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Abstract

This study aims to compare the predicting performance of coronary atherosclerosis between Framingham Risk Score (FRS) Q
Pooled Cohort Equations (PCE) in moderate to high-risk patients who meet the target low-density lipoprotein cholesterol (LDL-C)
level of Korean dyslipidemia guidelines. Among 1207 patients aged 40 to 65 who underwent coronary computed tomography
angiography at outpatient for chest discomfort, we included 414 moderate-risk patients (non-diabetes) and 86 high-risk patients
(diabetes). They were divided into 3 groups according to FRS and PCE, then compared with coronary artery calcification score
(CACS) and plaque burden degree strata. We presented receiver operating characteristic curves for the presence of coronary
artery calcification (CAC) and any plaque. In moderate-risk patients, the distribution of CACS and plagque burden degree according
to FRS and PCE risk strata showed significant differences between groups and a consistent trend (P < .001). Both FRS and
PCE showed good discrimination for the presence of CAC [area under the curve (AUC); 0.711 vs 0.75, P = .02] and any plaque
(AUC; 0.72 vs 0.756, P = .025). However, in high-risk patients, there was no significant differences or consistent trend between
groups and the AUC values of FRS and PCE were (0.537 vs 0.571, P = .809) for CAC and (0.478 vs 0.65 P = .273) for any plaque
showing poor discrimination. In predicting coronary atherosclerosis in moderate to high-risk patients who meet the target LDL-C
level of Korean dyslipidemia guidelines, both FRS and PCE can be used in moderate-risk patients but not in high-risk patients.

Abbreviations: ASCVD = atherosclerotic cardiovascular disease, AUC = area under the curve, CACS = coronary artery
calcification score, CAC = coronary artery calcification, CAD = coronary artery disease, CCTA = coronary computed tomography
angiography, CVD = cardiovascular disease, FRS = Framingham risk score, HDL = high-density lipoprotein, LDL-C = Low-density
lipoprotein cholesterol, PCE = pooled cohort equations.
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1. Introduction

Low-density lipoprotein cholesterol (LDL-C) is the most critical
factor in the occurrence of atherosclerotic cardiovascular disease
(ASCVD) and is the main target for preventing it.l"! Although
ASCVD risk stratification is recommended worldwide, it is
generally believed that the incidence of cardiovascular disease
(CVD) differs from region and time changing due to the dif-
ferent distribution of CVD risk factors. According to the 2021
Canadian cardiovascular society guideline, it is recommended to
perform cardiovascular risk assessment using the Framingham
risk score (FRS), which is a multivariable statistical model that
considers age, sex, current smoking status, blood pressure, total
cholesterol, high-density lipoprotein (HDL) cholesterol, and his-
tory of diabetes.”! Moreover, the 2018 AHA Cholesterol Clinical

The authors have no funding and confiicts of interest to disclose.

The datasets generated during and/or analyzed during the current study are
available from the corresponding author on reasonable request.

@ Division of Cardiology, Department of Medicine, Samsung Medical Center,
Sungkyunkwan University School of Medicine, Seoul, Republic of Korea, ©
Department of Cardiology, Daegu Catholic University Medical Center, Daegu,
Korea.

* Correspondence: Hae Won Jung, Department of Cardiology, Daegu Catholic
University Medical Center, 33 Duryugongwonro 17-Gil, Nam-gu, Daegu 42472,
Republic of Korea (e-mail: fdssgjj@naver.com).

Copyright © 2022 the Author(s). Published by Wolters Kluwer Health, Inc.

Practice Guidelines recommend using the US-derived pooled
cohort equations (PCE) to estimate the 10-years risk for hard
ASCVD events.’! These 2 methods are widely used all over the
world. Both guidelines recommend risk stratification for patients
between the ages of 40 and 75 for guiding therapy, including the
use of statins to reduce major cardiovascular events.

