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Background: Coronary artery calcification (CAC) is highly prevalent in patients with chronic kidney disease (CKD) and is associated 
with major adverse cardiovascular events and metabolic disturbances. The triglyceride-glucose index (TyGI), a novel surrogate marker 
of metabolic syndrome and insulin resistance, is associated with CAC in the general population and in patients with diabetes. This 
study investigated the association between the TyGI and CAC progression in patients with CKD, which is unknown. 
Methods: A total of 1,154 patients with CKD (grades 1–5; age, 52.8 ± 11.9 years; male, 688 [59.6%]) were enrolled from the KNOW-
CKD (KoreaN Cohort Study for Outcomes in Patients With Chronic Kidney Disease). The TyGI was calculated as follows: ln (fasting tri-
glycerides × fasting glucose/2). Patients were classified into tertiles (low, intermediate, high) based on the TyGI. The primary outcome 
was annualized percentage change in CAC score [(percent change in CAC score + 1)12/follow-up months – 1] of ≥15%, defined as CAC pro-
gression.
Results: During the 4-year follow-up, the percentage of patients with CAC progression increased across TyGI groups (28.6%, 37.5%, 
and 46.2% in low, intermediate, and high groups, respectively; p < 0.001). A high TyGI was associated with an increased risk of CAC 
progression (odds ratio [OR], 2.11; 95% confidence interval [CI], 1.14–3.88; p = 0.02) compared to the low group. Moreover, a 1-point 
increase in the TyGI was related to increased risk of CAC progression (OR, 1.55; 95% CI, 1.06–1.76; p = 0.02) after adjustment.  
Conclusion: A high TyGI may be a useful predictor of CAC progression in CKD. 
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Introduction 

Coronary artery calcification (CAC) and its progression are 

known to be related to cardiovascular events [1–3]. Many 

studies have reported the association between CAC and 

metabolic disturbances such as central obesity, insulin re-

sistance, and dyslipidemia [4–8]. The triglyceride-glucose 

index (TyGI) is a reliable surrogate marker of insulin resis-

tance [9], and it is considered even more sensitive and spe-

cific than the Homeostatic Model Assessment for Insulin 

Resistance [10]. There have been several studies on insulin 

resistance and its relationship with cardiovascular events 

in the general population and in patients with diabetes 

mellitus (DM) [11–14]. For patients with chronic kidney 

disease (CKD), cardiovascular disease (CVD) and cerebro-

vascular disease are major causes of mortality [15]. While 

CKD itself is a potential risk factor for CVD, the previous 

CRIC (Chronic Renal Insufficiency Cohort) study consist-

ing of patients with estimated glomerular filtration rate 

(eGFR) ranging from 20 to 70 mL/min/1.73 m2 showed that 

CAC was significantly independently related to increased 

risk of CVD [16]. In addition to this, CAC is associated with 

both a higher risk of CVD and an increased risk of CKD 

progression [17]. Nevertheless, few studies have investigat-

ed the connection between the TyGI and CAC progression 

in patients with CKD. Therefore, this study aimed to inves-

tigate the association between the TyGI and CAC progres-

sion in patients with CKD. 

Methods 

Patients 

The participants were enrolled from the nationwide multi- 

center prospective observational cohort of the KNOW-

CKD (KoreaN Cohort Study for Outcomes in Patients With 

Chronic Kidney Disease) which consists of 2,238 Korean 

predialysis patients with grade 1 to 5 CKD aged between 

20–75 years. This cohort study included patients with grade 

1 to 2 CKD who had albuminuria or different early kidney 

damage markers even with a normal or slightly decreased 

glomerular filtration rate. Patients with previous chronic 

dialysis, kidney transplantation, or unavailable demo-

graphic information, lab data, or CAC score were excluded. 

Finally, 1,154 patients with grade 1 to 5 CKD were enrolled 

and classified into one of three groups based on the base-

line TyGI: low (n = 382), intermediate (n = 387), or high (n 

= 385) (Fig. 1). 

The study rationale, design, and methods are described 

in detail elsewhere [18]. The Institutional Review Board of 

each participating center approved the study protocol. All 

patients gave written informed consent at enrollment. 

Data collection 

Demographic and clinical data including age, sex, alcohol 

consumption, smoking history, comorbidities, and med-

Figure 1. Flow diagram for the patients enrolled in this study.
CAC, coronary artery calcification.

