

26 Siderowf A, Lang AE. Premotor Parkinson’s disease: con-
cepts and definitions. Mov Disord 2012;27:608–16.

27 O’Leary KA, Edwards RJ, Town MM, Boobis AR. Genetic
and other sources of variation in the activity of serum
paraoxonase/diazoxonase in humans: consequences for
risk from exposure to diazinon. Pharmacogenet Genomics
2005;15:51–60.

28 Elbaz A, Clavel J, Rathouz PJ et al. Professional exposure
to pesticides and Parkinson disease. Ann Neurol 2009;66:
494–504.

29 Barr DB, Wong LY, Bravo R et al. Urinary concentrations
of dialkylphosphate metabolites of organophosphorus
pesticides: National Health and Nutrition Examination
Survey 1999-2004. Int J Environ Res Public Health 2011;8:
3063–98.

30 California Department of Pesticide Regulation. Pesticide
Use Reporting – 2008 Summary Data. http://www.cdpr.
ca.gov/docs/pur/pur08rep/08_pur.htm (1 August 2012,
date last accessed).

31 United States Environmental Protection Agency
Reregistration Eligibility Decision (RED) for Chlorpyrifos.
2006. http://www.epa.gov/pesticides/reregistration/REDs/
chlorpyrifos_red.pdf (1 August 2012, date last accessed).

32 United States Environmental Protection Agency
Reregistration Eligibility Decision (RED) for Bensulide.
2006. http://www.epa.gov/pesticides/reregistration/REDs/
bensulide_red.pdf (1 August 2012, date last accessed).

33 Eaton DL, Daroff RB, Autrup H et al. Review of the toxi-
cology of chlorpyrifos with an emphasis on human
exposure and neurodevelopment. Crit Rev Toxicol 2008;
38(Suppl 2):1–125.

34 Huen K, Bradman A, Harley K et al. Organophosphate
pesticide levels in blood and urine of women and new-
borns living in an agricultural community. Environ Res
2012;117:8–16.
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