
J A C C : A S I A V O L . 4 , N O . 4 , 2 0 2 4

ª 2 0 2 4 T H E A U T HO R S . P U B L I S H E D B Y E L S E V I E R O N B E H A L F O F T H E A M E R I C A N

C O L L E G E O F C A R D I O L O G Y F OU N D A T I O N . T H I S I S A N O P E N A C C E S S A R T I C L E U N D E R

T H E C C B Y - N C - N D L I C E N S E ( h t t p : / / c r e a t i v e c o mm o n s . o r g / l i c e n s e s / b y - n c - n d / 4 . 0 / ) .
ORIGINAL RESEARCH
SCORE and SCORE2 in
East Asian Population

A Performance Comparison
JungMin Choi, MD,a,* Soseul Sung, MS,b,c,d,* Sue K. Park, MD, MPH, PHD,c,d,e Seyong Park, MD,f Hyoyeong Kim, MD,f

Myeong-Chan Cho, MD,g Bryan Williams, MD,h Hae-Young Lee, MD, PHDa,i
ABSTRACT
ISS

Fro
bD

Pre

Se

Co
gD

Ca

Se

Th

ins

vis

Ma
BACKGROUND Systematic COronary Risk Evaluation 2 (SCORE2) and SCORE2-Older Persons (OP) models have been

proposed as new cardiovascular risk evaluation tools.

OBJECTIVES This study evaluated the performance of SCORE/SCORE-OP and SCORE2/SCORE2-OP in the East Asian

population by using population-based cohort data from the National Health Insurance Service (NHIS) Health Screening

Cohort of Korea.

METHODS A total of 324,384 NHIS examinees from 2004 to 2005 were divided into 5 age groups: 40-49 years, 50-59

years, 60-69 years,70-79 years, and more than 80 years. The examinees had their predicted cardiovascular disease risks

calculated by using SCORE, SCORE2, SCORE-OP, and SCORE2-OP models. The low-risk model was applied on the basis of

the cohort’s observed event rates. The observed and predicted cardiovascular risks were compared.

RESULTS A total of 324,384 subjects were included (mean age 51.4 � 7.3 years; women, 37.9% for the SCORE/SCORE2

group and mean age 73.0 � 2.8 years; women, 47.5% for the SCORE/SCORE2-OP group). Over a median follow-up of 9

years, cardiovascular events occurred in 15.0% and 28.9% in SCORE/SCORE2 and SCORE/SCORE2-OP groups, respec-

tively. The SCORE/SCORE-OP model underestimated cardiovascular disease risk in young men (aged 40-49 years) and

women (aged 40-59 years) and overestimated it in older age groups. In contrast, SCORE2/SCORE2-OP invariably over-

estimated the risk in all age groups and sexes. SCORE2/SCORE2-OP showed no improvement in Harrell’s concordance

index (C-index) compared with SCORE/SCORE-OP. Calibration plots favored SCORE2 over SCORE but not SCORE2-OP

over SCORE-OP.

CONCLUSIONS Both SCORE2/SCORE2-OP and SCORE/SCORE-OP overestimated cardiovascular disease risk with low

performance. SCORE2/SCORE2-OP showed slight improvement over older versions, but modifications are necessary for

the East Asian population. (JACC: Asia 2024;4:265–274) © 2024 The Authors. Published by Elsevier on behalf of the

American College of Cardiology Foundation. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
N 2772-3747 https://doi.org/10.1016/j.jacasi.2023.10.013

m the aDivision of Cardiology, Department of Internal Medicine, Seoul National University Hospital, Seoul, Republic of Korea;

epartment of Biomedical Sciences, Seoul National University Graduate School, Seoul, Republic of Korea; cDepartment of

ventive Medicine, Seoul National University College of Medicine, Seoul, Republic of Korea; dCancer Research Institute,

oul National University, Seoul, Republic of Korea; eIntegrated Major in Innovative Medical Science, Seoul National University

llege of Medicine, Seoul, Republic of Korea; fSeoul National University College of Medicine, Seoul, Republic of Korea;

epartment of Internal Medicine, Chungbuk National University College of Medicine, Cheongju, Korea; hUCL Institute of

rdiovascular Sciences, University College London, London, United Kingdom; and the iDepartment of Internal Medicine,

oul National University College of Medicine, Seoul, Republic of Korea. *Drs Choi and Sung contributed equally to this work.

