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Abstract
Purpose: We sought to improve a previous algorithm to ascertain Parkinson’s disease (PD) in
the Cardiovascular Health Study (CHS) by incorporating additional data from Medicare outpatient
claims. We compared our results to the previous algorithm in terms of baseline prevalence and
incidence of PD, as well as associations with baseline smoking characteristics.

Methods: Our original case ascertainment used self-reported diagnosis, anti-parkinsonian
medication, and hospitalization discharge ICD-9 code. In this study, we incorporated additional
data from fee-for-service Medicare claims, extended follow-up time, review of medical records,
and adjudicated cause of death. Two movement disorders specialists adjudicated final PD status.
We used logistic regression models and controlled for age, sex, and African American race.

Results: We identified 75 additional cases, but reclassified 80 previously identified cases as not
having PD. We observed significant inverse association with smoking status (odds ratio=0.42;
95% confidence interval=0.22, 0.79), and inverse linear trends with pack-years (p=0.005), and
cigarettes per day (p=0.019) with incident PD. All estimates were stronger than those from the
previous algorithm.
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Conclusions: Our enhanced method did not alter prevalence and incidence estimates compared
to our previous algorithm. However, our enhanced method provided stronger estimates of
association, potentially due to reduced level of disease misclassification.
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Cardiovascular Disease; Cardiovascular Health Study; Epidemiology; ICD-9; Medical records;
Parkinson disease

INTRODUCTION
For conditions such as Parkinson’s disease (PD), large population-based prospective cohort
studies designed to examine specific outcomes may provide cost-efficient alternatives to
new case-control or cohort studies. The use of existing cohorts to address important aspects
of PD has resulted in the publication of numerous significant findings.1-11 Similarly, several
ongoing population-based cohorts with well characterized participants such as the
Framingham Heart Study,12 the Atherosclerosis Risk in Communities (ARIC) Study,13 the
Multiethnic Study of Atherosclerosis (MESA),14 and the Cardiovascular Health Study
(CHS)15 provide long-term follow-up and an abundance of measured covariates, which can
be used to address efficiently current hypotheses and generate new ones for outcomes other
than cardiovascular disease, including PD. However, most cardiovascular cohorts, including
CHS, have not implemented rigorous systematic screening for PD. In our previous work, we
relied on self-report, use of anti-parkinsonian medication, and ICD-9 discharge codes from
hospitalizations to identify participants with PD.16 Due to probable misclassification of PD
status, our reported results may represent attenuated estimates of the true underlying
associations.17 Improving PD case ascertainment in the CHS would reduce
misclassification, result in more accurate findings, and potentially increase statistical power.

Linkage to administrative data such as those from the Centers for Medicare & Medicaid
Services (CMS) may provide additional information to enhance case ascertainment
including exact dates of services, amount of PD-related services, and whether an encounter
with a neurologist occurred. The CMS administers the eligibility list for Medicare, the
primary health insurer for nearly all of the U.S. population aged 65 and older.18 All
Medicare beneficiaries receive Part A benefits that include coverage for inpatient, home
health, and hospice care services. Medicare beneficiaries may also enroll in Part B of the
program, which covers services provided by other institutional and non-institutional
providers. Strengths of Medicare claims data include exact dates of service, amount of PD-
related services in both inpatient and outpatient settings, and whether an encounter with a
neurologist occurred. A recent linkage of CMS with the CHS has allowed us to potentially
enhance our PD case ascertainment method with Medicare claims. As part of a larger study
to examine clinical predictors of PD in the CHS, we sought to improve our classification of
PD by updating our case ascertainment. We compared the performance of our enhanced PD
classification with the original algorithm16 in terms of baseline prevalence, incidence, and
estimates of association for demographic and baseline smoking characteristics. We also
describe the relative contribution of CMS to the classification of PD and its effect on
corresponding results.

METHODS
The CHS is a prospective cohort study of coronary heart disease and stroke in adults aged 65
years and older initiated in 1989. The CHS recruited a total of 5,888 elderly men and women
from four communities in the USA. Details about recruitment are described elsewhere 15. In
brief, 5,201 men and women were recruited into the original cohort, and an additional 687
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African Americans were recruited three years after the initial baseline survey. Extensive
physical and laboratory evaluations were performed at baseline to identify the presence and
severity of cardiovascular risk factors. Participants were queried twice per year for new
diagnoses, hospitalizations and medical procedures, and examined annually from 1989 to
1999, after which time twice-yearly telephone follow-up was continued. Reports of
hospitalizations were cross-examined in the CMS records to enhance surveillance of events
and deaths.

