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Abstract

This study evaluated the incidence and severity of the new onset of 

coronary artery calcification (CAC) related to clinical factors assessed at 

follow-up CAC scan among 6993 asymptomatic Korean adults (48.4 ± 7.2 

years; 79.8% men) without underlying baseline CAC. During a median 

follow-up of 3.3 years, the risk of (a) the new onset of CAC (defined as 

coronary artery calcium score [CACS] >0 at follow-up), (b) difference of 

≥2.5 between baseline and follow-up square root (√) transformed CACS 

(Δ√transformed CACS), and (c) CACS >100 at follow-up was evaluated. 

The incidence of the new onset of CAC, Δ√transformed CACS ≥2.5, and 

CACS >100 was 19.3%, 13.0%, and 1.0%, respectively. After adjusting for 

traditional risk factors identified at initial CT scan and interscan period, 

the levels of systolic blood pressure, triglyceride glucose (TyG) index, 

hemoglobin A1C (HbA1C), and low-density lipoprotein cholesterol and 

current smoking were positively associated with the risk of the new onset 

of CAC and Δ√transformed CACS ≥2.5, respectively. TyG index, HbA1C, 

and current smoking were associated with the risk of CACS >100 (all P 

<0.05). An age-based subgroup analysis revealed that TyG index and 

current smoking were significantly associated with the new onset of CAC, 

Δ√transformed CACS ≥2.5, and CACS >100 among participants aged <55 

years. In conclusion, both TyG index and smoking were independently 

associated with the new onset of CAC and its severity, especially in adults 

aged <55 years without baseline CAC.
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Introduction

Coronary atherosclerosis develops subclinically and progresses over 

time. The degree of coronary artery calcification (CAC) is positively 

associated with the total plaque burden of coronary arteries [1]. The 

coronary artery calcium score (CACS), measured using computed 

tomography (CT), is effective in detecting asymptomatic individuals at risk 

of adverse clinical events beyond traditional cardiovascular (CV) risk 

factors [2,3]. CACS measurement using CT offers the advantages of low 

cost, high reproducibility, low inter- and intra-observer variability, and 

easy acquisition of images. Furthermore, CACS has been widely used to 

stratify CV risk in the asymptomatic adult population regardless of sex and 

ethnicity.

The absence of underlying CAC indicates a very low short-term risk of 

major CV events or mortality [4–6]. However, numerous studies have 

revealed that CAC progression is common, especially in adults who have 

experienced major CV events [7,8]. Identifying the conversion from the 

absence of CAC to any measurable CAC and its determinants is particularly 

important because the risk of CV increases parallelly even at a very low 

CAC burden [3,6]. Data on whether repeated CAC scans for assessing 

changes in CACS help predict the prognosis of asymptomatic adults are 

limited. Recently, the Heinz Nixdorf Recall (HNR) study showed the 

significance of early detection of the presence of CAC and its progression 

in asymptomatic adults [9]. According to the HNR study, CAC progression 

assessed using repeated CAC scans could readjust CV risk in clinical 
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condition without heavy CAC at baseline. The management of CV risk 

factors has a substantial impact on the progression of subclinical 

arteriosclerosis. Despite the possible changes in the degree of managing 

CV risk factors after CT-based evaluation [10], the determinants of the new 

onset of CAC have been evaluated in asymptomatic adults without 

underlying baseline CAC using only clinical factors measured at the time 

of initial CT scan [11]. In the present study conducted among 

asymptomatic Korean adults who had no underlying CAC at baseline, we 

focused on assessing (a) the incidence of the new onset of CAC according 

to the presence of traditional risk factors at initial CAC scan and (b) the 

association of numerous clinical factors assessed at follow-up CAC scan 

with the new onset of CAC and its severity.

