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Current guidelines recommend that coronary artery calcium (CAC) screening should only
be used for intermediate risk groups (Framingham risk score [FRS] of 10%-20%). The CAC
distributions and coronary artery disease (CAD) prevalence in various FRS strata were
determined. The benefit to lower risk populations of CAC score-based screening was also
assessed. In total, 1,854 participants (aged 40-79 years) without history of CAD, stroke, or
diabetes were enrolled. CAC scores of >0, 2 100, and 2 300 were present in 33.8%,
8.20%, and 2.9% of the participants, respectively. The CAC scores rose significantly as the
FRS grew more severe (P < 0.01). The total CAD prevalence was 6. 1%. The occult CAD
prevalence in the FRS < 5%, 6%-10%, 11%-20%, and > 20% strata were 3.4%, 6.7%,
9.0%, and 11.6% (P < 0.001). In multivariate logistic regression analysis adjusting, not
only the intermediate and high risk groups but also the low risk (FRS 6%-10%) group had
significantly increased odds ratio for occult CAD compared to the very low-risk (FRS < 5%)
group (1.89 [95% confidence interval, Cl, 1.09-3.29] in FRS 6%-10%); 2.48 [95% Cl,
1.47-4.20] in FRS 11%-20%; and 3.10 [95% Cl, 1.75-5.47] in FRS > 20%; P< 0.05). In
conclusion, the yield of screening for significant CAC and occult CAD is low in the very low
risk population but it rises in low and intermediate risk populations.
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INTRODUCTION

Cardiovascular disease remains the leading cause of morbidity
and mortality throughout the world. A large proportion of pa-
tients who develop sudden cardiac death or nonfatal myocar-
dial infarction do not experience prior symptoms: indeed, as
many as 50% of myocardial infarctions occur in persons with-
out a known history of symptomatic coronary artery disease
(CAD) (1). Therefore, it is important to identify individuals at
risk of coronary events before they develop clinical symptoms.
To assess the cardiovascular risk in healthy individuals, most
clinicians use a combination of traditional risk factors. Of the
various risk-estimation systems that are available, the Framing-
ham risk score (FRS) is the system that is most commonly used
to predict 10 year cardiovascular risk (2). This system is based
on history and clinical and laboratory measurements. However,
although it is used as the gold standard for evaluating screening
techniques, it fails to identify many people who are destined to
have a coronary event (3). Therefore, noninvasive imaging tests
such as coronary artery calcium (CAC) scoring and coronary
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computed tomography angiography (CCTA) have been evalu-
ated for their ability to screen for CAD. It has been shown that
CAC scoring can predict coronary events better than FRS, with
subjects with severe CAC (= 300 or 400) having the greatest risk
(4-7). CCTA is also considered to be a very accurate diagnostic
tool for detecting obstructive CAD (8). Several recent guidelines
have recommended that CAC scoring should only be used to
estimate the cardiovascular risk of the intermediate risk popu-
lation (defined as an FRS-estimated 10 year risk of between 10%
and 20%) (9). Several guidelines also consider CCTA for diag-
nosing CAD in asymptomatic populations, but none of these
guidelines actually recommend the use of CCTA for screening
(10-12). Actually, the Framingham risk estimate is often invoked
as a gatekeeper for imaging techniques, such as CAC scoring
and CCTA (13,14).

Recent data from the Multi-Ethnic Study of Atherosclerosis
(MESA) suggest that the yield of screening for advanced CAC
burden (CAC > 300) is higher in the low to intermediate risk
individuals (FRS of 5.1%-20.0%) (15). Additionally, it has been
suggested that if subjects classified as low risk in the FRS system
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are excluded from further screening, about two-thirds of wom-
en and a quarter of men with substantial atherosclerosis will be
missed (16). However, the relationships between FRS and CAC
and CCTA-detected CAD remain poorly understood.

The present study was performed to evaluate the distribution
of CAC scores and the prevalence of CCTA-detected CAD in the
various FRS strata. Whether lower risk populations could bene-
fit from screening with CAC scoring and CCTA was also assessed.

