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Abstract

Objective: Carotid intima-media thickness is a significant and independent predictor of coronary artery disease in
patients with diabetes. The aim of our study was to determine carotid intima-media thickness in Nigerians with
diabetes.

Methods: This was an observational cross-sectional study involving consecutively presenting patients with type 2
diabetes mellitus and healthy age-matched adults. Anthropometric variables were measured, and blood samples
collected for fasting blood sugar, cholesterol, and HbA1c. Carotid intima-media thickness was measured using a 2-D
scanner. Association of carotid intima-media thickness with other variable was assessed using correlation and
multivariable linear regression models.

Results: One hundred and fifty two subjects (87 diabetics and 65 healthy adults) were studied. Carotid intima-
media thickness was significantly higher among diabetics. Seventy nine (90.8%) and seventy two (82.8%) patients
with diabetes had carotid intima-media thickness greater than 0.9 mm and 1.0 mm respectively. Carotid intima-
media thickness was higher in patients with higher HbA1c, fasting blood sugar, body mass index, total cholesterol
and LDL cholesterol, and significantly correlated with HbA1c, age, fasting blood sugar, systolic blood pressure, total
cholesterol, LDL-c and HDL-c. Age, HbA1c and duration of hypertension predicted increased carotid intima-media
thickness.

Conclusion: The prevalence of increased carotid intima-media thickness is extremely high among Nigerians with
diabetes, and this significantly correlated with other risk factors for cardiovascular diseases. Assessment of carotid
intima-media thickness should be routinely included in evaluation of subjects with diabetes, and assessment of total
cardiovascular risk.

L J

Ultrasound-measured carotid intima media thickness (CIMT) has
been variously shown to be potent surrogate of generalized
atherosclerotic vascular disease. Carotid intima-media thickness has
been demonstrated to be a significant and independent predictor of
coronary artery disease (CAD), the leading cause of death in patients
with diabetes [8]. Diabetes have been associated with increased CIMT,
and this has been linked to increased cardiovascular events in
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Introduction

Diabetes mellitus is one of the leading predisposing factors for
atherosclerotic cardiovascular diseases, with upward of 50% of patients

with diabetes dying from cardiovascular complications [1]. The risk of
clinical atherosclerotic diseases is increased by as much as two to three
fold in the presence of diabetes mellitus [2,3].

The number of people with diabetes is increasing globally, rising
from 108 million in 1980 to 422 million in 2014, with a corresponding
prevalence of 4.7% and 8.5% respectively [4]. Low- and middle-income
countries experienced a more rapid rise in prevalence of diabetes over
the period reviewed, and it is projected to become the seventh leading
cause of mortality in 2030 [5]. The prevalence of diabetes in Nigeria
varies from region to region. Although a national prevalence of 2.2%
was reported in the 90s, current guestimates puts the prevalence at
between 8% and 10% [6,7].

Caucasians and Asians with type 2 diabetes mellitus (T2DM) [9-11].
Among the patients studied in Jos (central Nigeria), CIMT was found
to be higher among diabetics than the non-diabetics [12].

We sought to determine CIMT among patients with diabetes
presenting to a tertiary hospital in north eastern Nigeria, and to also
determine the effect of other cardiovascular risk factors and indices of
glycaemic control on CIMT.

Methods

Patients with diabetes mellitus presenting at the medical out-patient
department of Federal Medical Centre Nguru were consecutively
recruited from July 2013 to March 2014. Age matched healthy adults
were enrolled to serve as controls. Anthropometric variables were
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measured using standard protocols, and fasting blood samples
collected for determination of fasting blood sugar (FBS), cholesterol
and blood urea nitrogen (BUN). Diabetes was defined according to
WHO criteria [13]. Body mass index (BMI) was classified using the
WHO guideline, and cholesterol levels classified according to the
NCTP III guideline [14,15].

Blood pressure was measured and classified in accordance with JNC
7 guideline [16]. Only patients diagnosed with T2DM were included in
this study.

