
Original Investigation | Neurology

Proximity to Golf Courses and Risk of Parkinson Disease

Brittany Krzyzanowski, PhD; Aidan F. Mullan, MA; E. Ray Dorsey, MD; Sai Shivani Chirag, MS; Pierpaolo Turcano, MD;

Emanuele Camerucci, MD; James H. Bower, MD; Rodolfo Savica, MD, PhD

Abstract

IMPORTANCE The role of pesticide exposure from golf courses in Parkinson disease (PD) risk

remains unclear.

OBJECTIVE To assess whether proximity to golf courses is associated with increased PD risk and to

use information on groundwater vulnerability and municipal well locations to investigate drinking

water contamination as a potential route of exposure.

DESIGN, SETTING, AND PARTICIPANTS This case-control study included patients with incident PD

andmatched controls from the Rochester Epidemiology Project from 1991 to 2015. Data were

analyzed between June and August 2024.

EXPOSURES Distance to golf courses, living in water service areas with a golf course, living

in water service areas in vulnerable groundwater regions, living in water service areas

with shallowmunicipal wells, and living in water service areas with a municipal well

on a golf course.

MAINOUTCOMEANDMEASURES Risk of incident PD. All models adjusted for age, sex,

race and ethnicity, year of index, median household income, and urban or rural category.

RESULTS A total of 419 incident PD cases were identified (median [IQR] age, 73 [65-80] years;

257male [61.3%]) with 5113 matched controls (median [IQR] age, 72 [65-79] years; 3043male

[59.5%]; 4504White [88.1%]). After adjusting for patient demographics and neighborhood

characteristics, living within 1 mile of a golf course was associated with 126% increased odds of

developing PD compared with individuals living more than 6miles away from a golf course

(adjusted odds ratio [aOR], 2.26; 95% CI, 1.09-4.70). Individuals living within water service areas

with a golf course had nearly double the odds of PD compared with individuals in water service

areas without golf courses (aOR, 1.96; 95% CI, 1.20-3.23) and 49% greater odds compared with

individuals with private wells (aOR, 1.49; 95% CI, 1.05-2.13). Additionally, individuals living in water

service areas with a golf course in vulnerable groundwater regions had 82% greater odds of

developing PD compared with those in nonvulnerable groundwater regions (aOR, 1.82; 95% CI,

1.09-3.03).

CONCLUSIONS ANDRELEVANCE In this population-based case-control study, the greatest risk

of PDwas found within 1 to 3miles of a golf course and risk generally decreased with distance.

Associations with the largest effect sizes were in water service areas with a golf course and in

vulnerable ground water regions.
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Key Points

Question Does living within proximity

to a golf course affect the risk of

Parkinson disease (PD)?

Findings This case-control study found

the greatest risk of PDwithin 1 to 3miles

of a golf course, and that this risk

generally decreased with distance.

Effect sizes were largest in water service

areas with a golf course in vulnerable

groundwater regions.

Meaning These findings suggest that

pesticides applied to golf courses may

play a role in the incidence PD for nearby

residents.
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Introduction

Parkinson disease (PD) is a neurodegenerative disease likely caused by a complex interaction

between environmental factors1-3 and genetic predisposition.4-6 Among the environmental risk

factors, pesticide exposure has been linked to increased risk of PD.7-12 Golf courses are often treated

with pesticides tomaintain the aesthetic standards for putting greens and fairways,13 and in the US,

pesticide application to golf courses can be up to 15 times higher compared with countries in

Europe.14One report anecdotally implicated proximity to golf courses as a risk factor for PD.15

Furthermore, pesticides applied to golf courses can leach into the groundwater and contaminate

drinking water.16,17

Despite the possible risks, research on pesticide exposure from golf courses and PD remains

sparce. For this reason, we conducted a population-based study using data from the Rochester

Epidemiology Project (REP) medical records–linkage system to explore the association between

incident PD and proximity to 139 golf courses within a 16 119 square mile multicounty study region in

southern Minnesota andWesternWisconsin. We hypothesized that individuals with addresses

history in proximity to golf courses would have greater risk of incident PD compared with those who

lived further away. Additionally, we hypothesized that we would observe greater risk of PD in

individuals living within water service areas: (1) with a golf course, (2) on vulnerable groundwater

regions, or (3) with shallowmunicipal wells.

