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ABSTRACT

Background and Objectives: Coronary artery calcium (CAC) scoring in the asymptomatic 
population can improve cardiovascular risk prediction. We aimed to assess CAC progression 
and the impact of coronary risk factors on the CAC progression rate in asymptomatic Korean 
individuals with a baseline CAC score of zero.
Methods: The study population was derived from the Korea Initiatives on Coronary Artery 
Calcification (KOICA) registry: a retrospective, single ethnicity, multicenter registry of 
asymptomatic individuals who underwent CAC scoring as a part of a health checkup. 
Individuals with at least two CAC scores and an initial score of zero were included. CAC 
progression was defined as [√CAC score (follow-up) − √CAC score (baseline)] ≥2.5. The 10-year 
atherosclerotic cardiovascular disease (ASCVD) risk was calculated.
Results: Among 6,268 participants (mean age, 48.0±7.1 years; male, 80.5%), 719 (11.5%) 
experienced CAC progression during follow-up (median, 109 months; interquartile range, 
78–208 months). The CAC progression rate was 0.3%, 1.9%, 4.3%, 8.6%, and 16.7% in years 
1–5, respectively. The chance of CAC progression at 5 years was 13.1%, 22.0%, and 27.9% 
for individuals with a 10-year ASCVD risk of <5%, ≥5% but <7.5%, and ≥7.5%, respectively. A 
multivariable analysis revealed age, male sex, waist circumference, diabetes, and low-density 
lipoprotein cholesterol level as independently associated with annualized CAC progression 
(p<0.001, p=0.017, p=0.025, p=0.032, and p=0.003, respectively).
Conclusions: The probability of CAC progression is very low in Korean individuals with a 
CAC score of zero. However, the risk of CAC progression increases nonlinearly over time, and 
increases as the 10-year ASCVD risk increases.
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INTRODUCTION

Coronary artery calcium (CAC) is a robust marker of coronary atherosclerosis and correlates 
closely with the overall coronary atherosclerotic plaque burden.1)2) CAC scoring by cardiac 
computed tomography (CT) is a reliable tool for predicting adverse cardiovascular events, 
and is widely performed in the asymptomatic population to improve cardiovascular risk 
prediction.3-5) Notably, the absence of CAC confers a very low risk of future cardiovascular 
events, not only in western populations, but also in non-western populations.3)6-8) However, 
even in individuals with a CAC score of zero, the all-cause mortality risk increases as the 
presence of conventional risk factors increases.8)9) Thus, the clinical value of a CAC score of 
zero may vary according to the conventional risk factors.

Additionally, atherosclerosis is a dynamic process. Although a baseline CAC score of zero 
signifies a very low risk of adverse cardiovascular events, a subset of this population will 
experience CAC progression. Risk should be reassessed in individuals with CAC progression, 
as the most recent CAC score has a superior predictive value for future risk.10) However, 
to date, few studies have investigated CAC progression in individuals with a CAC score of 
zero. Thus, it remains unclear which subset of this population is prone to CAC progression. 
Furthermore, data in Asian countries is particularly lacking. Therefore, using a large cohort 
of asymptomatic Korean adults, we aimed to assess CAC progression in individuals with a 
baseline CAC score of zero, and to elucidate CAC progression according to a conventional 
risk stratification algorithm. In addition, we identified independent clinical factors 
associated with CAC progression in individuals with a CAC score of zero.

METHODS

Study population
We utilized data from The Korea Initiatives on Coronary Artery Calcification (KOICA) 
registry, which is an observational, retrospective, single-ethnicity, multicenter registry 
of individuals who underwent cardiac CT for CAC scoring as a part of a health checkup 
at six healthcare centers in South Korea in a self-referral setting. Between April 2003 
and March 2017, a total of 93,914 individuals enrolled in the registry (Figure 1). Of these, 
12,638 individuals underwent at least two CAC scans; 6,799 individuals had an initial CAC 
score of zero. Of these, 6,268 had complete data for the ascertainment of risk factors (see 
below) and were included. The responsible institutional review board committees of each 
participating healthcare center approved this retrospective study and waived the need for 
informed consent.

