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BACKGROUND The influence of age and sex on clinical atherosclerotic cardiovascular disease is well reported, but

literature remains sparse on whether these extend to the disease in its preclinical stage.

OBJECTIVES The purpose of this study was to report the prevalence, risk factors, and impact of age and sex on the

burden of subclinical coronary atherosclerosis in a healthy Asian population.

METHODS Healthy subjects age 30 to 69 years, with no history of cardiovascular disease or diabetes were recruited

from the general population. Subclinical coronary atherosclerosis was quantified via the coronary artery calcium score

(CAC) with CAC of 0 indicating absence of calcified plaque, 1 to 10 minimal plaque, 11 to 100 mild plaque, and >100

moderate to severe plaque.

RESULTS A total of 663 individuals (mean age 49.4 � 9.2 years; 44.8% men) were included. The prevalence of any CAC

was 29.3%, with 9% having CAC >100. The prevalence was significantly higher in men than women (43.1% vs 18.0%;

P < 0.001). Multivariable analysis revealed significant associations of increasing age, male sex, higher blood pressure,

increased glucose levels, and higher low-density lipoprotein cholesterol levels with the presence of any CAC. Low-

density lipoprotein cholesterol was more significantly associated with CAC in women compared with men

(Pinteraction ¼ 0.022).

CONCLUSIONS The prevalence of preclinical atherosclerosis increased with age, and was higher in men, with sex-

specific differences in associated risk factors. These results will better inform individualized future risk management

strategies to prevent the development and progression of coronary artery disease within healthy individuals.

(JACC: Asia 2021;1:93–102) © 2021 The Authors. Published by Elsevier on behalf of the American College of Cardiology

Foundation. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
A therosclerosis is a long, complex process that
involves the gradual accumulation of fat,
inflammation, scar tissue, and calcium de-

posits within the walls of arteries (1). Due to the
long latent period of atherosclerosis and its initial
development during early life (1,2), increasing focus
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has now been placed on the primordial prevention
of atherogenic risk factors, and the identification
and possible intervention of this process at its pre-
clinical phase (3).

The influence of age and sex on patterns of coro-
nary artery disease (CAD) is well reported in
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ABBR EV I A T I ON S

AND ACRONYMS

BMI = body mass index

CAC = coronary artery

calcification

CAD = coronary artery disease

HDL = high-density lipoprotein

LDL = low-density lipoprotein

SBP = systolic blood pressure
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literature, with epidemiological, clinical, and
experimental data providing evidence for
sex-specific differences in the development,
prevalence, presentation, and progression of
CAD (4–7). In addition, the prevention and
treatment outcomes of CAD differ across age
and sex (8,9). What is less understood how-
ever, is whether—and to what extent—these
age and sex differences extend to the extent
of coronary atherosclerosis at its preclinical
phase. This holds important implications for
screening and preventative strategies designed to-
ward the early evaluation and risk assessment of CAD
in asymptomatic individuals.

Coronary artery calcium (CAC) is a highly specific
and well-established subclinical marker of coronary
atherosclerosis, with consistent evidence linking CAC
with major cardiovascular outcomes (10–15). In our
present study, we use the CAC score to quantify the
extent of preclinical coronary atherosclerosis, and
report on the baseline prevalence, associated risk
factors, and influence of age and sex on the extent of
the preclinical atherosclerotic burden within a
healthy Asian population without known cardiovas-
cular disease. We also evaluate the potential utility of
the CAC score as a risk enhancing factor in this
asymptomatic Asian population.

METHODS

STUDY POPULATION. SingHEART is a prospective
population-based study of healthy Asian adults living
in Singapore. The full details have previously been
published (16,17). In summary, the SingHEART study
aims to evaluate the development of cardiovascular
disease among asymptomatic healthy individuals
(16). Healthy subjects age 21 to 69 years were
recruited from the general population from October
2015 to July 2020 and were enrolled according to
approved standardized protocol. Inclusion criteria
were as follows:

1. No known history of any prior cardiovascular dis-
ease (ischemic heart disease, stroke, or peripheral
vascular disease).

