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Objective: The aim of this nationwide age- and sex- matched longitudinal follow up 
study is to determine the risk of Parkinson’s disease (PD) associated with ischemic 
stroke in Korea. 

Methods: Patient data were collected from the National Health Insurance Ser-
vice-National Health Screening Cohort (NHIS-HEALS). PD was identified using the 
International Classification of Diseases (ICD) 10-CM code G 20. In total, 6,475 pa-
tients were enrolled in the PD group from the NHISS. After subtracting 1,039 patients 
who underwent hospitalization less than once or those who visited an outpatient 
clinic less than two times, 5,259 patients who were diagnosed after January 1, 2004 
ultimately participated in this study. After case-control match was done through 1:5 
age- and sex- stratified matching, 26,295 individuals were chosen as control. Ka-
plan-Meier method and Cox proportional hazard regression analysis were performed 
to evaluate the risk of ischemic stroke in PD.

Results: The hazard ratio of ischemic stroke in the PD group was 3.848 (95% con-
fidence interval (confidence interval [CI]): 3.14-4.70) after adjusting for age and sex. 
The adjusted hazard ratio of ischemic stroke in PD group was 3.885 (95% CI: 3.17-
4.75) after adjusting for comorbidities. According to subgroup analysis, in male and 
female and non-diabetes and diabetes and non-hypertension and hypertension and 
dyslipidemia and non-dyslipidemia subgroups, ischemic stroke incidence rates were 
significantly higher in the PD group than those in the control group.

Conclusions: This nationwide longitudinal study suggests an increased risk of isch-
emic stroke in PD patients.
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Study design and subjects
Our analysis of age- and sex- matched cohorts was 

designed to estimate the risk of ischemic stroke in PD 
patients. The study population included a PD group 
and a control group. The Korea NIHSS cohort includ-
ed 515,547 participants who followed up for 12 years, 
until December 2015. We extracted medical claims and 
demographic information from the NHISS database, 
including age, sex, household income level, and disease 
codes using the ICD-10 codes. We evaluated the risk of 
ischemic stroke after adjusting for age, sex, and comor-
bidities specifically hypertension, diabetes mellitus, and 
dyslipidemia. Information on these preexisting comor-
bid medical disorders was obtained by reviewing all of 
the outpatient and inpatient records from the NHISS 
database.20)

Establishment of the study cohort 
We extracted 6,475 PD subjects from a total of 515,547 

patients in the NHISS Database. The occurrence of PD 
was defined by the code G20 based on the ICD-10 code. 
To include patients who had more disease activity, 5,436 
people who were hospitalized more than 1 time or who 
visited outpatient clinic more than 2 times were selected. 
After removing 177 subjects with preexisting PD, a total 
of 5,259 patients with newly diagnosed after 2004.01.01 
remained. Through 1:5 age- and sex-stratified matching 
without replacement, using a greedy match algorithm of 
the R package ‘Match IT’, 26,295 individuals were cho-
sen as controls.8)9) Both groups were followed up until 
December 31, 2015 (Fig. 1). 

Statistical analysis
The Chi-square test and Student’s t-test were used to 

compare mean differences in the demographic charac-
teristics and comorbidities between the PD and control 
groups (Table 1). The ischemic stroke-free survival 
probabilities of the two groups were estimated using 

INTRODUCTION

Parkinson’s disease (PD) is one of the most common 
progressive neurodegenerative disease in the elderly 
people.4) In previous studies, it was found that ischemic 
heart disease accounts for the highest mortality rate 
in patients with Parkinson’s disease.21)22) However, the 
risk of ischemic stroke in PD patients remains unclear. 
Some studies have found that PD is associated with an 
increased risk of ischemic stroke and an increase in isch-
emic stroke-related mortality.2)3)6)11) In contrast, other 
studies have found that PD patients have lower risk of 
ischemic stroke.15)23)27)

Most studies about the relationship between Parkin-
son’s disease and ischemic stroke were small size sample 
based longitudinal cohort studies.2)11)15)27) Except for two 
studies,11)26) the rest ones were studied in the western 
countries. Among them, the study conducted in Korea 
was limited to a small size cross sectional study.26)

This nationwide longitudinal cohort study aimed to 
investigate the risk of ischemic stroke in PD in Korea.

