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Abstract. There is very little data regarding the factors related to intima-media thickness (IMT)
of the common carotid artery in normal individuals in those with non-insulin diabetes mellitus
and perimenopausal women in Southeast Asian countries. Ultrasound imaging evaluating the
carotid artery IMT in those with diabetes and those on hormone replacement therapy (HRT)
was performed beginning in August 2000 for a period of nearly two years at the Department of
Radiology, Hospital Universiti Sains Malaysia, Kubang Kerian, Kelantan, Malaysia. A total of
153 participants were included. Significant differences between the women on HRT and not
on HRT were IMT and systolic blood pressure. When comparing those with non-insulin depen-
dent diabetes mellitus (NIDDM) and normal individuals, the significant differences were IMT,
total cholesterol level, systolic blood pressure and diastolic blood pressure. IMT was high in
those with NIDDM but not in those on HRT. Both those with NIDDM and those on HRT had
associated dyslipidemia and systolic hypertension.

INTRODUCTION

In Southeast Asia where large artery dis-
ease causing strokes is not as common as in
Western countries, studies concerning this
pathology are scarce. Most studies are quoted
from Western literature where common carotid
disease is more common than small artery
disease.

A recent study in Malaysia on IMT in fa-
milial and non-familial hypercholesterolemia
and its correlation to obesity was significantly
associated with patients with abnormal body
mass indexes and waist-hip ratios (Nafikudin
et al, 2003). No Southeast Asian study has
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dealt with an association between patients
with diabetes mellitus or on hormone replace-
ment therapy and IMT. The current study com-
pared patients with non-insulin dependent dia-
betes mellitus and perimenopausal women
with or without hormone replacement therapy
(HRT) to normal individuals with regard to ca-
rotid artery disease in a rural setting.

PATIENTS AND METHODS

A cross-sectional study was conducted
between August 2000 and May 2002 at the
Department of Radiology, Hospital Universiti
Sains Malaysia, Kubang Kerian, Kelantan,
Malaysia, which is the only university hospital
located in a rural community based setting in
Malaysia.

Normal individuals, patients with non-in-
sulin diabetes mellitus, perimenopausal
women with and without hormone replace-
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ment therapy were included in the study.

Normal individuals were randomly selected
from those who went to the radiology depart-
ment for any radiological examination. Patients
from the NIDDM group were recruited from those
who were referred for any ultrasound examina-
tion. Perimenopausal women were recruited
from those treated at the Menopause Clinic,
Department of Obstetrics and Gynecology, Hos-
pital Universiti Sains Malaysia.

Inclusion criteria for the normal group
were those who had no major risk factors for
atherosclerosis, including hypertension, dia-
betes mellitus, obesity, smoking or abnormal
lipid levels.

Inclusion criteria for the NIDDM group
were those with NIDDM who consented for
carotid ultrasound examination.

Inclusion criteria for perimenopausal
women were those with a normal blood pres-
sure, random blood sugar, plasma lipids, a non-
smoker and a normal serum estradiol level.
They also consented to a carotid ultrasound
examination. The patients on hormonal replace-
ment therapy had to comply with treatment.

Exclusion criteria for the normal and
NIDDM groups were those with a history of
hypertension or smoking, obese patients, an
abnormal blood pressure or abnormal lipid lev-
els (dyslipidemia), preexisting vascular disease
(eg vasculitis, connective tissue disease or
Takayasu’s disease), those who had under-
gone neck surgery, had previous radiotherapy
of the head and neck region, a carotid endar-
terectomy or those with a history of cardio-
vascular or cerebrovascular disease prior to
the study.

Exclusion criteria for perimenopausal
women were those who had neck surgery, ra-
diotherapy of the head and neck or carotid
endarterectomy and those who had cardiovas-
cular or cerebrovascular disease prior to study.
The Research and Ethics Committee of the
School of Medical Sciences, Universiti Sains
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Malaysia gave ethical approval for this study.

Validity of the measurement tool

A validation study was carried out before
proceeding to the actual study to evaluate the
intimal thickness by different radiologists. In-
ter and intraobserver variation was evaluated.
The validation study was conducted by the
Department of Radiology, Hospital Universiti
Sains Malaysia, Kubang Kerian (HUSMKK).
The study subjects were volunteers randomly
selected from workers. Forty subjects were
included in the study, and measurements of
intimal thickness of the common carotid ar-
tery (right and left) were done. All the subjects
were free of major risk factors for atheroscle-
rosis, such as hypertension, dyslipidemia, dia-
betes mellitus, smoking and obesity. They
were also free of complications of atheroscle-
rosis. Informed consent was then obtained.
Each subject was examined twice, with one
week between each exam. Each observer
examined twenty subjects consecutively while
alone with the patient in the scanning room.
The observers were blinded to the other mea-
surements. The observers involved were two
radiologists and two trainee masters candi-
dates in radiology who underwent training to
become familiar with the technique. This vali-
dation was done to ensure that the technique
used was acceptable, consistent and repro-
ducible.

