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Abstract Background and aims: The effectiveness of statins commonly used to prevent stroke
may depend on adherence to treatment. We examined the association between statin adherence
and stroke risk among South Korean adults with hyperlipidemia.
Methods and results: The data of 128,052 and 129,390 participants with hyperlipidemia for the
purpose of studying the risks of ischemic and hemorrhagic stroke, respectively, were collected
from the Korean National Health Insurance Service-National Sample Cohort between 2002 and
2013. Participants were divided into groups according to statin adherence, calculated as the pro-
portion of days covered (PDC; poor, moderate, good). The risk of ischemic and hemorrhagic
stroke were analyzed using a Cox proportional hazards model. Individuals with poor PDC exhib-
ited higher risks of ischemic and hemorrhagic stroke than those with good PDC (ischemic stroke:
hazard ratio [HR] Z 1.09, 95% confidence interval [CI] Z 1.03e1.15, hemorrhagic stroke:
HR Z 1.37, 95% CI Z 1.22e1.54). Women with poor PDC were at higher risk of ischemic stroke
than those with good PDC (HRZ 1.17, 95% CIZ 1.09e1.26), while menwith poor PDC exhibited a
higher risk of hemorrhagic stroke than those with good PDC (HR Z 1.55, 95% CI Z 1.27e1.90).
Individuals with disabilities who had poor PDC were at higher risk of ischemic stroke than those
with good PDC (HR Z 1.55, 95% CI Z 1.24e1.93).
Conclusions: We detected a significant association between statin adherence and ischemic and
hemorrhagic stroke risk. Therefore, hyperlipidemia patients should adhere to statin treatment;
such interventions are required to reduce the stroke risk.
ª 2021 The Author(s). Published by Elsevier B.V. on behalf of The Italian Diabetes Society, the
Italian Society for the Study of Atherosclerosis, the Italian Society of Human Nutrition and the
Department of Clinical Medicine and Surgery, Federico II University. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

The Global Burden of Disease Study states that stroke is the
second most common cause of death and the third most
common cause of disability-adjusted life years [1,2]. Ac-
cording to a report on stroke statistics in South Korea, the
age- and sex-standardized incidence of stroke gradually
decreased from 105.8 per 100,000 person-years in 2007 to
92.2 per 100,000 person-years in 2013 [3]. However, with
the rapidly aging population in South Korea, the absolute
burden of stroke has increased, and the medical expenses
related to stroke have continued to increase over the last
decade [3e5]. Persons aged over 65 years accounted for
10.6% of the South Korean population in 2010, and this
proportion is expected to increase to 14.4% in 2019. There-
fore, stroke is a major disease burden in South Korea [6].

The association between low-density lipoprotein
cholesterol (LDL-C) levels and cardiovascular disease (CVD)
is well-established; therefore, lowering LDL-C levels using
pharmacological therapy helps in reducing the risk of
cardiovascular events [7]. Evidence suggests that LDL-C
levels are significant predictors of the risks associated
with residual cardiovascular events [8]. Statins are used as
first-line therapy to reduce LDL-C levels in patients with
hyperlipidemia [9]. Over the past few decades, statins have
also been used to treat dyslipidemia [10]. A previous study
showed that lowering the LDL-C level was associated with
a 10% decrease in mortality and a 20% reduction in the
incidence of major CVD [11]. Therefore, more active statin
treatments are recommended.

Only 15.8% of patients with diabetes and dyslipidemia
have been reported to achieve LDL-C levels <2.586 mmol/L
(100 mg/dL), which can be attributed to poor adherence to
treatment [10]. Further, good adherence to statin treat-
ment (for over 80% of days) is associated with 15% lower
incidence of major coronary events, such as acute
myocardial infarction [12]. Therefore, modern guidelines
for stroke management from the American Heart Associ-
ation/American Stroke Association recommend the use of
statin therapy in the majority of patients with ischemic
stroke and transient ischemic attack [13]. Statins are one of
the most common medications used to prevent stroke and
their favorable effects may depend on optimal adherence
of patients to long-term therapies [14]. Although adher-
ence to statin therapy is known to be important, studies on
long-term statin use are lacking [13].

