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Background/Aims: We evaluated the contemporary use of lipid-lowering therapy
(LLT) in Korean patients with atherosclerotic cardiovascular disease (ASCVD),
and identified factors associated with statin non-prescription.

Methods: Using the Korean Health Insurance Review and Assessment data, we
identified LLT-naive subjects newly diagnosed with ASCVD between 2011 and
2012, and followed up until 2015. LLT-naive status was defined as no LLT pre-
scription for 1 year before ASCVD diagnosis. ASCVD was defined as first hospi-
talization or emergency room visit for coronary artery disease (CAD), acute cere-
brovascular disease (CVD), or peripheral artery disease (PAD). Statin intensity was
defined per the 2013 American College of Cardiology/American Heart Association
guideline for cholesterol treatment.

Results: The study enrolled 80,884 subjects newly diagnosed with ASCVD, of
whom only 48,725 (60.2%) received LLT during the follow-up period. Statin,
combination of statin and non-statin, and non-statin LLT were administered
in 50.5%, 9.7%, and 0.1% of all subjects, respectively. Statins were prescribed to
80.4% of CAD patients but only to 50.2% and 46.8% of CVD and PAD patients.
Statin-based LLT usually had moderate- (77.2%) or high-intensity (18.5%). Subjects
not prescribed statins were younger or older (< 40 or = 7o years), more commonly
female, and more likely to have comorbidities. Statins were prescribed at the time
of ASCVD diagnosis in 45.5% of all subjects, and in 53.0% within go days of diag-
nosis.

Conclusions: Only 60% of LLT-naive Korean patients newly diagnosed with AS-
CVD received statins. Statins were often prescribed in subjects with CAD but less
commonly in those with CVD or PAD. Moderate-intensity statins were most fre-
quently used.

Keywords: Cardiovascular disease; Secondary prevention; Hyperlipidemia;
Statins; Korea

INTRODUCTION

Atherosclerotic cardiovascular disease (ASCVD) remains
one of the leading causes of death worldwide [1]. In

Copyright © 2020 The Korean Association of Internal Medicine
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/
by-nc/4.0/) which permits unrestricted noncommercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

Korea, the rates of morbidity and mortality related to
ASCVD have been increasing rapidly [2,3]. As the rela-
tionship between low-density lipoprotein cholesterol
(LDL-C) and ASCVD risk is well established, lowering
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the levels of LDL-C is considered an effective strategy
for reducing ASCVD risk [4-6].

Suitable guidelines for dyslipidemia management
have been established in the United States and in Eu-
rope, and are regularly being updated based on the re-
sults of clinical studies [4-8]. However, it might be dif-
ficult to apply these guidelines to clinical practice in
Korea because there are racial differences in ASCVD risk
and mortality, and government-issued insurance guide-
lines may differ in each country [1,2].

The use of lipid-lowering therapy (LLT) and the fac-
tors associated with the physicians’ decision to pre-
scribe LLT in Korean patients with ASCVD remain un-
clear. In this study, we aimed to provide an overview of
the current use of LLT, mainly with statins, for second-
ary prevention in Korean patients with ASCVD. We also
evaluated the factors associated with clinical inertia in
this segment of the population. We employed Korean
National Health Insurance (NHI) claims data recorded
between 2010 and 2015.

METHODS

Data source

The Korean NHI service, which is a mandatory uni-
versal health insurance program in Korea, covers the
claims of 97.0% of the Korean population, whereas the
medical aid program covers those of the remaining 3%.
The Health Insurance Review and Assessment (HIRA)
service, which evaluates NHI claims, maintains a data-
base with information on almost all insurance claims
pertaining to the Korean population (approximately 50
million) [9].

The data included in this study were provided by the
HIRA service after de-identification. Such data included
age, sex, diagnosis, date of hospital visits, drug prescrip-
tions received during inpatient and outpatient visits,
hospital admissions, medical procedures, and emergen-
cy department visits. Diagnoses were coded according to
the International Classification of Disease, 10th revision
(ICD-10). We used data recorded between 1 August 2010
and 31 July 2015.