Methods

Study design and participants

The present study analyzed data from the Korea Initiatives on 

Coronary Artery Calcification (KOICA) registry, which was designed to 

identify the effectiveness of CACS for primary prevention in asymptomatic 

Korean adults. Data were gathered from six healthcare centers in South 

Korea (Severance Cardiovascular Hospital, Seoul National University 

Hospital, Seoul National University Bundang Hospital, Seoul St. Mary’s 

Hospital, Samsung Medical Centre, and Gangnam Heartscan Clinic). In the 

present study, 6993 individuals who had undergone at least two CAC 

screening scans from December 2003 to August 2017 and had no CAC at 
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the initial CAC scan were enrolled. A flowchart of the inclusion and 

exclusion criteria of the present study is shown in Supplementary Fig. 

S1.

At each visit for CAC screening, participants completed a self-reported 

medical questionnaire on their medical history. Participants’ height and 

weight were measured while they were wearing light clothing and no 

shoes, and their body mass index (BMI) was calculated. Participants’ blood 

pressure was measured using an automatic manometer on the right arm 

after letting them rest for at least 5 min. The value of blood pressure after 

single measurement was used if it was in the normal range, and the mean 

value of blood pressure was used after two measurements if it was in the 

abnormal range. For all blood tests, blood was drawn after participants 

fasted for at least 8 h. The triglyceride glucose (TyG) index was calculated 

following the formula of ln (triglyceride [mg/dL] × glucose [mg/dL] / 2) 

[12]. Traditional CV risk factors were assessed at the time of initial CAC 

scan. Hypertension was defined as systolic blood pressure (SBP) of more 

than 140 mmHg, diastolic blood pressure of more than 90 mmHg, or the 

use of antihypertensive medication with a previous diagnosis of 

hypertension based on the Korean Hypertension Society Guidelines. 

Diabetes mellitus was defined as a fasting glucose level of more than 126 

mg/dL, hemoglobin A1C (HbA1C) of more than 6.5%, or the use of 

antidiabetic medication with a prior diagnosis of diabetes. Hyperlipidemia 

was defined as the total cholesterol level of more than 240 mg/dL or the 

use of antihyperlipidemic medication. Obesity was classified as a BMI of 
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more than 25.0 kg/m2 based on cutoffs for the Korean population [13]. 

Current smoking was defined as either currently smoking at the time of 

the CT examination or having quit less than 1 month prior.

Measurement of CAC

We determined CACS using CT scans captured with the following 

scanners exhibiting ≥16-slice multidetectors: Siemens 16-slice Sensation 

(Siemens, Forchheim, Germany), Philips Brilliance 256 iCT (Philips 

Healthcare, Cleveland, OH), Philips Brilliance 40-channel multidetector 

CT (Philips Healthcare, Cleveland, OH), and GE 64-slice Lightspeed (GE 

Healthcare, Milwaukee, WI, USA). An electrocardiogram (ECG)-triggered 

scan protocol was used for all CT scans. CACS was determined by 

experienced CV radiologists, and the results were reported in participants’ 

electronic health records. The new onset of CAC was defined as CACS >0 

at the follow-up CT scan. Both (a) CAC progression defined as a difference 

of ≥2.5 between baseline and follow-up square root (√) transformed CACS 

(Δ√transformed CACS) using the SQRT method [14,15] and (b) CACS >100 

at follow-up were assessed together. Informed consent for CT examination 

was obtained from each participant. All methods were performed in 

accordance with the relevant guidelines and regulations. The study 

protocol was approved by the Institutional Review Board of Severance 

Cardiovascular Hospital (IRB no: 4-2014-0309). This study followed the 

Strengthening the Reporting of Observational Studies in Epidemiology 

(STROBE) reporting guideline for cohort studies. The funders were not 
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involved in the design, conduct, reporting, or dissemination of the study.

Statistical analysis

Continuous variables are presented as means and standard deviations, 

whereas categorical variables are presented as frequencies and 

percentages. A logistic regression model adjusted for interscan periods 

was used to evaluate the associations of traditional risk factors assessed 

at the initial CT scan and clinical factors assessed at the follow-up CT scan 

with the risk of newly developed CAC, Δ√transformed CACS ≥2.5, and 

CACS >100. To identify the independent association of clinical factors 

assessed at the follow-up CAC scan with CAC changes, baseline traditional 

risk factors were adjusted together in the regression model using the 

forced entry method. Statistical analyses were performed using IBM SPSS 

Statistics for Windows, version 19.0 (IBM Corp., Armonk, NY) and SAS 

version 9.1.3 (SAS Institute Inc., Cary, NC). A P-value of <0.05 was 

considered statistically significant for all analyses.

