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Abstract

Background: Although ongoing cohort studies offer a
unique opportunity to apply existing information collected
prospectively to further the scientific understanding of Par-
kinson's disease (PD), they typically have limited information
for clinical diagnosis. Methods: We used combinations of
self-report, International Classification of Diseases - 9th edi-
tion codes and antiparkinsonian medications to identify PD
in the Cardiovascular Health Study. To determine whether
the expected inverse association between smoking and PD
is evident using our outcome definitions, we assessed base-
line smoking characteristics for various definitions of PD.
Results: We identified 60 cases with prevalent PD (1.0%; 95%
confidence interval, Cl = 0.8-1.3%) and 154 with incident PD
by year 14. Clear associations were observed for current
smokers (odds ratio, OR = 0.50; 95% C| = 0.26-0.95) and for
those who smoked =50 pack-years (OR = 0.53; 95% Cl =
0.29-0.96). Estimates for smoking were similar when =2
data sources were required. Estimates for self-report alone

were attenuated towards null. Conclusions: Using multiple
data sources to identify PD represents an alternative method
of outcome identification in a cohort that would otherwise
not be possible for PD research. Ongoing cohort studies can
provide settings in which rapid replication and explorations
of new hypotheses for PD are possible.

Copyright © 2010 S. Karger AG, Basel

Introduction

Although Parkinson’s disease (PD) was first described
in 1817, genetic mutations account for only a minority of
cases [1], and the etiology of most sporadic PD still re-
mains obscure with the exception of a consistently ob-
served inverse association with cigarette smoking [2].
The causes of PD remain poorly understood, in large part
because of the difficulty in conducting epidemiologic
studies of a condition in which the diagnosis is often not
straightforward and for which registries covering large
populations do not exist. Case-control studies are par-
ticularly suited for investigations of less common condi-
tions but are often limited by the retrospective recall or
ascertainment of exposures. On the other hand, prospec-
tive cohort studies provide an invaluable longitudinal
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component allowing for the ability to assess changes in
exposure or clinical disease over time but are time-con-
suming and costly to assemble and thus impractical for
less common diseases such as PD. However, large ongo-
ing cohort studies of more common outcomes such as
cardiovascular events offer unique opportunities to apply
a wealth of existing information to further the scientific
understanding of PD but are often underutilized, in large
part, due to the difficulty in defining PD, and because PD
is often not considered a major risk factor or outcome in
these studies and therefore not rigorously assessed. Be-
cause complete screening and evaluation for PD by a
movement specialist in ongoing cohort studies are not
typically feasible, identification of PD necessarily relies
on self-report or medical records. Often, however, medi-
cal records are incomplete, and direct contact with par-
ticipants is either impossible due to mortality over many
years of follow-up, or prohibitive due to cost and partici-
pant burden. Despite these challenges, we attempted to
identify PD in an ongoing cohort study of elderly par-
ticipants, the Cardiovascular Health Study (CHS), by le-
veraging the overlapping nature of multiple data sources
that are readily available after 14 years of follow-up. We
assessed whether we would observe the expected inverse
association between smoking and PD using various out-
come definitions. We reasoned that observing significant
associations in the correct direction between smoking
and PD would provide support for exploring other un-
known risk factors for PD in the CHS using our outcome
definitions; conversely, the lack of an association would
undermine efforts to conduct PD research in the CHS
with the current definitions proposed here.

Materials and Methods

The CHS isan NHLBI-funded prospective cohort study of cor-
onary heart disease and stroke in adults aged 65 years and older
and in whom data were collected prospectively through year 14 of
the study. The CHS recruited a total of 5,888 elderly men and
women from 4 communities in the USA. Details about recruit-
ment are described elsewhere [3]. In brief, 5,201 men and women
were recruited into the original cohort, and an additional 687 Af-
rican Americans were recruited after the initial baseline survey.
Extensive physical and laboratory evaluations were performed at
baseline to identify the presence and severity of cardiovascular
risk factors such as hypertension, hypercholesterolemia and glu-
cose intolerance, subclinical disease such as carotid artery athero-
sclerosis, left ventricular enlargement and transient ischemia, and
clinically overt cardiovascular disease. Participants were contact-
ed twice per year for new diagnoses, hospitalizations and medical
procedures, and examined annually from 1989 to 1999, after
which time telephone follow-up was continued. Reports of hospi-
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talizations were cross-examined in the Health Care Finance Ad-

ministration records to help enhance surveillance of events and

deaths.