KoreaN Cohort Study for Outomes in Patients With Chronic 
Kidney Disease cohort study (n = 2,118)

Final analyzed subjects (n = 1,154)

Low
(n = 382)

Intermediate
(n = 387)

High
(n = 385)

Exclusion (n = 964)
1) Previous chronic dialysis, kidney transplantation
2)  Unavailable demographic information, laboratory 

data, CAC
3) Missing follow-up data
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ications were collected at the time of enrollment. Patients 

stood barefoot to measure their height to the nearest 0.1 

cm using a digital stadiometer. Bodyweight was measured 

to the nearest 0.1 kg in light clothes without shoes, using 

standard methods. Body mass index (BMI) was calculat-

ed as weight/height2. Blood pressure (BP) was measured 

after 5 minutes of resting in a sitting position at the office 

by a trained nurse using a mercury sphygmomanometer 

or calibrated oscillometer electronic sphygmomanometer 

at each participating center according to the American 

Heart Association standardized protocol [19]. The mean of 

three BP measurements from each visit was used as the BP 

value. The electronic device was validated by comparing 

the device readings alternating with five mercury sphyg-

momanometer values. Hypertension was defined as BP of 

≥140/90 mmHg, self-reported hypertension, or current use 

of antihypertensive drugs such as calcium-channel block-

ers, angiotensin-converting enzyme inhibitors, angioten-

sin-receptor blockers, beta-blockers, and diuretics. DM 

was defined as self-reported DM, fasting plasma glucose 

of ≥126 mg/dL, or use of glucose-lowering drugs. Smoking 

status was binarized as current smoker or former/never 

smoker. Alcohol drinkers were defined as patients who 

drink alcohol more than twice a week. All data including 

baseline demographic information and laboratory data 

were gained from the electronic data management system 

(PhactaX). Laboratory data such as hemoglobin, blood 

urea nitrogen (BUN), creatinine, uric acid, total choles-

terol, triglycerides, high-density lipoprotein cholesterol 

(HDL-C), low-density lipoprotein cholesterol (LDL-C), 

calcium, phosphate, and parathyroid hormone (PTH) lev-

els were measured from overnight fasting venous samples. 

Fibroblast growth factor 23 (FGF-23) was measured by 

enzyme-linked immunosorbent assay (Immutopics). The 

TyGI was calculated as follows: ln (fasting triglycerides × 

fasting glucose/2). 

Outcome measures 

CAC scores were measured at enrollment and at the 4-year 

follow-up. CAC was assessed via electrocardiography-gat-

ed coronary 64-slice multidetector chest computed tomog-

raphy. The CAC density score was calculated by dividing 

the Agatston score by the total area score by experienced 

cardiac radiologists from each participating center. The 

primary outcome was CAC progression, which was defined 

as an annualized percentage change in CAC scores ≥15% 

[20–24]. As in previous studies [25], the percentage change 

of CAC score was defined as [(CAC score at follow-up) – 

(CAC score at enrollment)] / (CAC score at enrollment + 

1). Adding 1 to the CAC score at enrollment in the denom-

inator allows for the inclusion of patients with a baseline 

CAC score of 0. Furthermore, the annualized percentage 

change in CAC score was calculated as (percent change of 

CAC score + 1)1/4 – 1. The value “1/4” in this equation was 

derived from (12/follow-up months), where the number of 

follow-up months is 48. Secondary outcomes included ma-

jor adverse cardiovascular events (MACE), such as myocar-

dial infarction, nonfatal stroke, and all-cause mortality. 

Statistical analysis 

Continuous variables were stated as mean ± standard de-

viation and categorical variables as number (percentage). 

Baseline characteristics and changes in CAC scores were 

compared between groups using analysis of variance for 

continuous variables and the chi-square test for categorical 

variables. Multivariable logistic regression analyses were 

performed to evaluate the association between the TyGI 

and CAC progression in each group. Odds ratios (ORs) and 

95% confidence intervals (CIs) were used to provide the 

relative risk for CAC progression. Statistical analyses in this 

study were performed using IBM SPSS version 26 (IBM 

Corp.), and R software version 4.3.2 (R Foundation for 

Statistical Computing). A p-value of <0.05 was considered 

significant. 

