
28 Copyright © 2015 The Korean Society of Cardiology

Korean Circulation Journal

Introduction

The measurement of carotid intima-media thickness (CIMT) and 
carotid plaque with B-mode ultrasound is a noninvasive, sensitive, 
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and reproducible tool for identifying and quantifying subclinical vas-
cular atherosclerosis and for evaluating the risk of cardiovascular 
disease.1)

It is widely recognized that the measurement of CIMT and carotid 
plaque with carotid ultrasound is not only related to cardiovascular 
risks such as age, diabetes, and hypertension (HTN), but also to the 
severity of cardiovascular disease.2)3)

Endothelial function, such as flow-mediated dilatation showed 
discordant results in some studies investigating its relationships 
with clinical aspects. These tests also showed varying outcomes de-
pending on the patients’ status, diet, and clinical conditions, lead-
ing to a limited range of applications in real clinical situations.4)5) 
On the other hand, carotid ultrasonography is advantageous be-
cause its measurements are sparsely affected by such factors as diet 
and clinical features, and is thus more reliable. Also, the recent ad-
vancement in measurement methods, moving from manual to 
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automated measurement, reduced the errors in the measuring pro-
cess, yielding results four times more accurate and contributing to 
the wide utilization of carotid ultrasonography in clinical situa-
tions presently.6)

Carotid intima-media thickness as well as the degree of coro-
nary artery calcification is a widely used method for assessing pa-
tients’ risks since the importance of primary prevention of CAD has 
been emphasized. In the process of carotid ultrasonography, the 
presence of carotid plaque is also recognized as an important prog-
nostic factor, along with CIMT.7-11)

The Atherosclerosis Risk in Communities (ARIC) study showed that 
coronary heart disease and mortality risk prediction can be improved 
by adding CIMT and plaque information to traditional risk factors.12) 
In previous studies, assessment of carotid plaque, compared with 
the CIMT, had a higher diagnostic accuracy in the prediction of fu-
ture CAD.7)8)11)13) Also, we previously reported that carotid plaque 
was a strong predictor of death and major adverse cardiovascular 
events (MACE) in patients with CAD.14)

However, most research focused on the role and clinical signifi-
cance of carotid ultrasonography on primary prevention. Moreover, 
although the clinical significance of CIMT and carotid plaque has 
been recognized, simultaneous analysis of increased CIMT and the 
presence of carotid plaque has been reported limitedly in patients 
with CAD. 

Carotid ultrasonographic findings have recently been proved to 
have meaningful effects on the secondary prevention of CAD,14)15) 
but the degree of influence of both CIMT and carotid plaque have on 
the prognosis of patients with CAD has not yet been studied. There-
fore, the purpose of this study was to identify the impact of CIMT 
and the presence of carotid plaque, measured using carotid ultraso-
nography, on the long-term clinical prognosis of patients with CAD. 

Subjects and Methods

Patient population
The study population consisted of 1654 consecutive patients who 

underwent carotid scanning and coronary angiograms (CAGs) from 
January 2000 to June 2007 in Konyang University Hospital CIMT 
Registry. We excluded 159 patients due to the following reasons; 
hemodynamic instability (n=21), poor carotid image quality (n=75), 
and lack of an evaluation of the presence of carotid plaque or CIMT 
(n=63). Patients who were lost to follow-up within 24 months (n= 
26) and who died from malignancy or infection (n=43), according 
to their medical records, were also excluded. Consequently, a total of 
1426 consecutive patients (781 male, 54.8%; mean age of 64.7± 
10.1 years) with CAD, defined as ≥50% diameter stenosis by CAG, 
who underwent carotid scanning were enrolled. The demographic, 

clinical, and angiographic baseline data were collected by trained 
research technicians. The duration of patient follow-up was as fol-
lows: mean of 87 months for death, and 54 months for stroke and 
acute myocardial infarction (AMI).

The baseline evaluation included a complete history and physical 
examination including the following information: HTN (blood pres-
sure ≥140/90 mm Hg, based on the average of repeated readings 
or patients on antihypertensive drugs), dyslipidemia (total cholester-
ol >200 mg/dL and/or triglycerides >150 mg/dL and/or low density 
lipoprotein cholesterol >130 mg/dL or patients on lipid-lowering 
therapy), diabetes mellitus (DM, controlled with diet, oral hypogly-
cemic agents, or insulin; or fasting glucose level ≥126 mg/dL or 2 
hour oral glucose tolerance test ≥200 mg/dL), renal failure (creatinine 
≥2.0 mg/dL), smoking habits (included former and current smok-
ers), old myocardial infarction (MI) (previously documented AMI) 
and lower ejection fraction (EF ≤50% by echocardiography). Old age 
was defined as ≥60 years old.