We used the following sources of data to screen for potential
PD:

(1) Self-Report. Participants in the original cohort were asked if
they had a physician diagnosis of PD in the first year of follow-
up and in year 11. Subjects in the African American cohort
were asked to report a physician diagnosis of PD at their base-
line and year 11.

(2) Medication Inventory. Prescription medications were collect-
ed from the onset of the CHS in 1989. At annual visits, subjects
were asked to report on and bring in all vials for medications
that were taken within 14 days of the visit. All medications
were visually inspected, and information on medication name,
class, dose and frequency was recorded for each medication. A
movement disorders specialist (S.J.) reviewed antiparkinso-
nian medications (APM) from the annual medication inven-
tory to screen for potential PD: ethopropazine HCl (Par-
sidol®); levodopa-containing compounds (Sinemet®, Sinemet
CR/ER®, Larodopa®, Dopar®, Stalevo®); pergolide (Permax®);
pramipexole (Mirapex); ropinirole (Requip); bromocriptine
(Parlodel®); selegiline (Eldepryl®, Deprenyl®, Emsam®, Ze-
lapar); rasagiline (Azilect®); entacapone (Comtan®); tolca-
pone (Tasmar®); trihexyphenidyl HCI (Artane, Tremin); pro-
cyclidine (Kemadrin®); biperiden (Akineton®); benztropine
(Cogentin®); amantadine (Symmetrel®).

(3) Hospitalization Records. Hospitalization discharge records in-
cluded information on admission date, discharge date, vital
status and International Classification of Diseases, 9th edition
(ICD-9), discharge codes for all hospitalizations of CHS sub-
jects. The discharge abstraction form used by the CHS allowed
for a list of 10 different ICD-9 codes, with instructions to ap-
pend additional pages for subjects with additional conditions.
We used ICD-9 code 332.0 to identify PD patients. Up to June
2006, 5,326 of 5,888 (90%) subjects in the CHS had been hos-
pitalized.

We created several definitions for PD based on data available
in the CHS and evidence from published literature regarding the
increased accuracy of multiple data sources over a single data
source in identifying PD [4]. Participants were classified with PD
according to the following definitions:

Definition 1. Participants who have at least 1 data source pro-
viding evidence of PD. This definition included participants with
evidence of PD from only a single data source such as self-report
or APM or ICD-9 as well as those with evidence of PD from 2 or
more corroborating sources. Those with no evidence of PD were
categorized as non-PD.

Definition 2. Participants who have evidence of PD from at
least 2 data sources. Possible combinations included self-report +
APM or self-report + ICD-9 or APM + ICD-9, as well as partici-
pants with evidence from all 3 data sources. Those with no evi-
dence of PD were categorized as non-PD.

Definition 3. Participants who have evidence of PD from all 3
data sources: self-report + APM + ICD-9 code. Those with no
evidence of PD were categorized as non-PD.

For each definition, we assigned to each participant with PD a
date corresponding to the earliest evidence of PD from any data
source. Those whose ‘date of first evidence’ occurred at baseline
or in the first year of follow-up were defined as having prevalent
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Table 1. Prevalent and incident PD in the CHS according to various definitions of PD

Definition Sources Total  Prevalent Prevalence at baseline Incidence
n/100
One or more data sources  ICD-9 or APM or self-report, or 2 or 214 60 1.02 (0.78-1.31) 154
more data sources
Two or more data sources  ICD-9 and APM or [CD-9 and self-report or 109 46 0.78 (0.57-1.04) 63
APM and self-report or all 3 data sources
All 3 data sources ICD-9 and APM and self-report 58 34 0.58 (0.40-0.81) 24
Self-report only self-report only 122 47 0.80 (0.57-1.06) 75

Figures in parentheses indicate 95% CIL.