Method of examination

The common carotid ultrasound was car-
ried out using an ATL Philips 3500, with a high
frequency 5-12 MHz linear array transducer.
The power output, focus, depth of measure-
ment and gain were standardized by employ-
ing the preset program incorporated in the
software package of the ultrasound equip-
ment. The subjects were examined in a su-
pine position with the neck extended. The
probe was in the anterolateral position to the
subject whose neck was extended. Prior to
examination, the patients were allowed to rest
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for at least 10 minutes so as to give full coop-
eration and reduce anxiety.

All measurements of intima-media thick-
ness were made in the longitudinal plane at
the point of maximum thickness on the far wall
of the common carotid artery. The measure-
ment was taken at a point about 1 cm proxi-
mal to the carotid bulb. The position of the
carotid bulb is where the far wall deviated away
from the parallel plane of the distal common
carotid artery (Pujia et al, 1994).

The IMT was defined as the distance be-
tween the inner echogenic line representing
the intima-blood interface and the outer
echogenic line representing the adventitia-
media junction. After freezing the image, the
measurement was made with electronic cali-
pers. Magnification of the ultrasound image
was used to improve accuracy of placement
of the calipers. Measurements were repeated
three times, unfreezing the image on each
occasion and relocating the position of maxi-
mal intima-media thickness. The mean of the
three measurements was used for the IMT. The
right and left common carotid arteries of each
subject were analyzed separately. The ob-
server was blinded to the use of hormone re-
placement therapy by the subjects.

The image orientation was in keeping with
universally accepted conventions, longitudinal
images were oriented with the subject’s head
on the left. The transverse images were ori-
ented as if viewed from the subject’s feet,
hence the subject’s right appears on the left
side of the image. The subjects had a fasting
lipid profile and fasting blood glucose before
measurement of common carotid IMT.

The definitions of body mass index (BMI),
plaque, presence of wall thickness defined as
a measurement of more than 2 mm, hyper-
tension, dyslipidemia, diabetes mellitus, pre-
menopausal, postmenopausal and HRT fol-
lowed the standard definations in the litera-
ture (Bush et al,1987; Prati et al, 1992; Pujia
et al, 1994; Nabulsi et al,1996; Bonora et al,
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1997; Stensland-Bugge et al, 1997; Baron et
al, 1998; Mast et al, 1998; Westerndorp et al,
1999; Deurenberg-Yap et al, 2000; Glinsberg
and Tuck, 2001; Mihmanli et al, 2002;
Takahashi et al, 2004). The duration of hor-
mone replacement therapy was for at least one
year prior to the study.

A total of 161 candidates were recruited
for the study. Eight candidates were excluded
from the study due to a history of cardiovascu-
lar disease 5 and 3 were excluded due to a
prior cerebrovascular accident. The remaining
candidates (153) were then divided into 4
groups. The first group consisted of perimeno-
pausal women who were not on HRT (non-HRT
group) (n=50). The second group consisted of
perimenopausal women who were on HRT
(HRT group) (n=50). The third group consisted
of patients with NIDDM (n=27) and the last
group consisted of normal individuals (n=26).

Blood pressure, body weight and height
were recorded on the day of examination.
Clinical data for each subject was reviewed
from their record. They had to have a fasting
lipid profile and blood glucose prior to mea-
suring common carotid IMT.

Statistical analysis

Statistical analysis was carried out, us-
ing the Statistical Package for Social Science
version 11.0.

The coefficient of variation was calculated
according to the formula CV% = (e/x)100,
where e is the mean of the absolute value of
the difference between the observations of the
2 groups and x is the pooled mean value. The
CV represents the interobserver error. The CV
was 6.19% for the radiologists and 6.53% for
the trainees.

RESULTS

Age was significantly different between the
HRT and non-HRT groups (t=3.02, p=0.003).
IMT of the common carotid artery was signifi-
cantly different between the patients with
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NIDDM and normal individuals (t=6.40, p<0.001)
and between the HRT and non-HRT groups
(t=29.27, p<0.001). The total cholesterol levels
were significantly different between those with
NIDDM and normal individuals (t=4.62,
p<0.001). The systolic blood pressure was sig-
nificantly different between those with NIDDM
and normal individuals (t=3.91, p<0.001) and
between the HRT and non-HRT groups (t=4.11,
p<0.001). The diastolic blood pressure was sig-
nificantly different between those with NIDDM
and normal individuals (t=4.12, p<0.001). There

were no other significantly different variables
amongst the groups (Table 1).

DISCUSSION

The mean IMT value for the NIDDM group
was 0.75 mm (0.45-0.9 mm). In the HRT
group, the mean IMT values for the right and
left carotid arteries were 0.69 mm and 0.69
mm, respectively. The non HRT group had
mean values of 0.80 mm and 0.86 mm for the
right and left common carotid arteries, respec-
tively. The mean IMT value for the common

Table 1
Comparison of parameters in those with NIDDM, without NIDDM, those on HRT and not on HRT.