Methods

A reviewwaiver and exemption of informed consent was granted by theMayo Clinic institutional

reviewer board, and use of medical records hadMinnesota research authorization. Results conform

to Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) reporting

guideline.

Assessment of ParkinsonDisease

We identified patients with PD in Olmstead County from 1991 to 2015 using codes from the

International Classification of Diseases, Ninth Revision (ICD-9) (332.0, 333.0, 331.82) and International

Statistical Classification of Diseases and Related Health Problems, Tenth Revision (ICD-10) (G20, G21,

G23.1, G23.2, G31.83) within the REP medical records–linkage system.18 The medical records of all

patients identified by ICD codes were reviewed by amovement disorder specialist (R.S.) to confirm

the diagnosis and determine date of motor symptom onset. Both motor and cognitive symptoms

were reviewed during diagnosis,18 and concordance between clinical and pathological diagnoses was

confirmed in a subset of patients who underwent brain autopsy.19 Although PD cases were required

to be living in Olmsted County at symptom onset, they were not required to have lived in Olmsted

County before that date. Controls were identified from the 27-county REP study region in Minnesota

andWisconsin.20 Controls were matched to PD cases on sex and age at index date (date of PD

symptom onset for thematched case) using a 20:1 match because we expected controls to have less

residency information comparedwith PD cases given the prodromal period and the arbitrary nature

of the index date. All controls were required to not have any ICD codes for PD prior to the index date

or up to 5 years following.

Proximity to Golf Courses

Data on golf course locations in 2013 were collected from Esri Business Analyst21 for 139 golf courses

within the 27-county REP study region.We included golf courses beyond the perimeter of the study

area so that we could calculate accurate distance values for those living at the edge of our study

region. Golf course center points were converted to polygon boundaries outlining the course using

manual digitization and satellite imagery in ArcPro version 10.0 (Environmental Systems Research

Institute) (Figure 1). The distance in miles to the edge of the nearest golf course specific to each PD
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patient and control was identified based on the latitude and longitude of their home address of

residency (eFigure 1 in Supplement 1). The home address 2 or 3 years prior to PD symptom onset (for

individuals with PD) or index date (controls) was used to calculate distance to allow for a delay

between potential environmental exposure and the development of PDmotor symptoms.

Water Service Area, Groundwater Vulnerability, andMunicipalWells

Data on 224 water service areas in our 27-county REP study area were collected from the US

Geological Survey. Water service area data were categorized as either service areas where tap water

comes from (1) groundwater resources, (2) surface water resources, or (3) private wells, wherein

everyone living within the samewater service area is often distributed water from the same shared

or community drinking water resource (groundwater or surface water) and everyone outside of

water service areas gets their drinking water from private wells. Water service areas were also

categorized as either containing a golf course or not containing a golf course. Additionally, we also

obtained high resolution data on groundwater vulnerability for the state of Minnesota from the

Minnesota Department of Agriculturewherein groundwater vulnerability was defined as regionswith

coarse textured soils, shallow bedrock, or karst geology. Groundwater vulnerability is relevant to

drinking water sourced from groundwater and private wells. We assigned water service areas as

being either within a vulnerable groundwater region or within a nonvulnerable groundwater region

(eFigure 2 in Supplement 1). Finally, we obtained data on the locations of 711 municipal wells in

southeastern Minnesota from theMinnesota Geospatial Information Office and assigned water

service areas as having either nomunicipal wells on golf courses or at least 1 municipal well on a golf

course; and water service areas containing deep municipal wells (100 ft or deeper) or at least 1

shallowmunicipal well (less than 100 ft deep).

