Original Paper

Neuro

Neuroepidemiology 2010;34:143-151
DOI: 10.1159/000275491

Received: July 26, 2009
Accepted: October 14, 2009
Published online: January 15, 2010

Geographic and Ethnic Variation in
Parkinson Disease: A Population-Based
Study of US Medicare Beneficiaries

Allison Wright Willis? Bradley A. Evanoff® Min Lian® Susan R. Criswell?

Brad A. Racette®

Departments of 2Neurology and °Internal Medicine, Washington University School of Medicine, St. Louis, Mo., USA

Key Words
Parkinson disease - Geographical information systems -
Environment - Prevalence study - Incidence study

Abstract

Background: Parkinson disease is a common neurodegen-
erative disease. The racial, sex, age, and geographic distribu-
tions of Parkinson disease in the US are unknown. Methods:
We performed a serial cross-sectional study of US Medicare
beneficiaries aged 65 and older from the years 1995, and
2000-2005. Using over 450,000 Parkinson disease cases per
year, we calculated Parkinson disease prevalence and annu-
al incidence by race, age, sex, and county. Spatial analysis
investigated the geographic distribution of Parkinson dis-
ease. Results: Age-standardized Parkinson disease preva-
lence (per 100,000) was 2,168.18 (£95.64) in White men, but
1,036.41 (£86.01) in Blacks, and 1,138.56 (£46.47) in Asians.
The incidence ratio in Blacks as compared to Whites (0.74;
95% Cl = 0.732-0.748) was higher than the prevalence ratio
(0.58; 95% Cl = 0.575-0.581), whereas the incidence ratio for
Asians (0.69; 95% Cl = 0.657-0.723) was similar to the preva-
lence ratio (0.62; 95% Cl = 0.617-0.631). Bayesian mapping of
Parkinson disease revealed a concentration in the Midwest
and Northeast regions. Mean county incidence by quartile
ranged from 279to 3,111, and prevalence from 1,175 to 13,800
(per 100,000). Prevalence and incidence in urban counties

were greater than in rural ones (p < 0.01). Cluster analysis
supported a nonrandom distribution of both incident and
prevalent Parkinson disease cases (p < 0.001). Conclusions:
Parkinson disease is substantially more common in Whites,
and is nonrandomly distributed in the Midwest and North-

eastern US. Copyright © 2010 S. Karger AG, Basel

Background

Parkinson disease is a common neurodegenerative
disease of the elderly. Previous estimates of Parkinson
disease prevalence and incidence have provided conflict-
ing estimates of disease burden among Europeans be-
tween 65.6 and 12,500 per 100,000 [1]. Epidemiological
data on the distribution of Parkinson disease by race and
gender in the US in non-Whites have not been extensive-
ly studied. A few studies have suggested a predilection for
Whites [2-5]. Other, similarly powered studies have re-
ported no difference between Whites and non-Whites [6,
7]. One study of a diverse urban community, using a dis-
ease registry and a subset of Medicare claims data for case
identification, found that Black men had the highest in-
cidence [8]. Using a large insurance database for case
identification, another study of Parkinson disease and
ethnicity found that Hispanics had the highest incidence,
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and Blacks the lowest. Several studies have suggested
that Parkinson disease is more common in men, with a
male:female ratio between 1.1 and 2.3 [9].

Although the cause of Parkinson disease is unknown,
in most cases environmental factors are suspected. Nev-
ertheless, there is little direct evidence implicating the
environment in Parkinson disease. Geographic cluster-
ing of Parkinson disease may provide more direct evi-
dence of the environmental role in its pathogenesis. The
few studies that have attempted to investigate geographic
variation in Parkinson disease have focused on rural liv-
ing as a risk factor. Many of these case-control studies
suggest an increased risk of Parkinson disease in those

Table 1. Population demographics (US Medicare beneficiaries,
year 2003)

Population
n %

Race

White 25,581,561 86.6

Black 2,356,271 8.0

Hispanic 593,234 2.0

Asian 470,024 1.6

Native American 96,262 0.3

Unknown 66,448 0.2

Other 367,034 1.2
Sex

Male 12,316,801 41.7

Female 17,214,033 58.3
Age

65-69 8,060,318 27.3

70-74 7,053,376 23.9

75-79 6,134,222 20.8

80-84 4,417,038 15.0

85+ 3,865,880 13.1
Total 29,530,834

residing in rural areas [10, 11], whereas others report an
increased prevalence in industrial areas [12], or no sig-
nificant difference [4]. However, nonstandard definitions
of rurality and small sample size limit these studies.

