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Abstract: Pyrethroid pesticide exposures may be associated with the onset of depression in later life via disruption of dopa- \
minergic, serotonergic, and neurological functioning. We sought to investigate the association between living near agricultural pyre-
throid pesticide applications and depression measures in central California, using two waves (PEG 182, total N = 1,654) of a case
control study of Parkinson’s disease (PD). At enrollment, participants self-reported history of use of depression medications and dates
of MD-diagnosed depression and anxiety. Participants also completed a Geriatric Depression Scale-Short Form upon enrollment.
We used the California Pesticide Use Registry to assign estimated ambient pyrethroid pesticide exposures at participant’s home
addresses over the 5 years before the index date (date of outcome, or an age-matched year for participants without the outcome). We
used logistic and linear regression to evaluate associations between living near any pyrethroid applications over the 5-year index period
and measures of depression and anxiety. We also evaluated modification by study wave and PD status. We observed associations
of pyrethroids with depression, depression medications, and anxiety (adjusted odds ratio [aOR] depression = 1.54, 95% confidence
interval [CI] 1.14, 2.07; aOR depression medications = 1.68, 95% CI 1.25, 2.25; aOR anxiety = 1.60, 95% CI 1.17, 2.18). However,
we observed no associations with mild/moderate depressive symptoms according to the GDS score at enrollment (aOR = 1.04, 95%
Cl0.77, 1.42). We did not observe a consistent modification of the pyrethroid-depression associations by study wave and PD status.

Ambient pyrethroid pesticide exposures may be associated with measures of depression in later life.
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Introduction

In 2017, over 17 million adults in the United States (7.1%) had at
least one major depressive episode, with 44% being treated with
medication.! Depression in the elder population additionally has
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consequences for other health outcomes, including increased risk
for suicide and nonsuicide mortality, and dementia.? Although
much attention has been given to psychosocial factors that con-
tribute to depression, contributions of environmental biological
insults have generally been underexplored.

Pyrethroid pesticides target neurological functioning by dis-
rupting voltage-gated channels, and exposure to this class of
pesticides has been associated with health outcomes that are
comorbid with or predictive of depression, including diabe-
tes,>* Parkinson’s disease (PD),” and behavioral disorders.®
Additionally, occupational and chronic exposure to several
pesticide classes during adulthood have been associated with
depression in adults.”' However, most of these studies either do
not focus on pyrethroids, are occupational studies, are cross-sec-
tional measures where the exposure and outcome are concurrent,
or they use a single measure of depression to assess the outcome.

Here, we explore the relationship between living near pyre-
throid pesticide applications and multiple markers of depres-
sion in a population-based sample in California’s Central Valley,
where exposure is measured over the 5 years before depression
diagnosis.

Methods

Study Population

The Parkinson’s, Environment, and Genes Study (PEG1 and
PEG2) is a population-based case-control study in Central
California to study the environmental and genetic contributions
to PD. Recruitment occurred in two waves (PEG1&2). All sub-
jects provided informed consent, and the study was approved by
the UCLA Institutional Review Board.

In the first wave (PEG1), cases included new-onset PD patients
(<3 years from diagnosis) who resided in Fresno, Tulare, and
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Kern counties, California, and were recruited through clinics,
neurology offices, and public service announcements. All PEG1
participants were recruited between 2001 and 2007. Inclusion
criteria required that patients had lived in California for at
least 5 years, were not in the final stages of a terminal illness,
were >335 years of age, within 3 years of a diagnosis, and were
confirmed with clinically probable or possible PD by a UCLA
movement disorder specialist. Requirements for this diagnosis
have been detailed elsewhere.!! Community controls lived in the
same counties. In PEG1&2, they were identified from residential
parcel listings from property tax assessor records, screened for
eligibility, and enrolled by mail or telephone (PEG1) or during
home visits at their doorstep (PEG2). Some controls (PEG1 only)
were randomly sampled from a list of Medicare enrollees. For
all controls, participation was limited to one person per house-
hold. In PEG1, 403 controls and 360 cases were recruited. For
PEG2, an additional 424 population controls and 475 new-on-
set PD cases (<5 years from diagnosis) were recruited from 2007
to 2015. PD patients in PEG2 were identified using a popula-
tion-based PD registry.'? Inclusion criteria were the same as in
PEG1. Neurological evaluations for PEG2 took place between
2011 and 2017 and PD diagnoses were confirmed by a UCLA
movement disorder specialist.