Results

Clinical characteristics

The clinical characteristics of participants are presented in Table 1. 

Their mean age was 48.4 ± 7.2 years, and 5583 participants (79.8%) were 

men. At the initial CT scan, the proportions of participants with an 

advanced age (≥55 years), hypertension, diabetes mellitus, hyperlipidemia, 

obesity, and a smoking history were 18.0%, 23.5%, 7.9%, 22.5%, 38.1%, 
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and 14.4%, respectively. At the follow-up CT scan, the proportions of 

participants with an SBP <120 mmHg, low-density lipoprotein cholesterol 

(LDL-C) <130 mg/dL, and current smoking were 53.9%, 60.7%, and 22.0%, 

respectively; the levels of TyG index and HbA1C were 8.6 ± 0.6 units and 

5.7% ± 0.6%, respectively. Clinical factors (continuous variables) at the 

initial CT scan are described in Supplementary Table S1.

Changes in CAC during follow-up

During a median follow-up period of 3.3 years, the incidence of the 

new onset of CAC, Δ√transformed CACS ≥2.5, and CACS >100 was 19.3%, 

13.0%, and 1.0%, respectively (Table 2). The incidence of the new onset 

of CAC was significantly higher in participants with traditional risk factors 

than in those without traditional risk factors at the initial CT scan (Fig. 1). 

The risk of the new onset of CAC, Δ√transformed CACS ≥2.5, and CACS 

>100 related to traditional risk factors identified at the time of initial CT 

scan is presented in Table 3.

Association of clinical factors with newly developed CAC and its 

severity

In the multivariate logistic regression analysis, both SBP <120 mmHg 

and LDL-C <130 mg/dL were associated with a lower risk of the new onset 

of CAC and Δ√transformed CACS ≥2.5. The TyG index, HbA1C level, and 

current smoking were associated with a higher risk of the new onset of 

CAC, Δ√transformed CACS ≥2.5, and CACS >100 (Table 4). In a subgroup 

ACCEPTED MANUSCRIPT

ARTIC
LE

 IN
 PR

ES
S

ARTICLE IN PRESS



analysis of participants aged <55 and ≥55 years, the TyG index and 

current smoking were independently associated with the new onset of CAC, 

Δ√transformed CACS ≥2.5, and CACS >100 only in participants aged <55 

years (Table 5). P-values for interactions of the TyG index, HbA1C, and 

current smoking in participants aged <55 and ≥55 years are presented in 

Supplementary Table S2.

Discussion

To the best of our knowledge, this longitudinal study analyzed data of 

the largest number of asymptomatic adults without underlying baseline 

CAC. Considering the predominant effect of baseline coronary plaque 

burden on the rapid progression of coronary atherosclerosis [16], it is 

important to identify determinants for the early development and 

progression of CAC in asymptomatic adults. The greatest strength of our 

study is that the CAC change was examined using clinical factors 

measured at follow-up CT scan in asymptomatic adults without baseline 

CAC.

In the Cardiovascular Risk in Young Finns Study [17], elevated levels 

of LDL-C and SBP were both independent predictors of CAC in adulthood. 

This cross-sectional study indicated that risk factors in adolescence may 

play important roles in the pathogenesis of coronary atherosclerosis. In 

contrast, recent data revealed that the prediction of CAC progression 

using clinical risk factors or biomarkers might be difficult in the elderly or 

in adults with moderate-to-severe CAC at baseline [18–20]. These findings 
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emphasized on the early detection of the presence and progression of CAC 

to prevent advanced coronary artery disease or major adverse CV events 

among asymptomatic adults.

