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Parkinson disease (PD) is the second most common age-related neurodegenerative condition diagnosed in North America. We
recently demonstrated, using multiple epidemiological data sources, that the prevalence of PD diagnoses was greater than
previously reported and currently used for clinical, research, and policy decision-making. Prior PD incidence estimates have varied,
for unclear reasons. There is a need for improved estimates of PD incidence, not only for care delivery planning and future policy
but also for increasing our understanding of disease risk. The objective of this study was thus to investigate the incidence of
Parkinson disease across five epidemiological cohorts in North America in a common year, 2012. The cohorts contained data on 6.7
million person-years of adults ages 45 and older, and 9.3 million person-years of adults ages 65 and older. Our estimates of age-sex-
adjusted incidence of PD ranged from 108 to 212 per 100,000 among persons ages 65 and older, and from 47 to 77 per 100,00
among persons ages 45 and older. PD incidence increased with age and was higher among males. We also found persistent spatial
clustering of incident PD diagnoses in the U.S. PD incidence estimates varied across our data sources, in part due to case
ascertainment and diagnosis methods, but also possibly due to the influence of population factors (prevalence of genetic risk
factors or protective markers) and geographic location (exposure to environmental toxins). Understanding the source of these
variations will be important for health care policy, research, and care planning.
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INTRODUCTION

Parkinson disease is a multi-system and multi-symptomatic
neurodegenerative disorder, for which modifying or preventative
measures are not presently available. As the population in Western
nations has shifted to include a greater proportion of older adults,
the public health and economic burdens of age-associated
neurodegenerative disease have increased with an estimated
economic cost of $52B per year in the US alone'. Indeed, the
single greatest risk factor for PD is advanced age?>.

Disease frequency in a given population can be measured as
the annual prevalence (proportion of persons currently diagnosed
with the disease) or incidence (proportion of persons newly
diagnosed with the disease). Recently, we performed meta
estimates of the 2010 prevalence of PD in North America, using
multinational data from current and past epidemiology projects®.
Our primary finding was that the overall prevalence of Parkinson
disease among persons ages 45 and older was 572/100,000. We
also found that PD burden in the population at ages 65 and above
was higher than typically reported. These improved prevalence
estimates and economic burden projections are but some of the
vital statistics for population health. Prevalence is influenced not
only by new cases appearing in the population but also by the
survival of established cases. Incidence is an important comple-
mentary statistic in that it is a more direct reflection of the impact
of risk factors for a disease (in the absence of changes in
diagnostic efficiency). Improved estimates of disease incidence
and mortality are also necessary for understanding disease risk,
planning healthcare capacity, delivery, anticipating and addres-
sing care disparities, and identifying unwarranted variations in
care delivery.

Prior work has described the incidence of PD in limited
populations such as isolated groups, cities, or lower population
countries® '°, However, PD incidence data that are multinational or
derived from multiple sources are not well documented. Health care
systems, clinical registries, and clinical cohorts have the capability to
detect and report PD burden. Although each data source contains
varying degrees of patient representativeness, sensitivity, and
specificity, the heterogeneity of the data underscores the need for
disease burden estimates to include data from multiple patient
sources. Therefore, building upon our efforts for improved estimates
of PD prevalence, our group examined PD incidence across multiple
regional cohorts and national datasets to generate an improved
estimate of the incidence of Parkinson disease among older adults
in North America. By aggregation of the available data, age and sex-
stratified PD incidence estimates were derived. Additionally, the
spatial clustering of Parkinson disease risk was explored.

RESULTS

PD Incidence, ages 65+

Table 1 displays PD case and denominator numbers, incidence
estimates for each dataset in this age group. PD incidence in
persons ages 65 and older was examined over 9.3 million person-
years. Study populations ranged in size from 138,806 (HAAS) to
6,866,623 (Medicare), and the number of incident PD cases
identified ranged from 21 (REP) to 15,250 (Medicare).

Age standardized PD incidence estimates for ages 65 and older
ranged from 108 to 212 per 100, 000 person-years, from 162 to
277 among males, and from 66 to 161 among females. The
Ontario Health care and Medicare program datasets produced
incidence rates that were 1.5-2.0 times higher than found in
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Table 2. Incidence of Parkinson disease by study, sex, among adults
ages 45 and older.

Number of
incident cases

Study,
sex, age

Population in
person-years

Age-standardized
rate (95% CI)?