A Geographic Information System (GIS) combines an
event’s tenancy in time or space with spatial analysis to
examine spatial and temporal relationships. GIS has been
used in numerous studies to monitor infectious out-
breaks [13], elucidate crime patterns [14], identify health
care disparities [15], and investigate environmental expo-
sure-disease relationships [16-18]. GIS permits the spa-
tial linkage of demographic, environmental, and clinical
databases to create a high-resolution display and facilitate
quantitative analysis of the spatial distribution and be-
havior of a disease. In this study, we report the ethnic,
temporal, and geographic trends in Parkinson disease
prevalence and incidence using the largest US health care
database, Medicare.

Research Design and Methods

This study was approved by the Human Studies Committee at
Washington University School of Medicine and by the Centers for
Medicare and Medicaid Services.

Study Population

Parkinson disease cases were identified from Medicare re-
search-identifiable files (US Department of Health and Human
Services, Centers for Medicare and Medicaid Services, www.cms.
hhs.gov/home/rsds.asp/), which contain individual-level data on
Medicare benefit recipients including ICD-9 codes, date of birth,
race, sex, and zip code of residence. The study population con-
sisted of Medicare beneficiaries living in the United States at any
time in the year 1995 or between 2000 and 2005. We identified
Parkinson disease cases using ICD-9 codes 332 (Parkinson dis-
ease) or 332.0 (paralysis agitans). Beneficiaries who also had di-
agnoses of secondary parkinsonism (332.1) or other degenerative
diseases of the basal ganglia (333.0) were excluded from analysis.
Our population data were provided by Medicare denominator

Table 2. Parkinson disease prevalence and annual incidence (per 100,000) by age among US Medicare beneficiaries

Age Parkinson disease prevalence
groups

1995 2000 2001 2002 2003 2004 2005 mean prevalence

(95% CI)

65-69 500.31 557.14 556.54 561.36 569.37 564.27 565.68 553.52 (537.12-569.92)
70-74 1,017.62 1,113.97 1,110.98 1,106.82 1,095.28 1,102.62 1,108.89 1,093.74 (1,070.31-1,117.09)
75-79 1,799.95 1,934.41 1,893.22 1,891.85 1,881.64 1,854.40 1,897.84 1,881.39 (1,851.99-1,910.61)
80-84 2,534.77 2,869.13 2,862.55 2,808.60 2,777.13 2,763.63 2,720.18 2,757.02 (2,678.34-2,835.66)
85+ 2,861.29 3,197.98 3,217.96 1,649.02 3,193.97 3,131.35 3,169.95 2,948.93 (2,550.66-3,347.14)
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files, which contain individual date of birth, race, sex, residence,
zip code, and mortality data for all US Medicare-eligible indi-
viduals, comprising 98% of all Americans over the age of 65 (Cen-
ters for Medicare and Medicaid Services, 2008). Medicare-eligible
individuals who were enrolled in a health maintenance organiza-
tion were removed from the denominator file. These organiza-
tions may not submit case claims to Medicare and their inclusion
could artificially lower disease rates. Sex and ethnicity were iden-
tified using standard Medicare sex and race codes. Race-specific
data on beneficiaries with race declarations of ‘Native American’,
‘unknown’ or ‘other’ are not reported due to small numbers of
subjects or race ambiguity. Age was determined using the date of
birth. Commonly employed age strata 65-69, 70-74, 75-79, 80—
84, and 85+ were used to determine age-group-specific disease
rates. Beneficiary state and county residence information was
used for geographic analyses.