Definition of ASCVD
We identified all subjects with the first medical claims
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for acute coronary artery disease (CAD), acute cerebro-
vascular disease (CVD), or peripheral artery disease
(PAD) in cohort selection period between 1 August, 2011
and 31 July, 2012. To improve the diagnostic accuracy
and avoid overestimation due to inclusion of patients
with previous ASCVD, we defined newly diagnosed AS-
CVD as an ICD-10 code corresponding to a CAD, CVD,
or PAD diagnosis established following an emergency
room visit or during hospitalization; the codes of rele-
vant procedures including surgery were also used (Sup-
plementary Table 1).

Specifically, CAD and CVD patients were identified
based on medical claims mentioning acute myocardial
infarction (AMI) or cerebral infarction, respectively, as
the principal diagnosis or as the first additional diag-
nosis in patients with a different principal diagnosis.
Alternatively, CAD and CVD patients were identified
based on medical claims mentioning any percutaneous
intervention or surgery associated with the correspond-
ing disease; such procedures were identified using the
HIRA Healthcare Common Procedure Coding System
[10]. Since previous studies showed that the current di-
agnostic coding system is less sensitive and less specif-
ic for PAD-related illness than for CAD or CVD [11], we
identified PAD patients based on claims mentioning
any percutaneous intervention or surgery associated
with a PAD diagnosis. Patients who required amputa-
tion of lower extremities were identified based on med-
ical claims mentioning an associated procedure code.
If a patient was diagnosed with more than one type of
ASCVD on the same day during the cohort selection
period, the priority for ASCVD categorization was CAD,
followed by CVD, and then PAD [12)].

Study period and population

Subjects diagnosed with ASCVD between 1 August, 2011
and 31 July, 2012 were included in this cohort, with the
index date (i.e., date of diagnosis) corresponding to the
cohort entry date (Fig. 1A). The cohort was followed up
until 31 July, 2015, so that each subject was followed
up for at least 3 years and up to 4 years. We excluded
subjects with preexisting ASCVD by eliminating all
cases with inpatient, outpatient, or emergency room
claims for ASCVD (CAD, CVD, or PAD) during 1 year
preceding the cohort entry date (pre-index period). To
evaluate the pattern of LLT initiation after ASCVD di-
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Figure 1. Overview of the study. (A) Schematic description
of the study period. (B) Patient enrollment flowchart for the
study cohort. The red arrows represent the index dates in
each case. ASCVD, atherosclerotic cardiovascular disease;
CAD, coronary artery disease; CVD, cerebrovascular disease;
PAD, peripheral artery disease.

agnosis, we also excluded subjects with an LLT-related
claim during the pre-index period. Therefore, the sub-
jects included in this study were ASCVD-free for at least
1year before the index date and were regarded as having
newly diagnosed, LLT-naive ASCVD. Furthermore, we
only included adult subjects aged 20 to 89 years. Finally,
we excluded subjects with unclear diagnosis of comor-
bidities (i.e., not in accordance with the definitions list-
ed in Supplementary Table 2). Therefore, 80,884 subjects
were enrolled in this study (Fig. 1B).
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Comorbidities

We identified the presence of comorbidities based on
claims mentioning concurrent diagnoses during 1 year
before cohort entry. The presence of hypertension was
identified based on a combination of relevant diagnostic
codes and the use of at least one anti-hypertensive drug.
The presence of diabetes mellitus was identified based
on at least two relevant diagnostic codes or at least one
claim per year for prescription of anti-diabetic medica-
tion under diabetes diagnostic codes. The presence of
heart failure, atrial fibrillation, or severe chronic kidney
disease (CKD) was identified based on the correspond-
ing ICD-10 codes (Supplementary Table 2). This ap-
proach to defining comorbidities has been validated in
previous studies based on the Korean NHI cohort [10,13].