Carotid intima-media thickness was measured by a radiologist with
expertise in vascular ultrasound, using a high-resolution 2-D
ultrasound scanner. The subjects were made to lie down supine with
the neck slightly extended, and the head directed away from the side of
interest. Images were systematically obtained at the common carotid,
carotid bifurcation, and proximal internal carotid artery levels in
longitudinal and short axis planes, and the far wall of carotid artery
used in assessing CIMT. Zoomed images were used in identifying the
intima-media interface, and CIMT determined using the leading-edge
to leading edge convention. Carotid plaques where present were
classified using modified Gray-Weale classification [17].

Data was analysed using SPSS software (22.0). Continuous variables
were expressed as means (SD) and median (interquartile range) as
appropriate. Means of continuous variables were compared using
Student t-test or Mann-Whitney U test as appropriate. Paired-sample
t-test was used in comparing CIMT of the right and let side.
Association of CIMT with other continuous variable was assessed using
bivariate correlation and multivariable linear regression models.
Proportions were compared using Chi-square test. A p value of <0.05
was considered significant for all statistical analysis.

Results

We enrolled 152 subjects, made of 87 diabetics and 65 healthy adults
to serve as controls. There were 45 (51.7%) and 32 (47.7%) males in the
diabetic and control groups respectively. The diabetic and control
group had a comparable mean age of 45 (14.84) years and 45 (13.62)
years respectively (p=0.992). Clinical characteristics of the groups are
illustrated in Table 1.

Diabetics (n=87) Controls (n=65) p
Male (%) 45 (51.7) 31 (47.7) -
Age, years 45 (14.84) 45 (13.62) 0.992
BMI, kg/m?2 25.1(5.31) 22.9(1.68) <0.001*
SBP, mm Hg 124.9 (17.18) 118.9 (10.17) 0.008*
DBP, mm Hg 79 (12.67) 77.9 (8.81) 0.521
Duration of diabetes, years 5.6 (4.12) - -
Hypertension (%) 22 (25.29) - -
Duration of hypertension 7 (5.45) - -
FBS, mmol/L 9.1 (3.01) 4.3 (0.50) <0.001*
HbA1c (%) 7.6 (1.10) 5(0.72) <0.001*
Total cholesterol, mmol/L 4.3 (1.23) 4.8 (0.97) 0.006
LDL-c, mmol/L 2.9 (0.87) 3.3(0.84) 0.010*
HDL-c, mmol/L 1.8 (0.47) 1.5 (0.38) <0.001*
Triglyceride, mmol/L 2.5 (0.90) 2.1(0.31) 0.004*
BMI=Body mass index; SBP=Systolic blood pressure; DBP=Diastolic blood pressure; FBS=Fasting blood sugar; LDL-c=Low density lipoprotein cholesterol; HDL-
c=High density lipoprotein cholesterol; *Significant p value.

Table 1: Clinical and demographic characteristics of subjects.

Sixty four (73.6%) of the patients with diabetes had FBS of 7 mmol/l
and above, while seventy three (83.9%) had HbAlc of 7% and above.
Twenty two (25.3%) of the patients with diabetes were also
hypertensive, whereas thirteen (14.9%) had a BMI of 30 kg/m? and
above. Elevated total and low density lipoprotein cholesterol (LDL-c)
were documented in 20 (23%) and 22 (25.3%) of the patients with
diabetes respectively.