We provided CMS with the Social Security Number, sex, and date of birth for each of the
5888 CHS participants. Of those, 4549 (77.3%) were linked to Medicare enrollment records
and Medicare Part A and Part B claims from January 1991 through December 2006 were
provided. In order to comply with CMS’s data use agreement that no mathematical formulas
may be used if they result in the display of a cell 10 or less, we have slightly modified
exposure categories such that all cells displayed and analyzed are ≥ 11. As such, current
smokers also included former smokers who had quit within the past year. Likewise, we
slightly modified categories for cigarettes per day to include: never smoker, <10, 10-19,
20-28, ≥29.

We detailed our original method of PD case ascertainment in a previous report.16 Briefly,
between 1989 and 2002, we identified participants who self-reported a physician diagnosis
of PD; who used anti-parkinsonian medications reported at study visits; and who had
hospitalization discharge records that contained the ICD-9 code 332.0. We identified 60
participants with prevalent PD defined as PD at baseline or identified during first year of
follow-up, and 154 incident PD over the remaining years. In the current study, we enhanced
our PD definition by: (1) extending follow-up an additional five years; (2) enhancing the
screening process using data from CMS FFS; (3) including adjudicated cause-of-deaths as a
data source; (4) reviewing medical records of participants who screened positive for
potential PD; and (5) implementing a formal adjudication process to determine the final PD
status. These enhancements are described in an online supplement, which details the sources
of data used to screen for and adjudicate PD. Figure 1 provides an overview of data sources
used in the CHS and CMS to identify PD. A comparison of the data sources used in the
original algorithm and those used in the current enhanced ascertainment method is provided
in online supplement (online Table A).

We used kappa statistics to compare the agreement between our two adjudicators before
they reached a consensus. We defined PD as a dichotomous variable with those adjudicated
as “probable PD” constituting the “yes” category and those adjudicated as either “possible
PD” or “no PD” constituting the “no” category. As in our previous work, we defined
prevalent PD as those with PD at study baseline or within the first year of follow-up. The
remaining subjects identified with PD during follow-up were defined as incident. We
calculated the age- and sex-specific point prevalence of PD at baseline and incidence over
the remaining duration of follow-up.

We used logistic regression models to estimate the strength of associations between smoking
characteristics and PD, and to allow us to make direct comparisons with results from our
previous work.16 Smoking characteristics represented our primary exposures of interest
because an inverse association between smoking and PD is well established.19 As a
secondary analysis, we assessed potential confounding by time eligible in CMS. Because the
total time a participant is eligible and enrolled in Medicare is correlated with the number of
claims that can exist, time eligible in CMS could potentially be associated with the outcome,
in this case, PD. As a potential confounder, time eligible and enrolled in CMS could also be
related to risk factors of interest, such as smoking behavior as a proxy for lifestyle choices.
For instance, a study assessing the association between smoking behavior and use of
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primary care services among 254,382 adults 45 years and older with universal healthcare in
Australia found that current smokers were less likely than non-smokers to make a Medicare
claim 20. The direction of such a systematic behavior among smokers would bias the
estimates downward, potentially artificially producing or at least strengthening inverse
associations with current smoking. As a result, we assessed potential confounding by time
eligible in CMS by comparing estimates from models that included or excluded time eligible
in CMS as a covariate.

Because we expected the CMS FFS claims data to improve our ability to pinpoint an “onset
date”, we also conducted a time-to-event analysis using Cox regression models. We defined
“date of first evidence” of PD as the earliest time when PD appeared in any of the data
sources. We defined loss to follow-up as the last date of any available information from
CHS or CMS FFS. Participants were censored at time of death or at time of loss to follow-
up, whichever came first. Because we defined prevalent PD as occurring at baseline and
within the first year of follow-up, time at risk was calculated starting 365.25 days after
enrollment until date of first evidence of PD, loss to follow-up, death, or end of follow-up,
whichever occurred the earliest.