AW. Willis et al.
Table 1. Incidence of Parkinson disease by study, sex, among adults
ages 65 and older.
Study, Population in Number of Age-standardized
sex, age person-years incident cases rate (95% CI)?
Both sexes 65+
Ontario 1,974,100 3660 185 (179-191)
Medicare 6,866,623 15,250 212 (208-215)
HAAS - - -
KPNC 322,535 407 125 (113-138)
REP 19,579 21 108 (67-165)
Males ages 65+
Ontario 876,387 2086 239 (229-250)
Medicare 2,628,112 7805 277 (270-283)
HAAS 138,806 185 128 (109-149)
KPNC 141,345 236 164 (143-186)
REP 8559 14 162 (88-272)
Females ages 65+
Ontario 1,097,713 1574 143 (136-151)
Medicare 4,238,511 7445 161 (158-165)
HAAS - - -
KPNC 181,190 171 95 (81-110)
REP 11,020 7 66 (27-136)
HAAS Honolulu-Asia Aging Study, KPNC Kaiser Permanente Northern
California, REP Rochester Epidemiology Project.
2Standardized to the US 2010 Census population, based on 5-year age
groups.

among Kaiser Permanente Northern California members or the
HAAS and Rochester Epidemiology Project cohorts.

PD incidence, ages 45+

Table 2 displays PD incidence estimates for ages 45+, calculated
using Ontario, KPNC and REP data. As expected, including low-risk
age groups reduced overall PD incidence estimates substantially
from 108 to 47/100, 000 (REP), from 125 to 53/100,000 (KPNC), and
from 185 to 77/100,000 (Ontario).

Age trends in PD Incidence

As examined in persons aged 65 and older, PD incidence estimates
increased with age in the decades 65-74 years, 75-84 years in every
study sample. However, at 85+ years, divergent incidence trends
were found across datasets. Specialist confirmed cases in the HAAS,
KPNC, and REP declined slightly from the previous decade (from 199
to 139 per 100,000, from 222 to 165 per 100, 000 and from 216 to 198
per 100,000 respectively), whereas the two administrative datasets
(Ontario and Medicare) estimated that the incidence of PD diagnosis
with concurrent anti-PD medication use continued to increase.

Sex differences in PD incidence

As shown in Fig. 1, incidence estimates were higher in males as
compared to females at all ages in the datasets which allowed sex-
based comparisons into the 8th decade (Ontario, Medicare and
KPNC; no incident cases were reported for females ages 85+ in
the REP). PD incidence among males rose first, most sharply
between ages 64 and 74 in the fourstudy cohorts. In the decade of
peak incidence, the male: female rate ratio varied across datasets:
1.86 (Medicare, 85+ years), 2.18 (Ontario 85+ years), 2.51 (REP, 75-
84 years) 2.58 (KPNC, 75-84 years). When individuals below the
age of 65 were included, a higher incidence of PD among males
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Both sexes 45+

Ontario 5,766,576 4577 77 (75-80)
KPNC 912,929 517 53 (48-57)
REP 58,252 28 47 (31-69)
Males 45+

Ontario 2,752,896 2637 93 (90-97)
KPNC 421,478 308 66 (59-74)
REP 26,884 18 64 (38-102)
Females 45+

Ontario 3,013,680 1940 63 (61-66)
KPNC 491,451 209 40 (35-46)
REP 31,368 10 33 (16-60)

KPNC Kaiser Permanente Northern California, REP Rochester Epidemiology
Project.
2Standardized to the US 2010 Census population, based on 5-year age
groups.

remained; however, the male: female sex ratio declined —4.6%
(KPNC), —11.4% (Ontario), —20.8% (REP) (Table 3).

Geographical variation in PD incidence

The age and sex adjusted county rates of newly diagnosed,
treated Parkinson disease among eligible Medicare beneficiaries,
with Bayesian hierarchical modeling and smoothing to increase
the precision of estimates in less populous areas, is shown in Fig.
2. A clustering of counties with a higher incidence of PD was
observed at the juxtaposition of the Midwestern and Southern
regions of the United States. Other higher incidence areas were
found in southern California, southeastern Texas, central Pennsyl-
vania, and Florida. Lower incidence areas included the Mountain
West region, the western Midwest, and the far Northwest.

