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ethnic disparity in CAD risk remain to be elucidated.5–8

In the recent past, coronary artery calcification (CAC) has 
been identified as a novel and robust marker of atherosclerotic 
progression,9–11 and has been shown to correlate well with 
total coronary plaque burden.12,13 CAC score can be utilized as an 
accurate and reliable tool for detecting subclinical CAD, and has 

pidemiologic evidence indicates that the prevalence 
and severity of coronary artery disease (CAD) vary 
depending on ethnicity.1 Notably, Asian populations 

have a lower burden of CAD compared with Western subjects, 
in spite of the similar conventional risk factors.2–4 Thus, to 
date, the precise mechanisms responsible for the observed 
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Background: The incidence of coronary artery disease (CAD) varies depending on ethnicity, but the precise differ-
ences remain to be firmly established. This study therefore evaluated the disparity in coronary artery calcification 
(CAC), as a marker of CAD, in asymptomatic US and Korean adults.

Methods and Results: CAC score was compared between asymptomatic Korean (n=15,128) and US (n=7,533) 
adults. Propensity score matching was performed according to age, gender, hypertension, diabetes, dyslipidemia, 
and current smoking, which generated 2 cohorts of 5,427 matched pairs. Both cohorts were categorized according 
to age group: 45–54, 55–64, and 65–74 years. Overall, the prevalence of CAC score >0, >100, and >400 in Korean 
adults was lower than in US adults (P<0.001, all). According to increasing age groups, the likelihood of CAC was 
most often lower in Korean adults, especially in Korean women. The odds of having CAC >400 in Korean adults 
aged 65–74 years was 0.66 (95% CI: 0.48–0.91) overall, 0.78 (95% CI: 0.52–1.19) in men, and 0.50 (95% CI: 
0.29–0.86) in women, compared with US counterparts.

Conclusions: Korean adults have a lower prevalence and severity of atherosclerotic burden as assessed on CAC, 
compared with US adults, but the disparity in CAC according to ethnicity may decline with older age.  (Circ J 2016; 
80: 2349 – 2355)
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Clinical Risk Factors
The following risk factors were collected in both cohorts: age, 
gender, hypertension, diabetes mellitus, dyslipidemia, and current 
smoking status. Hypertension was defined as self-reported history 
of high blood pressure or use of anti-hypertensive medica-
tions. Diabetes was defined as baseline use of anti-diabetic 
medication, history of elevated blood glucose >126 mg/dl or 
Hba1c >6.5%. Dyslipidemia was considered present for any 
individual reporting a history of high total cholesterol, high 
low-density lipoprotein cholesterol, low high-density lipoprotein 
cholesterol, high triglycerides, or current use of lipid-lowering 
therapy. Cigarette smoking was defined as active smoker at 
the time of scanning. All measurements were similarly defined 
in both study cohorts.

CAC Image Acquisition
Individuals in the US cohort underwent CAC testing using 
either a C-100 or C-150 Ultrafast electron beam computed 
tomography (EBCT) scanner (Imatron, South San Francisco, 
CA, USA). Images were obtained using a 100-ms scanning 
time and were reconstructed with a 3-mm slice thickness. In 
the Korean cohort, CAC scanning was performed using a >16-
slice multi-detector computed tomography (MDCT) scanner 
in all centers. Specific CT types used in each center included 
the Philips Brilliance 256 iCT, Philips Brilliance 40 channel 
MDCT, Siemens 16-slice Sensation, and GE 64-slice Lightspeed. 
All 3 Korean sites performed scans using a standard prospec-
tive or retrospective method with a 225–400-ms gantry rota-
tion time. Image data were reconstructed with a 2.5–3-mm 
slice thickness. In both cohorts, CAC score was calculated 
according to Agatston et al.19

Statistical Analysis
Propensity score matching was used to match the Korean 
subjects to the US subjects according to the following conven-

proven useful for prediction of numerous adverse health out-
comes.14 The question, however, of whether changing trends in 
the presence and severity of CAC are responsible for the ethnic 
disparity in CAD risk remain to be firmly established.15–17

We therefore investigated ethnic disparity, if any, regarding 
subclinical coronary atherosclerosis as measured with CAC 
using data from 2 large observational cohort studies. Specifically, 
we compared the presence and severity of CAC in asymptomatic 
US and Korean adults after accounting for conventional CAD 
risk factors based on a propensity score matching approach.