However, in the case of FRS, some study results showed that
it overestimates coronary risk in Korean.!! Also, in the case of
PCE, because PCE targets white and black men and women
in the US, the performance of the PCE in diverse racial/eth-
nic groups from outside the United States is highly variable,
as would be expected given the heterogeneous nature of the
populations, differences in the prevalence of risk factors, and
differences in underlying hazards for ASCVD.B! Therefore,
the Korean Society of lipids and atherosclerosis does not
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3696patients screened
(DCMC CCTA registry, 2013.1~2020.9)

3114 patients

Excluded patients with
ASCVD history; n=312
Lipid lowering agent; n=235
ESRD; n=30
Motion artifact; n=5

Excluded patients who do not meet target
LDL-C level according to Korean
dyslipidemia guideline; n=2614

414 moderate risk patients(non-DM)
with LDL-C<130

86 high risk patients(DM)
with LDL-C<100

Figure 1. Enrollment flow chart for analysis. ASCVD = atherosclerotic cardiovascular disease, CCTA = coronary computed tomographic angiography, DCMC =

Daegu catholic medical center, DM = diabetes mellitus, ESRD = end-stage renal disease, LDL-C = low-density lipoprotein cholesterol.

Baseline characteristics divided by risk stratification.

Moderate risk group High risk group PValue

Total patients, n 414 86
Male 249 (60.1) 66 (76.7) .005
Age, yr 55.64 +6.49 56.76 + 6.39 146
Hypertension 142 (34.3) 51 (59.3) <.001
Hypertension medication 123 (29.7) 45 (52.3) <.001
Diabetic medication 0(0) 60 (69.8) <.001
Smoking status .015

Current smoker 32 (7.7) 15(17.4)

Ex-smoker 100 (24.9) 16 (18.6)

Non-smoker 282 (67.4) 55 (64.0)
BMI, kg/m? 24.31 £ 3.50 24.43 + 3.68 q73
FBG, mg/dL 102.31 £22.15 152.93 + 56.83 <.001
SBP, mm Hg 125.27 £ 16.92 127.22 £ 18.74 34
DBP, mm Hg 74,98 +11.37 76.26 +12.97 357
TC, mg/dL 155.10 + 26.79 134.50 + 22.07 <.001
TG, mg/dL 115.96 + 81.67 136.01 £ 110.97 .053
LDL-C, mg/dL 94.75 + 22.72 77.89 +15.26 <.001
HDL-C, mg/dL 48.22 +15.06 40.82 + 14.04 <.001
ApoA1, mg/dL 131.53 (30.36) 117.86 + 27.62 <.001
ApoB, mg/dL 84.95+18.35 7712 +14.33 <.001
Lp(a), mg/dL 20.34 + 23.37 20.52 + 28.05 .948
Hb,mg/dL 13.63 +1.73 12.83+2.13 .001
Creatine, mg/dL 0.79+0.20 1.13+1.05 .003
EF, % 57.29 + 11.81 55.43 +11.20 187
FRS 11.93 + 8.09 21.46 + 8.61 <.001
PCE 5.26 +4.16 12.35 +8.74 <.001
CAC score 136.61 + 424.15 603.62 + 1115.24 <.001
CAC>0 190(54.1) 67(77.9) <.001
Any plaque 241(58.2) 75(87.2) <.001
Obstructive CAD 108 (26.1) 38 (44.2) .001
Revascularization 46(11.1) 24(27.9) <.001

Values are given as mean =+ standard deviation or n (%).
Apo A1 = apolipoprotein A1, Apo B = apolipoprotein, BMI = body mass index, CAC = coronary artery calcification, DBP = diastolic blood pressure, EF = Ejection fraction, FBG = fasting blood glucose,
FRS = Framingham Risk Score, Hb = hemoglobin, HDL = high-density lipoprotein cholesterol, LDL-C = low-density lipoprotein cholesterol, LP(a) = lipoprotein (a), CAD = coronary artery disease,

PCE = Pooled Cohort Equations, SBP = systolic blood pressure, TC = total cholesterol, TG = triglyceride.
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recommend these tools as guidelines for the treatment of
dyslipidemia.