Statistical Analysis

In our case-control study, wemodeled the exposure (distance to nearest golf course) as a continuous

variable (in miles). The association between risk of PD and proximity to nearest golf course was

evaluated using piecewise linear splines to account for differences in the association at closer or

farther distances.22 The placement of an intersection knot between linear splines was determined

Figure 1. Overhead Satellite Image of Golf CourseMapWith Polygon Boundaries
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Golf course center points were converted to polygon

boundaries outlining the course using manual

digitization and satellite imagery for the year 2022

from ESRI, Maxar, and Earthstar Geographics. Imagery

from Esri, Maxar, Earthstar Geographics, and the GIS

User Community, 2024.
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using bootstrap resampling23 optimized on the out-of-bag area under the receiver operating

characteristics (ROC) curve. Candidate knots were considered at all half-mile intervals. Additionally,

we also modeled the distance to the nearest golf course as a categorical variable (less than 1, 1 to 2, 2

to 3, 3 to 6, and over 6miles) to allow our results to bemore easily compared with other studies.

Logistic regressionwas usedwith PDas the outcomeanddistance to nearest golf course as the

exposure variable, adjusting for age, sex, race, ethnicity, year of index, block group–levelmedian house-

hold income in 2010,24 residencyRural UrbanCommutingArea (RUCA) from2010,25 andhealth care

utilization. RUCAdesignationwas categorized as urban (coded as 1), suburban (2 to6), and rural (7 to

10). Health care utilization prior to the indexdatewas defined as themeannumber of days per year

with at least ICD-9or ICD-10 code recorded in themedical record, averagedover the 5 years prior to the

indexdate. Resultswere reported as adjusted odds ratios (aORs)with95%CIs. Secondary analysis

evaluated the association betweenwater service area characteristics and risk of developingPD. The

primarywater service area characteristicswere type ofwater service area (groundwaterwith a golf

course, groundwaterwithout a golf course, andprivatewell), groundwater vulnerability (vulnerable

groundwaterwith a golf course, vulnerable groundwaterwithout a golf course, nonvulnerable ground-

waterwith a golf course, andnonvulnerable groundwaterwithout a golf course),minimumwell depth

in thewater service area (shallow [less than 100 ft] or deep [100 ft or deeper]), and location ofmunici-

palwells (at least 1well on a golf course vs nowells on a golf course). As a sensitivity analysis,we re-

peatedour analysis after stratifying byRUCA (comparing our resultswith results of those living in urban

areas). A secondary sensitivity analysiswas performedwhich restricted to controls selected fromOlm-

steadCounty. Analysiswas conductedwithR version4.2.2 (RProject for Statistical Computing). All

testswere 2-sidedwith a threshold of significance ofP < .05.

Results

Characteristics of Incident Cases

There were 450 incident cases of PD fromOlmsted County identified from 1991 to 2015 with 9000

controls matched by age and sex. After excluding PD cases and controls for incomplete residency

data prior to the index date (6.9% of cases and 39.0% of controls), there were 419 individuals with

PD (median [IQR] age at diagnosis, 73 [65-80] years; 257 male [61.3%]) and 5113 controls (median

[IQR] age at index, 72 [65-79] years; 3043male [59.5%]) included for analysis (Table 1). Although all

PD cases had an Olmstead County address at the time of symptom onset, address history data

revealed PD cases with previous addresses in 22 of the 27 counties in the study region. Themedian

(IQR) number of addresses recorded in themedical record was 1 (1-2) and themedian (IQR) time lived

at these addresses was 18.5 (6.0-43.1) years, suggesting that our population was relatively stable in

terms of their mobility.

Risk of ParkinsonDisease

The proximity to the nearest golf course prior to the index date was a median (IQR) distance of 1.72

(1.21-2.27)miles among individuals with PD and 1.98 (1.19-4.28)miles among controls (Wilcoxon rank-

sum, P < .001). Whenmodeled linearly, the odds for PD decreased by 9% (aOR, 0.91; 95% CI, 0.85-

0.98) for every 1-mile increase in distance from a golf course up to 18miles. The nonlinear association

between odds of PD and proximity to a golf course is shown in Figure 2. The odds of PDwere

relatively constant within close proximity to a golf course and decreased linearly as distance

increased; individuals living farther from a golf course had reduced odds of PD, decreasing relative to

the distance from the nearest golf course. This was characterized by using linear splines with a

regression knot optimized at 3 miles. The odds of PDwere not associated with distance from the

nearest golf course for those with a pre-index address within 3miles (per-mile increase: aOR, 0.98;

