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Abstract: In recent clinical practice guidelines for risk assessment for a first atherosclerotic cardiovascular disease 
(ASCVD) event, it is not routinely recommended to measure carotid intima-media thickness (CIMT) or the coronary 
calcium score (CACS). The aim of this study was to elucidate the effect of combining carotid artery evaluation and 
CACS as surrogate markers or predictive values. A total of 938 patients (562 male (59.9%), mean age 61.5±11.6 
years) with ASCVD (n=690) or without (n=248) were enrolled in this study. The diagnosis of ASCVD was established 
with CT angiography. These patients had undergone carotid scanning (HP Sonos-5500; Philips, Bothell, WA, USA) 
at St. Mary’s Hospital between September 2003 and March 2009. ASCVD outcomes were evaluated with a median 
follow-up of 1451 days. Thirty participants experienced initial ASCVD events during this study. Another 118 patients 
suffered secondary ASCVD events. After propensity score matching, multivariate analysis revealed that CACS was 
associated with ASCVD [Odds ratio 1.002, 95% confidence interval (CI) 1.002-1.003, P<0.001]. For primary pre-
vention in patients without ASCVD, we found that carotid plaques [Hazard ratio (HR) 2.409, 95% CI 1.093-5.309, 
P=0.029] are also associated with ASCVD events. Carotid plaques are also associated with ASCVD events with 
regard to secondary prevention [HR 1.723, 95% CI 1.188-2.499, P=0.004] in patients with ASCVD. We propose 
that CACS assessment is useful in the diagnosis of, and as a surrogate marker of ASCVD in patients with risk fac-
tors. Our results also suggest that carotid artery evaluation may have a valuable predictive method in primary and 
secondary ASCVD prevention and risk assessment. Therefore, although there are no synergic effects of combining 
carotid artery evaluation and CACS, carotid ultrasound seems to be a better predictive method for assessing ASCVD 
events than CACS.
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Introduction

Atherosclerosis is a complex pathological pro-
cess. The development and healing of athero-
sclerotic lesions involve lipoprotein deposit- 
ion, an inflammatory response, apoptosis and 
necrosis, and, finally, calcification and fibrosis 
[1]. The presence of calcium indicates intimal 
atherosclerosis; therefore, detecting calcium 
may have prognostic significance [2]. Multi-
slice spiral computer tomography (MDCT) is 
relatively accurate, and allows the quantifi- 
cation of calcification in coronary arteries. 
Similarly, coronary artery calcium score (CACS) 
calculated using automatic software is well  

correlated to atherosclerosis of the coronary 
arteries. A previous study showed that the use 
of CACS data in addition to traditional risk fac-
tors significantly improves the classification of  
a multiethnic cohort of asymptomatic individu-
als without known cardiovascular (CV) disease 
[3]. However, in 2013, the ACC/AHA guidelines 
for cardiovascular risk assessment indicated 
that if a risk-based treatment decision is uncer-
tain after quantitative risk assessment, CACS 
assessment might be considered in treatment 
decision making [4].

The Multi-Ethnic Study of Atherosclerosis re- 
vealed that the presence of carotid plaques not 
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only independently predicts CV events, but also 
improves the risk prediction for coronary heart 
disease when used in combination with Fra- 
mingham risk factors [5]. Another prior study 
found that carotid plaques are related to CV 
death or non-fatal acute myocardial infarction 
(MI) in patients with stable angina; however, 
carotid intima-media thickness (CIMT) is a 
weak predictor of CV events [6]. Accordingly,  
in 2013, the ACC/AHA guidelines for CV risk 
assessment indicated that CIMT is not recom-
mended as a routine measure of risk assess-
ment in first atherosclerotic cardiovascular dis-
ease (ASCVD) [4].

It is unclear whether carotid artery evaluation 
and CACS could improve the methods of diag-
nosis, or of primary and secondary ASCVD pre-
vention in asymptomatic high-risk patients. 
Furthermore, there have been no direct com-
parisons between carotid ultrasound and 
CACS. Therefore, the aim of this study was  
to elucidate the effect of the diagnostic and 
predictive performance using the combination  
of carotid artery evaluation and CACS for diag-
nosis and primary and secondary ASCVD pre- 
vention.