Demographic Analysis

All calculations were performed on beneficiaries who quali-
fied for Medicare by virtue of being 65 years of age or older. To
calculate crude Parkinson disease prevalence, we divided the
number of Parkinson disease cases by the total number of eligible
Medicare beneficiaries in each year for the years 1995 and 2000-
2005. We also calculated the annual incidence rates for the years
2002-2005, designating a Parkinson disease case as incident ifan
individual over the age of 67 had 2 or more years of preceding
Medicare data without a Parkinson disease diagnosis claim.
Crude Parkinson disease incidence and prevalence were com-
pared by age strata. To compare Parkinson disease incidence and
prevalence by race or sex, we first performed age standardization
using the direct standardization method with all Medicare ben-
eficiaries as the standard population.

All prevalence and incidence values are reported per 100,000
Medicare beneficiaries. Prevalence and incidence ratios were cal-
culated with Whites as the reference group. Standard deviations
are reported for prevalence and incidence, and 95% confidence
intervals are reported for prevalence and incidence ratios. Study
population characteristics are reported in table 1.

Rural versus Urban Analysis

The United States Department of Agriculture’s rural-urban
continuum classification system (United States Department of
Agriculture Economic Research Service, 2008) defines rurality by
absolute population and classifies each county in the US by degree

Parkinson disease annual incidence

2002 2003 2004 2005 mean annual
incidence (95% CI)
121.03 128.49 125.19 122.17 124.22 (121.39-127.05)
307.04 34473  331.15 332.29 328.80 (315.43-342.17)
525.66 57790 554.06 555.21 553.21 (535.05-571.37)
785.59 847.06 822.59  793.55 812.20 (788.31-836.09)
937.20 1,009.60 966.83  967.11 970.19 (944.91-995.47)

Geographic and Ethnic Variation in
Parkinson Disease

of rurality in a rank order fashion using a nine-tier scale from
a population of less than 2,500 to a population of greater than
1 million. This system separately classifies less populated areas
which are adjacent to large urban areas, such as suburbs.

To determine the relationship between rurality and Parkinson
disease, we applied the rural-urban continuum classification sys-
tem to county level age and race standardization for Parkinson
disease prevalence and incidence from the year 2002. We com-
pared the mean prevalence and incidence across these categories
of rurality using a Kruskal-Wallis test. The prevalence and inci-
dence for the most rural counties (= population less than 2,500)
were also compared to those of the most urban counties (= popu-
lation greater than 1 million) with a two-tailed t test.

Spatial Analysis of Parkinson Disease: Bayesian Modeling and

Mapping of Parkinson Disease Incidence and Prevalence

To produce smoothed disease maps, we applied a condition-
ally autoregressive model to predict county level incidence and
prevalence rates of Parkinson disease. This model is derived from
a traditional multilevel design, but takes into account spatial ad-
jacency relationships between counties by assuming that neigh-
boring areas had similar spatial variation.

To capture the random effects between counties, we computed
the median relative risk [19] and interquartile relative risk [20].
The median relative risk is always greater than or equal to 1 and
higher values suggest greater spatial variance. The interquartile
relative risk reflects a difference of relative risks between the
highest (87.5%) and lowest (12.5%) quartiles of incidence or prev-
alence. We also performed a high/low Getis-Ord General G clus-
ter analysis to determine the probability of nonrandom grouping
of either high or low county prevalence or incidence.

Spatial Analysis of Smoking Behavior

Since studies have consistently demonstrated a protective ef-
fect of smoking on incident Parkinson disease, we examined the
geographic distribution of smoking behavior and Parkinson dis-
ease using data from the National Center for Health Care Statis-
tics (Department of Health and Human Services, National Center
for Health Statistics, 2008). ‘Ever smoker’ (= current smoker plus
former smoker) rates for those survey respondents aged 65 and
above were calculated for each state from the years 2000 to 2006
and compared to mean state Parkinson disease prevalence from
2000 to 2005 using a Spearman correlation analysis.

Statistical Analysis

Statistical analyses were performed using SPSS v.16 and SPSS
v.15 with statistical significance at p <0.05. Spatial data manage-
ment and preparation were performed in SAS 9.1. Bayesian mod-
el fitting was conducted in WinBUGS v.1.4.3., ArcGIS v.9.1 was
used for mapping.