95% CI, 0.84-1.11) whereas for those farther than 3 miles from a golf course, each additional mile

farther from a golf course reduced the odds of PD by 13% (per-mile increase: aOR, 0.87; 95%CI, 0.77-

0.98). A likelihood ratio test comparing the spline model with a linear model favored the nonlinear
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spline for modeling risk of PD (P < .001). There was also positive association between living in

proximity to golf course and risk of PDwhen proximity was modeled as a categorical variable,

wherein living within 1 mile of a golf course was associated with 126% increased odds of PD

compared with those living farther than 6 miles away from a golf course (aOR, 2.26; 95% CI, 1.09-

4.70) (Table 2). There was amodest dose response wherein the odds of PD increased by 198% at 1 to

2miles (aOR, 2.98; 95%CI, 1.46-6.06), 121% at 2 to 3miles (aOR, 2.21; 95%CI, 1.06-4.59), and 92%

at 3 to 6miles (aOR, 1.92; 95% CI, 0.91-4.04) when compared with those living farther than 6miles

away. Our fully adjusted model demonstrated good model fit (Hosmer-Lemeshow P = .12) and very

good calibration (Brier score = 0.060) (eFigure 3 in Supplement 1). As a sensitivity analysis, we also

repeated our primary analysis after stratifying by RUCA and found that the association between

proximity to golf course and PDwere stronger in urban areas (eTable 1 in Supplement 1). In our

secondary sensitivity analysis, in which we used controls selected fromOlmstead County, we found

that results remained consistent (eTables 2-3 in Supplement 1).

Individuals getting their tap water from groundwater water service areas with a golf course had

nearly doubled odds of PD compared with individuals getting tap water from groundwater water

service areas without golf courses (aOR, 1.96; 95% CI, 1.20-3.23) and 49% greater odds of PD

compared with individuals getting drinking water from private wells (aOR, 1.49; 95% CI, 1.05-2.13)

(Table 3). Our analysis using data on groundwater vulnerability revealed that individuals getting their

Table 1. Characteristics of Incident Parkinson Disease (PD) Cases and Controls

Characteristics

Individuals, No. (%)

PD cases (n = 419) Controls (n = 5113)

Age at index, median (IQR), y 73 (65-80) 72 (65-79)

Sex

Female 162 (38.7) 2070 (40.5)

Male 257 (61.3) 3043 (59.5)

Race

American Indian or Alaskan Native 1 (0.2) 9 (0.2)

Asian 6 (1.4) 54 (1.1)

Black or African American 5 (1.2) 29 (0.6)

Hawaiian or Pacific Islander 1 (0.2) 1 (<0.1)

White 403 (96.2) 4504 (88.1)

Othera or multiple races 5 (0.7) 77 (1.3)

Unknown or did not disclose 0 449 (8.9)

Ethnicity

Hispanic or Latino 7 (1.7) 46 (0.9)

Not Hispanic or Latino 412 (83) 4621 (90.4)

Unknown or did not disclose 0 446 (8.7)

Median household income, median (IQR),
thousands $

63.4 (51.4-83.4) 55.6 (46.2-68.0)

RUCA classification

Urban 337 (80.4) 1557 (30.5)

Suburban 77 (18.4) 2329 (45.6)

Rural 5 (1.2) 1227 (24.0)

Water source

Groundwater 363 (86.6) 3913 (76.5)

Surface water 0 56 (1.1)

Private well water 56 (13.4) 1144 (22.4)

Pre-index health care utilization,
median (IQR), d

8.4 (4.0-15.1) 0.6 (0.0-4.8)

Distance to nearest golf course,
median (IQR), miles

1.72 (1.21-2.27) 1.98 (1.19-4.28)

Abbreviation: RUCA, Rural Urban Commuting Area.

a Other was reported directly in medical record and

not otherwise defined.
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tap water fromwater service areas with a golf course in vulnerable groundwater regions had 82%

greater odds of PD compared with those in nonvulnerable water service areas with a golf course