DISCUSSION

Parkinson disease is the second most common age-related
neurodegenerative disease in the world and is responsible for
significant disability and increased risks of dementia and
mortality’'~'*. Data drawn from younger onset cases, multi-
incident families, individuals with risk markers for PD are crucial
for exploring the molecular mechanisms of disease and identifying
the clinical and biological changes occurring in the preclinical and
prodromal periods, which may ultimately lead to effective
neuroprotection’> 2%, In turn, population-level estimates of PD
burden are crucial for health care and health policy, for advocating
for appropriate research funding and insurance coverage for
treatment and for minimizing drug shortages. PD incidence
estimates may be influenced by multiple factors, including
population age, geographical location, the prevalences of genetic
and environmental risk and protective markers, and case
ascertainment and diagnosis methods. Comparisons of incidence
estimates from multiple datasets, using different case ascertain-
ment and diagnosis methods, can demonstrate these variations. In
this study, we report incident rates of Parkinson disease in North
America, measured simultaneously across five PD epidemiology
data sources which sampled middle age and older adult
populations. We found that Parkinson disease incidence in
persons ages 65 and older ranged from 108 to 212 per 100,000
persons. Among persons aged 45 and older, PD incidence ranged
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Fig. 1 Age- and Sex-Specific Incidence Rates of PD. Age-Specific Incidence Rates per 100 000 Person-years for (panel A) Females and (panel
B) Males of: Treated Parkinsonism in the Ontario population (1,974,100 person-years, 2012); Treated Parkinsonism in the U.S. Medicare Insured
population (6,866,623 person-years, 2012); Treated, Neurologist Reviewed Parkinson Disease in the Kaiser Permanente Northern California
(KPNC) Insured Population (322,535 person-years, 2012); Movement Disorders Specialist Consensus Parkinson Disease in the Honolulu Asian

Aging Study (HAAS) Cohort (138,806 person-years, 2011).

Table 3. Male to female ratio, age-standardized PD incidence, 2012.
Study Sex rate ratio (Male: Female)

Ages 65+ Ages 45+ Percent difference (A%)
Ontario  1.66 (1.55, 1.77) 1.49 (1.40, 1.58) —10.8 (10.1, 11.3)

KPNC 1.77 (1.45, 2.15) 1.71 (1.44, 2.05) —3.4 (0.7, 4.7)

)
Medicare 1.69 (1.64, 1.74) - -
)
REP 2.57 (1.04, 6.38) 2.10 (0.97, 4.55) —20.1 (6.9, 33.6)

KPNC Kaiser Permanente Northern California, REP Rochester Epidemiology
Project.

from 47 to 77 per 100,000 persons. As expected from prior
studies®, PD incidence increased with age and was higher among
males. We also found the US. “PD belt”, a clustering of PD
diagnoses originally described using PD incidence estimates from
2005%7, was still present in 2012.

The highest PD estimates were generated from the diagnostic
algorithm applied to the Ontario and Medicare administrative
datasets. This algorithm captured cases of parkinsonism, categor-
ized as Parkinson disease, for which the person was prescribed at
least one motor symptom medication. Another study of admin-
istrative claims, from the French National Health Insurance system
(Systeme National d'Information Inter-Régimes de ['Assurance
Maladie) found comparable incidence rates, ranging from 74 to
140 (ages 65-74), 210-277 (ages 75-84) and 299 (ages 85-89) per
100,000%8, Higher PD incidence estimates are not limited to
studies which use administrative claims data and broad ascertain-
ment methods. In a prospective cohort study of male physicians,
PD incidence ranged from 134/100,000 person-years (among
participants ages 65-69) to 614.7/100,000 person-years among
participants 85-89 years old®.

The HAAS, REP, and KPNC studies, which produced lower
incidence estimates, required high levels of clinical evidence and
diagnosis by an expert clinician (a neurologist or movement
disorders neurologist), even after screening, similar to the diagnostic
protocols used for entry into a PD research study or clinical trial.
Using this approach, fewer potential incident PD diagnoses would
be expected to have all required diagnostic criteria documented in
the medical record. Additionally, individuals who had infrequent
visits, providers from multiple systems, low-quality interactions with

Published in partnership with the Parkinson’s Foundation

health care providers, or had confounding comorbidities (such as
psychiatric conditions, prior stroke, neuropathy, multifactorial gait
disorders) would be expected to more frequently have inadequate
documentation for meeting study diagnostic criteria in a retro-
spective analysis of real-world clinical practice.

