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primary preventive medicine.2 Cardiovascular risk assessment 
has conventionally focused on a risk factor (RF) approach 
such as the Framingham risk score (FRS) or the National 
Cholesterol Education Program Adult Treatment Panel III.3,4 
Yet, these RF-based algorithms can often fall short in the 
identification of high-risk individuals.5–7 

Coronary artery calcium (CAC) score determined on cardiac 
computed tomography (CT) is a robust marker of coronary 

oronary artery disease (CAD) is one of the most prom-
inent causes of mortality worldwide, and has exten-
sively contributed to the economic burden associated 

with health costs. Frequently, a significant number of patients 
with non-fatal myocardial infarction or sudden cardiac death do 
not present with a history of prior symptoms or cardiovascular 
diagnosis.1 Hence, accurate assessment of cardiovascular risk 
in asymptomatic individuals is an important dimension of 
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Background:  The aim of this study was to examine whether zero coronary artery calcium (CAC) score is associated 
with favorable prognosis of all-cause mortality (ACM) according to a panel of conventional risk factors (RF) in asymp-
tomatic Korean adults.

Methods and Results:  A total of 48,215 individuals were stratified according to presence/absence of CAC, and the 
following RF were examined: hypertension, diabetes, current smoking, high low-density lipoprotein cholesterol, and 
low high-density lipoprotein cholesterol. The RF were summed on composite score as 0, 1–2, or ≥3 RF present. The 
warranty period was defined as the time to cumulative mortality rate >1%. Across a median follow-up of 4.4 years 
(IQR, 2.7–6.6), 415 (0.9%) deaths occurred. Incidence per 1,000 person-years for ACM was consistently higher in 
subjects with any CAC, irrespective of number of RF. The warranty period was substantially longer (eg, 9 vs. 5 years) 
for CAC=0 compared with CAC >0. The latter observation did not change materially according to pre-specified RF, 
but difference in warranty period according to presence/absence of CAC reduced somewhat when RF burden 
increased.

Conclusions:  In asymptomatic Korean adults, the absence of CAC evoked a strong protective effect against ACM 
as reflected by longer warranty period, when no other RF were present. The usefulness of zero CAC score and its 
warranty period requires further validation in the presence of multiple RF.    (Circ J  2016; 80: 2356 – 2361)
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study was designed retrospectively using medical records, 
informed consent was not obtained from participants.

Cardiovascular Risk Factors
All data were obtained at baseline visit using a health check 
database at the health-care center of each site in South Korea. 
Clinical parameters included age, sex, and body mass index, 
while laboratory tests for lipid profiles were also obtained. 
Self-reported medical questionnaires were also used to obtain 
information regarding smoking status, past medical history of 
hypertension (HTN), diabetes mellitus (DM), dyslipidemia, 
and family history of early CAD. In this study smoking was 
defined as current use of cigarettes. HTN and DM were 
defined as physician-diagnosed medical history of each 
respective disease, which was self-reported via medical ques-
tionnaire. Low high-density lipoprotein cholesterol (HDL-C) 

atherosclerosis and is commonly used to quantify atherosclerotic 
plaque burden in the coronary arteries.8 Further still, CAC is 
a reliable tool for predicting cardiovascular events as well as 
cardiac death, and provides increased benefit beyond tradi-
tional risk algorithms.9–12 Most notably, prior epidemiologic 
reports indicate that the absence of CAC might confer a very 
low risk of CAD in asymptomatic adults and can be considered 
protective against CAD.13,14 Yet, although few have assessed 
the importance of zero CAC score and its potential “warranty 
period”, these investigations mainly consisted of asymptomatic 
Western populations. Whether the absence of CAC has a 
similar benefit in non-Western populations remains to be 
established. Further still, the effect of individual conventional 
RF, and that of RF burden, on the warranty period of zero CAC 
score remains to be determined beyond Western ethnicity. 
Thus, in a large cohort of asymptomatic Korean adults, the 
aim of the present study was to determine the beneficial effect, 
if any, of zero CAC score for offsetting the risk of all-cause 
mortality (ACM), and further, to identify the warranty period 
of zero CAC score according to pre-specified RF as well as the 
RF burden.

