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Objectives : The aim of this study was to investigate the
association of blood pressure levels with the common
carotid artery intima-media thickness (CCA-IMT) and
carotid plaques. 

Methods : Data were obtained from 2,635 subjects, aged
50 years and over, who participated in the Community
Health Survey (a population-based, cross-sectional study)
in Dong-gu, Gwangju city between 2007 and 2008.
Participants were categorized into three groups according
to blood pressure levels; normotensives (<120/80 mmHg),
prehypertensives (120-139/80-89 mmHg), and hyperten-
sives ( 140/90 mmHg). Prehypertensives were further
categorized as low prehypertensives (120-129/80-84
mmHg) and high prehypertensives (130-139/85-89 mmHg).
Carotid intima-media thickness and plaques were evaluated
with a high-resolution B-mode ultrasound. Statistical
analyses were performed using chi-square test, ANOVA,
and multiple logistic regression.

Results : Prehypertensives had significantly greater
maximal CCA-IMT values than normotensives, with a
multivariate adjusted odds ratio of 1.78 (95% CI=1.36-2.32)
for abnormal CCA-IMT (maximal CCA-IMT 1.0 mm), and

1.45 (95% CI=1.19-1.77) for carotid plaques. The
multivariate adjusted odds ratio of low prehypertensives
was 1.64 (95% CI=1.21-2.21) for abnormal CCA-IMT, and
1.30 (95% CI=1.04-1.63) for carotid plaques compared with
normotensives. Subject with hypertension had higher
frequency of abnormal CCA-IMT (odds ratio, 2.18; 95% CI=
1.49-3.18), and carotid plaques (odds ratio, 1.98; 95% CI=
1.46-2.67) compared with normotensives after adjustment
for other cardiovascular risk factors.

Conclusions : Our results indicate that there is a
significant increase in the prevalence of  carotid
atherosclerosis in subjects with prehypertension (even in
low prehypertensives) compared with normotensive
subjects. Further studies are required to confirm the
benefits and role of carotid ultrasonography in persons with
prehypertension.
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Table 1. Characteristics of the participants according to the blood pressure classification

Blood pressure classification
p-value for 
difference*

p-value for 
trends*Normotension

(N=1,424)
Prehypertension

(N=949)
Hypertension

(N=262)

Age, years
Women, n (%)
Body mass index, kg/m
Waist circumference, cm
Systolic blood pressure, mmHg
Diastolic blood pressure, mmHg
Total cholesterol, mg/dL
HDL cholesterol, mg/dL
Triglycerides, mg/dL
Fasting glucose, mg/dL
Current smoker, n (%)
Alcohol intake (>1 drink/day), n (%)
Regular exercise, n (%)
Diabetes mellitus, n (%)

062.9 8.0
948 (66.6)
023.7 2.8
088.1 8.1
107.1 8.2
066.5 6.4
190.1 1.2
050.7 1.3
110.1 1.7
101.9 1.2
148 (10.4)
142 (10.0)
393 (27.6)
161 (11.4)

65.5 7.8
591 (62.3)

024.1 2.9
089.5 8.2
127.0 6.0
075.0 7.3
195.2 1.2
050.7 1.3
123.4 1.7
104.1 1.2
109 (11.5)
138 (14.5)
254 (26.8)
129 (13.7)

66.1 8.4
145 (55.3)

024.2 2.8
089.9 8.0
147.3 11.5
084.1 11.0
199.1 1.2
050.8 1.3
135.9 1.9
107.7 1.2
030 (11.5)
053 (20.2)
066 (25.2)
042 (16.3)

<0.001
0.001

<0.001
<0.001
<0.001
<0.001
<0.001

0.867
<0.001
<0.001

0.672
<0.001

0.700
0.050

<0.001
<0.001

0.004
0.001

<0.001
<0.001
<0.001

0.628
<0.001
<0.001

0.422
<0.001

0.409
0.015

Unless otherwise indicated, values are mean standard deviation.
HDL, high-density lipoprotein. 
*  p-value by ANOVA or x test as appropriate.