Outcome Assessment

Depression was assessed primarily via self-report. At enroll-
ment, participants reported whether they had ever been
diagnosed with depression or anxiety by a doctor, the age at
diagnosis, and whether they had ever been prescribed medica-
tions for depression, along with the age at which they were first
prescribed depression medication. They additionally filled out
a Geriatric Depression Scale short form-15 (GDS)."* Based on
prior evidence supporting categorization of the GDS, we cre-
ated a binary variable using a cutoff of >4 representing a mild,
moderate, or severe depression symptom score.'®!* In sensitivity
analyses, we evaluated associations with a more severe cutoff
of >9 on the GDS. Because PD is strongly linked with depres-
sion,'® we excluded participants who developed PD before they
acquired any of the outcomes (depression, anxiety, or medica-
tion use). For the GDS measure at enrollment, we also excluded
participants who were on depression medications at the time of
the exam.

Exposure Assessment

The California Pesticide Use Registry (PUR) is a registry of all
commercial pesticide applications in the state of California since
1974. We used a validated geospatially-based system'” to assign
exposure status. Briefly, the PUR reports pesticide applications
using the Public Land Survey System, roughly a one-square mile
resolution. We combined this PUR data with land-use and crop
information to improve the spatial resolution. We then calcu-
lated the pounds per acre for all pyrethroid pesticides applied
within 500 m of the participant’s residence, using reported
address histories, for the 5 years before the index date for each
outcome. In sensitivity analyses, we included both occupational
and residential address histories. The index date for partici-
pants with an outcome (depression/anxiety diagnosis or med-
ication use) was the diagnosis or first medication use date. The
index date for unaffected participants was calculated based on
the average age at diagnosis by PD status and study wave for
affected participants. For instance, for participants with PD and
depression in PEG1, we calculated the average age at depres-
sion diagnosis (55 years). Then, for participants with PD but
without depression, we used the year in which they had been 55
years old as the index year. We repeated this within the strata
of control participants in PEG1 (46 years), and PD and con-
trol participants in PEG2 (51 and 48 years), and for depression
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medication uses, and anxiety separately. Average depression
index dates for PEG1 controls and PD patients were October
1997 and September 19935, respectively, and for PEG2 controls
and PD patients they were February 1999 and June 2000. Since
the PUR system began recording pesticide information in 1974,
we excluded participants with an index year before 1979, to
allow all participants a full 5-year period of surveillance for
pyrethroid exposure. For GDS score at enrollment, we used the
pyrethroid exposures in the 5 years before enrollment for all
participants. Then, given a high percentage (80%) of unexposed
participants, exposure represents living near any pyrethroid
applications, or none.

Statistical Approach

We first report demographic characteristics at enrollment, and
evaluate whether participants excluded due to having index
dates before 1979 were different from included participants.
Next, to estimate associations between pyrethroids and depres-
sion, we used logistic regression models and report both crude
and adjusted odds ratios (aORs). We also considered a contin-
uous GDS score, which exhibited a log normal distribution.
We set GDS scores of 0-0.001, and modeled associations of
pyrethroids for a log-transformed-GDS total score using linear
regression. We a-priori selected covariates hypothesized to be
important for depression from the literature. These included
smoking status (never, former, current), age at interview, PD,
sex, race/ethnicity (indicator variable for non-Hispanic white),
and a four-level study wave/case status variable (PEG1 PD and
control, PEG2 PD and control).

We also checked interactions for pyrethroid exposure with
the study wave/case status variable with a likelihood ratio test,
to assess whether associations differed by study wave or PD sta-
tus. For this interaction test, we set the alpha at 0.15.

Results

In total, 1654 participants were included in at least one of the
analyses of pyrethroid associations with depression/anxiety mea-
sures. Some participants had an index year before 1979; thus,
total participants were lower in analyses of medically diagnosed
depression (n = 1,306), depression medications (n = 1,458), and
medically diagnosed anxiety (n = 1,296). Participants with an
index year before 1979 for depression were not different from
participants with a later index year in terms of education or
gender, but were older, did not have PD, and were more often
recruited in PEG1.