Ascertainment of risk factors
During the health checkup, a detailed interview regarding sociodemographic factors and 
risk profiles was administered. All participants underwent clinical examinations, including 
a laboratory test after a minimum 8-hour fast. The predicted 10-year atherosclerotic 
cardiovascular disease (ASCVD) risk was estimated by using the pooled cohort equation, 
which was developed by the American College of Cardiology/American Heart Association.11) 
The 10-year ASCVD risk takes into account the patient's age, sex, ethnicity, total cholesterol 
level, high-density lipoprotein cholesterol level, treatment for hypertension, systolic blood 
pressure, smoking status, and the presence of diabetes. The study participants were classified 
into three groups according to the 10-year ASCVD risk: <5%, ≥5% but <7.5%, and ≥7.5%.12)

449https://e-kcj.org https://doi.org/10.4070/kcj.2018.0318

CAC Progression with Zero Initial Score

https://orcid.org/0000-0002-6139-7545
https://orcid.org/0000-0002-6139-7545
https://e-kcj.org


Cardiac computed tomography acquisition and analysis
The CAC score was acquired using greater than 16-slice multidetector CT scanners. The 
specific CT scanner types differed by center and included the Philips Brilliance 256 iCT 
(Philips Healthcare, Cleveland, OH, USA), Philips Brilliance 40 channel MDCT (Philips 
Healthcare), Siemens 16-slice Sensation (Siemens, Forchheim, Germany), and GE 64-slice 
Lightspeed (GE Healthcare, Milwaukee, WI, USA). Calcium scoring was calculated using the 
Agatston score, with a threshold of 130 Hounsfield Units (HU) on pre-contrast CT images.13) 
To obtain an accurate calcium score, the observer performed a modification procedure 
to remove calcium from the aortic wall and valve, which are located outside the coronary 
arteries. Patients with stents were excluded because of the risk of overestimating the calcium 
score.14) Furthermore, the square root-transformed difference between baseline and follow-
up CAC scores was calculated [√CAC score (follow-up) − √CAC score (baseline)], and CAC 
progression was defined as a square root-transformed difference >2.5 to minimize the effect 
of interscan variability.15) For participants with more than 2 CT scans, the square root-
transformed difference was calculated for each follow-up CT scan, and the date of the earliest 
follow-up scan demonstrating CAC progression was recorded. The CAC progression rate was 
calculated as the annualized square root-transformed difference between the baseline and 
last follow-up CAC scores.

Statistical analysis
Continuous variables are expressed as means±standard deviation (SD); categorical variables 
are expressed as proportions. Continuous variables were compared between groups using 
the Student's t-test for normally distributed data and the Wilcoxon rank-sum test for non-
normally distributed data. Categorical variables were compared between groups using the 
χ2 test or Fisher's exact test, as appropriate. Group differences in the CAC progression rate 
were evaluated using a 1-way analysis of variance with Tukey post hoc comparisons. The 
Kaplan-Meier method was used to visualize the CAC progression rate. The date of the earliest 
scan in which CAC progression was detected was assigned as the date of the occurrence of 
an event. The Kaplan-Meier curves were also used to estimate the distribution of the time to 
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CAC scan between 2003 and 2017
(n=93,914)

At least two CAC scans
(n=12,638)

Initial CAC score >0
(n=5,839)

Initial CAC score of zero
(n=6,799)

Final study population
(n=6,268)

A single scan performed
or no CAC score

(n=81,276)

Incomplete data for the
ascertainment of risk factors

(n=531)

Figure 1. Patient selection flowchart. 
CAC = coronary artery calcium.
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CAC progression according to the 10-year ASCVD risk, and differences among groups were 
evaluated with the log-rank test.

Univariable and multivariable linear regression analyses were performed to determine the 
effects of various coronary risk factors on the annualized progression of the CAC score; 
the results are expressed as beta coefficients (βs) and the corresponding 95% confidence 
intervals (CIs). Collinearity among the included variables was tested using variance inflation 
factors (VIFs), and values less than 4.0 were considered to indicate non-collinearity. The 
variables included in the linear regression analyses were as follows: age, male sex, body 
mass index (BMI), waist circumference, hypertension, dyslipidemia, diabetes, current 
smoking, hemoglobin, low-density lipoprotein cholesterol (LDL-C), triglyceride, creatinine, 
estimated glomerular filtration rate, fasting glucose, and glycated hemoglobin. Stepwise 
regression under Akaike's Information Criterion was performed to determine the appropriate 
multivariate linear regression model.

All reported p values are 2-tailed, and a p≤0.05 was considered statistically significant. All 
statistical analyses were performed using R Statistical Software/Environment (version 3.4.3, 
The R foundation for Statistical Computing, Vienna, Austria).

