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Abstract

Background: Atherosclerotic cardiovascular disease (ASCVD) is the leading cause of death in Korea. According to a
report of published by Statistics Korea in 2014, cerebrovascular disease and cardiovascular disease were the major/
leading causes of mortality. However, it is more difficult to identify prevalence and incidence of a disease than the
mortality owing to the lack of national-level statistics. Few studies have examined the prevalence and incidence of
ASCVD and its risk factors since 2012. This study aimed to estimate the prevalence and incidence of ASCVD and its
risk factors in Korea using national claims data.

Methods: We conducted a retrospective analysis using the national claims data of the Health Insurance Review
and Assessment Service. Patients aged ≥18 years with ASCVD (defined as myocardial infarction, angina, coronary
revascularization, peripheral artery disease, ischemic stroke, and transient ischemic attack) were identified between
January 1, 2014 and December 31, 2015. Patients at high risk for ASCVD (defined as hypertension, diabetes mellitus,
and dyslipidemia without ASCVD during the baseline period) were identified between January 1, 2015 and
December 31, 2015. We estimated the prevalence, cumulative incidence, and incidence density. These were further
stratified by age and sex. The respective denominators for prevalence and incidence were the census population
and the at-risk population (defined as the population without respective disease 1 year prior to the respective
disease identification).

Results: Among the included Korean adult patients, the overall prevalence of clinical ASCVD per 1000 individuals
was 98.25 in 2014 and 101.11 in 2015. The respective cumulative incidence and incidence density rates of ASCVD
per 1000 individuals were 65.30 and 68.03 in 2014, and 67.05 and 69.94 in 2015, respectively. Peripheral artery disease
seemed to drive the increase in the total prevalence and incidence of ASCVD. The prevalence and incidence of ASCVD
continued to increase with age until 79 years.

Conclusions: This national population-based study confirmed the high prevalence and incidence of ASCVD and its risk
factors in the adult population of South Korea. We suggest that more intensive treatment and prevention are needed
to prevent ASCVD.
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Background
Atherosclerotic cardiovascular disease (ASCVD) is one of
the main causes of death worldwide. In 2015, up to 31% of
global deaths were due to ASCVD [1]. Within the USA
and EU, ASCVD accounts for 33–40% of all-cause mortal-
ity at any age and a total economic toll of $297.7 billion
and €196 billion in 2008, respectively. ASCVD is the pri-
mary cause of death in the EU, and the burden of diseases
from ASCVD in the USA is greater than that from any
other chronic diseases [2]. In South Korea, cardiovascular
disease, including cardiac disease (i.e., myocardial infarc-
tion, angina, and heart failure) and cerebrovascular disease
are the major/leading causes of death. Cardiovascular dis-
ease accounts for 1 in every 5 deaths [3].
Korea has made extensive effort to manage ASCVD

through establishment of comprehensive cardiac and cere-
brovascular disease care centers, and development of
guidelines for diseases related to ASCVD [4–7]. In recent
years, the Korean Heart Study cohort was established to
improve the understanding of risk factors for ASCVD and
to study disease management with government support
[8]. Despite these efforts, studies on the prevalence and in-
cidence of ASCVD and its risk factors in the entire popu-
lation are lacking, unlike studies on ASCVD mortality.
Epidemiology studies on prevalence and incidence can
provide information on disease frequency, support to
identify the burden of disease, and help in establishing a
treatment strategy [9]. Moreover, an assessment of the
epidemiology of ASCVD and its risk factors in small
population may be limiting the understanding of the im-
mense impact on overall population and societal health.
Therefore, we conducted an epidemiological study to de-
termine the recent prevalence and incidence of ASCVD
and its risk factors in entire population.

Methods
Data source
This study used the most recent data available from the
Health Insurance Review and Assessment Service (HIRA)
database, which included claims data sourced from the
entire population of South Korea between January 1, 2013
and December 31, 2015. The HIRA is a government agency
that oversees and evaluates healthcare insurance expenses
covering the entire population of about 50 million (the
Korean National Health Insurance covers approximately
97%, and Medical Aid covers approximately 3%) in Korea
[10]. The claims data of the HIRA contains information on
patient diagnoses, treatments, procedures, surgical histor-
ies, and prescription drugs across the full range of health-
care settings regardless of geographic location [11].

