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Evidence for Coronary Artery Calcification Screening
in the Early Detection of Coronary Artery Disease
and Implications of Screening in Developing Countries
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ABSTRACT

Coronary artery disease (CAD) has become the biggest threat to population health all over the world. Although
developed countries have witnessed a decline in CAD-related mortality in recent decades, developing countries
are still experiencing steadily increasing CAD morbidity and mortality. Coronary artery calcification (CAC) is
found to be a risk factor of CAD, and the use of CAC scanning may better predict CAD and improve evaluation
and diagnosis of CAD. We review the major studies from developing countries investigating the prevalence and
severity of CAC, the relationship of CAC and other conventional risk factors, the diagnostic accuracy of CAC
computed tomography in relation to coronary angiography, and the predictive value of CAC scanning for
future CAD events. Last, we summarize the recommendations on CAC scanning from several developing
countries and propose future research topics about CAC.
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Coronary artery calcification (CAC) is indicated by
calcium deposits in the coronary artery wall and is a
component of atherosclerosis and coronary artery disease
(CAD) [1e5]. CAC is quantified by either multidetector
computed tomography (CT) or electron beam CT, and
there are several methods of calculating the CAC score,
although the Agatston method is most commonly used
clinically [6e9]. During past decades, numerous cohort
studies and a few clinical trials have demonstrated that
CAC score is significantly and independently associated
with cardiovascular disease (CVD) events. The CAC scan
has become an established, rapid, and noninvasive measure
of subclinical atherosclerosis and has been suggested in the
evaluation of subclinical disease and CVD risk in several
guidelines. The pros and cons of CAC scanning are shown
in Table 1, and a brief comparison with other tests for
subclinical disease and risk assessment is shown in Table 2.
In this review, we focus specifically on reviewing the
research involving CAC screening in asymptomatic
patients in developing countries and related guidelines for
CAC screening as a risk predictor. We also review the
strengths and limitations of CAC screening as applied to
developing countries.
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BURDEN OF CVD IN DEVELOPING COUNTRIES
Cardiovascular disease (CVD) is the leading cause of death
throughout the world. Each year, CVD causes 17 million
deaths globally, accounting for nearly one-half of non-
communicable diseaseerelated deaths and 30% of
all-cause deaths [10]. Nearly 80% of CVD-related deaths
(14 million) occur in low- and middle-income countries.
CVD is the most frequent cause of death in most of these
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countries. CVD deaths usually happen at an earlier age
and during the productive decades of life in developing
countries, in contrast to developed countries, where the
CVD-related death usually occurs later in life [11,12].
During the years 1990 to 2020, expected increases in
coronary heart disease rates alone are projected to be 137%
in men and 120% in women in developing countries,
compared with 60% and 30% in developed countries [13].

Another measure of disease burden, the disability-
adjusted life-year, indicates the severity of CVD in most
developing countries [12,14]. The rank of CVD in
disability-adjusted life-years rose from 5 to 4 from the years
2000 to 2011 in low-income countries, from 4 to 2 in
lower-middle-income countries, and remained 1 in upper-
and middle-income countries [15]. CVD also confers a
heavy financial burden in low- and middle-income coun-
tries. Noncommunicable diseases including CVD and dia-
betes are estimated to reduce gross domestic product by up
to 6.77% in low- and middle-income countries [12]. Over
the period from 2011 to 2025, the cumulative lost output
in low- and middle-income countries associated with CVD
is projected to be U.S. $3.76 trillion [16].

Instead of a decline in CVD mortality rates in some
developed counties, the majority of developing countries
have entered a third epidemic transition phase—a phase of
degenerative and human-made diseases, in which CVD
morbidity, mortality, and risk factors increase continuously
[12,17,18]. Due to rapid industrialization and urbanization,
related CVD risk factors such as tobacco use, unhealthy diet,
and a sedentary life-style have increased accordingly [19]. In
addition, a lack of early detection, prevention, and inter-
vention strategies also impedes reductions in CVD and
CVD-related deaths in developing countries [20].
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TABLE 1. Pros and cons of CAC scanning by computed tomography in lower- and middle- income countries

Pros Cons

Provides greatest added risk prediction above global

risk assessment

Requires special equipment (scanner) not routinely

available in many underserved areas

Reproducible Modest radiation, making it unsuitable for population-

wide screening

Automated and standardized scoring process and

software

Not generally reimbursable by health insurance,

requiring cash payment

Only noninvasive method of detecting coronary

atherosclerosis

Does not detect where tight coronary lesions may be

present

Score strongly correlates with overall coronary

atherosclerotic burden

Modest cost, depending on region/country
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STUDIES OF CAC IN DEVELOPING COUNTRIES
Significant studies of CAC in developing countries have
involved large samples of patients, depending on interna-
tional collaboration (e.g., Israel, Korea, Brazil), and/or are
have focused on specific national populations (e.g., China,
India). Cohort studies are less common than are cross-
sectional studies due to the difficulty of obtaining follow-
up and/or bias in the ascertainment of subsequent CVD
events. Cross-sectional studies have included the investi-
gation of CAC prevalence and severity.

In one multinational study, researchers from Brazil
compared CAC prevalence across Brazilian, Portuguese,
and U.S. white populations [21]. The prevalences of CAC
were 20% and 12% in Portuguese men and women,
respectively, compared with 54% and 38% in their Brazilian
counterparts and 67% and 41% and in their U.S. coun-
terparts. The mean � SD CAC score burden was 33 � 221
among Portuguese patients, 128 � 401 among Brazilian
patients, and 144 � 408 among U.S. patients. The signifi-
cantly different CAC prevalence and burden among them
imply an environmental impact on CAC because Brazilian
participants were mostly Portuguese descendants and
shared a gene pool similar to that of Portuguese whites.
Another investigation of CAC prevalence from Korea
TABLE 2. Comparison of subclinical cardiovascular screening/biomar

Test

Strength of

Recommendation

for Risk Assessment

CAC from CT scanning þþþ
Carotid IMT þþ*
Ankle-brachial index þþþ
Endothelial function/brachial

artery reactivity

No current recommendations

Hs-CRP þþþ
Global risk scoring þþþ
CAC, coronary artery calcification score; CT, computed tomography; IMT, int
Hs-CRP, high-sensitivity C-reactive protein.