The HNR study showed that clinical factors such as age, LDL-C, blood 

pressure, and current smoking were strongly associated with CAC 

development in a cohort of 4184 middle-aged-to-older adults who had no 

CAC at baseline during a mean follow-up of 5.1 years [11]; however, all 

clinical factors in the HNR study were examined at the initial CAC scan. In 

the cross-sectional study of Progression of Early Subclinical 

Atherosclerosis, the LDL-C levels were closely associated with early 

systemic atherosclerosis in 1779 participants without traditional risk 

factors [21]. Similarly, in a cohort of 1250 asymptomatic adults who were 

considered healthy according to conventional guidelines, the optimal LDL-

C level for predicting subclinical coronary atherosclerosis was determined 

as 127.5 mg/dL [22]. Regarding the definition of hypertension, the 

guidelines of the American College of Cardiology/American Heart 

Association on the management of blood pressure have lowered the blood 

pressure thresholds for the diagnosis of hypertension [23]. However, the 

2024 European Society of Cardiology guidelines for the management of 

hypertension retained the traditional definition of hypertension [24]. 

Considering the lack of consensus on the optimal targets of LDL-C or blood 

pressure in asymptomatic adults who are at low-to-intermediate CV risk, 

the use of CACS to individualize therapeutic targets of clinical risk factors 

has been suggested for this population [25–28]. In the present study, 
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maintaining both LDL-C of <130 mg/dL and SBP of <120 mmHg were 

associated with a lower risk of the new onset of CAC and CAC progression 

defined using the SQRT method; however, these factors were not 

significantly associated with the risk of CACS >100. Further randomized 

studies with larger samples are necessary to confirm the optimal targets 

of LDL-C or blood pressure for minimizing the development and 

progression of CAC.

Data on the changes of CAC related to insulin resistance (IR) among 

adults without underlying baseline CAC are limited. The TyG index has 

been suggested as a simple and reliable biomarker of IR [29,30]. In the 

Progression of AtheRosclerotic PlAque DetermIned by Computed 

TomoGraphic Angiography Imaging study, the TyG index was closely 

associated with the risk of rapid progression of coronary atherosclerosis 

[31]. In addition, HbA1C was closely related to the rapid plaque 

progression of major epicardial coronary arteries, even in conditions 

without baseline coronary plaques [32]. These results showed a substantial 

role of both IR and glycemic control in the progression of coronary 

atherosclerosis. In the present study, TyG index, HbA1C, and current 

smoking were significantly associated with the new onset of CAC and its 

severity in 6993 participants without underlying CAC at baseline. Notably, 

these clinical factors showed independent associations with the risk of the 

new onset of CAC, Δ√transformed CACS ≥2.5, and CACS >100 in 

participants aged <55 years. Similar to observations of previous studies 

[17,33], these results suggest that the efforts to reduce IR, achieve optimal 
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glycemic control, and quit smoking should be further emphasized for 

young or middle-aged adults in the field of primary prevention.

The present study had some limitations. First, all participants 

voluntarily visited healthcare centers for general health examinations. 

Therefore, a selection bias might be present due to the differences of 

participants in health concerns. Second, the use of pharmacological agents 

was not controlled owing to the observational nature of the KOICA registry. 

Third, we did not perform a variability analysis in the present study. 

However, previous studies confirmed both high reproducibility and low 

variability in the measurement of CACS [34,35]; according to the data from 

the Multi-Ethnic Study of Atherosclerosis registry, inter- and intra-

observer agreements were very high, with kappa values of 0.90 and 0.93, 

respectively. Based on this firm evidence, the CACS has been widely used 

for general health examinations in recent clinical practice. In the present 

study, the initial and follow-up CAC scans for each participant were 

performed using the same CT scanner with an ECG-triggering method. 

Fourth, we did not consider environmental risk factors and the potential 

roles of diet or exercise in this study. Fifth, information on other significant 

confounders and detailed smoking status was limited in the present study. 

Finally, 79.8% of participants in the present study were male, potentially 

limiting the generalizability of the results.