Study population
Patients aged over 18 years with ASCVD were selected
from January 1, 2014 to December 31, 2015, and those

at high risk for ASCVD were selected from January 1,
2015 to December 31, 2015. The intake period of pa-
tients at high risk for ASCVD was set to 1 year. All pa-
tients with at least 1 diagnosis, medication, or procedure
code related to ASCVD, or a risk factor for ASCVD were
identified. Additional file 1: Table S1 shows the Korean
Classification of Disease, 6th Revision (KCD-6) codes used
to define these conditions, and reflects the domestic
health and medical care environment in Korea according
to the International Classification of Diseases, 10th Revi-
sion diagnosis codes [12]. The codes and definitions of
medications and procedures are described in Add-
itional file 2: Table S2 and Additional file 3: Table S3.
A sample selection flow chart including the intake

period is presented in Fig. 1. Patients with ASCVD were
defined as those with myocardial infarction, angina
(stable or unstable), coronary revascularization, peripheral
artery disease, ischemic stroke, or transient ischemic at-
tack (TIA), according to the American College of Cardi-
ology and American Heart Association (ACC/AHA) 2013
guidelines [13]. Patients at high risk for ASCVD were de-
fined as those with diabetes mellitus, hypertension, or dys-
lipidemia without a history of ASCVD according to the
Adult Treatment Panel (ATP) III 2001 guidelines and Ko-
rean dyslipidemia treatment guidelines [14, 15]. The index
date was defined as that of the first disease diagnosed in
each year. When patients had multiple diseases of interest
as the first diagnosis, the data for each were used to esti-
mate the incidence and prevalence for each disease of
interest. Patient demographics, including sex and age,
were reported on the index date. The pre-index period
was defined as the 12-month period before the index date
and was used to characterize patient characteristics to de-
termine whether the disease on the index date was a new
case. The pre-index period was also used to determine
whether any ASCVD existed before the risk factors for
ASCVD occurred. The incident patients included those
without a history of ASCVD or risk factors for ASCVD
during the pre-index period. For example, if there was at
least 1 diagnosis or treatment related to ASCVD 1 year be-
fore the index date of hypertension, then hypertension
was not considered as a risk factor for ASCVD, and this
case was excluded in the groups of patients with a high
risk for ASCVD.

Outcome measures
The prevalence, cumulative incidence, and incidence
density were reported for each year by disease. All re-
sults were stratified by 10-year age groups and sex. The
annual prevalence was estimated as the number of pa-
tients (aged ≥18 years) with the disease divided by the
census population (aged ≥18 years). The annual cumula-
tive incidence was measured as the number of incident
patients divided by the number of population at risk
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(aged ≥18 years) which was calculated from the number
of census population minus the number of prevalence
patients in the previous year. The annual incidence
density was estimated as the number of incident patients
divided by the number of person-years accumulated in
the population without any ASCVD in all groups or
without each risk factor for ASCVD in the respective
groups. The person-years were calculated as: [total cen-
sus population of the year − number of pre-existing
cases in the previous year – Σ (days from occurrence of
case to the end of the year)*/365] (*Only patients with-
out preexisting disease in the previous year were
followed up.). The prevalence and incidence estimates
were adjusted for the standard population of Korea in
2005 according to age.

Statistical analyses
The mean values, medians, ranges, and standard devia-
tions were estimated for continuous variables, and the
frequencies and proportions were calculated for categor-
ical variables. Statistical analyses were conducted using
the SAS (version 9.3) software program (SAS Institute,
Inc., Cary, NC, USA).

Results
Demographics
The number of patients with ASCVD was 4,073,832 in
2014 and 4,235,437 in 2015. Approximately 60% of these

patients were incident patients in both years. The num-
ber of patients with disease was slightly higher in women
than in men. When we excluded the patients with
ASCVD in the previous year in these groups, the num-
bers of patients at high risk for ASCVD in 2015 were es-
timated as follows: 4,189,371 (diabetes mellitus), 7,349,
810 (hypertension), and 7,809,475 (dyslipidemia) (Table 1
and Additional file 4: Table S4).