The Korean Society of Lipid and Atherosclerosis divided the risk
group for ASCVD into 4 groups (very high-risk group, high-risk
group, moderate-risk group, and low-risk group). Those with a
history of CVD [coronary artery disease (CAD), peripheral artery
disease, ischemic stroke, transient ischemic attack] were defined
as very high-risk group, those with carotid disease, abdominal
aortic aneurysm, or diabetes as high-risk group, those with 2 or
more major risk factors as moderate-risk group, and those with
less than 2 as low-risk group. Major risk factors were defined as
age (male > 45 years, female > 55 years), family history of pre-
mature CAD hypertension, smoking, and hypo-HDL-C. Each
group set LDL-C level as a treatment target, and made a guide-
line on whether to use statin and treatment direction according
to LDL-C level (LDL-C target — very high risk < 70 mg/dL, high
risk < 100 mg/dL, moderate risk < 130mg/dL, low risk < 160 mg/
dL).I”) However, even in patients whose LDL-C values satisfy the
LDL-C target, ASCVD occurs. Therefore, the purpose of this study
is to evaluate the predictive performance of FRS and PCE for coro-
nary atherosclerosis in moderate and high-risk patients who meet
the target LDL-C level of the Korean dyslipidemia guidelines.

2. Methods

2.1. Study population and data collection

The study population was patients aged 40 to 65 who under-
went coronary computed tomography angiography (CCTA)
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at outpatient for chest discomfort. From January 2013 to
September 2020, a total of 3696 patients visited the outpatient
with chest pain, then CCTA and laboratory tests including LDL-
C, HDL-C, triglyceride, apolipoprotein A1, apolipoprotein B,
and lipoprotein (a) were performed. We excluded 312 patients
with ASCVD history (very high risk and high-risk group except
for diabetes), 235 patients already taking lipid-lowering agent,
30 patients with end-stage renal disease, and 5 patients with
difficulty in CCTA image evaluation with motion artifact. Then
2614 patients who did not meet the target LDL-C level accord-
ing to Korean dyslipidemia guideline were also excluded. Finally,
we included 414 moderate-risk patients (non-diabetes) with
LDL-C less than 130 mg/dL and 86 high-risk patients (diabe-
tes) with LDL-C less than 100 mg/dL. The inclusion and exclu-
sion criteria are shown in a flow diagram (Fig. 1). The patients’
baseline characteristics and laboratory and radiographic test
results were collected retrospectively. The institutional review
board of Daegu catholic university medical center approved the
study and waived the requirement for patient informed consent
because of the study’s retrospective nature.

2.2. Framingham risk score and pooled cohort equation

FRS and PCE were used to evaluate 10-years ASCVD risk.
They were calculated using various variables (age, total choles-
terol, high-density lipoprotein cholesterol, systolic blood pres-
sure (including treated or untreated status), history of diabetes
mellitus, and current smoking status).””! For each patient, the

Distribution of CAC score and plaque degree according to FRS and PCE strata in moderate group (non-diabetes).

FRS strata in moderate risk group (non-diabetes)

Low (~10%) Intermediate (10~20%) High (20%~) PValue* Pvalue for trendt

n 211 131 72
CAC score strata <.001 <.001

CAC=0 144 (68.2) 56 (42.7) 24 (33.3)

CAC 1-99 42 (19.9) 38 (29.0) 18 (25.0)

CAC 100-399 17 (8.1) 20 (15.3) 15 (20.8)

CAC 2 400 8(3.8) 17 (13.0) 15 (20.8)
CAC>0 67 (31.8) 75 (57.3) 48 (66.7) <.001 <.001
CAC 2100 25(11.8) 37 (28.2) 30 (41.7) <.001 <.001
CAC 2 400 8(3.8) 17 (13.0) 15 (20.8) <.001 <.001
Plague degree strata <.001 <.001

No plaque 119 (56.4) 43(32.8) 11 (15.3)

Plaque stenosis < 50% 60 (28.4) 46 (35.1) 27 (37.5)

Plaque stenosis 2 50% 32 (15.2) 42 (32.1) 34 (47.2)
Any plaque 92 (43.6) 88 (67.2) 61(84.7) <.001 <.001