Results

Prevalence/Incidence of Parkinson Disease in the US

The mean prevalence of Parkinson disease per 100,000
Medicare beneficiaries over age 65 from 1995, and 2000-
2005 was 1,588.43 (£97.41) or approximately 1.6% of the
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Table 3. Age-adjusted Parkinson disease prevalence and annual incidence (per 100,000) by ethnic group

Race 1995 2000 2001 2002 2003 2004 2005 Mean £ SD Prevalence or
incidence ratio
(95% CI)
White
Males
Prevalence 1,963.67 2,253.31 2,231.67 2,203.38 2,187.41 2,159.57 2,178.26 2,168.18 +95.64 -
Incidence - - - 537.36 569.71 563.26 571.35 560.42 +15.76 -
Females
Prevalence 1,247.94 1,419.43 1,414.31 1,407.52 1,397.26 1,379.77 1,379.78 1,378.00 +59.44 -
Incidence - - - 367.70 387.64 383.20 381.44 379.99 +8.60 -
Both sexes
Prevalence 1,505.46 1,723.43 1,715.86 1,703.34 1,693.74 1,675.62 1,683.99 1,671.63*75.18 Ref.
Incidence - - - 450.57 454.63 450.24 452.03 451.87 +2.00 Ref.
Black
Males
Prevalence 1,039.55 1,269.05 1,281.34 1,314.08 1,311.14 1,295.80 1,341.12 1,264.58+101.97 -
Incidence - - - 409.31 422.87 428.96 44753 427.17 £ 15.87 -
Females
Prevalence 749.45 924402 919.17 939.22  945.153 949.42 989.99 916.69 +77.24 -
Incidence - - - 301.72 319.72 328.16 341.33 322.73+16.59 -
Both sexes
Prevalence 848.86 1,042.10 1,041.59 1,068.18 1,072.28 1,069.63 1,112.27 1,036.41£86.01 0.58 (0.575-0.581)
Incidence - - - 354.10 354.64 361.93 377.02 361.92+10.68 0.74 (0.732-0.748)
Hispanic
Males
Prevalence 1,583.95 1,787.17 1,790.35 1,892.74 1,921.25 1,911.72 1,986.20 1,839.05+133.36 -
Incidence - - - 512.57 569.04 519.14 553.32 538.52+27.08 -
Females
Prevalence 1,201.13 1,337.8 1,327.65 1,314.08 1,361.15 1,411.30 1,463.02 1,345.16+82.25 -
Incidence - - - 390.78 436.30 439.23 44290 427.30£24.50 -
Both sexes
Prevalence 1,356.59 1,513.07 1,511.76 1,562.38 1,581.16 1,608.43 1,671.32 1,543.53%+99.33 0.89 (0.881-0.896)
Incidence - - - 462.9 486.92 468.14 486.29 476.06 £ 12.36 1.07 (1.047-1.084)
Asian
Males
Prevalence 1,313.19 1,344.10 1,307.56 1,401.90 1,463.11 1,448.29 1,468.02 1,392.31*70.40 -
Incidence - - - 382.79 424.86 392.59 407.00 401.81 £18.30 -
Females
Prevalence 971.64 904.53 922.62 968.39 975.95 984.36 1,019.87 963.91 +38.74 -
Incidence - - 293.63 279.01 292.27 306.32 292.81*x11.16 -
Both sexes
Prevalence 1,113.23 1,085.96 1,080.69 1,144.22 1,173.45 1,171.76 1,200.61 1,138.56 +46.47 0.62 (0.617-0.631)
Incidence - - - 338.34 338.60 332.69 346.94 339.14 +5.87 0.69 (0.657-0.723)

elderly population. The mean annual incidence from
2002 to 2005 was 445.79 (£ 1.85). The mean prevalence of
Parkinson disease steadily increased with age, with no
apparent plateau, from 553.52 (95% CI = 537.12-569.92)
between ages 65-69, to 2,948.93 per 100,000 (95% CI =
2,550.66-3,347.14) at ages 85 and above. Similarly, mean
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Parkinson disease incidence also appears to increase with
age, from 124.22 (95% CI = 121.39-127.05) between ages
65-69 to 970.19 (95% CI = 944.91-995.47) among those
greater than 85 years of age. The incidence and preva-
lence of Parkinson disease have remained stable over the
10-year period from 1995 to 2005 (table 2).