MATERIALS AND METHODS

Study population

Between January, 2008, and December, 2009, 2,276 participants
(40-79 years of age) underwent CCTA in a health examination
at the Asan Medical Center, Seoul, Korea. Participants with a
past history of CAD (n = 148) or stroke (n = 32) were excluded.
Participants with diabetes (n = 294) were also excluded because
they were considered to be at high cardiovascular risk accord-
ing to the National Cholesterol Education Program Adult Treat-
ment Panel (NCEP-ATP) III guidelines (17). Participants who
were using lipid-lowering agent (n = 41) were excluded, as were
participants whose CAC scores were not measured (n = 15).
Thus, in total, 1,854 asymptomatic participants (1,232 men and
622 women) were included in the analyses.

Cardiovascular risk factors

The medical history of myocardial infarction, angina, hyperten-
sion, stroke, diabetes mellitus, smoking, and current medica-
tion profile were determined by using a systemized question-
naire. Body weight, height, body mass index (BMI), and blood
pressure were also measured during the visit of each partici-
pant. Total cholesterol, high-density lipoprotein cholesterol,
low-density lipoprotein cholesterol, triglyceride, fasting plasma
glucose, and serum creatinine levels, and white blood cell (WBC)
counts were measured after a fasting period of at least 12 hours
on the same day of examination.

Framingham risk score

The 10 year FRS of each participant was calculated on the basis
of age, sex, total and high-density lipoprotein cholesterol levels,
any smoking in the past years, blood pressure, and the use of
antihypertensive medication by using the risk prediction func-
tions of the NCEP-ATP III guidelines (17). The FRS predicts the
10 year risk of coronary events (fatal/nonfatal myocardial in-
farction or sudden death). On the basis of the concurrent 10
year FRS, the participants were classified as very low risk (0%-
5% risk of an event within 10 years), low risk (5.1%-10%), inter-
mediate risk (10.1%-20%), and high risk (> 20%).

Computed tomography and data acquisition
Computed tomographic examinations were performed with a
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64-slice scanner VCT XT (General Electric, Milwaukee, WI, USA).
First, a CAC scan without contrast was performed, followed by
CCTA. Subjects with a heart rate > 70 beats/min were given
beta-blocking agents before scanning. Each subject was also
given nitroglycerine 0.6 mg sublingually 1 minute before scan-
ning. A standard scanning protocol was utilized with 64 x 0.625
mm slice collimation, 350 ms rotation time, 80-120 kV tube volt-
age, and 500-800 mA tube current, depending on subject body
habitus. All scans were performed by using electrocardiogram-
gated dose modulation. A bolus of 80 mL iomeprol (Iomeron
400, Bracco, Milan, Italy) was injected intravenously (4 mL/sec),
followed by a saline flush of 50 mL.

A region of interest was placed on the descending thoracic
aorta and image acquisition was initiated automatically once a
selected threshold (150 Hounsfield units [HU]) was reached,
with bolus tracking. The electrocardiogram of each subject was
recorded simultaneously to permit retrospective segmental data
reconstruction. The images were initially reconstructed at the
mid-diastolic phase (75% of the R-R interval) of the cardiac cy-
cle. The mean radiation dose was 4.7 + 1.6 mSv.

Computed tomographic data analysis

All data were analyzed on a remote workstation (Advantage
Workstation; General Electric, Milwaukee, WI, USA). Each le-
sion was identified by using a multiplanar reconstruction tech-
nique and the maximum intensity projection of short-axis, two-
chamber, and four-chamber views.

The contrast-enhanced portion of the coronary lumen was
traced semi-automatically at the maximal stenotic site and com-
pared to the mean value of the proximal and distal reference
sites. A stenosis exceeding 50% was defined as significant. CAD
was defined as significant (> 50%) luminal diameter stenosis of
the coronary artery in the presence or absence of coronary cal-
cium.

CAC scores were determined by using the previously describ-
ed scoring system (18,19) and categorized in the following man-
ner: no calcification, 0; mild calcification, 0.1-99.9; moderate
calcification, 100-299.9; and severe calcification, > 300.