Exposure to lipid-lowering agents

Drug exposure was assessed based on prescriptions
claimed during the follow-up period from the index
date. Statin use was defined in subjects who had at least
one prescription for commercially available statins (ro-
suvastatin, pravastatin, atorvastatin, lovastatin, simvas-
tatin, pitavastatin, or fluvastatin) between the index date
and the end of the observation period (31 July, 2015). The
intensity of statin therapy was classified according to the
daily dose of lipid-lowering agents (LLAs), established
per the cholesterol lowering guidelines issued by the
American College of Cardiology (ACC) and American
Heart Association (AHA): (1) high-intensity statin ther-
apy with atorvastatin 4o to 8o mg or rosuvastatin 20 to
40 mg; (2) moderate-intensity statin therapy with ator-
vastatin 10 to 20 mg, rosuvastatin 5 to 10 mg, simvastatin
20 to 40 mg, pravastatin 40 to 8o mg, lovastatin 40 mg,
fluvastatin XL 8o mg, fluvastatin 40 mg twice a day, or
pitavastatin 2 to 4 mg; (3) low-intensity statin therapy
with simvastatin 10 mg, pravastatin 10 to 20 mg, lovas-
tatin 20 mg, fluvastatin 20 to 40 mg, or pitavastatin 1 mg
[6]. If a patient was prescribed more than one statin, our
analysis included data from the prescription involving
the highest intensity and dose. Subjects who did not
have a record of statin prescription at any time during
the observation period were defined as statin non-us-
ers. Subjects who did not receive a statin prescription
but did receive a prescription for LLT with a non-statin
LLA (ezetimibe, fibrate, omega-3, niacin, and bile acid
sequestrant) were defined as non-statin LLA users.
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Statistical analyses

Categorical variables are presented as frequencies and
percentages, while continuous variables are presented
as means * standard deviations. We compared cate-
gorical variables using chi-square tests and continuous
variables using the Student ¢ test or analysis of variance,
depending on the number of groups assessed. SAS En-
terprise Guide version 6.1 (SAS Institute Inc., Cary, NC,
USA) was used to perform all statistical analyses. The
significance level was set at p < 0.05.

To evaluate the factors associated with statin non-use,
univariate and multivariate binary logistic regression
analyses were performed. Age group, sex, ASCVD type
(CAD, CVD, and PAD), and comorbidities (hypertension,
hyperlipidemia, heart failure, atrial fibrillation, CKD,
and diabetes), which were significantly associated with
statin non-use on univariate analysis (p < 0.1), were in-
cluded in the multivariate logistic model. Odds ratios
with 95% confidence intervals were calculated as risk
estimates.

Ethics statement

The Institutional Review Board of the Seoul National
University Hospital (IRB No: 1511-060-719) approved the
study protocol. The board waived the need for obtain-
ing informed consent from the study population. The
study conformed to the principles of the Declaration of
Helsinki.

RESULTS

Baseline characteristics

This study enrolled 80,884 subjects with newly diag-
nosed ASCVD and with no history of LLT during the
year before the index date (Table 1). Overall, 59.3% of
subjects were male and the age was 66.7 + 13.2 years.
Newly diagnosed ASCVDs included CAD (n = 26,727,
33.0%), CVD (n = 52,645, 65.1%), and PAD (n = 1,512, 1.9%).
A few subjects (n = 434, 0.54%) were diagnosed with more
than one type of ASCVD on the same day. Among the
subjects enrolled, 41,833 (51.7%) had hypertension and
32,014 (39.6%) had diabetes.

Lipid lowering therapy status
Among the 80,884 subjects newly diagnosed with ASC-
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VD between 2011 and 2012, 48,725 (60.2%) received LLT
during the follow-up period (no later than 31 July, 2015),
with most being prescribed statins. The subjects were
classified according to the LLA prescribed: (1) statin-only
LLT; (2) combination LLT (statin and non-statin LLAs);
(3) non-statin LLT (non-statin LLAs only); (4) no LLT.
Thus, statin users were defined as subjects who received
statin-only or combination LLT, whereas statin non-us-
ers were defined as subjects who received non-statin
LLT or no LLT at all. The proportion of subjects who
received statin-only, combination, and non-statin LLT,
was 50.5%, 9.7%, and 0.1%, respectively, whereas 39.8%
of subjects did not receive LLT at all during the obser-
vation period after ASCVD diagnosis. Thus, the study
population consisted of 60.1% statin users and 39.9%
statin non-users. Among the subjects receiving LLAs,
statins were used in 99.8% of cases. Among statin users
(n = 48,639), 83.9% (n = 40,825) received statins only and
16.1% (n =7,814) received combined LLT with statins and
non-statin LLAs.

The use of LLT according to age, sex, underlying AS-
CVD, and comorbidities at baseline is illustrated in Fig.
2A and summarized in Tables 1-3. The proportion of
statin users increased continuously across age groups,
from 28.9% among subjects in their 20s to 70.9% among
subjects in their 50s, but decreased gradually from 67.7%
among subjects in their 6os to 41.3% among subjects in
their 8os (p < o.001). Statin-based LLT was most com-
monly prescribed among subjects aged 40 to 69 years.
LLT use was less common among women, with approx-
imately 46% of women and 35.9% of men receiving no
statin therapy throughout the study period (p < 0.001).