Methods
Subjects
We utilized data on subjects enrolled in the Korea Initiatives 
on Coronary Artery calcification (KOICA) multicenter registry. 
The KOICA registry is a retrospective, single ethnicity multi-
center observational registry of self-referred participants who 
underwent health examination at any of 3 different health-care 
centers (eg, Severance Check Up Health Care Center, Seoul 
National University Healthcare System Gangnam Center, and 
Samsung Medical Center) across South Korea. A total of 
48,903 subjects were enrolled in the study between December 
2002 and July 2014. Median follow-up duration was 4.4 years 
(IQR, 2.7–6.6 years). Subjects were deemed suitable for study 
inclusion if they were adults who underwent CAC score eval-
uation for the purpose of the health examination. Subjects 
without available CAC score (n=688) were excluded. Hence, 
48,215 subjects were included in the current analysis. The 
appropriate institutional review board committees approved 
the study protocol in each participating center. Given that the 

Table 1.  Baseline Characteristics

Overall  
(n=48,215)

CAC score=0  
(n=30,605)

CAC score >0  
(n=17,610) P-value

Age (years) 54.1±8.8 51.8±8.1 58.2±8.5 <0.001

Male 36,226 (75.1) 21,469 (70.2) 14,757 (83.8)　　 <0.001

BMI (kg/m2 ) 24.4±2.9 24.2±2.9 24.9±2.8 <0.001

HTN 12,526 (30.3)   5,799 (22.2) 6,727 (44.3) <0.001

DM   4,629 (11.3) 1,863 (7.2) 2,766 (18.5) <0.001

Family history of CAD   2,656 (12.6)   1,679 (12.3)    977 (13.1) 0.11

Current smoking 10,290 (24.0)   6,485 (23.9) 3,805 (24.4) 0.26

HDL-C <40 mg/dl   6,963 (14.7)   4,058 (13.5) 2,905 (16.8) <0.001

LDL-C ≥30 mg/dl   18,708 (42.68) 11,836 (42.7)   6,872 (42.64) 0.90

RF burden <0.001

    0 RF 13,085 (27.1)   9,642 (31.5) 3,443 (19.6)

    1–2 RF 31,814 (66.0) 19,546 (63.9) 12,268 (69.7)　　
    ≥3 RF 3,316 (6.9) 1,417 (4.6) 1,899 (10.8)

Data given as mean ± SD or n (%). ACM, all-cause mortality; BMI, body mass index; CAC, coronary artery calcium; 
CAD, coronary artery disease; DM, diabetes mellitus; HDL-C, high-density lipoprotein cholesterol; HTN, hypertension; 
LDL-C, low-density lipoprotein cholesterol; RF, risk factor.

Figure 1.    Kaplan-Meier estimates of all-cause mortality 
event-free survival according to presence of coronary artery 
calcium (CAC) in the overall population.
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Univariable and multivariable Cox proportional regression 
models were used to calculate hazard ratios (HR) with 95% CI 
for risk of ACM based on the presence/absence of CAC. For 
the purpose of this study, the latter analyses were assessed 
according to individual RF, as well as by RF burden, which 
was defined as 0, 1, 2, or ≥3 of the pre-specified RF. Further, 
the incidence of ACM (events per 1,000 person-years at risk) 
was estimated in order to determine the presence/absence of 
CAC and its relationship to ACM across each of the RF burden 
categories. Cumulative time to event was then estimated on 
Kaplan-Meier failure curves to describe the frequency of 
ACM events over time. The warranty period, defined as the 
observed time in years to reach an ACM rate >1%, was then 
compared according to presence/absence of CAC on relevant 
subgroup background, as well as according to the RF burden 
score using log-rank test. Two-tailed P<0.05 was considered 
statistically significant. Statistical analysis was performed using 
STATA (version 13; StataCorp, College Station, TX, USA). 