Results 

Baseline characteristics 

The mean age of study subjects was 52.8 ± 11.9 years and 

688 (59.6%) were male. The mean TyGI was 8.8 ± 0.6 in all 

patients, 8.2 ± 0.3 in the low TyGI group, 8.8 ± 0.2 in the 

intermediate group, and 9.5 ± 0.4 in the high group. Com-

pared to the low TyGI group, patients with a high TyGI 

tended to be older, have higher BMI and systolic BP (SBP), 

and more comorbidities such as hypertension and DM. 

The high TyGI group also had higher levels of calcium, 

BUN, creatinine, fasting plasma glucose, total cholesterol, 
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and triglycerides but lower eGFR and HDL-C compared to 

the low TyGI group. There were no significant differences 

in bone mineral disease markers such as phosphate, alka-

line phosphate, FGF-23, or total PTH other than calcium 

among different TyGI groups (Table 1).  

Baseline and change in coronary artery calcification 

During the 4-year follow-up, the median value of annual-

ized percentage change of patients with CAC progression 

increased across TyGI groups (0%, 7.0%, and 13.6% in low, 

intermediate, and high TyGI groups, respectively; p < 0.001) 

(Table 2, Fig. 2). The percentage of patients with CAC pro-

gression increased across TyGI groups (28.6%, 37.5%, and 

46.2% in low, intermediate, and high TyGI groups, respec-

tively; p < 0.001) (Table 2).  

Association between triglyceride-glucose index and cor-
onary artery calcification progression in patients with 
chronic kidney disease 

In multivariable logistic regression analysis, the high TyGI 

group was associated with increased risk of CAC progres-

sion (OR, 2.11; 95% CI, 1.14–3.88; p = 0.02) compared to 

Table 1. Baseline characteristics at enrollment among patients stratified by TyGI

Characteristic
TyGI

p-value
Total Low Intermediate High

No. of subjects 1,154 (100) 382 (33.1) 387 (33.5) 385 (33.4)
Age (yr) 52.8 ± 11.9 50.5 ± 12.1 53.7 ± 11.9 54.1 ± 11.4 <0.001
Male sex 688 (59.6) 193 (50.5) 233 (60.2) 262 (68.1) <0.001
SBP (mmHg) 126.0 ± 14.7 123.7 ± 13.9 126.5 ± 14.4 127.8 ± 15.4 <0.001
DBP (mmHg) 76.8 ± 10.4 76.2 ± 10.3 76.9 ± 9.9 77.3 ± 10.8 0.36
Body mass index (kg/m2) 24.7 ± 3.3 23.2 ± 3.1 24.6 ± 2.9 26.1 ± 3.4 <0.001
Comorbidities
 Hypertension 1,101 (95.4) 351 (91.9) 371 (95.9) 379 (98.4) <0.001
 Diabetes mellitus 307 (26.6) 49 (12.8) 102 (26.4) 156 (40.5) <0.001
Statin use 583 (50.5) 152 (39.8) 220 (56.8) 211 (54.8) <0.001
Alcohol 349 (30.2) 89 (23.3) 105 (27.1) 155 (40.3) <0.001
Smoking 382 (33.1) 238 (61.5) 42 (10.9) 102 (26.5) <0.001
Exercise 359 (31.1) 111 (29.1) 124 (32.0) 124 (32.2) 0.80
Laboratory value
 Calcium (mg/dL) 9.24 ± 0.43 9.16 ± 0.39 9.25 ± 0.44 9.29 ± 0.43 <0.001
 Phosphate (mg/dL) 3.54 ± 0.56 3.48 ± 0.53 3.56 ± 0.56 3.58 ± 0.58 0.053
 Alkaline phosphate (U/L) 85.4 ± 62.9 82.0 ± 59.0 87.0 ± 65.3 87.3 ± 64.1 0.42
 FGF-23 (RU/mL) 20.1 ± 29.4 17.9 ± 23.6 21.6 ± 38.4 20.7 ± 23.6 0.21
 Total PTH (pg/mL) 53.6 ± 39.0 53.3 ± 37.0 52.7 ± 40.5 55.0 ± 39.8 0.80
 Blood urea nitrogen (mg/dL) 23.1 ± 10.9 21.7 ± 10.4 24.2 ± 11.5 23.4 ± 10.6 0.005
 Creatinine (mg/dL) 1.38 ± 0.81 1.28 ± 0.60 1.41 ± 0.75 1.45 ± 1.03 0.004
 eGFR (mL/min/1.73 m2) 62.3 ± 28.8 67.0 ± 30.2 60.3 ± 28.6 59.7 ± 27.1 <0.001
 Fasting plasma glucose (mg/dL) 107.1 ± 31.1 92.7 ± 11.5 104.7 ± 20.4 123.9 ± 43.1 <0.001
 Total cholesterol (mg/dL) 174.9 ± 36.0 170.0 ± 33.2 173.5 ± 35.5 181.7 ± 38.0 <0.001
 Triglyceride (mg/dL) 152.2 ± 94.2 79.0 ± 20.7 129.8 ± 26.6 247.4 ± 102.9 <0.001
 LDL-C (mg/dL) 97.4 ± 30.1 94.9 ± 27.4 99.8 ± 30.3 97.3 ± 32.2 0.08
 HDL-C (mg/dL) 50.8 ± 15.0 58.0 ± 16.3 50.7 ± 13.5 43.7 ± 11.2 <0.001
 TyGI 8.8 ± 0.6 8.2 ± 0.3 8.8 ± 0.2 9.5 ± 0.4 <0.001