The pattern of LLT use differed also according to the
type of ASCVD (p < 0.001). Specifically, statins were pre-
scribed in 80.4% of CAD patients, which was higher than
the average use of statins in the overall study population
(approximately 60%), as well as higher than the use of
statins among CVD and PAD patients (only 50.2% and
46.8%, respectively) (Table 3 and Fig. 2A).

Status of the use of statin-based LLT

Most statin users received atorvastatin (65.4%), followed
by rosuvastatin (22.3%), simvastatin (8.8%), pitavastatin
(4.0%), and pravastatin (3.8%). The prescriptions typi-
cally involved moderate-intensity statin therapy (77.2%),
followed by high-intensity (18.5%) and low-intensity
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Figure 2. Use of lipid-lowering therapy in Korean patients. (A) Use of lipid-lowering therapy for secondary prevention in pa-
tients with atherosclerotic cardiovascular disease (ASCVD). (B) Intensity of statin therapy according to the type of ASCVD. (C)
Pattern of combination therapy according to underlying ASCVD and DM prevalence. CAD, coronary artery disease; CVD, cere-
brovascular disease; PAD, peripheral artery disease; DM, diabetes mellitus; LLA lipid-lowering agent. *Use of a lipid-lowering

agent other than statins and ezetimibe.

(4.2%) statin therapy.

A similar pattern of statin therapy prescription was
observed in patients with CAD, CVD, and PAD. Howev-
er, rosuvastatin was more frequently prescribed in CAD
patients (31.8%) than in CVD and PAD patients (14.7%
and 19.4%, respectively; p < 0.001), whereas atorvastatin
was more frequently prescribed in CVD patients (69.9%)
than in CAD and PAD patients (60.0% and 60.3%, re-
spectively; p < o.001). High-intensity statin therapy was
less frequently prescribed in PAD patients (8.5%) than in
CAD and CVD patients (19.3% and 18.2%, respectively; p
< o0.001) (Fig. 2B).

Status of the use of combination LLT with statins
and non-statin LLAs

Among the subjects prescribed combination LLT (9.7%
of the total study population, n = 7,814), the non-statin
LLA most frequently prescribed in combination with
statins was ezetimibe (59.8%, n = 4,449; 9.1% of all sta-
tin users), followed by omega-3 fatty acids, fibrate, and

598  www.kjim.org

niacin (27.3%, 23.9%, and 2.7%, respectively; n = 3,498;
7.2% of all statin users). The fibrate most frequently pre-
scribed in combination with statins was fenofibrate
(95.8%), followed by bezafibrate (3.9%). The patients
who received combination LLT were younger and had a
higher incidence of CAD than of CVD or PAD. Addition-
ally, combination LLT was more frequently prescribed
in subjects with diabetes (10.2% vs. 9.3% among non-di-
abetic subjects; p < o0.001). Fibrates were more frequent-
ly prescribed in diabetic subjects (28.4% vs. 20.7%, p <
0.0001), while ezetimibe was more frequently prescribed
in non-diabetic subjects (62.1% vs. 56.5%, p < 0.0001) (Ta-
ble 3 and Fig.2C).

Factors associated with the decision to not pre-
scribe statins

Compared to statin users (i.e., subjects prescribed sta-
tin-only or combined LLT), statin non-users (i.e., sub-
jects prescribed non-statin LLT or no LLT) were older,
more likely to be female, less likely to have diabetes, and

https://doi.org/10.3904/kjim.2018.312
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Table 2. Univariate and multivariate logistic regression analysis of factors associated with statin non-prescription
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Variable Statin user  Statin nonuser Univariate el Multivariate® el
(n=48639)  (n=32,245) OR (95% CI) OR (95% CI)

ASCVD < 0.0001 < 0.0001
CAD 21,488 (44-2) 5,239 (16.2) 1 (reference) 1 (reference)
CVD or PAD 27,151 (55.8) 27,006 (83.7) 4.08 (3.94—4.22) 3.89 (3.75-4.03)

Age group, yr < 0.0001 < 0.0001
20-39 1,135 (2.3) 1,152 (3.6) 2.26 (2.07-2.45) 237 (2.16-2.59)
40-69 27,255 (56.0) 12,266 (38.0) 1 (reference) 1 (reference)
=70 20,249 (41.6) 18,827 (58.4) 2.07 (2.01-2.13) 178 (1.72-1.84)