Prevalence and incidence of ASCVD
The crude total prevalence of ASCVD per 1000 individ-
uals was 98.25 in 2014 and 101.11 in 2015. The crude cu-
mulative total incidence of ASCVD per 1000 individuals
was 65.30 in 2014 and 67.05 in 2015. The age-adjusted
prevalence and cumulative incidence of ASCVD per 1000
individuals were 77.81 and 61.47 in 2014 and 78.07 and
60.32 in 2015, respectively (Table 2). The incidence dens-
ity of ASCVD per 1000 person-years was 68.03 in 2014
and 69.94 in 2015. The prevalence and cumulative inci-
dence of total ASCVD increased with age and peaked in
the 70–79-year age group (Fig. 2 and Additional file 5:
Table S5). The patients with the highest crude prevalence
and cumulative incidence were those with peripheral ar-
tery disease (PAD) (per 1000 individuals: 53.49 in 2014
and 56.75 in 2015), followed by angina (per 1000 individ-
uals: 34.59 in 2014 and 34.69 in 2015) and ischemic stroke
(per 1000 individuals: 18.69 in 2014 and 18.62 in 2015)
(Fig. 3 and Additional file 5: Table S5).

Fig. 1 Selection of the study participants from the Health Insurance Review and Assessment Service Database. ASCVD, atherosclerotic
cardiovascular disease
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Prevalence and incidence of the risk factors for ASCVD
Dyslipidemia had the highest prevalence and cumulative
incidence among the risk factors for ASCVD. The preva-
lence of diabetes mellitus, hypertension, and dyslipidemia
was 100.01, 175.46, and 186.43 per 1000 individuals in
2015, respectively; their cumulative incidence was 37.01,
31.54, and 98.63 in the same year, respectively (Table 2).
The groups with the highest crude prevalence and cumu-
lative incidence were somewhat different by each risk fac-
tor for ASCVD, age, and sex (Fig. 4 and Additional file 6:
Table S6). All values and tendency of increasing and de-
creasing incidence densities were similar to those of cu-
mulative incidence (Fig. 3 and Table 2).

Discussion
This population-based study was a large-scale retro-
spective analysis conducted to explore the recent preva-
lence and incidence of ASCVD and its risk factors,
including diabetes mellitus, hypertension, and dyslipid-
emia, using national claims data. The total prevalence
and cumulative incidence of ASCVD slightly increased
in 2015, compared to 2014. The main disease that in-
creased the prevalence and incidence was PAD. The
prevalence and incidence increased with age regardless
of ASCVD disease types. This study is important since

the epidemiology of all ASCVD and its risk factors were
examined in a nationwide population. Thus, the esti-
mates for several diseases shown in this study are com-
parable to each other and could be used as basic
epidemiological information in other studies.
Previous study reported that the prevalence and cumu-

lative incidence of cardiovascular disease (KCD-6 codes:
I20, I21, I22, I23, I24, I25, I50, I70, and I71) were 6.76
and 1.84 per 100 individuals, respectively. The previous
report also estimated the prevalence and cumulative in-
cidence of diabetes mellitus (13.19 and 3.55 per 100 in-
dividuals, respectively), hypertension (26.30 and 3.37 per
100 individuals, respectively), and dyslipidemia (19.60
and 6.94 per 100 individuals, respectively) [16]. The
prevalence and incidence were similar but slightly differ-
ent from our results because the study period and codes
used to define the disease were slightly different.
However, our estimate of total ASCVD prevalence was
generally consistent with that of other countries. Ac-
cording to a recent European epidemiological study of
cardiovascular disease, the percentage of patients with
cardiovascular disease by country ranged from 4.3 to
17.7% in 2014. The results of this study also showed a
similar prevalence of cardiovascular disease between
men and women in Europe [17]. The total prevalence of

Table 1 Baseline characteristics of the patients with ASCVD and at high risks for ASCVD