Data are expressed as number (%) or mean ± standard deviation.
DBP, diastolic blood pressure; eGFR, estimated glomerular filtration rate; FGF-23, fibroblast growth factor 23; HDL-C, high-density lipoprotein cholesterol; 
LDL-C, low-density lipoprotein cholesterol; PTH, parathyroid hormone; SBP, systolic blood pressure; TyGI, triglyceride-glucose index.
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Figure 2. Percentage change in CAC among different TyGI 
groups. Percentage change of patients with CAC progression 
increased across TyGI groups (with the mean values of 16.7%, 
20.8%, and 24.9% in low, intermediate, and high TyGI groups, re-
spectively; p < 0.001).
CAC, coronary artery calcification; TyGI, triglyceride-glucose index.

Table 2. Change in CAC scores stratified by TyGI

Group No. of subjects
CAC score Percent change in 

CAC scores CAC progression p-value
Baseline 4-yr follow-up

Low 382 0.0 (0.0–8.0) 0.0 (0.0–42.4) 0.0 (0.0–19.7) 109 (28.5) <0.001
Intermediate 387 0.5 (0.0–62.2) 8.3 (0.0–155.3) 7.0 (0.0–26.9) 145 (37.5)
High 385 5.3 (0.0–76.6) 28.5 (0.0–187.2) 13.6 (0.0–33.4) 178 (46.2)

Data are expressed as median (interquartile range) or number (%).
CAC, coronary artery calcification; TyGI, triglyceride-glucose index.

Table 3. ORs for CAC progression according to the TyGI

Variable
Model 1a Model 2b Model 3c

OR (95% CI) p-value OR (95% CI) p-value OR (95% CI) p-value
TyGI
 Low Reference - Reference - Reference -
 Intermediate 1.50 (1.11–2.03) 0.009 1.22 (0.84–1.77) 0.31 1.49 (0.86–2.56) 0.16
 High 2.15 (1.59–2.91) <0.001 1.79 (1.22–2.63) 0.003 2.11 (1.14–3.88) 0.02
TyGI (per 1-point increase) 1.39 (1.08–1.79) 0.01 1.68 (1.30–2.17) <0.001 1.55 (1.06–1.76) 0.003

CAC, coronary artery calcification; CI, confidence interval; OR, odds ratio; TyGI, triglyceride-glucose index.
aUnadjusted. bAdjusted for age, sex, body mass index, waist, smoking, alcohol, and exercise. cModel 2 + hypertension, diabetes mellitus, systolic blood 
pressure, estimated glomerular filtration rate, urine protein to creatinine ratio, and low- and high-density lipoprotein cholesterol.

the low TyGI group after adjusting for age, sex, BMI, waist 

circumference, smoking status, alcohol status, exercise, hy-

pertension, DM, SBP, eGFR, urine protein creatinine ratio, 

LDL-C, and HDL-C. Moreover, a 1-point increase in the 

TyGI was related to increased risk of CAC progression (OR, 

1.55; 95% CI, 1.06–1.76; p = 0.003) after adjusting for con-

founding factors (Table 3). 