PD. Participants who were identified as having PD during the
subsequent follow-up were considered as incident PD cases. We
reviewed the medication inventory for drugs that could poten-
tially induce parkinsonism, for example neuroleptics and related
compounds (see Appendix 1). We reclassified participants who
took drugs that could potentially induce parkinsonism as non-PD
if evidence of such drugs occurred in the medication inventory at
the same time or before the ‘date of first evidence’. By year 14, 39
participants had taken parkinsonism-inducing medications be-
fore their assigned date. Those who took parkinsonism-inducing
drugs after this date remained classified as PD, since such agents
can be used to treat symptoms which occur during PD (e.g. psy-
chosis, nausea).

Statistical Analyses

In the absence of a clinical diagnosis and the ability to direct-
ly validate our definitions of PD, we sought to compare results
obtained by our definitions to those reported by published stud-
ies. Specifically, we calculated the prevalence of PD at baseline
and assessed the association of smoking with PD as classified by
the different definitions of PD. Prevalence of PD was calculated
as the proportion of CHS participants who had PD at the begin-
ning of the study, defined at baseline or first year of follow-up. A
Poisson distribution was used to calculate 95% confidence inter-
vals (CI). Because hospitalizations and ICD-9 codes are not ex-
pected to occur at baseline, we used capture-recapture techniques
for 2-source models [5] to estimate the number of participants
with PD potentially missed at baseline by the medication inven-
tory and self-report, and adjusted baseline prevalence estimates
accordingly.

In all analyses relating to baseline smoking characteristics, we
excluded participants with prevalent PD at baseline. We per-
formed 3 sets of analyses in which results from definitions 1 and
2 were compared to those obtained from the definition using self-
report alone. Because of difficulty in assigning the exact time of
onset, we used unconditional logistic regression to obtain odds
ratios (OR) and 95% CI associated with PD risk, and adjusted all
models for age, sex and African American race. Baseline smoking
variables were characterized in the following ways: smoking sta-
tus (never smoked, ever smoked, current smoker), quartiles of to-
tal pack-years (never smokers, <13, 13-27, 28-49, =50), and years
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since quitting (never smokers, =30, 20-29, 10-19, <10, current
smoker). All analyses were conducted in Stata 10.1 (College Sta-
tion, Tex., USA).

Results

Characteristics of CHS participants have been de-
scribed elsewhere [6]. A summary of prevalent and inci-
dent PD by various definitions is provided in table 1. Us-
ing 1 or more data sources to screen for PD, we identified
214 CHS participants with evidence of PD. Among these,
60 had PD at baseline for an overall prevalence estimate
of 1.0% (95% CI = 0.8-1.3%) within the CHS. Age-specif-
ic prevalence estimates of PD at baseline are 0.70% for
ages 65-74, 1.67% for ages 75-84 and 1.81% for ages 85
and older. Using the maximum likelihood estimator in
capture-recapture techniques, we estimated that an ad-
ditional 5 participants may have been missed at baseline,
corresponding to an overall baseline prevalence of 1.1%
(95% CI = 0.9-1.4%) in the CHS. Characteristics of par-
ticipants with and without prevalent PD at baseline are
presented in table 2. Using 1 or more data sources to iden-
tify PD at baseline, those with PD were significantly old-
er (p = 0.002), more likely to be men (p = 0.002) and less
likely to be African American (p = 0.02). Those with and
without PD at baseline were not different in relation to
smoking status. We observed a suggestive trend in de-
creasing odds for decreasing number of years since quit-
ting smoking (p = 0.08).