Methods
Subjects
The current investigation utilized data for 2 individual study 
cohorts of asymptomatic US and Korean adults (Figure 1). 
The US study sample enrolled 9,715 consecutive asymptom-
atic individuals without known CAD, who were referred by 
their general internist to undergo CAC testing at a single site 
between January 1996 and December 1999 (Tennessee Heart 
and Vascular Institute, Hendersonville, TN, USA). Information 
regarding the Korean subjects was derived from the KOrea 
Initiatives on Coronary Artery calcification (KOICA) registry.18 
The KOICA registry included 48,901 single-ethnicity asymp-
tomatic individuals who underwent a health examination at 3 
health-care centers between December 2002 and July 2014 
(Severance Check-up Health Care Center, Seoul National 
University Healthcare System Gangnam Center, Samsung 
Medical Center, Seoul, South Korea). The appropriate institu-
tional review board committees approved the study protocol 
across each site. Given that the study was designed retrospec-
tively using medical records, informed consent was waived by 
the board.

Figure 1.  Flow chart of the study cohorts. CAD, coronary artery disease.
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matched patient groups were compared using paired t-test for 
continuous variables and the McNemar test for categorical 
variables. We calculated the 50th, 75th, 90th, and 95th percentile 
of CAC and used an exponential model to estimate each per-
centile of CAC according to age group as well as gender. On 
multivariable logistic regression analysis, odds ratios (OR) 
and 95% confidence intervals (CI) were used to estimate the 
likelihood of any, moderate, or severe CAC according to each 
clinical risk factor in both study cohorts. In addition, a separate 
conditional logistic regression analysis was carried out for the 
case-control matching to determine the odds of Korean adults 
having any, moderate, or severe CAC with reference (eg, binary 
reference=0) to the US adults. Two-tailed P<0.05 was considered 
significant, and all statistical analysis was performed using 
STATA version 13.1 (StataCorp LP, College Station, TX, USA).

Results
Clinical Characteristics
Clinical characteristics before and after propensity matching 
are listed in Table 1. Prior to matching, the prevalence of 

tional risk factors: age, gender, hypertension, diabetes mellitus, 
dyslipidemia, and current smoking. Propensity scores were 
calculated using a non-parsimonious multiple logistic regression 
model separately per gender to ensure that the balancing property 
of the covariates was satisfied. Subsequently, the propensity 
scores were used to match the 2 cohorts using the Mahalanobis 
nearest-neighbor matching algorithm with a caliper of 0.001.20 
Subsequently, a post-match cohort of 5,427 pairs was generated. 
The propensity-matched population was further categorized 
according to age group (eg, 45–54, 55–64, and 65–74 years) 
to determine whether a graded association existed between 
CAD and age on the background of ethnicity. For the purpose 
of this study, CAC was used to detect the presence of sub-
clinical atherosclerosis, and subjects were categorized according 
to the severity of CAC using the following scores: >0, presence 
of any CAC; >100, moderate CAC; and >400, severe CAC. 
Continuous variables are expressed as mean ± SD, and cate-
gorical variables are reported as counts with proportions. 
Comparison of baseline characteristics between both cohorts 
was done using Student’s t-test for continuous variables and 
Pearson’s chi-squared test for categorical parameters. The 

Table 1. Baseline Clinical Characteristics 

Before matching After matching

US adults  
(n=7,533)

Korean adults 
(n=15,128) P-value US adults  

(n=5,427)
Korean adults 

(n=5,427) P-value

Age (years) 56.2±7.7 56.2±6.9 0.599 56.1±7.6　　 56.1±7.4　　 0.613

  45–54 3,608 (47.9) 6,919 (45.7) 2,592 (47.8) 2,573 (47.4)

  55–64 2,601 (34.5) 6,169 (40.8) 1,955 (36.0) 2,000 (36.9)

