
Measurement of the carotid intimal medial thickness
(IMT) is being increasingly used as a non-invasive
marker of atherosclerosis [1±3]. It has also been
shown that the IMT measurements correlate strongly

with future development of myocardial infarction
and stroke [4, 5]. Asian Indians have a very high prev-
alence of premature coronary artery disease [6±8]
and diabetes [9, 10] and the `epidemic' is on the in-
crease [11]. Recent estimates have ranked India num-
ber one in the world in the number of diabetic pa-
tients in any given country [12]. One of the important
complications of diabetes is atherosclerosis leading to
coronary artery disease and strokes. There are no
published studies on IMT in Asian Indians. This pa-
per presents data on IMT in a population-based study
done in diabetic and non-diabetic subjects in South-
ern India.
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Abstract

Aim/hypothesis. Increased intimal medial thickness
(IMT) of the carotid arteries is considered a useful
marker of atherosclerosis. The aim of this study was
to compare the intimal medial thickness values in ur-
ban non-diabetic and diabetic South Indian subjects
who have a high risk of coronary artery disease.
Methods. The subjects for this study were 140 diabet-
ic and 103 non-diabetic control subjects matched with
them for age and sex selected from The Chennai Ur-
ban Population Study which is an ongoing epidemio-
logical study. Intimal medial thickness of the right
common carotid artery was determined using high
resolution B mode ultrasonography.
Results. The mean intimal medial thickness values of
the diabetic subjects (0.95 � 0.31 mm) were signifi-
cantly higher than those of the non-diabetic
(0.74 � 0.14 mm) subjects (p < 0.001). Both in the
normal and diabetic subjects, these values increased
with age. At any given age, the diabetic subjects had

higher values than the non-diabetic subjects but the
difference reached statistical significance after age
50 years (p < 0.05).
Intimal medial thickness showed a correlation with
age, total cholesterol, LDL cholesterol, waist:hip ra-
tio and systolic blood pressure in non-diabetic sub-
jects and with age and duration of diabetes in the dia-
betic subjects. Multivariate linear regression analysis
showed that age and diabetes were the major risk fac-
tors for intimal medial thickness.
Conclusion/interpretation. Diabetic subjects have
higher intimal medial thickness values than non-dia-
betic subjects. Diabetes and age are the most impor-
tant risk factors associated with increased intimal me-
dial thickness in this South Indian cohort. [Dia-
betologia (2000) 43: 494±499]
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Subjects and methods

The Chennai Urban Population Study (CUPS) is an ongoing
epidemiological study in Chennai (formerly Madras) the
fourth largest city in India with a population of about six mil-
lion. The aim of CUPS is to obtain prevalence data on diabetes
and its complications, hypertension, hyperlipidaemia and cor-
onary artery disease and their risk factors among people of dif-
ferent socio-economic strata in urban Chennai in the Tamil
Nadu state in Southern India. Briefly, two defined residential
colonies representing the middle and lower income groups in
Chennai were selected for their geographic convenience, social
differences and the local support available which would facili-
tate future incidence studies. An initial survey was done in all
family members using a questionnaire to obtain the basic cen-
sus details such as number of people, age, sex and presence or
absence of diabetes.

All people above the age of 20 years living in these colonies
were invited to participate in a screening programme which in-
cluded fasting and 2-h (post 75-g oral glucose load) plasma glu-
cose concentrations except in known diabetic subjects in whom
only fasting plasma glucose was measured. Other tests were
fasting and 2-h serum insulin estimates, a complete lipid profile
including total serum cholesterol, serum triglyceride and se-
rum HDL cholesterol. The LDL cholesterol was calculated us-
ing the Friedewald formula [13]. Biochemical analysis were
done on Ciba Corning Express Plus Auto Analyser (Corning,
Medfield, Mass., USA) using kits supplied by Boehringer
Mannheim (Mannheim, Germany). Glycated haemoglobin
(HbA1 c) was estimated by high pressure liquid chromatogra-
phy using the Variant machine (Bio-Rad, Hercules, Calif.,
USA). Serum insulin concentrations were estimated using
Dako kits (Dako, Glostrup, Denmark). Insulin resistance was
calculated using the homeostasis model assessment (HOMA)
model as follows [14]:

IR =
FI�FPG

22:5

FI = Fasting insulin concentrations (mIU/ml) and FPG = fast-
ing plasma glucose (mmol/l)

Physical examination included height and weight measure-
ments and the body mass index was calculated. Waist and hip
measurements were done in the standing position and the
waist:hip ratio was calculated. Waist was measured as the
smallest horizontal girth between the costal margins and the il-
iac crests and hip as the greatest circumference at the level of
greater trochanters. The blood pressure was recorded in the
sitting position in the right arm with a mercury sphygmoma-
nometer (Diamond Deluxe BP apparatus, Pune, India). Two
readings were taken 5 min apart and the mean of the two was
taken as the blood pressure.

Out of the total of 1339 people above the age of 20 years liv-
ing in the two colonies, 1262 (90 %) participated in the initial
screening programme. Of these 91 were known to have diabe-
tes at the time of the survey. After the screening, an additional
61 subjects were diagnosed as having diabetes based on World
Health Organisation (WHO) criteria [15]. Thus there were a
total of 152 diabetic patients in the population studied. All
these diabetic subjects were invited to participate in the studies
on carotid intimal medial thickness and of them 140 (92.1 %)
participated in the study. There were no significant differences
in age, sex distribution, body mass index, fasting plasma glu-
cose, glycated haemoglobin or duration of diabetes between
the 140 participants and the 12 non-participants. All 140 sub-
jects had Type II (non-insulin-dependent) diabetes mellitus as
defined by absence of ketosis and adequate insulin reserve.

From the non-diabetic cohort of the population defined as
those with normal glucose tolerance, control subjects matched
for age and sex with diabetic subjects (frequency matching
was done) were also requested to participate. A total of 103
control subjects participated in the study.

Intimal medial thickness study. The intimal plus medial thick-
ness of the carotid arteries was determined using a high resolu-
tion B mode ultrasonography system (Logic 400 GE, Milwau-
kee, Wis., USA) having an electrical linear transducer midfre-
quency of 7.5 MHz. The axial resolution of the system was
0.3 mm. The images were recorded, as well as photographed.
The scanning was done for an average of 20 min.

The intimal plus medial thickness (IMT) as defined previ-
ously [1, 16] was measured as the distance from the leading
edge of the first echogenic line to the second echogenic line.
The first echogenic line represents the lumen intimal interface
and the second line is produced by the collagen ± containing
upper layer of the intimal adventitia. At each longitudinal pro-
jection, determinations of IMT were conducted at the side of
greatest thickness and at two points 1 cm upstream and 1 cm
downstream from the side of greatest thickness as described
previously [17]. The mean of the six IMT measurements (three
from the left and three from the right) was used as the repre-
sentative value for each subject.

All scannings were conducted by a trained ultrasonologist
(R. Ravikumar) who was unaware of the clinical status of the
study subjects. The mean coefficient of variation for the six
IMT measurements was 7.8 % for the non-diabetic subjects
and 8.4 % for the diabetic subjects. The reproducibility of the
IMT measurement was examined by conducting another scan-
ning 1 week later on seven participants by the same sonogra-
pher. The mean difference in IMT between the first and second
measurements was 0.04 mm, and the standard deviation was
0.02 mm, showing good reproducibility. The reproducibility of
IMT measurements were analysed by calculating the intraclass
correlation coefficient of reliability. There was a fairly good
correlation between the IMT measurements, (r = 0.74).

Intimal medial thickness measurements were also carried
out on the internal carotid artery on a subgroup of non-diabet-
ic (10 men / 10 women) and diabetic (10 men / 10 women) sub-
jects and compared with the IMT of common carotid artery.
The mean IMT values of the common carotid artery and the
internal carotid artery in diabetic subjects were
0.92 � 0.11 mm and 0.74 � 0.10 mm, respectively (r = 0.52,
p < 0.0001). In the non-diabetic subjects, the mean IMT values
of the common carotid and internal carotid arteries were
0.78 � 0.09 mm and 0.62 � 0.11 mm respectively (r = 0.59,
p < 0.0001).