Finally, to isolate the contribution of the CMS FFS claims data to the ascertainment of PD,
we restricted our analysis to the conditions of the original algorithm in which follow-up was
only through 2002 rather than 2006; in which no information was available from adjudicated
deaths and no medical records from hospitalizations were reviewed; and for which no
adjudication was implemented for PD. We conducted logistic regression to compare
associations for smoking when PD was defined in CHS, in CMS FFS, in either CHS or CMS
FFS, and in both CHS and CMS FFS.

RESULTS
Using the enhanced case identification method, we identified a total of 463 of 5888 (7.9%)
participants as potentially having PD or developing PD during follow-up, for whom
adjudication for PD was necessary. Among these 463, evidence of PD was noted by
adjudicated causes of death in 15.1%, by self-report in 35.0%, by medications in 39.5%, by
ICD-9 inpatient diagnosis codes in 43.6%, and in CMS FFS claims in 27.2%. Medical
records were available for 441 (95%) of 463 with some evidence of PD. In reviewing these
medical records, 161 (36.5%) contained evidence supporting a diagnosis of PD while 20
(4.5%) contained evidence refuting PD. The remaining 260 (59.0%) of medical records had
no mention of PD. While drug-induced parkinsonism was initially excluded based on the
timing of a potential drug and the incident date, an additional 52 participants were
discovered to have drug-induced parkinsonism during medical record review.

During the adjudication process, the two independent movement disorders specialists
achieved 87.3% overall agreement (kappa = 0.80). Agreement between the two reviewers
was greatest for participants with evidence of PD in both CHS and CMS FFS (kappa =
0.87); the lowest agreement occurred for those whose PD was identified only in CHS data
(kappa = 0.65). After consensus was reached for all conflicting accounts, the final
adjudication resulted in 209 (45.1%) with “Probable PD”; 71 (15.3%) with “Possible PD”;
and 183 (39.5%) with “No PD.” For subsequent analyses, the 209 were considered to have
PD. Among these, 44 (21.1%) had prevalent disease, and the remaining 165 (78.9%) were
classified as incident PD. Concerning 260 medical records that did not mention PD, 57
(21.9%) eventually had a final adjudicated status of “probable PD” and an additional
62(23.9%) were eventually considered “possible PD”.
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Based on the 44 subjects with prevalent PD, we estimated an overall prevalence of 0.7%
(95% CI: 0.5%, 1.0%). Increasing age was associated with increasing prevalence (p=0.11).
We also observed higher PD prevalence among men (p=0.004), among those with more than
a high school degree (p=0.02), and among non-African Americans (p=0.014). A total of 165
developed PD over 70,796 person-years of follow-up, for an incidence rate of 233.1 per
100,000 person-years (95% CI: 200.1, 271.5). Standardized to the 1990 US Population, this
rate is equivalent to 42.3 per 100,000. Rates were higher among men, and increased with
older age (Table 1).

In comparing our results to the original method, the enhanced method identified an
additional 75 participants as having PD, but also reclassified 80 participants previously
considered as having PD to a final “not PD” status (Online Table C). On average, the new
incident date occurred 4.3 years earlier than the old incident date.

Results for multivariate models using logistic regression are presented in Table 2 alongside
results from our previous study using the original algorithm. In final models, we consistently
observed statistically significant inverse linear trends for almost all baseline smoking
characteristics. Similarly, increasing amount of smoking in pack-years showed a strong
inverse linear trend with PD risk (p=0.005), as did number of cigarettes smoked per day
(p=0.019). In general, the strengths of association were stronger and the confidence intervals
generally narrowed when using our current adjudicated method compared to results when
using the original algorithm.

In our secondary analyses in which we assessed the magnitude of residual confounding by
time eligible in CMS, we observed estimates of association that were slightly attenuated to
the null when we controlled for time eligible in CMS attenuated (online Table D). Results of
the Cox regression analysis also showed similar associations for smoking status, pack-years,
and cigarettes per day, although linear trends in the Cox models did not reach statistical
significance (data not shown).