Informed consent was obtained from each patient and the study 
was approved by our hospital ethics committee. The study protocol 
conforms to the ethical guidelines of the Declaration of Helsinki in 
1975.

Coronary angiography
Coronary angiogram was performed to evaluate ischemic heart 

failure or non-cardiac preoperative risk (n=267) and ischemic heart 
disease {stable angina (n=769), unstable angina (n=153) or AMI 
(n=237)}. CAG was performed through either a femoral or radial 
artery using a standard technique. Significant coronary artery ste-
nosis was defined as a ≥50% reduction of the internal diameter at 
major epicardial coronary arteries and side branches with a diame-
ter ≥2.5 mm.

Carotid artery scanning
Before or within one day after the CAG, carotid artery scanning 

was performed with a high-resolution ultrasonographic unit (He-
wlett-Packard Sonos-5500®, CA, USA), equipped with a 7.5 MHz lin-
ear array transducer. The subjects were assessed in a supine position. 
All ultrasonographic examinations were performed by one techni-
cian who was specialized, well trained, and blinded to the clinical and 
angiographic information of the study subjects. The CIMT was mea-
sured in 1 cm long segments just proximal to the carotid bulb in 
the common carotid artery using a semi-automatic technique with 
MATH® software (version 2.01; METRIS CO., Argenteuil, France). In 
the presence of plaque, the CIMT was measured at the segment wi-
thout plaque. Carotid plaque was defined as a focal structure en-
croaching into the arterial lumen by at least 50% of the surrounding 
CIMT value,16) or with a thickness >1.2 mm.17)18) The bilateral common 
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carotid arteries and bulbs were scanned to evaluate the presence 
or absence of plaque.

Carotid intima-media thickness was divided into two groups by 
the 95th percentile value (0.830 mm) of normal people with carotid 
IMT19) and thick CIMT was defined as >0.830 mm. Patients were di-
vided into four groups according to CIMT and presence of carotid 
plaque (Group I: thin CIMT without carotid plaque, n=711, Group II: 
thick CIMT without carotid plaque, n=265, Group III: thin CIMT with 
carotid plaque, n=213, and Group IV: thick CIMT with carotid plaque, 
n=237).

Clinical follow-up
Clinical follow-up was performed for at least 2 years (maximum: 

120 months, mean: 87 months) and follow-up data was obtained 
from all patients. 

Stroke and AMI events were documented by making phone calls 
to the patients (437 patients) and by reviewing hospital records (989 
patients). Information regarding whether the patient expired was 
confirmed by the National Statistical Office. The primary outcome 
was all causes of death. The MACE were defined as the following: 
cardiac death, AMI, and stroke. Cardiac death was defined as death 
from pump failure, arrhythmia, or mechanical complications includ-
ing ventricular septal rupture and free wall rupture. The definition of 
AMI included two among the following three criteria; prolonged 
chest pain for over 20 minutes, elevation of cardiac enzymes (cre-
atinine kinase, creatine kinase-MB or the relative index) more than 
twice the upper limit of normal, and ST-T wave change or new Q 
waves on serial electrocardiography that were indicative of myo-
cardial damage. Stroke was defined as a loss of neurological func-
tion caused by an ischemic event and this loss persisted for more than 
24 hours or it left residual signs.

Statistical analysis
Differences in the continuous and categorical variables were eval-

uated through an analysis of variance test and chi-square test. The 
cumulative incidence of adverse events was estimated by the Ka-
plan-Meier method after stratifying subjects into four groups ac-
cording to CIMT and presence of carotid plaque. The significance 
level was assessed by log-rank test. 

The relationships between carotid plaque, CIMT, and cardiovascu-
lar events were tested by one variable Cox regression analysis. Mul-
tivariable Cox regression analysis was performed to evaluate the 
association between the clinical outcome and several parameters, 
including CIMT, carotid plaque, old age, gender, lower EF, DM, HTN, 
dyslipidemia, renal failure, smoking habits, acute coronary syndrome 
(ACS), and body mass index (BMI). All statistical tests were performed 
by using the Statistical Package for the Social Sciences (SPSS) 

program, version 18.0 (SPSS, Inc., Chicago, IL, USA) and a p of <0.05 
was considered statistically significant. 