Statistical analysis

Continuous variables were compared by using Student’s #-test
or the Mann-Whitney U test, and categorical variables were com-
pared by using y? or Fisher’s exact test, as appropriate. Baseline
characteristics were compared on the basis of the presence of
CAD. The distributions of CAC and the prevalence of CAD in
the various FRS strata were compared by using y* test with Bon-
ferroni multiple comparison post hoc analysis. The comparison
was performed again after stratification by sex. The yield of scre-
ening for CAD was assessed by determining the number need-
ed to screen (NNS), which was calculated by dividing the total
number of participants in each FRS stratum by the number of
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people with CAD within that FRS stratum (15). The NNS de-
fines the number of people who need to be screened to identify
one asymptomatic individual with CAD in each FRS stratum.
Multivariate logistic regression analyses were conducted to de-
termine the odds ratio (OR) of significant CAC and CAD in the
FRS strata. Adjusting variables were BMI, glucose, and WBC
count.

All statistical analyses were performed with SPSS (version
19.0 for Windows, SPSS, Inc., Chicago, IL, USA). All statistical
tests were 2-tailed, and a P value < 0.05 was considered to be
statistically significant.

Ethics statement

This retrospective study was undertaken after approval by the
institutional review board (IRB No. 2012-0162) of the Asan Med-
ical Center and the requirement for informed consent from in-
dividual patients was waived.

RESULTS

Baseline characteristics

Table 1 shows the clinical characteristics of all subjects and the
subjects with and without CAD. There were 114 participants
with CAD (6.1%). The two groups differed significantly in terms

of most classical risk factors.

Distribution of CAC and prevalence of CAD in the various
FRS strata

Table 2 shows the distributions and prevalence of the CAC score
categories in the various FRS strata. The CAC scores rose signif-
icantly as the FRS increased (all P for trend < 0.01).

Table 3 shows the prevalence of CAD in the various FRS strata.
It was low in very low risk individuals (FRS < 5%) but significant-
ly higher in the low and intermediate risk FRS subjects. About
half (48.2%) of the subjects with CAD belonged to the very low
and low risk FRS strata. The NNS to detect one participant with
CAD decreased as the FRS rose. When the data were further
stratified by sex, the prevalence of CAD correlated persistently
with FRS in men (P for trend = 0.013). However, a different pat-
tern was observed for the women: almost all of the women (620,
99.7%) were stratified into the very low and low FRS groups, and
all of the CAD cases in women were in the latter groups.

Of the individuals in the very low and low FRS strata, subjects
with a CAC score of > 0 had a significantly higher prevalence of
CAD (45/332, 13.6%) than the subjects with a CAC score of 0
(10/931,1.1%) (P < 0.001, data not shown).

Table 1. Baseline characteristics of the whole study population and the subjects with and without coronary artery disease (CAD)

Characteristics All subjects (n = 1,854) Non-CAD (n = 1,740) CAD (n=114) Pvalue
Age, yr 544 +£79 5411738 58.7 + 8.1 < 0.001
Male sex 1,232 (66.5) 1,137 (65.3) 95 (83.3) < 0.001
BMI, kg/m? 246 + 31 245 + 31 252 + 26 0.026
Waist circumference, cm 85.7 + 8.8 85.5 + 8.9 88.4 £ 7.2 0.001
Hypertension 416 (22.4) 363 (20.9) 53 (46.5) < 0.001
SBP, mmHg 117.3 £ 13.2 117.0 £ 13.2 1212 £ 138 0.001
DBP, mmHg 738 £ 105 73.6 £10.5 76.2 £10.7 0.012
Total cholesterol, mg/dL 200.2 + 34.0 199.9 + 33.6 205.5 + 39.0 0.134
HDL cholesterol, mg/dL 535+ 135 538 + 134 50.0 £ 13.8 0.004
LDL cholesterol, mg/dL 127.8 £ 29.6 127.4 £ 29.3 133.8 £ 33.9 0.024
Triglyceride, mg/dL 132.4 £ 80.9 1311 £ 799 151.8 £ 92.2 0.008
WBC, x 10%/uL 579 £1.83 576 £ 1.84 6.17 £ 1.69 0.023
Glucose, mg/dL 101.6 £ 14.4 101.2 £ 13.3 107.0 £ 26.2 0.021
Creatinine, mg/dL 0.88 £ 0.16 0.88 £ 0.16 0.92 £ 0.16 0.012
Smoking 424 (22.9) 394 (22.6) 30 (26.3) 0.366
10-year FRS (%) 9(1-12) 6(1-12) 12 (5-20) < 0.001

