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ABSTRACT
Background: Diabetes mellitus is a chronic metabolic disease of great public health importance.
Macrovascular complications like stroke and myocardial infarction initially manifest as atherosclerosis
which is seen as thickened arterial wall. Direct determination of the progression of atherosclerosis can be
undertaken through serial ultrasound measurement of the common carotid artery (CCA) intima media
thickness (IMT).
Aim: The objective of the study was to compare the IMT of the CCA in diabetic patients and healthy subjects
within the same age, sex and geographic distribution.
Method: This prospective study was conducted on 100 diabetic patients and 100 non-diabetic subjects aged
21years and above. The CCAs were scanned using GE Logic 5 color Doppler scanner (2007) with 7.5MHz
linear probe. Two measurements of the IMT were obtained at 1cm proximal to the right and left carotid bulbs
and the mean value of the two measurements was recorded.
Results: The age range of the 200 participants comprising of 65 males and 135 females was 21-70 years with
a mean age of 46.60 ±12 years. Mean CIMT was significantly higher in diabetic patients compared to normal
patients (0.81+0.25mm and 0.61+0.12mm, p= 0.001). Age has significant influence on the CIMT on both
groups of participants. However, male and overweight subjects had significantly higher CIMT values than
female and underweight subjects respectively only among non-diabetic subjects. The overall right and left
mean CIMT in the diabetic patients and control respectively were 0.78+0.21mm, 0.83+0.37mm,
0.61+0.12mm and 0.61+0.13mm. In each group, there was no significant difference between the two sides.
Conclusion: CIMT values were higher among non-obese normotensive diabetic patients compared to normal
subjects. Age, sex, and BMI have effects on CIMT of non-diabetic subjects, whereas only age has significant
effect on the CIMT of diabetic patients.
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Introduction
Diabetes mellitus is a metabolic disorder of multiple
etiologies characterized by chronic hyperglycemia
with disturbances of carbohydrate, fat and protein
metabolism resulting from defects in insulin
secretion, insulin action, or both1. In Nigeria,
diabetes had a prevalence rate of 2.2% in 19972. The
case fatality rate among patients with diabetes was
estimated as 11.1% of total medical deaths3. Early
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predictor of cardiovascular event is atherosclerosis
which is a systemic condition primarily affecting
elastic arteries (carotid, iliac arteries, aorta) as well
as large and medium sized muscular arteries. Its
presence is a sinister pointer to cerebro-vascular
diseases and myocardial infarction4. It initially
manifests as thickened arterial wall, progressing to
atheroma formation especially of the carotid and
coronary arteries.
1