Results

Patient demographics
Baseline characteristics of the four groups are listed in Table 1. 

Patients with carotid plaque and thick CIMT (group IV, n=237, 16.6%) 
were more likely to have HTN, DM, and multi-vessel diseases com-
pared to those who had carotid plaque with thin CIMT (group III, 
n=213, 14.9%), who did not have plaque with thick CIMT (group II, 
n=265, 18.6%) and who did not have plaque with thin CIMT (group I, 
n=711, 49.9%). 

The mean values of CIMT in groups I, II, III, and IV were 0.691± 
0.087 mm, 0.965±0.125 mm, 0.732±0.082 mm, and 1.033±0.164 
mm, respectively. Groups I and II (those without plaque) had more 
medical treatment, whereas Group III and IV (those with carotid 
plaque) had more interventional treatment for CAD.

The average follow-up duration was 87 months (IQR 69–109) for 
death, and 54 months (IQR 36–72) for AMI, stroke, and MACE. 

Clinical outcomes

Major adverse cardiovascular events risk according to carotid  
intima-media thickness and carotid plaque (Table 2 and 3)

Patients with either carotid plaque or thick CIMT had higher MACE 
(23.6% vs. 10.9%, p<0.001, 21.3% vs. 11.5%, p<0.001) than those 
who did not have a carotid plaque or had thin CIMT. The patient 
group with thick CIMT and carotid plaque had the highest MACE 
rate (Group I: 9.3%, Group II: 15.1%, Group III: 18.8%, Group IV: 
27.8%, p<0.001) (Table 2). 

Univariate analysis showed that the hazard ratio (HR) of Groups 
II, III, and IV were 1.69 {95% confidence interval (CI) 1.14–2.51, 
p=0.001}, 2.30 (95% CI 1.55–3.40, p<0.001) and 3.79 (95% CI 2.69– 
5.33, p<0.001), respectively. Other significant predictors for death 
were: old age (HR 2.38, 95% CI 1.77–3.20, p<0.001), male gender (HR 
1.62, 95% CI 1.22–2.14, p=0.001), lower EF (HR 3.76, 95% CI 2.41–
5.85, p<0.001), renal failure (HR 2.73, 95% CI 1.35–5.55, p=0.005), 
smoking (HR 1.55, 95% CI 1.18–2.05, p=0.002), ACS (HR 2.20, 95% 
CI 1.67–2.89, p<0.001), and low BMI (HR 0.59, 95% CI 0.44–0.78, p< 
0.001) . 

Kaplan-Meier curve analysis showed that Group IV had the high-
est probability of future mortality, followed by patients with either 
thick CIMT or carotid plaque alone as illustrated in Fig. 1A. This 
means that patients with carotid plaque and thick CIMT have the 
highest probability of future MACE. 

Multivariate analysis also showed that the HR of groups IV and III 
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were significantly higher (HR 2.08, 95% CI 1.40–3.09, p<0.001 and 
HR 1.58, 95% CI 1.03–2.42, p=0.035, respectively) than Group I for 
MACE. Other factors, such as old age (HR 1.90, 95% CI 1.34–2.68, 
p<0.001), male gender (HR 1.61, 95% CI 1.14–2.27, p=0.007), lower 
EF (HR 2.49, 95% CI 1.54–4.04, p<0.001), renal failure (HR 3.05, 95% 
CI 1.45–6.42, p=0.003), ACS (HR 1.68, 95% CI 1.25–2.28, p=0.001), 
and low BMI (HR 0.68, 95% CI 0.51–0.91, p=0.011) were also in-

dependent predictors for MACE.

Cardiac Mortality according to carotid intima-media thickness 
and carotid plaque  (Table 4)

Patients with either carotid plaque or thick CIMT had a higher 
mortality rate than those who did not have carotid plaque or had 
thin CIMT (17.1% vs. 5.4%, p<0.001; 14.7% vs. 6.1%, p<0.001, re-

Table 1. Baseline characteristics

All Group I Group II Group III Group IV p

N 1426 711 265 213 237

Age (years) 64.7±10.1 65.6±9.0 64.5±9.3 63.2±11.8 63.7±11.8 <0.001

Male, n (%) 781 (54.8) 381 (53.6) 157 (59.2) 115 (54.0) 128 (54.0) 0.448

Hypertension, n (%) 709 (49.7) 300 (42.2) 144 (54.3) 120 (56.3) 145 (61.2) <0.001