The lower incidence rates captured in the HAAS, REP, and KPNC
cohorts may also be influenced by actual differences in PD risk
factors experienced by the populations in these diverse geographic
areas. Compared to the general Medicare population, Medicare-
aged adults who purchase KPNC insurance have higher income and
higher rates of college education®®. These social determinants of
health associate with higher quality health care and with
exercise3*3!, Exercise is a health behavior which may protect
against developing PD and has been demonstrated to preserve
function after diagnosis®>~3°. Exercise is also associated with a lower
risk of diabetes*®37, which several studies have suggested is a risk
marker for PD or PD progression34-42, The HAAS is based on a cohort
of Japanese- American men. Epidemiological data have reported
lower PD incidence in Asian countries or among persons identified
as Asian?’3, Potential reasons for the lower risk in Asians include
lower prevalence of pathogenic genetic risk factors (e.g., LRRK2 or
GBA mutations), differential exposure to risk, or resilience to PD-like
neurodegeneration due to lifestyle or diet***>. Our PD map suggests
that KPNC, REP and HAAS participants live in regions of the U.S. with
relatively lower incidence rates, which may also reflect regional
differences in environmental exposures.

The primary risk factor for PD is age?, and within all cohorts, we
found that PD incidence increased into the 7th decade. Thereafter,
two distinct age trends emerged. For the KPNC, REP, and HAAS
data, incidence rates fell slightly, whereas for the Ontario and
Medicare data studies, PD incidence continued to increase. These
two patterns in age-stratified PD incidence have been found in
multiple other epidemiological studies®®'%2527 The widening of
the calculated confidence intervals at higher age strata limits the
ability to interpret these findings, but one potential explanation
for the relatively lower number of diagnoses in the KPNC, REP, and
HAAS datasets is that it may become more difficult to identify mild
parkinsonism in the oldest adults, particularly those with multiple
comorbidities, and to differentiate early PD from normal advanced
aging. As a result, lower ascertainment would be expected. The
Ontario and Medicare criteria for PD were not subject to the
application of specific PD diagnostic criteria but rather relied on
the treating physician’s judgment and coding of the most likely
diagnosis. To ensure those with PD are diagnosed early, brief tools
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Fig. 2 Geographical variation in 2012 PD Incidence among 6,866,623 Medicare beneficiaries.

for parkinsonism screening in routine primary care clinical
practice, such as those for dementia®®, are needed. This is
especially true given the evidence that early diagnosis of
parkinsonism secondary to PD associates with improved patient
outcomes and clinician decision making*’=>".

Symptomatic cognitive dysfunction or dementia, due to Alzhei-
mer disease, vascular dementia, toxic or metabolic cognitive
dysfunction, increases with age®? and becomes very prevalent in
the 8" decade and beyond'>>*>* Although mild cognitive
dysfunction at the time of PD diagnosis is common®>, PD diagnostic
criteria used in practice and in most of our studies required there to
be no evidence of moderate or severe cognitive impairment at the
time of or soon after motor symptom onset. The strict application of
this exclusion criterion would favor underdiagnosis of PD in
subpopulations at higher risk for concomitant cognitive dysfunc-
tion/dementia, most noticeably individuals in the 8th decade and
beyond. PD patients from higher risk groups (due to genetic factors
or occupational exposures) have been observed to present as early
onset cases, another phenomenon that favors lower observed
incidence with advancing age®®°°. Epidemiological studies which
include the use of valid PD biomarkers, when available, may clarify
the true incidence of PD in the highest age groups, as well as within
patient subgroups that have a high prevalence of primary or
secondary cognitive impairment (e.g. those with cerebrovascular
disease, renal dysfunction).