Parameters and groups n Mean (SD) t Statistic p-value

Age
NIDDM 27 50.70 1.77 0.084
Non-diabetes 26 48.23
HRT 50 53.53 3.02 0.003
Non- HRT 50 56.90

BMI
NIDDM 27 24.95 0.013 0.989
Non-diabetic 26 24.94
HRT 50 22.17 0.50 0.620
Non-HRT 50 22.44

IMT
NIDDM 27 0.75 6.40 <0.001
Non-diabetic 26 0.61
HRT 50 0.69 29.27 <0.001
Non-HRT 50 0.80

Total cholesterol
NIDDM 27 179.66 4.62 <0.001
Non-diabetic 26 166.92
HRT 50 178.31 0.87 0.388
Non-HRT 50 179.59

SBP
NIDDM 27 123.96 3.91 <0.001
Non-diabetic 26 118.92
HRT 50 101.18 4.11 <0.001
Non-HRT 50 110.08

DBP
NIDDM 27 82.33 4.12 <0.001
Non-diabetic 26 78.04
HRT 50 69.98 -0.73 0.470
Non-HRT 50 69.56

NIDDM - Non-insulin dependent diabetes mellitus; HRT- Hormone replacement therapy
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carotid arteries was 0.69 mm in the HRT group
and 0.80 mm in the non-HRT group.

Our study found that common carotid IMT
was significantly greater in patients with
NIDDM than in healthy subjects. This is in
agreement with previous studies. Pujia et al
(1994) reported IMT in the common carotid
was thicker in patients with NIDDM than in
controls. Studies by Niskanen et al (1996) and
Bonora et al (1997) also reported similar find-
ings. The difference between those studies
and this study is patients in those studies had
other associated risk factors, including hyper-
tension, dyslipidemia, obesity and smoking,
whereas our study excluded these factors. The
reason for the high IMT in patients with NIDDM
is probably related to high insulin levels
(Niskanen et al, 1996). Our study showed that
even without major risk factors, patients with
NIDDM had high IMT levels which means they
are at high risk for cerebrovascular complica-
tions.

The age range for patients with NIDDM
in this study was 40-60 years old. This reflects
the high prevalence of NIDDM in this age
group. The BMI range for patients in this study
was 21.67-29.17 kg/m?. Fifty-one point eight
percent of patients with NIDDM were over-
weight, none were obese. The mean BMI for
patients with NIDDM was 24.95 (range 22.64-
28.25). Being overweight is not unusual in
patients with NIDDM. In the Second National
Health and Morbidity Survey conducted by the
Ministry of Health Malaysia (1997), 7.5% of
diabetic patients were found to be overweight
and 11.3% were obese.

In this study, blood pressure was higher
in patients with NIDDM. This could again be
explained by the fact that most patients were
in an older age group, which is strongly asso-
ciated with a higher blood pressure (Staessen
et al, 2003). Subjects with NIDDM were found
to have a higher mean systolic blood pres-
sure (123.96 mmHg) and diastolic blood pres-
sure (82.33 mmHg) than the non-diabetic
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group (mean systolic blood pressure 118.92
mmHg and mean diastolic blood pressure
78.04 mmHg). The fasting cholesterol (mean
179.67 mg/dl) and triglyceride levels (mean
149.63 mg/dl) in the patients with NIDDM were
significantly higher (p<0.001) than those of the
control group, although they were in the nor-
mal range.

The non-HRT group had a higher mean
systolic blood pressure than the HRT group.
This may be due to a lack of estrogen effect
on the vessels, as these women were not on
hormone replacement therapy.

This cross-sectional study showed that
hormone replacement therapy use was asso-
ciated with lower IMT in the common carotid
artery. The results of this study support the
results of a previous study showing that hor-
mone replacement therapy led to a delay in
thickening of the intima-media. Le Gal et al
(2002) on their longitudinal study found that
hormone replacement therapy was associated
with a lower IMT in the common carotid arter-
ies and a lower prevalence of carotid athero-
sclerotic plagues. Women who had surgical
menopause had an increased IMT if they did
not receive HRT (Mihmanli et al, 2002).

The association between HRT use and
IMT was significant and independent of se-
rum total cholesterol, BMI, smoking, hyperten-
sion and NIDDM. The numerous biological ef-
fects of estrogens are consistent with athero-
protection. Estrogens decrease total and LDL
cholesterol, lipoprotein and increase HDL cho-
lesterol. They inhibit lipoprotein oxidation and
arterial smooth muscle cell proliferation and
have favorable effects on soluble markers of
vascular inflammation, vascular stiffness and
endothelium-dependent vasodilatation.

In conclusion, this study in rural Malay-
sians supports the findings in the West that
high cholesterol levels and systolic hyperten-
sion are associated with carotid artery disease.
No long-term follow-up was performed on
these patients to evaluate disease progression
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to stroke. A long-term prospective study with
a larger group of patients is needed before
significant conclusions can be drawn.
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