Diabetes, n (%) 342 (24.0) 143 (20.1) 73 (27.5) 54 (25.4) 72 (30.4) 0.004

Renal failure, n (%) 21 (1.5) 8 (1.1) 3 (1.1) 5 (2.3) 5 (2.1) 0.462

Smoker, n (%) 431 (30.2) 207 (29.1) 76 (28.7) 62 (29.1) 86 (36.3) 0.174

Hyperlipidemia, n (%) 703 (49.3) 320 (45.0) 146 (55.1) 101 (47.4) 136 (57.4) 0.002

Old MI, n (%) 92 (6.5) 35 (4.9) 17 (6.4) 17 (8.0) 23 (9.7) 0.052

ACS 390 (27.3) 171 (24.1) 67 (25.3) 74 (34.7) 78 (32.9) 0.003

Multivessel disease, n (%) 407 (28.5) 119 (16.7) 78 (29.4) 90 (42.3) 120 (50.6) 0.001

CIMT (mm) 0.805±0.181 0.691±0.087 0.965±0.125 0.732±0.082 1.033±0.164 <0.001

BMI (kg/m2) 24.8±3.4 24.9±3.5 25.5±3.0 24.0±3.3 24.1±3.3 <0.001

Ejection fraction (%) 64.7±10.1 65.6±9.0 64.5±9.3 63.2±11.8 63.7±11.8 0.006

TC (mg/dL) 186.9±43.2 186.8±40.9 187.4±39.2 184.4±52.7 188.7±45.0 0.763

TG (mg/dL) 176.6±119.5 180.7±127.8 181.6±112.6 171.2±116.4 162.8±101.7 0.198

HDL-C (mg/dL) 42.7±10.7 43.6±10.8 41.7±10.1 42.2±10.3 41.7±11.6 0.023

LDL-C (mg/dL) 114.1±34.8 114.4±33.5 113.1±32.5 111.3±37.3 116.9±38.7 0.410

hs-CRP (mg/dL) 0.24±0.30 0.22±0.29 0.27±0.31 0.25±0.30 0.27±0.32 0.079

Creatinine (mg/dL) 1.01±0.70 0.98±0.65 0.99±0.35 1.09±0.86 1.07±0.92 0.110

Therapy <0.001

Stenting, n (%) 558 (39.1) 211 (29.7) 108 (40.8) 117 (54.9) 122 (51.5)

Ballooning, n (%) 18 (1.3) 10 (1.4) 3 (1.1) 1 (0.5) 4 (1.7)

CABG, n (%) 9 (0.6) 0 (0) 0 (0) 6 (2.8) 3 (1.3)

Medication, n (%) 841 (59.0) 490 (68.9) 154 (58.1) 89 (41.8) 108 (45.6)

Values are mean±SD. Group I: thin CIMT without carotid plaque, Group II: thick CIMT without carotid plaque, Group III: thin CIMT with carotid plaque, 
Group IV: thick CIMT with carotid plaque. Thick CIMT: defined as >0.830. CIMT: carotid intima-media thickness, MI: myocardial infarction, ACS: acute coro-
nary syndrome, BMI: body mass index, FBS: fasting blood sugar, TG: triglyceride, HDL-C: high density lipoprotein-cholesterol, LDL-C: low density lipopro-
tein-cholesterol, hs-CRP: high sensitivity C-reactive protein, CABG: coronary artery bypass graft  

