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EPIDEMIOLOGY OF
PARKINSON’S DISEASE

Caroline M. Tanner, MD

This article reviews the epidemiology of Parkinson’s disease, with particular
attention to disease frequency and risk factors for disease. Some areas that
might appropriately be considered in an epidemiologic work, such as natural
history, etiologic theories resulting from epidemiologic investigations, and the
population effects of pharmacologic intervention, are covered in detail in other
articles in this issue and thus considered only briefly or not at all here. Before
beginning, however, the working definition of Parkinson’s disease for this
article, epidemiologic terms, and specific problems encountered in the epide-
miologic study of Parkinson’s disease are considered,

DEFINITIONS

This discussion considers Parkinson’s disease to be a distinct clinical and
neuropathologic entity, characterized clinically by bradykinesia, resting tremor,
cogwheel rigidity, and postural reflex impairment and pathologically by the
loss of pigmented neurons, most prominently in the substantia nigra, with
associated characteristic eosinophilic cytoplasmic inclusions (Lewy bodies). This
definition excludes all parkinsonism of known etiology and any disorder with
multiple system involvement or significant lesions of the striatum, such as
progressive supranuclear palsy, olivopontocerebellar atrophy, Shy-Drager syn-
drome, multiple system atrophy, or striatonigral degeneration.®

Epidemiologic Terms

Prevalence refers to the total number of persons with a disorder within a
given population at a fixed point in time. In contrast, incidence is the number
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of new cases of a disorder first developed or diagnosed during a specific time
interval. Ideally incidence and prevalence are determined by screening entire
populations defined by specific geographic or political boundaries (community-
based studies). Estimates of prevalence based on populations identified by other
methods (such as participants in a hospital clinic) do not accurately reflect the
general population of an area, since cultural, economic, or other factors may
influence case selection.

Risk factors for disease may be explored in three general types of epide-
miologic studies.” Prospective cohort or follow-up studies identify unaffected
persons who differ with respect to a specific factor proposed to be related to
the disease (an exposure), then observe these individuals over time, and measure
the frequency of new disease in exposed and unexposed persons. For relatively
rare chronic diseases beginning in late life, such as Parkinson’s disease,
prospective cohort studies are difficult to perform, since a large number of
unaffected individuals must be followed for decades. A faster and more
economical approach is provided by the case-control study. In case-control
studies, individuals already affected with the disease of interest are compared
with individuals without the illness, and exposures proposed to relate to the
illness are compared. Finally in some cases (such as MPTP-induced parkinson-
ism), identification and intensive investigation of an unusually high incidence
of disease, either in space or in time (a cluster), may provide important clues
to disease etiology.

PROBLEMS ENCOUNTERED IN EPIDEMIOLOGIC STUDIES

Diagnostic accuracy poses a major problem in epidemiologic studies of
Parkinson’s disease because there is no definitive diagnostic test. As yet no
epidemiologic study has included autopsy confirmation of cases. Epidemiologic
studies should be reviewed with an awareness of the methods used to identify
and diagnose cases and potential problems that might result from methodologic
differences. For example, variations in the experience of diagnosticians can
affect diagnostic accuracy. In some communities, essential tremor accounted
for 10% to 40% of the false-positive diagnoses of Parkinson's disease.”
Conversely bona fide Parkinson’s disease may be misdiagnosed as depression
or, in the very elderly, “normal” aging. Disorders such as progressive supra-
nuclear palsy or multiple system atrophy may not be easily distinguished from
Parkinson’s disease early in the course of illness."

Varying definitions of diagnostic criteria make it difficult to compare studies
performed at different times or in different areas. Many of the atypical
parkinsonian syndromes were widely recognized only in the last several
decades, and these may have been classified as Parkinson's disease in earlier
reports. In some older studies, many cases are classified as arteriosclerotic
parkinsonism that today might be considered typical Parkinson’s disease." ¥
Other reports grouped drug-induced parkinsonism and postencephalitic par-
kinsonism along with Parkinson’s disease in determining incidence or preva-
lence rates, although these disorders are etiologically and pathologically dis-
tinct.® # o