e authors attest they are in compliance with human studies committees and animal welfare regulations of the authors’

titutions and Food and Drug Administration guidelines, including patient consent where appropriate. For more information,

it the Author Center.

nuscript received August 1, 2023; revised manuscript received October 3, 2023, accepted October 23, 2023.

Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.jacasi.2023.10.013
https://www.jacc.org/author-center
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jacasi.2023.10.013&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/


ABBR EV I A T I ON S

AND ACRONYMS

BMI = body mass index

C-index = concordance index

HDL-C = high-density

lipoprotein cholesterol

ICD-10 = International

Classification of Diseases-

10th Revision

NHIS = National Health

Insurance Service

NHIS-HEALS = National

Health Insurance Service Health

Screening Cohort

SCORE = Systematic COronary

Risk Evaluation

SCORE-OP = Systematic

COronary Risk Evaluation-Older

Persons
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C ardiovascular disease is a leading
cause of mortality and accounts for
more than 30% of deaths world-

wide.1 Several cardiovascular risk prediction
models have been proposed to assess and
treat high-risk populations, including the
Framingham,2 pooled cohort equation,3 and
SCORE (Systematic COronary Risk Evalua-
tion) models.4

The SCORE and SCORE-Older Persons (OP)
models were proposed for European pop-
ulations because of concerns regarding the
applicability of the Framingham risk estima-
tion model, which was derived from U.S.
data.4,5 The SCORE model has been widely
used to calculate the 10-year risk of fatal
cardiovascular disease, with recalibration
depending on the region.6-8 However, accu-
mulating data on the limitations of the SCORE model,
such as underestimation of the total cardiovascular
disease burden,9-11 suggested the need for the
development of a revised version, SCORE2. Recently,
the SCORE2 and SCORE2-OP models were developed
to estimate the risk of combined 10-year outcome of
fatal and nonfatal cardiovascular disease events in
persons without previous cardiovascular disease or
diabetes who are aged 40 to 69 years and more than
70 years, respectively.12,13

In East Asia, there are no established cardiovas-
cular risk prediction models; therefore, risk engines
from Western countries, including SCORE, are widely
used. However, validation of the SCORE and SCORE2
models in Asian populations has been limited. The
only validations done on Asian populations so far are
studies by Selvarajah et al9 and Ahn et al.14 The study
by Selvarajah et al9 showed the problem of underes-
timation of the SCORE model in women and was
limited to the Malaysian population. The study by
Ahn et al14 showed SCORE risk in association with
carotid atherosclerosis and peripheral arterial disease
that was limited to patients with type 2 diabetes
mellitus in Korea. Thus, validation of the SCORE and
newly developed SCORE2 in general Asian pop-
ulations remains an unmet need. This study aimed to
evaluate the performances of SCORE, SCORE-OP,
SCORE2, and SCORE2-OP in an East Asian (Korean)
population.

METHODS

DATA SOURCE. The National Health Insurance Pro-
gram in Korea covers approximately 50 million people
residing in Korea. It is a mandatory medical care
system operated by the National Health Insurance
Service (NHIS). From the NHIS database, this study
used the NHIS Health Screening Cohort (NHIS-
HEALS) for the data source. The NHIS-HEALS cohort
database was established by the NHIS in 2015 to
provide information on noncommunicable diseases
and health risk factors. For the NHIS-HEALS, the
sample cohort was randomly selected from partici-
pants aged 40 to 79 years who underwent health
screening between 2002 and 2003 and were followed
up until 2013.15 The data used in this study consisted
of an updated version that was followed up until
2015. The cohort included 514,866 participants, 10%
of those who undertook health screening between
2002 and 2003. The cohort was followed up annually
or biennially depending on the type of information.
The cohort’s death information and health care use
were checked annually, and health screening infor-
mation was checked biennially. The NHIS-HEALS
cohort includes data not only on socioeconomic and
demographic factors but also on target health prob-
lems such as hypertension and diabetes mellitus, risk
factors such as cigarette smoking and alcohol con-
sumption, medical and family history, and health
care use.15 Further specific information on NHIS-
HEALS is described elsewhere.15