Table 2. Clinical outcomes by group

Group I Group II Group III Group IV p

Death, n (%) 28 (3.9) 25 (9.4) 28 (13.1) 49 (20.7) <0.001

AMI, n (%) 20 (2.8) 5 (1.9) 4 (1.9) 10 (4.2) 0.350

Stroke, n (%) 22 (3.1) 14 (5.3) 10 (4.7) 18 (7.6) 0.030

MACE, n (%) 66 (9.3) 40 (15.1) 40 (18.8) 66 (27.8) <0.001

Group I: thin CIMT without carotid plaque, Group II: thick CIMT without carotid plaque, Group III: thin CIMT with carotid plaque, Group IV: thick CIMT with 
carotid plaque. CIMT: carotid intima-media thickness, AMI: acute myocardial infarction, MACE: major adverse cardiovascular events
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spectively). Mortality was highest in Group IV, followed by Group 
III, Group II, and Group I (Group I: 3.9%, Group II: 9.4%, Group III: 
13.1%, Group IV: 20.7%, p<0.001) (Table 2). Groups III and IV, who 
had carotid plaque, showed higher mortality rates than Groups I and 
II, who had no carotid plaque, regardless of CIMT. Univariate analy-
sis showed that the HR of Group IV was highest (HR 5.31, 95% CI 
3.33–8.45, p<0.001), followed by Group III (HR 3.43, 95% CI 2.03–
5.80, p<0.001) and Group II (HR 2.27, 95% CI 1.32–3.90, p=0.003). 
The HR of carotid plaque was higher than those with thick CIMT 
(3.25, p<0.001 vs. 2.36, p<0.001, respectively). Other significant pre-
dictors for death were old age (HR 4.64, 95% CI 2.93–7.34, p<0.001), 
male gender (HR 1.43, 95% CI 1.00–2.04, p=0.05), lower EF (HR 5.94, 
95% CI 3.65–9.67, p<0.001), renal failure (HR 5.13, 95% CI 2.51–
10.49, p<0.001), DM (HR 1.80, 95% CI 1.26–2.58, p=0.001), and low 
BMI (HR 0.58, 95% CI 0.40–0.84, p=0.003). 

The Kaplan-Meier curve analysis showed Group IV had the highest 
probability of future mortality, followed by patients with either thick 
CIMT or carotid plaque alone as illustrated in Fig. 1B and C shows 
the risks adjusted in Kaplan-Meier incidence curves, which demon-
strate that the group with thick CIMT and existing carotid plaque had 
the highest mortality risk. 

Multivariate analysis showed that Groups IV (HR 2.23, 95% CI 
1.33–3.76, p=0.003), III (HR 2.01, 95% CI 1.45–3.52, p=0.015), and II 
(HR 1.81, 95% CI 1.02–3.21, p=0.042) all had significant higher HRs 
than Group I. The HR of carotid plaque was higher than those with 
thick CIMT (1.56, p=0.030 vs. 1.37, p=0.108). Other significant pre-
dictors for mortality by multivariate analysis were old age (HR 4.24, 

95% CI: 2.51–7.15, p<0.001), male gender (HR 1.75, 95% CI 1.14–2.71, 
p=0.011), lower EF (HR 4.07, 95% CI 2.38–6.97, p<0.001), and renal 
failure (HR 6.01, 95% CI 2.74–13.17, p=0.003).

Stroke risk according to carotid intima-media thickness  and 
carotid plaque (Table 5)

Patients with either carotid plaque or thick CIMT had higher stroke 
rates than those who did not have a carotid plaque or had thin CIMT 
(6.2% vs. 3.7%, p=0.032, 6.4% vs. 3.5%, p=0.011). The stroke rate was 
highest in Group IV (Group I: 3.19%, Group II: 5.3%, Group III: 4.7%, 
Group IV: 7.6%, p=0.030) (Table 2). 

Univariate analysis showed that Group IV was a significant pre-
dictor (HR 2.70, 95% CI 1.45–5.05, p=0.002) for stroke. Old age (HR 
2.21, 95% CI 1.30–3.76, p=0.003), HTN (HR 1.97, 95% CI 1.18–3.31, 
p=0.010), and ACS (HR 1.94, 95% CI 1.17–3.21, p=0.010) were also 
significant predictors for stroke. Kaplan-Meier curve analysis showed 
patients presenting with both thick CIMT and carotid plaque had 
the highest probability of future stroke, followed by patients with ei-
ther thick CIMT or carotid plaque alone as illustrated in the Kaplan-
Meier analysis shown in Fig. 1E.

However, multivariate analysis showed that there was no signifi-
cant predictor for stroke among the parameters of carotid ultraso-
und findings. Thick CIMT with existing carotid plaque had the high-
est HR, but this result did not have statistical significance (Group 
II: HR 1.16, 95% CI 0.54–2.49, p=0.704, Group III: HR 1.15, 95% CI 
0.51–2.60, p=0.738, Group IV: 1.61, 95% CI 0.79–3.30, p=0.190). The 
other significant predictor for stroke by multivariate analysis was 

Table 3. Predictors for major adverse cardiovascular events by Cox regression analysis