2. No known history of any prior cancer, autoim-
mune/genetic disease, endocrine disease, diabetes
mellitus, psychiatric illness, asthma, chronic lung
disease, or chronic infective disease.

3. No family medical history of cardiomyopathies

Data on demographics, lifestyle factors, and med-
ical history were collected via standardized ques-
tionnaires. Clinical measurements of height, weight,
and blood pressure were taken, and fasting lipid and
glucose bloods were obtained.

Written informed consent was obtained from all
volunteers, and the study was approved by the intu-
itional ethics review board (SingHealth CIRD ref:
2015/2601).

CAC SCORING. As part of the SingHEART protocol
(16), all subjects age $30 years underwent a single
CAC assessment at baseline. To obtain CAC mea-
surements, noncontrast cardiac computed tomogra-
phy (CT) scans were performed on a 320 � 0.5-mm
detector row CT system (Canon Medical Systems).
Prospective ECG triggering was used, and scans
covered a single heartbeat with a gantry rotation and
x-ray exposure time of 0.35 s and 0.5-mm slice colli-
mation. CAC scores were calculated using the Agat-
ston method (18) via Vitrea Workstation (Vitrea, FX
version 3.0 workstation, Vital Images), and classified
according to standardized categories, with scores of
0 indicating the absence of calcified plaque, 1 to
10 minimal plaque, 11 to 100 mild plaque, and >100
moderate to severe plaque (14,19).

CARDIOVASCULAR RISK CLASSIFICATION. The
MESA (Multi-Ethnic Study of Atherosclerosis) coro-
nary heart disease (CHD) risk score was used to clas-
sify participants by cardiovascular risk. The MESA
CHD risk score is an algorithm that incorporates
various atherosclerotic risk factors to predict the 10-
year risk of CHD (20,21). The score comprises of 2
models, one largely relying on the traditional Fra-
mingham risk variables, and another model that
additionally incorporates subclinical atherosclerotic
risk as measured by the CAC score. The MESA risk
scores for all participants were generated both with
and without the incorporation of CAC scores.
Although stratification thresholds specific to the
MESA risks scores have yet to be fully established, a
10-year risk score <7.5% was considered “low” and a
score $7.5% was considered “elevated,” as per gen-
eral ACC/AHA cardiovascular risk assessment guide-
lines (22,23).

STATISTICAL METHODS. The prevalence rates of any
CAC (CAC >0) and various CAC severity categories
(CAC 0 to 10, >10 to 100, >100) were computed for the
whole cohort and stratified by age and sex. 95% CIs
were calculated assuming that the prevalence counts
were binomially distributed.

Differences in traditional cardiovascular risk fac-
tors, for participants with and without CAC, were
first compared using chi-square statistic for pro-
portions and an independent sample Student’s
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t-test/Mann-Whitney U test for means or median
as appropriate. Analysis of variance was then used
to further analyze differences across participants of
the varying CAC severities.

Multiple logistic regression models were used to
examine the relationships between clinical variables
and CAC with OR and 95% CI obtained. Multivariate
models were adjusted for a fixed set of traditional
cardiovascular risk factors: age, sex, smoking,
sedentary behavior (as defined by participant occu-
pation), body mass index (BMI), systolic blood pres-
sure (SBP), glucose, low-density lipoprotein (LDL)



TABLE 1 Prevalence of CAC by Age, Sex, and Severity

Overall (N ¼ 663) Per 10-y Age Strata

P Value
for AgeN

Prevalence
(95% CI) P Value for Sex

30-39
(n ¼ 105)

40-49
(n ¼ 213)

50-59
(n ¼ 247)

$60
(n ¼ 98)