RESULTS

Table 1 summarizes the baseline characteristics. Of the 6,268 included participants with 
a baseline CAC score of zero, 4,552 (72.6%), 867 (13.8%), and 849 (13.5%) had a 10-year 
ASCVD risk of <5%, ≥5% but <7.5%, and ≥7.5%, respectively.
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Table 1. Baseline characteristics
Variables Total population (n=6,268) CAC progression (+) (n=719) CAC progression (−) (n=5,549) p value
Age (years) 48.0±7.1 51.1±6.8 47.6±7.0 <0.001
Male sex 5,048 (80.5) 658 (91.5) 4,390 (79.1) <0.001
BMI (kg/m2) 24.2±2.8 24.8±2.6 24.2±2.8 <0.001
Waist circumference (cm) 84.8±8.3 87.3±7.2 84.5±8.4 <0.001
Systolic blood pressure (mmHg) 117.7±14.5 120.4±15.1 117.3±14.4 <0.001
Diastolic blood pressure (mmHg) 73.9±10.6 76.1±10.9 73.6±10.5 <0.001
Hypertension 1,201 (19.2) 231 (32.1) 970 (17.5) <0.001
Diabetes 378 (6.0) 71 (9.9) 307 (5.5) <0.001
Dyslipidemia 993 (15.8) 175 (24.3) 818 (14.7) <0.001
Current smoking 1,855 (29.6) 234 (32.5) 1,621 (29.2) 0.072
Hemoglobin (g/dL) 14.9±1.3 15.2±1.1 14.9±1.4 <0.001
Total cholesterol (mg/dL) 197.1±33.0 202.9±32.9 196.4±32.9 <0.001
HDL-C (mg/dL) 54.6±16.9 53.9±16.8 54.7±16.9 0.235
LDL-C (mg/dL) 120.3±31.5 127.3±31.7 119.4±31.4 <0.001
Triglyceride (mg/dL) 137.6±88.9 155.7±93.6 135.2±88.1 <0.001
Creatinine (mg/dL) 0.9±0.2 1.0±0.1 0.9±0.2 <0.001
eGFR (mL/min/1.73 m2) 90.4±13.9 86.9±12.2 90.9±14.1 <0.001
hs-CRP (mg/dL) 0.5±2.2 0.2±0.6 0.5±2.4 <0.001
Fasting glucose (mg/dL) 94.6±16.7 98.5±21.5 94.0±15.9 <0.001
HbA1C (%) 5.5±0.6 5.6±0.7 5.5±0.6 <0.001
10-year ASCVD risk (%) 4.0±4.2 5.9±5.2 3.8±4.0 <0.001

<5% 4,552 (72.6) 392 (54.5) 4,160 (75.0) <0.001
≥5%, <7% 867 (13.8) 151 (21.0) 716 (12.9)
≤7% 849 (13.5) 176 (24.5) 673 (12.1)

Values are presented as number of patients (%) or means±standard deviation.
ASCVD = atherosclerotic cardiovascular disease; BMI = body mass index; CAC = coronary artery calcium; eGFR = estimated glomerular filtration rate;  
HDL-C = high-density lipoprotein cholesterol; hs-CRP = high-sensitivity C-reactive protein; LDL-C = low-density lipoprotein cholesterol.
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During follow-up (median duration between the first and last scan, 109 months; interquartile 
range, 78–208 months), CAC progression was observed in 719 participants (11.5%), and the 
average time to CAC progression was 218±8 months. Although the duration between the first 
and last scan was significantly longer in participants with CAC progression (median: 156 vs. 
109 months; p<0.001), this difference was associated with the finding that additional follow-
up scans were more likely to be performed in those with CAC progression (3.1 vs. 2.3 scans; 
p<0.001). Therefore, the interval between each scan was not significantly different between 
participants with and without CAC progression (52 vs. 52 months; p=0.477). Participants 
with CAC progression showed higher proportions of cardiovascular risk factors and were 
more likely to have a higher 10-year ASCVD risk than that in participants without CAC 
progression (Table 1).

The median duration between the first and last scan according to ASCVD risk group was 109, 
120, and 125 months for participants with a 10-year ASCVD risk of <5%, ≥5% but <7.5%, and 
≥7.5%, respectively (p<0.001). Interestingly, the interval between each scan was shorter in 
the lower 10-year ASCVD risk groups than in the highest ASCVD risk group (52, 55, and 56 
months; p=0.002). The absolute increase in the CAC score was 4.4±23.4 for the total study 
population. In terms of the ASCVD risk groups, the absolute increase in the CAC score was 
2.8±13.6, 6.9±23.2, and 10.1±49.4 for participants with a 10-year ASCVD risk of <5%, ≥5% 
but <7.5%, and ≥7.5%, respectively (Figure 2A). The mean CAC progression rate was 0.92 ± 
5.08 events/year for the total study population, and was 0.64±3.62, 1.29±5.10, and 2.04±9.58 
events/year for participants with a 10-year ASCVD risk of <5%, ≥5% but <7.5%, and ≥7.5%, 
respectively (Figure 2B).