The male: female ratio for incident PD increased with age in all
epidemiological cohorts in our study, consistent with the previous
data that supports the hypothesis that biological sex is an intrinsic
risk factor for PDS'"%°, A 2015 meta-analysis of PD incidence data
from 22 studies which included age/sex-specific data found the
overall M:F incidence ratio was 1.57 (95% Cl 1.46 to 1.68, p < 0.001),
and that age-specific pooled M:F incidence ratios increased from
1.46 (95% Cl 1.33-1.61) between 60 and 79 years to 1.93 (95% Cl
1.84-2.03) in persons above 80 years?®. Our finding of a decrease in
the M:F sex ratio when we included individuals with age at onset as
low as 45 indirectly supports the theory that sex differences in PD
risk increase with age. Monogenic risk factors for PD are equally
distributed in males and females®®, and associate with earlier onset
disease. Sporadic PD risk is positively correlated with age, as are the
potential cumulative influences of non-genetic risk markers that may
differ by gender, including occupational, neuroendocrine, and
hormonal exposures, lifestyle factors®”~%°,
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In this study, we estimated the incidence of Parkinson disease
simultaneously across five epidemiological datasets using commonly
applied diagnosis and case ascertainment methods applied to 2012
data. We established a range of total incident PD diagnoses in North
America of approximately 60,000 to 95,000 among adults ages 45
and older. Using the Medicare administrative database alone for this
same time period suggests an incident rate of PD of nearly 90,000
per annum just for those 65 and older. As discussed above,
regarding the ascertainment methods for each dataset, this range in
incidence likely represents the lower and upper bounds of those
diagnosed with PD in 2012. Nevertheless, this contrasts sharply with
the estimate of 40,000-60,000 new cases per annum that has been
cited previously for PD incidence®'®. The reasons for a greater
incidence as compared to prior studies, particularly those drawn
from data prior to 2010 4'%7°, remains to be explained, but could
represent either improved ascertainment and clinical recognition of
PD or reflect the impact of risk factors for PD. The confirmation of an
increased trend of PD in different geographic areas, populations, and
datasets does not support the theory that our findings are spurious.

Because of the significant implications for health care policy,
research, and care planning, we propose a working estimate of a PD
incident rate of 62 per 100,000 person-years for those 45 and older.
For 2012 population data, this rate would equate to 77,000
diagnosed PD cases per annum; for 2020, the number of diagnosed
PD cases rises to 86,000 per annum assuming negligible changes in
age distribution from our standardization year (2010). The growth in
those diagnosed and living with PD underscores the need for policy
makers to confront an increasing strain on clinical services”'"* as
well as the need to provide additional funding for research that can
lead to improved therapies if not an outright cure.

Our study, like all retrospective studies, has several limitations. It is
prone to measurement error that can be due to confounding,
misclassification, miscoding and selection bias, among others. Our
estimates were primarily derived using data from completed
epidemiological studies, limiting our ability to apply new or varying
diagnostic and ascertainment criteria across datasets. PD incidence
rates for the current year may be even higher due to decreased
prevalence of alleged protective factors (e.g., smoking), increased
prevalence of risk markers®® (e.g., diabetes, cognitive dysfunction,
lack of physical activity, pesticides)*>”>, or greater clinical recognition
of PD symptoms, particularly among older adults with comorbidities.
In contrast, PD incidence trends from 2012 to now may be
negatively affected by reduced community and occupational

Published in partnership with the Parkinson’s Foundation



exposure to environmental toxicants'® or lower case ascertainment
due to COVID-related changes in health care-seeking behavior.

Our study highlights the need for more work throughout the
translational epidemiology continuum and the potential benefits
of harmonizing case ascertainment and diagnostic criteria across
data sources. Obtaining high-quality incidence rates in multiple
populations is fundamental to understanding what is needed to
address the burden of the disease and to plan for adequate
healthcare services. Although population-based PD registries
would be ideal and have been tried in some areas’>’8, setting
up and maintaining a disease registry has proven to to be
logistically difficult and expensive. Alternative approaches and
data sources, such as those included here, can provide high-
quality estimates for both the prevalence and incidence of
disorders such as Parkinson'’s disease.

METHODS
Ethical approval/human study research protection

The work was approved by the following research ethics
committees:

HAAS: Kuakini Medical Center, Honolulu, HI, and Veterans Affairs
Pacific Islands Health Care System, Honolulu, HI Institutional
Review Boards.

KPNC: KPNC Institutional Review Board, Oakland, CA

Medicare: The Human Subjects Research Protection Program,
the University of Pennsylvania.

Ontario, Canada: The Research Board at Sunnybrook Health
Sciences Centre, Toronto.

REP: The Institutional Review Boards of Mayo Clinic and Olmsted
Medical Center, Rochester, MN.

All datasets provided for analysis in this study were fully
deidentified, data were presented for analysis and shared only in
aggregate form. The requirement for written participant consent
was waived by each ethics research committee for this study.

AW. Willis et al.
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Data sources. Parkinson’s disease incidence in the year 2012 was
calculated using data from five data sources in North America: (1)
Kaiser Permanente Northern California (KPNC), (2) the Honolulu-
Asia Aging Study (HAAS), the (3) Rochester Epidemiology Project
(REP), (4) the U.S. Medicare program and (5) the Ontario health

administrative databases (Ontario). Individual project descriptions
and ascertainment methods are detailed in Supplemental Table 1.