Results
Of 48,215 participants (mean age, 54.1±8.8 years, 75.1% male) 
who underwent CAC scanning, 30,605 (63.5%) had zero CAC 
score. Table 1 lists the subject baseline characteristics. Most 
RF including male sex, HTN, and DM were more prevalent in 
participants with non-zero CAC score. Further, higher RF 
burden was often more prominent in individuals with non-zero 
CAC score, compared with zero CAC score. Notably, the 
prevalence of 0, 1–2, and ≥3 RF in subjects with CAC score 
>0 was 19.6%, 69.7%, and 10.8%, whereas that in subjects 
with zero CAC score was 31.5%, 63.9%, and 4.6%, respec-
tively (P<0.001). Across a median follow-up duration of 4.4 
years (IQR, 2.7–6.6 years), 415 deaths (0.9%) occurred due to 
ACM. Of them, 176 deaths (0.6%) occurred in the zero CAC 
score group, while 239 (1.4%) occurred in the positive CAC 
score group. Figure 1 shows Kaplan-Meier estimates of ACM 

was defined as <40 mg/dl, and high low-density lipoprotein 
cholesterol (LDL-C) was defined as ≥130 mg/dl.

CAC Score
CAC score was determined using a >16-slice multi-detector 
CT scanner. Specific CT scanner types used within each center 
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). A calcium scan was per-
formed using standard prospective or retrospective methods 
with a 225–400-ms gantry rotation time. Image data were 
reconstructed with a 2.5–3-mm slice thickness. CAC score 
was subsequently calculated according to Agatston et al.15

Study Endpoint
The primary study endpoint was ACM. Mortality status was 
determined via the Ministry of Security and Public Adminis-
tration up until December 2014 within Severance check up 
health care center as well as Seoul National University Health-
care System Gangnam Center, and until September 2014 in 
Samsung Medical Center.

Statistical Analysis
Individuals considered to be at low risk were defined on the 
basis of annual mortality rate <1% according to previously 
reported guidelines.16 Specifically, the present study defined 
the warranty period as the duration in years wherein a subject 
remained within a cumulative mortality rate <1%. Continuous 
variables are reported using mean ± SD and were compared 
using independent-sample Student’s t-test. Categorical variables 
are reported as counts with proportions and were compared 
using Pearson’s chi-squared test. In this study, presence/
absence of CAC was used to determine the warranty period, 
and this threshold was selected based on prior literature.14 

Table 2.  Indicators of Risk of ACM vs. CAC Score and RF 

n
Univariable Multivariable Warranty 

period  
(years)HR 95% CI P-value HR 95% CI P-value

Overall†

    CAC score=0 30,605 1 (Ref) 1 (Ref) 9 

    CAC score >0 17,610 2.56 2.11–3.12 <0.001 2.20 1.70–2.86 <0.001 5 

HTN‡

    CAC score=0   5,799 1 (Ref) 1 (Ref) 7

    CAC score >0   6,727 2.3　　 1.61–3.27 <0.001 2.42 1.54–3.83 <0.001 4

DM‡

    CAC score=0   1,863 1 (Ref) 1 (Ref) 7

    CAC score >0   2,766 2.19 1.28–3.74 0.004 2.01 1.06–3.82 0.03 3

Current smoking‡

    CAC score=0   6,485 1 (Ref) 1 (Ref) 8

    CAC score >0   3,805 2.05 1.39–3.04 <0.001 1.61 1.00–2.60 0.05 4

HDL-C <40 mg/dl‡

    CAC score=0   4,058 1 (Ref) 1 (Ref) 8

    CAC score >0   2,905 2.86 1.81–4.54 <0.001 2.60 1.35–5.02 0.004 4

LDL-C ≥130 mg/dl‡

    CAC score=0 11,836 1 (Ref) 1 (Ref) 9

    CAC score >0   6,872 2.21 1.57–3.10 <0.001 2.12 1.42–3.16 <0.001 5

†Overall model adjusted for all risk factors including: HTN, DM, current smoking, HDL-C <40 mg/dl, and LDL-C ≥130 mg/dl. ‡Each individual 
risk factor separately adjusted for the other remaining risk factors in multivariable models. Abbreviations as in Table 1.
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associated with higher risk of ACM for each of the RF groups 
even after adjusting for several covariates. In particular, the 
greatest risk (HR, 2.60; 95% CI: 1.35–5.02; P=0.004) for 
ACM was among those with non-zero CAC score and HDL-C 
<40 mg/dl. Conversely, current smoking status had a low and 
modest (HR, 1.61; 95% CI: 1.00–2.60; P=0.05) association 
with ACM in those with non-zero CAC score.