A total of 154 (2.6% of 5,828) participants developed
PD during 14 years of follow-up. ICD-9 codes were the
most frequent source (n = 96) in identifying those with
PD, followed by self-report (n = 74) and APM (n = 71).
Sixty-three participants (40.9%) had evidence of PD from
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Table 2. Demographic and baseline smoking characteristics in
relation to baseline prevalent PD as defined by at least 1 data
source

Characteristic Baseline PD p
PD no PD value
(n =60) (n =5,828)
n % n %
Age at baseline 0.002
65-74 years 27 45.0 3,867 66.4
75-85 years 29 48.3 1,740 299
>85 years 4 6.7 221 3.8
Male sex 37 61.7 2,458 42.2 0.002
Education 0.26
<HS 14 23.3 1,718 29.6
HS 14 23.3 1,606 27.6
>HS 32 53.3 2,487 42.8
African American 3 5.0 921 15.8 0.02
Smoking status 0.12
Never 34 56.7 2,704 464
Former 21 35.0 2,423 41.6
Current 5 8.3 695 11.9
Total pack-years 0.21
Never smoker 34 56.7 2,704  48.0
Ist quartile (0-13) 9 150 856  15.2
2nd quartile (14-27) 3 5.0 660 11.7
3rd quartile (28-49) 8 13.3 515 9.1
4th quartile (=50) 6 10.0 898 15.9
Years since quitting 0.08
Never smoker 34  56.7 2,704  47.0
>30 7 11.7 626 10.9
20-29 4 6.7 579 10.1
10-19 8 13.3 595 10.4
<10 3 3.3 549 9.6
Current smoker 5 8.3 695 12.1

HS = High school. Numbers may not add up to column total
due to missing values; p values assessed by Pearson’s x> test for
dichotomous categories, Fisher’s exact test for categorical vari-
ables with small numbers, score test for linear trend for ordinal
variables; pack-years: quartiles of total pack-years determined
among non-PD smokers.

at least 2 different sources, 24 of whom had evidence of
PD by all 3 sources (fig. 1). Univariate associations be-
tween baseline smoking characteristics and incident PD
for various definitions are summarized in table 3. We
compared demographic and baseline smoking character-
istics between those with and without incident PD as de-
fined by having evidence from at least 1 data source (def-
inition 1), 2 or more corroborating data sources (defini-
tion 2) and by self-report alone. Those with PD were
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Self-report

Fig. 1. Venn diagram of sources used to identify PD in the CHS.

significantly more likely to be men for definitions 1 and
2. This association was attenuated to nonsignificant lev-
els when we used self-report as the sole data source to
classify PD. Age at baseline was different only for the def-
inition using self-report in which participants with PD
were slightly younger than those without PD (p = 0.06).
Those with PD were significantly less likely to be African
American for definition 2 (p = 0.04). Statistically signifi-
cant inverse associations between smoking and PD were
not obvious in univariate analyses for any of these 3 def-
initions of PD. An inverse association was suggestive for
a decreasing trend according to years since quitting (p =
0.08) for PD defined by definition 1.

OR obtained from models adjusting for age, sex and
African American race are presented in table 4. When 1
or more data sources were used to define PD (definition
1), current smokers have a 50% reduced likelihood of PD
relative to never smokers (OR = 0.50;95% CI = 0.26-0.95).
A significant linear trend in odds for smoking (i.e. never,
former, current) was evident for definition 1 (p = 0.04) but
not for definition 2 or for self-report alone. Most esti-
mates of association for levels of smoking were less than
1.0, with a clear association observed for those who
smoked a total of =50 pack-years (OR = 0.53; 95% CI =
0.29-0.96) relative to never smokers. Estimates, in gen-
eral, decreased for increasing number of total pack-years
and years since quitting. Linear trends in the OR achieved
statistical significance only for total pack-years (p = 0.03).
When 2 or more data sources were required for a PD clas-
sification (definition 2), estimates for current, former and
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Table 3. Demographic and baseline smoking characteristics of subjects identified with incident PD in the CHS according to various
outcome definitions