The participants’ smoking status was assessed us-
ing a questionnaire on smoking status, packs per day,
and duration. Blood pressure and other laboratory
results, including total cholesterol and high-density
lipoprotein cholesterol (HDL-C), were collected from
the health screening database. The laboratory values,
including cholesterol levels, were collected after
overnight fasting. Mortality data in the NHIS-HEALS
were provided by Statistics Korea, a government
agency. The data included information on date and
cause of death encoded in the International Classifi-
cation of Diseases-10th Revision (ICD-10) codes–
based Korean Standard Classification of Diseases
and Causes of Death.

This study was exempted from Institutional Re-
view Board review (IRB No. 2107-081-1234) because it
used anonymized data. Informed consent could not
be acquired because the database was deidentified
when provided from the NHIS. Approval for use of the
released database by the NHIS was received in 2020
and 2021.

STUDY DESIGN. All participants were followed up
from the start date between 2004 and 2005 until the
end of the study in 2015, the date of the first cardio-
vascular disease outcome, death, or emigration,
whichever came first. The most recently reported
World Health Organization age- and sex-standardized
overall cardiovascular disease mortality rate was 74
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per 100,000 people in 2016,16 and a more recently
published paper by Lee et al,17 using the Korean
nationwide database, reported the rate to be 122.7 per
100,000 people in 2018. However, because our
study’s participants were followed up until 2015, a
low-risk region (<100 cardiovascular disease deaths
per 100,000) was tested to calculate the predicted
cardiovascular disease risk and evaluate the perfor-
mance of SCORE2/SCORE2-OP and SCORE/SCORE-OP
in the Korean population.

The coefficient for a low-risk region was used to
calculate the predicted risk in the SCORE and
SCORE2 models and compare the risks with the
actual observed risk. The observed cardiovascular
disease risk, consisting of both fatal and nonfatal
cardiovascular disease, was used to compare the
SCORE and SCORE2 models. This comparison was
performed in consideration of a real-world busy
clinical setting where precise differentiation on fa-
tality of cardiovascular disease is not always
applicable.

STUDY GROUP. The study group included partici-
pants aged more than 40 years, without a previous
history of cardiovascular disease, from the NHIS-
HEALS. The occurrence of prevalent ischemic heart
disease (ICD-10 codes I20-25) or cerebrovascular dis-
ease (ICD-10 codes I60-69) before the baseline year
(2004) was counted as evidence of previous cardio-
vascular disease history. All the values except for
HDL-Cwere collected in 2004. The data onHDL-Cwere
collected in 2009 because HDL-C was not included in
National Health Examination until 2009. Subjects
were divided into 5 age groups (40-49 years, 50-59
years, 60-69 years, 70-79 years, and more than 80
years). For subjects aged <70 years, SCORE and
SCORE2 models were used to calculate the predicted
cardiovascular disease risk. SCORE-OP and SCORE2-
OP were used to calculate the predicted cardiovascu-
lar disease risk of subjects aged more than 70 years.

OUTCOME. The primary outcome was a composite of
cardiovascular disease events, including cardiovas-
cular mortality, nonfatal ischemic heart disease (ICD-
10 codes I21-I23), and nonfatal stroke (ICD-10 codes
I60-69), during the 10-year period.12 Cardiovascular
mortality was defined as death resulting from coro-
nary heart disease, heart failure, stroke, or sudden
death as proposed by the original SCORE model.4 The
ICD-10 codes of fatal cardiovascular events included
hypertensive disease (I10-16), ischemic heart disease
(I20-25), arrhythmias or heart failure (I46-52), cere-
brovascular disease (I60-69), atherosclerosis or
abdominal aortic aneurysms (I70-73), and sudden
death within 24 hours of symptom onset (R96.0-96.1).
Events encoded under unspecified myocarditis
(I51.4), subarachnoid haemorrhage (I60), subdural
haemorrhage (I62), cerebral aneurysm (I67.1), and
moyamoya disease (I67.5) were excluded from the
endpoint. The detailed definitions of outcomes are
described in Supplemental Table 1. Deaths caused by
noncardiovascular disease were treated as competing
events.12 Rehospitalization was not considered for all
these outcomes.