  65–74 1,324 (17.6) 2,040 (13.5)    880 (16.2)    854 (15.7)

Male 4,298 (57.1) 10,398 (68.7)　　 <0.001 3,351 (61.6) 3,351 (61.6) 1.000

Hypertension 3,331 (44.2) 7,106 (47.0) <0.001 2,511 (46.3) 2,543 (46.9) 0.218

Diabetes  652 (8.7) 2,744 (18.1) <0.001    587 (10.8)    574 (10.6) 0.373

Dyslipidemia 4,817 (64.0) 3,396 (22.5) <0.001 2,743 (50.5) 2,740 (50.5) 0.791

Current smoking 2,974 (39.5) 3,230 (21.4) <0.001 1,644 (30.3) 1,644 (30.3) 1.000

CAC score 137.55±398.3 55.9±2,228.0 <0.001 134.3±403.6   49.4±174.1 <0.001

Log(CAC+1)   2.3±2.5 1.4±2.1　　　　　 <0.001 2.2±2.5 1.4±2.0 <0.001

CAC categories

  >0 3,998 (53.1) 5,688 (37.6) <0.001 2,835 (52.2) 2,005 (36.9) <0.001

  >100 1,784 (23.7) 1,748 (11.6) <0.001 1,234 (22.7)    615 (11.3) <0.001

  >400    711 (9.44)  517 (3.4) <0.001  495 (9.1)  169 (3.1) <0.001

Data given as mean ± SD or n (%). CAC, coronary artery calcification.

Table 2. CAC Score Percentile vs. Age Group

Percentiles

Age group (years)

Overall Men Women

45–54 55–64 65–74 45–54 55–64 65–74 45–54 55–64 65–74

US adults

  50th    0     6     6     2   10   12     0     2     2

  75th   56 100 157   58 123 185   47   69 104

  90th 243 428 556 272 460 642 221 394 462

  95th 501 828 944 552 912 994 383 674 870

Korean adults

  50th     0     0   16     0     1   37     0     0     4

  75th     1   22 121     7   41 186     0     2   70

  90th   40 132 371   71 201 588     0   39 230

  95th 111 258 712 142 357 918   17 123 418

CAC, coronary artery calcification.
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Figure 2.  Coronary artery calcifi-
cation score 0, 1–100, 101–400, 
>400 vs. age group according to 
(A) overall population, (B) male 
sex, and (C) female sex in US and 
Korean adults.
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That is, the prevalence and degree of CAC severity was higher 
in US adults compared with Korean adults. These findings did 
not differ materially when stratified by gender.

Clinical Risk Factors and CAC
The relationship between clinical risk factors and presence of 
any, moderate, or severe CAC within each cohort is given in 
Table 3. On multivariable logistic regression analysis, all risk 
factors were associated with any, moderate, or severe CAC in 
the US cohort, with the exception of dyslipidemia, which was 
unrelated to severe CAC. Conversely, current smoking was 
not associated with any, moderate, or severe CAC in Korean 
adults. In addition, dyslipidemia also had a non-significant 
relationship with severe CAC in the Korean cohort. When 
comparing OR for clinical risk factors between cohorts, 
Korean adults had higher OR for age and gender compared 
with US adults, although, US adults had higher OR for hyper-
tension, diabetes mellitus, dyslipidemia, and current smoking 
compared with Korean adults.

Ethnic Disparity and Likelihood of CAC
On logistic regression analysis the odds for any, moderate, or 

clinical risk factors significantly differed between cohorts. 
Prevalent hypertension and diabetes mellitus was higher 
among Korean subjects. Conversely, prevalent dyslipidemia 
and current smoking was higher in US compared with Korean 
adults. As expected, following propensity score matching, all 
baseline characteristics were matched and neither risk factor 
differed significantly between study cohorts. Overall, CAC 
score differed between cohorts irrespective of propensity score 
matching. Both mean and log CAC differed significantly 
between study cohorts, with an increase in the severity of 
CAC categories becoming more prominent in the US vs. 
Korean adults (Table 1).

