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Abstract
Pesticide exposure has been implicated as an environmental risk factor for the development of
Parkinson’s disease (PD). However, few studies have identified specific pesticides. Previously, we
identified elevated serum levels of the organochlorine pesticide β-hexachlorocyclohexane (β-
HCH) in PD patients from a small clinical sample. Here, we conducted a case-control study to
confirm the association between β-HCH and PD in a larger sample size (n=283) with serum
samples of PD patients and controls obtained from UT Southwestern Medical Center and Emory
University. Samples were obtained from two discrete periods at both sites, 2001–2003 and 2006–
2008, and were analyzed for β-HCH levels. Adjusted odds ratios (ORs) for PD were estimated
using logistic regression and generalized estimating equations. The mean serum β-HCH level
across all cohorts in this study was 22.3 ng/mg cholesterol (Range: 0 to 376.7), and the levels were
significantly higher between samples collected in 2001–2003 vs. 2006–2008. After controlling for
age and gender, the OR for increased risk of PD for every 1 ng/mg increase in serum β-HCH
ranged from 1.02 – 1.12 across the four different cohorts, and 1.03 (95% CI: 1.00–1.07, p value =
0.031) in the pooled analysis. Furthermore, the OR for increased risk of PD of subjects having
serum β-HCH levels above the inter-quartile range of 39.08 ng/mg cholesterol was 2.85 (95% CI:
1.8, 4.48; p value < 0.001). These data are consistent with environmental decreases in β-HCH
levels between 2001 and 2008, but they indicate that elevated levels of serum β-HCH are still
associated with heightened risk for PD.
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Introduction
Parkinson disease (PD) can be caused by single gene mutations, but these genetic causes are
rare (<10%), suggesting that the causation is more often complex and may involve
environmental factors. Epidemiologic studies have identified pesticide exposure as a risk
factor (Semchuk et al., 1991; Priyadarshi et al., 2000; Asherio et al., 2006; Kamel et al.,
2007; Hancock et al., 2008). However, identification of specific pesticides associated with
PD is generally lacking (Elbaz et al., 2009; Gatto et al., 2009; Tanner et al., 2009).

In early attempts to identify pesticides that may be associated with PD, studies with small
sample sizes identified an increased presence of organochlorine pesticides in the brains of
PD patients (Fleming et al., 1994; Corrigan et al., 1998; Corrigan et al., 2000). Two of these
studies reported elevated levels of dieldrin in postmortem PD brains (Fleming et al., 1994;
Corrigan et al., 2000), and a recent paper found that serum concentrations of dieldrin were
associated with increased risk of PD in samples from Finland taken between 1968 and 1972
(Weisskopf et al., 2010). In addition to dieldrin, elevated levels of the organochlorine
pesticide lindane (γ-hexachlorocyclohexane [γ-HCH]) have been found in the substantia
nigra of patients with PD vs. controls (Corrigan et al., 2000). More recently, a study from
the Faroe Islands reported a small, but significant association between serum levels of β-
hexachlorocyclohexane (β-HCH) and increased risk of PD (Petersen et al., 2008). In our
previous work, we found that higher levels of serum β-HCH were significantly associated
with a greater risk for PD (OR 4.39; 95% CI: 1.67–11.6) in a relatively small patient-derived
population (43 controls, 50 PD cases) from the University of Texas Southwestern Medical
Center (UTSW; Richardson et al., 2009). Based on the small sample size and the restriction
of the samples to one geographic area, the present study was designed to determine the
association between β-HCH and PD in a larger sample size (n=283) from two independent
locations.