PCE strata in moderate risk group (non-diabetes)
Low (~5%) Borderline or Intermediate (5~20%) High (20%~) PValue* PValue for trendt

n 236 176 2
CAC score strata <.001 <.001

CAC=0 163 (69.1) 60 (34.1) 1(50.0)

CAC 1-99 48 (20.3) 50 (28.4) 0(0.0)

CAC 100-399 19(8.1) 33(18.9) 0(0.0)

CAC 2 400 6 (2.5) 33(18.9) 1(50.0)
CAC>0 73(30.9 116 (65.9) 1(50.0) <.001 <.001
CAC 2100 25(10.6) 66 (37.5) 1(50.0) <.001 <.001
CAC 2 400 6 (2.5) 33(18.9) 1(50.0) <.001 <.001
Plague degree strata <.001 <.001

No plaque 133 (56.4) 40 (22.7) 0(0.0)

Plaque stenosis < 50% 65 (27.5) 67 (38.1) 1(50.0)

Plaque stenosis 2 50% 38 (16.1) 69 (39.2) 1(50.0)
Any plaque 103 (43.6) 136 (77.3) 2(100.0) <.001 <.001

CAC = coronary artery calcification, FRS = Framingham Risk Score, PCE = Pooled Cohort Equations.

*Chi-square test or Fisher exact test.
FLinear association test.



Kim and Jung e Medicine (2022) 101:47

10-years risk for ASCVD was categorized as low-risk (<5%),
borderline or intermediate risk (5% to <20%) and high risk
(220%) according to 2018 AHA dyslipidemia guideline using
PCE and low risk (<10%), intermediate risk (10% to <20%),
and high risk (>20%) according to 2021 CCS dyslipidemia
guideline using FRS.?% The predictive performance of these 2
tools was indirectly analyzed through the presence or absence
of coronary artery calcification (CAC) and plaque.

2.3. Acquisition and analysis of CCTA images

CT scans were performed with a 256-slice CT (Definition Flash;
Siemens Healthineers AG) or a 512-slice CT (Revolution CT;
GE Healthcare). All patients with an initial heart rate > 60 beats/
min were given an oral beta-blocker (propranolol 20mg) to
achieve a target heart rate of 50 to 60 beats/minute. Sublingual
nitroglycerin was administered immediately before scanning.
An iodine contrast agent (60-70mL) was administered into
the antecubital vein within 10 seconds, followed by 25mL of
saline solution injected at 5.0 mL/second. The CT-reconstructed
imaging data were transferred to a GE Centricity system (GE
Healthcare Bio-Sciences Corp) for postprocessing and subse-
quent image analysis. A radiologist read each scan independently
at a central reading center. Plaque incidence and its severity were
investigated. Plaques were defined as structures > 1 mm? within
and/or adjacent to the vessel lumen and were clearly distin-
guishable from the lumen and the surrounding pericardial tis-
sue. Coronary atherosclerosis is defined as the presence of any
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CAC or plaque.”! Stenosis of 50% or more in coronary artery
was defined as obstructive CAD.!"”! The coronary artery calcium
score (CACS) was acquired with the Agatston method using a
commercially available reconstruction program for 3-dimen-
sional reconstruction and measurement (Aquarius iNtuition
TM Ver.4.4.12 TeraRecon).!''l The CACS was classified accord-
ing to the cutoff values (0, 1-100, 101-400, >400) mainly used
in the clinic.l'?! After CCTA evaluation, medical treatment or
revascularization (percutaneous coronary intervention or cor-
onary artery bypass grafting) was performed according to the
physician’s judgment, and the rate of revascularization was also
investigated.

2.4. Statistics

Continuous values are reported as mean = standard deviations
and as frequencies (percentages) for categorical values. T-test or
Wilcoxon rank-sum test for continuous values was used to com-
pare the group and chi-square test or Fisher exact test for cat-
egorical values. Baseline characters were compared by dividing
them into high-risk group (diabetes) and moderate risk group
(non-diabetes). Distribution of CACS and plaque degree with
various FRS, PCE strata were compared by using the chi-square
test or Fisher exact test, and the trend test was also done by
linear association test. In addition, the weight kappa coefficient
was used to analyze the agreement between FRS and PCE. To
compare the predicting performance of FRS and PCE accord-
ing to CAC and plaque observed in CCTA, receiver operating

Distribution of CAC score and plaque degree according to FRS and PCE strata in high-risk group (diabetes).