(aOR, 1.82; 95% CI, 1.09-3.03) and 92% greater odds of PD compared with individuals living in

water service areas without a golf course (aOR, 1.92; 95% CI, 1.06-3.45) (Table 3). Additionally,

after adding an adjustment for proximity to golf course (as a categorical variable), individuals in

vulnerable water service areas had nearly twice the odds for PD compared with individuals getting

water from nonvulnerable service areas (aOR, 1.99; 95% CI, 1.30-3.04; P = .001). Similar results

were found when adjusting for proximity to golf course as linear splines (vulnerable water:

aOR, 2.02; 95% CI, 1.33-3.09; P = .001). Finally, our analysis of municipal wells revealed no

association between PD risk and living in water service areas with a shallowmunicipal well (aOR,

0.63; 95% CI, 0.24-1.64) or with a municipal well on a golf course (aOR, 0.56; 95% CI, 0.21-1.50)

(eTable 4 in Supplement 1).

Figure 2. Nonlinear Association BetweenOdds of Parkinson Disease (PD) and Proximity to a Golf Course
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Cubic spline fit for the relative risk of Parkinson Disease

by proximity to nearest golf course, adjusted for age,

sex, race, ethnicity, median household income, rural or

urban classification, and health care utilization. aOR

indicates adjusted odds ratio; shaded areas represent

95% CIs.

Table 2. Association Between Proximity to Golf Courses and Risk of Parkinson Disease (PD) ComparedWith Those Living Farthest Away in the 27-County Rochester

Epidemiology Project Study Region

Proximity to golf
course, miles

All patients, No. (%)a Adjusted for patient demographicsb
Further adjusted for region
characteristicsb

Further adjusted for vulnerable
groundwaterc

PD
(n = 419)

Controls
(n = 5113) aOR (95% CI) P value aOR (95% CI) P value aOR (95% CI) P value

Categorical

>6 9 (1.1) 807 (98.9) 1 [Reference] NA 1 [Reference] NA 1 [Reference] NA

<1 78 (7.3) 987 (92.7) 7.23 (3.60-14.51) <.001 2.26 (1.09-4.70) .03 2.43 (1.16-5.09) .02

1-2 207 (11.4) 1605 (88.6) 12.38 (6.31-24.27) <.001 2.98 (1.46-6.06) .003 2.62 (1.28-5.39) .01

2-3 82 (9.3) 801 (90.7) 9.53 (4.75-19.12) <.001 2.21 (1.06-4.59) .03 2.06 (0.97-4.35) .06

3-6 43 (4.5) 913 (95.5) 4.38 (2.12-9.04) <.001 1.92 (0.91-4.04) .09 2.01 (0.96-4.21) .07

Cubic splines

0-3d 367 (9.8) 3393 (90.2) 1.05 (0.92-1.19) .49 0.98 (0.84-1.11) .63 0.97 (0.77-1.22) .79

>3e 52 (2.9) 1720 (97.1) 0.62 (0.54-0.71) <.001 0.87 (0.77-0.98) .03 0.87 (0.77-0.99) .03

Abbreviations: aOR, adjusted odds ratio; NA, not applicable.

a Percentages were calculated row-wise.

b Demographic variables included age, sex, race, and ethnicity. Region characteristics

includedmedian household income, Rural Urban Commuting Area classification,

and health care utilization.

c Excludes populations outside of Minnesota.

d aORs for 0-3 miles represent the change in odds for PD per 1-mile increase in distance

to a golf course within 3miles.

e aORs for more than 3miles represent the change in odds for PD per 1-mile increase in

distance to a golf course beyond 3miles.
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Discussion

In this population-based case-control study, living close to a golf course was associated with an

increased risk of developing PD. We observed that risk of developing PDwas greatest for those living

within 1 to 3miles of a golf course and that the risk of PD generally decreasedwith increasing distance

from a golf course. We also found that individuals getting their drinking water fromwater service

areas with a golf course had nearly double the odds of PD compared with individuals getting drinking

water fromwater service areas without a golf course. Additionally, the largest effect sizes were for

the association of living within a water service area with a golf course in a vulnerable

groundwater region.