Statistical analysis. Student's t test or analysis of variance as ap-
propriate was used for comparing mean values of selected vari-
ables in diabetic and non-diabetic subjects and the chi-squared
test was used for comparing proportions.

Due to their skewed distribution, fasting serum insulin con-
centrations were transformed to natural logarithms and the
values were expressed as geometric mean (SD). Pearson's cor-
relation analysis was carried out to determine the correlation
of IMT with the variables of age, glycated haemoglobin, serum
cholesterol, serum triglycerides, HDL cholesterol, insulin re-
sistance [homeostasis model assessment (HOMA)], waist:hip
ratio, body mass index and diabetes as independent variables.
Univariate linear regression analysis was done using IMT as
the dependent variable and age, glycated haemoglobin, serum
cholesterol, serum triglycerides, HDL cholesterol, insulin re-
sistance (HOMA), waist:hip ratio, body mass index and diabe-
tes as independent variables. Multivariate linear regression
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analysis was carried out using the variables which proved to
have a significant association with IMT in the univariate analy-
sis. A p value of less than 0.05 was considered significant. All
statistical analyses were done on SPSSC (Version 4.01, SPSS,
Chicago).

Results

Table 1 shows the clinical and biochemical features of
the study groups. The BMI of the diabetic subjects
was greater than the non-diabetic subjects. The
waist:hip ratio was higher in diabetic groups than
non-diabetic subjects (p = 0.006). The diabetic sub-
jects had higher fasting plasma glucose, glycated hae-
moglobin, serum cholesterol and triglycerides than
non-diabetic subjects. Serum insulin concentrations
and insulin resistance as calculated by HOMA were
significantly higher in diabetic subjects than their
non-diabetic counterparts.

The mean IMT in non-diabetic subjects was
0.74 � 0.14 mm and in diabetic subjects was
0.95 � 0.31 mm. The range of IMT values in non-dia-
betic subjects was 0.5±1.2 mm and in diabetic sub-
jects, 0.4±3.0 mm. The prevalence of carotid athero-
sclerosis was determined based on the cut-off of
1.1 mm as described previously [2] which was also
the lower limit of the fifth quintile of IMT values in
our study population. Of the non-diabetic subjects
1% and of diabetic subjects 20% had carotid athero-
sclerosis (p < 0.001).

The mean values of IMT measurements in the
newly diagnosed diabetic subjects was 0.87 �
0.26 mm whereas that of the known diabetic subjects
was 0.98 � 0.34 (p = 0.04). Similarly the IMT of newly
detected diabetic subjects was higher than the non-di-
abetic subjects (p = 0.002).

Figure 1 shows the distribution according to age of
the mean IMT values in the diabetic and non-diabetic

subjects. The IMT values were higher among the dia-
betic subjects at all age points compared with the
non-diabetic subjects. At age 30 years or less, mean
IMT of non-diabetic subjects was 0.60 � 0.08 mm
and diabetic subjects was 0.63 � 0.06 mm; at age
31±40 years, non-diabetic subjects 0.67 � 0.14 mm
and diabetic subjects 0.73 � 0.18 mm; at age 41±
50 years, non-diabetic subjects 0.72 � 0.12 mm and
diabetic subjects 0.87 � � 0.23 mm; at age 51±
60 years, non-diabetic subjects 0.77 � 0.15 mm and
diabetic subjects 0.97 � 0.27 mm and at age 61 years
or more, non-diabetic subjects 0.81 � 0.13 mm, dia-
betic subjects 1.1 � 0.37 mm. The difference in IMT
values between the study groups reached statistical
significance after age 50 years (p < 0.05)

The regression equation for diabetic subjects was
IMT = 0.37 + age (0.010) and for non-diabetic sub-
jects, IMT = 0.43 + age (0.0046).
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Table 1. Clinical features of study groups

Variables Non diabetic
(n = 103)

