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Atherosclerotic cardiovascular disease (ASCVD),
including coronary heart disease, remains a major
cause of death and disability among developed coun-
tries. Coronary artery calcification (CAC), which
is detected by computed tomography scanning, is a
well-known measure of subclinical atherosclerosis.
CAC is considered to have important implications
for understanding the long-term accumulated burden
of cardiovascular risk factors and for the possibility
of reclassification at the preclinical phase for pre-
venting ASCVD. This review focuses on CAC and
its usability in primary prevention of ASCVD. Nu-
merous epidemiological studies, mainly in Western
countries, have indicated that, among asymptomatic
individuals, the CAC score is associated with fu-
ture ASCVD. Additionally, the CAC score provides
improved predictive values for estimating the risk
of ASCVD beyond traditional cardiovascular risk
factors. However, a lack of evidence for this score
in other populations warrants further investigations.
Clinical trials are also necessary to demonstrate the
usefulness and safety of CAC screening for primary
prevention of ASCVD.
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Atherosclerotic cardiovascular disease (ASCVD),
including coronary heart disease (CHD), is a major
cause of death and disability among developed
countries [1]. The mortality for ASCVD has
gradually decreased over the last decades among
developed countries, although it still causes
approximately one-third of all deaths in people of
middle and older age [2-4]. Additionally, more
than half of the deaths from CHD occur outside
the hospital and approximately 50% of these are
sudden [5]. A total of 50% of men and 64%
of women who die suddenly of CHD have no
previous symptoms of this disease [5]. In Japan,
the incidence of CHD, including acute myocardial
infarction (MI), has recently shown an increasing
trend [6]. Therefore, primary prevention and risk
stratification of ASCVD, including CHD, among
asymptomatic adults is of great importance for
clinical practice and public health.

Screening asymptomatic individuals using athero-
sclerosis at its subclinical phase for preventing AS-
CVD is currently the subject of intensive research
[7]. Atherosclerosis begins in early life and accu-
mulates silently until clinical symptoms appear late
in the clinical disease. Histopathological studies have
shown that the extent of atherosclerosis is associated
with traditional risk factors for cardiovascular dis-
ease [8, 9]. Therefore, measuring subclinical athero-
sclerosis may have important implications for under-
standing the accumulated burden of cardiovascular
risk factors during the long-term latent period prior
to clinical diseases. Additionally, measuring subclini-
cal atherosclerosis may be important for interven-
tion, such as reclassification, at the preclinical phase
for preventing ASCVD that occurs in later life.

Currently, various noninvasive measures are avail-
able for assessment of subclinical atherosclerosis.

This review focuses on coronary artery calcification
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(CAC) which is a well-known measure of sub-
clinical atherosclerosis, as quantified by computed
tomography (CT). This review also addresses the
usability of CAC based on population-based studies
for primary prevention of ASCVD, including CHD.

Measurement of CAC

For decades, quantification of CAC by CT has
continued to improve and become a standardized
measure of subclinical atherosclerosis. The first
practically applicable quantitative CAC protocol was
introduced by Agatston et al. in 1990 [10]. In this
method, CAC is defined as any structure that has a
density of 130 Hounsfield units or greater and an
area of 1 mm’ or greater (Fig. 1) [10]. Agatston’s
score requires a relatively complex measurement
technique. Therefore, in an effort to simplify mea-
surement of coronary calcium and increase its re-
producibility, the volume score was first introduced
by Callister et al. [11]. This score is simply calcu-
lated based on the segmented calcified plaque area
and the number of slices containing each of those
plaques. However, the Agatston method has still re-
mained the standard method in CAC scoring. There-
fore, in this review, CAC scoring is exclusively de-
fined as Agatston’s score. Histopathological studies
in humans have shown that CAC identified by CT
was strongly and positively correlated with coronary
plaques measured by autopsy. However, the area of
calcium was one fifth or smaller than the plaque
area [12], and was poorly related to the severity of
luminal stenosis [13]. In addition, non-calcified or

partially calcified plaques with a large necrotic core
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and expansive remodeling more frequently lead to
myocardial infarctions [14]. Because of the strong
association between the calcium area and plaque
area in the coronary artery, the amount of CAC is
considered to represent an overall magnitude of ath-

erosclerotic burden [13].

Prevalence of CAC as shown by International
Studies

International comparison with well-standardized
methods can be used to investigate the difference in
distribution of diseases and risk factors responsible
for the difference. Therefore, this can increase un-
derstanding of genetic and environmental origins of
disease, which could result in prevention of disease
[15]. The Electron-Beam Tomography, Risk Fac-
tor Assessment Among Japanese and US Men in
the Post-World War II Birth Cohort (ERA JUMP)
study investigated asymptomatic Japanese in Japan,
Caucasians, and Japanese Americans in the USA
aged in their 40s [16-18]. This study showed that
Japanese in Japan had significantly lower levels of
coronary atherosclerosis, which was detected by
CAC, than did Caucasian or Japanese Americans in
the USA. However, Japanese Americans in the USA
had similar to or higher levels of coronary athero-
sclerosis compared with Caucasians in the USA. The
prevalence of a CAC score of 10 or higher in Japa-
nese in Japan, Caucasians, and Japanese Americans
was 9.3%, 26.1%, and 31.4%, respectively [16-18].
These findings suggest that various lifestyles, such
as diet, but not genetic factors, would contribute to

the difference in coronary atherosclerosis between
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CT images in participants with various amounts of coronary artery calcification (CAC). Arrows indicate mild, moderate,