Association between the triglyceride-glucose index and 
major adverse cardiovascular events in patients with 
chronic kidney disease 

To determine the clinical significance of the relationship 

between the TyGI and CAC progression, MACE was evalu-

ated within each TyGI group using multivariable Cox anal-

ysis. Compared to the low TyGI group, the intermediate 

and high TyGI groups exhibited an increased risk of MACE 

(hazard ratio [HR], 1.50; 95% CI, 1.11–2.03; p = 0.009 and 

HR, 2.15; 95% CI, 1.59–2.91; p < 0.001) after adjusting for 

age, sex, BMI, smoking, alcohol consumption, hyperten-

sion, DM, SBP, eGFR, LDL-C, and HDL-C. 

Subgroup analyses 

To assess how different subgroups influence the relation-

ship between the TyGI and CAC progression, patients were 

stratified by age, sex, BMI, eGFR, SPB, and DM (Fig. 3). 

These analyses revealed an interaction between age and 
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TyGI (p for interaction = 0.02), between DM and TyGI (p 

for interaction = 0.003), and between eGFR and TyGI (p for 

interaction = 0.001). These findings suggest that the impact 

of the TyGI is influenced by age, kidney function, and DM. 

Sensitivity analyses 

To validate the findings in this study, sensitivity analyses 

were conducted using an alternative definition of CAC pro-

gression. This alternative definition involves the square-

root transformation of the difference between baseline 

and follow-up CAC scores [√CAC score (follow-up) − 

√CAC score (baseline)], with a threshold set at greater 

than 2.5. This threshold was chosen to minimize the effect 

of interscan variability. Multivariable Cox analyses were 

carried out, adjusting for the same variables as previously 

described, and revealed that the highest tertile of the TyGI 

and a one-unit increase in TyGI were both associated with 

a significantly elevated risk of CAC progression (Table 4). 

Discussion 

As mentioned in other traditional studies, the baseline 

characteristic analysis showed a significant relationship 

between a high TyGI and well-known CVD risk factors 

including comorbidities [11–13,26–29]. In addition, in the 

current study, the baseline and follow-up CAC score and 

their changes increased in a stepwise manner according 

to the TyGI. Furthermore, the proportion of patients with 

CAC progression during follow-up was higher in the high 

TyGI group. This study also demonstrated an indepen-

dent association between the TyGI and CAC progression 

in patients with CKD. This relationship was consistent 

even after adjusting for widely known CVD risk factors in-

cluding eGFR. In the continued exploration of the clinical 

significance of the relationship between the TyGI and CAC 

progression, our investigation revealed that elevated TyGI 

levels were associated with increased risks of MACE when 

compared to CKD patients with lower TyGI levels. 

There are several cross-sectional and population-based 

studies supporting the positive correlation between the 

Figure 3. Forest plot for modification effects of subgroups on the relationship between triglyceride-glucose index and CAC pro-
gression.
BMI, body mass index; CAC, coronary artery calcification; CI, confidence interval; DM, Diabetes mellitus; e-GFR, estimated glomerular 
filtration rate; OR, odds ratio; SBP, systolic blood pressure.

Groups Subgroups Number (incident 
primary outcome) Adjusted OR (95% CI) p for 

interaction

Age (yr) <60
≥60

789 (251)
365 (181) 0.02

Sex Male
Female

688 (287)
466 (145) 0.05

BMI (kg/m2) <25.0 
≥25.0

655 (221)
495 (210) 0.60

eGFR
(mL/min/1.73m2)

≥45
<45

757 (261)
397 (171) 0.001

SBP (mmHg) <130
≥130

718 (249)
436 (183) 0.67

DM (–)
(+)

847 (266)
307 (166) 0.003

Figure 3

2 4 610.5 3 5
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TyGI and CAC progression [11–13]. The mechanism of 