Diabetic
(n = 140)

p value

Age (years) 52 ± 13 55 ± 12 NS
Men (%) 53.4% 51.4% ±
Fasting plasma glucose (mmol/l) 4.6 ± 0.8 8.9 ± 4.4 < 0.001
Serum cholesterol (mmol/l) 4.96 ± 1.10 5.26 ± 1.04 0.031
Serum triglycerides (mmol/l) 1.48 ± 0.73 2.03 ± 1.27 < 0.001
Serum HDL cholesterol (mmol/l) 1.09 ± 0.29 0.99 ± 0.31 0.011
Serum LDL cholesterol (mmol/l) 3.22 ± 0.96 3.33 ± 0.89 NS
HbA1c (%) 5.8 ± 0.52 8.5 ± 2.1 < 0.001
Body mass index (kg/m2) 22.9 ± 4.3 24.5 ± 4.5 0.006
Systolic BP (mmHg) 130 ± 18 133 ± 15 NS
Diastolic BP (mmHg) 82 ± 10 84 ± 9 NS
Waist: hip ratio 0.86 ± 0.08 0.90 ± 0.13 0.006
Smoking (%) 7 /103 (6.8 %) 13/140 (9.3 %) NS
Fasting serum insulin (mU/l) 3.7 (2.7) 5.1 (2.5) 0.010
Insulin resistance (HOMA) 0.81 (0.9) 1.8 (2.9) < 0.001

Fasting serum insulin concentrations and insulin resistance are expressed as geometric mean (SD). BP = blood pressure

Fig. 1. Distribution by age of IMT in diabetic ( ) and non-di-
abetic subjects ( ). *p < 0.05 compared with non-diabetic sub-
jects



The prevalence of hypertension in diabetic sub-
jects was 31.4% and non-diabetic subjects, 23.3%.
The mean IMT values in the non-diabetic subjects
without and with hypertension were 0.74 � 0.15 mm
and 0.78 � 0.12 mm, respectively. In the diabetic sub-
jects without and with hypertension, the mean IMT
values were 0.94 � 0.32 mm and 1.0 � 0.26 mm. None
of the above differences however reached statistical
significance.

Table 2 presents the correlation of IMT with the
variables studied. In the non-diabetic subjects age,
cholesterol, LDL cholesterol, waist:hip ratio and sys-
tolic blood pressure had a positive correlation with
IMT whereas in diabetic subjects, age and duration
of diabetes had a positive correlation with IMT.

Multivariate linear regression analysis was done
combining the data on diabetic and non-diabetic sub-
jects and including diabetes as an independent vari-
able. Age and diabetes showed an association with
IMT (Table 3).

Table 4 presents a survey of the literature showing
intimal medial thickness reported in diabetic and
non-diabetic subjects in different populations. The
mean IMT values of both diabetic and non-diabetic
subjects seem to be higher in our study than in earlier
studies. Large differences in methodology, instru-
mentation and interobserver variations could explain
this.

Discussion

Intimal medial thickness of the common carotid ar-
tery is considered to be an excellent non-invasive
measure of generalised atherosclerosis [1±3,18,19]
and also a surrogate marker of coronary artery dis-
ease [20±22]. It is also extensively used to examine
the stage of atherosclerosis and to evaluate the re-
gression of atherosclerotic lesions in intervention
therapies [23±25]. The International Atherosclerosis
Project [26] has suggested that the carotid and cere-
bral arteries and the aorta undergo the athero-
sclerotic process approximately at the same age as
the coronary arteries. Moreover there is good agree-
ment between histological examination and the ultra-
sonographic evaluation of carotid arteries [27].

Earlier studies have reported ethnic differences in
coronary artery disease morbidity and mortality
[28,6,7]. Similarly ethnic differences in carotid wall
thickness were reported in the IRA Study [29] where
blacks were found to have increased IMT values com-
pared with non-hispanic whites [29]. In the Athero-
slerosis risk in communities (ARIC) Study also, dif-
ferences were found with respect to family history of
coronary artery disease and IMT among blacks and
whites [30]. These ethnic differences emphasize the
need for studies on IMT in different populations.
This study presents data on intimal medial thickness
in Asian Indians. Asian Indians are of particular in-
terest because of the very high prevalence rates of
premature coronary artery disease [6±8] and diabetes
[9,10]. Moreover, higher plasma insulin concentra-
tions [31] and increased insulin resistance have been
noted in this ethnic group [32]. Recent studies have
also reported a clustering of cardiovascular risk fac-
tors in this population [33]. Moreover, although the
prevalence of coronary artery disease is high, that of
peripheral vascular disease seems to be low [34].
This points to differences in the profile of macrovas-
cular disease among Indians. In this context, studies
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Table 2. Correlation of IMT with the variables