Any CAC

All 194 29.3 (25.8-32.9) <0.001 2 (1.9) 38 (17.8) 89 (36.0) 65 (66.3) <0.001

Men 128 43.1 (37.4-48.9) 1 (2.33) 28 (31.5) 60 (51.7) 39 (79.6) <0.001

Women 66 18.0 (14.2-22.4) 1 (1.61) 10 (8.06) 29 (22.1) 26 (53.1) <0.001

CAC 0-10

All 47 7.1 (5.3-9.3) 0.035 0 (0.0) 13 (6.1) 26 (10.5) 8 (8.2) 0.005

Men 28 9.4 (6.4-13.3) 0 (0.0) 9 (10.11) 14 (12.1) 5 (10.2) 0.138

Women 19 5.2 (3.2-8.0) 0 (0.0) 4 (3.23) 12 (9.16) 3 (6.12) 0.034

CAC 10-100

All 87 13.1 (10.6-15.9) 0.001 2 (1.9) 18 (8.5) 41 (16.6) 26 (26.5) <0.001

Men 53 17.8 (13.7-22.7) 1 (2.33) 14 (15.7) 26 (22.4) 12 (24.5) 0.015

Women 34 9.3 (6.5-12.7) 1 (1.61) 4 (3.2) 15 (11.5) 14 (28.6) <0.001

CAC >100

All 60 9.0 (7.0-11.5) <0.001 0 (0.0) 7 (3.29) 22 (8.91) 31 (31.63) <0.001

Men 47 15.8 (11.9-20.5) 0 (0.0) 5 (5.62) 20 (17.2) 22 (44.9) <0.001

Women 13 3.6 (1.9-6.0) 0 (0.0) 2 (1.61) 2 (1.53) 9 (18.4) <0.001

CAC ¼ coronary artery calcification.
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cholesterol, and high-density lipoprotein (HDL)
cholesterol (24). Total cholesterol and diastolic blood
pressure were include in univariate but not multi-
variate models to avoid collinearity. Further sex-
stratified analyses were then performed, with each
of the risk factors tested for interaction with sex. As a
sensitivity analysis, categorical values for total
cholesterol ($6.2 mmol/L vs <6.2 mmol/L), LDL
cholesterol ($4.1 mmol/L vs <4.1 mmol/L), and tri-
glycerides ($2.3 mmol/L vs <2.3 mmol/L) using the
National Cholesterol Education Program ATP III cut-
offs for “high levels” (25) were also included in
separate multivariable models.

Last, changes in the MESA risk classification of
participants before and after incorporation of CAC
scores were evaluated using paired Student’s t-tests
for continuous variables, and the McNemar’s test for
categorical variables. For all analyses, a P value <0.05
was considered statistically significant. All statistical
analyses were performed using Stata 14.1 (StataCorp).

RESULTS

A total of 800 participants were recruited, of which
135 (16.8%) were aged <30 years and did not undergo
CT evaluation, and a further 2 refused CT evaluation.
Of the total included 663 individuals, the mean age
was 49. 4� 9.2 years, and 297 (44.8%) were men. All
patients had an estimated glomerular filtration rate
>55 mL/min/1.73 m2.
The overall prevalence of any CAC (CAC >0) was
29.3% (95% CI: 24.9%-32.8%). Of these, 47 (7.1%), 87
(13.1%), 60 (9.0%), and 17 (2.6%) had CAC scores of >0-
10,>10-100,>100 and,>400, respectively. The overall
prevalence of any CAC was significantly higher across
each age group, increasing from 1.9% in those aged 30-
39 years to 66.3% in those $60 years (P < 0.001). In
terms of sex differences, the prevalence of any CAC
was significantly higher in men than women (43.1% vs
18.0%; P < 0.001) (Central Illustration, Table 1).

Subjects with any CAC were significantly more
likely to be older; be men; and have higher SBP, dia-
stolic blood pressure, fasting glucose, total choles-
terol, LDL cholesterol and triglyceride levels than
those without (all P < 0.001). Among those with CAC,
participants who were older, were men and who
smoked were more likely to have moderate-severe
CAC (Table 2).

With regard to the predictors of any CAC, after
multivariable adjustment, age (OR: 1.13; 95%CI 1.10-
1.17), male (OR: 3.45, 95%CI 2.19-5.43), SBP (OR: 1.02;
95% CI: 1.01-1.03), glucose (OR: 1.44; 95% CI: 1.04-
1.99), and LDL cholesterol (OR: 1.38; 95% CI:
1.08-1.78) were independently associated with the
presence of any CAC. With regard to the different
degrees of CAC severity, in multivariable models,
increasing age and male were significantly associated
with all degrees of CAC severity. LDL cholesterol was
associated with CAC <0-10 (OR: 1.60 [95% CI: 1.09-
2.35]), SBP and glucose were associated with