FREQUENCY OF PARKINSON'S DISEASE

Community-based studies of Parkinson’s disease incidence and prevalence
were not performed until a century and a half after James Parkinson’s 1817
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report of six cases.® In 1958, Kurland" reported an est = %
prevalence of 187 per 100,000 for postencephalitic, arteriosclee——. Yotic, and no
teriosclerotic parkinsonism in the population of Rochester, M—mr finnesota An:ari
disease incidence was estimated to be 20 per 100,000 persons. e ide;{l‘ifi HU_a
was performed through the records linkage system of the May_— __ Clinie as;a Ak
both that the majority of affected residents were identified an w3 that the m;c;.'mgi
information available was of uniformly high quality. In 1967 _ Cidrmune o
identified cases of Parkinson’s disease in Iceland by physic— 3 an’s re ort:son d
personal examination, estimating a combined annual incidenc e— of 16 Er 100%%0
cases for arteriosclerotic and nonarteriosclerotic parkinsonism—m Estimpat A o
alence for these two disorders was 162 per 100,000, similar te—, the estimatpr?v-
Rochester, Minnesota. Numerous subsequent surveys atters — pted to estig—l ?'
disease prevalence in a community by using all available he=— alth care 1 ade
(national health registries; pharmacy rosters; hospital and clm - otiic eare t?a':‘?lr,ts
rosters; questionnaires directed to physicians, nurses, and == el o k=r:l lty
identify patients, # 143" 3. 38 5.8, 8. 01 0.7 Thege studies would B— ave mis;es ee{ ID
cases and cases not receiving medical care. Diagnostic errors c— ~<>yld BV ré’
increased or decreased inclusion of actual cases. Results fro = Y mn )rﬂtl‘]flse
are shown in Table 1. ¥ 8 B1eee
A different approach to estimating disease prevalence
involves a door to door survey of all households, usually scre «— , .. o
groups. Persons identified as possibly suffering from a spe- qh:}iggdifgféhc ﬂgf‘
than referred for neurologic evaluation. Apart from differers <es in dia ) atl."'"
criteria and diagnostic skill, these surveys should provide t l-\ﬂ' YelEiE ag?tos t“:
estimates of disease prevalence for the age group screene < Door t 1.|m o
surveys are costly, but a number of such surveys have E> e succe?;q}cﬁ’r
performed, often in association with a national census,® ¥ 0. 00 <.~ Results ollf\thu
surveys are presented in Table 2, ) sAS
Despite the method used, estimates of disease prevale w—
from 31 per 100,000 in Libya® to 328 per 100,000 in the Par— =

ated combined

1n a community

e vary widely,
1 community in

Table 1. ESTIMATED INCIDENCE AND PREVALENCE OF
PARKINSON'S DISEASE IN REPRESENTATIVE
COMMUNITY-BASED STUDIES

Publication Prevalence Ao

" nual Incidence

Location (Authors) Year (per 100,000) (per 100 000)
Rochester, MN (Kurland*) 1958 187 20
Carlisle, England (Brewis et al®) 1966 113 12
Victoria, Australia (Jenkins™) 1966 85 jad
Iceland (Gudmundsson®) 1967 162 16
Baltimore, MD (Kessler®) 1972 128* i
Turku, Finland (Marttila and 1976 120.1 15

Rinne®)
Aberdeen, Scotland (Mutch et al*) 1986 164.2
San Marino (D'Alessandro et al') 1987 152 =
Yonago, Japan (Harada et al™) 1983 80.6 10
Sardinia, Italy (Rosati et al*) 1980 65.6 4.9
Northampton, United Kingdom 1985 108.4 !
(Sutcliffe et al™) -
Benghazi, Libya (Ashok et al?) 1986 314 45
Rochester, MN (Rajput et al*) 1984 — 20'5
lzumao City, Japan (Okada et al®) 1990 az2 ik
—T

‘Males,



320 TANNER

Table 2. ESTIMATED PREVALENCE OF PARKINSON'S
DISEASE IN DOOR TO DOOR SURVEYS

Publication Ages Prevalence
Location (Authors) Date Screened  (per 100,000)
Chinese cities (Li et al*) 1985 age =50 44
Copiah Co, MS (Schoenberg et al”’) 1985 age =39 347
|gho-ora, Nigeria (Schoenberg et al™) 1988 age =39 58.6
Parsi community, Bombay, India 1988 all ages 3283
(Bharucha et al’)
Terrasini & Santa Teresa di Riva, Sicily, 1990 all ages 243

ltaly (Rocca et al*)

Bombay, India.® Although methodologic differences may account for some
variation, it is possible that different distributions of factors related to Parkin-
son’s disease etiology across populations may contribute to geographic differ-
ences in disease frequency. These factors could include genetic differences in
susceptibility to disease, differences in exposure to causative factors, and
differences in exposure to protective factors.