Sex < 0.0001 < 0.0001
Male 30,753 (63.2) 17,217 (53.4) 1 (reference) 1 (reference)
Female 17,886 (36.8) 15,028 (46.6) 150 (1.46-1.54) 116 (1.12-1.19)

Comorbidities
Chronic kidney 1,006 (2.1) 889 (2.8) 134 (1.23-1.47) <0.0001 1.81 (1.64-2.01) <0.0001
disease (= severe)
Heart failure 2,282 (4.7) 2,187 (6.8) 1.48 (1.39-1.57) < 0.0001 1.46 (136-1.56)  <o0.0001
Atrial fibrillation 1,601 (3.5) 1,655 (5.1) 150 (1.4-1.61) < 0.0001 119 (1.1-1.29) < 0.0001
Hyperlipidemia 9,172 (18.9) 5,345 (16.6) 0.86 (0.82-0.89)  <o0.0001 0.96 (0.92-1.00) 0.0538
Hypertension 25,037 (51.5) 16,796 (52.1) 1.02 (1-1.05) 0.0874 0.93 (0.90-0.96) <0.0001
Diabetes 20,161 (41.5) 11,853 (36.8) 0.82 (0.8-0.85) <0.0001 0.78 (0.75-0.80) <o0.0001

Values are presented as number (%).

OR, odds ratio; CI, confidence interval; ASCVD, atherosclerotic cardiovascular disease; CAD, coronary artery disease; CVD,

cerebrovascular disease; PAD, peripheral artery disease.

*After adjusting age group, gender, enrolled disease, and comorbidities including hypertension, hyperlipidemia, heart failure,

atrial fibrillation, chronic kidney disease, and diabetes.

more likely to have heart failure, atrial fibrillation, or se-
vere CKD (Table 1). On multivariate logistic regression
analysis, factors associated with statin non-use included
age (= 70 or < 40 years), female sex, underlying CVD or
PAD, and comorbidities of heart failure, atrial fibrilla-
tion, and severe CKD. On the other hand, underlying
CAD, hypertension, hyperlipidemia, and diabetes were
associated with statin use (Table 2 and Fig. 3).

Time interval from ASCVD diagnosis to LLT

Among all subjects newly diagnosed with ASCVD (n =
80,884), 45.5% were prescribed statins at the time of AS-
CVD diagnosis, and 53.0% within go days of diagnosis.
In patients started on statins after the index date, the
median time interval from ASCVD diagnosis to the first
statin prescription was 78 days (interquartile range, 15
to 500).

https://doi.org/10.3904/kjim.2018.312

DISCUSSION

Overview of findings

In this nationwide database study, we found that only
60% of LLT-naive Koreans newly diagnosed with AS-
CVD were prescribed statin therapy. The use of mod-
erate-intensity statins was favored, even for secondary
prevention. We also found that adults aged < 40 or = 70
years, women, and individuals diagnosed with CVD or
PAD rather than CAD were less likely to receive LLT for
newly diagnosed ASCVD.

Changing cholesterol management guidelines for
secondary prevention

Persons with established ASCVD are at very high risk for
recurrent ASCVD. Secondary prevention trials indicate
that statin therapy reduces the risk of recurrent cardio-
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in effect, most patients with ASCVD should be started
on statins as early as possible [2,4-8]. However, it might
be difficult to apply these guidelines to actual clinical
practice in Korea because there are racial differences in
risk factors and mortality associated with ASCVD, and
because government-issued reimbursement guidelines
may differ [1,2]. During the study period, both the prac-
titioners and the national insurance programs in Korea
may have been in a transition period. In 2014, the crite-
ria of insurance coverage of LLT were revised to refer to
CAD and CAD equivalent diseases with LDL-C levels =
100 mg/dL, as well as to acute coronary syndrome with
LDL-C levels = 70 mg/dL. Despite these important up-
dates to the guidelines and the growing evidence that
statins consistently improve outcomes for the secondary
prevention of ASCVD, our results indicated that statins
continue to be underused, as seems to be the case world-
wide [16,17]. A recent study in Korean patients reported
that recommended statins are still prescribed at sub-
optimal rates upon discharge following MI, though the
rate of statin use in this population increased gradually,
from 76.9% in 2005 to 82.6% in 2011 [18].