TABLE 2 Clinical Characteristics of Study Population

Overall Population CAC ¼ 0 Any CAC (CAC > 0) P Value

Age (y) 50 (43-56) 47 (41-43) 56 (50-61) <0.001

Male 297 (44.8) 169 (36.0) 128 (66.0) <0.001

Smoking 51 (7.69) 32 (6.82) 19 (9.79) 0.192

Body mass index (kg/m2) 23.1 (21.0-25.6) 23.1 (21.0-25.5) 22.9 (20.9-25.7) 0.977

Systolic blood pressure (mm Hg) 126 (115-140) 123 (113-135) 135 (122-147) <0.001

Diastolic blood pressure (mm Hg) 78 (69-87) 76 (68-85) 82.5 (75-90) <0.001

Glucose (mmol/L) 5.2 (5.0-5.5) 5.1 (4.9-5.4) 5.4 (5.1-5.7) <0.001

Total cholesterol (mmol/L) 5.40 (4.76-6.03) 5.29 (4.71-5.94) 5.71 (5.00-6.22) <0.001

LDL cholesterol (mmol/L) 3.36 (2.82-3.9) 3.28 (2.76-3.85) 3.60 (3.09-4.10) <0.001

HDL cholesterol (mmol/L) 1.46 (1.24-1.71) 1.47 (1.26-1.70) 1.43 (1.19-1.74) 0.416

Triglycerides (mmol/L) 1.00 (0.74-1.40) 0.95 (0.71-1.34) 1.13 (0.87-1.58) <0.001

Total cholesterol $6.2 mmol/L 125 (18.9) 75 (16.0) 50 (25.8) 0.003

LDL cholesterol $4.1 mmol/L 122 (18.4) 73 (15.6) 49 (25.3) 0.003

Triglycerides $2.3 mmol/L 41 (6.18) 25 (5.33) 16 (8.25) 0.156

Values are median (interquartile range) or n (%). Chi-square (for categorical variables) and independent sample Student’s t-test/Mann-Whitney U (for continuous variables)
were used to compare differences.

CAC ¼ coronary artery calcification; HDL ¼ high-density lipoprotein; LDL ¼ low-density lipoprotein.
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CAC <10-100 (OR: 1.02 [95% CI: 1.00-1.04] and OR:
1.56 [95% CI: 1.02-2.42], respectively), and SBP was
associated with CAC >100 (OR: 1.02 [95% CI: 1.00-
1.05] and OR: 2.04 [95% CI: 1.20-3.46], respectively).
Sensitivity analysis using LDL <4.1 mmol
vs $4.1 mmol showed similar associations with any
CAC and CAC <0-10 (Table 3).

Inmen, only agewas independently associatedwith
any CAC (OR: 1.13; 95% CI: 1.09-1.18). In women,
multivariable-adjustment models demonstrated that
age, smoking, sedentary behavior, SBP, and LDL
cholesterol were associated with the presence of any
CAC. Interaction analysis revealed differential associ-
ations of LDL cholesterol with any CAC between sexes,
with LDL associated with CAC more in women than
men (adjusted Pinteraction ¼ 0.022) (Figure 1, Table 4).

Participants with higher CAC scores were likely to
have higher 10-year CHD risk scores (Fisher’s exact
P < 0.001). In particular, 16.7% of participants with
CAC >100 had 10-year CHD risk scores of $5%, in
comparison to just 1.5% of participants with CAC ¼ 0
(P < 0.001) (Supplemental Table 1). After the incor-
poration of CAC scores, there was a significant in-
crease in the mean � SD 10-year CHD risk scores of
our population from 1.78 � 0.01% to 2.20 � 0.01% (P <

0.001). Furthermore, we observed significant reclas-
sification of individual risk, with 35 individuals
(5.56%) reclassified from a “low” to an “elevated” risk
of CHD (P < 0.001) (Supplemental Table 2).