In Table 3, compared with persons who had zero CAC 
score, the incidence per 1,000 person-years for ACM was 
consistently higher in subjects with non-zero CAC score, 

event-free survival according to the presence and absence of 
CAC for the overall study population. Notably, ACM event-
free survival was significantly lower in patients with non-zero 
CAC score, compared with those with CAC score=0 (P<0.001, 
log-rank test).

Table 2 lists adjusted Cox proportional regression models 
for ACM according to the presence/absence of CAC by indi-
vidual RF. Overall, the adjusted HR for the presence of non-
zero CAC was 2.20 (95% CI: 1.70–2.86, P<0.001) as compared 
with zero CAC score. Non-zero CAC score was independently 

Table 3.  Incidence per 1,000 Person-Years for ACM vs. CAC and RF Burden

n Person-time  
(years)

ACM events  
(%)

Incidence per 1,000 
person-years  

(95% CI)

0 RF

    CAC score=0 9,642 47,446.6 47 (0.5) 1.0 (0.7–1.3)

    CAC score >0 3,443 16,234.7 45 (1.3) 2.8 (2.1–3.7)

1–2 RF

    CAC score=0 19,546 93,547.5 115 (0.6) 1.2 (1.2–1.5)

    CAC score >0 12,268 55,624.1 162 (1.3) 2.9 (2.5–3.4)

≥3 RF

    CAC score=0 1,417 6,808.6 14 (1.0) 2.1 (1.2–3.5)

    CAC score >0 1,899 8,604.0 32 (1.7) 3.7 (2.6–5.3)

Abbreviations as in Table 1.

Figure 2.    Warranty period for coronary artery calcium (CAC score)=0 vs. CAC score >0 according to risk factor burden.
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Although some disparity persists when comparing the present 
findings with those of Valenti et al, it is likely due to the dif-
ference in the distribution and severity of CAC score between 
Western and Asian populations. Germane to this, others have 
documented some variances in the prevalence and severity of 
CAC according to race and ethnicity.19–21 To this end, several 
feasible mechanisms have been proposed to explain the dis-
parities in RF, comorbidities, and accessibility to preventive 
therapy or health care, which may ultimately contribute to the 
observed racial and/or ethnic differences.22 Other factors such 
as environmental, behavioral, or genetic susceptibilities may 
have additional effects on these differences. Accordingly, 
forthcoming studies are warranted to clarify the possible 
mechanisms underlying the differences related to race and 
ethnicity.

Notably, the current study also showed that zero CAC score 
confers a low risk of death from all causes across all levels of 
RF burden, in line with prior studies that assessed the relation-
ship between CAC and RF burden. For instance, Silverman et 
al noted a low event rate in subjects with zero CAC score 
according to a similar RF burden (eg, 0.6, 1.6, 2.5, 3.1 events 
per 1,000 person-years for participants with 0, 1, 2, and ≥3 RF, 
respectively).23 Remarkably, in the present analysis, individu-
als with 1 or 2 RF but who had zero CAC score appeared to 
have a more favorable warranty period compared with those 
without any RF but with non-zero CAC score. This observa-
tion underlines the prognostic benefit attributable to zero CAC 
score for predicting cardiovascular risk. Further, in the absence 
of any RF, individuals with zero CAC score had a more favor-
able warranty period for ACM as compared with those with 
non-zero CAC score. It bears mentioning, however, that as the 
RF burden increased, the difference in the magnitude of war-
ranty period between groups became somewhat attenuated. To 
this end, the clinical utility of zero CAC score as a threshold 
cut-point for ACM may be rendered less robust than initially 
presumed, at least among asymptomatic Korean adults with 
multiple RF. Whether this finding can be extrapolated to 
Western populations clearly requires further investigation.

There are some limitations that need to be emphasized. The 
current study was observational in nature, which limits inference 
of a causal relationship. We also cannot discount the possibility 
of residual confounding, given that those who presented with 
non-zero CAC tended to be older and were more likely to have 
early onset of ACM in light of their advancing age. Further, 
the retrospective nature of this study made it challenging to 
obtain information regarding other important potential disor-
ders related to cause-specific death  (eg, cancer and other 
significant diseases), and therefore, should be explored in 
forthcoming investigations. The present participants were self-
referred at routine health check-up programs. Given that the 
current sample might not have been fully representative of the 
overall Korean population, this study may, as a consequence, 
have been prone to selection bias. The study sample was pre-
dominantly male and therefore caution should be taken when 
extrapolating the findings to women.