Characteristics 2014 2015

Patients to estimate
prevalence

Patients to estimate
incidence

Patients to estimate
prevalence

Patients to estimate
incidence

Patients with ASCVD

Number of patients 4,073,832 2,431,291 4,235,437 2,535,664

Age at index (mean, SD) 63.77 13.40 62.04 14.20 64.07 13.43 62.31 14.20

Male (n, %) 1,917,135 47.1% 1,115,023 45.9% 2,004,384 47.3% 1,171,480 46.2%

Patients with diabetes 4,742,145

Patients with diabetes without ASCVD

Number of patients 4,189,371 1,368,326

Age at index (mean, SD) 60.87 13.38 57.22 14.68

Male (n, %) 2,158,643 51.5% 673,252 49.2%

Patients with hypertension 8,658,743

Patients with hypertension without ASCVD

Number of patients 7,349,810 1,052,252

Age at index (mean, SD) 62.50 12.97 56.16 14.34

Male (n, %) 3,605,515 49.1% 581,354 55.3%

Patients with dyslipidemia 8,964,197

Patients with dyslipidemia without ASCVD

Number of patients 7,809,475 3,265,877

Age at index (mean, SD) 57.21 14.11 52.45 15.16

Male (n, %) 3,561,808 45.6% 1,522,747 46.6%

ASCVD atherosclerotic cardiovascular disease, CCI Charlson Comorbidity Index, SD standard deviation, HIV human immunodeficiency virus, AIDS acquired
immunodeficiency syndrome
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ASCVD in our study was between 98.25 and 101.11 per
1000 individuals and these results were within the range
of prevalence in Europe. Another study reported that
the prevalence of ASCVD or diabetes was about 15% in
USA [18]. The prevalence of ASCVD and diabetes with-
out ASCVD in our study was 101.11 and 100.01 per
1000 individuals, respectively.
Our study demonstrated that the overall prevalence

and cumulative incidence of ASCVD slightly increased
in 2015 compared with those in 2014, and the most
prevalent types of ASCVD were PAD, angina, and ische-
mic stroke. The prevalence and cumulative incidence of
most types of ASCVD showed a slightly decreasing or
similar trend in 2015 compared with those in 2014.
However, the incidence of PAD increased compared
with those of other types of ASCVD. This seemed to
drive an increase in the total prevalence and incidence
of ASCVD. PAD is an important part of CVD and
strongly associated with ASCVD mortality [19–26].
Moreover, PAD has itself been described as a vascular
disease and risk factor for ASCVD at the same time [27].
Previous studies showed that 1–15% have cardiovascular
disease among those with PAD [22, 28]. In our study,
patients with ASCVD tended to have comorbid PAD
(among the prevalence group, 32.1% in 2014 and 33.0%
in 2015) compared with other cardiovascular diseases in-
cluding myocardial infarction (4.3% in 2014 and 4.4% in
2015), congestive heart failure (10.1% in 2014 and 10.8%
in 2015), and cerebrovascular disease (25.7% in 2014 and

25.6% in 2015). Similarly, in a previous study that esti-
mated the prevalence of PAD, patients with other vascu-
lar diseases (coronary artery disease or cerebrovascular
disease) had a significantly higher prevalence than the
control group with no coronary artery disease or cere-
brovascular disease in Korea [29]. Based on these results,
further investigation on the relationship between PAD
and other types of ASCVD might be needed.
The prevalence and incidence of ASCVD tended to in-

crease with age regardless of the type of disease. These
trends were similar to those in previous studies [16, 30,
31]. However, the prevalence and incidence in men and
women varied by disease, although the total prevalence
and incidence of ASCVD for patients aged over 18 years
were higher in women than in men. Transient ischemic
attack and PAD had a high prevalence and incidence in
women. Compared to those reported in the USA, sex-
specific trends were consistent for some diseases, but
not for others. For example, the recent statistics from
the AHA reported that the prevalence of angina and
myocardial infarction were higher in men than those in
women, and this tendency can be seen in our study.
However, the incidence of transient ischemic attack was
higher in men than in women, and this is contrary to
our findings [32]. Additionally, the prevalence and cu-
mulative incidence of risk factors in our study showed
slightly different trends in terms of age and sex by dis-
ease (diabetes, hypertension, and dyslipidemia). For ex-
ample, the age group with the highest prevalence for