Methods

Study population

A total of 938 consecutive patients who under-
went carotid scanning and coronary CT angiog-
raphy (CCTA) in St Mary’s Hospital between 
September 2003 and March 2009 were includ-
ed from the CIMT and CCTA registry. Inclusion 
criteria for primary prevention of ASCVD were 
age 18 years or older with one or more cardio-
cerebrovascular risk factors. And also, inclu-
sion criteria for secondary prevention were 
known ASCVD. ASCVD was defined as acute 
coronary syndromes (including ST elevation MI, 
non-ST elevation MI, and unstable angina), or  
a history of MI, stable or unstable angina,  
coronary or other arterial revascularization, 
stroke, TIA, or PAD (defined as ankle-brachial 
index <0.9, using VP-1000; Omron Healthcare, 
Kyoto, Japan) presumed to be of atherosclerot-
ic origin.

A CCTA (n=938, 100%) was performed in every 
patient to evaluate cardiac risk or non-cardiac 
perioperative risk. Coronary angiography (CAG) 
was also performed when necessary. 752 

(76.9%) patients underwent CAG. Exclusion cri-
teria included (1) significant valvular heart dis-
ease (i.e., greater than mild valvular insufficien-
cy or stenosis); (2) pregnancy or lactating; and 
(3) major systemic illness such as chronic 
inflammatory disease, active malignancy, and 
other illnesses.

There was no industry involvement in the 
design, execution, or analysis of this study. The 
use of clinical data was approved by the ethics 
committee and all patients provided written 
informed consent.

Clinical and biochemical assessment

Trained research technicians collected base-
line demographic and clinical data. Baseline 
patient characteristics included a complete  
history and physical examination with informa-
tion regarding hypertension (HTN, defined as 
systolic pressure ≥140 mmHg and/or diastolic 
pressure ≥90 mmHg, based on more than 
three measurements or current use of antihy-
pertensive drugs), smoking habits (both current 
and former use), body mass index (BMI, calcu-
lated by weight divided by height in meters 
squared), and DM (controlled with diet, oral 
hypoglycemic agents, or insulin; or fasting glu-
cose level ≥126 mg/dl or 2-h oral glucose toler-
ance test ≥200 mg/dl). Fasting glucose levels 
were enzymatically calculated using the hexoki-
nase method [7]. A blood sample was collected 
from every patient and centrifuged within 30 
minutes. Blood serum samples were kept at 
-80°C. High sensitivity C-reactive protein (hs-
CRP) was assessed using an immunoturbidi- 
ty assay system (Liatest; Stago, Asnières-sur-
Seine, France), with an interassay variability 
coefficient of variation of 6.25% [8]. In order to 
minimize the influence of circadian variations, 
blood specimens were obtained after 12- to 
14-hour fast (8:00 p.m. to 9:30 a.m.). Total cho-
lesterol (TC) and triglyceride (TG) concentra-
tions were assessed using standard enzyme 
methods. High-density lipoprotein-cholesterol 
(HDL) was measured after very-low-density 
lipoprotein LDL was measured with phospho-
tungstic acid precipitation. LDL values were cal-
culated using the Friedewald formula.

Coronary CT angiography

Patients were instructed not to eat for at least 
4 hours before the examination and to avoid 
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coffee, tea and tobacco. Patients with DM were 
instructed to stop taking metformin for 3 days 
prior to the examination. Contrast-enhanced 
CCTA was quantified on retrospective electro-
cardiography-gated cardiac CT scans using a 
64-slice MDCT (Lightspeed VCT; GE Healthcare, 
Milwaukee, WI, USA). Patient heart rates were 
measured 1 hour before the examination. The 
CACS was measured using the scoring system 
(in units) described by Agatston et al. [2]. Our 
CCTA protocol was as follows: slice collimation, 
64×0.625 mm; gantry rotation time, 0.5 sec-
onds; pitch, 0.2; scan time, 0.4 seconds; table 
feed, 6 mm/second; tube voltage, 120 kV; and 
tube current, 596 mAs. Patients received 80 
mL of contrast agent (Iopromide, Ultravist 300; 
Schering, Berlin, Germany) at 5.0 mL/s for 16 
seconds at the time of the scan. Next, they 
received 50 mL of saline solution intravenously 
at a rate of 5.0 mL/s for 10 seconds. Injections 
were performed through an antecubital vein 
with an 18-gauge catheter.