We hypothesized that persons who exhibited poor
statin adherence were at an increased risk of ischemic and
hemorrhagic stroke compared to those with good statin
adherence. Therefore, we aimed to investigate the associ-
ation between statin adherence and stroke risk among
South Korean adults with hyperlipidemia.

2. Methods

2.1. Study population

Data for this study were obtained from the Korean Na-
tional Health Insurance Service-National Sample Cohort
(NHIS-NSC) between 2002 and 2013. The NHIS-NSC
database includes the medical claims data of 1,025,340
individuals, who account for 2% of the South Korean
population, selected by random sampling. We selected
individuals with hyperlipidemia (International Classifica-
tion of Diseases, tenth edition [ICD-10] code: E78) in 2003,
2004, and 2005, among whom patients with newly
diagnosed ischemic stroke (ICD-10 code: I63) and hem-
orrhagic stroke (ICD-10 codes: I60, I61, I62) were included.
Patients aged >40 years were considered because stroke
mostly occurs in older individuals. All data are available
from the database of the Korean National Health Insur-
ance Sharing Service (https://nhiss.nhis.or.kr) and can be
accessed upon reasonable request. This study adhered
to the tenets of the Declaration of Helsinki and was
based on routinely collected administrative and claims
data. This study was reviewed and approved by the
Institutional Review Board of Yonsei University’s Health
System (IRB approval number: 4-2021-0684). As the
NHIS-NSC data do not contain any identifying informa-
tion, no additional approval was required.

2.2. Variables

The dependent variables were ischemic and hemorrhagic
stroke risks. We identified the date of each patient’s first
hospital visit by referring to the date of admission for
outpatient care during the study period and followed-up
each patient after this date.

The primary independent variable was adherence to
statin medication, which was considered in terms of the
proportion of days covered (PDC); this was calculated as
the total number of days of supply divided by the number
of days in the follow-up period (PDC Z [total number of
days of supply/total number of follow-up days] � 100%)
[10,15]. The total number of days was defined as the period
between the index date and the date of diagnosis of stroke
or the end of 2010. As in previous studies, those with in-
tervals of <68 days during the total study period were
excluded [15]. A PDC of �80% was considered “good;”
60e80%, “medium;” and <60%, “poor” [12]. Additionally,
we analyzed factors including age, health insurance, re-
gion, disability, income, Charlson comorbidity index (CCI),
diabetes (ICD-10 codes: E10, E11), and continuity of care
(COC). CCI was used to identify the patients’ comorbidities
and calculated by adding the associated weights for co-
morbid conditions that resulted in a score, with additional
points added when comorbidities that affected the health
outcomes of patients were considered [10]. COC was
measured for each patient using the usual provider con-
tinuity (UPC) index, which is the proportion of visits made
to the patient’s regular physician among all visits [16,17].
The physician that the patient visited most frequently
during the defined time period was assigned as the pa-
tient’s regular physician [16]. The UPC index was calcu-
lated as the number of visits to the patient’s regular
physician divided by the total number of hospital visits
[17]. The index ranges between 0 and 1, with higher values
indicating superior COC [16].
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2.3. Statistical analysis

The chi-squared test was used to investigate the general
characteristics of the study population, and the Cox pro-
portional hazards model was used to examine factors
associated with the risk of stroke. Differences with a P-
value <0.05 were considered statistically significant. All
data analyses were performed using SAS software, version
9.4 (SAS Institute Inc., Cary, NC, USA).

3. Results

We included 128,052 participants for studying the risk of
ischemic stroke and 129,390 participants for studying the
risk of hemorrhagic stroke. Table 1 presents the general
characteristics of the study population. Among the
128,052 participants selected for the ischemic stroke
study, 9808 (7.7%) had ischemic stroke, 84,778 (66.2%)
exhibited poor PDC, and 20,814 (16.3%) showed good PDC.
Among the 129,390 participants selected for the hemor-
rhagic stroke study, 2541 (2.0%) had hemorrhagic stroke,
Table 1 General characteristics of the study population.