STATISTICAL ANALYSIS. Baseline characteristics are
described as numbers (percentage) for categorical
variables and mean � SD (quartile 1-quartile 3 [Q1-Q3])
for continuous variables. Median (Q1-Q3) was used for
non-normally distributed continuous variables.

An extended description of the application
of SCORE/SCORE-OP and SCORE2/SCORE2-OP
models is presented in the Supplemental Methods
and Supplemental Table 2. For discrimination accu-
racy to evaluate the performance of SCORE/SCORE-
OP and SCORE2/SCORE2-OP at a specific prediction
time point, Harrell’s concordance index (C-index) was
used. For calibration, the same method with the
original SCORE2 model was used.12

To assess the calibration performance of the pre-
dictive model, we used the predtools R package
version 0.0.3 R Foundation) to construct a calibration
plot. The calibration plot is a graphic representation
that compares the predicted probabilities generated
by the model with the observed outcomes. This plot
allows for a visual evaluation of the agreement be-
tween the predicted and observed probabilities across
a range of predicted values. In addition, we presented
the plots together for each group SCORE/SCORE2 or
SCORE-OP/SCORE2-OP to compare the calibration
performance of the 2 models.

All statistical analyses were performed using SAS
software version 9.4 (SAS Institute, Inc) and R soft-
ware version 4.3.0, with a significance level of 5%.

RESULTS

BASELINE CHARACTERISTICS. A total of 324,384
participants without a history of cardiovascular dis-
ease were enrolled between 2004 and 2005 (Figure 1).
The mean age at baseline was 51.4 � 7.3 years for the
SCORE/SCORE2 group and 73.0 � 2.8 years for the
SCORE/SCORE2-OP group (Table 1). The proportion of
women was 37.9% in SCORE/SCORE2 group and
47.5% in SCORE/SCORE2-OP group. The median
follow-up duration in both groups was 9 years. During
the follow-up period, 15.0% of patients in the SCORE/
SCORE2 group and 28.9% of patients in the SCORE/
SCORE2-OP group experienced cardiovascular events.
The SCORE/SCORE2-OP group showed a higher

https://doi.org/10.1016/j.jacasi.2023.10.013
https://doi.org/10.1016/j.jacasi.2023.10.013
https://doi.org/10.1016/j.jacasi.2023.10.013


FIGURE 1 Subject Selection

The study selection flow is depicted. From the National Health Insurance Service Health Screening Cohort (NHIS-HEALS), persons who had prevalent cardiovascular

disease (CVD) were excluded, and the final population was divided into age-specific groups: 40-49 years, 50-59 years, 60-69 years, 70-79 years, and more than

80 years. Those aged between 40 and 69 years were tested with the Systematic COronary Risk Evaluation (SCORE) and SCORE2 model. Those aged over 70 years old

were tested with the Systematic COronary Risk Evaluation-Older Persons (SCORE-OP) and SCORE2-OP model. *Subjects aged 40 to 69 years; †subjects aged

more than 70 years. NHIS ¼ National Health Insurance Service.

TABLE 1 Baseline Ch

Age, y

BMI, kg/m2

Total cholesterol, mg/d

HDL-C, mg/dL

SBP, mm Hg

Follow-up, yc

Women

Diabetes mellitus

Current smoker

Values are mean � SD, me
cFollow-up duration ranged
SCORE2-OP.