Very low risk (1-5) 891 (48.1) 861 (49.5) 30 (26.3)

Low risk (6-10) 372 (20.1) 347 (19.9) 25 (21.9)

Intermediate risk (11-20) 366 (19.7) 333 (19.1) 33 (28.9

High risk (> 20) 225 12.1) 199 (11.4) 26 (22.8)
CAC score* 32 (8-98) 26 (7-73.8) 151 (50.2-365) < 0.001

CAC=0 1,228 (66.2) 1,209 (69.5) 19 (16.7)

CAC 1-99 474 (25.6) 437 (25.1) 37 (32.5)

CAC 100-299 104 (5.6) 75 (4.3) 29 (25.4)

CAC >300 48 (2.6) 9(1.1) 29 (25.4)

Data are expressed as No. (%), mean % standard deviation, or median (1st-3rd quartile).

CAD, coronary artery disease; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; HDL, high-density lipoprotein; LDL, low-density lipoprotein;

WBC, white blood cell; FRS, Framingham risk score; CAC, coronary artery calcium.
*0Of those with CAC score > 0 and expressed as median (1st-3rd quartile).
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Table 2. Distribution of coronary artery calcium (CAC) scores and numbers needed to screen (NNS) in the various Framingham risk score (FRS) strata

Framingham risk score strata (n = 1,854)

Calcium scores

0%-5% (n = 891) 6%-10% (n = 372) 11%-20% (n = 366) > 20% (n = 225) Pvalue

Median CAC score’ 28 (5.5-98) 28 (8-89) 34.5(8-91) 44 (14.2-144)
CAC score strata < 0.001

CAC=0 714 (80.1) 217 (58.3) 187 (51.1) 110 (48.9)

CAC 1-99 135 (15.2) 120 (32.3) 139 (38.0) 80 (35.6)

CAC 100-299 29 (3.3) 27 (7.3) 26 (7.1) 22 (9.9)

CAC >300 3(1.5) 8(2.2) 4(3.8) 13 (5.9)
CAC >0 (n =626) 177 (19.9) 155 (41.7)* 179 (48.9)* 115 (51.1)" < 0.001
NNS (CAC > 0) 5.0 2.4 2.0 2.0
CAC >100 (n=152) 42 (4.7) 35 (9.4)* 40 (10.9) 35 (15.6)* < 0.001
NNS (CAC > 100) 21.2 10.6 9.2 6.4
CAC >300 (n = 48) 13 (1.5) 8(2.2) 14 (3.8) 13 (5.8)* 0.001
NNS (CAC > 300) 68.5 46.5 26.1 17.3

Values are median (1st-3rd quartile) or number (%). The P values were obtained by using ° test.

CAC, coronary artery calcium; NNS, number needed to screen to identify one individual with a CAC score above a specified CAC cut-off point, within each specified stratum; SD,
standard deviation.

*P < 0.0083 versus very low Framingham risk score (1%-5%), as determined by Bonferroni multiple comparison post hoc analysis; T0f those with CAC score > 0.

Table 3. Prevalence of coronary artery disease and the number needed to screen in the various Framingham risk score strata

Framingham risk score strata (n = 1,854)

Diseases
0%-5% (n = 891) 6%-10% (n = 372) 11%-20% (n = 366) > 20% (n = 225) Pvalue
Presence of CAD (n = 114) 30(3.4) 25 (6.7)* 33(9.0" 26 (11.6) < 0.001
NNS for CAD 29.7 14.9 11.1 8.7 < 0.001
Normal 861 (96.6) 347 (93.3) 333(91.0) 199 (88.4)
1 vessel disease 25(2.8) 23 (6.2) 25 (6.8) 9(8.4)
2 vessel disease 5(2.8) 2 (0.5) 6 (1.6) 5 (2.2)
3 vessel disease 9(0.0) 0(0.0) 2(0.5) 2(0.9)
Men (n = 1,232) (n =280) (n=363) (n =364) (n =225) 0.013
Presence of CAD (n = 95) 12 (4.3) 24 (6.6) 33(9.1) 26 (11.6)*
NNS for CAD 233 15.1 1.0 8.7
Women (n = 622) (n=611) (n=9) (=2 (n=0) 0.291
Presence of CAD (n = 19) 18 (2.9) 1(56.3) 0(0.0) -
NNS for CAD 33.9 9.0 -

Values are number (%). The P values were obtained by using y? test.