PD Ascertainment. The ascertainment and diagnostic criteria for
incident PD were applied per original project criteria and generally
consisted of new documentation of PD symptoms or a PD
diagnosis in the year 2012, as of July 1, which was defined as the
incidence day. The HAAS cohort did not have data in 2012,
therefore incidence data were drawn from 1965-2011. As shown in
Table 4, ascertainment and diagnostic criteria varied between
datasets. In the HAAS cohort, potential PD cases were primarily
identified through regular in-person screening exams, followed by
a standardized research physical examination by a neurologist.
The final diagnosis was made by consensus of movement
disorders experts after a case review. Incident PD cases in the
KPNC dataset were identified via medical record examination
using an algorithm requiring multiple PD diagnoses, antiparkinson
treatment and procedures, and considered counterfactual infor-
mation and the diagnosing physician specialty (e.g, non-
neurologist, neurologist, movement disorder specialist). The REP
began with a similar medical record screening approach, which
was then followed by a neurologist review of potential cases for
documentation of additional qualifying/disqualifying features.
Notably, the same case ascertainment algorithm was applied to
the two administrative claims databases representing the Ontario
Healthcare and U.S. Medicare programs for this study. Incident PD
was identified as two physician or advanced practice provider
diagnosis claims made in the outpatient setting, at least 30 days
apart, or, one inpatient PD diagnosis, among individuals receiving
program benefits for at least two years without prior diagnosis.

Table 4. Study populations and case ascertainment methods.

ascertainment

criteria

examination.’

PD diagnostic Movement disorders
neurologist consensus
diagnosis, made after
review of research and
medical records, qualifying
research clinical

prescribing data.

Algorithm that
includes multiple PD
diagnoses by a
qualified physician,
PD motor symptom
medication.

Neurologist
diagnosis, made
after medical
records review of
potential cases
identified via
electronic screen?

Algorithm that includes two
outpatient or one inpatient
PD diagnosis (ICD-9 code =
332 or ICD-10 code = G20),
made by a physician or
advanced practice provider,
plus at least one
antiparkinson medication
prescription fill.2

Study HAAS (Hawaii, USA) KPNC REP Ontario Health Care Medicare program (USA)
(Location) (California, USA) (Minnesota, USA) (Ontario, Canada)
Study Longitudinal Honolulu Participating Residents of Residents of Ontario Residents of the United
population Heart Program cohort study members of a closed, Olmsted County, Canada, receiving health States ages 65 and above,
participants: 8006 Japanese integrated health Minnesota, USA care from the provincial receiving health care from
American men born care delivery system, government. the federal government
between 1900 and 1919. Kaiser Permanente
Study cohort was North California.
assembled in Honolulu in
1965. Surveillance
through 2011.
Study data Longitudinal cohort data Medical records for  Electronic medical  Health care administrative  Health care administrative
components, (screening and confirmatory care delivered in the records claims for care delivered in claims for care delivered in
sources for PD examinations), medical inpatient outpatient the inpatient and outpatient the inpatient and outpatient
case records. settings, plus settings, prescription claims. settings, prescription claims.

Algorithm that includes two
outpatient or one inpatient
PD diagnosis (ICD-9 code =
332 or ICD-10 code = G20),
made by a physician or
advanced practice provider,
plus at least one
antiparkinson medication
prescription fill.

Epidemiology Project

2Medication dispensing data available only for those over age 65.

PD Parkinson Disease, ICD International Classification of Disease, HAAS Honolulu Asia Aging study, KPNC Kaiser Permanente Northern California, REP Rochester
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Additionally, potential cases must have had at least one
prescription fill for an antiparkinson disease medication within
six months of the first diagnosis.

Statistical analysis

We calculated age-sex-standardized incidence rates’® of Parkinson
disease among persons ages 65 and above for each dataset. We
repeated these analyses for individuals ages 45 and above, using the
three datasets (Ontario, KPNC, REP) which contained routinely
captured information on persons below age 65. Sex-specific
incidence rates were calculated, standardized to the US. 2010
population using 5-year age strata®. Race and ethnicity were defined
inconsistently across datasets; therefore, we made no attempts to
produce race/ethnicity-specific incidence rates. Taking advantage of
the fact that the U.S. Medicare program has insured members in all
states, we used this dataset to build a spatial hierarchical Bayesian
model®! of county-level, age- and sex-adjusted PD incidence and
produce a map display of the spatial variation in incident PD.

Reporting summary

Further information on research design is available in the Nature
Research Reporting Summary linked to this article.
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