BMI ¼ body mass index
pressure; SCORE ¼ System
Older Persons.
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prevalence of diabetes mellitus and had fewer current
smokers. There were no significant differences in
body mass index (BMI), total cholesterol, and HDL-C
levels between the 2 groups.
aracteristics

SCORE/SCORE2
Validation Groupa

(n ¼ 312,381)

SCORE-OP/SCORE2-OP
Validation Groupb

(n ¼ 12,003)

51.4 � 7.3 73.0 � 2.8

23.9 � 2.8 23.3 � 3.1

L 5.1 � 0.9 5.1 � 1.0

1.4 � 0.8 1.4 � 0.8

125.5 � 16.4 133.2 � 18.6

9.0 (9.0-9.0) 9.0 (9.0-9.0)

37.9 47.5

9.4 15.1

22.6 12.3

dian (Q1-Q3), or %. aSubjects aged 40-69 years. bSubjects aged more than 70 years.
from 7.0 to 12.0 years for SCORE/SCORE2 and from 5.0 to 11.0 years for SCORE-OP/

; HDL-C ¼ high density lipoprotein cholesterol; Q ¼ quartile; SBP ¼ systolic blood
atic COronary Risk Evaluation; SCORE-OP ¼ Systematic COronary Risk Evaluation-
OBSERVED AND PREDICTED 10-YEAR CARDIOVASCULAR

DISEASE RISK USING THE SCORE/SCORE2 MODEL.

The observed cardiovascular disease risk and pre-
dicted risk using the SCORE and SCORE2 models are
shown in Figure 2 and Supplemental Table 3. In men,
the SCORE model underestimated cardiovascular
disease risk in the young age group (40-49 years) and
overestimated it when the age was more than 50
years. In women, the SCORE model underestimated
cardiovascular disease risk in those aged 40 to 59
years but overestimated it among those aged 60 to 69
years. The SCORE-OP models overestimated cardio-
vascular disease risk both in men and women.

In contrast, SCORE2 and SCORE2-OP invariably
overestimated the risk in all age groups of both sexes.
Moreover, the degree of overestimation was greater
than with SCORE/SCORE-OP.

The calibration plots for 10-year risk in different
subpopulations are depicted in Figures 3A to 3D. In
the calibration plots, SCORE2 appeared to over-
estimate the risk, whereas SCORE appeared to un-
derestimate it. Additionally, SCORE2 demonstrated
slightly better predictability compared with SCORE.

https://doi.org/10.1016/j.jacasi.2023.10.013


FIGURE 2 Comparison of Observed and Predicted 10-Year Risks

The calculated predicted 10-year risk using SCORE, SCORE2, SCORE-OP, and SCORE2-OP was compared with the observed risk. The newly developed SCORE2/SCORE2-

OP models and the previous SCORE/SCORE-OP models both tended to overestimate cardiovascular disease risk. There was an underestimation in persons aged

<60 years in the SCORE model. Abbreviations as in Figure 1.
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However, both SCORE-OP and SCORE2-OP consis-
tently overestimated the risk in all subpopulations.

HARRELL’S C-INDEX EVALUATING ADEQUACY OF THE

SCORE/SCORE2MODEL. Harrell’s C-index of eachmodel
is presented in Table 2. The C-index was similar for
both SCORE2 and SCORE, but it was higher for SCORE
(men, 0.607; women, 0.626) than for SCORE2 (men,
0.604; women, 0.625). However, SCORE2-OP and
SCORE-OPmodels showed a similar but slightly higher
C-index for SCORE2-OP (SCORE2-OP: men, 0.521;
women, 0.508; SCORE-OP:men, 0.518; women, 0.507).
When the C-index was evaluated according to age and
sex, the trend was consistent in both men and women
(Supplemental Table 2).

DISCUSSION

In this study, we compared the observed cardiovas-
cular disease rate and predicted risk from the SCORE/
SCORE-OP and SCORE2/SCORE2-OP models in an East
Asian nationwide population cohort of Korea. The
SCORE model overestimated the risk in both sexes
more than the age of 60 years, and the SCORE2 model
consistently overestimated the risk in both middle-
aged and older adults. The SCORE-OP and SCORE2-
OP models overestimated the risk in both sexes
(Central Illustration). The C-index were not high
enough even in the most predictive group (female 40-
69 years old); therefore, these models are not effec-
tive in predicting the cardiovascular disease risk of
Koreans. This is the first study to validate the newly
developed SCORE2 models in an East Asian
population.