Many studies have confirmed that early and continu-
ous statin therapy during and after hospitalization im-
proves the early outcomes of AMI [19]. We found that,
in this study, only 53.0% of patients received their first
statin prescription within go days after being newly di-
agnosed with ASCVD. Thus, to reduce the treatment
gap, nationwide surveys should be conducted regularly
to monitor the rate of treatment prescription and treat-
ment intensification.

We also found that high-intensity statin therapy in
particular was underused in Korean patients with es-
tablished ASCVD. As documented in the 2013 ACC/AHA
guidelines, as well as in the Pravastatin or Atorvastatin
Evaluation and Infection Therapy-Thrombolysis in
Myocardial Infarction 22 (PROVE IT-TIMI 22) study
[20] and the Treating to New Targets (ITNT) study [21],
high-intensity statin therapy is more efficacious than
moderate-intensity therapy for reducing cardiovascular
end points. As these results are based on studies con-
ducted in Western populations, there is insufficient
clinical evidence to support the suggestion that high-
er-intensity statins confer an important benefit in Ko-
rean patients with ASCVD. In a study based on the Ko-
rea AMI Registry (KAMIR), which is the first nationwide
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retrospective registry for AMI in Korea, high-intensity
therapy did not appear superior to low-to-moderate-in-
tensity therapy for reducing the risk of major adverse
cardiac events after AMI [22]. However, other studies in
Korea support the superiority of higher-intensity sta-
tin therapy to reduce adverse cardiovascular outcomes
in patients with ischemic stroke or drug-eluting stents
[23,24]. Further studies are warranted to clarify the bene-
fits and adverse effects of high-intensity statin adminis-
tration in Asian populations, including Koreans.

Factors associated with statin non-use

We found that women and subjects aged = 70 years were
less likely to be prescribed statins after being newly
diagnosed with ASCVD. The 2001 and 2013 ACC/AHA
guidelines do not set an upper age limit for statin treat-
ment in patients with ASCVD and recommend that sta-
tin treatment may also be considered in older persons
at higher risk [6]. A recent study conducted in the Unit-
ed States reported that, compared to moderate-inten-
sity statins, high-intensity statins provided significant
survival advantage in elderly patients with ASCVD [25].
Furthermore, since elderly patients have the highest
absolute risk of cardiovascular disease, statin therapy is
considered to be more cost-effective in this population.
For these reasons, they recommend that high-intensity
statin therapy should be considered in all ASCVD pa-
tients, irrespective of age.

Prior studies have indicated that, compared to men,
women with cardiovascular disease are less likely to re-
ceive a statin prescription or treatment intensification
for cholesterol control [17,26]. However, cardiovascular
disease continues to be the leading cause of death in
women worldwide [1]. Moreover, pharmacologic therapy
for hyperlipidemia has been shown to be equally effec-
tive for secondary prevention in women and in men, re-
ducing the risk of recurrent cardiac events and ASCVD
mortality [26]. Therefore, to promote optimal treatment
choices for ASCVD, it is necessary to increase physician
and patient awareness of the benefits of LLT in women.
Moreover, large-scale, long-term, adequately-powered
studies are warranted to provide real-world evidence for
the effect of statins in Korean populations of female and
older patients with ASCVD.

We found that statin use was much lower in subjects
with CVD or PAD (approximately 50%) than in those
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with CAD (approximately 80%). The Stroke Prevention
by Aggressive Reduction in Cholesterol Levels (SPARCL)
study showed that, in patients with stroke or transient
ischemic attack, atorvastatin (8o mg/day) reduced the
incidence of stroke and cardiovascular events [27]. How-
ever, SPARCL is the only trial regarding statin use for
secondary prevention in stroke patients. Further large-
scale randomized prospective studies are needed to sup-
port the widespread implementation of statin therapy
in stroke patients.

In the present study, we found that patients with co-
morbidities such as heart failure and severe CKD were
less likely to be prescribed statins. Two large trials, the
Controlled Rosuvastatin Multinational Trial in Heart
Failure (CORONA) and the Gruppo Italiano per lo
Studio della Sopravvivenza nella Insufficienza Cardia-
ca-Heart Failure (the GISSI-HF) trial, failed to confirm
the beneficial effect of statins in heart failure patients
[28,29]. In contrast, the Chronic Heart Failure Registry
and Analysis in the Tohoku District 2 (CHART-2) re-
sults suggested that higher-intensity statin therapy has
a particularly beneficial prognostic impact in heart fail-
ure patients with preserved ejection fraction in ischemic
heart disease, regardless of LDL-C levels [30]. CKD carries
an increased risk of cardiovascular disease [31]. The 2013
Kidney Disease: Improving Global Outcomes (KDIGO)
organization guidelines recommend the use of statins
in all adults = 50 years with stage 1 to 4 CKD or kidney
transplant, but not in those on chronic dialysis [32].