We assessed how our results would change if we had only CMS FFS to supplement CHS
data, that is, with no neurologist adjudication using additional information. We found that
55.8% of PD identified by CMS FFS claims alone and 53.0% of PD identified by CHS data
would be considered “probable PD” by movement disorders specialists. This proportion
markedly increased to 72.7% when evidence of PD came from both CHS and CMS FFS. In
associations with baseline smoking status, estimates were relatively strong for PD defined in
CMS FFS alone, but were strongest when the definition of PD required evidence in both
CHS and CMS (Table 3).

DISCUSSION
Using information from CMS claims and an adjudication process to enhance the
identification of PD in the CHS allowed us to capture an additional 75 participants with PD
who were not previously identified in the original algorithm16 based on data available in
CHS alone. However, the adjudication process also resulted in changing the PD status of 80
participants previously defined as having PD. Therefore, the baseline prevalence estimate
and incidence rate for PD in the CHS were similar to what we previously reported.

The inverse association between smoking and PD is one of the most consistent findings in
PD research. First observed in 1959,21 this association has been replicated in meta-analyses
and pooled analyses of more than 50 studies.19, 22 Furthermore, prospective studies have
replicated this observation,23 providing evidence that selection and survival bias do not
account for this inverse association. We have leveraged this well-established association in
PD to gauge the utility of our case ascertainment methods. Although our enhanced PD
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definition did not alter prevalence and incidence estimates, estimates of association with
baseline smoking characteristics were strengthened compared to those based on the original
algorithm, possibly as a result of reduced non-differential disease misclassification.17 We
also evaluated the utility of supplementing CHS data (self-report, medications, in-patient
hospitalizations) with CMS outpatient claims without the benefit of medical records from
hospitalization review, information on adjudicated deaths, or an adjudication process by
expert reviewers. Defining PD as those with any evidence in both CHS and CMS claims
uncovered the strongest estimates of association for baseline smoking characteristics relative
to other PD definitions. These estimates approached those reported in a meta-analysis of
cigarette smoking and PD across 48 studies.19 In contrast, defining PD by CMS claims
without evidence in CHS substantially obscured underlying associations with baseline
smoking. Our results suggest that billing data are useful in identifying PD cases, but should
be used with caution in the absence of other sources of data to establish the PD diagnosis
with greater certainty. At the same time, our results also suggested that information in the
CHS medical records of hospitalizations did not serve as an optimal source to obtain a gold
standard definition for PD since the majority of the medical records lacked information to
either confirm or refute a diagnosis of PD.

Several limitations deserve mention. The most significant limitation is the absence of a
documented neurologic examination for PD by a neurologist or movement disorder
specialist. Medical records from outpatient visits were not available. Although our age-
specific baseline prevalence estimates fall within the range of estimates reported in other
studies (typically between 0.2% to 1.2% for increasing age categories),24, 25 our age-specific
incidence estimates are within the higher range of what has been reported in the literature. A
recent study in Kaiser Permanente Medical Care Program of Northern California reported a
crude incidence rate of 190.5 per 100,000 person-years for their highest age category of
80-89 years 26 whereas a study in Northern Manhattan reported a rate of 213 per 100,000
person-years among subjects ≥80 years 27. In CHS, we observed a rate of 273.2 per 100,000
person-years for 80-89 year olds, which is substantially greater, although not the highest rate
reported in the literature. Several reviews of incidence rate of PD, which included European
studies documented estimates for 80-89 age categories that ranged between 116 to 678 per
100,000 person-years.28, 29 Likely, we over-diagnosed PD using our current methods, but
without a clinical gold standard, the degree of misclassification remains unclear.
Nonetheless, our enhanced case ascertainment method provided credible estimates of
association with baseline smoking characteristics that were observed in other studies.19, 22

Observing the expected inverse association of smoking with PD, in which estimates were
similar to those derived from a large meta-analysis19 provides greater assurance of the
validity of our case ascertainment. Ultimately, however, without a clinical gold standard
against which to compare our case ascertainment method, we are unable to ascertain the
degree of validity conferred by this method. Such a resolution is possible if this case
ascertainment method could be reproduced in a cohort that also contains a clinical gold
standard such as the United Kingdom Parkinson’s Disease Society Brain Bank Criteria.30