*Most guidelines have recommended carotid IMT for risk stratification exce

Association Guideline on the Assessment of Cardiovascular Risk [10].
comparing 5,239 asymptomatic Korean patients over 30
years of age showed that men had a fourfold greater risk for
any CAC compared with Korean women, and that women,
like those in developed countries, had a 10-year time lag
in developing CAC. In addition, CAC increases according
to age and Framingham risk score [22]. These findings on
the patterns of CAC distribution (by sex or age) are similar
to those from previous Western studies. Other cross-
sectional studies have included the examination of the ac-
curacy of CAC scanning in the detection of CAD compared
with gold-standard coronary angiography. In a study from
India of CAC scanning accuracy in relation to coronary
angiography at three cut points of CAC scores (0, 100, and
400), there was high sensitivity (95%) when CAC was
0, and perfect specificity (100%) at the other extreme of
400 [23].

Longitudinal studies examining the prognostic value of
CAC scanning in developing countries have been done as
substudies (or ancillary studies) of data from larger clinical
trials. In INSIGHT (International Nifedipine Study: Inter-
vention as Goal for Hypertension Therapy) [24], a pro-
spective, randomized, double-blind trial from Europe and
Israel involving patients aged 55 to 80 years with hyper-
tension, CAC predicted short- and long-term CVD events
ker tests

Potential for

Availability

in LMIC

Cost of

Equipment

Cost per

Test

Ease of

Interpretation

þ þþþ þþþ þþþ
þþ þþ þþ þþ
þþþ þ þ þþþ
þ þþ þ þ

þþþ þ þ þþþ
þþþ þþþ þþþ þþþ

ima-media thickness; LMIC, left main stem of the internal carotid artery;

pt for the most recent American College of Cardiology/American Heart
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in 446 and 423 patients, respectively, in the subset from
Israel [25,26]. One study from China, enrolling 4,425
participants with a median follow-up of 3 years, found
significant variation in major adverse cardiovascular events
among different CAC strata [27]. Compared with partici-
pants with a CAC score of 0, the hazard ratios for severe
major adverse cardiovascular events were 6.90, 8.33, and
20.97 in those with CAC scores of 1 to 100, 101 to 400,
and >400, respectively. The c-statistic was increased from
0.71 to 0.82 when the CAC score was added to standard
risk factors and was further increased to 0.93 when coro-
nary CT angiography (CTA) was included.
ETHNIC DIFFERENCES IN THE PREVALENCE AND
DISTRIBUTION OF CAC
Most studies comparing the ethnic differences in CAC have
been limited to those conducted in the United States and
have compared the prevalence of CAC in ethnic groups
living in similar social and natural environments. It has been
shown that African Americans have the lowest prevalence
and extent of CAC, with a relative risk (RR) for the presence
of CAC ranging from 0.39 to 0.78, compared to whites
[28e34]. The lower prevalence of subclinical disease as
measured by CAC is paradoxical to the high prevalences of
CVD and coronary heart disease (CHD) among blacks,
presumably due to the high rates of other risk factors,
particularly hypertension, which can contribute to hyper-
tensive heart disease that is not specifically atherosclerotic in
nature and therefore would not result in a higher CAC score
[35]. Other ethnic groups have shown lower CAC preva-
lences compared with that in whites (RRs: Hispanic, 0.68 to
0.85; Asian, 0.64 to 0.92) [30e34]. Similarly, it was found
in MESA (Multi-Ethnic Study of Atherosclerosis) [34] that
the likelihood of CAC among those with an Agatston score
>0 was greatest among whites, followed by Chinese (77%
that of whites; 95% CI: 62% to 96%), Hispanics (74%; 95%
CI: 61% to 90%), and blacks (69%; 95% CI: 59% to 80%).

South Asians have been observed to have a twofold
higher risk for CHD-related mortality compared with
whites. The MASALA (Mediators of Atherosclerosis in
South Asians Living in America) study extended the
comparisons from MESA to U.S. patients of South Asian
origin (of Indian, Pakistani, Bangladeshi, Nepali, and Sri
Lankan ancestry) and found that the prevalence and CAC
burden in South Asians was similar to that in U.S. whites
but higher than in those of other ethnicities [36]. Studies
comparing CAC scores in South Asians with those in
whites have found that there may be a greater severity of
subclinical disease after the age of 50 years [37]. In addi-
tion, in a small-scale CTA study comparing the prevalence
of coronary artery stenosis in British men of South Asian
origin with that in European white men, South Asian men
had greater coronary artery stenosis (left anterior
descending coronary artery) despite similar CAC scores,
suggested that South Asians may have narrower arteries
and that there may be ethnic differences in vascular
GLOBAL HEART, VOL. 9, NO. 4, 2014
December 2014: 399-407
remodeling [38]. Finally, the LOLIPOP-PIC (London Life
Sciences Population) study [39] measured CAC in a
population of 2,369 asymptomatic Asian Indians and
European whites and measured silent ischemia using
magnetic resonance imaging. Despite known twofold
higher event rates in South Asians, Jain et al. [39] did not
find greater silent ischemia in Asian Indians compared with
European whites.

Studies of the ethnic variation of CAC done outside of
the United States are quite limited. These data are sometimes
unable to be used for statistical comparisons with other
races/countries due to the different inclusion criteria and
influence of other risk factors. Table 3 lists studies conducted
in other countries, the data from some of which are
compared with data from the United States or otherWestern
countries [21,22,37,40e45]. It can be concluded from the
data mentioned earlier that women in all observed ethnic
groups have a significantly lower prevalence and extent of
CAC. Two studies have indicated a time lag of approximately
10 years in women compared with men with regard to the
development of CAC [22,43]. It is also universally agreed
that CAC prevalence increases with age in both sexes, but
that as bothmen andwomen age, the between-sex difference
in CAC prevalence becomes smaller [46].