Carotid intima media thickness measured at various levels and
plaque types are illustrated in Table 2. The diabetic group had a
significantly higher mean CIMT compared to control at all levels.
Seventy nine (90.8%) of the patients with diabetes had CIMT greater
than 0.9 mm, while sixty nine (79.3%) had CIMT greater than 1.0 mm
compared to 30 (46.2%) and 26 (40%) respectively for the controls
(p<0.001 for both comparisons).
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Diabetics (n=87) Controls (n=65) p
RCCIMT, mm 1.16 (0.17) 0.90 (0.28) <0.001*
LCCIMT, mm 1.18 (0.18) 0.90 (0.28) <0.001*
RCBIMT, mm 1.23 (0.20) 0.99 (0.29) <0.001*
LCBIMT, mm 1.23 (0.18) 0.98 (0.26) <0.001*
RICIMT, mm 1.16 (0.16) 0.90 (0.26) <0.001*
LICIMT, mm 1.17 (0.17) 0.90 (0.27) <0.001*
Plaque type
1 4 (4.6%) 0 (0%) ]
2 5 (5.7%) 1 (1.5%) 0.102q
3 2 (2.3%) 1 (1.5%) 0.5647
4 0 (0%) 0 (0%) -
5 0 (0%) 0 (0%) -
6 76 (87.4%) 42 (64.6%) 0.002*q
No plaque 0 (%) 21 (32.3%) -

RCCIMT=Right common carotid intima-media thickness; LCCIMT=Left common carotid intima-media thickness; RCBIMT=Right carotid bifurcation intima-media
thickness; LCBIMT=Left carotid bifurcation intima-media thickness; RICIMT=Right internal carotid intima-media thickness; LICIMT; Left internal carotid intima-media

thickness; *Significant p value; test of proportion used for comparison

Table 2: Carotid intima media thickness and plaque types.

Mean CIMT measured at the bifurcation was significantly higher =~ was similar in males and females. Patients with diabetes with higher
than those measured at the common carotid and internal carotid levels levels of HbAlc, FBS, BMI, total cholesterol and LDL-c had a
(p<0.001 for all comparisons). However, CIMT measured at significantly higher CIMT (Table 3).
corresponding levels of the two sides did not differ. Similarly, CIMT

Variable CIMTt (mm) P
HbA1c, %
<7 1.0 (0.2)
<0.001*
27 1.2(0.2)
FBS, mmol/L
<7 1.0 (0.3)
<0.001*
27 1.2(0.1)
BMI, Kg/m?
<30 1.2(0.1)
0.006*
=30 1.25(0.1)
SBP, mm Hg
<140 1.2 (0.1)
0.09
2140 1.2(0.3)
Total cholesterol, mmol/L
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>5.2 1.2(0.1)

0.01*
<52 1.2(0.1)

LDL-c, mmol/L

<4 1.2(0.1)

0.001*
>4 1.3(0.2)

CIMT=Carotid intima-media thickness; HbA1c=Glycated haemoglobin; FBS=Fasting blood sugar; BMI=Body mass index; SBP=Systolic blood pressure; LDL-c=Low
density lipoprotein cholesterol; *Significant p value; TCIMT expressed as median (interquartile range) and compared using Mann-Whitney U test

Table 3: Comparison of left carotid intima media thickness based on cardiovascular risks.

Significant correlation was observed between left common CIMT
and HbAlc (r=0.539, p<0.001), age (r=0.567, p<0.001), FBS (r=0.426,
p<0.001), systolic blood pressure (r=0.218, p=0.043), total cholesterol
(r=0.301, p=0.005), LDL-c (r=0.230, p=0.032) and HDL-c (r= -0.354,
p=0.001). Stepwise multivariable regression analysis identified age,
HbAlc and duration of hypertension to be significant predictors of
increased CIMT (r2=0.399, F=18.35, p<0.001), with the best predictors
being HbAlc (standardized beta=0.352, p<0.001) and age
(standardized beta=0.304, p=0.004).

Discussion

Our study demonstrates that patients with diabetes have
significantly higher CIMT compared to apparently healthy individuals.
Although this finding conforms to reports from other parts of Nigeria
and the world [12,18], measured CIMT among the diabetics in our
study is much higher. Plausible explanation for this variation includes
differences in sample sizes, duration of diabetes, differences in
demographics, co morbidities, method of measuring CIMT and levels
of glycaemic control.