The cumulative proportion of CAC progression in the total study population is shown in 
Figure 3A. CAC progression was observed in a non-linear manner during follow-up, with CAC 
progression proportions of 0.3%, 1.9%, 4.3%, 8.6%, and 16.7% in years 1-5, respectively. 
Furthermore, participants in higher ASCVD risk groups had a significantly higher chance of 
CAC progression compared to that in participants in lower ASCVD risk groups (Figure 3B). 
The chance of CAC progression at 5 years was 13.1%, 22.0%, and 27.9% for participants with 
a 10-year ASCVD risk of <5%, ≥5% but <7.5%, and ≥7.5%, respectively.
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<5%

Absolute changes in CAC score Annualized CAC progression rate
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Figure 2. CAC progression in individuals with a baseline CAC score of zero according to the 10-year ASCVD 
risk score. (A) Absolute changes in CAC score between the first and last scan are shown. (B) Annualized CAC 
progression rate is presented. 
ASCVD = atherosclerotic cardiovascular disease; CAC = coronary artery calcium.

https://e-kcj.org


Table 2 describes the results of the univariable and multivariable linear regression analyses of 
the CAC progression rate. In the univariate analyses, age, male sex, BMI, waist circumference, 
hypertension, diabetes, dyslipidemia, current smoking, hemoglobin level, total cholesterol 
level, LDL-C level, triglyceride level, creatinine level, estimated glomerular filtration rate, 
fasting glucose level, and HbA1c level were associated with the CAC progression rate. As 
expected, the 10-year ASCVD risk had the strongest effect on the CAC progression rate 
(β=14.75; 95% CI, 11.80–17.70; p<0.001). All clinical variables that were significant in the 
univariable analyses, except 10-year ASCVD risk, were initially entered into the multivariable 
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<5% vs. ≥7.5%: Log-rank p<0.001

No. at risk
<5% 4,552 4,186 3,246 2,413 1,701 957
≥5% but <7.5% 867 811 657 492 358 213
≥7.5% 849 793 628 458 312 169

Figure 3. The cumulative proportion of CAC progression. (A) The Kaplan-Meier curve for the total study population is depicted. (B) CAC progression is stratified 
by the 10-year ASCVD risk. 
ASCVD = atherosclerotic cardiovascular disease; CAC = coronary artery calcium.

Table 2. Results of the univariate and multivariate analyses

Variables
Univariate Multivariable

β 95% CI p value β 95% CI t value p value
Age (years) 0.071 0.053, 0.089 <0.001 0.080 0.055, 0.106 6.173 <0.001
Male sex 0.750 0.432, 1.068 <0.001 0.751 0.133, 1.369 2.383 0.017
BMI (kg/m2) 0.096 0.051, 0.141 <0.001
Waist circumference (cm) 0.051 0.033, 0.069 <0.001 0.027 0.003, 0.051 2.246 0.025
Systolic blood pressure (mmHg) 0.007 −0.001, 0.015 0.117
Diastolic blood pressure (mmHg) 0.009 −0.003, 0.021 0.153
Hypertension 0.673 0.354, 0.992 <0.001
Diabetes 1.149 0.622, 1.676 <0.001 0.888 0.076, 1.700 2.145 0.032
Dyslipidemia 0.677 0.334, 1.020 <0.001 0.313 −0.117, 0.744 1.428 0.153
Current smoking 0.320 0.046, 0.594 0.023 0.304 −0.079, 0.688 1.556 0.12
Hemoglobin (g/dL) 0.148 0.050, 0.246 0.002 −0.151 −0.325, 0.023 −1.70 0.09
Total cholesterol (mg/dL) 0.008 0.004, 0.012 <0.001
HDL-C (mg/dL) −0.001 −0.009, 0.007 0.792
LDL-C (mg/dL) 0.100 0.096, 0.104 <0.001 0.009 0.003, 0.015 2.942 0.003
Triglyceride (mg/dL) 0.003 0.001, 0.005 <0.001
Creatinine (mg/dL 1.188 0.437, 1.939 0.002
eGFR (mL/min/1.73 m2) −0.015 −0.025, −0.005 <0.001
hs-CRP (mg/dL) −0.035 −0.096, 0.026 0.257
Fasting glucose (mg/dL) 0.026 0.018, 0.034 <0.001 0.012 −0.004, 0.027 1.467 0.143
HbA1C (%) 0.479 0.248, 0.710 <0.001 −0.325 −0.762, 0.112 −1.459 0.145
10-year ASCVD risk 14.750 11.796, 17.704 <0.001
ASCVD, atherosclerotic cardiovascular disease; BMI = body mass index; CI, confidence interval; eGFR = estimated glomerular filtration rate; HDL-C = high-density 
lipoprotein cholesterol; hs-CRP = high-sensitivity C-reactive protein; LDL-C = low-density lipoprotein cholesterol.
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model; however, the estimated glomerular filtration rate was further excluded because of 
multicollinearity. In the multivariable analysis, age, male sex, waist circumference, diabetes, 
and LDL-C level were revealed as independently associated with the CAC progression rate.