Ultrasound scan permits us to accurately quantify
the carotid intima media thickness (CIMT) which is
generally considered an early marker of
atherosclerosis sonographically. This assessment
has been proposed as a noninvasive measure of
5
cardiovascular disease burden in adults . Several
studies have been carried out to underscore the
causes of thickened carotid intima media complex.
The roles of hypertension, cigarette smoking,
obesity, hyperlipidaemia and ageing have been
investigated and documented. There is paucity of
knowledge on the role of isolated hyperglycemia as
an index of thickened carotid artery intima media
complex. This study compared the carotid artery
intima media thickness among non-hypertensive,
non-obese diabetic patients with the normal healthy
volunteers. The outcome of this study is expected to
be useful in the diagnosis, management and follow
up of patients with diabetes mellitus.
Methodology
This hospital-based cross-sectional study was
carried out at the Jos University Teaching Hospital
(JUTH) within a 5-month period, between May and
December, 2015. Diabetic patients were recruited
from the endocrinology unit of the hospital. Ethical
clearance was obtained from the Ethical committee
of the hospital.
The examination was performed using high
resolution real time ultrasound scanner GE Logic 5
color Doppler scanner (2007) with 7.5MHz linear
probe. Using a high frequency transducer ensures
greater resolution for superficial structures like the
carotid artery.
Subject's study area was adequately exposed and
jewelry around the area was requested to be
removed. In the absence of dyspnea or back pain,
carotid arteries were examined with the patient in
supine position. Hyperextension was achieved by
placing a small pillow under the neck. To enhance
the neck exposure, the head was turned away from
0
the examined side at about 45 angles from the
midline. The CCA was located lateral to the thyroid
gland, medial to the internal jugular vein (IJV).
Multiple transverse and longitudinal views of the
artery were undertaken. The IMT was taken in the
longitudinal plane at the point of maximal thickness
on the far wall of the CCA, at a point 1cm proximal
to the bifurcation. The machine was frozen and
using its caliper markers the IMT was measured as
the distance between the inner echogenic line
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representing the intima-blood interface and the outer
echogenic line representing the media-adventitia
junction. Magnification of the image was used to
improve accuracy of the caliper placement. The
average value of two different measurements was
recorded for both left and right CCAs respectively.
Results
A total of 200 subjects made up of 100 diabetic
patients and 100 non diabetic controls participated
in the study. Participants were between 21 and 70
years with mean age of 47.8±11.61 and 45.26±12.95
years for the diabetics and control respectively.
Among the diabetes, 33 were males and 66 were
female, while in the control, 32 were male and 68
were female, giving approximate male-to-female
ratio of 1:2 in each subject group. The predominant
age group in diabetics and control was 41-50 years
accounting for 34% and 31% respectively, followed
closely by 31-40 years group comprising 29% and
28% for diabetics and control respectively (Table 1)
In diabetic subjects, overall right and left mean
CIMT was 0.78+0.21 mm and 0.83+ 0.37mm
respectively, while in control, corresponding values
were 0.61+ 0.12mm and 0.61+0.13mm. On each
side, a statistically significant difference (p=0.001)
existed in the mean CIMT between the diabetic and
control groups (Table 3). However, there was no
statistically significant difference between the right
and left CIMT in both groups (Table 2).
The mean carotid intima-media thickness (CIMT)
for diabetic group in this study was 0.81+0.25mm
and 0.61+0.12mm for the control (p= 0.001). The
mean CIMT for male and female diabetics were
0.83±0.29mm and 0.79±0.22mm respectively while
for the control, the values were 0.66±0.12mm and
0.58±0.09mm respectively. Males IMT values were
higher than females IMT value in both groups.
However, the difference between male and female
IMT was significant only among the control
(P=0.498 Vs P = 0.002, Table 3).
Statistically significant increase in CIMT occurred
in both subject groups with age (p=0.001) (Table 4).
Also, CIMT was significantly higher in all age
groups among diabetics compared with age-graded
control (p < 0.05 across all age groups) (Table 4).
Weighing CIMT with BMI in non-obese diabetic
and control subjects revealed increasing CIMT
values from underweight to overweight participants
in both groups. This increase was significant only in
the control group (p= 0.003 vs 0.250). In each BMI
group, there was a significant difference between
diabetic patients and control (Table 5).

2

Table 1: Age Distribution of Participants
Age group

Diabetics

(Years)

Frequency

Control
Percent (%)

Frequency

Percent (%)

21 – 30

5

5.0

8

8.0

31 – 40

29

29.0

28

28.0

41 – 50

34

34.0

31

31.0

51 – 60

16

16.0

17

17.0

61 – 70

16

16.5

16

16.0

Total

100

100.0

100

100.0

Table 2: Comparison between Right and Left Mean CIMT of participants

Group

Right CIMT
Mean±SD(mm)

Left CIMT
Mean±SD(mm)

t-test

P

Diabetic

0.78±0.21

0.83±0.37

1.544

0.126

Control

0.61±0.12

0.61±0.13

0.250

0.803

Total

0.69±0.19

0.72±0.30

t= 7.043

p = 0.001

t= 5.768

p = 0.001

Table 3: Relationship between gender and CIMT of participants

Gender

Diabetic
CIMT
Frequency Mean±SD(mm)