The previously developed SCORE model has been
validated in various European countries.18-23 In Asian
countries, only 1 study was done on validation, and it
used a Malaysian population.9 Not only validation,
but also recalibration of the SCORE model has been
performed for better adaptation in different coun-
tries.8,24,25 However, the SCORE model has not been
properly validated in the Korean population except
for the study done on patients with type 2 diabetes
mellitus in predicting carotid atherosclerosis and
peripheral artery disease.14 This study is the first to
address the predictive performance of cardiovascular
disease risk by using the SCORE and SCORE2 models
in the Korean population.

Although the SCORE model seemed acceptable in
terms of overall performance, it showed a slight
discrepancy in overestimation in some countries19,20

and underestimation in others.9,21 In this study,
application of the SCORE model to the Korean
population showed underestimation in those
<60 years of age and overestimation in those more
than 60 years of age. The underestimation of the
SCORE model in participants <60 years of age may
be attributable to the current study design. This
study counted both fatal and nonfatal events for the
observed risks even for the SCORE model, when it
was originally designed to predict only fatal

https://doi.org/10.1016/j.jacasi.2023.10.013


FIGURE 3 Calibration Plots

In the calibration plots for 10-year risk, SCORE showed an underestimation compared with an overestimation in SCORE2. However, the

predictability of SCORE-OP and SCORE2-OP did not differ significantly. Calibration plots of (A) 40- to 69-year-old men, (B) 40- to 69-year-

old women, (C) 70þ-year-old men, and (D) 70þ-year-old women. Abbreviations as in Figure 1.
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cardiovascular disease risk and not nonfatal car-
diovascular disease risk.4 Thus, the actual observed
risk of only fatal cardiovascular disease events may
be lower than the observed cardiovascular disease
risk used in the present study. In addition, although
our study excluded those persons with prevalent
cardiovascular disease, there is a possibility that
those who did not have a current diagnosis of car-
diovascular diseases but were at high risk and
receiving preventive treatment may have been
included in the study population. These reasons
may have contributed to underestimating the car-
diovascular disease risk by the SCORE model in
participants <60 years of age.

Considering the limitation mentioned earlier, the
clinical implication of underestimation in the SCORE
model among participants aged <60 years is not high.
Thus, it seems reasonable to construe that both
SCORE and SCORE2 invariably overestimated cardio-
vascular disease risk. This overestimation may have



TABLE 2 Observed and Predicted 10-Year Cardiovascular Disease Risk in the

Korean Population

n

Predicted
10-Year

CVD Risk, %

Observed
10-Year

CVD Risk, % O/P Ratio
Harrell’s

C-Index (95% CI)

SCORE2

Men 193,934 4.31 1.94 0.45 0.604 (0.601-0.608)

Women 118,447 2.39 0.90 0.38 0.625 (0.620-0.629)

SCORE2-OP

Men 6,301 12.50 3.68 0.29 0.521 (0.507-0.534)

Women 5,702 10.41 2.06 0.23 0.508 (0.493-0.523)

SCORE

Men 193,934 1.70 1.94 1.14 0.607 (0.604-0.611)

Women 118,447 0.68 0.90 1.32 0.626 (0.622-0.630)

SCORE-OP

Men 6,301 18.53 3.68 0.26 0.518 (0.505-0.532)

Women 5,702 8.83 2.06 0.23 0.507 (0.492-0.521)