MATERIALS AND METHODS

Data source 
The Republic of Korea has a single-payer health insur-

ance system, managed by the National Health Insurance 
Sharing Service (NHISS).1)14)16)19) All health-care provid-
ers must submit medical claims to the NHISS for review 
and reimbursement. The NHISS also provides national 
health examinations for those who are aged ≥40 years, 
biannually for office workers and annually for non-of-
fice workers. Therefore NHISS can provide database 
representing a cohort who participates in national health 
examinations.24) The NHISS claim database includes 
extensive information about demographics, medical 
treatments, medical procedures, and various disease 
diagnoses according to the 10th revised codes of the 
International Classification of Diseases (ICD-10).13) Re-
searchers who are approved by the official review com-
mittee can use this NHISS database, and we acquired the 
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the Kaplan-Meier method. Differences in disease-free 
survival between the two groups were tested using the 
Wilcoxon’s log rank test. Multivariate analyses with a 
Cox proportional-hazards regression model were con-
ducted to estimate the effect of PD on the subsequent 
occurrence of each event. We used two Cox proportion-
al-hazards regression models: In model 1; age and sex 
were adjusted. In model 2; age, sex, low income and oth-
er comorbidities were adjusted (Table 2). In each sub-
group, the Cox-proportional-hazard regression model 
was used to estimate the effect of PD on the subsequent 
occurrence of each event (Table 3). The analyses were 

Fig. 1. Flow diagram of the cohort creation process. This study was a 12-year longitudinal cohort study estab-
lished with the NHISS cohort. NHISS, National Health Insurance Sharing Service; PD, Parkinson’s disease; ICD, 
International Classification of Diseases.

Table 1. Characteristics in the PD and control group

Variables PD (n=5,259) Control (n=26,295) p value

Male 2,802 (53.28) 14,010 (53.28)

Age 62.87±8.42 62.87±8.42

Age ≥65 2,503 (47.59) 12,515 (47.59)

Low income 1,305 (24.81) 7,159 (27.23) ＜0.001

Diabetes 827 (15.73) 3,678 (13.99) 0.001

Hypertension 2,338 (44.46) 12,349 (46.96) ＜0.001

Dyslipidemia 882 (16.77) 4681 (17.80) 0.077

Bold style indicates the  statistical significance
Values are presented as number (%) 
PD, Parkinson’s disease

Table 2. Adjusted hazard ratio for ischemic stroke event in the PD and control group

Disease Group N Event Duration (days) Incidence rate (%)
Hazard ratio (95% CI)

Model 1 Model 2

Ischemic stroke
Control 26,295 316 100,474,683 1.148 1 1 

PD 5,259 143 5,858,373 8.909 3.848 (3.147, 4.704) 3.885 (3.177, 4.750)

Model 1: Adjusted for age, sex
Model 2: Adjusted for age, sex, low income, diabetes, hypertension, dyslipidemia
N, number; CI, confidence interval; PD, Parkinson’s disease 
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performed using R software (version 3.3.3, R foundation 
for statistical computing, Vienna, Austria).

RESULTS

Characteristics of the PD and control groups
We identified a total of 5,259 individuals with newly 

diagnosed PD. The mean age was 62.87±8.42 years, and 
majority of the patients were male (53.28%). There were 
significant differences between the two groups in terms 
of the prevalence of low income (p=0.001), diabetes mel-
litus (p<0.001), and hypertension (p<0.001) (Table 1).

Ischemic stroke in the PD and control groups
The incidence rate of ischemic stroke was significant-

ly higher in the PD group than in the control group 
(p<0.001, Fig. 2). The Kaplan-Meier curves with cumu-
lative hazards of ischemic stroke showed that the PD 
group had a higher risk of developing ischemic stroke 
than the control group. In a multivariate analysis of Cox 
proportional-hazards regression model 1, the hazard 
ratio of ischemic stroke in the PD group was 3.848 com-
pared with that in the control group (95% confidence 
interval [CI]: 2.64-5.68, Table 2). In the multivariate 
analyses of model 2, the hazard ratio of ischemic stroke 

in the PD group was 3.885 (95% CI: 2.86-6.19, Table 2).

Subgroup analysis of ischemic stroke incidence rate 
In both male and female subgroups, ischemic stroke 

incidence rate showed difference between the PD and 
control group (95% CI: 2.814-5.008 and 2.975-5.214, 
respectively, Table 3). In both age subgroups (<65 and 
≥65), ischemic stroke incidence rates were significantly 
different between the PD and the control group (95% 
CI, 4.152-8.330 and 2.420-3.986, respectively, Table 3). 