RISK FACTORS FOR PARKINSON'S DISEASE
Age

Parkinson’s disease is rare before the age of 30, and incidence rises with
increasing age thereafter.” This is true in all community-based studies, regard-
less of the absolute prevalence of disease in the population. % * #70 Gome
examples of age-specific prevalence in different communities are shown in
Table 3. The reasons for this relationship are not known. Possible explanations
for the correlation between increasing age and prevalence of Parkinson’s disease
include age-related neuronal vulnerability or an etiologic mechanism dependent
on the passage of time.

Gender
In most studies, Parkinson’s disease prevalence does not differ significantly

between men and women,?* 1 2 8047 Examples of prevalence by gender are

Table 3. AGE-SPECIFIC PREVALENCE OF
PARKINSON'S DISEASE IN

SELECTED STUDIES
Prevalence Per 100,000 by Age Group

Location (Authors) 0-39 40-49 50-59 60-69 70-79 80-89
Rochester, MN (Kurland®) —  50:5 239 758 70-84:1407 =B84:2646
Northampton, United Kingdom — 50:3 64 277 702 =79:1136

(Sutcliffe et al’®)

Sardinia, Italy (Rosati et al*) 33 386 2045 3421 311.3 82.6
Yonago, Japan (Harada et al™) 47 399 858 2451 698.4 752.7
Finland (Marttila and Rinne™) 08 27.8 1362 5035  736.1 =79:464.8

Aberdeen, Scotland (Mutch et al®) 0 46.6 77.9 254 839.6 =79:1924.5
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shown in Table 4. A notable exception is the result of the door to door study
in China, where Li et al” found men to be 3.7 times more likely to have
Parkinson’s disease than women. Even with adjustment for differences in men
and women in the population, this figure is remarkable. Identification of the
reason for this difference in the Chinese population may provide an important
clue to the etiology of Parkinson’s disease.

Race

The community-based studies of Parkinson’s disease prevalence shown in
Tables 1 and 2 generally show the highest rates of Parkinson’s disease in
Europe and North America, whereas rates in Japan, China, and Africa are
markedly lower. These data have been interpreted to indicate a greater risk for
Parkinson’s disease among whites. Hospital-based series in the United States
and Africa similarly found Parkinson’s disease to be much lower in blacks.”
**7 Exceptions to this observation are two door to door studies—one performed
in Copiah County, Mississippi,"” and the other in a Parsi colony in Bombay,
India.® Prevalence in Copiah County was similar between whites and blacks, if
cases were chosen using the least stringent diagnostic criteria (possible Parkinson's
disease), although whites continued to have higher prevalence if more rigorous
criteria (probable Parkinson's disease) were used to identify cases. In the Parsi
community in Bombay, prevalence was similar to that found in Europe and
North America, The Parsis are relatively recent immigrants to India and form
a closed community into which conversion is impossible. Although socioeco-
nomic or environmental factors may explain the prevalence differences cited
here, a still to be refuted possibility is that Parkinson’s disease is more common
in whites, most likely as the result of a common genetic characteristic.

Genetic Predisposition

A number of studies have suggested that Parkinson’s disease is a genetic
disorder. Most convincing is the large Italian kindred described by Golbe et
al.” This family, stemming from common ancestors in an Italian village, appears
to have autosomal dominantly inherited, typical Parkinson’s disease, One
cousin-cousin marriage, however, is present in the published kindred, and
similar intermarriage may have occurred in prior generations. Thus although
clearly this family is important to the clarification of genetic mechanisms in

Table 4. CRUDE PREVALENCE OF PARKINSON'S
DISEASE BY GENDER IN SELECTED STUDIES

Prevalence
Per 100,000
Location (Authors) Men Women

San Marino (D'Alessandro et al') 154 150
Yonago, Japan (Harada et al*) 63.3 96.6
Sardinia, Italy (Rosati et al™) 57.5 73.9
Northampton, United Kingdom (Sutcliffe et al™) 102 114
Finland (Marttila and Rinne®) 97.7 140.4

Benghazi, Libya (Ashok et al®) 325 303
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Parkinson’s disease and particularly for molecular genetic research, the pattern
of inheritance may only appear to be autosomal dominant as the result of
intermarriage.