Wright Willis/Evanoff/Lian/Criswell/
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Table 4. Age- and race-standardized Parkinson disease prevalence and annual incidence (per 100,000) by rural-urban continuum

classification code, year 2003

Rural-urban continuum code description (2003)

Mean Parkinson disease annual
incidence (95% CI)

Mean Parkinson disease preva-
lence (95% CI)

Urban, population >1 million

Urban, population 250,000 to 1 million

Urban, population <250,000

Rural, adjacent to urban area, population >20,000

Rural, not adjacent to urban area, population >20,000

Rural, adjacent to urban area, population 2,500 to 1 million
Rural, not adjacent to urban area, population of 2,500-19,999
Rural, adjacent to urban area, population <2,500

Completely rural, population <2,500

1,706.27 (1,671.14-1,741.26)
1,580.44 (1,508.45-1,583.15)
1,545.86 (1,502.44-1,589.16)
1,654.44 (1,603.99-1,704.81)
1,526.84 (1,449.39-1,604.21)
1,503.54 (1,468.31-1,538.69)
1,440.31 (1,397.49-1,483.11)
1,432.39 (1,362.76-1,501.84)
1,371.60 (1,303.23-1,439.97)

476.81 (462.07-491.55)
436.64 (419.34-453.92)
411.06 (449.50-489.82)
469.62 (447.94-491.30)
418.58 (386.67-450.47)
424.28 (409.44-439.70)
399.35 (378.22-420.46)
391.44 (360.13-422.73)
413.24 (379.10-447.48)

Race/Sex Demographics of Parkinson Disease

The mean age-standardized prevalence of Parkinson
disease from 1995, and 2000-2005 was highest among
White men (2,168.18 * 95.64) and lowest among Asian
women (963.91 * 38.74) (table 3). The mean age-stan-
dardized prevalence of Parkinson disease in Blacks and
Asians was approximately 50% lower than the preva-
lence in Whites, with crude prevalence ratios of 0.58
(95% CI =0.575-0.581) and 0.62 (95% CI = 0.617-0.631),
respectively, as compared to Whites. Parkinson disease
incidence also varied by race, but not as markedly in
Blacks, who had a crude incidence ratio of 0.74 (95%
CI=0.732-0.748) (table 3). The incidence ratio for Asians
was similar to the prevalence ratio (0.69; 95% CI = 0.657-
0.723). The age-standardized prevalence and incidence
were greater in men than in women for all races, with a
mean prevalence sex ratio of 155 males per 100 females
and a mean incidence sex ratio of 146 males per 100 fe-
males.

Geographic Distribution of Parkinson Disease

in the US

The incidence and prevalence of Parkinson disease
varied significantly across the United States. Disease
rates were highest in the Midwest and Northeast regions,
where the incidence and prevalence of Parkinson disease
were 2-10 times greater than the rates of many Western
and Southern US counties. The median relative risk and
interquartile relative risk indicated that the spatial varia-
tions of the incidence and prevalence were considerable
(table 4; fig. 1, 2).

Cluster analysis of the 2003 data supported a nonran-
dom grouping of county level prevalence and incidence

Geographic and Ethnic Variation in
Parkinson Disease

in these areas (prevalence: z test statistic = 13.93, p <
0.0001; incidence: z test statistic = 12.65, p < 0.0001). We
found no significant correlation between the state level
ever smoker rates and Parkinson disease prevalence
(Spearman’s rho = -0.213, p = 0.138), suggesting that the
nonrandom geographic clustering of Parkinson disease
was not due to differential regional smoking patterns
among the elderly in the US.