A controversial finding in these studies was that the
high prevalence of CAC did not always show parallel
trends of CVD prevalence among different ethnicities,
which might be explained by variations in other risk
factors and comorbidities [21,39,40]. Table 4 shows the
relationship of CAC and other risk factors across several
key international studies among different ethnic groups
[21e23,40,43,47e49]. Listed are both conventional and
novel risk factors and their relationship to CAC. Age and
sex usually have the strongest correlation with CAC,
whereas other conventional risk factors do not always show
a significant association. Some novel risk factors have been
found to be related to CAC, but only in some populations.
Inflammation measures, such as C-reactive protein and
leukocyte count; peripheral artery disease measures,
including ankle-brachial index; and lipid measures, such as
lipoprotein (a), were all found to be related to CAC across
several populations [47,50e55]. These findings help to
better understand the pathology of CAC development and
progression. Other measures such as serum bilirubin and
serum uric acid have also been studied [56e59]. In addi-
tion, CAC has consistently been found to be positively
associated with the number of risk factors in several studies
[42,49]. Some investigators have explored the relationship
between the metabolic syndromes and CAC. The more
metabolic-syndrome risk factors present, the greater the
risk for and extent of CAC [43,60,61].
CAC scanning in CAD diagnosis
The presence of CAC indicates subclinical CAD and is
associated with a greater progression of atherosclerosis.
Therefore, CAC scanning with CT can be of benefit in the
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TABLE 3. Prevalence and burden of CAC among countries worldwide

Study Target Population Reference Population

CAC Prevalence,

Men/Women (%)

CAC Burden,

Men/Women

(Mean Score)

Comparison With

Other Countries

Santos et al. [21] Brazilian living in Brazil (most

have Portuguese ancestry)

Portuguese living in

Portuguese

U.S. (95% whites and 5%

other races)

54/38

20/12

128*

33*

CAC prevalence parallels to CVD

death rates in 3 countries.

Park et al. [22] Korean living in Korea U.S. 40.5/19.3 N/A Korean subjects seemed to have

lower median CAC score

than U.S.

Koulaouzidis

et al. [37]

South Asian (India, Pakistan,

Sri Lanka, Nepal and

Bangladesh) living in U.K.

Caucasians living in U.K. 54.5* 156* South Asian have similar CAC

prevalence but significantly

higher mean CAC score.

Dakik et al. [40] Lebanese living in Lebanon U.S. (80% whites and 20%

other races)

N/A 167/97 Similar Prevalence of CAC but

lower CVDmorbidity thanU.S.

Chia et al. [41] Malays living in Singapore

Indian living in Singapore

Chinese living in Singapore 46.8*

45.7*

190.2*

206.8*

CAC prevalence is similar among

three ethnics, which cannot

explain the higher MI rates in

Malays and Indians.

Wasnik et al. [42] Indian living in India 39.8/25.3 14.9/12.9

Cao et al. [43] Chinese living in Beijing 42/26 N/A

Huang et al. [44] Chinese living in Beijing (north city)

Chinese living in Shanghai (south city)

Chinese living in Guangzhou (south city)

N/A

N/A

N/A

185.5*

70.8*

52.1*

CAC burdens moderately parallel

with coronary heart disease

mortality in three cities.

Çelenk et al. [45] Turkish living in Turkey 33.6/16.9 N/A

CAC, coronary artery calcification score; N/A, not available.

*Data are not gender specific.

TABLE 4. Conventional risk

residence)

Risk Factor

Bra

[2

Age

Sex

Smoking habit

HTN/SBP

Hyperlipidemia

Diabetes/HbA1c
Obesity/BMI N

Family history N

BMI, body mass index; H

relationship; N/A, not avai
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early detection of CAD before the onset of clinical symp-
toms. Numerous studies have been done both in developed
and developing countries to test the sensitivity, specificity,
positive predictive value, and negative predictive value of
different CAC score cut points in relation to coronary
angiography. Some of the results are listed in Table 5
[23,62e67]. As a screening method, the presence of
CAC (with a score of 0 as the cut point) has a high
factors of CAC, by population (people native to their country of

zilian

1]

Korean

[22]

Indian

[23]

Lebanese

[40]

Turkish

[47,48]

Chinese

[43,49]

Y Y N Y Y Y

Y Y N Y N/A Y

N N/A N Y (in men) Y Y

Y Y N N Y Y

Y N N/A Y Y Y

Y Y N Y (in men) Y Y

/A Y N/A Y (in men) N/A Y

/A N/A N N N Y

bA1c, glycosylated hemoglobin; HTN, hypertension; N, nonsignificant

lable; SBP, systolic blood pressure; Y, significant relationship.
sensitivity and a negative predictive value, whereas at the
other extreme, in which CAC is high, such as >400, CAC
scanning has a high specificity and a positive predictive
value, which virtually confirms the presence of CAD [23].
Some studies have also calculated the area under the curve
(AUC) for CAC scanning alone or in combination with
CTA. The optimal cut point of CAC score can also be
determined for maximal diagnostic accuracy [63,66].