Variable
Univariate analysis Multivariate analysis

HR 95% CI p HR 95% CI p

Old age (≥60 years) 2.38 1.77–3.20 <0.001 1.90 1.34–2.68 <0.001

Male gender 1.62 1.22–2.14 0.001 1.61 1.14–2.27 0.007

EF ≤50% 3.76 2.41–5.85 <0.001 2.49 1.54–4.04 <0.001

Renal failure 2.73 1.35–5.55 0.005 3.05 1.45–6.42 0.003

Hypertension 1.40 1.07–1.84 0.014 1.34 0.99–1.81 0.062

Diabetes mellitus 1.30 0.97–1.75 0.083 1.16 0.84–1.60 0.359

Dyslipidemia 1.25 0.95–1.63 0.110 1.31 0.98–1.76 0.069

Smoking 1.55 1.18–2.05 0.002 1.32 0.94–1.85 0.109

ACS 2.20 1.67–2.89 <0.001 1.68 1.25–2.28 0.001

High BMI 0.59 0.44–0.78 <0.001 0.68 0.51–0.91 0.011

Thin CIMT & Plaque (-) Reference Reference Reference Reference Reference Reference

Thick CIMT & Plaque (-) 1.69 1.14–2.51 0.009 1.40 0.91–2.14 0.124

Thin CIMT & Plaque (+) 2.30 1.55–3.40 <0.001 1.58 1.03–2.42 0.035

Thick CIMT & Plaque (+) 3.79 2.69–5.33 <0.001 2.08 1.40–3.09 <0.001

Thick CIMT: defined as >0.830. HR: hazard ratio, CI: confidence interval, EF: ejection fraction, ACS: acute coronary syndrome, CIMT: carotid intima-media 
thickness
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HTN (HR 2.37, 95% CI 1.30–4.31, p=0.005).

Acute myocardial infarction risk according to carotid  
intima-media thickness  and carotid plaque

There was no significant difference for incidence of AMI according 
to the carotid plaque or CIMT (Table 2). Kaplan-Meier curve analysis 
also showed that there were no significant differences in the cumu-
lated AMI rate between the four groups (Fig. 1D). 

Discussion

The major finding of our study was that both CIMT and carotid 
plaque were important predictors for death and MACE, even after 
adjustment for cardiovascular risk factors, especially in patients with 
CAD. Secondly, carotid plaque had a higher HR than CIMT in this 

study group. This means that the presence of carotid plaque has more 
powerful prognostic significance than CIMT in this study group. 

This result was in accordance with our previous study14) which 
evaluated the importance of carotid plaque only in CAD patients. 
But, the present study evaluated the significance of CIMT and carot-
id plaque’s prognostic impact on MACE in the patient population. 
As a result, we examined CIMT in addition to the carotid plaque and 
divided our subjects into four groups. Ultimately, we found that 
thick CIMT with simultaneously existing carotid plaque was the most 
powerful independent predictor of mortality and MACE. 

There are several cardiovascular risk stratification models: the 
Framingham risk score, the Systematic COronary Risk Evaluation 
project, and the Prospective Cardiovascular Munster Study that serve 
as useful methods for predicting the risk of future CAD.20-22) Battes 
et al.23) reported that old age, smoking, DM, cholesterol, BMI, old 
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Fig. 1. Kaplan-Meier survival curve (A, B, D, and E) and risk-adjusted Kaplan-Meier curve (C) after stratifying subjects into 4 groups according to CIMT and 
presence of carotid plaque during long-term follow-up. A and B: major adverse cardiovascular event (MACE) and death rate were significantly higher in 
patients with carotid plaque than those without carotid plaque and higher in those with thick CIMT than in those in the thin CIMT group. C: mortality risk 
was also highest in the thick CIMT with carotid plaque group followed by those with carotid plaque and thin CIMT, those without carotid plaque and thick 
CIMT, and those without carotid plaques and thin CIMT in risk-adjusted Kaplan-Meier curve analysis. D: acute myocardial infarction (AMI) rate showed no 
significant difference between the 4 groups. E: stroke rate was significantly higher in patients with thick CIMT and carotid plaque compared to those with 
thin CIMT and without carotid plaque. CIMT: carotid intima-media thickness.
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MI, heart failure, peripheral disease, revascularization, and previous 
stroke were independent predictors for mortality according to the 
cardiovascular risk assessment model in patients with established 
CAD. However, risk factor models for patients with known CAD are 
not well established.