Parkinson Disease and Rurality

To test the hypothesis that Parkinson disease is associ-
ated with rural living, we used the United States Depart-
ment of Agriculture’s rural-urban continuum classifica-
tion system to classify residence for Medicare beneficia-
ries from the year 2003 and determined the mean
prevalence and incidence per rural category. There was a
significant difference in age- and race-standardized Par-
kinson disease prevalence and incidence between the ru-
ral classification categories (Kruskal-Wallis test, preva-
lence: p < 0.001, incidence: p < 0.001) (table 4). Post hoc
analysis revealed that Parkinson disease prevalence for
the most urban counties (population greater than 1 mil-
lion: 1,706.27; 95% CI = 1,671.14-1,741.26) was signifi-
cantly greater than that for the most rural counties (pop-
ulation <2,500: 1,371.60; 95% CI = 1,303.23-1,439.97)
(two-tailed t test; p < 0.01). Similarly, Parkinson disease
incidence for the most urban counties (476.81; 95% CI =
462.07-491.55) was significantly greater than that for the
most rural counties (413.24; 95% CI = 379.10-477.48)
(two-tailed t test; p < 0.01).
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Fig. 1. County level age- and race-standardized prevalence (per 100,000) of Parkinson disease among Medicare
beneficiaries in the United States (year = 2003).

Discussion

This study provides large-scale data on Parkinson dis-
ease incidence and prevalence using the most inclusive,
population-based US health care database. An important
strength of this study is the substantial sample size of the
Medicare data set, providing an opportunity to quantify
the impact of ethnic and geographic risk factors on Par-
kinson disease prevalence and incidence. In previous US
descriptive epidemiological Parkinson disease studies,
Parkinson disease cases did not exceed 400 [21]. In com-
parison, this study utilized Medicare data sets with over
450,000 Parkinson disease cases per year, with data span-
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ning 10 years. We believe that this sample size permits
more precise measurements of Parkinson disease preva-
lence and annual incidence allowing the detection of dif-
ferences between ethnic groups, age strata, and geograph-
ic regions. Moreover, our study is subject to less referral
or selection bias than those which have drawn cases
from inpatient hospitalization records, neurology clinics,
movement disorder clinics, or death certificates. Our
study provides more definitive evidence of the impact of
age, ethnicity, and geography on disease prevalence and
incidence. In the future, the use of this data set may per-
mit the detection of Parkinson disease environmental risk
associations with much greater precision and sensitivity.

Wright Willis/Evanoff/Lian/Criswell/
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Fig. 2. County level age- and race-standardized incidence (per 100,000) of Parkinson disease among Medicare
beneficiaries in the United States (year = 2003).

There are several important findings in our study. Par-
kinson disease prevalence and annual incidence appear
to continue to increase into very old age without any pla-
teau as reported previously in some studies [22-24], but
in contrast to others [25-27]. This has important public
health implications for the allocation of health care re-
sources. The aging of the ‘baby boom’ population will
further strain Medicare budgets, especially as new and
costly Parkinson disease treatments are used in older pa-
tients with advanced Parkinson disease. Our findings
highlight the urgent need for neuroprotective and neuro-
preventive interventions.

Geographic and Ethnic Variation in
Parkinson Disease

Another important finding of our study is that Whites
have a substantially higher prevalence and incidence of
Parkinson disease than Blacks or Asians. This argues for
differences in Parkinson disease genetic susceptibility.
Interestingly, the incidence ratio between Blacks and
Whites is greater than the prevalence ratio, suggesting
differential survival of Blacks with Parkinson disease. In
addition to the known relative increased mortality from
diseases such as diabetes, heart disease, and stroke (De-
partment of Health and Human Services, National Cen-
ter for Health Care Statistics, www.cdc.gov/nhs/), Blacks
may have greater Parkinson disease-related morbidity
than Whites. Differences in smoking rates by ethnicity

Neuroepidemiology 2010;34:143-151 149



probably do not explain this substantial difference in
Parkinson disease prevalence/incidence, since Whites
and Blacks over the age of 65 have similar rates of ever
tobacco use, i.e. 21.3% for Whites versus 23.3% for Blacks
(Department of Health and Human Services, National
Center for Health Statistics, 2008).