Coronary angiography

Coronary angiogram was performed via the 
femoral or radial approach according to the 
American College of Cardiology/American Heart 
Association (ACC/AHA) recommendations. Co- 
ronary lesions were assessed with multiple 
orthogonal views. Lesions were visually evalu-
ated for morphologic features similar to those 
reported by the ACC/AHA. Significant coronary 
artery stenosis was defined as >50% reduction 
of the internal diameter of major epicardial cor-
onary arteries and side branches with a diam-
eter ≥2.5 mm.

CIMT measurement

The carotid arteries were measured using high-
resolution B-mode ultrasound with a 15-MHz 
linear array transducer (HP Sonos-5500; Phi- 
lips, Bothell, WA, USA). Two certified sonogra-
phers who were blinded to all clinical informa-
tion performed carotid arterial scanning. Pati- 
ents were placed in the supine position with 
slight hyperextension and rotation of the neck 
to the contralateral side. The ultrasound pro- 
be was placed immediately proximal to the 
carotid bifurcation. CIMT measurements were 
gathered at 10-mm intervals of the far wall of 
the right common carotid arteries. To improve 
image quality, depth control was fixed at 4 cm. 
The transducer frequency was set to 15 MHz 
during the entire analysis with an axial resolu-

tion of 0.2 mm. Since systolic expansion of  
the lumen causes CIMT thinning, assessments 
were acquired during end-diastole (defined as 
the R wave of an electrocardiogram). CIMT was 
defined as the distance between the luminal 
border of the intima and the outer border of the 
media. The CIMT was measured by manually 
examining the thickness of every free plaque 
lesion. Calipers were placed for six individual 
measurements, and the average value was cal-
culated. The average CIMT value of each seg-
ment was assessed to determine the mean 
CIMT per patient. A carotid plaque is a focal 
lesion that is at least 50% thicker than the sur-
rounding vessel wall, or is a region (with a dis-
tinct boundary) with CIMT >1.5 mm that pro-
trudes into the lumen [9].

Clinical follow-up

The primary and secondary prevention of the 
938 patients are shown in Figure 1. For prim- 
ary prevention, in patients without ASCVD, pri-
mary end points included Hard ASCVD (or the 
first occurrence of nonfatal MI or coronary 
heart disease), death, fatal/nonfatal stroke, 
and PAD presumed to be of atherosclerotic ori-
gin. Among 248 patients without ASCVD, 25 
patients were excluded either because they 
were lost to follow-up (n=18), or because of in-
hospital events (non-cardiac death, n=7). A 
total of 223 patients (121 male (54.2%), mean 
age 59.1±11.4), were enrolled for the primary 
prevention study. Clinical follow-up was per-
formed for a median follow-up time of 1451 
days (113-2858 days). Follow-up data were col-
lected from all patients. All ASCVD events were 
reviewed by a panel of three physicians. These 
physicians reviewed data that had been col-
lected from inpatient hospitalizations, hospi- 
tal records (131 patients, 58.7%), and tele-
phone interviews (92 patients, 41.3%) by a 
trained researcher. When a patient could not 
be reached, data were obtained via a telephone 
interview with the patient’s family members.

The secondary prevention defined as occurr- 
ing new-onset ASCVD events in patients with 
ASCVD. Among 690 patients with ASCVD, a 
total of 82 patients were excluded. Of these,  
39 were lost to follow-up, 6 experienced in-hos-
pital events, 10 experienced heart failure, 10 
had significant valvular heart disease, and 17 
experienced active malignancy or systemic ill-
ness. A total of 608 patients (387 male (63.7%), 
mean age 61.5±11.4) were ultimately enrolled 
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for secondary prevention. In these patients, 
follow-up data were obtained from all patients. 
A panel of three physicians reviewed all ASCVD 
events. These physicians reviewed data col-
lected from inpatient hospitalization, hospital 
records by a trained researcher.