CAC vs. Age and Gender
Table 2 lists CAC score for estimated percentiles according 
to age and gender between study cohorts. Overall, U.S adults 
had higher CAC score percentile compared with Korean 
adults. Similar trends were found across age groups when 
CAC score was categorized according to gender. Figure 2 
reports the prevalence and severity of CAC according to age 
between US and Korean adults. On visual inspection, the 
prevalence and severity of CAC appeared to differ by ethnicity. 

Table 3. Multivariate Indicators of CAC

CAC score >0 CAC score >100 CAC score >400

OR 95% CI P-value OR 95% CI P-value OR 95% CI P-value

US adults

  Age per 10 years 1.15 1.07–1.24 <0.001 1.31 1.21–1.43 <0.001 1.59 1.41–1.79 <0.001

  Male 1.28 1.14–1.43 <0.001 1.33 1.15–1.53 <0.001 1.39 1.13–1.70 0.002

  Hypertension 1.64 1.47–1.84 <0.001 1.66 1.46–1.90 <0.001 2.08 1.70–2.55 <0.001

  Diabetes 1.82 1.51–2.20 <0.001 2.25 1.87–2.71 <0.001 2.67 2.11–3.37 <0.001

  Dyslipidemia 1.39 1.24–1.56 <0.001 1.18 1.03–1.35 0.020 1.13 0.92–1.37 0.236

  Smoking 1.73 1.53–1.96 <0.001 1.80 1.57–2.07 <0.001 1.71 1.40–2.08 <0.001

Korean adults

  Age per 10 years 2.69 2.46–2.93 <0.001 3.06 2.71–3.44 <0.001 3.80 3.07–4.69 <0.001

  Male 3.28 2.87–3.75 <0.001 3.16 2.56–3.89 <0.001 4.14 2.76–6.22 <0.001

  Hypertension 1.40 1.24–1.58 <0.001 1.56 1.29–1.86 <0.001 1.75 1.25–2.44 0.001

  Diabetes 1.47 1.21–1.78 <0.001 1.48 1.15–1.90 0.003 1.49 0.97–2.29 0.069

  Dyslipidemia 1.25 1.11–1.42 <0.001 1.26 1.03–1.49 0.017 1.21 0.87–1.68 0.262

  Smoking 1.02 0.89–1.16 0.810 1.04 0.86–1.27 0.702 1.25 0.89–1.75 0.204

CAC, coronary artery calcification; CI, confidential interval; OR, odds ratio.

Table 4. Likelihood of Having CAC in Korean as Reference US Adults by Age and Gender

Age categories
CAC score >0 CAC score >100 CAC score >400

OR 95% CI P-value OR 95% CI P-value OR 95% CI P-value

Overall

  45–54 years 0.36 0.32–0.42 <0.001 0.23 0.18–0.29 <0.001 0.16 0.10–0.25 <0.001

  55–64 years 0.57 0.50–0.66 <0.001 0.45 0.38–0.55 <0.001 0.28 0.20–0.38 <0.001

  65–74 years 1.41 1.13–1.77 0.003 0.94 0.74–1.19 0.583 0.66 0.48–0.91 0.011

Korean men

  45–54 years 0.48 0.41–0.55 <0.001 0.30 0.24–0.39 <0.001 0.20 0.12–0.32 <0.001

  55–64 years 0.75 0.63–0.90 0.002 0.55 0.44–0.69 <0.001 0.37 0.26–0.53 <0.001

  65–74 years 1.87 1.36–2.59 <0.001 1.08 0.79–1.49 0.627 0.78 0.52–1.19 0.248

Korean women

  45–54 years 0.13 0.09–0.19 <0.001 0.04 0.02–0.11 <0.001 0.03 0.01–0.24 <0.001

  55–64 years 0.36 0.28–0.47 <0.001 0.27 0.18–0.39 <0.001 0.11 0.05–0.24 <0.001

  65–74 years 1.05 0.77–1.45 0.744 0.77 0.53–1.11 0.165 0.50 0.29–0.86 0.009

Abbreviations as in Table 3.
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CAC in the presence of hypertension and diabetes, whereas 
Korean adults had higher odds with advancing age and male 
gender. In the light of these findings, although known cardiac 
risk factors are considered to be well-established indicators of 
CAD, the effect on the development of coronary atherosclerosis 
could vary depending on ethnicity and geographic region. 