Variables Ischemic stroke

Yes No

Total 9808 (7.7) 118,244 (92.3)

Proportion of days covered 0.0252
Poor (�60%) 6432 (7.6) 78,346 (92.4)
Moderate (60e80%) 1817 (8.1) 20,643 (91.9)
Good (�80%) 1559 (7.5) 19,255 (92.5)

Sex 0.0528
Male 3949 (7.5) 48,793 (92.5)
Female 5859 (7.8) 69,451 (92.2)

Age (years) <0.0001
40e49 966 (3.1) 30,673 (96.9)
50e59 2294 (5.2) 41,906 (94.8)
60e69 3905 (10.6) 32,985 (89.4)
�70 2643 (17.2) 12,680 (82.8)

Health insurance <0.0001
Insurance (corporate) 3793 (6.7) 52,497 (93.3)
Insurance (regional) 6015 (8.4) 65,747 (91.6)

Income 0.0278
Low 1366 (8.2) 15,348 (91.8)
Middle 3740 (7.6) 45,544 (92.4)
High 4702 (7.6) 57,352 (92.4)

Region <0.0001
Metropolitan 4462 (7.7) 53,728 (92.3)
City 2265 (6.7) 31,423 (93.3)
Rural 3081 (8.5) 33,093 (91.5)

Disability <0.0001
Yes 730 (11.2) 5768 (88.8)
No 9078 (7.5) 112,476 (92.5)

Charlson comorbidity index <0.0001
0e1 8564 (7.5) 105,809 (92.5)
2e3 1099 (9.1) 10,972 (90.9)
�4 145 (9.0) 1463 (91.0)

Diabetes 0.0005
Yes 1373 (8.3) 15,102 (91.7)
No 8435 (7.6) 103,142 (92.4)

Usual provider continuity <0.0001
Poor (<75%) 7500 (7.9) 87,588 (92.1)
Good (�75%) 2308 (7.0) 30,656 (93.0)
85,656 (66.1%) showed poor PDC, and 21,030 (16.3%)
showed good PDC. The associations between statin
adherence, calculated in terms of the PDC, and the risks of
ischemic and hemorrhagic stroke were statistically
significant.

Table 2 shows the association between statin adherence
and the risk of stroke, divided into the ischemic stroke and
hemorrhagic stroke groups, after controlling for all cova-
riates. Individuals who exhibited poor PDC had higher
risks of ischemic and hemorrhagic stroke than those with
good PDC (ischemic stroke: poor PDC, hazard ratio
[HR] Z 1.09, 95% confidence interval [CI] Z 1.03e1.15;
moderate PDC, HR Z 1.09, 95% CI Z 1.02e1.16; hemor-
rhagic stroke: poor PDC, HR Z 1.37, 95% CI Z 1.22e1.54;
moderate PDC, HR Z 1.30, 95% CIZ 1.13e1.50). Those who
had disabilities were more prone to stroke than those
without disabilities (ischemic stroke: HR Z 1.07, 95%
CI Z 1.01e1.14; hemorrhagic stroke: HR Z 1.16, 95%
CI Z 1.04e1.30). Moreover, those with poor COC had a
higher risk of ischemic stroke than those with good COC
(HR Z 1.15, 95% CI Z 1.09e1.20).
P-value Hemorrhagic stroke P-value

Yes No

2541 (2.0) 126,849 (98.0)

<0.0001
1747 (2.0) 83,909 (98.0)
462 (2.0) 22,242 (98.0)
332 (1.6) 20,698 (98.4)

0.0114
985 (1.8) 52,339 (98.2)
1556 (2.0) 74,510 (98.0)

<0.0001
455 (1.4) 31,288 (98.6)
659 (1.5) 43,740 (98.5)
802 (2.1) 36,536 (97.9)
625 (3.9) 15,285 (96.1)

0.0056
1047 (1.8) 55,765 (98.2)
1494 (2.1) 71,084 (97.9)

0.8881
329 (1.9) 16,624 (98.1)
988 (2.0) 48,730 (98.0)
1224 (2.0) 61,495 (98.0)

0.0463
1094 (1.9) 57,701 (98.1)
704 (2.1) 33,249 (97.9)
743 (2.0) 35,899 (98.0)

<0.0001
275 (4.1) 6479 (95.9)
2266 (1.8) 120,370 (98.2)

0.1797
2245 (1.9) 113,201 (98.1)
267 (2.2) 12,017 (97.8)
29 (1.7) 1631 (98.3)

0.0091
370 (2.2) 16,254 (97.8)
2171 (1.9) 110,595 (98.1)

0.3118
1864 (1.9) 94,177 (98.1)
677 (2.0) 32,672 (98.0)



Table 2 Association between statin adherence and the risk of
stroke, divided into ischemic stroke and hemorrhagic stroke.