Control
Frequency

CIMT
Mean±SD(mm)

t-test

P

Male

33

0.83±0.29

32

0.66±0.12

3.063

0.003

Female

67

0.79±0.22

68

0.58±0.11

6.957

0.001

Total

100

0.81±0.25

100

0.61±0.12

9.240

0.001

t = 0.680

p= 0.498t = 3.157
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p= 0.002

3

Table 4: Relationship between age group of participants and CIMT

Age group
(Years)

Diabetic
Frequency

CIMT
Mean±SD(mm)

CIMT
Mean±SD(mm)

21-30

5

0.66±0.07

Frequency
8

t-test

P

0.49±0.09

3.581

0.004

31-40

29

0.70±0.01

28

0.53±0.08

7.269

0.001

41-50

34

0.82±0.29

31

0.59±0.07

4.176

0.001

51-60

16

0.82±0.10

17

0.61±0.07

6.850

0.001

61-70

16

1.01±0.34*

16

0.82±0.05*

2.278

0.030

Total

100

0.81±0.25

100

0.61±0.12

7.240

0.001

F = 3.436

P = 0.001F = 47.555

Control

P = 0.001

*Age group 61-70 is significantly higher than the others at p = 0.05
Table 5: Relationship between BMI of participants and CIMT

BMI
(Kg/m2)

CIMT
Mean±SD(mm) t-test

P

<18.5

Diabetic
CIMT
Control
Frequency Mean±SD(mm)
Frequency
4
0.66±0.01
6

0.47±0.08

4.494

0.002

18.5-24.9

37

0.77±0.01

44

0.59±0.12

6.223

0.001

25.0-29.9

59

0.84±0.30

50

0.63±0.11

4.480

0.001

Total

100

0.81±0.25

100

0.61±0.12

7.240

0.001

F = 1.408P = 0.250
Discussion
Diabetes mellitus is the most common chronic
metabolic disorder in Nigeria2. Thickness of the
carotid intima-media complex is a surrogate marker
of atherosclerosis. Stensland-Bugge et al regarded
ultrasound measurement of carotid artery intimamedia thickness (IMT) as a valid index of
6
atherosclerosis . The objectives of this study were to
compare the carotid intima-media thickness
(CIMT) in non-obese, non hypertensive diabetic
patients and normal healthy control across age, sex
and BMI status.
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F = 6.178P = 0.003
A total of 200 subjects (made up of 100 each of
diabetic and control groups) were studied which
revealed majority of the patients to be females with
male to female ratio of 1:2 in each category. This
study size was higher than those recruited in some
7,8
9,10
previous studies but less in some . This variation
results from difference in prevalence of diabetes in
the different research environments. Majority of the
participants (63% and 59% for diabetics and control
respectively) were between 31–50 years of age.
This probably represented the population of
hospital attendees in a developing world like ours
(with little family and institutional support for the
elderly), as diabetes mellitus is essentially a disease
4