Methods
Study Populations

Control and PD patient samples were obtained from 4 different cohorts, representing 2 time
periods at 2 sites. Samples collected from UTSW included samples that were run as part of
our previous study (Richardson et al., 2009) and newly collected samples. For the newly
collected samples, patients with PD were seen by a neurologist in the Clinical Center for
Movement Disorders between March and July, 2008. Pairs of subjects, i.e. a PD patient and
a control non-PD partner, were recruited at routine outpatient visits. The inclusion criteria
for patients with PD were specific criteria (three of the four features of resting tremor,
bradykinesia, rigidity and asymmetric onset, disease duration of three years or more, and
absence of atypical features or other causes of parkinsonism (Gelb et al., 1999). Controls
were those individuals who accompanied patients to the clinic and were cohabitating
companions of the opposite gender and were within five years of the patient’s age, and they
did not have any history or exhibit any of the four PD features listed above. Sequential
eligible pairs were solicited until there were 26 pairs with male PD patients and 26 pairs
with female PD patients. During the recruitment period, only four eligible pairs declined
consent, primarily because of fear of phlebotomy or time constraints, and one consenting
pair was excluded because the phlebotomist was unable to get an adequate sample from the
spouse. In total, there were 40 PD samples and 33 control samples that were collected
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between 2002 and 2003 from our previous study and 60 PD and 60 control samples
collected in 2008. Of the 2008 samples, 50 PD and 50 control samples were newly collected
and 10 PD and 10 control samples were part of our previous study that mainly used samples
collected between 2001–2003.

For the samples taken at Emory University Medical School, patients were diagnosed by
board-certified neurologists that were Movement Disorders specialists at the Movement
Disorders Clinic. Diagnostic criteria were the same as described for the UTSW patients.
Control samples were part of a clinical research registry in which subjects agreed to provide
blood, demographic information, family history, medical history, and cognitive screening
(Mini-Mental State Exam and Clock Drawing Test). Many of the subjects also had more
intensive assessments through participation in the Emory Alzheimer’s Disease Research
Center registry and the NeuroGenetics Research Consortium genetics study. There were 27
PD and 20 control samples that were collected between 2001 and 2003 and 22 PD and 20
control samples collected between 2006 and 2008 from Emory that were included in the
analysis. Samples were randomly selected in an attempt to match the gender and age
distribution as close to the UTSW sample as possible.

Determination of Pesticide Levels—Serum samples for the early UTSW cohort were
obtained as described previously (Richardson et al., 2009). For the new UTSW samples, ten
ml of blood was drawn via standard venipuncture into a tube without additives, allowed to
sit for 30 min. to allow clotting, and centrifuged at 3000 rpm for 10 minutes. The
supernatant was stored at −80°C within 2 hours in 1 ml aliquots. Serum samples from
Emory were collected by standard venipuncture techniques and serum isolated and stored at
−80°C. All samples were shipped to University of Medicine and Dentistry of New Jersey-
Robert Wood Johnson Medical School and analyzed in a blinded fashion with regards to
diagnosis.

Serum β-HCH levels were determined by gas chromatography–mass spectrometry (GC/MS)
as described previously (Richardson et al., 2009). Based on the limited sample volume
available for assay, we were unable to determine total lipid levels in our samples. To address
the issue of lipid correction of pesticide levels, we determined the levels of free cholesterol
in the serum samples. Free cholesterol in serum was isolated using Solid Phase Extraction
(SPE) with a Waters Oasis® (Whaltham MA) 30 mg/ml HLB cartridge mounted in a
vacuum manifold, as described previously for organochlorine pesticides. The sorbed
pesticides were eluted with 2×1 ml of methylene chloride by gravity flow. To elute sorbed
cholesterol, 2ml of acetone was added. The eluent was evaporated under nitrogen to dryness
and residue was reconstituted with 100ul methylene chloride. Cholesterol was quantified
using a Varian Saturn 2200 GC/MS (Agilent Technologies Palo Alto CA). The GC/MS
method was performed using single ion storage (SIS); m/z range 367–382 to analyze
extracted free cholesterol.

Statistical Analyses—All analyses were conducted with SAS software, version 9 (SAS
Institute, Inc., Cary, NC). The distribution of β-HCH in cases and controls was examined
across the 4 different cohorts. Non-parametric analysis of variance (Kruskal-Wallis) for
bivariate analysis was used to explore the association between β-HCH, PD, and gender. To
assess differences between the two time points, the Wilcoxon signed ranks test was used.
Because age and gender were used to match cases and controls in the late UTSW cohort, but
not as stringently in the other cohorts, we carried out both conditional and unconditional
logistic regression in the UTSW 2008 cohort, which gave similar results. Unconditional
logistic regression, controlling for age (years), gender, and location, was used to estimate
ORs, and their 95% confidence intervals (CI) for the association between β-HCH and PD
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diagnosis in the other three cohorts based on per unit increase in cholesterol-corrected β-
HCH levels.