Conclusion
In asymptomatic Korean adults, the presence of CAC was 
independently associated with a higher risk of ACM, as com-
pared with zero CAC score. This relationship did not differ 
appreciably with regard to several conventional RF. A key find-
ing was that zero CAC was associated with improved survival 
based on warranty period in asymptomatic Korean adults 
when no other RF were observed – underlining the clinical 

irrespective of RF burden. Remarkably, those with no RF but 
with CAC score >0 had an event rate of 2.8 per 1,000 person-
years, while those with zero CAC score but with ≥3 RF had a 
slightly lower event rate of 2.1 per 1,000 person-years – under-
lining the clinical relevance of high CAC score. For individuals 
with zero CAC score, there was a subtle increase in the inci-
dence of ACM according to greater RF burden (eg, 1.0, 1.2, 
and 2.1 per 1,000 person-years for 0, 1–2, and ≥3 RF, respec-
tively). Nonetheless, the latter incidence rates were consis-
tently lower compared with those for non-zero CAC score 
within each respective RF burden group. 

The warranty period for zero CAC score vs. non-zero CAC 
score is reported in Table 2. Foremost, the time to exceed 1% 
of the ACM rate was 9 years overall in subjects with zero 
CAC score, which was substantially longer than that for those 
with non-zero CAC score (eg, only 5 years). Further still, for 
each of the pre-specified RF groups, the warranty period tended 
to be lower in the presence of non-zero CAC, as compared 
with zero CAC score. On Kaplan-Meier analysis, in the absence 
of any RF, zero CAC score had a favorable warranty period as 
compared with non-zero CAC score (Figure 2). With increas-
ing RF burden, however, the difference in warranty period 
between the groups decreased, although these findings 
remained significant (P<0.001, for all).

Discussion
In a large cohort of asymptomatic Korean adults, a significant 
increase in the risk of death from all causes was observed in 
those with non-zero CAC score, compared with those without 
CAC. This result did not differ with regard to several tradi-
tional RF. Foremost, the presence of any CAC portended a 
substantially lower warranty period as compared with zero 
CAC score, irrespective of RF burden. We further found that 
zero CAC score was associated with improved survival as 
reflected by warranty period, in patients with no other RF, 
while the clinical value of zero CAC score may be rendered 
less strong in those with multiple RF. To our knowledge, the 
current study is the first to evaluate warranty period relative to 
zero CAC score, while also utilizing RF burden for stratifica-
tion purposes in a large Korean cohort.

Of note, zero CAC score was found to be closely related to 
lower risk of cardiovascular events and therefore considered 
to be a protective marker of CAD. Indeed, previous studies 
have investigated prognostic value with regard to the absence 
of CAC.13,14,17 The current findings are in line with these previ-
ous investigations indicating that zero CAC score may prove 
useful as a predictor of low cardiovascular risk. While most 
prior studies assessed the protective effect of zero CAC score 
during a 5-year follow-up, Valenti et al examined the long-
term prognostic effect of the absence of CAC in asymptomatic 
middle-aged U.S. adults during a mean follow-up of 14.6 
years.18 In brief, the latter study evaluated zero CAC score in 
4,864 participants, and noted a warranty period of almost 15 
years in those considered to be low and intermediate risk 
without significant difference regarding age or gender. In that 
study, the warranty period was defined as the time to exceed 
an annual mortality rate of 1%, while in the present study, the 
warranty period was defined somewhat differently: according 
to the time to exceed a cumulative mortality rate of 1%. In spite 
of this disparity, however, the present findings are in parallel 
with those reported by Valenti et al, whereby the warranty 
period in individuals with non-zero CAC score was signifi-
cantly lower overall, as well as according to each of the con-
ventional RFs, compared with those with zero CAC score.18
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al. Ethnic differences in the prognostic value of coronary artery 
calcification for all-cause mortality. J Am Coll Cardiol 2007; 50: 
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Sibley CT, et al. Impact of coronary artery calcium on coronary heart 
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significance of CAC score for prognostication beyond Western 
populations. Undoubtedly, however, the usefulness of zero 
CAC score and its associated warranty period requires further 
validation in the presence of multiple RF, at least in asymp-
tomatic Korean adults.  
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