FRS strata in high-risk group (diabetes)

Low (~10%) Intermediate (10-20%) High (20%~) PValue* P value for trend}

n 11 25 50
CAC score strata .785 496

CAC=0 3273 4(16.0) 12 (24.0)

CAC 1-99 3(27.3) 7(28.0) 9(18.0)

CAC 100-399 2(18.2) 7(28.0) 9(18.0)

CAC 2 400 3(27.3) 7(28.0) 20 (40.0)
CAC>0 8(72.7) 21 (84.0) 38 (76.0) .665 .889
CAC 2100 5 (45.5) 14 (56.0) 29 (58.0) 75 497
CAC 2 400 3(27.3 7(28.0) 20 (40.0) 502 282
Plaque degree strata 519 409

No plaque 2(18.2) 2(8.0) 7(14.0)

Plaque stenosis < 50% 5 (45.5) 14 (56.0) 18 (36.0)

Plaque stenosis 2 50% 4 (36.4) 9(36.0) 25 (50.0)
Any plaque 9(81.8) 23(92.0) 43 (86.0) 724 .996

PCE strata in high-risk group (diabetes)
Low (~5%) Borderline or intermediate (5-20%) High (20%~) Pvalue* P Value for trendt

n 15 57 14
CAC score strata .738 .064

CAC=0 5(33.3) 12 (21.1) 2 (14.3)

CAC 1-99 4(26.7) 13 (22.9) 2(14.3)

CAC 100-399 3(20.0) 12 (21.1) 3(21.4)

CAC 2 400 3(20.0) 20 (35.1) 7(50.0)
CAC>0 10 (66.7) 45 (78.9) 12 (85.7) 504 216
CAC 2100 6 (40.0) 32 (56.1) 10 (71.4) 234 .09
CAC 2 400 3(20.0) 20 (35.1) 7 (50.0) .238 .092
Plaque degree strata 411 .246

No plaque 3(20.0) 8(14.0) 0(0.0)

Plaque stenosis < 50% 7(46.7) 22 (38.6) 8 (57.1)

Plaque stenosis 2 50% 5(33.3) 27 (47.4) 6(42.9)
Any plaque 12 (80.0) 49 (86.0) 14 (100.0) .282 112

CAC = coronary artery calcification, FRS = Framingham Risk Score, PCE = Pooled Cohort Equations.
*Chi-square test or Fisher exact test.
FLinear association test.
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characteristic curves were presented for each, and area under
the curve (AUC) was measured.

3. Results

3.1. Base characteristics

The mean age, LDL-C and CACS of the patients were
55.83 +6.48, 91.85 +22.53mg/dL and 216.936 = 626, respec-
tively. When comparing the moderate (non-diabetic) group and
the high-risk group (diabetic), the high-risk group had a higher
incidence of male, hypertension, antihypertensive drugs, antidi-
abetic drugs, current smoking, and higher FRS, PCE, and CAC
scores. The LDL-C level was significantly lower in high-risk
group. The presence of CAC and any plaque, which were used
as indicators to predict future ASCVD were observed at a sig-
nificantly higher rate in the high-risk group (Table 1).

3.2. Distribution of CACS and plaque burden degree in
various FRS and PCE strata

The distribution of CACS and plaque burden degree according
to FRS and PCE strata in the moderate risk group (non-diabe-
tes) showed significant differences (all P <.001) and a consistent
trend (All trend test P < .001) among groups (Table 2). However,
there was no significant difference and consistent trend in high-
risk group (diabetes) (Table 3).

3.3. Comparison of FRS and PCE in moderate risk group
and high-risk group

FRS and PCE strata showed consistency in moderate and high-
risk group (weight kappa = 0.424 [0.363-0.486]; 0.313 [0.185-
0.442], P < .001). Although there was a good consistency, most
patients judged as high risk by FRS were not judged as high
risk by PCE. In non-diabetes patients, 72 patients (17.3%) were
judged as high risk by FRS, but only 2 patients (0.4%) were
judged as high risk by PCE. Similar results were observed in
diabetes patients, with 50 (58.1%) high risk patients in FRS, but
only 14 (16.2%) high risk patients in PCE (Fig. 2).