The prevalence of increased CIMT among our diabetic subjects is
staggering and portends a significantly increased risk for
cardiovascular disease [10]. Comparison with other studies might be
difficult owing to differences in co morbidities and level of glycaemic
control, among others. More than two-third of the diabetic subjects in
our study had uncontrolled blood sugar as reflected by the FBS (73.6%)
and HbAlc (83.9%). This could partly explain the high burden of
increased CIMT observed. Increased prevalence of high CIMT was
reported in patients with diabetes with increased blood pressure,
elevated HbAlc, elevated FBS and elevated cholesterol [19-21]. This
association is not unexpected, given the role of the various individual
risk factors in the pathogenesis of atherosclerosis. Their combinatorial
effect in driving atherosclerosis is more than additive and could be
responsible for the high burden of increased CIMT [3].

We found a significant correlation between CIMT and HbAlc, FBS,
SBP, total cholesterol, LDL-c and HDL-c, similar to what was reported
in other studies [22,23]. High blood pressure and elevated LDL-c are
leading risk factors in pathogenesis of atherosclerotic vasculopathy.
Diabetes is associated with reduced HDL-c, elevated triglyceride and
high small dense lipoprotein cholesterol, findings dubbed as diabetic
dyslipidaemia. However, our study did not find significant association
between CIMT and triglyceride. It is intriguing that patients with
diabetes had a better lipid profile than the healthy controls. Although
detail of medication was not completely captured in our study, the
likelihood of being on statins is quite high. Importantly, therapeutic

lifestyle changes being an integral part of the management of patients
with diabetes might have impacted positively on the lipid profile.

Age, HbAlc and duration of hypertension independently predicted
increased carotid IMT in our patients with diabetes. Ageing is an
important independent risk factor for atherosclerosis and patients with
this vasculopathy have been shown to have evidence of cellular
senescence [24]. In a study by Saha and his colleagues, significant
association was observed between age and high CIMT among patients
with stroke [25]. Contrary to studies from other centres, we did not
find significant differences in CIMT between males and females.

Increased CIMT develops faster among diabetics compared to non-
diabetics, and hard carotid plaques develop in parallel with increasing
levels of HBAlc [26]. However, we did not find the duration of
diabetes to significantly impact on CIMT, a finding similar to that
reported by others [27]. An association between HBA1lc and incident
coronary heart disease, stroke and peripheral vascular disease had
been established in earlier studies [28-30]. An HBA1c level of 6.5% to
7% is shown to be associated with increased risk of stroke independent
of other risk factors.

Assessment of CIMT combines the unparalleled advantages of being
a sensitive, non-invasive and a reproducible test for assessing
atherosclerotic vascular diseases and risk of cardiovascular diseases;
and has been included in the list of diagnostic tools for global
cardiovascular risk assessment [31]. Its impact is mainly in individuals
with intermediate 10-year risk for cardiovascular events, allowing for
reclassification to either the low-risk or high-risk category [32]. This
has an enormous implication for the implementation of cost effective
preventive measures.

Conclusion

We have demonstrated in this study that patients with diabetes have
higher CIMT than healthy controls, and that the prevalence of
increased CIMT is extremely high. Given the overwhelming evidence
linking increased CIMT to incident cardiovascular diseases, the high
prevalence of increased CIMT among our diabetic cohorts is of great
concern. Assessment of CIMT should be routinely included in
evaluation of subjects with diabetes, and concerted efforts made
towards prevention of future CVDs. Given the small sample size from a
single centre, larger multicentre study will be required to establish the
prevalence of increased CIMT in Nigerian patients with diabetes.
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Limitations

Our study has a number of limitations. The small sample size might
have limited the power of the study. Medications and complications of
diabetes that might directly impacts on atherosclerosis especially
nephropathy were not captured as part of the study. The manual
assessment of CIMT might have affected the accuracy of measurement
compared to other studies in which semi-automated edge detection
method was used. Finally, all measurements of CIMT were carried out
by a single examiner with documentation of intra-observer variability.
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