Characteristic Definition 1 p Definition 2 p Self-report only p
(at least 1 data source) value (at least 2 data sources) value value
PD no PD PD no PD PD no PD
(n = 154) (n = 5,674) (n = 63) (5,674) (n=75) (n = 5,766)
n % n % n % n % n % n %
Age at baseline 0.26 0.94 0.06
65-74 years 108  70.1 3,759  66.3 43 68.3 3,759  66.3 58 77.3 3,815 773
75-85 years 42 273 1,698  29.9 16 254 1,698 299 15 20.0 1,731 30.0
>85 years 4 2.6 217 3.8 4 6.4 217 3.8 2 2.7 220 3.8
Male sex 84  54.6 2,374 41.8 0.002 40 63.5 2,374  41.8 0.001 39 52.0 2,427  42.1 0.08
Education 0.58 0.58 0.48
<HS 42 273 1,676  29.6 17 27.0 1,676  29.6 19 25.3 1,703 29.6
HS 44 28.6 1,562 27.6 17 27.0 1,562 27.6 22 29.3 1,589  27.6
>HS 68 442 2,419 428 29 46.0 2,419 428 33 44.3 2,457 427
African American 24 15.6 897 15.8 0.94 4 6.4 897 15.8 0.04 14 18.7 908  15.8 0.50
Smoking status 0.19 0.42 0.49
Never 75  48.7 2,629 464 30 476 2,629 464 35 46.7 2,681  46.6
Former 68 442 2,355 415 29 46.0 2,355  41.6 35 46.7 2,388 41.5
Current 11 7.1 684 12.1 4 6.4 684 12.0 5 6.7 691  12.0
Total pack-years 0.26 0.53 0.66
Never smoker 75  50.0 2,630 48.0 30 484 2,630  48.0 35 47.3 2,682  48.1
1st quartile (0-13) 22 14.7 743  13.6 10 16.1 743 13.6 12 16.2 755  13.6
2nd quartile (14-27) 21 14.0 675 123 8 12.9 675 12.3 10 13.5 685 123
3rd quartile (28-49) 18 12.0 720 13.1 9 14.5 720 13.1 10 13.5 728 13.1
4th quartile (=50) 14 9.3 716 13.0 5 8.1 716 13.0 7 9.5 723 13.0
Years since quitting 0.08 0.24 0.33
Never smoker 75 493 2,629 47.0 30 47.6 2,629  47.0 35 46.7 2,681 47.2
30 21 13.8 605 10.8 9 14.3 605 10.8 11 14.7 615 10.8
20-29 18 11.8 561 10.0 9 14.3 561 10.0 9 12.0 570  10.0
10-19 15 9.9 580 10.4 7 11.1 580 10.4 9 12.0 587 10.4
<10 12 7.9 537 9.6 4 6.4 537 9.6 [§ 8.0 542 9.5
Current smoker 11 7.2 684 12.2 4 6.4 684 12.2 5 6.7 691 122

HS = High school. Numbers may not add up to column total due to missing values. p values assessed by Pearson’s x* test for dichotomous categories,
Fisher’s exact test for categorical variables with small numbers, score test for linear trend for ordinal variables; pack-years: quartiles of total pack-years
determined among non-PD smokers.

ever smokers remained similar to their counterparts
in definition 1. The corresponding confidence intervals,
however, widened and associations previously observed
using definition 1 lost statistical significance with the use
of definition 2. Linear trends in the OR were weakened
for increasing number of pack-years and became only
suggestive of a linear trend (p = 0.12). When only self-
report was used to identify PD, nearly all estimates were
attenuated towards the null compared to those in defini-
tion 1. None of the baseline smoking characteristics was
significantly associated with PD when self-report was the
single source used to classify outcome.