For years pesticides including organophosphates,26 chlorpyrifos,27

methylchlorophenoxypropionic acid (MCPP),28 2,4-dichlorophenoxyacetic acid (2,4-D),28maneb,28

and organochlorines,29 known to be associatedwith the development of PD, have been used to treat

golf courses. Some studies have identified a link between golf courses and increased risk of adverse

health outcomes.26,30,31 Pesticides such as paraquat and rotenone have been shown to induce

Parkinson-like neurodegeneration in the substantia nigra, primarily through mechanisms involving

oxidative stress, mitochondrial dysfunction, and dopaminergic neuron apoptosis.10,32 However,

despite the biological plausibility, very few studies have explored the role of pesticide exposure from

golf courses on risk of PD. One study of golf course superintendents found a pattern of pesticide

related cancers with a small portion of participants (2 individuals) developing PD.30 Another report

provided anecdotal evidence of the possible role of golf courses in the development of PD, finding

that 19 of 26 patients with PD in a study cohort lived within 2miles of a golf course.15

In our study, after adjusting for socioeconomic and demographic characteristics, the risk of PD

was greatest near golf courses. However, there was no difference in PD risk within 3 miles and

decreasing levels of risk beyond 3miles. One possible explanation for the lack of an associationwithin

3miles was a possible ceiling effect at the higher levels of exposure. Another possible explanation

was that exposure may occur through the consumption of a shared, contaminated, groundwater

resource in a water service area. Groundwater collected frommunicipal wells is sent to a water tower

where it is treated, pressurized, stored, and distributed to all the residents within the water service

area. In our study, 90% of individuals living within 3 miles of a golf course also lived within the

Table 3. Association Between LivingWithin aWater Service AreaWith andWithout Golf Courses on Vulnerable and Nonvulnerable Groundwater Regions and Risk

of Parkinson Disease (PD) in SouthernMinnesota

Water service area type

All patients, No. (%)a,b Adjusted for patient demographicsc,b Further adjusted for region characteristicsc,b

PD patients
(n = 418)

Controls
(n = 3996) aOR (95% CI) P value aOR (95% CI) P value

Groundwater with golf coursed 342 (13.3) 2227 (86.7) 1 [Reference] NA 1 [Reference] NA

Groundwater without golf course 20 (2.1) 948 (97.9) 0.13 (0.08-0.20) <.001 0.51 (0.31-0.83) .01

Private well 56 (6.4) 821 (93.6) 0.41 (0.31-0.55) <.001 0.67 (0.47-0.95) .02

Groundwater vulnerability

Total, No. 362 3175 NA NA NA NA

Vulnerable groundwater
with golf course

319 (16.4) 1629 (83.6) 1 [Reference] NA 1 [Reference] NA

Vulnerable groundwater
with no golf course

14 (2.8) 484 (97.2) 0.14 (0.08-0.23) <.001 0.74 (0.43-1.27) .28

Nonvulnerable groundwater
with golf course

23 (3.7) 598 (96.3) 0.18 (0.12-0.29) <.001 0.55 (0.33-0.92) .02

Nonvulnerable groundwater
with no golf course

6 (1.3) 464 (98.7) 0.10 (0.06-0.16) <.001 0.52 (0.29-0.94) .03

Abbreviations: aOR, adjusted odds ratio; NA, not applicable.

a Percentages were calculated row-wise.

b Excludes populations outside of Minnesota.

c Demographics included age, sex, race, and ethnicity. Region characteristics includedmedian household income, Rural Urban Commuting Area classification, and health care

utilization.

d aORs are reported using the exposed group as the reference in this table and reported for the exposed group in the text (inverse).
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boundaries of a water service area serviced with groundwater. Thus, individuals living within the

samewater service area usually rely on a shared groundwater resource and would therefore receive

the same exposure. Nevertheless, we acknowledge that the complexity of the water distribution

process varies from city to city and therefore it is possible that not all individuals within the same

water service area share the samewater resource (eg, in the case of a water service area with

multiple water towers). Our study area reflects rural, suburban, and relatively slow-growingmajor

metropolitan cores; thus, we expect the water distribution process to be less complex compared

with that of faster growing cities.