Following our initial analyses, we pooled data from the four cohorts to increase the number
of samples and determined the odds of having PD per unit increase in β-HCH levels, using
generalized estimating equations and the binary distribution. We controlled for age (years)
and gender, accounting for covariance structure within each cohort using quasi-likelihood
iterative methods (Qaqish and Liang, 1992). Because the enrollment of the cases and
controls was carried out at different times and locations, we compared the estimates of the
associations from the pooled analysis against that from a meta-analysis. A summary meta-
analysis was used to estimate the association between β-HCH and PD among the 4 cohorts
using a random-effects model that incorporated both within-study and between-study
components of variance (Dersimonian and Laird, 1986). Heterogeneity between the analyses
was determined using the Cochran Q test (Higgins and Thompson, 2002).

Because the distribution of β-HCH measures was skewed and β-HCH levels were below
detection limits (non-detects) in 156 of 283 participants, we carried out additional log-
transformed analyses on the pooled data from the 4 cohorts excluding β-HCH non-detects
and an additional analysis excluding samples from the top quintile of β-HCH levels having
serum levels over 100 ng/mg cholesterol of β-HCH to determine whether these samples
significantly influenced the results. We also computed the OR for PD based on the increase
in intraquartile-range β-HCH levels after controlling for age, gender, cohort location, and
timepoint (2001–2003 or 2006–2008).

Standard Protocol approvals, registrations, and patient consents
All of the procedures were approved by the Institutional Review boards of UTSW, Emory
University, and the University of Medicine and Dentistry of New Jersey–Robert Wood
Johnson Medical School and all subjects signed approved consent forms.

Results
In our initial analysis of the data collected from the UTSW samples, we observed markedly
higher levels of serum β-HCH between samples collected in 2001–2003 compared to those
collected in 2008. Therefore, we collected additional samples from Emory University
spanning these two time periods to provide the four cohorts reported in this study. A total of
283 subjects comprised the four cohorts, with an age range of 47 to 97 years old, (mean age
of 68.7 years), and 45 % were women (Table 1). The mean serum β-HCH levels across all
cohorts in this study were 22.3 ng/mg cholesterol (Range: 0 – 376.7). Levels of β-HCH were
much lower in the cohorts that contained samples taken from 2006–2008 than samples taken
from 2001–2003 (p < 0.05). The 2001–2003 Emory cohort had significantly higher levels of
β-HCH than the 2001–2003 UTSW (p < 0.05). However, this cohort difference disappeared
by the 2006–2008 samples. Levels of β-HCH were significantly higher among PD cases
compared to the controls in the two 2001–2003 cohorts (p<0.05). However, the levels of β-
HCH were not significantly higher in PD patients vs. controls in the 2006–2008 cohort
(Table 2; Fig. 1). There were no gender-related differences in β-HCH levels in any of the
cohorts.

The results of the multivariate analysis of the association between PD and β-HCH levels are
presented in Table 3. There was no significant heterogeneity detected across the cohorts
(p=0.1178). After controlling for age and gender, the OR for PD for every 1 ng/mg
cholesterol increase in β-HCH ranged from 1.02 (p=0.36) to 1.12 (p=0.0016) across the four
cohorts, and was 1.03 (95% CI: 1.00–1.07; p value= 0.031) in the pooled analysis. The
results remained consistent across all sensitivity analyses and the results of the pooled
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analysis and the meta-analysis based on per unit increase in β-HCH were remarkably similar
and robust, even when non-detects were removed from the analysis (OR= 1.06, 95% CI:
1.02–1.10). Log-transforming the β-HCH levels and removal of all non-detects, did not
change the overall association between β-HCH and PD. Because there were only PD cases
in the top tertile of β-HCH levels (Fig. 2), we analyzed the data removing the highest values
(β-HCH>100, n=15), to be certain that this did not bias the results. Even after removing
these cases along with the subjects with non-detectible levels, we still observed a significant
increase in risk of PD per unit increase in β-HCH (OR = 1.06, 95% CI: 1.03–1.09; p =
0.0002). The strongest finding was for those subjects with serum β-HCH levels above the
inter-quartile range (39.08 ng/mg cholesterol), which were almost three times as likely to be
diagnosed with PD (OR = 2.85, 95% CI: 1.8 – 4.48; p < 0.0001).