Initially, in this study, we found that the effect of each 
clinical risk factor on the presence and severity of CAC dif-
fered between Korean and US adults. Hence, we attempted to 
correct for multiple clinical risk factors that might have 
impacted on ethnicity and risk of CAD by using propensity 
score matching. Despite this, a substantial difference in the 
presence and severity of CAC persisted between Korean and 
U.S. adults. Unmeasured differences in diet and physical 
activity may account for the differential impact of risk factors 
and gender on CAC.23–25 Life course effects may also mediate 
differences between age cohorts and geographic regions over 
time.26 Undoubtedly, additional studies are needed to further 
assess the interplay between CAD risk factors and CAC, and 
whether the relationship differs depending on ethnicity.

In this study, when comparing subclinical CAD in both 
cohorts, we used CAC as a marker of coronary atherosclerosis. 
CAC score is a reliable and accurate marker for prediction of 
subclinical atherosclerosis. An additional strength, however, 
is that screening for CAC is perhaps easily reproducible when 
utilizing different types of scanners, such as EBCT or MDCT. 
Indeed, a previous study reported that estimated percentiles of 
CAC scores were similar when using either EBCT or MDCT.17 
Another study observed that CAC score did not differ materially 
according to different protocols and/or workstations, thus, 
highlighting the ease of access in obtaining CAC measurements 
irrespective of the type of scanner used.27,28

This study is not without limitations. Although the Korean 
and US cohorts were large in sample size, both may not be 
truly representative of general populations in South Korea and 
the USA, respectively. In particular, subjects belonging to the 
Korean cohort were self-referred, while the US cohort was 
derived from a single enrollment center in Tennessee referred 
by physicians. Thus, differential referral bias at the 2 centers 
cannot be excluded. There was no specific ethnic information 
available for the US cohort, although by way of context, 
Caucasian subjects represented approximately 79.7% of the 
population residing in the State of Tennessee in 2014. Only 
limited clinical measures were available in the US cohort, and 
therefore, the potential mechanisms that perhaps explain the 
observed ethnic disparities in the distribution and severity of 
CAD were unable to be thoroughly examined in the current 
analysis, and clearly warrant further investigation. Although 
CAC is a reliable and reproducible measure of atherosclerosis, 
the finding of zero CAC does not guarantee absence of CAD 
because the non-calcified plaque could not be evaluated on 
CAC scanning. Hence, caution is needed when interpreting 
these findings given the possibility of underestimation of the 
prevalence and severity of CAD. The cross-sectional nature of 
this study limits the long-term comparison between CAC and 
the potential ethnic disparity. The period in which CAC was 
obtained differed substantially between the US (eg, 1996–1999) 
and Korean cohorts (eg, 2002–2014). Therefore, we cannot 
discount the possibility that any differences in the timing of 
CAC measurements may have influenced the present findings. 
More recently, there has been some decline in the incidence of 
CAD within Western societies,29 whereas, by contrast, the 
health and socioeconomic burden of CAD continues to rise 
exponentially across certain Asian nations, particularly in 
South Korea.30 Hence, it should be anticipated that the ethnic 

severe CAC score were lower in Korean adults compared with 
US adults (reference group; Table 4). The lowest OR were 
found for severe CAC (eg, CAC >400), and this trend appeared 
most prominent among Korean women than Korean men. 
CAC score tended to increase with advancing age among 
Korean men and women, although most OR remained lower 
compared with US adults, with the exception of Korean men 
aged 65–74 years, who had an 87% (95% CI: 36–159%, 
P<0.001) increased likelihood of having any CAC compared 
with US men of a similar age.