association between a high TyGI and CAC progression is 

uncertain. While the TyGI is an important surrogate mark-

er for insulin resistance, previous studies demonstrated 

that insulin resistance contributes to atherogenesis and 

progression of atherosclerosis by triggering macrophage 

apoptosis and endothelial and vascular smooth muscle cell 

damage [30–32]. Hyperinsulinemia can induce oxidative 

stress and interfere with the proper functioning of endo-

thelial cells. Also, consequent reduction in nitric oxide 

availability may contribute to both functional and structur-

al injury to blood vessels [33]. Moreover, hyperinsulinemia 

can trigger osteogenic differentiation and the formation of 

calcifications in vascular cells [34]. Furthermore, insulin re-

sistance can accelerate the accumulation of advanced gly-

cosylation end-products, thereby promoting the progres-

sion of CAC [35]. Atherosclerosis and valvular calcification 

commonly manifest in individuals with CKD [36]. Although 

it is challenging to determine the causal relationship from 

this observational cohort study, there have been studies 

suggesting that CAC progression may be related to the de-

terioration of kidney function [17,37]. A plausible explana-

tion may be that the process, as described above, wherein a 

high TyGI may lead to CAC progression, could further con-

tribute to the development of CKD. This could represent an 

ongoing process in patients with CKD. Further prospective 

studies are needed to elucidate the mechanism underlying 

this association in patients with CKD. 

There is a lack of a clinical causal relationship between 

the TyGI and CAC since there are no data or clinical trials 

on improved obesity and coronary calcium score, prov-

en TyGI-lowering medications, or improvement in CAC. 

Therefore, further studies are needed to determine the 

precise causal relationship between the TyGI and CAC pro-

gression. 

There were several limitations in this study. First, this was 

an observational study; therefore, it was difficult to control 

for all possible confounding factors. Second, the study 

was limited to one ethnicity, and so the results cannot be 

generalized to other populations with different ethnicities. 

Despite these limitations, this study included a large pop-

ulation of patients with CKD and CAC measurements; and 

to our knowledge, it is the first to determine a correlation 

between CAC progression and a high TyGI in patients with 

CKD using longitudinal data, unlike other cross-sectional 

studies. Another notable aspect of this study is the simplic-

ity of obtaining the TyGI through routine blood tests. This 

index could be valuable as an alternative indicator, not 

only for predicting the presence of CAC but also for doing 

so without radiation exposure. 

In conclusion, this study showed an independent asso-

ciation of a high TyGI with CAC progression regardless of 

other CVD risk factors in patients with CKD. A high TyGI 

may be a useful predictor of CAC progression implying 

CVD risk and kidney outcomes in patients with CKD. 

Additional information

The approval numbers of each Institutional Review Board 

are as follows: Seoul National University Hospital (No. 

1810-132-982), Seoul National University Bundang Hospi-

tal (No. B-1901-514-409), Severance Hospital (No. 4-2019-

0152), Kangbuk Samsung Hospital (No. 2019-04-011), The 

Catholic University of Korea, Seoul St. Mary’s Hospital (No. 

KC19OEDI0263), Gachon University Gil Medical Center 

(No. GAIRB2019-154), Nowon Eulji Medical Center, Eulji 

Table 4. ORs for CAC progression with different definitions according to the TyGI

Variable
Model 1a Model 2b Model 3c

OR (95% CI) p-value OR (95% CI) p-value OR (95% CI) p-value
TyGI
 Low Reference - Reference - Reference -
 Intermediate 1.82 (1.34–2.48) <0.001 1.48 (1.00–2.21) 0.05 1.57 (0.86–2.90) 0.15
 High 2.29 (1.69–3.11) <0.001 1.67 (1.11–2.51) 0.01 1.85 (0.94–3.68) 0.08
TyGI (per 1-point increase) 1.82 (1.50–2.22) <0.001 1.53 (1.17–2.00) 0.002 1.61 (1.01–2.60) 0.048

CAC, coronary artery calcification; CI, confidence interval; OR, odds ratio; TyGI, triglyceride-glucose index.
aUnadjusted. bAdjusted for age, sex, body mass index, waist, smoking, alcohol, and exercise. cModel 2 + hypertension, diabetes mellitus, systolic blood 
pressure, estimated glomerular filtration rate, urine protein to creatinine ratio, and low- and high-density lipoprotein cholesterol.
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University (No. 201904-01), Chonnam National Universi-

ty Hospital (No. 2021-07-111), Inje University Pusan Paik 

Hospital (No. 2018-01-203), Hallym University Dongtan 

Sacred Heart Hospital (No. 2019-11-006), National Health 

Insurance Service Ilsan Hospital (No. 2019-12-008), Seoul 

National University Boramae Medical Center (No. 20-2019-

76), Pusan National University Hospital (No. 1912-019-

086), and Chungnam National University Hospital (No. 

2021-07-111).
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