PD in the CHS

Discussion

Using multiple available data sources to identify PD,
we obtained an estimate of baseline prevalence within the
CHS similar to those reported in other populations with
similar age ranges. Prevalence estimates have ranged be-
tween 0.8% [7] among men of Japanese ancestry and 1.5%
among people of European and Caucasian ancestry [8—
12]. As expected, baseline prevalence of PD increased
with increasing age, and those with prevalent PD at base-
line were significantly older and more likely to be men.
However, we did not observe clear associations between
baseline smoking status and prevalent PD at baseline, ex-
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Table 4. Association between baseline smoking variables and incident PD in the CHS according to several outcome definitions

Baseline smoking Definition 1 Linear Definition 2 Linear Self-report only Linear
characteristics (=1 data source) trend (=2 data sources) trend trend
p value p value p value
OR 95% CI OR 95% CI OR 95% CI
Smoking status 0.04 0.17 0.17
Never 1.00 reference 1.00 reference 1.00 reference
Former 0.84 0.59-1.19 0.82 0.48-1.40 0.94 0.57-1.55
Current 0.50 0.26-0.95 0.49 0.17-1.41 0.45 0.17-1.12
Total pack-years 0.03 0.12 0.22
Never smoker 1.00 reference 1.00 reference 1.00 reference
Ist quartile (0-13) 0.82 0.57-1.50 1.01 0.49-2.11 1.06 0.54-2.07
2nd quartile (14-27) 0.95 0.58-1.56 0.87 0.39-1.93 0.95 0.47-1.95
3rd quartile (28-49) 0.72 0.42-1.23 0.86 0.40-1.84 0.84 0.41-1.73
4th quartile (=50) 0.53 0.29-0.96 0.44 0.16-1.14 0.57 0.25-1.32
Years since quitting 0.33 0.38 0.34
Never smoker 1.00 reference 1.00 reference 1.00 reference
30 1.01 0.61-1.68 0.93 0.43-2.01 1.21 0.59-2.42
20-29 0.92 0.54-1.58 1.03 0.47-2.22 1.02 0.47-2.14
10-19 0.76 0.43-1.34 0.83 0.36-1.91 0.97 0.46-2.05
<10 0.67 0.36-1.25 0.54 0.19-1.57 0.69 0.29-1.68
Current smoker 0.50 0.26-0.95 0.49 0.17-1.41 0.45 0.18-1.18

Adjusted for age, sex and African American race; pack-years: quartiles of total pack-years determined among non-PD smokers.

cept for a suggestion of decreasing trend in risk for de-
creasing years since smoking.

Our estimates of association for incident PD with
baseline smoking characteristics were in the direction we
expected for all smoking characteristics when using def-
inition 1 to classify PD, and for most estimates when us-
ing definition 2. When self-report was used as the sole
source of data to identify PD, estimates were attenuated
towards null.

We encountered a number of methodologic issues in
our attempt to identify PD within the CHS. First, we did
not attempt to calculate an incidence rate of PD within
the CHS due to difficulties in accurately defining a date
of diagnosis. Such difficulties stem from the fact that the
earliest evidence of PD came from 1 of 3 different data
sources for each individual, and that each data source
could be associated with a different average time from
diagnosis. In the CHS, for instance, ICD-9 codes from
discharge records became available only after partici-
pants had been hospitalized although not necessarily for
PD. Although discharge records were available for almost
all participants by year 14, they offer little information
allowing for an accurate extrapolation of time since PD
diagnosis. Similarly, extrapolating an accurate date of di-
agnosis from the time APM was initiated is difficult be-
cause the issue of when and how to start treatment is still
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actively debated [13-15]. Nonetheless, we did assign a
‘date of earliest evidence’ to each participant with PD and
used it only in an attempt to identify patients who may
have previously used parkinsonism-inducing drugs. Giv-
en these difficulties, we did not rely on the person-years
allocated for each individual by the ‘date of earliest evi-
dence’ to calculate an incidence rate or to conduct a time-
to-event analysis.