Study limitations and strengths

This was a retrospective observational study based on
claims data from the Korean NHI database. The claims
data did not include patient clinical data (e.g., physical
examination results, laboratory findings) that might
provide information about the severity of ASCVD and
about potential statin contraindications. We did not
evaluate the impact of pill burden on statin non-pre-
scription, because our analysis data set did not include
other drug prescriptions except LLT, anti-hypertensive,
and anti-diabetic medications. In addition, longitudi-
nal clinical information about interruption of LLT was
not reflected in this database. Because this study was
focused on the initiation of LLT after newly diagnosed
ASCVD, subjects who had a record of LLA prescription
at any time during the observation period were defined
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as LLA-users. Therefore, we did not examine LLA ad-
herence and persistence. Moreover, we may have over-
estimated the use of high-intensity statins because all
subjects with a prescription of high-intensity statins at
any time during the observation period were defined as
high-intensity statin users. Additionally, the lack of data
on baseline LDL levels is a major limitation of our study.
The Korean, as well as the European and the Japanese
guidelines recommend treatments with specific LDL-C
targets for secondary prevention of ASCVD [2,7,8,33].
Although the 2013 ACC/AHA guideline recommended
immediate statin therapy regardless of LDL-C levels in
very-high-risk patients with ASCVD [6), it is likely that
low baseline LDL levels may at least partially explain the
high rate of non-prescription of statins. However, since
we did not have data regarding baseline lipid levels, it
was not possible to determine whether the underuse of’
statins was in any way related to the LDL-C targets es-
tablished by various guidelines. Further study is needed
to evaluate whether baseline LDL-C levels, particularly if
low, are associated with non-prescription of statin-based
LLT in patients with ASCVD.

Despite these limitations, the present study provides a
unique perspective into the real-world, nationwide clin-
ical practice regarding LLT provision in Korean patients
with newly detected ASCVD. We focused on analyzing
the patterns of LLA prescription using longitudinal na-
tionwide prescription data collected for at least 3 years
and up to 4 years following ASCVD diagnosis. There-
fore, our findings reflect the real-world clinical practice
in terms of LLT prescription for secondary prevention
in the general Korean population.

To summarize, our present findings indicate that, in
recent years, only 60% of Korean patients with newly
detected ASCVD received statin therapy. Almost 80% of
CAD patients received statins, compared to only approx-
imately 50% of CVD or PAD patients. The factors signifi-
cantly associated with statin non-use were younger or
older age (= 40 or = 70 years), female sex, and underlying
CVD or PAD rather than CAD. These findings, which
were obtained as a result of an extensive investigation
of epidemiologic data from the Korean NHI claims
database, confirm the treatment gap in statin therapy
in Korea and highlight the importance of continuous
monitoring of real-life clinical practice. We hope that
our findings will be considered when planning national
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public health strategies to improve guideline adherence
and ensure that Korean patients with ASCVD receive ap-
propriate statin treatment.

KEY MESSAGE

1. Only 60% of lipid-lowering therapy (LLT)-naive
patients newly diagnosed with atherosclerotic
cardiovascular disease (ASCVD) between 2011
and 2012 in Korea received statins during the
follow-up period until 2015.

2. Statins were prescribed to approximately 80% 5.

of coronary artery disease patients but only to
50% of cerebrovascular disease and peripheral
artery disease patients.

3. In statin-based LLT, statin therapy was admin-

istered with moderate-intensity in approxi- 6.

mately 80% of patients.

4. Subjects not prescribed statins were younger
or older (< 40 or = 70 years), more commonly
female, and more likely to have comorbidities.