DISCUSSION

The present study is the first to demonstrate the nature of CAC progression in asymptomatic 
Asian individuals with a baseline CAC score of zero. The probability of CAC progression in 
this population was very low during the early stages but increased nonlinearly over time. In 
addition, the probability of CAC progression increased as the 10-year ASCVD risk increased. 
Furthermore, an examination of the clinical risk factors associated with CAC progression in 
this population revealed age, male sex, waist circumference, diabetes, and LDL-C level as 
independent predictors of the CAC progression rate.

The CAC score itself, as shown in multiple previous studies, is strongly associated with 
atherosclerotic burden and predicts adverse cardiovascular events.3)16) However, a single 
measurement of atherosclerosis may not encompass the disease's dynamic nature. Therefore, 
the quantitative assessment of CAC progression has been proposed as a method to track 
changes in total atherosclerotic burden.17) Multiple studies have demonstrated that CAC 
progression is associated with cardiovascular outcomes, independent of clinical risk factors 
and the baseline CAC score.10)18)19) Although a recent study by Radford et al.10) reported that 
the association between CAC progression and adverse cardiovascular outcomes did not 
remain significant when the follow-up CAC score was included in the model, the importance 
of the serial evaluation of CAC was still supported, as the last CAC score was the strongest 
independent predictor for adverse cardiovascular events.

Data regarding CAC progression in the general population is currently accumulating.18-20) 
However, only sparse data regarding the CAC progression rate in individuals with an initial 
CAC score of zero are available.21)22) Gopal et al.22) retrospectively evaluated 710 individuals 
with a baseline CAC score of zero; 62% of the study participants did not have any CAC 
progression during an average follow-up period of 4±2 years, and the CAC progression 
rate of the total study population was 3±3 changes/year. In a subsequent study, Min et al.21) 
prospectively followed up 422 individuals with a baseline CAC score of zero with yearly CT 
scanning for 5 years; conversion to a CAC score >0 occurred in a non-linear manner, reaching 
11.6% in 5 years, with an average time to conversion of 4.1±0.9 years. However, both of 
these previous studies were conducted in the United States. Given the ethnic differences in 
coronary atherosclerosis and calcification,14)23) it is important to understand the nature of 
CAC progression in Asian individuals with an initial CAC score of zero. The present study 
adds to the literature by demonstrating how CAC progresses over time in a large sample of 
exclusively asymptomatic Asian individuals with a baseline CAC score of zero.

Previous studies defined the development of any CAC (CAC >0) as conversion to CAC 
progression.21)22) However, reducing variability between scans is paramount to accurately 
quantifying CAC progression. Therefore, to minimize the effect of interscan variability, 
we defined CAC progression as a square root-transformed difference >2.5.13)15) Thus, the 
average time to progression in the present study cohort (4.2±1.7 years) cannot be directly 
compared to that in previous studies. However, as in a previous study,21) the present study 
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cohort demonstrated non-linear CAC progression, with the proportion of CAC progression 
increasing from only 0.3% at 1 year to 16.7% at 5 years.

While most conventional coronary risk factors are known to be generally related to both 
CAC incidence and progression,23)24) CAC progression in asymptomatic individuals has 
never been compared according to the clinical risk profile. Thus, we aimed to elucidate the 
risk of CAC progression according to the 10-year ASCVD risk as calculated using the pooled 
cohort equation.11) Given that current guidelines recommend statin and anti-hypertensive 
medication according to the 10-year ASCVD risk,12)25) it is important to evaluate whether the 
risk stratification algorithm is able to differentiate the cohort prone to CAC progression, 
even among those with a baseline CAC score of zero. The present study showed that even 
in individuals with a CAC score of zero, the probability of CAC progression at 5 years was 
>2-fold higher in individuals with a 10-year ASCVD risk ≥7.5% than in those with a 10-year 
ASCVD risk <5% (27.9% vs. 13.1%). As the CAC progression rate gradually increased with 
greater 10-year ASCVD risk, the present results further suggest the usefulness of the pooled 
cohort equation in stratifying the risk of CAC progression, even among those with a baseline 
CAC score of zero. At the same time, interestingly, the scan interval was significantly 
longer in individuals in the highest 10-year ASCVD risk group than in the lowest risk group, 
reflecting our current practice pattern regarding repeated CAC scanning. Although no 
guideline currently advocates for repeated scanning according to the CAC score, especially in 
individuals with zero CAC score, we believe that the present findings support and expand the 
literature, setting the stage for prospective randomized trials, which are required to identify a 
subset of individuals who may benefit from repeated CAC scanning.