Our primary limitation was disease misclassification.
We attempted to reduce disease misclassification by ex-
cluding those identified as having PD who had been tak-
ing parkinsonism-inducing drugs before the ‘date of ear-
liest evidence’ of PD. We identified a proportion of poten-
tial drug-induced parkinsonism (18%) in our PD group
that is similar to what Bower et al. [16] described among
subjects in Olmsted County with parkinsonism. Ulti-
mately, without the ability to validate our group of PD
against a clinical gold standard, the degree of misclassi-
fication is not precisely quantifiable. Nonetheless, we can
infer that some misclassification exists in our definitions
because estimates for smoking become attenuated with
definitions that are expected to have lower specificity
[17]. Point estimates from several meta-analyses pooling
over 50 studies report relative risks in the range 0f 0.5-0.7
for ever smokers, 0.6-0.8 for former smokers and 0.2-0.5
for current smokers [2, 18]. Our estimates are within
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these same ranges. Use of self-report alone produced
slightly attenuated estimates for former smokers and ever
smokers compared to those in definition 1. Similar at-
tenuation of estimates between definition 1 and self-re-
port can generally be seen for highest levels of cigarettes
per day, total pack-years and years since quitting, sug-
gesting that greater misclassification or other sources of
bias may exist in the definition that relies solely on self-
report. The associations between smoking and PD appear
strongest when 2 or more data sources are used to clas-
sifty PD, supporting the notion that using multiple data
sources can help reduce misclassification [4, 17].

Unfortunately, reducing disease misclassification by
requiring 2 or more data sources to provide evidence of PD
comes at the cost of statistical power. For PD, self-report
alone does not provide a sensitive screen for purposes of
assembling a group of cases for epidemiologic investiga-
tions. Up to 30% of clinically confirmed cases of PD may
be missed by relying solely on self-report [10]. In our study,
although self-report identified more outcomes than defi-
nition 2, self-report accounted for 48% of the 154 incident
PD cases identified by using all 3 available data sources;
relying solely on self-report would have reduced the total
number of incident events to 74. All associations seen for
definition 1 lost statistical significance when other defini-
tions were used. Other reasons exist for considering the
use of definition 1 over using self-report alone to identify
incident PD. Because self-report of PD was asked in year
11 of the study, those who did not survive until then would
have been classified as non-PD by the definition relying on
self-report alone. This explanation likely accounts for the
observation in our study that incident PD by self-report is
significantly more common among younger participants.
This is in contrast to the highly significant trend in odds
associated with increasing age categories when assessed in
relation to baseline PD, as defined by definition 1. In con-
trast to using self-report alone, both definitions 1 and 2
incorporated data sources that were used frequently over
time to assess outcome; the medication inventory was car-
ried out annually, and records with ICD-9 codes appeared
more frequently as hospitalizations among participants
increased over the follow-up period. Nonetheless, some
bias still exists in definitions 1 and 2 since risk of PD was
not strongly associated with increasing age, as would be
expected for an age-related neurodegenerative condition.
The effects of survival bias, however, appear less for defini-
tions 1 and 2 than what is observed when self-report alone
is used to define PD.

When clinical diagnosis of PD has been unattainable,
studies have relied on self-report or medications to iden-

PD in the CHS

tify PD. In particular, Chen et al. [19] have recently con-
ducted an epidemiologic study of PD within the Ath-
erosclerosis Risk in Communities Study, a population-
based ongoing cohort study of cardiovascular outcomes
among nearly 16,000 participants 45-65 years old. The
authors identified 95 incident cases of PD using self-re-
ported use of APM, ICD-9 code (332.0) and self-report
of disease at the fourth study visit. They identified as
potential PD those who had evidence from any of the 3
data sources, which is equivalent to definition 1 in our
study. To reduce disease misclassification, they also ex-
cluded those with potential drug-induced parkinsonism
as well as those who used only amantadine and/or anti-
cholinergic drugs without additional supporting evi-
dence of PD. Without a clinical diagnosis, the authors
indirectly assessed the validity of their disease classifica-
tion by evaluating the association between PD risk and
baseline smoking data, and used logistic regression as
their primary method of analysis. This study conducted
by Chen et al. [19] as well as others that have based dis-
ease classification on self-report or medication data
alone have made valuable contributions to the literature
20, 21].