CAD, coronary artery disease; NNS, number needed to screen to identify one individual with CAD, as detected by coronary computed tomography angiography, within each Fram-
ingham risk score stratum.

*P < 0.0083 vs. very low Framingham risk score (0%-5%), as determined by Bonferroni multiple comparison post hoc analysis; TP < 0.0083 vs. low Framingham risk score
(6%-10%), as determined by Bonferroni multiple comparison post hoc analysis.

Table 4. Prevalence of coronary artery disease and number needed to screen in the various coronary artery calcium (CAC) score strata
CAC score strata (n = 1,854)

iseases CAC Score = 0 (n = 1,228) CAC Score 1-99 (n = 474)  CAC Score 100-299 (n = 104)  CAC Score > 300 (n = 48) Pvalue
Presence of CAD (n = 114) 19(1.5) 37 (7.8)" 29 27 .9 29 (60.4)*1* < 0.001
NNS for CAD 64.6 12.8 3.6 1.7 < 0.001
Normal 1209 (98.5) 437 (92.2) 75(72.1) 19 (39.6)
1 vessel disease 18 (1.5) 31 (6.5) 26 (25.0) 7 (35.4)
2 vessel disease 1(0.1) 4(0.8) 3(2.9) 10 (20.8)
3 vessel disease 0(0.0) 2(0.4) 0(0.0) 2 (4.2
Men (n = 1,232) (n=723) (n = 386) (n=280) (n=43)
Presence of CAD (n = 95) 16 (2.2) 28 (7.3)" 25 (31.3)** 26 (60.5)* < 0.001
NNS for CAD 45.2 13.8 3.2 1.7
Women (n = 622) (n=505) (n=88) (n=24) (n=5) < 0.001
Presence of CAD (n = 19) 3(0.6) 9(10.2)* 4 (16.7) 3(60.0)*"
NNS for CAD 168.3 9.8 6.0 1.7

Values are number (%). The P values were obtained by ¥ test.

CAC, coronary artery calcium; CAD, coronary artery disease; NNS, number need to screen.

*P < 0.008 vs CAC score = 0 stratum, as determined by Bonferroni multiple comparison post hoc analysis; P < 0.0083 versus CAC score 1-99 stratum, as determined by
Bonferroni multiple comparison post hoc analysis; *P < 0.0083 versus CAC score 100-299 stratum, as determined by Bonferroni multiple comparison post hoc analysis.
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Table 5. Multivariate logistic regression analysis of significant coronary artery calcium (CAC) score and the presence of coronary artery disease in the various Framingham risk

score strata

OR

Framingham risk score strata

0%-5% (n = 891)

6%-10% (n = 372)

11%-20% (0 = 366) > 20% (1 = 225)

OR [95% ClI] for CAC score >0

Unadjusted 1 2.88 [2.21-3.75] 3.86 [2.97-5.02] 4.22 [3.10-5.74]

Adjusted 1 2.62 [2.00-3.42] 3.47 [2.65-4.55] 3.74 [2.70-5.19]
OR [95% ClI] for CAC Score > 100

Unadjusted 1 2.10 [1.32-3.35]" 2.48 [1.58-3.90]* 3.72 [2.32-5.99]*

Adjusted 1 1.83 [1.14-2.94] 2.13 [1.33-3.40]* 3.19[1.93-5.28]*
OR [95% CI] for CAC Score > 300

Unadjusted 1 1.48 [0.61-3.61] 2.69 [1.25-5.77]* 4,14 [1.89-9.06]"

Adjusted 1 1.35[0.55-3.31] 2.33 [1.05-5.14]* 3.69 [1.61-8.47]"
OR [95% ClI] for presence of CAD

Unadjusted 1 2.07 [1.20-3.57]* 2.84 [1.71-4.74) 3.75[2.17-6.48]*

Adjusted 1 1.89 [1.09-3.29]* 2.48 [1.47-4.201 3.10 [1.75-5.47]*

Model adjusted for body mass index, glucose, and white blood cell count.

OR, odds ratios; Cl, confidence interval; CAC, coronary artery calcium; CAD, coronary artery disease.