DISCUSSION

In this cross-sectional study of 663 healthy in-
dividuals, the overall prevalence of preclinical
coronary atherosclerosis (as measured by CAC) was
29.3%, with 9.0% having moderate-severe degrees of
CAC. The prevalence of coronary atherosclerosis was
higher in men than women, and increased with age,
both overall and within each sex. We also observed
sex-specific differences in the associations of LDL
cholesterol with preclinical atherosclerosis. The CAC
score has emerged as one of the most robust pre-
dictors of coronary events in an asymptomatic pop-
ulation, with strong predictive power demonstrated
across both different ethnicities and sexes (10,14).
These findings may contribute toward a better un-
derstanding of the development and progression of
atherosclerosis within healthy individuals, and may
enable improved sex and age-specific cardiovascular
risk assessment and optimized intervention strate-
gies to prevent progression into clinical CAD. Such
data may especially be useful within Asian pop-
ulations, wherein there still remains a relative
paucity of population-based data on the distribution
of preclinical atherosclerosis (26), despite Asia rapidly
becoming an epicenter for CVD in the world (27–29).

Our reported prevalence of 29.3% is similar to the
rates reported in the MESA study (33.7% in the
nondiabetic healthy subset of the MESA cohort) (30),
although it should be noted that the mean age of the
MESA cohort (62 years) was higher than ours (49.4
years). Other large studies conducted on similarly
aged populations, Lee et al. (31) (34%, mean age 53.8
years), VanWagner et al. (32) (27.1%, mean age 50.1
years), and Kim et al. (33) (31.1%, mean age 54 years)
all also reported similar prevalence values to ours. We
also observed a higher burden of preclinical athero-
sclerosis in men compared with women, and with the

https://doi.org/10.1016/j.jacasi.2021.05.002
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TABLE 3 Associations Between Cardiovascular Risk Factors and Presence of Any CAC (CAC >0), and Various CAC Severities

Any CAC (CAC > 0) CAC >0-10 CAC >10-100 CAC >100

Age 1.12 (1.10-1.16) 1.09 (1.04-1.13) 1.12 (1.08-1.16) 1.20 (1.14-1.26)

Male 3.51 (2.32-5.53) 2.75 (1.37-5.53) 2.90 (1.64-5.13) 7.70 (3.25-18.2)

Smoking 1.19 (0.59-2.44) 0.17 (0.02-1.38) 1.07 (0.42-2.75) 1.98 (0.69-5.69)

Body mass index 0.95 (0.88-1.02) 0.99 (0.89-1.11) 0.90 (0.82-1.00) 0.93 (0.82-1.07)

Systolic blood pressure 1.02 (1.01-1.03) 1.02 (1.00-1.04) 1.02 (1.00-1.03) 1.02 (1.00-1.04)

Glucose 1.42 (1.04-1.95) 0.98 (0.59-1.62) 1.55 (1.01-2.37) 1.98 (1.19-3.27)

LDL cholesterol 1.39 (1.08-1.78) 1.61 (1.10-2.36) 1.36 (0.98-1.90) 1.23 (0.78-1.95)

HDL cholesterol 0.96 (0.47-1.94) 0.87 (0.28-2.70) 0.67 (0.26-1.70) 1.61 (0.48-5.39)

Values are odds ratio (95% confidence interval). Values in bold indicate P < 0.05. Model adjusted for age, sex, smoking, sedentary behavior, body mass index, systolic blood
pressure, glucose, LDL cholesterol, and HDL cholesterol.

Abbreviations as in Table 2.
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prevalence increasing with age in both sexes. Such
trends have similarly been observed not just at the
level of clinical CAD (8,34), but also at the preclinical
level (in terms of CAC scores, or increased carotid
intima-media thickness) in other populations
(30,35,36). The prevalence of mod-severe CAC in
women predominantly demonstrated an increase
in the aged $60 years group, whereas in men this rise
in prevalence was observed from age $40 years. It is
well cited that significant CAD often occurs at a later
age in women than men, with women tending to be 10
years older than men at time of presentation with
CAD (4,5). We have shown that this relationship ex-
tends back to preclinical coronary atherosclerotic
burden.