Variables Ischemic stroke Hemorrhagic stroke

HR 95% CI HR 95% CI

Proportion of days covered
Poor (�60%) 1.09 (1.03e1.15) 1.37 (1.22e1.54)
Moderate (60e80%) 1.09 (1.02e1.16) 1.30 (1.13e1.50)
Good (�80%) 1.00 1.00

Sex
Male 1.20 (1.14e1.25) 0.93 (0.84e1.02)
Female 1.00 1.00

Age (years)
40e49 1.00 1.00
50e59 1.79 (1.66e1.93) 1.05 (0.93e1.18)
60e69 3.77 (3.51e4.06) 1.53 (1.36e1.73)
�70 6.53 (6.05e7.04) 2.83 (2.50e3.22)

Health insurance
Insurance (corporate) 1.00 1.00
Insurance (regional) 0.98 (0.94e1.03) 0.90 (0.82e0.99)

Income
Low 1.00 1.00
Middle 1.07 (1.00e1.14) 1.15 (1.01e1.30)
High 0.99 (0.93e1.06) 1.08 (0.95e1.23)

Region
Metropolitan 1.00 1.00
City 0.90 (0.85e0.95) 1.14 (1.04e1.25)
Rural 1.07 (1.02e1.12) 1.05 (0.96e1.16)

Disability
Yes 1.33 (1.23e1.43) 2.09 (1.84e2.37)
No 1.00 1.00

Charlson comorbidity index
0e1 1.00 1.00
2e3 1.21 (1.13e1.29) 1.06 (0.93e1.21)
�4 1.22 (1.03e1.43) 0.86 (0.60e1.24)

Diabetes
Yes 1.07 (1.01e1.14) 1.16 (1.04e1.30)
No 1.00 1.00

Usual provider continuity
Poor (<75%) 1.15 (1.09e1.20) 0.97 (0.89e1.06)
Good (�75%) 1.00 1.00

CI, confidence interval; HR, hazard ratio.
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Table 3 shows the results of subgroup analyses showing
the associations between statin adherence and ischemic
stroke risk, focusing on sex, income, region, disability, and
COC. Among individualswho lived in rural areas, thosewith
moderate or poor PDC had a higher risk of ischemic stroke
than those with good PDC (poor PDC: HR Z 1.27, 95%
CI Z 1.15e1.41; moderate PDC: HR Z 1.41, 95%
CIZ 1.25e1.59). Womenwho had poor PDC were at higher
risk of ischemic stroke than thosewith good PDC (HRZ 1.17,
95% CI Z 1.09e1.26). Moreover, among individuals with
disabilities, those with poor PDC had a higher risk of
ischemic stroke than those with good PDC (HRZ 1.55, 95%
CI Z 1.24e1.93). Among individuals with poor COC, those
whohadpoor ormoderate PDChad a higher risk of ischemic
stroke (poor PDC: HRZ 1.11, 95% CIZ 1.04e1.18; moderate
PDC: HR Z 1.11, 95% CI Z 1.02e1.20).

Table 4 shows the results of subgroup analyses between
statin adherence and hemorrhagic stroke risk, focusing on
sex, income, region, disability, and COC. Menwho had poor
PDC had a higher risk of hemorrhagic stroke than those
with good PDC (HR Z 1.55, 95% CI Z 1.27e1.90). Among
individuals who lived in rural areas, those with moderate
or poor PDC had a higher risk of hemorrhagic stroke than
those with good PDC (poor PDC: HR Z 1.53, 95% CI Z
1.22e1.93; moderate PDC: HR Z 2.11, 95% CIZ 1.63e2.73).
Considering individuals with poor COC, those who
exhibited poor or moderate PDC had a higher risk of
hemorrhagic stroke (poor PDC: HR Z 1.29, 95% CI Z
1.13e1.48; moderate PDC: HR Z 1.23, 95% CI Z 1.05e1.46).
4. Discussion