*Pvalue < 0.05.

Prevalence of CAD in various CAC score strata

Table 4 shows how the presence of CAD associates with CAC
score strata. Of the subjects with a CAC score of > 0, 95 (15.2%)
had significant coronary artery stenosis. In the moderate-severe
CAC score stratum, the prevalence of CAD was 38.2%. The NNSs
for CAD in the moderate and severe CAC score groups were 3.6
and 1.7, respectively. When stratified by sex, the prevalence of
CAD increased significantly as the CAC score rose in both men
and women. In the subgroup analysis of the patients with a CAC
score of 0, 19 (1.5%) subjects had CAD. Most (16, 84%) were men.
These participants were classified in the very low (n = 5), low
(n = 5), intermediate (n = 5), and high (n = 4) FRS groups.

Multivariate logistic regression analysis of significant CAC
scores and CAD according to FRS strata

In unadjusted analysis, compared to the very low risk group as
areference, the ORs for CAD were significantly high in the low,
intermediate, and high risk FRS groups (Table 5). Furthermore,
in multivariate logistic regression analysis adjusting for BMI,
glucose, and WBC count, the low risk group (FRS 6%-10%) as
well as the intermediate and high risk groups also had signifi-
cantly increased ORs for occult CAD compared to the very low
risk group (FRS < 5%) (P < 0.05).

DISCUSSION

The major findings of the present study were: 1) a total of 6.1%
of participants had occult CAD that was detected by CCTA; 2)
about half (48%) of those with CAD belonged to the very low
and low FRS groups; 3) the distribution of CAC scores and the
prevalence of occult CAD associated significantly with 10 year
FRS strata in men but not in women, because almost all of the
women were classified into very low and low FRS groups; 4) in
multivariate analysis, the low risk group as well as the interme-
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diate and high risk groups had significantly increased ORs for
occult CAD when compared to the very low risk group.

The FRS is suggested to be the first step in CAD assessment
and to serve as a gatekeeper for imaging modalities, such as CAC
scoring and CCTA (13,14). Current guidelines recommend that
CAC scoring should only be used in the intermediate CAD risk
population, namely, those whose estimated 10 year risk (FRS)
is between 10% and 20% (9). However, several studies suggest
that it may not be appropriate to base treatment strategies on
FRS alone; recent studies also revealed that CAC scoring and
CCTA may reclassify persons into more appropriate risk catego-
ries, thereby providing a better insight into the occult CAD in
apparently healthy individuals (16,20,21). Moreover, one of the
multi-ethnic study of atherosclerosis (MESA) studies reported
that the yield of screening for advanced CAC burden (CAC >
300) is higher in low to intermediate risk individuals, namely,
those with an FRS of 5.1%-20.0% (15).

In the present study, the NNS was used as a tool to evaluate
the yield of screening for occult CAD across FRS and CAC score
strata, similar to another study (17). Regarding the individuals
with occult CAD in the present study, the NNS decreased sig-
nificantly as the FRS became more severe. However, when strat-
ified by sex, the only significant difference was the difference
between very low and high FRS strata in men. Moreover, it is
difficult to use FRS for women because almost all of the women
in the present study were classified into the very low and low
risk FRS strata. After using CAC scoring to stratify the same pop-
ulation, the NNS was 64.6 and 12.8 for individuals with CAC
scores of 0 and 1-99, respectively, and 3.6 and 1.7 for those with
CAC scores of 100-299 and = 300, respectively. Thus, there was
a 38-fold difference in the NNSs for occult CAD between CAC
scores of 0 and > 300, and a 5-fold difference in the NNSs of
CAC scores of 0 and 1-99. These trends remained significant af-
ter stratification of the basis of sex. This suggests that the yield
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of screening is substantially different for individuals with a CAC
score of 0 compared to those with a CAC score of more than 0.
This result is consistent with the observations of the previous
study from MESA (4,22).

In addition, multivariable analysis did not show a significant
correlation between the FRS strata and the prevalence of occult
CAD. Compared to the very low risk group (FRS < 5%), the low
risk group (FRS 6%-10%), along with the intermediate and high
risk groups, had a significantly increased OR for occult CAD. By
contrast, when compared to CAC score of 0 as the reference
stratum, the ORs for occult CAD increased significantly as the
CAC score became more severe (supplement Table). This find-
ing also suggests that CAC scoring outperforms FRS in terms of
screening an asymptomatic population for occult CAD.