Age and sex were consistently independently
associated with the presence of coronary atheroscle-
rosis, both overall and across the various CAC severity
subgroups. SBP, glucose, and LDL cholesterol were
also found to be associated with coronary athero-
sclerosis. It should be noted that even within nondi-
abetic individuals, increased glucose levels still
showed an association with increased risk. Smoking
and BMI were not associated with CAC within our
multivariable models, although this can potentially
be explained by the low prevalence of smokers
(7.69%) and obese individuals (5.3%) within our
healthy population. Similarly, although HDL choles-
terol was likewise not associated with CAC, recent
evidence has suggested that HDL cholesterol levels
may not necessarily be predictive of cardiovascular
outcomes in all populations, with calls for a shift in
focus away from absolute HDL concentrations toward
more specific functions of HDL (37–40).

Gender-specific differences in atherogenic risk
factors were also observed in our study, with signifi-
cant interactions with LDL cholesterol levels. LDL
was more significantly associated with a positive CAC
score in women compared with men in this study,
although LDL levels are traditionally found to have a
greater atherogenic risk effect in men than women
(7). We posit 2 potential explanations for this. First,
over one-half of our female participants were $50
years, which may possibly be a consequence of the
loss of the protective effects of estrogen caused by
menopause on the traditional CAD risk factors
(6,7,41). Alternatively, there might have been a form
of selection bias, wherein older men with higher risk
lipid profiles may have already manifested clinical
CAD events, and hence were not eligible for our
healthy population.

It should be noted, however, that atherogenesis is
a complex process, and sex-specific differences in
atherogenic risk factors extend past differences in
lipid profiles alone and may also include differences
in systemic and vascular inflammatory profiles
(8,42,43). Evidence also indicates that sex hormones
(and the lack thereof postmenopause) have a role in
modulating the immune response, resulting in
different atherosclerotic phenotypes across sexes
(6,44,45). However, literature specifically examining
sex differences in the role of inflammatory mecha-
nisms, mediators, and markers during the athero-
genic process remain sparse (44). Regardless of these
potential sex differences in proatherogenic inflam-
matory and lipid profiles, firm evidence exists for the
role of lipid-lowering statins, which are also known to
have anti-inflammatory effects, in the primary pre-
vention of future cardiovascular events (46).

We also observed significant reclassifications in the
cardiovascular risk of asymptomatic individuals upon
incorporation of the CAC score. A total of 35 in-
dividuals (5.56%) within our population were re-
classified from a “low” to an “elevated” risk of CHD.
Such individuals might otherwise have fallen under
the typical thresholds for cardiovascular disease risk
factor monitoring. Multiple studies on the MESA
cohort have previous demonstrated that the addition



FIGURE 1 Sex-Stratified Associations Between Cardiovascular Risk Factors and Presence of Any CAC or Severe CAC

(A) The associations between various cardiovascular risk factors and the presence of any CAC (CAC score >0), stratifying by sex. LDL cholesterol is shown to be

significantly associated with any CAC in women, but not men. (B) The associations between various cardiovascular risk factors and the presence of severe CAC (CAC

score >100), stratifying by sex. No differential associations are observed. BMI ¼ body mass index; HDL ¼ high-density lipoprotein; LDL ¼ low-density lipoprotein;

SBP ¼ systolic blood pressure.
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TABLE 4 Gender-Stratified Associations Between Cardiovascular Risk Factors and Presence CAC

Men Women Interactions

Univariate
(95% CI)

Multivariate*
(95% CI)

Univariate
(95% CI)

Multivariate*
(95% CI)

Univariate
(95% CI)

Multivariate*
(95% CI)

Presence of CAC (CAC > 0)

Age 1.14 (1.10-1.18) 1.13 (1.09-1.17) 1.15 (1.11-1.20) 1.12 (1.07-1.17) 0.616 0.757

Smoking 0.91 (0.46-1.80) 0.87 (0.40-1.89) 1.54 (0.40-5.85) 4.74 (1.09-20.7) 0.489 0.056

BMI 0.97 (0.91-1.04) 0.97 (0.88-1.06) 0.96 (0.89-1.04) 0.94 (0.84-1.05) 0.875 0.588

SBP 1.02(1.01-1.04) 1.01 (0.99-1.03) 1.04 (1.03-1.05) 1.03 (1.01-1.05) 0.142 0.434

DBP 1.01 (0.99-1.04) — 1.04 (1.02-1.06) — 0.126

Glucose 1.55 (1.06-2.27) 1.42 (0.94-2.13) 1.95 (1.23-3.08) 1.55 (0.90-2.65) 0.458 0.820