Rural living has often been cited as a risk factor for
Parkinson disease, largely based upon case-control stud-
ies, but studies have shown an inconsistent association
with rural or urban living. We used a standardized defi-
nition for rurality based on population and proximity to
a population center, and made the a priori assumption
that a true relationship would be manifest by increasing
prevalence and incidence with increasing rurality. We
failed to find a convincing relationship between either
prevalent or incident Parkinson disease and rural living
across this spectrum. Conversely, the most urban coun-
ties had a significantly higher prevalence and incidence
of Parkinson disease than the most rural counties. We
believe that rurality may not be as useful a research vari-
able in Parkinson disease epidemiology studies as previ-
ously suggested, as the many available definitions of ru-
rality are largely based on economic and political vari-
ables and involve few if any quantifiable or specific risk
factors that have been shown to be important in Parkin-
son disease pathogenesis.

Previously, the most convincing data implicating en-
vironmental factors in Parkinson disease were derived
from a population-based twin study which found similar
concordance for monozygotic and dizygotic twins in old-
er-onset Parkinson disease [28]. Our study indicates that
there is a ‘Parkinson disease belt’ with high prevalence
and incidence of Parkinson disease involving the Mid-
west and Northeast regions. This nonrandom disease
distribution argues strongly for an environmental influ-
ence on the pathogenesis of Parkinson disease. Com-
monly cited Parkinson disease environmental risk fac-
tors, such as pesticides and herbicides, are used in these
regions (Environmental Protection Agency, 2009; United
States Geological Survey Pesticide National Synthesis
Project, 2009) [9]. However, given the prominent role of
the upper Midwest and Northeast regions in industrial-
ization, our data may also argue for a role of byproducts
of industrialization as risk factors in the pathophysiology
of Parkinson disease, and supports the hypothesis that a
complex interaction of different types of toxin exposures
may be associated with higher disease rates. We believe
that this concentration of Parkinson disease is not due to
regional differences in tobacco use since Parkinson dis-
ease rates did not correlate with elderly smoking rates.

150 Neuroepidemiology 2010;34:143-151

There are several caveats to consider with this study.
Examining all Medicare claims for Parkinson disease
rather than selecting cases that have been referred to spe-
cialists may result in an increased number of false posi-
tives, due to the miscoding of Parkinson plus syndromes,
or secondary parkinsonism as Parkinson disease, but this
number is likely small given the relatively low prevalence
of these conditions [29, 30]. It is also possible that nonre-
lated, ethnically similar individuals with a genetic sus-
ceptibility to Parkinson disease reside in the areas of the
country where Parkinson disease rates are the highest for
cultural reasons, resulting in case clustering. Decreased
access to care and lower quality of care could increase the
disease rates determined for Blacks and Asians by in-
creasing the false-negative rate in those groups. However,
Hispanics, who suffer from similar health care access dis-
parities, had disease rates nearly equal to Whites (United
States Geological Survey Pesticide National Synthesis
Project, 2009; Agency for Healthcare Research and Qual-
ity, www.ahrq.gov/). Nonetheless, Blacks and Asians may
have a difference in diagnosis rates that is, in part, ex-
plained by socioeconomic factors or cultural standards.
The roles of disproportionate access to advanced care and
increased mortality from Parkinson disease for Blacks in
prevalent/incident Parkinson disease are unclear but we
believe that this is also an issue for rural, White Medicare
beneficiaries. Although this study utilized data from 98%
of Americans over the age of 65, the demographic and
geographic distribution of the unsampled 2% is un-
known. However, one would only expect the missing 2%
of the population to contain 1,000 Parkinson disease cas-
es, which would not likely alter our findings. Finally, Par-
kinson disease cases less than 65 years of age are not in-
cluded in this study. While this may result in lower inci-
dence and prevalence data, the benefit of this selection is
that the impact of young-onset Parkinson disease on our
incidence and prevalence trend data is minimized, which
is important as most inherited forms of Parkinson dis-
ease have younger age at onset.

Despite these caveats, our study provides valuable data
from which numerous hypotheses can be tested regard-
ing the pathogenesis of Parkinson disease. Future analy-
ses will investigate the potential causes of the geographic
variation in Parkinson disease rates including commu-
nity level exposures to specific environmental toxins
such as herbicides, pesticides, and heavy metals. Further
studies of racial differences in Parkinson disease rates
will investigate the role of differential comorbidities in
survival.

Wright Willis/Evanoff/Lian/Criswell/
Racette
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