Statistical analysis

Continuous variables are presented as mean ± 
SD, and categorical variables are described as 
absolute and relative frequencies (%). Welch’s 
t-test was used to compare ASCVD event data 
between groups for continuous variables. In 
contrast, the Chi-squared test with Yates’ cor-
rection was used to compare categorical vari-
ables. The intraclass correlation coefficient 
(ICC) is a statistical method to measure intra- 
and inter-observer reliability. Reliability was 
measured by replicating measurements for 50 
patients. Two certified sonographers perform- 
ed carotid arterial scanning and 1 hour betw- 
een the first and second measurement. The ICC 
assesses the consistency of multiple measure-
ments of the same quantity by measuring the 
proportion of the variance that is attributed to 
different observers. The 95% confidence inter-
val was calculated for each ICC to estimate the 
precision and the range of the correlation. Uni- 
variate Cox regression analysis was used to 
assess the relationship between the ASCVD 
events and several risk factors. Multivariate 

Cox regression analysis was performed to eval-
uate the association between ASCVD events 
and several risk factors. To reduce the impact 
of selection bias and potential confounding,  
we used propensity score matching to adjust 
for significant differences in patients’ baseline 
characteristics [10, 11]. A receiver operator 
characteristic (ROC) curve was generated to 
determine the diagnostic power of CACS for 
ASCVD. All statistical analyses were conducted 
using R language ver. 3.01 (R Foundation for 
Statistical Computing, Vienna, Austria).

Results

Patients characteristics

The mean age of the study participants was 
61.5±11.6 years, and 562 subjects (59.9%) 
were men. The baseline patient character- 
istics of the 938 patients are shown in Table  
1. CCTA was performed in 938 patients, and 
752 (76.9%) patients underwent CAG. Patient 
findings included ASCVD (n=690, 73.6%), HTN 
(n=527, 56.2%), DM (n=285, 30.4%), smoking 
(n=227, 24.2%), and atrial fibrillation (n=22, 
2.3%). Patients with ASCVD events had higher 
mean CIMT value and an increased incidence 
of carotid artery plaques than did those with- 
out ASCVD events. Additionally, patients with 
ASCVD events had higher CACS values than did 
those without ASCVD events.

Figure 1. Flow chart of 
study population.
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Measurements of intra- or inter-observer reli-
ability of CIMT Assessment

Intra- and inter-observer reliability values were 
calculated (using ICC) to determine the reliabil-
ity of the CIMT measurements. The intra- and 
inter-observer reliabilities for the CIMT mea-
surements were 0.965 and 0.900, respective-
ly. In general, ICC values range from 0.00 (no 
agreement) to 1.00 (perfect agreement). An 
ICC value of 0.7-0.8 indicates strong agree-
ment, and an ICC value >0.8 indicates excellent 
agreement.

Carotid measurement and coronary calcium 
score comparison according to ASCVD

The carotid artery measurements and CACS of 
938 patients are shown in Table 2. Patients 
with ASCVD had greater mean CIMT values, 
and increased CACS than did those without 
ASCVD. Additionally, patients with ASCVD had 

evaluated the predictive power of carotid artery 
measurements and CACS for ASCVD using mul-
tiple regression analysis after propensity score 
matching (Table 4). Carotid plaque (HR 2.713, 
95% CI 1.234-5.964, P=0.013) had superior 
predictive power for primary prevention of 
ASCVD compared to that of CACS.

For secondary prevention of ASCVD events, 
during the follow-up, there were 118 (19.4%) 
new-onset ASCVD events. Among these 118 
patients, 112 (18.4%) patients suffered CAD, 
MI or restenosis, 5 (0.8%) had cerebrovascular 
disease and 1 (0.2%) had PAD. We evaluated 
the predictive power of carotid artery measure-
ments and CACS for ASCVD using multiple 
regression analysis after propensity score 
matching (Table 5). Carotid plaque (HR 1.723, 
95% CI 1.188-2.494, P=0.004) had superior 
predictive power for secondary prevention of 
ASCVD as compared to that of CACS.