Discussion
Two decades ago, rural living and drinking well water were identified as risk factors for PD,
which led to suspicion that pesticide exposure may increase the risk for PD (Koller et al.,
1990). An early review of studies concerning pesticide exposure and PD identified 12 of 20
studies that found that pesticide exposure was associated with a 1.6–7 fold increase in risk of
PD (Le Couteur et al., 1999). A meta-analysis of case-control studies performed around the
same time found an OR of 1.9 for the association between pesticide exposure and
development of PD (Priyadarshi et al., 2000). Subsequent epidemiologic studies have
generally supported these findings and found that self-reported exposure to pesticides was
associated with increased risk of PD (Asherio et al., 2006; Frigerio et al., 2006; Kamel et al.,
2007; Tanner et al., 2009). However, researchers have only recently started to explore the
relationship between risk of PD and exposure to specific pesticides.

Organochlorine pesticides have been the most frequently implicated class of pesticides with
regards to the development of PD (Hatcher et al., 2008). Early studies found that
postmortem brain samples from PD patients contained higher concentrations of γ-HCH
(lindane), dieldrin and p,p’-DDE than non-PD controls (Fleming et al., 1994; Corrigan et al.,
2000). More recently, epidemiological studies have reported significant positive associations
between self-reported occupational exposures to organochlorine pesticides and risk of PD
(Kamel et al., 2007; Elbaz et al., 2009). Mechanistic studies have demonstrated that
organochlorine pesticides are neurotoxic and can damage the dopamine system through
generation of oxidative stress, proteasomal dysfunction, disruption of mitochondrial
function, and increased alpha-synuclein levels and aggregation, all of which are associated
with PD (Kanthasamy et al., 2005; Srivastava and Shivanandappa, 2005; Sun et al., 2005;
Hatcher et al., 2008)

Recently, three studies have measured organochlorine pesticide levels in the serum of PD
patients and non-PD controls, and found that increasing organochlorine pesticide
concentrations in the serum was associated with PD (Petersen et al., 2008; Richardson et al.,
2009; Weisskopf et al., 2010). Weisskopf and co-workers (2010) found a significant
association (OR per inter-quartile range = 1.28) between increasing serum levels of dieldrin
and PD diagnosis in a prospective study of samples from the Finnish Mobile Health Clinic
Health Examination taken from 1968–1972. However, this study did not find an association
between β-HCH and PD when comparing serum levels from1968–1972 to follow-up cases
of PD through 1994. Both Petersen and co-workers (2008) and our previous study
(Richardson et al., 2009) found that elevated levels of β-HCH were associated with PD in
current patients, with OR of 1.44 and 4.39, respectively. In the present study, we found that
the pooled odds of having PD across the four cohorts we studied increased by 2.85 (95% CI:
1.8–4.48; p-value <0.0001) for values above 39.08 ng β-HCH /mg cholesterol, the
detectable inter-quartile range in the study population.
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β-HCH is a by-product of the manufacturing process of the insecticide γ-HCH (lindane),
comprising approximately 10% of technical grade lindane, and a component of the
insecticide HCH, which contains a mixture of HCH isomers (ATSDR, 2010). In human
studies, higher β-HCH levels have been associated with living in a rural environment, older
age, milk consumption, and male gender (Stehr-Green and Lybarger, 1989; Kutz et al.,
1991; Becker et al., 2002; Hanaoka et al., 2002), all of which have been identified as risk
factors for PD (Chade et al., 2006). Although male gender is a risk factor for PD, we did not
find a gender difference in β-HCH levels. This finding is in agreement with data from
Weiskopf and co-workers (2010) in samples taken from a much earlier timeframe (1968–
1972). However, Petersen and co-workers (2008) found that women had the highest levels
of β-HCH and highest risk for PD in samples taken from the Faroe Islands. The reason for
this discrepancy is not clear, but may be related to unique dietary factors in the Faroe
Islands. For example, increased whale meat and blubber consumption, a major source of β-
HCH exposure, in the year previous to the study was noted in the women of this study.
However, higher serum concentrations of β-HCH were also found in women over 20 years
of age in samples from the CDC’s 4th National Report on Human Exposure to
Environmental Chemicals. Unfortunately, the CDC data did not break down the data by age
and we have no information on the levels in elderly individuals to compare with our data.
Because exposure to β-HCH is most likely through diet (ATSDR, 2010), it is possible that
the differences observed are related to differences in dietary composition.