3.4. Predicting the performance of FRS and PCE in
coronary atherosclerosis

Both FRS and PCE showed good discrimination for the pres-
ence of CAC and any plaque in moderate risk group (non-di-
abetes) and PCE showed better predictability for coronary
atherosclerosis than FRS (AUC for CAC; FRS vs PCE: 0.711 vs
0.75, P = .02, AUC for any plaque; FRS vs PCE: 0.72 vs 0.756,
P =.025). However, in high-risk group (diabetic), AUC values
of FRS and PCE were (0.537 vs 0.571, P =.809) for CAC and
(0.478 vs 0.65 P =.273) for any plaque. Both scores showed
poor discrimination (Fig. 3).

4. Discussion

Most guidelines recommend that LDL-C is the main target
for preventing ASCVD, and according to Korean dyslipidemia
guideline, statin use was unnecessary for patients in this study.
However, in this study, 29% of patients had obstructive CAD,
and 14% ultimately needed revascularization despite the low
LDL-C levels. In addition, the incidence of obstructive CAD and
revascularization was significantly higher in high-risk group
than moderate risk group. However, LDL-C values were signifi-
cantly lower than those of moderate risk group. This means that
although LDL-C is the main target of ASCVD, LDL-C levels
do not account for all ASCVD occurrences. A Korean cohort
study that analyzed the population attributable risk to CVD
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Moderate risk group (non diabetes)

PCE

. Low(~5%)

. Borderfine or
Intermediale(5%~20%)

I Highi20%-)

o I I .

Lovi(~10%) Intermediate(10~20%) High(~20%)

FRS
High risk group (diabetes)

ks PCE
B Lonc-5%)
Borderline or
Intermediate(5~20%)
I . High{~20%)

count

=

0

Low(~10%) Intarmediate(10~20%) High(~20%)

FRS

Figure 2. Framingham Risk Score and Pooled Cohort Equations strata in
moderate (non- diabetes) and high-risk group (diabetes). FRS = Framingham
Risk Score, PCE = Pooled Cohort Equations.

found that the contribution is the highest for hypertension,
followed by smoking, dyslipidemia, and diabetes in men. In
Korean women, the factor with the highest contribution to CVD
risk was hypertension, followed by dyslipidemia, diabetes, and
smoking.”! Therefore, managing the other modifiable risk fac-
tors in addition to LDL-C is recommended for CVD prevention.

FRS and PCE are widely used tools worldwide, and risk strat-
ification is possible easily. In the moderate risk group of this
study, both FRS and PCE strata for CACS and plaque degree
distribution showed significant differences between groups and
both AUC values for CAC and any plaque were more than 0.7,
indicating good discrimination. Also, of the 2 methods, PCE was
better in predicting coronary atherosclerosis than FRS. Although
these 2 methods showed moderate agreement with each other,
considering that there were significantly more patients judged
as high risk by FRS than by PCE, it can be considered that FRS
overestimates CV risk compared to PCE in Korean patients.
In fact, although FRS has been continuously updated until
recently,!'! overestimation after applying the FRS to ethnic pop-
ulations has been problematic in Western countries.' To over-
come the limitations of FRS, the pooled cohort equation (PCE)
has been introduced by the American College of Cardiology/
American Heart Association.”! There are few studies comparing
FRS and PCE in Koreans. In a study, the AUC value of the PCE
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Figure 3. Receiver operating characteristic curve for coronary artery calcification and any plaque in moderate (non-diabetes) and high-risk group (diabetes).
AUC = area under the curve, CAC = coronary artery calcification, FRS = Framingham Risk Score, PCE = Pooled Cohort Equations, ROC = receiver operating

characteristic.

score for CAC progression was observed to be slightly higher
than that of FRS (AUC 0.67 vs 0.66).1"1 Then in another study
with Asians, there was a result that PCE brought an improve-
ment of 3.1% Net reclassification Index (NRI) compared to
FRS for ASCVD.!"*l However, neither study showed a significant
difference. In addition, the previous study demonstrated PCE
also overestimates or underestimates ASCVD when targeting
Koreans.!"” Therefore, ASCVD risk prediction models are being
developed for Korean.!'®!