In summary, both TyG index and current smoking are strongly 

associated with the new onset of CAC and its severity, especially among 

adults aged <55 years without underlying CAC at baseline. Further 
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prospective and randomized studies are necessary to determine the target 

level of the TyG index for preventing subclinical atherosclerosis and major 

CV events in the primary prevention.
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Figure legend

Fig. 1. Incidence of newly developed CAC according to traditional risk 

factors assessed at initial CAC scan.
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Table 1. Clinical characteristics

Characteristics Overall participants (N = 6993)

At initial CT scan

Age, years 48.4 ± 7.2

Age ≥55 years, n (%) 1261 (18.0)

Male, n (%) 5583 (79.8)

Hypertension, n (%) 1642 (23.5)

Diabetes mellitus, n (%) 554 (7.9)

Hyperlipidemia, n (%) 1575 (22.5)

Obesity, n (%) 2664 (38.1)

Smoking history/current smoking, n (%) 4170 (59.6)/1912 (27.3)

At follow-up CT scan

SBP, mmHg 118.7 ± 14.3

SBP <120 mmHg, n (%) 3770 (53.9)

DBP, mmHg 75.2 ± 10.6

BMI, kg/m2 24.3 ± 2.8

Total cholesterol, mg/dL 197.7 ± 34.6

Triglycerides, mg/dL 133.1 ± 84.2

HDL-C, mg/dL 54.2 ± 15.6

LDL-C, mg/dL 121.1 ± 32.2

LDL-C <130 mg/dL, n (%) 4243 (60.7)

Glucose, mg/dL 98.2 ± 18.1

TyG index, units 8.6 ± 0.6

HbA1C, % 5.7 ± 0.6

Creatinine, mg/dL 0.9 ± 0.2

Current smoking, n (%) 1541 (22.0)

Values are presented as mean ± standard deviation or number (%).

BMI body mass index; CT computed tomography; DBP diastolic blood pressure; HbA1C 

hemoglobin A1C; HDL-C high-density lipoprotein cholesterol; LDL-C low-density 
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lipoprotein cholesterol; SBP systolic blood pressure; TyG triglyceride glucose.
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Table 2. Follow-up CAC findings

Measures Overall participants (N = 6993)

Newly developed CAC 1351 (19.3)

Δ √transformed CACS ≥2.5 908 (13.0)

Categorical CACS

0 5642 (80.7)

1–10 605 (8.7)

>10 and ≤100 678 (9.7)

>100 68 (1.0)

Values are presented as number (%).

CAC coronary artery calcification; CACS coronary artery calcium score.
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Table 3. CAC changes related to traditional risk factors assessed at the 

initial CT scan

Newly 

developed 

CAC

P Δ√transformed 

CACS ≥2.5

P CACS 

>100

P

OR (95% 

CI)

OR (95% CI) OR (95% 

CI)

Age 1.08 

(1.07–

1.09)

<0.001 1.08 (1.07–

1.10)

<0.001 1.07 (1.03–

1.10)

<0.001

Male 2.27 

(1.87–

2.76)

<0.001 2.47 (1.93–

3.16)

<0.001 2.35 (0.94–

5.89)

0.069

Hypertension 2.18 

(1.90–

2.51)

<0.001 2.15 (1.83–

2.52)

<0.001 2.89 (1.78–

4.70)

<0.001

Diabetes 

mellitus

1.86 

(1.52–

2.29)

<0.001 2.16 (1.72–

2.71)

<0.001 4.13 (2.37–

7.21)

<0.001

Hyperlipidemia 1.54 

(1.34–

1.77)

<0.001 1.43 (1.21–

1.68)

<0.001 2.23 (1.37–

3.63)

0.001

Obesity 1.39 

(1.23–

1.58)

<0.001 1.41 (1.21–

1.64)

<0.001 1.84 (1.13–

2.99)

0.014

Smoking 

history

1.46 

(1.26–

1.69)

<0.001 1.51 (1.27–

1.80)

<0.001 1.25 (0.70–

2.22)

0.457

CAC coronary artery calcification; CACS coronary artery calcium score; CI confidence 
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interval; OR odds ratio.