The burden of stroke increases the rates of mortality and
morbidity, which could affect the lives of survivors and
their family members. Therefore, it is necessary to prevent
the incidence of stroke. This study examined the associa-
tion between statin adherence and ischemic and hemor-
rhagic stroke risks among adults with hyperlipidemia in
South Korea. Our findings indicate that a significant asso-
ciation exists between poor statin adherence and ischemic
and hemorrhagic stroke risks.

Based on our results, patients with poor PDC had higher
risk of ischemic and hemorrhagic stroke than those with
good PDC. Poor adherence could limit the efficacy of statin
therapy, whereas good adherence could maintain the
neuroprotective effects [14]. Evidence suggests that good
adherence to statin therapy was associated with 23% lower
incidence of ischemic stroke compared to poor adherence
among those with diabetes [12]. Similarly, statin adher-
ence was strongly associated with reduced rates of recur-
rent ischemic stroke among those with atrial fibrillation
[18]. These findings highlight the importance of adherence
to statin therapy to better prevent stroke.

Our findings showed that among persons residing in
rural areas, those who had poor PDC were at higher risk of
ischemic and hemorrhagic stroke than those with good
PDC. Further, those who had moderate PDC also exhibited
higher risks of both stroke types. This could be because
patients with poor PDC might have included those who
were not seriously ill, because we could not adjust for the
severity of hyperlipidemia. In rural areas in South Korea,
relatively poor access to medical facilities and insufficient
health care cause gaps in available medical treatment,
which consequently lead to a greater disparity in health
outcomes [19]. As stroke patients require rapid care, rapid
transportation to hospital is essential [20]. Therefore,
regional deprivation is associated with an increased inci-
dence and treatment of stroke [21].

This study indicated that among patients with disabil-
ities, those who had poor or moderate PDC were at higher
risk of ischemic and hemorrhagic stroke than those with
good PDC. Although the life expectancy of persons with
disability has increased, they have greater health care
needs than the general population [22]. However, persons
with disabilities usually have trouble accessing health care
services on time [23]. This problem is aggravated for those
with disabilities residing in rural areas and may result in
physical, economic, and healthcare delivery-related bar-
riers [24]. Rural areas are less densely populated and are



Table 3 Subgroup analysis of the associations between the risk of ischemic stroke and covariates according to statin adherence.

Proportion of days covered

Good (�80%) Moderate (60e80%) Poor (�60%)

Adjusted HR Adjusted HR 95% CI Adjusted HR 95% CI

LowereUpper LowereUpper

Sex
Male 1.00 1.04 (0.94e1.16) 1.00 (0.92e1.09)
Female 1.00 1.12 (1.03e1.23) 1.17 (1.09e1.26)

Income
Low 1.00 1.10 (0.93e1.31) 0.92 (0.79e1.06)
Middle 1.00 1.08 (0.97e1.20) 1.01 (0.93e1.11)
High 1.00 1.10 (1.00e1.22) 1.22 (1.13e1.33)

Region
Metropolitan 1.00 0.91 (0.83e1.01) 0.95 (0.88e1.03)
City 1.00 1.11 (0.96e1.28) 1.17 (1.04e1.32)
Rural 1.00 1.41 (1.25e1.59) 1.27 (1.15e1.41)

Disability
Yes 1.00 1.01 (0.76e1.33) 1.55 (1.24e1.93)
No 1.00 1.10 (1.03e1.18) 1.07 (1.01e1.13)

Usual provider continuity
Poor (<75%) 1.00 1.11 (1.02e1.20) 1.11 (1.04e1.18)
Good (�75%) 1.00 1.04 (0.91e1.19) 1.05 (0.95e1.17)

CI, confidence interval; HR, hazard ratio.
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subject to more demographic and socioeconomic vulner-
abilities than cities [19]. Therefore, people in rural areas
may face more difficulties regarding the achievement of
COC or adherence to medication.