Most other studies support a less prominent role for genetic factors,
suggesting that heredity is important only in some families or postulating
multifactorial inheritance with symptoms dependent on environmental factors.®
4.5 Interpretation of these studies is difficult, however, because diagnosis
was typically made using only historical information, Twin studies further
support a less prominent contribution of genetic factors in Parkinson’s discase,
since concordance rates between monozygotic and dizygotic twins are similar.*
w7 7 8 [n classic autosomal dominant disorders, monozygotic twins show
much higher concordance than do dizygotic twins. Parkinson’s disease, how-
ever, is a disorder of late life. If age at onset differs significantly between twins
and one twin dies before symptoms are apparent, genetically concordant twins
may appear to be discordant.

It is hoped that the role of genetic factors in Parkinson’s disease etiology
may soon be clarified because the rapid development of molecular genetic
technology has focused much attention on this question.

Toxicant Exposure

A cluster of toxicant-induced parkinsonism in young narcotics addicts,
caused by the intravenous injection of the compound MPTP (1-methyl-4-phenyl-
1,2,3,6-tetrahydropyridine), suggested that exposure to an exogenous agent
might cause Parkinson’s disease in some cases.” Parkinsonism is known to
result from numerous chemical injuries,” but MPTP-induced parkinsonism is
remarkable in that it strictly mimics the anatomic and clinical features of
Parkinson’s disease, rather than causing more widespread central nervous
system injury (see other articles in this issue).

Comparisons of international differences in prevalence of Parkinson's
disease and industrialization suggest that Parkinson’s disease is less common
in countries more recently industrialized. Studies using antiparkinsonian drug
sales to estimate prevalence found vegetable farming, wood pulp mills, and
steel alloy industries in areas with the highest disease prevalence."* Rajput”
found an association between young age at onset of Parkinson’s disease and
residence in rural Saskatchewan. Tanner” found a similar association between
young-onset parkinsonism and rural residence in a Chicago-based clinical series.

These early observations have been tested in numerous case-control stud-
feg, 1015 16, 32, 33,3540, 73. 75 Mapy of these are summarized in Table 5. Althﬂugh both
the methods used and the locations of these studies have differed, all show an
association between at least one of the proposed exposures—rural residence,
farming, well-water drinking, or herbicide/pesticide exposure—and an in-
creased risk for developing Parkinson’s disease. The significance of this asso-
ciation should be weighed cautiously, however. All of these studies are limited
by small size, and differing methods prevent direct comparisons. Although
reproducibility of the associations over many different studies lends strength
to the observations, a cause and effect relationship cannot be assumed. Much
further collaborative work between clinicians, epidemiologists, and laboratory
scientists is necessary to clarify the import of the association between rural
residence or its associated factors and Parkinson’s disease.
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Infection

Following the pandemic of encephalitis lethargica, Poskanzer et al* pro-
posed that all cases of parkinsonism were the result of exposure to that
infectious agent and that Parkinson’s disease would ultimately disappear as
survivors of that epoch died. The latter prediction proved incorrect, and few
cases of parkinsonism today are believed to be postencephalitic. One recent
study™ suggested in utero exposure to influenza virus may cause a loss of
nigral neurons and consequent increased vulnerability to Parkinson’s disease,
but this observation was not confirmed."”

Many attempts to identify an infectious agent in Parkinson’s disease
failed."™ * Fazzini, Fleming, and Fahn" found increased cerebrospinal fluid
antibody titers to coronaviruses in persons with Parkinson’s disease. Specific
coronaviruses have an affinity for basal ganglia in some ammals, and members
of this species commonly affect agricultural animals such as pigs. Rather than
reflecting an exposure to an environmental chemical, the increased risk of
developing Parkinson’s disease associated with rural residence may reflect
environmental exposure to an infectious agent.