Total
cholesterol

1.09 (0.86-1.38) — 2.29 (1.68-3.12) — 0.000

LDL-cholesterol 1.11 (0.85-1.45) 1.14 (0.82-1.57) 2.35 (1.65-3.34) 2.00 (1.44-3.00) 0.001 0.018

HDL-cholesterol 0.90 (0.43-1.89) 0.63 (0.25-1.59) 3.76 (1.64-8.62) 1.59 (0.52-4.84) 0.012 0.07

Presence of severe CAC (CAC > 100)

Age 1.20 (1.14-1.28) 1.21 (1.13-1.28) 1.24 (1.13-1.36) 1.20 (1.08-1.33) 0.637 0.997

Smoking 1.50 (064-3.51) 1.30 (0.44-3.87) 2.69 (0.32-23.0) 19.4 (1.11-340)† 0.620 0.099

BMI 1.00 (0.91-1.10) 1.03 (0.88-1.20) 0.82 (0.66-1.02) 0.75 (0.54-1.04) 0.102 0.055

SBP 1.04 (1.02-1.07) 1.02 (0.99-1.05) 1.04 (1.02-1.07) 1.03 (0.99-1.07) 0.867 0.880

DBP 1.03 (1.00-1.06) — 1.03 (0.99-1.07) — 0.951

Glucose 1.66 (1.06-2.59) 1.79 (1.00-3.19) 2.09 (1.07-4.09) 3.60 (0.98-13.3) 0.572 0.833

Total
Cholesterol

1.18 (0.85-1.63) — 2.44 (1.39-4.28) — 0.028

LDL-cholesterol 1.14 (0.79-1.65) 1.21 (0.71-2.06) 2.04 (1.10-3.79) 1.84 (0.63-5.33) 0.113 0.429

HDL-cholesterol 1.18 (0.42-3.34) 1.05 (0.24-4.70) 10.4 (2.06-52.9) 2.37 (0.26-21.9) 0.027 0.11

*Model adjusted for age, gender, smoking, sedentary behavior, BMI, systolic BP, glucose, LDL cholesterol, and HDL cholesterol. †Effect estimates out of proportion caused by limited sample
size of female smokers.

BMI ¼ body mass index; DBP ¼ diastolic blood pressure; SBP ¼ systolic blood pressure; other abbreviations as in Table 2.
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of CAC scores to prediction models significantly
improved the classification of risk, and placed more
individuals in higher-risk categories (21,47). The CAC
score has potential utility in improving the risk strat-
ification for CAD in asymptomatic healthy Asian pop-
ulations, and this will be the work of further research.

STUDY LIMITATIONS. Limitations of our study
include the cross-sectional nature of our study. The
CAC score is a surrogate marker of subclinical
atherosclerotic disease, and further research on
actual clinical outcomes is required. As part of the
SingHEART study, these patients are currently being
followed up for long-term clinical events, and these
clinical outcomes will subsequently be reported.
There is also a potential for bias, as these participants
were volunteers recruited from the general popula-
tion; such individuals might have a higher regard for
their health and potentially have more favorable
health-related lifestyle choices. It should also be
noted that the interpretation of CAC scores may be
complicated by variations across sex and ethnic
groups (10). We acknowledge that the lower preva-
lence of moderate-severe CAC (CAC >100) within
women may not necessarily translate to a lower risk
of CAD in such individuals, as age-sex specific per-
centiles, rather than the traditional absolute thresh-
olds may be more important in translating CAC to
cardiovascular risk (48,49).

CONCLUSIONS

In this healthy asymptomatic population, preclinical
coronary atherosclerosis was present in about 3 of 10
subjects. This prevalence increased with age, and was
higher in men than women, with sex-specific differ-
ences in associated risk factors. The potential utility
of the CAC score in CAD risk stratification was also
highlighted. These results will better enable the
optimization of age and sex-specific risk management
strategies to prevent the development and progres-
sion of clinical CAD in healthy individuals.
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