Table 3. Ischemic stroke incidence in subgroup analyses between PD and control group

Variables
PD Control

Hazard ratio (95% CI)
N Incidence rate (%) N Incidence rate (%)

Sex Male 68 9.879 162 1.312 3.754 (2.814, 5.008)

Female 75 8.181 154 1.015 3.938 (2.975, 5.214)

Age <65 56 1.853 82 0.539 5.881 (4.152, 8.330)

≥65 87 7.666 234 1.901 3.106 (2.420, 3.986)

Diabetes N 106 7.816 254 1.068 3.568 (2.833, 4.492)

Y 37 14.868 62 1.654 4.625 (3.058, 6.997) 

Hypertension N 60 6.810 122 0.826 4.067 (2.969, 5.571)

Y 83 11.464 194 1.521 3.740 (2.881, 4.856)

Dyslipidemia N 115 8.609 245 1.086 3.936 (3.141, 4.933)

Y 28 10.401 71 1.430 3.473 (2.231, 5.406)

PD, Parkinson’s disease; CI, confidence interval, N, number

Fig. 2. Comparison of the cumulative incidence rate of ischemic 
stroke in the PD and control group. The Kaplan-Meier curves with 
cumulative hazards of ischemic stroke were compared between 
PD and control group. PD, Parkinson’s disease.
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In both the non-diabetes subgroup and diabetes sub-
group, the ischemic stroke incidence rate was signifi-
cantly different between the PD and control group (95% 
CI, 2.833-4.492, and 3.058-6.997, respectively, Table 3).  
In both the non-hypertension and hypertension sub-
groups, the ischemic stroke incidence rate was signifi-
cantly different between the PD and control group (95% 
CI, 2.969-5.571 and 2.881-4.856 respectively, Table 3). In 
both the non-dyslipidemia and dyslipidemia subgroups, 
the ischemic stroke incidence rate was also significantly 
different between the PD and the control group (95% 
CI, 3.141-4.933 and 2.231-5.406 respectively, Table 3).

DISCUSSION

This study was a nationwide longitudinal cohort study 
based on the NHISS database. In this nationwide cohort 
study, 5,259 PD patients had a significantly higher risk 
of ischemic stroke. The risk of ischemic stroke is similar 
to what has been reported in previous studies.2)3)6)11)26) 
One population based follow up study in Taiwan report-
ed that PD group had a 2.10 times higher of ischemic 
stroke incidence rate than control group.11) Another 
cross sectional study in Korea showed that PD patients 
without other ischemic stroke risk factors had a signifi-
cantly higher risk of ischemic cerebrovascular diseases 
compared to healthy controls.1)26) In this study, the 
incidence rate of ischemic stroke was found to be sig-
nificantly increased in PD patients, similar to previous 
studies.

The mechanism of increased ischemic stroke in PD 
patients is unclear. One of the reasonable theories is that 
oxidative stress is present in idiopathic PD, and these 
oxidative damage products interfere with cellular func-
tion.7)12) Oxidative stress is one of explainable pathogen-
esis, as it can damage dopaminergic cells of substantia 
nigra. Oxidative stress accumulated into endothelial 
cell cause atherosclerotic change, which may increase 
the risk of cerebrovascular accidents. Thus, existence of 
PD may indicate higher oxidative stress accumulation, 
which bring about higher incidence rate of ischemic 

stroke. Second, Orthostatic hypotension occurred by 
preexisting PD may lead to ischemic brain parenchymal 
damage.18)28) Orthostatic hypotension can result from au-
tonomic dysfunction in PD. One meta-analysis reported 
that the prevalence of orthostatic hypotension was 30% 
of patients with PD.28) Another cohort study showed 
48% of PD patient diagnosed for 20 years had orthostat-
ic hypotension.17)

Several limitations of this study should be presented. 
First, chronic infectious burden and elevated inflamma-
tory markers, such as C-reactive protein and interleu-
kin-6, can be associated with the development of ath-
erosclerosis and increased risk of ischemic stroke.5)10)25) 
However, data regarding inflammatory markers lack in 
the National Health Insurance database. Therefore, it is 
difficult to evaluate the potential effects of inflamma-
tory markers on the association between PD and isch-
emic stroke. Second, variables in the healthcare claim 
data cannot accurately reflect patient’s medical condi-
tions.5)10)24)25)

Even with this limitation, this is the first nationwide 
longitudinal cohort study to evaluate the relevance of 
PD with ischemic stroke in Korea.

CONCLUSIONS

Our nationwide longitudinal cohort study found that 
PD patients have increased risk of ischemic stroke in 
Korean population. Based on this study, we suggest that 
the increased risk of ischemic stroke should be consid-
ered during management of PD patients.
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