A CAC of 0 or a high CAC score is valuable in ruling
out or confirming CAD. However, the diagnostic efficacy of
a low to intermediate CAC score is often questioned,
mainly because of the existence of noncalcific plaque. Even
in patients with a CAC score of 0, noncalcific plaque and
obstructive atherosclerosis can exist in both asymptomatic
and symptomatic patients [68e70], whereas calcified pla-
que often indicates prolonged disease duration and a trend
of disease stabilization, suggesting more of a chronic con-
dition. This rationale is consistent with epidemiological
findings that a low CAC score is related to young age and
unstable and acute CAD events [71].
Predictive value of CAC score in CVD risk
assessment
Well-designed, large-population, and longitudinal in-
vestigations containing data sufficient for examining
GLOBAL HEART, VOL. 9, NO. 4, 2014
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TABLE 5. Diagnostic accuracy of CAC CT scanning compared with coronary angiography

Study Year Population* Sample Size Cut Point Sensitivity (%) Specificity (%) PPV (%) NPV (%) AUC

Shrivastava et al. [23] 2003 Indian 388 0

100

400

95.5

75.6

23.1

78.9

94.7

100.0

94.9

98.3

100.0

81.1

51.3

241.0

N/A

Shemesh et al. [62] 1995 Israeli 160 0 91.0 52.0 N/A N/A N/A

Javadrashid et al. [63] 2010 Iran 158 0

7.7y
N/A

86.0

N/A

71

92.8

N/A

83.8

N/A

0.83

Mendoza et al. [64] 2010 Cuban 150 6.5 (mm3)yz 98.7 71.7 N/A N/A 0.88

Trevethan-Cravioto et al. [65] 2011 Mexican 64 0 87.5 92.8 N/A 98.1 0.90

Peng et al. [66] 2012 Chinese 189 250 42.9 96.9 98.5 26.4 0.71

Won et al. [67] 2014 Korean with

T2DM

328 33.0y 83.0 81.0 30.0 98 0.853

AUC, area under the curve; CAC, coronary artery calcification score; CT, computed tomography; N/A, not available; NVP, negative predictive value; PPV, positive predictive value.

*All subjects are native to their country of residence.
yOptimal cut point according to c-statistic result.
zCalcium volume is used for CAC measurement.
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the predictive value of CAC and CVD event rates are
relatively rare in developing countries. We therefore
present the results from several cohort studies globally with
both hazard ratios and c-statistics (Table 6 [25,27,72e74]).
Overall, all studies except one from Korea showed incident
CVD event rates to vary significantly across different CAC
strata after adjustment for other clinical risk factors. The
absence of a significant relationship in the study by Park
et al. [73] may have been due to the addition of coronary
stenosis to the multivariate model. The AUC of CAC has
ranged from 0.62 to 0.81 across all studies. Some studies
have also examined the incremental value of CAC after
adding it to conventional risk models and observed sig-
nificant improvement in AUC over that with conventional
risk factors [25,27,74,75].

When CT scanning and CTA have been compared in
predicting CVD events, it has been shown that CAC score
does not add incremental value to CTA test results [75].
However, conclusions onwhether CTA provides incremental
information over CAC score are controversial. Although the
TABLE 6. Predictive value of CAC score in CVD risk assessment

Study Population Sample Size

Shemesh et al. [25] Israeli with HTN 446

Hou et al. [27] Chinese 4,425

Yamamoto et al. [72] Japanese 317

Park et al. [73] Korean 5,182

Lau et al. [74] Chinese with T2DM

and low CVD risk

151

AUC, area under the curve; CAC, coronary artery calcification score; CVD,

*Combined model of CAC added to conventional risk factors.
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researchers from Brazil and Korea have found nonsignificant
increases in AUC when adding CTA to models with CAC
score [76,77], the findings from China showed that AUC
increased from 0.82 to 0.93 (p < 0.001) [27].
CAC screening in global guidelines
Three major groups have developed key CVD risk-
assessment and prevention guidelines: 1) the World
Health Organization, 2) the European Society of Cardiol-
ogy, and 3) the American Heart Association jointly with
the American College of Cardiology (AHA/ACC). The
World Health Organization’s Guidelines for Assessment
and Management of Cardiovascular Risk [78] have been
adopted by the majority of least-developed countries.
Recommendations for CAC scanning are not included,
probably because CAC scanning cannot serve as a con-
ventional screening method in these countries. The
European Guidelines on Cardiovascular Disease Prevention
in Clinical Practice (2012) [79] has been adopted by most
Duration of

Follow-Up Endpoints Hazard Ratio AUC

3.8 yrs All CVD 12.76 (CAC >0 vs. CAC ¼ 0) 0.75*

1081 days Severe CVD 7.18 (CAC 1e100 vs. CAC ¼ 0)

9.21 (CAC 101e400 vs. CAC ¼ 0)

22.22 (CAC >400 vs. CAC ¼ 0)

0.82*

6 yrs CVD death

Severe CVD

2.98 (CAC >1000 vs. CAC 1e100)

2.14 (CAC >1000 vs. CAC 1e100)

0.72

0.62

48 months Severe CVD 1.000 N/A

61 months Atherosclerotic

events

27.11 (CAC >40 vs. CAC �40) 0.81

cardiovascular disease; HTN, hypertension; N/A, not available; T2DM, type 2 diabetes mellitus.
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European and some Middle Eastern countries, including
Russia, Israel, and Turkey. These guidelines do provide a
recommendation for CAC measurement (as well as other
subclinical measures, including carotid intima-media
thickness and ankle-brachial index) to refine risk estima-
tion in intermediate-risk adults. The 2013 ACC/AHA
Guideline on the Assessment of Cardiovascular Risk [10]
has been fully adopted by India and largely quoted by
China. It provides a recommendation for the use of CAC
scanning beyond global risk assessment when a treatment
decision on the basis of the latter is uncertain. In addition,
Brazil, Singapore, China, and Korea have developed their
own guidelines including recommendations for CAC
scanning [80e83]. Summarized below are four key
points from the guidelines with respect to level of
evidence, class of recommendation, target population, and
contraindications.

1. Level of evidence. The guidelines from the ACC/AHA,
the European Society of Cardiology, and Brazil all rate
the level of evidence for CAC scanning as B (data
derived from a single randomized clinical trial or large
nonrandomized studies) [10,79,80]. Singapore’s guide-
lines give an overall rating of 4 (expert onion) and a
higher rating of 2þþ (high-quality systematic
reviews of caseecontrol or cohort studies, high-quality
caseecontrol or cohort studies with a very low risk for
confounding or bias and a high probability that the
relationship is causal when CAC is applied in an
intermediate-risk population), but most evidence comes
from Western countries instead of from Singapore [81].