Our study is also limited by the inability to document services not captured in Medicare;
these include certain services not covered by Medicare, and more importantly, services for
those who are enrolled in managed care organizations since Medicare only provides claims
for FFS.31 A study assessing the external validity of the CHS documented that over 91.4%
of CHS participants were enrolled in FFS,32 suggesting that claims for most participants in
the CHS would be captured in our study. Nonetheless, managed care increased over time
and we would expect a decreasing proportion of CHS participants to remain in CMS FFS
because of this trend. Second, the inverse association between smoking and PD observed in
our study may be attributed, at least in part, by the healthcare utilization behavior of
smokers. A study assessing the association between smoking behavior and use of primary
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care services among 254,382 adults 45 years and older with universal healthcare in Australia
found that current smokers were less likely than non-smokers to make a Medicare claim.20

The direction of such a systematic behavior among smokers would bias the estimates
downward, potentially artificially producing or at least strengthening inverse associations
with current smoking. Such a bias would be most pronounced in studies that rely exclusively
on Medicare claims for outcome ascertainment. Because we used other data sources to
identify PD including self-report, annual medication inventory, and hospitalization discharge
records, we do not expect our study to have been greatly influenced by this potential bias.
Nonetheless, indirect validation by assessing whether an expected association is observed
represents a suboptimal method due to the potential vulnerability to such biases.

Finally, although our enhanced method using out-patient billing codes allowed us to
pinpoint a more accurate index date for PD than our previous algorithm, our incident date
still appears to contain some degree of error. As expected, the new incident date using CMS
claims occurred over four years earlier than the incident date defined by the previous
algorithm. Nonetheless, the average age of onset with the new incident date was 79 years of
age, at least ten years later than what should be expected for a date of onset defined by
symptoms.29 Clearly, our current incident date reflects patterns in healthcare utilization, or
medication use rather than by clinical signs. Such misclassification affects our calculation of
incidence rates as well as our Cox models, which provided similar estimates of association
to logistic models but which were not statistically significant.

CONCLUSION
The recent linkage of the CMS data to the CHS has opened a number of research
possibilities. In this study, we have used the CMS data to enhance our case ascertainment
methods for PD, substantively contributing to screening, adjudication, and analysis.
Although our enhanced PD ascertainment method did not importantly alter prevalence and
incidence estimates, it may have reduced misclassification compared to our previous
algorithm. Future PD research should take advantage of the CMS data in different ways,
such as to provide a common framework to pool resources across other similar population-
based cohorts and to address health utilization patterns and cost burden.
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Key points

• Supplementing information using Medicare claims data to identify Parkinson’s
disease contributed to a decrease in disease misclassification in an on-going
cohort study of cardiovascular disease

• Indirect validation showed strongest associations with baseline smoking
characteristics when Parkinson’s disease was defined by evidence that came
from both study data AND Medicare claims.

• Use of Medicare claims data in on-going cohort studies such as the
Cardiovascular Health Study can open research possibilities for conditions such
as Parkinson’s disease for which large population-based longitudinal cohort
studies are not feasible to establish.
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Figure 1.
Data sources for Parkinson’s Disease Follow-up
AA = African American; CMS = Centers for Medicare and Medicaid Services; ICD-9 =
International
Classification of Diseases – Ninth Version; PD = Parkinson’s disease
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Table 1

Incidence rate of PD over 70,796 person-years of follow-up years In the Cardiovascular Health Study,
1989-2007.

Incidence Rate

Characteristic n Person-
years

Per 100,000
person-years 95% CI

P-
value**

Total 165 70,796 233.1 (200.1, 271.5)

Age 0.328

 65-69 61 26,709 228.4 (177.7, 293.5)

 70-79 89 32,996 269.7 (219.1,332.0)

 80+ 15 5,293 283.4 (170.8, 470.0)

Sex <0.001

 Men 95 26,853 353.8 (289.3, 432.6)

 Women 70 43,943 159.3 (126.0, 201.3)

Education 0.9

 <HS 43 18,794 228.8 (169.7, 308.5)

 HS 50 20,261 246.8 (187.0, 325.6)

 >HS 72 31,519 228.4 (181.3, 287.8)

Race 0.8

 White/Asian/AIANs 143 60,703 235.6 (200.0, 277.5)

 African American 22 10,094 217.9 (143.5, 331.0)

* trend test for age; Pearson chi-square test for sex and race

**
log rank test
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