Although coronary angiography is generally accepted as the
gold standard for diagnosing the presence of CAD, it is difficult
to use coronary angiography as a screening test for asymptom-
atic individuals because of its highly invasive nature. Instead,
CCTA has been proposed as a powerful noninvasive diagnostic
test for visualizing the coronary arteries and the manifestations
of coronary atherosclerosis (23). The prevalence of CAD in the
asymptomatic population, as detected by CCTA, is approximate-
ly 5%-7% (21). Similarly, the prevalence of CCTA-detected oc-
cult CAD in the present study was 6.1%, which indicates that
the prevalence of occult CAD in apparently healthy individuals
is not negligible. Howevey, it is questionable whether CCTA could
be a routine screening modality because of problems relating to
radiation exposure and cost-effectiveness.

The present study had several limitations. First, all participants
underwent a general health evaluation, which suggests that a
selection bias may have been present. Second, all participants
were from the same ethnic background and lived in the same
geographical region. Therefore, the generalizability of the find-
ings of the present study to the worldwide population may be
limited. Finally, it remains possible that some of the CAD cases
detected by CCTA were not true lesions because CT has the
tendency to overestimate the severity of luminal stenosis and
image artifacts are the major cause of false-positive and false-
negative interpretations, as we did not perform invasive coro-
nary angiography in the subjects with CCTA-detected CAD.

In conclusion, the 10 year FRS estimate is of limited useful-
ness as a screening modality for coronary atherosclerosis in an
asymptomatic population because approximately half of the
individuals with CCTA-detected occult CAD were misclassified
into very low and low risk groups on the basis of FRS. Moreover,
almost all women, including those with CAD, were classified
into these groups and therefore, FRS did not associate indepen-
dently with the presence of CAD. By contrast, CAC scoring as-
sociated significantly with occult CAD in both men and wom-
en. This study also showed that the yield of screening for signifi-
cant CAC scoring and occult CAD was low in the very low risk
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population but rose in the low and intermediate risk subjects.
These findings suggest that CAC scoring may be useful screen-
ing tools for identifying subjects with occult CAD in the low and
intermediate risk populations.
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Supplement Table 1. Univariate and Multivariable Odds Ratios and 95% confidence intervals of coronary artery calcium (CAC) score category for presence of obstructive coro-
nary artery disease (CAD) among the various Framingham risk score strata

OR [95% CI] of presence of CAD

Framingham Risk Score Strata

0%-5% Pvalue 6%-10% Pvalue 11%-20% Pvalue > 20% Pvalue
Unadjusted CAC =0 1 1 1 1
CAC Score 1-99 12.58 [4.29-36.83] < 0.001  3.03[0.97-9.48] 0.057 3.13[1.06-9.22] 0.038  2.54[0.72-8.99] 0.14
CAC Score 100-299  36.99 [10.52-130.06) < 0.001 12.11 [3.41-43.08] <0.001 22.75[6.93-74.71]  <0.001 12.37[3.23-47.33] < 0.001
CAC Score > 300 226.88 [54.73-940.51] < 0.001 127.20 [20.41-792.64] < 0.001 36.40 [9.22-143.78] < 0.001 42.40[9.48-189.72] < 0.001
Adjusted CAC=0 1 1 1 1
CAC Score 1-99 7.46[2.39-23.24] <0.001 3.34[1.00-11.12] 0.050 2.92[0.93-9.13] 0.066 2.18[0.57-8.28] 0.25
CAC Score 100-299 20.18 [5.05-80.71] < 0.001 17.06 [4.09-71.09] <0.001 20.79[6.76-75.02) < 0.001 11.65[2.73-49.62] 0.001
CAC Score > 300 84.69 [18.09-396.63] < 0.001 179.39 [23.59-1364.47] < 0.001 42.39 [8.76-205.1] < 0.001 48.17 [8.51-272.58] < 0.001

Model adjusted for age, sex, body mass index, total cholesterol, whole blood cell count, and hypertension.
OR indicates odds ratios; Cl, confidence interval; CAC, coronary artery calcium; CAD, coronary artery disease.
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