5. Among all subjects newly diagnosed with AS-

CVD, 45.5% were prescribed statins at the time 7.

of ASCVD diagnosis, and 53.0% within go days
of diagnosis.
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Supplementary Table 1. The definition of atherosclerotic cardiovascular disease

CAD - AMI: I21- or
- Revascularization: CAD percutaneous procedure or coronary bypass surgery
Diagnosis Myocardial infarction (I21-)
- ST elevation (STEMI) and non-ST elevation (NSTEMI) myocardial infarction I21-
Percutaneous procedure® Percutaneous transluminal coronary angioplasty (M6551, M6552)

Percutaneous transcatheter placement of intracoronary stent (M6561-4)
Percutaneous transluminal coronary atherectomy (M6571-2)
Percutaneous mechanical thrombolysis (M6633)°

Percutaneous thrombolytic treatment, coronary artery (M6634)
Percutaneous intravascular atherectomy (M6620)°

a

Coronary bypass surgery Vascular bypass operation, aorta-coronary (01641, 01642, 01647 , OAG41, OAG42,

OAG47)
CVD - Cerebral infarction: 163- or
- Revascularization: CVD percutaneous procedure or surgery
Diagnosis Cerebral infarction (163-)
Percutaneous procedure® Percutaneous thrombus removal, cerebral (M6631)

Percutaneous transluminal angioplasty, cerebral and carotid (M6593-4)

Percutaneous cerebral angioplasty with drug (M6599)

Percutaneous intravascular installation of metallic stent cerebral and carotid
(M6601-2)

Percutaneous intravascular atherectomy (M6620)°

Percutaneous mechanical thrombolysis (M6633)°

Surgery (transluminal atherectomy)® Transluminal atherectomy, carotid artery (O 0226, O 0227, O 2066)
PAD - PAD diagnosis (I70.2-3, I70.9, I73.1, or I73.8-9) AND
- Percutaneous angioplasty or transluminal atherectomy or open revascularization
or amputation

Diagnosis Atherosclerosis of upper/lower limb (I70.2-3); atherosclerosis, unspecified (I70.9);
thromboangiitis obliterans (I73.1); peripheral vascular disease (I73.8-9)

Percutaneous angioplasty® Percutaneous transluminal angioplasty, others (M6597)
Percutaneous intravascular installation of metallic stent, others (M6605)
Percutaneous intravascular installation of stent-graft, aorta and iliac (M6612)
Percutaneous intravascular installation of stent-graft, others (M6613)
Percutaneous thrombus removal, others (M6632)
Percutaneous intravascular atherectomy (M6620)
Percutaneous mechanical thrombolysis (M6633)

Transluminal atherectomy® Transluminal atherectomy, abdominal or iliac artery (O 2064, O 2067, O 2065, O
2068)
Open revascularization® Vascular bypass operation, artery, others (01643-4, 00161-0Oo0171, 01645—6)

Diagnoses were coded according to the International Classification of Disease, 1oth revision and procedures or surgeries are
used with the Healthcare Common Procedure Coding System codes provided by the Health Insurance Review and Assessment
(HIRA) service.

CAD, coronary artery disease; AMI, acute myocardial infarction; CVD, cerebrovascular disease; PAD, peripheral artery disease.
*Healthcare Common Procedure Coding System codes provided by HIRA.

bProcedure under diagnosis code of (T20-125).

“Procedure under diagnosis code of (163, 165-66, 167.2).
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Supplementary Table 2. Definition of comorbidities

Diagnosis

ICD-10-CM code and definition

Hypertension

Diabetes mellitus

Hyperlipidemia®
Heart failure®
Atrial fibrillation®

Chronic kidney disease (= severe )*

I10-113, I15; and minimum 1 prescription of anti-hypertensive drug (thiazide, loop di-
uretics, aldosterone antagonist, alpha-/beta-blocker, calcium-channel blocker, angio-
tensin-converting enzyme inhibitor, angiotensin II receptor blocker)

= 2 E11-F14: > 1 E11-F14 and minimum 1 prescription of anti-diabetic drugs (sulfony-
lureas, metformin, meglitinides, thiazolidinediones, dipeptidyl peptidase-4 inhibitors,
a-glucosidase inhibitors, meglitinides and insulin)

Diabetes mellitus was defined based on at least two diagnostic codes or at least one
claim per year for the prescription of anti-diabetic medication under diabetes diagnos-
tic codes.

E78

I50

148

N18.4-5, N18.9

ICD-10-CM, International Classification of Disease, 10th revision, Clinical Modification.
All variables except hypertension and diabetes mellitus were defined when patients had one or more diagnoses during hospi-

talization or at outpatient clinic.
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