2. Class of recommendation. Guidelines from the ACC/
AHA, the European Society of Cardiology, and Brazil
give a Class IIa recommendation for CAC scanning
[10,79,80]. Class IIa is generally regarded as a recom-
mendation in which the procedure or test should be
performed, but with less firm evidence in favor of the
procedure. Singapore’s guidelines give CAC scanning an
overall recommendation grade of D, which is only on
the basis of expert opinion and only recommended for
use in selected populations (see “Target population”
below) [81]. Cost issues and the unnecessary detection
of CAD to initiate aggressive preventive therapies also
contribute to the limited recommendation of CAC
scanning in Singapore’s guidelines.

3. Target population. Clinical consultation is necessary
before imaging to identify risk factors and evaluate
global risk for CVD (e.g., 10-year estimated risk such
as by the Pooled Cohort risk algorithms, Systematic
Coronary Risk Evaluation charts). CAC scanning is
recommended for use in those patients falling into the
intermediate-risk group on the basis of their own risk-
evaluation model, or when the decision to initiate or
intensify treatment is uncertain on the basis of global
risk assessment as stipulated by the most recent 2013
ACC/AHA guidelines [10,79e82]. Earlier ACC/AHA
guidelines for CVD risk assessment in asymptomatic
patients, published in 2010, also recommended CAC
screening for use in persons at intermediate risk or who
had diabetes and were aged �40 years [84]. Brazil’s
guidelines suggest using CAC as one of the aggravating
risk factors for the purpose of reclassification in patients
who fall into the intermediate-risk group [80]. CAC
scanning has also been moderately recommended for
use in low-risk populations with other risk factors
present (in Singapore) and in asymptomatic patients (in
China) with a 10-year CVD risk of 6% to 10% [81,82].
In particular, the European guidelines include a
recommendation for CAC scanning in patients who
have a low risk score at a young age but who will switch
to the high-risk group with age [79].

4. Contraindications of CAC screening. CAC scanning is
not recommended for use in those patients with
symptoms of or preexisting CVD in whom recom-
mended treatment options are clear. Scanning is also
not recommended for use in those at low risk (e.g.,
<10% 10-year risk for CHD) because this would expose
a large segment of the population to scanning and the
costs and radiation associated with it [85]. In addition,
although there is evidence to suggest modest added
prediction of progression of CAC for the prediction of
CHD events over baseline CAC scores [86], there are no
current guidelines either in developed, higher-income
countries or in lower- and middle-income countries to
support repeated CAC scanning. The value of CAC
scanning is in the use of the baseline CAC scan in risk
stratification, and the added cost and radiation of a
repeated scan would not justify the modest added value
of tracking the progression of CAC. Moreover, well
established is the “warranty period” free of future CHD
events in persons with a baseline CAC score of 0 [87].

CAC scoring results for triggering initiation or
intensification of preventive therapies
Although some past guidelines have uniformly recom-
mended preventive therapies such as statin therapy at
specific CAC score cut points such as >100 [88], and there
is evidence to support such a cut point above which the
number needed to treat with a statin to prevent a CHD
event is favorable and comparable to that of secondary
prevention (e.g., �25) [89], the current ACC/AHA guide-
lines note that a CAC score of �300 or �75th percentile
for age, sex, and ethnicity (a patient’s percentile rank can
be estimated by the MESA CAC calculator at www.mesa-
nhlbi.org/CACReference.aspx) can be considered for
upstaging a person’s risk to better inform the treatment
decision if uncertain on the basis of global risk assessment
alone. It would appear that a similar approach should be
considered for lower- and middle-income countries given
that global risk scoring is inexpensive and generally more
accessible, with CAC scanning (or other modalities of
assessing the presence and extent of subclinical disease)
reserved for further risk stratification when the treatment
GLOBAL HEART, VOL. 9, NO. 4, 2014
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decision is uncertain [10]. The guidelines from China,
Brazil, and Singapore recommend that asymptomatic pa-
tients with intermediate CAD risk (estimated 10-year risk
for coronary events: 10% to 20% [China and Singapore],
5% to 20% [Brazilian men], and 5% to 10% [Brazilian
women]) be reclassified to a higher risk status on the basis
of high CAC scores (>300 [China], >100 or age- and sex-
specific >75% percentile [Brazil], no specific cut point
[Singapore]), and that subsequent patient management
may be modified [80e82].
SUMMARY
Research on the significance of CAC from developing
countries is limited, but emerging studies have demon-
strated its value. The potential for examining the long-term
impact of screening on outcomes is great in countries such
as China and India that have the ability to examine data from
large samples of patients at a relatively low cost (e.g., per
scan) and potentially to direct scarce health care resources
using CAC to patients at higher risk for CVD. Most studies
involving CAC screening have been done in Western
countries at large medical centers and have involved self-
referred patients who have paid for their scans, although
large-scale, prospective studies such as MESA and CARDIA
(Coronary Artery Risk Development in Young Adults)
have utilized CAC scanning and have been funded by the
National Institutes of Health in the United States. Studies in
developing countries have generally been done in large
cities. Thus, there might be selection bias that needs to be
considered when examining the reported CAC distribution,
severity, and relationship to events in these studies. Despite
these limitations, these initial studies from developing
countries have remarkably demonstrated conclusions (with
regard to the epidemiology and prognosis associated with
CAC) similar to those from developed countries. Although
evidence is lacking, the cost-effectiveness of CAC screening
may differ greatly between developed and developing
countries. In developing countries, future research on CAC
screening should focus on more generalized populations,
including rural populations; longitudinal randomized trials
should focus on how CAC scanning might change long-
term outcomes; and cost-effectiveness assessments focused
on CAC scanning should include the downstream cost of
preventive therapies.
REFERENCES
1. Blankenhorn DH, Stern D. Calcification of the coronary arteries. Am J

Roentgenol 1959;81:772–7.
2. Beadendkopf WG, Daoud AS, Love BM. Calcification of the coronary

arteries and its relation to arteriosclerosis and myocardial infarction.
Am J Roentgenol 1964;92:865–71.