of middle age and elderly11. The finding of female
preponderance in this study could be due to the fact
that females access health care more and that there is
a slightly higher prevalence of diabetes mellitus in
female2.
The overall CIMT value was significantly higher in
diabetic patients investigated than in the control
(0.81+0.25mm Vs 0.61+0.12mm) (p= 0.001). This
7,9,12
was consistent with previous studies
. None of
the reviewed previous studies had a contrary
finding. These differences in the overall CIMT in the
two cohort groups was due to persistent
hyperglycemia in the diabetic group not present in
the control. Endothelial dysfunction and increased
oxidative stress are present in diabetic individuals
and are known pathogenetic mechanisms for
13,14
atherosclerosis in them . Also, persistent
hyperglycemia is an established cause of endothelial
14
damage with abnormalities of platelet aggregation .
This effect is not seen in non-diabetic patients whose
blood levels are essentially normal, and thus normal
CIMT is present in this group.
The mean CIMT value in diabetic subjects in this
study (0.81+0.25mm) is comparable to other studies
7,9
reviewed which recorded 0.79mm, and 0.84mm .
10
While Folsom et al in United States, had lower
values in diabetic patients between 45-65 year age
group (0.75mm), a Swedish study arrived at a higher
value (0.83mm)15. This most probably suggests
genetic and environmental variation in CIMT. Interracial variation in the values of CIMT in diabetic and
non-diabetic patients was established by Brohall et
al in a review of 21 published studies across four
16
continents . Toumilehto et al found higher CIMT
value in the non-diabetic elderly men compared with
a diabetic group (1.36mm and 1.28mm
respectively)17. However, this study differed from
our study as the patients were all older men, aged 7089 years.
This study showed greater, but insignificant ( p=
0.126) difference in mean CIMT in the left CCA
than in the right in patients with diabetes
(0.78±0.21mm Vs 0.83±0.37mm on the right and
left respectively). No difference was recorded
regarding non-diabetic control (0.61+0.12mm Vs
0.61+0.13mm respectively, p= 0.803). These
8,18,19,20
findings were supported by previous studies
.
This is not surprising as apart from different
anatomic origin, the right and left CCA are exposed
to the same hemodynamic changes and
hyperglycaemic stress.
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There was a progressive increase in CIMT from age
21 to 70 years in diabetic patients and control. Age
has a very strong association with carotid IMT in
both subject groups. The CIMT values in diabetic
subjects were higher than in the control for each age
group. Most of the studies reviewed were consistent
with increased CIMT with age 8,10,16,19. These studies
also showed that age has a strong correlation with
CIMT values recorded. The increase in mean CIMT
with age in normal healthy subjects could probably
be due to specific effects of aging on the arterial wall
or probably be due to exposure to risk factors not
measured or captured in this work. Age, directly
influencing the duration of diabetes and metabolic
consequences of diabetes, modifies atherosclerotic
process. A sharp rise in CIMT after age 60 years is
observed in both diabetic and control groups
depicting the overall greater effects of ageing over
glycaemic status on CIMT in the elderly.
The mean CIMT values of male and female diabetics
were higher than the mean CIMT values of male and
female control (0.83+0.29mm and 0.79+0.22mm Vs
0.66+0.12mm and 0.58+0.11mm). In diabetic
subjects and control, males had a higher CIMT value
than females. These differences were significant
between diabetic and control groups in each sex
group (p< 0.005), and between male and female
control (p=0.002). Other studies supported this
7,12,15,19
finding
. This may be explained by the sex
variation in the development of atherosclerosis.
Males have a higher predisposition to
atherosclerosis more often than women, although
the reasons are not known but may be due to the fact
that males are more prone to psychological and
21
environmental stress than females . However, in
patients with diabetes mellitus, the effects of
hyperglycaemia on CIMT override these gender
variations.
This study evaluates the effects of BMI on the CIMT
of non-obese diabetic and non- diabetic subjects and
shows a progressive increase in mean CIMT in both
categories. This was statistically significant only in
the control (diabetic, p= 0.250; control, p= 0.003).
Nilgun et al observed that apart from age, BMI is the
most influential independent determinant of
8
increased IMT of the CCA in normal patients . Why
hyperglycaemia overrides the effects of BMI in nonobese diabetes mellitus patients is unknown. BMI
has been shown to influence the CIMT but the role of
BMI of non-obese subjects in arterial wall
thickening is poorly understood and its influence is
8
probably independent of age
5

Conclusion
This study showed thickened carotid intima-media
complex among non-hypertensive, non-obese
diabetic patients compared with control. Gender and
BMI differences have no significant effects on
CIMT of diabetic patients. Higher values of CIMT
were seen with increasing age, in the male gender
and with increased BMI status in normal subjects.
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