Min et al. previously reported that age >40 years, diabetes, and smoking independently 
increased the risk of conversion to a CAC score >0 in individuals with a baseline CAC score 
of zero.21) Although age and diabetes were independent predictors in both the present and 
previous cohorts, smoking did not remain an independent predictor of CAC progression in 
the present study. Instead, waist circumference and LDL-C were revealed as independent 
predictors for CAC progression in individuals with an initial CAC score of zero. Given 
that differential effects for CAC progression exist according to ethnicity, as reported by 
Multiethnic Study of Atherosclerosis (MESA) investigators,23) this difference in results 
may derive from ethnic differences between the two studies. However, the 2 studies also 
differ in the data included in the models. In the previous study by Min et al.,21) only age, 
sex, dyslipidemia, hypertension, diabetes, and smoking were included in the analysis, 
whereas we additionally utilized data from the physical examination and laboratory tests. In 
addition, while the previous study by Min et al.21) defined smoking history as both past and 
current smoking use, we only included current smokers. Therefore, it is difficult to interpret 
the difference in the results between the two studies as solely due to ethnic differences. 
Nevertheless, considering that the MESA study only distinguished white, Chinese, black, 
and Hispanic ethnic groups, the present study, which focuses exclusively on Korean 
individuals with a CAC score of zero, provides valuable information regarding the risk factors 
associated with CAC progression in Korean individuals. Certainly, the predictability of waist 
circumference and LDL-C need to be examined in other ethnic groups.

The main limitation of the present study is its observational retrospective design. 
Furthermore, all participants in the present study were self-referred and underwent cardiac 
CT as a part of a general health evaluation; follow-up CT scans were also performed through 
a self-referred mechanism. The present study cohort of self-referred, healthy individuals 
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may not be fully representative of the general population, and the risk of a selection bias 
should be considered. However, as previous studies on individuals with a CAC score of zero 
were designed as single-center studies and confined to physician-referred patients,21)22) 
an important advantage of the present study is that it is a large multi-center study of 
asymptomatic individuals. Although data regarding medication history, including the use of 
statins, was not available in the present study, we were able to collect physical examination 
data, including blood pressure, body weight and height, and waist circumference, and 
laboratory data, including the levels of creatinine, HbA1c, and cholesterol, as we included 
individuals who underwent a health checkup program. As a result, we could calculate the 
10-year ASCVD risk using the pooled cohort equation and evaluate its predictability for CAC 
progression. Finally, in the present study, follow-up CT was not guided by a specific study 
protocol; thus, the interscan duration varied among study participants. However, such 
effects are inevitable in studies that observe the clinical diagnostic and treatment pathway. 
Furthermore, to minimize the effect of variations in the interscan duration, we calculated 
annualized CAC progression (CAC progression rate).

In conclusion, the present study results demonstrate that a baseline CAC score of zero is 
associated with a very low probability of CAC progression in Korean individuals. However, 
the probability of CAC progression increases nonlinearly over time. In addition, even among 
those with a CAC score of zero, the probability of CAC progression increases as the 10-year 
ASCVD risk increases. Furthermore, among conventional clinical risk factors, age, male sex, 
waist circumference, diabetes, and LDL-C level independently predict the CAC progression 
rate in Korean individuals with a CAC score of zero.

REFERENCES

 1. Dwivedi A, Al'Aref SJ, Lin FY, Min JK. Evaluation of atherosclerotic plaque in non-invasive coronary 
imaging. Korean Circ J 2018;48:124-33. 
PUBMED | CROSSREF

 2. Yeboah J, McClelland RL, Polonsky TS, et al. Comparison of novel risk markers for improvement in 
cardiovascular risk assessment in intermediate-risk individuals. JAMA 2012;308:788-95. 
PUBMED | CROSSREF

 3. Detrano R, Guerci AD, Carr JJ, et al. Coronary calcium as a predictor of coronary events in four racial or 
ethnic groups. N Engl J Med 2008;358:1336-45. 
PUBMED | CROSSREF

 4. Budoff MJ, Möhlenkamp S, McClelland R, et al. A comparison of outcomes with coronary artery calcium 
scanning in unselected populations: the Multi-Ethnic Study of Atherosclerosis (MESA) and Heinz Nixdorf 
RECALL study (HNR). J Cardiovasc Comput Tomogr 2013;7:182-91. 
PUBMED | CROSSREF

 5. Polonsky TS, McClelland RL, Jorgensen NW, et al. Coronary artery calcium score and risk classification 
for coronary heart disease prediction. JAMA 2010;303:1610-6. 
PUBMED | CROSSREF

 6. Blaha M, Budoff MJ, Shaw LJ, et al. Absence of coronary artery calcification and all-cause mortality. JACC 
Cardiovasc Imaging 2009;2:692-700. 
PUBMED | CROSSREF