Unlike the moderate risk group, in the high-risk group with
diabetes, the FRS and PCE strata did not show significant differ-
ences in the CACS and plaque degree distribution, and the pre-
dictive performance of coronary atherosclerosis was also poor.
When calculating FRS and PCE scores, there is only a binary
option regarding history of diabetes and current smoking sta-
tus, which are subjects of FRS and PCE scores. They are not
categorized in detail, such as according to diabetes morbidity
period, current diabetes control status, smoking period, etc.
Diabetes is a significant risk factor for CAD, and controlling it is
just as important as lowering LDL to prevent CAD. In a study,
it was reported that controlled diabetes showed no significant
difference from normal individuals for risk of any plaque and

obstructive CAD. Still, the risk significantly increased in uncon-
trolled diabetes patients.!"”) However, PCE and FRS do not con-
tain detailed information about diabetes, and we thought this
may have influenced the prediction performance of FRS, PCE
for coronary atherosclerosis in the high-risk group. Although
this study did not investigate the degree of diabetes control and
disease duration in detail, when performing risk stratification in
diabetic patients, it would be helpful to increase the predictive
performance by applying exact values such as hemoglobin Alc
rather than a binary option.

As mentioned above, tools such as FRS and PCE were devel-
oped based on Western populations, and there are some pre-
diction models for Korean.*!'s However, the current Korean
dyslipidemia guidelines do not recommend the use of risk
assessment tools. According to the results of our study, we
found that FRS or PCE can be usefully used to discriminate
patients with residual ASCVD risk in moderate-risk group who
meet the target LDL-C level of Korean dyslipidemia guideline,
and the need for statin use is not recommended. Therefore, we
hope the research can predict future ASCVD risk by fusion of
Korean dyslipidemia guideline with FRS or PCE. It will take a
long time to develop and general use of the risk stratification
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model for Koreans. In contrast, FRS and PCE are easily and
quickly available online. Therefore, using FRS or PCE should
be considered in ASCVD risk stratification and treatment direc-
tion in Korean.

There are several limitations to this study. First, Although
FRS and PCE tools were made to directly screen 10-years risk
of clinical ASCVD in asymptomatic patients, we attempted to
predict coronary atherosclerosis on CCTA through the pres-
ence of CAC and any plaque in symptomatic patients using FRS
and PCE. However, considering that the CAC score is used as
an independent marker for predicting ASCVD,?% and the ath-
erosclerotic plaque burden is the main driver of ASCVD risk
in CAD patients,?" these 2 values are acceptable as predictive
indicators for ASCVD. Therefore, this study showed that 2 rep-
resentative tools could be helpful for predicting future ASCVD
even in symptomatic moderate risk patients with low LDL-C as
well as asymptomatic patients and PCE was superior to ASCVD
prediction in these patient groups than FRS. Second, this study
was for patients who came to the hospital with chest pain. In
addition, most of the patients visited had more than 1 major
risk factor, so low risk group patients were not included. As a
result, there must have been a selection bias. Third, the total
number of patients was small, among them, the number of the
high-risk group patients was particularly small. Therefore, it is
difficult to apply the results of this study to all diabetic patients
in general. However, considering that most diabetic patients
have dyslipidemia, the number of diabetic patients with LDL-C
below 100 mg/dL without lipid-lowering drugs in this study was
inevitably small. We hope that future studies will be conducted
with a large number of diabetic patients with low LDL-C.

5. Conclusion

In predicting coronary atherosclerosis in moderate to high-risk
patients who meet the target LDL-C level of Korean dyslipid-
emia guidelines, both FRS and PCE can be used in moderate-risk
patients but not in high-risk patients. PCE showed better pre-
dictability for coronary atherosclerosis than FRS.
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