Fig. 2 Prevalence and cumulative incidence of ASCVD by age group in 2014 and 2015. ASCVD, atherosclerotic cardiovascular disease
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each disease was 70–74 for diabetes, 75–79 for hyperten-
sion, and 65–69 for dyslipidemia. The highest cumulative
incidence by age group was 70–74 for diabetes, 75–79 for
hypertension, and 70–74 for dyslipidemia. Prevalence was
higher in females than in males in those aged 18–29 and
70–79 years of age for diabetes, 65 and older for hyperten-
sion, and 18–29 and 50 years of age in for dyslipidemia.
These diseases are well-known risk factors for ASCVD as
identified in multiple guidelines and previous studies [5,
33, 34]. The results in our study suggest that it would be
better to set up management strategies to prevent ASCVD
tailored to each patient according to the age, sex, and his-
tory of disease.
Our study has several distinct strengths. First, we con-

ducted this study using the national claims data from a
universal health coverage system that covers the entire
population of South Korea [11]. Therefore, our findings are
representative of the entire South Korean population. Add-
itionally, the results of this study were estimated for each
type of ASCVD and the risk factors for ASCVD, and strati-
fied by age and sex; thus, the data are considerably useful
as scientific evidence.

Despite these strengths, the limitations of a retrospective
study using insurance data may be present, because claims
data are primarily used for financial and administrative
management rather than research [35]. However, since
the claims data that we used covered the entire national
population, prevalence and incidence results of this study
can be generalized to the Korean population. Additionally,
code accuracy and validity can be an important issue.
First, this study used diagnosis, procedure, and medication
codes to identify the diseases recorded for reimbursement
of healthcare services, making it susceptible to coding er-
rors. However, a previous validation study reported that
the agreement rate between diagnosis codes in HIRA data
and diagnoses in chart review was about 70% [36]. The ac-
curacy of the codes improved for cardiovascular disease or
according to increasing disease severity [36–38]. The val-
idity of diagnosis codes associated with diabetes has also
been verified [39]. Moreover, codes used in this study
were based on preceding studies and carefully reviewed by
several experts including clinicians [40–44]. Second, we
identified diseases using only diagnosis codes, except for
dyslipidemia. Because several medications have various

Fig. 3 Prevalence, cumulative incidence, and incidence density of ASCVD by year. ASCVD, atherosclerotic cardiovascular disease; MI, myocardial
infarction; CR, coronary revascularization; PAD, peripheral artery disease; IS, ischemic stroke; TIA, transient ischemic attack
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indications, we did not use medication codes to identify
diseases to avoid misclassification bias. Third, the preva-
lence and incidence might be underestimated because un-
diagnosed patients cannot be identified using claims data.
Finally, we estimated the incidence rates using a 1-year of
disease-free period as a commonly used baseline in claims
database analysis. This relatively shorter disease-free
period might have resulted in relatively higher incidence
rates [45]. Thus, caution is needed when interpreting the
incidence results. Other issues related to unmeasured con-
founders in this retrospective study using claims data were
not a problem because our study did not use a compari-
son group.
From the perspective of health services research, the

latest status of ASCVD determined by this study using
the claims data covering the entire national population
can be used as an important basis for estimating the

burden of ASCVD. This study can also support the deci-
sion-making process related to ASCVD in Korea. The
prevalence and incidence estimated though epidemio-
logical study can help to establish appropriate strategies
for managing disease [46]. For example, when conduct-
ing quantitative cost-effectiveness analysis using a deci-
sion-making model, transition probabilities can be
estimated using a variety of data sources including epi-
demiological studies or administrative data [47]. Other
types of decision-making research including cost-of-ill-
ness studies to promote attention to public policy and
stimulate debate also require information on prevalence
and incidence to estimate the burden of disease [48].

Conclusions
This population-based study explored the recent preva-
lence and incidence of ASCVD and its risk factors,

Fig. 4 Overall prevalence and cumulative incidence of the risk factors for ASCVD by age group. ASCVD, atherosclerotic cardiovascular disease
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including diabetes mellitus, hypertension, and dyslipid-
emia. High prevalence and incidence of ASCVD and its
risk factors in the adult population in Korea were ob-
served, with a marked increase in PAD. We suggest that
more intensive management strategies are needed to re-
duce the burden of ASCVD.
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