3. Warburtou RK, Tampas JP, Soule AB, et al. Coronary artery calcifica-
tion: its relationship to coronary artery stenosis and myocardial

infarction. Radiology 1968;91:109–15.
4. Frink RJ, Archor RW, Erown AL, Kincaid OW, Brandenburg RO.

Significance of calcification of the coronary arteries. Am J Cardiol
1970;26:241–7.
GLOBAL HEART, VOL. 9, NO. 4, 2014
December 2014: 399-407
5. Rifkin RD, Parisi AF, Folland E. Coronary calcification in the diagnosis
of coronary artery disease. Am J Cardiol 1979;44:141–7.

6. Agatston AS, Janowitz WR, Hildner FJ, et al. Quantification of
coronary artery calcium using ultrafast computed tomography. J Am
Coll Cardiol 1990;15:827–32.

7. Becker CR, Kleffel T, Crispin A, et al. Coronary artery calcium
measurement: agreement of multirow detector and electron beam
CT. AJR Am J Roentgenol 2001;176:1295–8.

8. Hoffmann U, Brady TJ, Muller J. Cardiology patient page. Use of new
imaging techniques to screen for coronary artery disease. Circulation
2003;108:e50–3.

9. Qian Z, Anderson H, Marvasty I, et al. Lesion- and vessel-specific
coronary artery calcium scores are superior to whole-heart
Agatston and volume scores in the diagnosis of obstructive coro-
nary artery disease. J Cardiovasc Comput Tomogr 2010;4:391–9.

10. Goff DC Jr, Lloyd-Jones DM, Bennett G, et al., American College of Car-
diology/American Heart Association Task Force on Practice Guidelines.

2013 ACC/AHA guideline on the assessment of cardiovascular risk: a
reportof theAmericanCollegeof Cardiology/AmericanHeartAssociation
Task Force on Practice Guidelines. Circulation 2014;129(Suppl 2):S49–73.

11. World Health Organization. Causes of Death 2008. Geneva,
Switzerland: World Health Organization; 2008.

12. World Health Organization. Global Status Report on Non-
Communicable Diseases 2010. Geneva, Switzerland: World Health

Organization; 2010.
13. Leeder S, Raymond S, Greenburg H, et al. A Race Against Time: The

Challenge of Cardiovascular Disease in Developing Countries. New
York, NY: Trustees of Columbia University; 2004.

14. Kim AS, Johnston SC. Global variation in the relative burden of stroke
and ischemic heart disease. Circulation 2011;124:314–23.

15. World Health Organization. Global Health Estimates Summary Tables:
DALYs by Cause, Age and Sex, by World Bank Income Category.
Geneva, Switzerland: World Health Organization; 2013.

16. World Health Organization and World Economic Forum. From Burden
to “Best Buys”: Reducing the Economic Impact of Non-Communicable
Diseases in Low- and Middle-Income Countries. Geneva, Switzerland:
World Health Organization and World Economic Forum; 2011.

17. Unal B, Critchley JA, Capewell S. Explaining the decline in coronary
heart disease mortality in England and Wales between 1981 and
2000. Circulation 2004;9:1101–7.

18. Gersh BJ, Sliwa K, Mayosi BM, et al. Novel therapeutic concepts: the
epidemic of cardiovascular disease in the developing world: global
implications. Eur Heart J 2010;31:642–8.

19. World Health Organization. Global Health Risks: Mortality and Burden
of Disease Attributable to Selected Major Risks. Geneva, Switzerland:
World Health Organization; 2009.

20. World Health Organization. Global Atlas on Prevention and Control of
Cardiovascular Diseases. Geneva, Switzerland: World Health Organi-
zation; 2011.

21. Santos RD, Nasir K, Rumberger JA. Difference in atherosclerosis

burden in different nations and continents assessed by coronary
artery calcium. Atherosclerosis 2006;187:378–84.

22. Park HE, Kim MK, Choi SY, et al. The prevalence and distribution of
coronary artery calcium in asymptomatic Korean population. Int J
Cardiovasc Imaging 2012;28:1227–35.

23. Shrivastava S, Agrawal V, Kasliwal RR, et al. Coronary calcium and

coronary artery disease: an Indian perspective. Indian Heart J 2003;
55:344–8.

24. Brown MJ, Palmer CR, Castaigne A, et al. Morbidity and mortality in
patients randomised to double-blind treatment with a long-acting
calcium-channel blocker or diuretic in the International Nifedipine
GITS study: Intervention as a Goal in Hypertension Treatment
(INSIGHT). Lancet 2000;356:366–72.

25. Shemesh J, Morag-Koren N, Goldbourt U, et al. Coronary calcium
by spiral computed tomography predicts cardiovascular events in
high-risk hypertensive patients. J Hypertens 2004;22:605–10.