Carotid ultrasound is the simplest, non-invasive imaging test and 
has been widely used as a surrogate marker of atherosclerotic dis-
ease1) and for established surrogate markers for CAD and MACE as 

well.8) Carotid ultrasound is also recommended for, and is used in, 
the screening test for CAD.24) However, measurement of the area or 
volume of plaque is generally considered to be a better predictor for 
the processing of atherosclerotic disease than CIMT.25) Furthermore, 
other studies demonstrated that carotid plaque, rather than CIMT, is 
a more accurate predictor of coronary events and is more closely 
related to CAD.7)11)26) The ARIC study reported that adding carotid 
plaque and CIMT to the traditional risk factors improved CAD risk 

Table 4. Predictors for death by Cox regression analysis

Variable
Univariate analysis Multivariate analysis

HR 95% CI p HR 95% CI p

Old age (≥60 years) 4.64 2.93–7.34 <0.001 4.24 2.51–7.15 <0.001

Male gender 1.43 1.00–2.04 0.050 1.75 1.14–2.71 0.011

EF ≤50% 5.94 3.65–9.67 <0.001 4.07 2.38–6.97 <0.001

Renal failure 5.13 2.51–10.49 <0.001 6.01 2.74–13.17 <0.001

Hypertension 1.29 0.91–1.82 0.152 1.16 0.76–1.79 0.494

Diabetes mellitus 1.80 1.26–2.58 0.001 1.44 0.97–2.16 0.073

Dyslipidemia 0.93 0.66–1.31 0.668 1.04 0.71–1.52 0.850

Smoking 1.32 0.92–1.89 0.130 1.16 0.76–1.79 0.494

ACS 1.44 1.00–2.06 0.049 1.29 0.87–1.91 0.202

High BMI 0.58 0.40–0.84 0.003 0.74 0.51–1.09 0.131

Thin CIMT & Plaque (-) Reference Reference Reference Reference Reference Reference

Thick CIMT & Plaque (-) 2.27 1.32–3.90 0.003 1.81 1.02–3.21 0.042

Thin CIMT & Plaque (+) 3.43 2.03–5.80 <0.001 2.01 1.15–3.52 0.015

Thick CIMT & Plaque (+) 5.31 3.33–8.45 <0.001 2.23 1.33–3.76 0.003

Thick CIMT: defined as >0.830. HR: hazard ratio, CI: confidence interval, EF: ejection fraction, ACS: acute coronary syndrome, BMI: body mass index, CIMT: 
carotid intima-media thickness

Table 5. Predictors for stroke by Cox regression analysis

Variable
Univariate analysis Multivariate analysis

HR 95% CI p HR 95% CI p

Old age (≥60 years) 2.21 1.30–3.76 0.003 1.83 0.99–3.38 0.056

Male gender 1.29 0.78–2.14 0.316 1.22 0.65–2.28 0.530

EF ≤50% 0.65 0.09–4.73 0.673 0.75 0.10–5.51 0.773

Renal failure 1.39 0.19–10.01 0.746 1.75 0.24–13.02 0.583

Hypertension 1.97 1.18–3.31 0.010 2.37 1.30–4.31 0.005

Diabetes mellitus 0.70 0.37–1.35 0.290 0.60 0.30–1.20 0.149

Dyslipidemia 1.06 0.64–1.73 0.829 1.12 0.65–1.93 0.676

Smoking 1.43 0.86–2.38 0.164 1.66 0.88–3.13 0.115

ACS 1.94 1.17–3.21 0.010 1.55 0.88–2.72 0.128

High BMI 0.77 0.45–1.31 0.334 0.79 0.46–1.38 0.410

Thin CIMT & Plaque (-) Reference Reference Reference Reference Reference Reference

Thick CIMT & Plaque (-) 1.73 0.88–3.38 0.110 1.16 0.54–2.49 0.704

Thin CIMT & Plaque (+) 1.65 0.78–3.50 0.187 1.15 0.51–2.60 0.738

Thick CIMT & Plaque (+) 2.70 1.45–5.05 0.002 1.61 0.79–3.30 0.190

Thick CIMT: defined as >0.830. HR: hazard ratio, CI: confidence interval, EF: ejection fraction, ACS: acute coronary syndrome, BMI: body mass index, CIMT: 
carotid intima-media thickness
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prediction. However, the study population’s heart disease was not 
confirmed by CAG.12) 

Several studies revealed that carotid plaque and CIMT were also 
independent predictors of death and MI in patients with CAD.13)27)28) 
Our previous study also shown that carotid plaque is a more impor-
tant predictor for MACE and mortality than CIMT in patients with 
CAD.14) The present study suggests that the presence of carotid 
plaque with thick CIMT was the most powerful predictor for mortal-
ity and MACE in patients with CAD; and coronary atherosclerosis 
was confirmed via CAG. 