Table 1. Baseline Characteristics of the 938 patients according to 
Atherosclerotic Cardiovascular disease

Variables No ASCVD 
n=248

ASCVD 
n=690 p value

Age. yrs 59.4±11.6 62.3±11.6 <0.001
Male, n (%) 135 (54.4) 427 (61.9) 0.048
Cerebrovascular history, n (%) 0 (0) 40 (5.8) <0.001
Myocardial Infarction history, n (%) 0 (0) 81 (11.7) <0.001
Coronary Revascularization history, n (%) 0 (0) 135 (19.6) <0.001
Body Mass Index, kg/m2 25.6±3.1 24.9±3.3 0.002
Fasting plasma glucose, mg/dl 119±40 119±39 0.982
Hemoglobin A1c, % 6.3±1.5 6.3±1.4 0.992
Total Cholesterol, mg/dL 191±42 164±39 <0.001
Triglyceride, mg/dL 143±87 134±91 0.146
High Density Lipoprotein cholesterol, mg/dL 44.9±10.4 44.2±12.2 0.348
Low Density Lipoprotein cholesterol, mg/dL 117.2±33.3 93.5±33.1 <0.001
hsCRP, mg/dL 7.1±21 8.6±20.8 0.356
Systolic blood pressure, mmHg 120±18 122±17 0.186
Diastolic blood pressure, mmHg 73.1±10.7 74.1±11 0.230
Left ventricle Ejection Fraction, % 61.8±5.9 59.1±9.5 <0.001
Smoking, n (%) 59 (25.2) 168 (25.5) 1.000
Diabetes mellitus, n (%) 70 (28.2) 215 (31.2) 0.427
Hypertension, n (%) 127 (51.2) 400 (58.1) 0.074
Atrial fibrilation, n (%) 9 (3.6) 13 (1.9) 0.189
Medication
    Aspirin, n (%) 30 (16.2) 207 (34.3) <0.001
    ACE inhibitor or ARB, n (%) 123 (53) 417 (62.4) 0.015
    Beta-blocker, n (%) 84 (36.1) 293 (44) 0.042
    Calcium channel blocker, n (%) 60 (25.8) 191 (28.6) 0.447

an increased incidence  
of carotid artery plaques 
than did those without 
ASCVD. Multiple regres-
sion analysis after match-
ing by propensity score 
reveals that CACS is ass- 
ociated with ASCVD (ROC 
curve, Figure 2). We used 
multiple regression analy-
sis (after propensity score 
matching) to compare the 
diagnostic power of carot-
id artery measurements 
and CACS for ASCVD (Ta- 
ble 3). CACS has super- 
ior diagnostic power com-
pared to that of carotid 
artery measurements.

Prognostic evaluation for 
primary and secondary 
prevention

Clinical follow-up was per-
formed for a median 14- 
51 days (113-2858). Dur- 
ing follow-up, there were 
30 (13.5%) new-onset AS- 
CVD events. Among these 
30 patients, 29 (96.7%) 
patients suffered CAD, 
and 1 (3.3%) had cere- 
brovascular disease. We 
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Finally, to evaluate the predictive performance 
of the combination of these imaging modali-
ties, we performed the additive or synergic 
effect of carotid parameters and CACS for 
ASCVD prevention using multiple regression 
analysis after propensity score matching. How- 
ever, there was no additive effect of the combi-
nation of these imaging modalities (HR 1.747, 
95% CI 0.982-3.110, P=0.058).

Discussion

Diagnostic role of carotid artery evaluation 
and CACS

This study examined the diagnostic role of 
carotid artery evaluation and CACS for the  
diagnosis of ASCVD in asymptomatic high risk 
patients. Direct comparisons have not been 
made between carotid ultrasound and CACS, or 

risk assessment do not recommend CIMT for 
routine assessment. Furthermore, if a risk-
based treatment decision is uncertain, CACS 
assessment may be considered to inform treat-
ment decision making [4]. This study uses 
ASCVD outcome as a more broadly definitive 
end point. It is also important to mention that 
many of the patients enrolled in this study had 
other comorbidities (example, HTN 56.2%, DM 
30.4%). After propensity score matching (to 
limit confounding), the present study demon-
strates that CACS is a more important diagnos-
tic factor for ASCVD than is carotid artery 
evaluation.

These findings are similar to those of a pre- 
vious study, which found that CACS improves 
the diagnosis, risk stratification, discrimination, 
and reclassification of ASCVD above that of  
traditional risk factor categories [2, 12]. Our 
findings regarding carotid artery assessment 
are similar to those of a previous study, which 
reported that carotid plaque is associated with 
cardiovascular events in the general population 
[5]. However, our results differ from those of an 
earlier report, which indicated that CIMT (a sur-
rogate marker of subclinical atherosclerosis) is 
consistently linked to cardiovascular and cere-
brovascular disease [13-15].