26. Shemesh J, Motro M, Morag-Koren N, et al. Coronary artery calcifi-
cation predicts long-term mortality in hypertensive adults. Am J
Hypertens 2011;24:681–6.
405

http://refhub.elsevier.com/S2211-8160(14)02663-5/sref1
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref1
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref2
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref2
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref2
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref3
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref3
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref3
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref4
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref4
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref4
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref5
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref5
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref6
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref6
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref6
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref7
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref7
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref7
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref8
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref8
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref8
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref9
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref9
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref9
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref9
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref10
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref10
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref10
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref10
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref10
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref11
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref11
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref12
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref12
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref12
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref13
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref13
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref13
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref14
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref14
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref15
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref15
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref15
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref16
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref16
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref16
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref16
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref17
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref17
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref17
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref18
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref18
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref18
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref19
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref19
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref19
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref20
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref20
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref20
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref21
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref21
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref21
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref22
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref22
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref22
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref23
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref23
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref23
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref24
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref24
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref24
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref24
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref24
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref25
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref25
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref25
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref26
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref26
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref26


j gREVIEW

406
27. Hou ZH, Lu B, Gao Y, et al. Prognostic value of coronary CT angiog-
raphy and calcium score for major adverse cardiac events in out-
patients. J Am Coll Cardiol Img 2012;5:990–9.

28. Doherty TM, Tang W, Detrano RC, et al. Racial differences in the
significance of coronary calcium in asymptomatic black and white

subjects with coronary risk factors. J Am Coll Cardiol 1999;34:787–94.
29. Newman AB, Naydeck BL, Whittle J. Racial differences in coronary

artery calcification in older adults. Arterioscler Thromb Vasc Biol
2002;22:424–30.

30. Lee TC, O’Malley PG, Feuerstein I, et al. The prevalence and severity
of coronary artery calcification on coronary artery computed to-

mography in black and white subjects. J Am Coll Cardiol 2003;41:
39–44.

31. Tang W, Detrano RC, Brezden OS, et al. Racial differences in coronary
calcium prevalence among high-risk adults. Am J Cardiol 1995;75:
1088–91.

32. Budoff MJ, Yang PT, Shavelle RM, et al. Ethnic differences in coronary

atherosclerosis. J Am Coll Cardiol 2002;39:408–12.
33. Hatwalkar A, Agrawal N, Reiss DS, et al. Comparison of prevalence

and severity of coronary calcium determined by electron beam
tomography in various ethnic groups. Am J Cardiol 2003;91:1225–7.

34. Bild DE, Detrano R, Peterson D, et al. Ethnic differences in coronary
calcification: the Multi-Ethnic Study of Atherosclerosis (MESA).
Circulation 2005;111:1313–20.

35. Kurian AK, Cardarelli KM. Racial and ethnic differences in cardio-
vascular disease risk factors: a systematic review. Ethn Dis 2007;17:
143–52.

36. Kanaya AM, Kandula NR, Ewing SK, et al. Comparing coronary artery
calcium among U.S. South Asians with four racial/ethnic groups: the
MASALA and MESA studies. Atherosclerosis 2014;234:102–7.

37. Koulaouzidis G, Nicoll R, Charisopoulou D, et al. Aggressive and
diffuse coronary calcification in South Asian angina patients
compared to Caucasians with similar risk factors. Int J Cardiol 2013;
167:2472–6.

38. Tillin T, Dhutia H, Chambers J, et al. South Asian men have different
patterns of coronary artery disease when compared with European
men. Int J Cardiol 2008;129:406–13.

39. Jain P, Kooner JS, Raval U, et al. Prevalence of coronary artery calcium
scores and silent myocardial ischaemia was similar in Indian Asians
and European whites in a cross-sectional study of asymptomatic
subjects from a U.K. population (LOLIPOP-IPC). J Nucl Cardiol 2011;
18:435–42.

40. Dakik HA, Skouri HN, Mehio-Sibai A. Prevalence of coronary artery

calcium among asymptomatic men and women in a developing
country: comparison with the USA data. Atherosclerosis 2005;183:
141–5.

41. Chia PL, Earnest A, Lee R, et al. Coronary artery calcification across
ethnic groups in Singapore. Ann Acad Med Singapore 2013;42:432–6.

42. Wasnik A, Raut A, Morani A. Coronary calcium scoring in asymp-
tomatic Indian population: correlation with age, gender and risk

factors—a prospective study on 500 subjects. Indian Heart J 2007;59:
232–8.

43. Cao HL, Chen XB, Lu JG, et al. Metabolic syndrome and coronary
artery calcification: a community-based natural population study.
Chin Med J (Engl) 2013;126:4618–23.

44. Huang J, Wu YF, Liu XQ, et al. Subclinical atherosclerosis in northern

and southern China: the Chinese paradox. J Geriatr Cardiol 2011;8:
72–7.

45. Çelenk Ç, Elmali M, Alan H. The incidence of coronary artery calcifi-
cation on standard thoracic multislice computed tomography scans.
Turkiye Klinikleri J Cardiovasc Sci 2008;20:86–90.

46. Hu C, Du Z, Luo C, et al. Influence of age and gender on the extent of
coronary artery calcification and its diagnostic value for coronary

artery disease. Chin J Cardiol 2001;29:668–71.
47. Korkmaz L, Kul S, Korkmaz AA, et al. Increased leucocyte count could

predict coronary artery calcification in patients free of clinically
apparent cardiovascular disease. Turk Kardiyol Dern Ars 2012;40:
223–8.
48. Erciyes D, Sener M, Duran C, et al. Assessment of coronary artery
calcium scoring. Turk Kardiyol Dern Ars 2012;40:671–80.

49. Sun YB, Jia GL, Guo WY, et al. Electron beam CT for detecting
the relation between coronary heart disease and coronary artery
calcification. Chin J Clin Rehab 2004;8:4203–5.

50. Jiang Y, Guo K, Chen M, et al. Serum lipoprotein(a) positively
correlates with coronary artery calcification in low-risk Chinese
Han patients: a study from a single center. PLoS One 2013;8:
e71673.

51. Park JB, Park HE, Choi SY, et al. Relation between cardio-ankle
vascular index and coronary artery calcification or stenosis in

asymptomatic subjects. J Atheroscler Thromb 2013;20:557–67.
52. Breznik S, Ekart R, Hren M, et al. Radiographic assessment of vascular

calcification, aortic pulse wave velocity, ankle-brachial index and
fibroblast growth factor-23 in chronic hemodialysis patients. Ther
Apher Dial 2013;17:378–83.