C-index ¼ concordance index; CVD ¼ cardiovascular disease; O ¼ observed; P ¼ predicted; other abbreviations as
in Table 1.
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occurred because of the decreasing prevalence of
cardiovascular disease risk factors among Koreans.
The study population used in this study was based on
the years 2004 and 2005. In Korea, the prevalence of
hypertension was decreased in both men (32.5% to
31.5%) and women (26.9% to 24.3%) from 1998 to 2012
and remained stable until 2021.26 Smoking rates
decreased only in men. In contrast, the prevalence
rate of obesity,27 diabetes mellitus,28 and hypercho-
lesterolemia29 was significantly increased during the
same period. However, the management indicators,
such as the awareness rate, treatment rate, and con-
trol rate of cardiovascular disease risk factors, have
improved continuously and have therefore overtaken
the increase in incidence.27,30,31 For example, the
awareness, treatment, and control rate of hyperten-
sion and hypercholesterolemia increased by 2- to 3-
fold in the 1998-2018 Korea National Health and
Nutrition Examination Survey,31 which could atten-
uate the impact of risk factors on the incidence and
mortality of cardiovascular disease. In Korea, car-
diovascular disease mortality was as high as 1,659 per
100,000 persons in 1983 and decreased to 109.2 in
2009.17 This steadily decreasing trend of cardiovas-
cular disease risk factors in the Korean population
may be one of the causes of overestimation.

Although both SCORE and SCORE2 models showed
overestimation, there were differences in the degree
of overestimation between the SCORE/SCORE2 and
SCORE-OP/SCORE2-OP models. When comparing the
SCORE and SCORE2 models, the degree of over-
estimation was worse in SCORE2. However, in the
case of SCORE-OP and SCORE2-OP, the over-
estimating degree was lower in SCORE2-OP than that
in the SCORE-OP model except for women aged 70 to
79 years. This discrepancy may reflect the slight dif-
ference in the cardiovascular disease risk prevalence
trend among young and older adults. Regarding hy-
pertension, although the overall age-standardized
prevalence has decreased over 20 years, the preva-
lence has increased among those more than age 70
years.32 Similar to hypertension, the prevalence of
diabetes showed an increasing trend only among
people aged more than 70 years.33 The crude inci-
dence of myocardial infarction also increased as a
result of an aging population, but the age-adjusted
incidence remained unchanged.34 These modest dif-
ferences may have affected the different performance
of SCORE2 and SCORE2-OP models.

One of the interesting results of this study is that
SCORE2 did not improve applicability of the SCORE
model in the Korean population. Although the cali-
bration plot showed better predictability when using
SCORE2 compared with SCORE, the performance of
SCORE-OP and SCORE2-OP did not differ. The cause
of this discrepancy may be attributable to the
following reasons. This study used the observed risk
of both fatal and nonfatal risk, even for the SCORE
model. This approach may have resulted in a rela-
tively higher C-index of SCORE than the actual.
Another possible explanation is the difference in the
proportion of risk factors attributable to cardiovas-
cular disease. Although high blood pressure remains
the leading risk factor for cardiovascular disease–
related death globally, the relative importance of
high BMI and high total cholesterol is lower in the
Korean population compared with that in European
countries.35 South Korea showed the second lowest
combined effect of high blood pressure, serum
cholesterol, blood glucose, and BMI on cardiovascular
disease mortality.35 Because high cholesterol and BMI
were associated with death from ischemic heart dis-
ease and hemorrhagic stroke, respectively,35 a lower
impact of these factors would have resulted in over-
estimation in the Korean population. These differ-
ences in significance of each risk factor would have
affected not only the mortality but also the morbidity
of cardiovascular disease and nonfatal cardiovascular
disease events, thus leading to nonsuperiority of the
SCORE2 compared with the SCORE model.