 7. Cho I, Suh JW, Chang HJ, et al. Prevalence and prognostic implication of non-calcified plaque in 
asymptomatic population with coronary artery calcium score of zero. Korean Circ J 2013;43:154-60. 
PUBMED | CROSSREF

 8. Lee JH, Han D, Ó Hartaigh B, et al. Warranty period of zero coronary artery calcium score for predicting 
all-cause mortality according to cardiac risk burden in asymptomatic Korean adults. Circ J 2016;80:2356-61. 
PUBMED | CROSSREF

456https://e-kcj.org https://doi.org/10.4070/kcj.2018.0318

CAC Progression with Zero Initial Score

http://www.ncbi.nlm.nih.gov/pubmed/29441745
https://doi.org/10.4070/kcj.2017.0392
http://www.ncbi.nlm.nih.gov/pubmed/22910756
https://doi.org/10.1001/jama.2012.9624
http://www.ncbi.nlm.nih.gov/pubmed/18367736
https://doi.org/10.1056/NEJMoa072100
http://www.ncbi.nlm.nih.gov/pubmed/23849491
https://doi.org/10.1016/j.jcct.2013.05.009
http://www.ncbi.nlm.nih.gov/pubmed/20424251
https://doi.org/10.1001/jama.2010.461
http://www.ncbi.nlm.nih.gov/pubmed/19520338
https://doi.org/10.1016/j.jcmg.2009.03.009
http://www.ncbi.nlm.nih.gov/pubmed/23613691
https://doi.org/10.4070/kcj.2013.43.3.154
http://www.ncbi.nlm.nih.gov/pubmed/27725478
https://doi.org/10.1253/circj.CJ-16-0731
https://e-kcj.org


 9. Valenti V, Ó Hartaigh B, Heo R, et al. A 15-year warranty period for asymptomatic individuals without 
coronary artery calcium: a prospective follow-up of 9,715 individuals. JACC Cardiovasc Imaging 2015;8:900-9. 
PUBMED | CROSSREF

 10. Radford NB, DeFina LF, Barlow CE, et al. Progression of CAC score and risk of incident CVD. JACC 
Cardiovasc Imaging 2016;9:1420-9. 
PUBMED | CROSSREF

 11. Goff DC Jr, Lloyd-Jones DM, Bennett G, et al. 2013 ACC/AHA guideline on the assessment of 
cardiovascular risk: a report of the American College of Cardiology/American Heart Association Task 
Force on Practice Guidelines. Circulation 2014;129:S49-73. 
PUBMED | CROSSREF

 12. Stone NJ, Robinson JG, Lichtenstein AH, et al. 2013 ACC/AHA guideline on the treatment of blood 
cholesterol to reduce atherosclerotic cardiovascular risk in adults: a report of the American College of 
Cardiology/American Heart Association Task Force on Practice Guidelines. Circulation 2014;129:S1-45. 
PUBMED | CROSSREF

 13. Agatston AS, Janowitz WR, Hildner FJ, Zusmer NR, Viamonte M Jr, Detrano R. Quantification of coronary 
artery calcium using ultrafast computed tomography. J Am Coll Cardiol 1990;15:827-32. 
PUBMED | CROSSREF

 14. Lee JH, Ó Hartaigh B, Han D, et al. Reassessing the usefulness of coronary artery calcium score among 
varying racial and ethnic groups by geographic locations: relevance of the Korea Initiatives on Coronary 
Artery Calcification registry. J Cardiovasc Ultrasound 2015;23:195-203. 
PUBMED | CROSSREF

 15. Hokanson JE, MacKenzie T, Kinney G, et al. Evaluating changes in coronary artery calcium: an analytic 
method that accounts for interscan variability. AJR Am J Roentgenol 2004;182:1327-32. 
PUBMED | CROSSREF

 16. Taylor AJ, Bindeman J, Feuerstein I, Cao F, Brazaitis M, O'Malley PG. Coronary calcium independently 
predicts incident premature coronary heart disease over measured cardiovascular risk factors: mean 
three-year outcomes in the Prospective Army Coronary Calcium (PACC) project. J Am Coll Cardiol 
2005;46:807-14. 
PUBMED | CROSSREF

 17. McEvoy JW, Blaha MJ, Defilippis AP, et al. Coronary artery calcium progression: an important clinical 
measurement? A review of published reports. J Am Coll Cardiol 2010;56:1613-22. 
PUBMED | CROSSREF

 18. Budoff MJ, Hokanson JE, Nasir K, et al. Progression of coronary artery calcium predicts all-cause 
mortality. JACC Cardiovasc Imaging 2010;3:1229-36. 
PUBMED | CROSSREF