Within the CHS, using 1 or more data sources to iden-
tify PD maximizes statistical power over other alterna-
tive definitions without resulting in much attenuation in
risk estimates due to disease misclassification. In addi-
tion, given the study design of the CHS, using a defini-
tion of PD that incorporates a protocol to screen for dis-
ease multiple times during follow-up minimizes bias
seen in a definition that relies solely on self-report. Given
that disease misclassification likely still exists when us-
ing 1 or more data sources, restricting to 2 or more data
sources might be considered a reasonable secondary
analysis to assess the effect of disease misclassification
on the estimates of association.

The CHS provides important opportunities to con-
tribute to the PD literature given the vast amount of data
already collected and immediately available. Although
using multiple data sources to identify PD cannot achieve
a similar degree of accuracy as clinical examination, it
represents an alternative method of outcome identifica-
tion in a cohort that would otherwise not be possible for
PD research. Important ongoing cohort studies like the
CHS can provide the setting in which rapid replication of
current findings and explorations of new hypotheses for
PD are possible.
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Appendix 1. Medications used to screen for possible drug-induced parkinsonism

Generic name Brand Type Generic name Brand Type
a-Methyldopa Aldomet, Apo-Methyldopa, Hypotensive Pimozide Orap Neuroleptic

Dopamet, Novomedopa Pipotiazine Piportil Neuroleptic
Amiodarone Cordarone, Pacerone Antiarrhythmic Prochlorperazine ~Compazine, Stemzine, Antiemetic
Amisulpride Solian Neuroleptic Buccastem, Stemetil, Phenotil

(antipsychotic) Promazine Sparine Neuroleptic
Amoxapine Asendin Neuroleptic Quetiapine Seroquel Neuroleptic
Aripiprazole Abilify Antidepressant Remoxipride Neuroleptic
Chlorpromazine  Thorazine Neuroleptic Reserpine Harmonyl Hypotensive
Chlorprothixene  Tarctan Neuroleptic Risperidone Risperdal Neuroleptic
Cinnarizine Stugeron Ca channel blocker  Sulpride Meresa, Sulpirid Ratiopharm, ~ Neuroleptic
Clebopride Neuroleptic Sulpirid Neuraxpharm, Bosnyl,
Droperidol Inapsine Neuroleptic, Dogmatil, Eglonyl, Sulpiryd
antiemetic Tetrabenazine Xenazine, Nitoman Antidyskinetic

Flunarizine Sibelium Ca channel blocker  Thiethylperazine  Torecan Antiemetic
Flupentixol Fluanxol Neuroleptic Thioridazine Mellaril Neuroleptic
Fluphenazine Prolixin Neuroleptic Thiothixine Navane Neuroleptic
Haloperidol Haldol Neuroleptic Tiapride Antianxiety
Iloperidone Zomaril Neuroleptic Trifluoperazine Eskazinyl, Eskazine, Jatroneural, Neuroleptic
Levomepromazine Nosinan, Nozinan, Neuroleptic Modalina, Stelazine, Terfluzine,

Levoprome Trifluoperaz
Lithium Eskalith, Lithobid, Mood stabilizer Triflupromazine  Vesprin Neuroleptic

Lithonate, Lithotabs Trimetazidine Vastarel MR Antianginal
Loxepine Loxitane Neuroleptic Valproate, Depakote, Depakene Antiepileptic
Mesoridazine Serentil Neuroleptic valproic acid
Metaclopramide  Reglan Antiemetic Veralipride Agreal, Agradil Neuroleptic
Molindone Moban Neuroleptic Ziprasidone Geodon Neuroleptic
Olanzapine Zyprexa Neuroleptic Zotepine Nipolept, Losizopilon, Lodopin, Neuroleptic
Oxipertine Integrin Neuroleptic Setous
Pericyazine Neulactil Neuroleptic Zuclopenthixol Cisordinol, Clopixol, Acuphase Neuroleptic
Perphenazine Trilafon Neuroleptic
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