Carotid plaque and CIMT are well established independent pre-
dictors of stroke, and carotid plaque is known to be a more accurate 
surrogate than CIMT.29)30) In our study, carotid plaque or thick CIMT 
had higher incidence and prediction rates of stroke, but this was not 
statistically significant after being adjusted in multivariate analysis. 
Our study result with regards to stroke was different with the pre-
vious studies. This different result was possibly due to our study sub-
jects, who had CAD confirmed by CAG, which was different to those 
of previous studies.29)30)

Although current guidelines do not recommend carotid ultraso-
nography in patients already diagnosed with CAD, our study results 
show the importance of the carotid scan. There was a higher MACE 
rate in patients with thick CIMT or those with carotid plaque than 
those with thin CIMT and/or without carotid plaque. Those patients 
who suffer from CAD require active efforts for secondary prevention 
if increased CIMT or carotid plaque has been discovered. According 
to our previous study, the presence of carotid plaque in patients 
with CAD was related with an increased cardiogenic mortality rate.14) 
However, most studies consistently reported the effects of carotid 
ultrasonographic results on MACE, especially in patients with HTN, 
DM, and old age, rather than in patients with CAD. Thus, current 
guidelines recommend the use of carotid ultrasonography only for 
the primary prevention of CAD, discouraging its use for patients 
without risk factors or those who already have confirmed CAD. In 
addition, follow-up carotid ultrasonography is not recommended 
and is considered a contraindication. 

For patients who have the risk factors, carotid ultrasound can be 
utilized to assess the risk of cardiovascular adverse events along 
with coronary arterial calcium score, and further treatment steps, 
such as lipid lowering therapy or noninvasive cardiovascular tests, 
can be chosen depending on its results.

For patients without the risk factors, carotid ultrasonography may 
not be a useful examination method in real clinical conditions. How-
ever, for those patients already diagnosed with CAD, although ca-
rotid ultrasonographic results may not influence the treatment of 
the diseases itself, the results have shown to have a significant in-
fluence on the prognosis of these patients and have the potential to 

become a clinically significant means of examination.
In our study, there were other factors in addition to the carotid 

ultrasonographic results that influenced cardiovascular incidents, 
including a history of MI, poly-vascular diseases, ACS, and left ven-
tricular dysfunction, but this result was in accordance with that of 
previous studies.

Another interesting consequence that we discovered was regard-
ing the different prevalence rates of HTN and DM in each group. That 
is, HTN and DM were more prevalent with the presence of carotid 
plaque or increased CIMT and among these two factors, the pres-
ence of carotid plaque was associated with higher prevalence with 
HTN and DM. Both HTN and DM have previously been reported to 
have relationships with carotid ultrasonography, and the presence 
of each disease was reported to be more prevalent with thickened 
CIMT and existing carotid plaque.14) However, the fact that CIMT 
plays a role in the prevalence rate of such diseases is an interesting 
fact. Obviously, the duration of the disease or its severity will affect 
the difference, but was shown that the probability of HTN and DM 
increases with thickened CIMT and, especially, with the presence of 
carotid plaque.

Clinical Implications
Our study suggests that carotid plaque has more important prog-

nostic power than CIMT in prognosis, especially in patients with 
CAD, although those two factors were significant prognostic predic-
tors. Additionally, carotid scanning may be an important tool for 
secondary prevention purpose. 

Study limitations
Our study had several limitations. The major limitation is that this 

study was single center registry cohort study. Although we per-
formed adjustment analysis, unmeasured hidden biases may have 
remained. Secondly, we could not evaluate the impact of medical 
intervention on long-term clinical outcomes. Third, this study en-
rolled patients from 2000 to 2007 and defined carotid plaque as 
irregularly thickened part with 1.2 mm or thicker, but recently its 
definition has been altered to include a thickened part with 1.5 
mm or thick or 50% thicker than its surroundings, and thus will re-
quire additional analysis. Fourth, initially we tried to seek cardiac 
death as a MACE, excluding the patients who died from infection 
and malignancy, but the death status in some patients was derived 
from the National Statistics Office without information for cause of 
death. Therefore, there is some chance of non-cardiac death in the 
cardiac death group. Finally, recent studies suggest that the mor-
phologic abnormalities of carotid plaques, such as irregular sur-
face, ulceration of the plaque, and hypoechoic characteristics are 
related to the rise in cardiovascular incidences. In this study, we fo-
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cused primarily on the risk assessment of carotid plaque and intima-
media thickness on cardiovascular incidence rather than their mor-
phology.

However, merits of this study include that large number of sam-
ples, prospective data collection, and confirmation of death via the 
National Statistical Office.
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