Discussion
In this study, we examined the prevalence of coronary athero-
sclerosis on CAC score between 2 countries that varied in 
ethnicity. Based on propensity score matching, the main findings 
were: (1) significant difference in the prevalence and severity 
of CAC between US and Korean adults; (2) variation between 
US and Korean adults in the relationship between clinical risk 
factors and presence of any, moderate, or severe CAC; (3) 
lower burden of coronary atherosclerosis in Korean adults 
compared with US adults, which was more prominent in 
Korean women; and (4) attenuation of the disparity in CAC 
between US and Korean adults with advancing age. To our 
knowledge, this is the largest asymptomatic population-based 
study to evaluate the ethnic differences in subclinical coronary 
atherosclerosis between Asian and Western subjects.

Few prior epidemiologic studies have indicated that East 
Asians, including Chinese, Korean, and Japanese subjects, have 
lower CAD burden measured on CAC compared with Western 
subjects.4,16,17 In 1 study on the presence and severity of CAC 
in 16,560 individuals within 4 ethnic groups, Asian subjects 
had a lower CAC burden compared with Caucasian subjects, 
even after adjustment for coronary risk factors.15 The Multi-
Ethnic Study of Atherosclerosis (MESA) also reported similar 
observations,17 whereby Chinese adults had a lower preva-
lence of CAC compared with Caucasian subjects, especially 
among women. More recently, Fujiyoshi et al compared CAC 
score between Japanese men and US Caucasian men, based on 
age group.4 That study showed that Japanese men had a lower 
burden of coronary atherosclerosis than US Caucasian men. 
Taken together, these findings underline the lower prevalence 
and severity of CAC in Asian populations compared with 
Western Caucasian populations. A potential drawback of the 
extant literature, however, is the relatively small sample sizes 
of the Asian subjects in these investigations. The current study 
supports as well as extends upon these studies given the large 
sample size representative of Asian individuals, even after 
propensity score matching (n=5,427).

To date, the precise mechanisms that might influence ethnic 
disparity in the distribution and severity of CAD are not well 
understood. Previous studies have noted that the influence of 
certain CAD risk factors on the development and progression 
of atherosclerosis might differ as a function of ethnicity. For 
instance, the Seven Countries Study indicated that although 
higher cholesterol was indicative of increased absolute CAD 
mortality rate, the absolute level of CAD mortality appeared 
to differ significantly on the background of ethnicity.21 In 
another study on the association between obesity and coronary 
atherosclerosis, increase in body mass index was independently 
associated with CAC in Japanese, Korean, and Caucasian 
subjects, but not among Japanese-American subjects.22 The 
results also suggest that the likelihood of the presence and 
severity of CAC differed between the Asian and Western 
populations. Specifically, US adults had higher odds for having 
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erosclerosis: The Multi-Ethnic Study of Atherosclerosis. Am J Epi-
demiol 2009; 169: 444 – 454.
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et al. Serum trans-fatty acid concentration is elevated in young 
patients with coronary artery disease in Japan. Circ J 2015; 79: 
2017 – 2025.

26. Kim D, Diez Roux AV, Kiefe CI, Kawachi I, Liu K. Do neighbor-
hood socioeconomic deprivation and low social cohesion predict 
coronary calcification? The CARDIA study. Am J Epidemiol 2010; 
172: 288 – 298.

27. Fujiyoshi A, Kadowaki T, Kadowaki S, Sekikawa A, Ohkubo T, 
Miura K, et al. Comparability in coronary artery calcium scores on 
CT scan between two community-based cohort studies. Int J Cardiol 
2011; 149: 244 – 245.
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Costello P, et al. Interplatform reproducibility of CT coronary calcium 
scoring software. Radiology 2012; 265: 70 – 77.
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Med Public Health 2012; 45: 291 – 300.

disparity in CAC observed in the current study might differ 
compared with that in forthcoming studies.

Conclusions
The prevalence and severity of subclinical coronary atheroscle-
rosis measured using CAC appeared lower in Korean adults 
compared with US adults. These findings remained robust 
after controlling for multiple CAD risk factors on propensity 
score matching. Notably, the reduction in the presence of 
CAC was more prominent among Korean women, although 
the ethnic disparity in CAC tended to diminish with advancing 
age. Further studies are now needed to disentangle the mecha-
nisms responsible for the disparity observed in the prevalence 
and severity of CAC between Asian and Western populations.
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