53. Sung JW, Lee SH, Byrne CD, et al. High-sensitivity C-reactive protein is

associated with the presence of coronary artery calcium in subjects
with normal blood pressure but not in subjects with hypertension.
Arch Med Res 2014;45:170–6.

54. Chiu TY, Chen CY, Chen SY, et al. Indicators associated with coronary
atherosclerosis in metabolic syndrome. Clin Chim Acta 2012;413:
226–31.

55. Sung KC, Wild SH, Byrne CD. Lipoprotein(a), metabolic syndrome and

coronary calcium score in a large occupational cohort. Nutr Metab
Cardiovasc Dis 2013;23:1239–46.

56. Sung KC, Shin J, Lim YH, et al. Relation of conjugated bilirubin con-
centrations to the presence of coronary artery calcium. Am J Cardiol
2013;112:1873–9.

57. Zhang ZY, Bian LQ, Kim SJ, et al. Inverse relation of total serum

bilirubin to coronary artery calcification score detected by multi-
detector computed tomography in males. Clin Cardiol 2012;35:
301–6.

58. Atar AI, Yõlmaz OC, Akõn K, et al. Serum uric acid level is an
independent risk factor for presence of calcium in coronary arteries:
an observational case-controlled study. Anadolu Kardiyol Derg 2013;
13:139–45.

59. Berezin AE, Kremzer AA. Serum uric acid as a marker of coronary
calcification in patients with asymptomatic coronary artery disease
with preserved left ventricular pump function. Cardiol Res Pract
2013;2013:129369.

60. Santos RD, Nasir K, Tufail K, et al. Metabolic syndrome is associated
with coronary artery calcium in asymptomatic white Brazilian men

considered low-risk by Framingham risk score. Prev Cardiol 2007;10:
141–6.

61. Ohnuki T, Takahashi W, Ohnuki Y, et al. Significance of the presence of
metabolic syndrome in patients with asymptomatic arteriosclerosis
affecting the aorta and the cerebral, extra-cranial carotid and
coronary arteries. Intern Med 2013;52:523–7.

62. Shemesh J, Apter S, Rozenman J, et al. Calcification of coronary

arteries: detection and quantification with double-helix CT. Radiology
1995;197:779–83.

63. Javadrashid R, Salehi A, Tarzamni MK. Diagnostic efficacy of coronary
calcium score in the assessment of significant coronary artery ste-
nosis. Kardiol Pol 2010;68:285–91.

64. Mendoza-Rodríguez V, Llerena LR, Rodríguez-de la Vega A, et al.

Volume of coronary calcified plaques by computed tomography
and presence of significant stenosis by coronary angiography. Arch
Cardiol Mex 2010;80:181–6.

65. Trevethan-Cravioto S, Cossío-Aranda J, Martínez-Ríos MA, et al. Pre-
dictive value of multi-sliced computed tomography to evaluate
obstructive coronary vessel, in the preoperative assessment of non-
coronary cardiac surgery. Arch Cardiol Mex 2011;81:75–81.

66. Peng WH, Lu JG, Liu HC, et al. Value of calcium scoring, CT angiog-
raphy and combination of the two in the diagnosis of coronary artery
stenosis. Radiol Pract 2012;27:57–60.

67. Won KB, Chang HJ, Niinuma H, et al. Evaluation of the predictive
value of coronary artery calcium score for obstructive coronary artery
GLOBAL HEART, VOL. 9, NO. 4, 2014
December 2014: 399-407

http://refhub.elsevier.com/S2211-8160(14)02663-5/sref27
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref27
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref27
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref28
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref28
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref28
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref29
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref29
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref29
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref30
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref30
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref30
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref30
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref31
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref31
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref31
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref32
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref32
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref33
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref33
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref33
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref34
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref34
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref34
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref35
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref35
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref35
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref37
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref37
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref37
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref38
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref38
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref38
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref38
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref39
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref39
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref39
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref40
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref40
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref40
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref40
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref40
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref41
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref41
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref41
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref41
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref42
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref42
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref43
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref43
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref43
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref43
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref44
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref44
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref44
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref45
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref45
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref45
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref46
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref46
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref46
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref47
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref47
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref47
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref48
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref48
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref48
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref48
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref49
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref49
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref50
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref50
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref50
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref51
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref51
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref51
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref51
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref52
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref52
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref52
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref53
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref53
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref53
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref53
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref54
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref54
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref54
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref54
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref55
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref55
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref55
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref56
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref56
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref56
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref57
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref57
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref57
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref58
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref58
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref58
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref58
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref59
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref59
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref59
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref59
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref59
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref59
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref60
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref60
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref60
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref60
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref61
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref61
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref61
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref61
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref62
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref62
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref62
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref62
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref63
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref63
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref63
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref64
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref64
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref64
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref65
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref65
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref65
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref65
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref66
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref66
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref66
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref66
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref67
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref67
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref67
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref68
http://refhub.elsevier.com/S2211-8160(14)02663-5/sref68


gREVIEWj

disease in asymptomatic Korean patients with type 2 diabetes mel-
litus. Coron Artery Dis 2014 Oct 29 [Epub ahead of print].

68. LeeMS, Chun EJ, KimKJ, et al. Asymptomatic subjectswith zero coronary
calcium score: coronary CT angiographic features of plaques in event-
prone patients. Int J Cardiovasc Imaging 2013;29(Suppl 1):29–36.
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