Prognostic role of carotid artery evaluation 
and CACS

This study examined the prognostic role of 
carotid artery evaluation and CACS for the  
primary or secondary prevention of ASCVD 
events. In this study, carotid plaque was asso- 
ciated with primary and secondary prevention 
of ASCVD events. However, after propensity 
score matching, CIMT was not associated with 
ASCVD events. We only evaluated CIMT from 
the common carotid artery, which is less sen- 

Table 2. Measurement of carotid artery and Cornary calcium 
score of the 938 patients according to Atherosclerotic Cardiovas-
cular disease

Variables No ASCVD 
n=248

ASCVD 
n=690 p value

Intima-Media Thickness
    maximum CCA thickness, mm 0.963±0.262 0.997±0.334 0.103
    mean CCA thickness, mm 0.819±0.197 0.854±0.244 0.027
Plaque, n (%) 93 (37.5) 318 (46.1) 0.024
Calcium Score 107 (0-1770) 536 (0-4262) <0.001

Figure 2. A receiver operator characteristic (ROC) 
curve demonstrating that coronary artery calcium 
score is associated with atherosclerotic cardiovascu-
lar disease after propensity score matching.

between the diagnostic effects 
of the combination of these 
imaging modalities. We used 
the new concept of ASCVD in 
this study because risk esti-
mates for ASCVD outcomes are 
more relevant to contemporary 
populations [4]. The roles of 
carotid artery evaluation and 
CACS for ASCVD risk assess-
ment are controversial. Current 
guidelines for cardiovascular 
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sitive to local atherosclerosis than are carotid 
bifurcation and internal carotid segments [16]. 
The prognostic value of CIMT measurement  
to predict future cardiovascular events may 
improve when data from all three segments are 
combined. Therefore, these results may under-
estimate the relationship between ASCVD and 
carotid atherosclerosis.

Using established statistical methods [10], we 
found that CACS was not correlated to the pre-
vention of ASCVD events. Our results differ 
from those of an earlier report, which indicated 
that CACS adds independent information to the 
traditional risk factors in the prediction of all-
cause mortality [17]. The previous large obser-
vational study showed that coronary calcium 
adds independent information to the traditional 
risk factors in the prediction of all-cause mor-
tality. When CACS was added to the risk factors 
in the previous study, risk estimation incre- 
ased significantly according to the C-index 
(P<0.001) [18]. In another multi-ethnic cohort, 
adding CACS to a prediction model (based on 

nation of carotid ultrasound and CACS, espe-
cially in asymptomatic high-risk patients. In this 
study, there does not appear to be an additive 
effect of carotid artery evaluation and CACS; 
however, individually, each one is useful in the 
diagnosis and prognosis of ASCVD.

A prior study found that not only was CIMT  
significantly associated with coronary artery 
plaque in individuals with a CACS of zero, but 
also that CIMT can be a remarkable predictor of 
CAD regardless of CACS [20]. Two procedures 
can identify subclinical atherosclerosis. These 
measures can characterize disease and pro-
vide information predictive of graded risk for 
adverse vascular events. Another study found 
that CIMT evaluation can detect subclinical 
vascular disease in young to middle-aged 
patients with a low risk score and a CACS  
of zero. These findings have important impli- 
cations regarding vascular disease screening 
and the implementation of primary-prevention 
strategies [21]. Risk scores with a CACS of zero 
were associated with evidence of subclinical 

Table 3. The relative risk of diagnosis for ASCVD using multiple 
regression analysis after sample matching by propensity scores

OR 95% CI p value C-index
maximum CCA thickness, mm 3.018 1.274-7.151 0.012 0.568
mean CCA thickness, mm 8.470 2.551-28.121 <0.001 0.601
Plaque, n (%) 1.980 1.268-3.090 0.003 0.584
Calcium Score 1.003 1.002-1.004 <0.001 0.817

Table 4. The Prognosis Prediction indices of different measure-
ments for Primary prevention ASCVD using multiple regression 
analysis after sample matching by propensity scores

HR 95% CI p value C-index
maximum CCA thickness, mm 0.546 0.122-2.442 0.429 0.554
mean CCA thickness, mm 1.109 0.163-7.566 0.916 0.523
Plaque, n (%) 2.713 1.234-5.964 0.013 0.621
Calcium Score 0.999 0.996-1.002 0.307 0.506