Although Korea can be considered a low-risk
country, considering the annual cardiovascular dis-
ease mortality reported by the World Health Organi-
zation, the use of a low-risk model still showed a
divergence between the predicted and observed
values. Such overestimation among low-risk coun-
tries has also been shown in Austria.36 Considering
the limitations within the current SCORE2/SCORE2-
OP model, we attempted to propose a new
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This study validated the predictability of Systematic COronary Risk Evaluation (SCORE), Systematic COronary Risk Evaluation-Older Persons (SCORE-OP), SCORE2, and

SCORE2-OP models using 324,384 persons from the National Health Insurance Health Screening Cohort between 2004 and 2015. The coefficient for a low-risk region

was used to calculate the predicted risk in the SCORE and SCORE2 models and was compared with the risks from the actual observed risk. Both fatal and nonfatal

cardiovascular disease (CVD) was used to count the observed cardiovascular disease risk in both SCORE and SCORE2 models. Harrell’s concordance index (C-index)

was used for discrimination accuracy to evaluate the performance of SCORE/SCORE-OP and SCORE2/SCORE2-OP at a specific prediction time point, and calibration

performance was also compared. In the Korean population, the newly developed SCORE2/SCORE2-OP models and the previous SCORE/SCORE-OP models both tended

to overestimate cardiovascular disease risk, although the newer version showed a slight improvement compared with the older one.
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coefficient for the Korean population. Unfortunately,
we did not achieve a satisfactory result by adjusting
the coefficient alone. This finding underscores the
imperative need for further modification or the
development of an entirely novel model tailored
specifically to the Asian population.

Considering the unique risk factor profile within
the Asian population, previous studies not only
recalibrated Western models but also developed
novel models tailored specifically to Asian de-
mographics.37-39 These recently established models
include the Prediction for ASCVD Risk in China
(China-PAR) and the Japan Arteriosclerosis Longi-
tudinal Study (JALS) score.37,38 The China-PAR
model, designed as a sex-specific equation, exhibi-
ted C-statistics of 0.794 for men and 0.811 for
women.37 Similarly, the JALS score demonstrated an
area under the curve of 0.828 for the model without
atrial fibrillation and 0.832 for the model with atrial
fibrillation.38 Given the reasonably sound predictive
performance of both risk scoring systems in the
Asian population, further studies are warranted to
facilitate a direct comparison with the SCORE2
models.

STUDY LIMITATIONS. First, even though we aimed to
establish a rigorous baseline, given the nature of our
data tracked until 2015, the median follow-up dura-
tion was 9.0 years, with a Q1-Q3 of 9.0-9.0 years,
which was shorter than the 10 years proposed in
SCORE and SCORE2 models. This issue could poten-
tially influence the generalizability of the results. A
subsequent comparative study with a 10-year follow-
up duration is needed. Second, the number of par-
ticipants more than 80 years of age was relatively
small compared with other age groups. Thus, further
evaluation in a larger population is needed. Third, the
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SCORE-OP was originally developed for those aged up
to 80 years. The application of SCORE-OP in par-
ticipants more than 80 years of age, as in this
study, could be an extrapolation of the scoring
system without firm evidence. Fourth, because
HDL-C has been included in the National Health
Examination since 2009, the gap between that and
other baseline characteristics, which were mostly
collected between 2004 and 2005, may have
affected the results. Fifth, observed cardiovascular
risk consisting both fatal and nonfatal cardiovascu-
lar disease risk was also used for comparison in the
SCORE model. Given that the SCORE model was
intended to estimate only fatal cardiovascular dis-
ease risk, the actual observed risk of only fatal
cardiovascular disease events would be lower than
the observed cardiovascular disease risk assessed in
this study. Thus, a head-to-head comparison of the
C-index in SCORE and SCORE2 models should be
performed with caution. Sixth, although the authors
of the original SCORE2 article imputed missing data,
our study, in contrast, excluded missing data and
analyzed the available data. This may have caused a
bias and reduction of generalizability of the results.
Finally, cardiovascular disease mortality steadily
increased up to 123 per 100,000 persons from 2010
to 2018 in Korea. A continuous increase in cardio-
vascular disease mortality appears to be unavoid-
able in Korea with an aging population.17 Therefore,
we cannot assume that overestimation of cardio-
vascular disease risk will continue in the future.

CONCLUSIONS

The newly developed SCORE2/SCORE2-OP models
and the previous SCORE/SCORE-OP models both
tended to overestimate cardiovascular disease risk,
although the newer version showed a slight
improvement compared with the older models. It is
evident that a further modification or a new model
tailored to the East Asian population is necessary.
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