Efficient investment of health care expenses on COC is
beneficial; thus, COC could prevent sudden worsening of
the medical condition among chronic disease patients
[25,26]. COC is not only a key factor in delivering good
health care but also an attribute commonly emphasized in
various definitions of primary care [25]. Likewise, previous
studies have shown that COC could reduce the risk of other
Table 4 Subgroup analysis of the associations between the risk of hemor

Proportion of days covered

Good (�80%) Moderate (60e80%)

Adjusted HR Adjusted HR

Sex
Male 1.00 1.51
Female 1.00 1.20

Income
Low 1.00 0.80
Middle 1.00 1.04
High 1.00 1.73

Region
Metropolitan 1.00 0.77
City 1.00 1.69
Rural 1.00 2.11

Disability
Yes 1.00 2.47
No 1.00 1.18

Usual provider continuity
Poor (<75%) 1.00 1.23
Good (�75%) 1.00 1.40

CI, confidence interval; HR, hazard ratio.
complications, improve preventive care, increase patient
satisfaction, and decrease the requirement for emergency
services and associated costs [27e29]. However, we found
that regardless of COC, those who had poor PDC were at
higher risk of ischemic and hemorrhagic stroke than those
with good PDC. We calculated COC using the UPC index;
therefore, we could only deduce whether the patients
visited their regular physicians. Although it is important to
continue visiting the same medical institution, it is also
essential that treatment is available. Moreover, adherent
patients may be healthier or exhibit better health-seeking
rhagic stroke and covariates according to statin adherence.

Poor (�60%)

95% CI Adjusted HR 95% CI

LowereUpper LowereUpper

(1.19e1.92) 1.55 (1.27e1.90)
(1.01e1.43) 1.27 (1.10e1.47)

(0.52e1.22) 1.39 (1.01e1.91)
(0.82e1.31) 1.38 (1.15e1.66)
(1.42e2.10) 1.36 (1.14e1.62)

(0.62e0.96) 1.11 (0.94e1.30)
(1.27e2.25) 1.75 (1.37e2.24)
(1.63e2.73) 1.53 (1.22e1.93)

(1.61e3.80) 1.43 (0.96e2.14)
(1.01e1.37) 1.35 (1.20e1.53)

(1.05e1.46) 1.29 (1.13e1.48)
(1.07e1.82) 1.58 (1.26e1.99)
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behavior and therefore have better outcomes, regardless of
the effect of statins [12].

This study has several limitations. First, additional fac-
tors that could affect the risk of stroke, such as smoking
status and frequency of alcohol intake, were not included
because we relied on claims data that were collected to
make payments to patients and providers based on med-
ical utilization. Therefore, these factors were not included.
Second, only patients with hyperlipidemia were included
in this study to analyze the effects of statin adherence
because statins are used as first-line therapy to reduce
LDL-C levels in such patients [9]. Therefore, further
research including other CVDs is required. Third, we could
not adjust for the severity of stroke because of the lack of
data. Fourth, it was difficult to identify the regular physi-
cians of patients because there are no such designated
doctors in South Korea, although we considered regular
physicians as those whom the patients visited most
frequently during the defined time period, similar to that
in another study [16].

Despite these limitations, this study proved beneficial
because we used national sample cohort data to assess
the association between statin adherence and the risk of
ischemic and hemorrhagic stroke. Considering that these
data probably represent the entire South Korean popu-
lation, the study findings could aid in improving statin
adherence among persons with hyperlipidemia. More-
over, 10 years of data were studied; hence, our results
may represent the long-term association between statin
adherence and the risk of stroke. Additionally, we studied
the risks associated with both ischemic stroke and
hemorrhagic stroke, which provided more detailed
information.

In conclusion, we identified a significant association
between statin adherence and the risk of ischemic and
hemorrhagic stroke among adults with hyperlipidemia in
South Korea. Our findings suggest that compared with
good PDC, poor PDC increases the risk of ischemic and
hemorrhagic stroke. Therefore, statin adherence is
important to prevent stroke and premature death. Future
interventions to reduce the risk of stroke among patients
with hyperlipidemia, along with encouragement to adhere
to statin-medication protocols according to the doctor’s
prescription, are necessary.
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