Table 5. The Prognosis Prediction indices of different measure-
ments for Secondary prevention ASCVD using multiple regres-
sion analysis after sample matching by propensity scores

HR 95% CI p value C-index
maximum CCA thickness, mm 1.315 0.770-2.243 0.316 0.534
mean CCA thickness, mm 1.149 0.529-2.494 0.725 0.524
Plaque, n (%) 1.723 1.188-2.499 0.004 0.556
Calcium Score 1.453 0.817-2.583 0.203 0.538

traditional risk factors) signifi-
cantly improved risk classifica-
tion and placed more individu-
als in the most extreme risk cat-
egories [3]. Cho et al. showed 
that in asymptomatic individu-
als with moderately elevated 
CACS, CCTA improves risk pre-
diction and reclassification of 
future fatal and non-fatal events 
beyond clinical risk assess-
ment. CCTA does not reliably 
improve risk stratification for 
individuals with lower or higher 
CACS [19]. In contrast, carotid 
artery evaluation has a superior 
prognostic effect for primary 
and secondary prevention of 
ASCVD events than does CACS.

Combination of carotid assess-
ment and CACS

Our aim was to evaluate wheth-
er using the combination of 
carotid artery evaluation and 
CACS would be useful in detect-
ing or preventing ASCVD in high-
risk patients. There are also no 
prior studies that evaluate the 
predictive ability of the combi-
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atherosclerosis in the carotid artery. In addi-
tion, only 15% of those with a low CIMT had 
detectable CACS. Therefore, carotid ultrasound 
may be a better screening tool to assess car-
diovascular risk in low-risk populations than is 
CACS [22]. Carotid ultrasound is feasible in all 
individuals, is relatively inexpensive and does 
not expose patients to radiation. Therefore, 
carotid ultrasound may be a better screening 
method to assess ASCVD events in high-risk 
populations than CACS.

Study limitations

This study has several limitations. It was a  
prospective, observational, longitudinal study 
that was not randomized. However, the sample 
size was relatively larger, and high quality sta-
tistical methods were used. The propensity 
score is the conditional probability of being 
treated given the covariates. It can be used to 
balance the covariates in the two groups, and 
therefore reduces this bias. In order to esti-
mate the propensity score, one must model the 
distribution of the treatment indicator variable 
given the observed covariates [10]. Another 
limitation was that the CIMT assessments were 
manually performed, and that ultrasound per-
formance is operator-dependent. In order to 
reduce operate-dependent variation, we calcu-
lated ICC, which is a statistical method for 
intra- and inter-observer reliability measure-
ment. Carotid arterial scanning was performed 
by two certified sonographers who were blind- 
ed to all clinical information. Furthermore, in 
2013 the ACC/AHA guidelines for blood choles-
terol treatment identified 4 major statin benefit 
groups to reduce ASCVD in adults [23]. There- 
fore, a third limitation to this study is that we 
treated high blood cholesterol in patients 
according to Adult Treatment Panel III recom-
mendations [24] rather than the ACC/AHA 
guidelines because data were collected from 
September 2003 to March 2009. Justification 
for the Atherosclerosis Regression Treatment 
Extension Study reported that two-year treat-
ment with rosuvastatin inhibits the progression 
of CIMT and also improves carotid plaque com-
position [25]. Next, we used statistical analy-
ses to reduce the treatment bias. A fourth limi-
tation is that the CIMT of enrolled patients was 
thicker than that observed in the general 
Korean population [26]. We hypothesized that 
patients with risk factors may be more likely to 

visit the tertiary hospital for screening, explain-
ing this discrepancy. Also, our CIMT-CCTA regis-
try was designed to evaluate real-world out-
comes in consecutive all-comers at high risk of 
cardiovascular disease.

Conclusion

We propose that CACS assessment is useful in 
the diagnosis of, and as a surrogate marker of 
ASCVD in asymptomatic high-risk patients. Our 
results also suggest that carotid artery evalua-
tion may have a valuable predictive method in 
primary and secondary ASCVD prevention and 
risk assessment. Therefore, although there are 
no synergic effects of combining carotid artery 
evaluation and CACS, carotid ultrasound seems 
to be a better predictive method for assessing 
ASCVD events in high-risk populations than 
CACS.
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