Geometric mean standard deviation.
Comparison between normotension and prehypertension: p<0.001, p<0.01, p<0.05
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Table 2. Carotid intima-media thickness (mm) according to the blood pressure classification

Normotension
(N=1,424)

Prehypertension (N=949)

Low prehypertension
(n=619)

High prehypertension
(n=330) 

Hypertension
(N=262)

Left Bulb*

Right Bulb*

Left CCA*

Right CCA*

Maximal CCA*

0.831 0.168

0.843 0.167

0.698 0.146

0.704 0.146

0.746 0.153

0.881 0.194 

0.886 0.175 

0.762 0.175 

0.760 0.156 

0.816 0.176 

0.881 0.190

0.891 0.179

0.764 0.175

0.765 0.165

0.821 0.179

0.880 0.184

0.901 0.186

0.768 0.175

0.772 0.182

0.830 0.186

0.913 0.183

0.901 0.183

0.784 0.172

0.798 0.182

0.851 0.190

Values are mean standard deviation (mm).
CCA: common carotid artery.
Linear trend of normotension, prehypertension, and hypertension: *p<0.001.
Linear trend of normotension, low prehypertension, high prehypertension, and hypertension: p<0.001.
Comparison between normotension and prehypertension: p<0.001.
Comparison between normotension and low prehypertension: p<0.001.
Comparison between prehypertension and hypertension: p<0.05, p<0.01.

Table 3. Prevalence of the abnormal CCA-IMT (maximal CCA-IMT 1.0 mm) and carotid plaques
according to the blood pressure classification

Normotension
(N=1,424)

Prehypertension (N=949)

Low prehypertension
(n=619)

High prehypertension
(n=330) 

Hypertension
(N=262)

Abnormal CCA-IMT*

Carotid plaques*

119 (8.4)

312 (21.9)

096 (15.5) 

184 (29.7) 

158 (16.6)

304 (32.0)

062 (18.8)

120 (36.4)

054 (20.6)

109 (41.6)

Values are n (%) and compared using x test.
CCA: common carotid artery, IMT: intima-media thickness.
Linear trend of normotension, prehypertension, and hypertension: * p<0.001.
Linear trend of normotension, low prehypertension, high prehypertension, and hypertension: p<0.001.
Comparison between normotension and prehypertension: p<0.001. 
Comparison between normotension and low prehypertension:  p<0.001.
Comparison between low prehypertension and high prehypertension: p<0.05.
Comparison between prehypertension and hypertension: p<0.01.
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CI=1.36-2.32)

. 
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Table 4. Relationship between blood pressure levels and abnormal CCA-IMT (maximal CCA-IMT 
1.0 mm), carotid plaques

Model 1*

OR (95% CI)
Model 2

OR (95% CI)
Model 3

OR (95% CI)

Abnormal CCA-IMT
Normotension
Prehypertension

Low prehypertension
High prehypertension

Hypertension
Carotid plaques

Normotension
Prehypertension

Low prehypertension
High prehypertension

Hypertension

1.00
2.19 (1.70-2.82)
2.01 (1.51-2.68)
2.54 (1.82-3.54)
2.85 (2.00-4.05)

1.00
1.68 (1.40-2.02)
1.51 (1.22-1.87)
2.04 (1.58-2.63)
2.54 (1.93-3.35)

1.00
1.85 (1.42-2.40)
1.72 (1.28-2.31)
2.09 (1.48-2.95)
2.24 (1.55-3.23)

1.00
1.49 (1.22-1.81)
1.33 (1.07-1.67)
1.80 (1.38-2.36)
2.11 (1.58-2.82)

1.00
1.78 (1.36-2.32)
1.64 (1.21-2.21)
2.05 (1.44-2.93)
2.18 (1.49-3.18)

1.00
1.45 (1.19-1.77)
1.30 (1.04-1.63)
1.78 (1.35-2.35)
1.98 (1.46-2.67)

OR: odds ratio, CI: confidence interval, CCA: common carotid artery, IMT: intima-media thickness.
* Model 1: Unadjusted, Model 2: Adjusted for age and sex.

Model 3: Adjusted for age, sex, body mass index, waist circumference, smoking, alcohol consumption, physical activity,
total cholesterol (log-transformed), triglycerides (log-transformed), HDL cholesterol (log-transformed), and fasting glucose
(log-transformed).
Linear trend of normotension, prehypertension, and hypertension:  p<0.001.
Linear trend of normotension, low prehypertension, high prehypertension, and hypertension: p<0.001.
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