Variables Non-diabetic subjects Diabetic subjects

r p r p

Age 0.49 < 0.001 0.44 < 0.001
Duration of diabetes ± ± 0.29 0.001
Cholesterol 0.31 0.02 0.024 0.409
LDL cholesterol 0.33 0.014 0.013 0.45
HDL cholesterol 0.009 0.48 0.29 0.31
Triglycerides 0.08 0.20 0.059 0.27
Body mass index 0.054 0.365 0.035 0.36
Waist: hip ratio 0.51 < 0.001 0.08 0.21
HbA1c 0.18 0.13 0.13 0.10
Systolic BP 0.34 0.012 0.114 0.126
Diastolic BP 0.19 0.112 0.093 0.174
Fasting insulin 0.07 0.33 �0.075 0.23
Insulin resistance (HOMA) �0.01 0.48 �0.0017 0.49

BP = blood pressure

Table 3. Multivariate linear regression analysis using IMT as
dependent variable

Variables b SEb p value

Age 0.007 0.001 < 0.001
Diabetes 0.126 0.043 0.003
HbA1c 0.019 0.010 0.06
Cholesterol 0.00004 0.00004 0.24
HDL cholesterol 0.00007 0.0017 0.66



of intimal medial thickness assume great importance
in this population.

This study shows that IMT is increased in diabetic
patients compared with non-diabetic subjects both in
men and women. Moreover, at every age point, dia-
betic patients had increased IMT compared with their
non-diabetic counterparts.

Age, serum cholesterol, LDL cholesterol, waist:
hip ratio and systolic blood pressure showed a statisti-
cally significant correlation with IMT in non-diabetic
subjects. In diabetic subjects, only age and duration
of diabetes showed a significant correlation with
IMT. The reason the other variables were not corre-
lated in diabetic subjects could be explained by the
fact that diabetes itself turned out to be an indepen-
dent risk factor in the multivariate linear regression
analysis and in diabetic subjects, total cholesterol,
LDL cholesterol, waist : hip ratio and systolic blood
pressure were already higher than in non-diabetic
subjects.

Age shows a correlation with IMT both in diabetic
and non-diabetic subjects but the regression equa-
tion is different in the two groups and the process
seems to be accelerated to a greater extent in diabet-
ic than in non-diabetic subjects. Diabetic patients are
known to have a higher frequency of atherosclerosis
and diabetic subjects show atherosclerosis in carotid
arteries 20±30 years earlier than non-diabetic sub-
jects [2].

The risk factors for increased IMT in diabetic pa-
tients seem to be different in various studies. One re-
ported that age, duration of diabetes, smoking, hy-
pertension and hyperlipidaemia were independently
related to IMT in diabetic subjects [2]. Another
found that none of the potential risk factors were as-
sociated with IMT in diabetic subjects [35]. Age
alone has been found to be an independent predictor

for IMT [36] and diabetes as well as ageing to ad-
vance atherosclerosis in the carotid arteries [17].
Some researchers [37] showed that none of the vari-
ables were associated with IMT in Type II diabetes
whereas the age and HbA1c were identified as the
risk factors for IMT in Type I (insulin-dependent) di-
abetic patients.

Insulin sensitivity and insulin resistance have been
reported to be associated with cardiovascular risk and
also with IMT in some studies [38±40]. In our study
insulin resistance as assessed by HOMA showed no
association with IMT. Ethnic differences in the asso-
ciation of insulin sensitivity and atherosclerosis have
been reported in the IRAS study [41]. Moreover, rel-
ative fasting hypoinsulinaemia has been reported to
be related to carotid wall thickening in Type II diabe-
tes [42].

The predictive power of IMT for the risk of myo-
cardial infarction and stroke is well established [4,
43]. Both these studies were carried out on an elderly
population. Follow-up studies are required to identify
whether IMT is a predictor of macrovascular se-
quelae in this Asian Indian population.
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