Trauma

Trauma is often listed as a risk factor for Parkinson’s disease because
retrospective case-control studies often reported an association between head
trauma and Parkinson’s disease.” 7 Studies comparing prospectively collected
information (that is, information collected before an individual developed
Parkinson’s disease), however, do not find this association.” Subjects with a
chronic illness typically seek explanations for their disease in prior experiences,
and those with central nervous system injuries might be particularly thoughtful
about head injuries. A similar pattern of recall is seen in other neurologic
diseases, such as Alzheimer’s disease, in which prospectively collected infor-
mation shows no association between head injury and disease but retrospec-
tively collected information typically suggests that head trauma is associated
with Alzheimer’s disease." It is most likely that the reported association
between head trauma and Parkinson’s disease reflects biased recall, rather than
a cause and effect association. Unless prospectively collected information shows
such an association, trauma should not be considered to increase the risk of
Parkinson's disease.

Emotional Stress

Stress was among the earliest proposed causes of Parkinson’s disease, '™ *
Laboratory studies suggest that stress-produced changes in central dopamine
systems could theoretically contribute to the development of parkinsonism. ™ *
Similarly persons already affected with Parkinson’s disease experience transient
worsening of their symptoms during stressful periods.” Two reports linked the
extreme emotional and physical hardship of concentration camp imprisonment
with the subsequent development of Parkinson’s disease.” ” Whether these
observations reflect an accelerated nigral injury as the result of stress-related
increase in dopamine turnover with resultant increased oxidative injury, nutri-
tional deficiencies of dietary protective agents, or other factors cannot be
determined. Evaluation of the relationship of less severe emotional or physical
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stress to the development of Parkinson’s disease poses a methodologic chal-
lenge.

PROTECTIVE FACTORS FOR PARKINSON'S DISEASE

Dietary intake of factors that interfere with the pathogenetic mechanisms
underlying Parkinson’s disease might prevent disease development. For ex-
ample, if oxidative mechanisms are involved in the pathogenesis of Parkinson’s
disease, intake of antioxidanl vitamins may be protective." Consumption of
foods rich in tocopherol decreased the risk of developing Parkinson’s disease
in two case-control studies, one comparing patients with Parkinson’s disease
to same-sex siblings and one comparing patients to spouses.” * The use of
supplemental multivitamins, vitamin E, or cod liver oil was similarly associated
with a decreased risk for Parkinson’s disease.” No significant differences
between cases and controls in dietary intake of vitamins E, C, beta-carotene,
protein calories, or total calories were found in a Chinese population,” but the
tocopherol content of many of the foods commonly eaten in China was not
available, so this negative result could simply reflect inadequate information,

Although the numbers studied to date are small, these studies suggest that
eating foods rich in tocopherol or some associated behavioral or dietary factors
may protect against the development of Parkinson’s disease in some cases.
These observations allow the suggestion that areas with a low prevalence of
Parkinson’s disease may not be those with a lesser concentration of environ-
mental toxins but rather those in which there is higher dietary intake of
protective substances.

Cigarette Smoking

Smoking was first observed to have an inverse association with Parkinson’s
disease in a study of US military veterans in the late 1960s.* The inverse
association of cigarette smoking and Parkinson’s disease was confirmed in
numerous subsequent case-control studies in the United States and Europe.*”
b6 208 s % Only three studies found no association between smoking and
Parkinson'’s disease.™ ** Two of the negative studies were performed in China
or Hong Kong. Smoking is extremely rare in Chinese women but relatively
common in men, whereas Parkinson’s disease occurs in Chinese men nearly
four times more often than in Chinese women.* ” If smoking exerted a true
biologic protective effect, a much higher prevalence of Parkinson’s disease
would be expected in the nonsmoking Chinese women than in men. Rather
than reflect an actual biologic action, decreased smoking in Parkinson’s disease
could simply reflect the more conservative personality that may accompany
Parkinson’s disease.” *

SUMMARY

Additional epidemiologic studies may provide important insights into the
etiology of Parkinson’s disease. Moreover as the elderly population of Europe
and the United States grows, accurate public health planning requires accurate
incidence and prevalence estimates. The recent development of a therapy that
may slow disease progression (see article by Tetrud elsewhere in this issue)
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makes early identification and treatment of Parkinson’s disease particularly
important. Investigations of early markers of Parkinson’s disease or markers of
disease susceptibility are critical areas of future research, requiring careful
collaboration between epidemiologists and laboratory scientists.
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