In the present study, we observed similar results for overall risk for PD from the 2 clinical
sites. However, the mean serum levels of β-HCH were significantly lower in the most recent
samples (2006–2008) compared to those taken at earlier timepoints (2001–2003). This is
consistent with studies reporting declining β-HCH levels in various populations over the
past three decades (ATSDR, 2010; Radomski et al., 1971; Sturgeon et al., 1998; Link et al.,
2005). Thus, the lower levels found in the samples taken between 2006 and 2008 in our
study likely reflect continued gradual clearance of β-HCH and diminishing exposure as the
result of declining environmental levels. If organochlorine pesticide exposure, and in
particular β-HCH or one of the other isomers of HCH, contributed to PD prevalence during
the 20th century, it could be hypothesized that there might be a reduced prevalence of cases
of PD in the United States that are associated with persistent organochlorine pesticide
exposure over time. However, levels of β-HCH and lindane in serum are much higher in
other parts of the world where the compounds are still used or were phased out more
recently (Bakore et al., 2004; Botella et al., 2004; Weldon et al., 2010), which would suggest
that these individuals may be at continued risk. Others that may be at increased risk include
people that are highly exposed, i.e. those residing in the Faroe Islands (Petersen et al., 2008),
in an arctic Canadian population (Butler et al., 2003), and among people living close to
hazardous waste sites contaminated with HCH (Kielb et al., 2010).

Our study has a number of strengths, including a relatively large sample size (149 PD cases
and 134 controls) and the use of clinical populations from 2 different sites. The pooled and
meta-analysis statistical approaches ensure that the results presented here are not driven by
any one subject population studied and the in-depth data analysis indicates that the results
are not sensitive to model specification. Finally, the β-HCH levels seen in the control
population are similar to those most recently reported by the CDC, which provides support
that the control population reflects the exposures seen in the general population of the
United States, and suggests that selection bias is unlikely to affect our results. Thus, our
results should be generalizable to other elderly populations that are exposed to similar levels
of β-HCH.

However, our study does have limitations. As with the other studies that measured pesticides
in the serum of PD patients (Petersen et al., 2008; Weisskopf et al., 2010), we were limited
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to studying organochlorine pesticides that are persistent. Therefore, we cannot rule out the
possibility that other non-persistent pesticides may contribute to the development of PD in
our cohorts. Because β-HCH accumulates to a greater extent in blood than brain (ATSDR),
we cannot rule out the possibility that serum β-HCH is simply a marker for exposure to
other persistent pesticides, such as lindane or dieldrin, which accumulate to a greater extent
in the brain, and have been found to be elevated in post-mortem PD brain samples (Fleming
et al., 1994; Corrigan et al., 2000). Unfortunately, we do not have information on previous
exposures that occurred years before diagnosis. Although we accounted for age and gender,
which are some of the strongest predictors of PD, there is always a possibility of residual
confounding, which could bias the association. A significant confounder that we were
unable to control for was smoking status, as we did not have complete information for this
variable. However, Weisskopf and co-workers (2010) found that smoking reduced the OR
for the association between serum dieldrin levels and PD, suggesting that not having this
variable might underestimate the effect size in our study. Thus, additional study is required
on potential modifying factors that may affect the association between organochlorine
exposure and PD.

In summary, our data support and extend our previous finding that elevated serum β-HCH
levels increase the risk of PD. Although we found that the levels of β-HCH have decreased
significantly between 2001 and 2008, the association with PD is still significant and the OR
is especially strong for those with levels above the inter-quartile range. This suggests that
current high levels of serum β-HCH in people over 60 years of age might serve as a useful
predictor of PD development.
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Figure 1.
Serum levels of β-HCH in samples from controls and PD patients obtained from A. UTSW
from 2001–2003 (40 controls, 33 PD cases), B. UTSW in 2008 (60 control, 60 PD cases), C.
Emory from 2001–2003 (20 controls, 27 PD cases), and D. Emory from 2006–2008 (21
controls, 22 PD cases). The horizontal bar represents the mean level of β-HCH.
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Figure 2.
Percentage of PD cases across tertiles of β-HCH Levels. Numbers within the bars represent
the number of PD cases in each tertile.
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