All analyses are adjusted for the interscan period.
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Table 4. CAC changes related to clinical factors assessed at the follow-up 

CT scan

Newly 

developed 

CAC

P Δ√transformed 

CACS ≥2.5

P CACS >100 P

OR (95% CI) OR (95% CI) OR (95% CI)

SBP, per 10-

mmHg 

increase

1.06 (1.01–

1.12)

0.019 1.08 (1.02–

1.14)

0.013 1.06 (0.89–

1.27)

0.506

SBP <120 

mmHg

0.85 (0.73–

0.98)

0.022 0.81 (0.69–

0.96)

0.013 0.86 (0.51–

1.47)

0.580

BMI, per 1-

kg/m2 increase

1.02 (0.98–

1.06)

0.259 1.01 (0.97–

1.06)

0.613 1.11 (0.97–

1.26)

0.136

TyG index, per 

1-unit increase

1.21 (1.07–

1.37)

0.003 1.27 (1.10–

1.47)

0.001 1.61 (1.02–

2.52)

0.039

HbA1C, per 1% 

increase

1.23 (1.09–

1.39)

0.001 1.25 (1.09–

1.43)

0.001 1.38 (1.02–

1.87)

0.035

Current 

smoking

1.26 (1.06–

1.51)

0.008 1.27 (1.04–

1.56)

0.019 2.40 (1.29–

4.49)

0.006

LDL-C, per 10-

mg/dL increase

1.04 (1.02–

1.06)

0.001 1.04 (1.02–

1.07)

0.002 1.07 (0.98–

1.16)

0.119

LDL-C <130 

mg/dL

0.81 (0.70–

0.93)

0.003 0.81 (0.69–

0.96)

0.014 0.63 (0.37–

1.09)

0.097

Creatinine, per 

0.1-mg/dL 

increase

1.00 (0.95–

1.05)

0.837 0.99 (0.93–

1.04)

0.609 0.98 (0.81–

1.18)

0.815

CAC coronary artery calcification; CACS coronary artery calcium score; CI confidence 

interval; HbA1C hemoglobin A1C; LDL-C low-density lipoprotein cholesterol; OR odds 

ratio; TyG triglyceride glucose.
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All analyses are adjusted for (a) clinical conditions at the initial CT scan (age, sex, 

hypertension, diabetes mellitus, hyperlipidemia, obesity, and smoking history) and (b) the 

interscan period.
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Table 5. Age-based subgroup analysis for CAC changes related to TyG 

index, HbA1C, and current smoking

Newly 

developed 

CAC

P Δ√transformed 

CACS ≥2.5

P CACS >100 P

OR (95% 

CI)

OR (95% CI) OR (95% 

CI)

Age <55 years

TyG index, per 

1-unit 

increase

1.11 (1.08–

1.40)

0.006 1.31 (1.11–

1.54)

0.001 1.92 (1.14–

3.23)

0.014

HbA1C, per 

1% increase

1.31 (1.14–

1.51)

<0.001 1.35 (1.16–

1.58)

<0.001 1.40 (0.98–

2.01)

0.066

Current 

smoking

1.29 (1.07–

1.56)

0.008 1.29 (1.03–

1.61)

0.026 2.56 (1.25–

5.26)

0.010

Age ≥55 years

TyG index, per 

1-unit 

increase

1.16 (0.88–

1.52)

0.286 1.14 (0.84–

1.54)

0.400 0.88 (0.36–

2.14)

0.778

HbA1C, per 

1% increase

1.02 (0.78–

1.33)

0.883 1.00 (0.75–

1.33)

0.998 1.39 (0.79–

2.46)

0.257

Current 

smoking

1.02 (0.64–

1.63)

0.925 1.08 (0.65–

1.79)

0.775 1.57 (0.38–

6.45)

0.534

CAC coronary artery calcification; CACS coronary artery calcium score; CI confidence 

interval; HbA1C hemoglobin A1C; LDL-C low-density lipoprotein cholesterol; OR odds 

ratio; TyG triglyceride glucose.

All analyses were adjusted for (a) clinical conditions at the initial CT scan (age, sex, 

hypertension, diabetes mellitus, hyperlipidemia, obesity, and smoking history) and (b) the 

interscan period.
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