We observed elevated effect estimates for pyrethroids with
doctor-diagnosed depression or anxiety, and the first use of
depression medications (Figure 1). There was no association
between pyrethroids and high/low GDS score at enrollment
(Figure 1), and associations with a continuous GDS score were
similarly null (Beta coefficient = 0.03, 95% CI -0.38, 0.44). In
sensitivity analyses, associations based on a higher cutoff for
GDS (>9) were similarly null.

The interaction P value suggested that effect estimates may
vary by study group for MD-diagnosed depression (interaction
P = 0.14, Figure 2). However, all stratum-specific effect esti-
mates for this outcome were above the null. For all other mea-
sures, there was no evidence of heterogeneity by study group
(chi? interaction P value was >0.15 for all other measures)
(Figure 2).

Sensitivity analyses using exposures at both residential and
occupational address histories resulted in similar effect estimates.

Discussion

We report consistently positive associations for residential
ambient pyrethroid exposures in the 5 years before a depression
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Figure 1. Associations of residential proximity to agricultural use of pyrethroid pesticides with self-reported measures of depression and anxiety. Models
adjusted for smoking status, age, PD, sex, race/ethnicity, and study status. Depression Meds indicates history of medications for depression; GDS_Depression,
met mild/moderate depression score cut off on Geriatric Depression Scale at enrollment; MD Dx Depression, doctor diagnosed depression; MD Dx Anxiety,
doctor diagnosed depression; Pyr, unexposed to pyrethroids; Pyr_ _, exposed to pyrethroids.
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Figure 2. Associations of residential proximity to agricultural use of pyrethroid pesticides with self-reported measures of depression/anxiety by PD status and
study wave. Models adjusted for smoking status, age, sex, race/ethnicity, with an interaction between pyrethroids and study wave/case status. Estimates for
the overall models did not have an interaction term. Depression Meds indicates history of medications for depression; GDS_Depression, met mild/moderate
depression score cut off on Geriatric Depression Scale at enrollment; MD Dx Depression, doctor diagnosed depression; MD Dx Anxiety, doctor diagnosed
depression; Pyr, unexposed to pyrethroids; PyrExp, exposed to pyrethroids.
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Characteristics of the study participants

All participants

(N =1,654)

Age at interview (mean, sd) 68.4 (11.2)
Pyrethroid exposures

Any pyrethroid exposure in 5 years preceding enroliment 263 (20.4 %)
Smoking, n (%)

None 850 (51.4)

Former 678 (41.0)

Current 126 (7.6)
Sex, n (%)

Female 749 (45.3)

Male 905 (54.7)
PD/study wave, n (%)

PEG1 PD 360 (21.8)

PEG1 control 401 (24.2)

PEG2 PD 470 (28.4)

PEG2 control 423 (25.6)
Race/ethnicity, n (%)

Non-Hispanic White 1204 (72.8)

Other 450 (27.2)

index year, with depression and anxiety diagnoses, and medica-
tion use, but not GDS scores at enrollment.

Although associations were not modified by PD status and
study wave, effect estimates tended to be stronger among PEG1
cases. However, as we did not observe the same phenomenon for
cases in PEG2, we believe that this may be a chance finding. We
observed associations with all measures except the GDS score
at enrollment. GDS scores are measures of current depressive
states only and this may reflect a reluctance to enroll in and
participate in research while acutely depressed.

These associations are in line with prior literature on pyre-
throids and behavior. For instance, in animals, pyrethroids have
been associated with changes in open-field behaviors!®* and
social interactions and emotionality,'”*! along with reduced stri-
atum dopamine levels.'$?? In humans, the literature on pesticide
exposures in adulthood and mental illness are scant, although
pyrethroid exposure during pregnancy has been suggested to
disrupt fetal programming related to mood and behavior.523-25
We additionally previously reported that pyrethroid exposures
were associated with changes in epigenetic pathways that are
consistent with depression and alterations in mood.?

Strengths of the study include the measure of chronic pyre-
throid exposure preceding outcomes, the consistency of the
associations across several measures of depression, and a pop-
ulation living near relatively high agricultural applications.
Limitations include that proximity to agricultural applications
does not capture exposures through residential use or diet.
However, in adulthood, exposures are difficult and impractical
to measure over long periods with biomarkers, as this would be
both expensive and even repeated measures may not correlate
well over a long time period.?”

This study provides preliminary support for exploring the
relationship between pyrethroid pesticide exposure in adults
and mental illness, specifically depression and anxiety, in older
adults.
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