and severe calcifications in left anterior descending artery.
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Japan and the USA [15]. Another international
comparison was made between two epidemiologi-
cal studies, the Multiethnic Study of Atherosclerosis
(MESA) in the USA and the Shiga Epidemiological
Study of Subclinical Atherosclerosis (SESSA), of
Caucasian and Japanese men aged 45 to 74 years
[19]. This comparison showed that Caucasian men
in the USA had a higher burden of coronary ath-
erosclerosis, which was detected by CAC, than did
Japanese men. However, the ecthnic difference was
smaller in younger age groups (e.g., adjusted odds
ratios for Caucasian men having a CAC score of
>100 were 2.05, 2.43, and 3.86 among those aged
45-54, 55-64, and 65-74 years, respectively) [19].
Similar to CHD, the CAC score was also related
to traditional cardiovascular risk factors in West-
ern, as well as Asian, populations [20, 21]. In the
MESA and SESSA comparison, regardless of coun-
try and ethnicity, higher CAC scores were more
common in men who had worse traditional cardio-
vascular risk factors profiles, such as hypertension,

dyslipidemia, diabetes, smoking, and obesity [19].

CAC for Primary Prevention of ASCVD

A large number of epidemiological studies have
indicated that the total amount of CAC is an in-
dependent predictor of future ASCVD, including
CHD, and provides predictive information beyond
that provided by standard cardiovascular risk fac-
tors [7]. Individuals with intermediate risk and an
elevated CAC score (intermediate Framingham risk
score [FRS] and CAC score >300) had a 2.8%
annual rate of cardiac death or MI (approximately
equivalent to a 10-year rate of 28%) that would be
considered high risk [22]. The MESA included a
population-based sample of white, African-American,
Hispanic, and Chinese-American men and women
aged 45 to 84 without clinical CVD at baseline
[23]. This study showed that the CAC score was
a strong predictor of incident CHD (hazard ratios
[95% confidence interval], 3.61 [1.96 to 6.65],
7.73 [4.13 to 14.47], and 9.67 [5.20 to 17.98]
for individuals with a CAC score of 1 to 100, 101
to 300, and 301 or greater, respectively, vs. those
without CAC). The CAC score also provided pre-
dictive information beyond traditional cardiovascu-

lar risk factors for men and women and all ethnic

groups—at least within the intermediate risk level of
FRS-for most participants [23]. Pooled data analy-
sis from six studies among 27,622 asymptomatic
patients reported that almost 43% of them had no
CAC, resulting in a low event rate of only 0.4%/3-5
years. However, compared with those without CAC,
participants with a CAC score of 1 to 99, 100 to
399, 400 to 999, and 1000 or greater showed a
significant association with a higher relative risk of
1.9 (95% confidence interval, 1.3 to 2.8), 4.3 (3.1
to 6.1), 7.2 (52 to 9.9), and 10.8 (4.2 to 27.7),
respectively, for CHD death or MI [24]. Addition-
ally, the corresponding pooled rates of 3- to S-year
CHD death or MI were 4.6% for a CAC score of
400 to 999 and 7.1% for a CAC score of 1000 or
greater [24]. With even higher CAC scores, the 3-
to S-year event rates substantially increased.

Based on this evidence, higher CAC scores are
associated with higher event rates and higher relative
risk ratios for future ASCVD, including CHD. CAC
can also play an important role in reclassifying in-
dividuals from intermediate risk, using a traditional
risk prediction model based on the guideline of the
National Cholesterol Education Program Adult Treat-
ment Panel (NCEP ATP III) [25], to high risk
[7]. However, measurement of CAC is considered
not reasonable for individuals at low risk [7]. Such
reclassification is critical because most cardiovascu-
lar events occur in individuals at intermediate risk.
Interventions for reducing risk among individuals at
high risk are better established than those for indi-
viduals at intermediate risk [7].

Similar to other subclinical atherosclerosis, such
as carotid intima-media thickness, investigators have
used CAC as a measure of coronary atherosclero-
sis burden or as a surrogate marker for ASCVD
in epidemiological studies. SESSA is a population-
based study that measured CAC in a random sample
from a general Japanese population [26, 27]. The
SESSA showed a strong association with CAC in
current and former smokers compared with never
smokers, and this harmful association was attenuated
with time since smoking cessation in former smok-
ers. These results support evidence for the negative
impact of smoking on coronary atherosclerosis and
benefit for preventing CHD by cessation of smoking
as early as possible [26]. Another investigation by
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the SESSA also showed that higher insulin resis-
tance and fasting insulin were associated with the
prevalence and progression of CAC independent of
metabolic components, particularly in those without
diabetes mellitus. These results indicate that insu-
lin resistance can develop coronary atherosclerosis
through a pathway independent of metabolic risk
factors, and may be useful in assessing the risk of
CHD, especially in people without diabetes mellitus
[27].

CONCLUSION

The CAC score is associated with future AS-
CVD and provides improved predictive values for
risk estimation of ASCVD, including CHD, beyond
traditional cardiovascular risk factors. CAC is cur-
rently suggested for screening of ASCVD, including
CHD, in apparently healthy individuals at intermedi-
ate risk, particularly in Western countries. Based on
2013 ACC/AHA Prevention Guideline [7], If, after
quantitative risk assessment, a risk-based treatment
decision is uncertain, assessment of CAC score may
be considered to inform treatment decision making
(Class IIb). However, whether the same benefits are
present in other populations, such as the Japanese,
remains uncertain. The lack of evidence in these
populations warrants further investigations. Addition-
ally, further studies (randomized controlled trials)
are necessary to demonstrate the usefulness and
safety of CAC screening for assessing ASCVD for
primary prevention.
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