 19. Budoff MJ, Young R, Lopez VA, et al. Progression of coronary calcium and incident coronary heart disease 
events: MESA (Multi-Ethnic Study of Atherosclerosis). J Am Coll Cardiol 2013;61:1231-9. 
PUBMED | CROSSREF

 20. Erbel R, Lehmann N, Churzidse S, et al. Progression of coronary artery calcification seems to be 
inevitable, but predictable - results of the Heinz Nixdorf Recall (HNR) study. Eur Heart J 2014;35:2960-71. 
PUBMED | CROSSREF

 21. Min JK, Lin FY, Gidseg DS, et al. Determinants of coronary calcium conversion among patients with 
a normal coronary calcium scan: what is the “warranty period” for remaining normal? J Am Coll Cardiol 
2010;55:1110-7. 
PUBMED | CROSSREF

 22. Gopal A, Nasir K, Liu ST, Flores FR, Chen L, Budoff MJ. Coronary calcium progression rates with a zero 
initial score by electron beam tomography. Int J Cardiol 2007;117:227-31. 
PUBMED | CROSSREF

 23. Kronmal RA, McClelland RL, Detrano R, et al. Risk factors for the progression of coronary artery 
calcification in asymptomatic subjects: results from the Multi-Ethnic Study of Atherosclerosis (MESA). 
Circulation 2007;115:2722-30. 
PUBMED | CROSSREF

 24. Shaw LJ, Raggi P, Schisterman E, Berman DS, Callister TQ. Prognostic value of cardiac risk factors and 
coronary artery calcium screening for all-cause mortality. Radiology 2003;228:826-33. 
PUBMED | CROSSREF

 25. Brook RD, Rajagopalan S. 2017 ACC/AHA/AAPA/ABC/ACPM/AGS/APhA/ASH/ASPC/NMA/PCNA 
Guideline for the Prevention, Detection, Evaluation, and Management of High Blood Pressure in Adults. 
A report of the American College of Cardiology/American Heart Association Task Force on Clinical 
Practice Guidelines. J Am Soc Hypertens 2018;12:238. 
PUBMED | CROSSREF

457https://e-kcj.org https://doi.org/10.4070/kcj.2018.0318

CAC Progression with Zero Initial Score

http://www.ncbi.nlm.nih.gov/pubmed/26189116
https://doi.org/10.1016/j.jcmg.2015.01.025
http://www.ncbi.nlm.nih.gov/pubmed/27372023
https://doi.org/10.1016/j.jcmg.2016.03.010
http://www.ncbi.nlm.nih.gov/pubmed/24222018
https://doi.org/10.1161/01.cir.0000437741.48606.98
http://www.ncbi.nlm.nih.gov/pubmed/24222016
https://doi.org/10.1161/01.cir.0000437738.63853.7a
http://www.ncbi.nlm.nih.gov/pubmed/2407762
https://doi.org/10.1016/0735-1097(90)90282-T
http://www.ncbi.nlm.nih.gov/pubmed/26755926
https://doi.org/10.4250/jcu.2015.23.4.195
http://www.ncbi.nlm.nih.gov/pubmed/15100140
https://doi.org/10.2214/ajr.182.5.1821327
http://www.ncbi.nlm.nih.gov/pubmed/16139129
https://doi.org/10.1016/j.jacc.2005.05.049
http://www.ncbi.nlm.nih.gov/pubmed/21050970
https://doi.org/10.1016/j.jacc.2010.06.038
http://www.ncbi.nlm.nih.gov/pubmed/21163451
https://doi.org/10.1016/j.jcmg.2010.08.018
http://www.ncbi.nlm.nih.gov/pubmed/23500326
https://doi.org/10.1016/j.jacc.2012.12.035
http://www.ncbi.nlm.nih.gov/pubmed/25062951
https://doi.org/10.1093/eurheartj/ehu288
http://www.ncbi.nlm.nih.gov/pubmed/20223365
https://doi.org/10.1016/j.jacc.2009.08.088
http://www.ncbi.nlm.nih.gov/pubmed/16875746
https://doi.org/10.1016/j.ijcard.2006.04.081
http://www.ncbi.nlm.nih.gov/pubmed/17502571
https://doi.org/10.1161/CIRCULATIONAHA.106.674143
http://www.ncbi.nlm.nih.gov/pubmed/12869688
https://doi.org/10.1148/radiol.2283021006
http://www.ncbi.nlm.nih.gov/pubmed/29396104
https://doi.org/10.1016/j.jash.2018.01.004
https://e-kcj.org

	Evaluation of Coronary Artery Calcium Progression in Asymptomatic Individuals with an Initial Score of Zero
	INTRODUCTION
	METHODS
	Ascertainment of risk factors
	Cardiac computed tomography acquisition and analysis
	Statistical analysis

	RESULTS
	DISCUSSION
	REFERENCES