Several studies have provided evidence of the ability for pesticides applied to golf courses to

leach into the ground and contaminate drinking water supplies.16,17,33,34 For instance, 1 study16 found

that the groundwater under 4 different golf courses in Cape Cod was contaminated with 7 different

pesticides, including chlorpyrifos and 2,4-D among others. In this study, 1 pesticide was present in the

drinking water at levels more than 200 times greater than the health guidance level. In our study,

77.3% of our patient population (86.6% of cases and 76.5% of controls) lived in water service areas

that relied on groundwater resources.

Airborne exposure to pesticides may also drive the relationship between PD risk and proximity

to golf courses. In our study, we found that the association between proximity to golf course and PD

remained (for those living within 1 to 2miles) after adjusting for groundwater vulnerability. Moreover,

we found larger effect sizes for the association between distance to golf course and PD risk in the

urban areas, and thus we speculate that greater city density surrounding golf courses in urban areas

may lead to higher levels of airborne pollutant exposure for the nearby residences. Taken together,

our study complements, and expands on, the limited research on golf courses as a risk factor for PD

and further suggests that both vulnerable drinking water and airborne pollutant exposure may

contribute to risk for developing PD near golf courses. Public health policies to reduce the risk of

groundwater contamination and airborne exposure from pesticides on golf courses may help reduce

risk of PD in nearby neighborhoods.

Strengths and Limitations

Our study has several strengths. First, we used population-based incidence data, which allows us to

better answer questions of PD etiology. Second, rather than relying on ICD codes alone, all identified

cases were screened by amovement disorder specialist to confirm the onset and diagnosis of PD.

Third, our study used address-level data to assign exposure, which provides more accurate distance-

to-exposure values compared with studies using less precise location information (eg, zip code

centers). Fourth, we digitized and screened our golf course data manually to confirm the correct

placement of the golf course boundaries in 2013. Fifth, we integrated data on water service areas,

which enabled us to determine whether an individual received drinking water from a groundwater

resource, surface water, or a private well.

Our study also has limitations. Our population-based dataset had a limited geographical extent.

However, the REP captures data from patients for all health systems within our study area, making

it a comprehensive population-based dataset.20 Our study was limited in that the population is

predominantly White given the demographics of the study region and therefore might limit the

generalizability of our results. However, our REP data well replicates other PD-exposure relationships

found in diverse cohorts such as the USMedicare population.1 Additionally, we acknowledge that

requiring PD cases to have an Olmsted County residence at the time of diagnosis is a limitation in our

study design. Despite this constraint, our sensitivity analysis, which used controls selected from

Olmstead County, provided consistent results. We did not have information on occupational history,

thus resultsmay be vulnerable to exposuremisclassification errors (ie, for patients who spendmore

time at locations other than their home address). Our study did not consider other relevant PD risk

factors (eg, head trauma, genetic predisposition). Due to the long prodromal period of PD,35we

obtained data on golf course locations for the earliest possible year of data available (2013). Although

this year of exposure data provided aminimal exposure window, we speculate that most of the golf
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courses identified in our study existed for many years prior to 2013. Notably, given the long

prodromal period of PD, our study uses distance as a proxy to estimate exposure to pesticides

occurring many decades ago, whichmay not reflect the same pesticides applied on these golf

courses in recent years. Nevertheless, even if golf courses were present decades earlier, our results

were based on home address information 2 to 3 years prior to symptom onset, which does not

capture the complete prodromal period. Our population was relatively stable, living at their address

for approximately 6 to over 43 years. We were unable to extend address history back further than 3

years because residency data becomesmore incomplete the further wemove back in time due to

lack of interaction with the health care system.

Conclusions

This population-based case-control study provides evidence in support of an association between

living within proximity to golf courses and the risk of developing PD. Shorter distances from golf

courses were associated with an increased risk of PD compared with those living farther away.

Associations with the largest increase in odds was found in individuals living within water service

areas with a golf course and in vulnerable ground water regions.
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