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SUMMARY
Background: Diabetes mellitus (DM), a devastating disease, is one of the major global public
health burdens. In Port-Harcourt, the prevalence of type 2 DM is estimated at 7.9%. Diabetic
individuals are more prone to advanced atherosclerosis, a known risk factor for stroke. DM
has been reported as one of the commonest factors for stroke at the University of Port
Harcourt Teaching Hospital (UPTH), Port Harcourt. Carotid intima-media thickness (CIMT)
is a marker of the degree of atherosclerosis with resulting carotid haemodynamic changes and
these have been found useful in predicting the risk of stroke in type 2 diabetics.
Aims and Objectives: To sonographically evaluate the CIMT and blood flow velocities in
type 2 diabetics and to compare the findings to those of non-diabetics.
Materials and Methods: This was a cross-sectional comparative study carried out between
February, 2015 and June, 2016. Participants were recruited from UPTH and Braithwaite
Memorial Specialist Hospital (BMSH), Port Harcourt. Seven-hundred participants,
comprising equal number of type 2 diabetics and non-diabetics aged 18 years and above, had
colour Doppler ultrasound scan of the carotid arteries; to measure CIMT and blood flow
velocities. The results in the type 2 diabetic group were compared with those of non-diabetic
group. Sonographic parameters were correlated with age, gender and BMI. CIMT was also
correlated with duration of diabetes. Data was analyzed using statistical package for social
sciences (SPSS), version 21 for Windows. P-values ≤ 0.05 (5% level of significance), were
considered significant.
Results: There were 174(49.7%) males and 176(50.3%) females among the 350 type 2
diabetic participants, while there were 158(45.1%) males and 192(54.9%) females among the
350 non-diabetic participants. Mean age for type 2 diabetic group was 59.3±10.2 years, while
the mean age for the non-diabetic group was 49.6±12.4 years. The cumulative mean
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sonographic parameters measured, stated as type 2 diabetic group versus non-diabetic group
were as follows, CIMT: 1.09±0.25mm vs 0.94±0.24mm, CCA PSV: 105.43±20.68cm/s vs
112.16±17.07cm/s,

CCA

EDV:

26.63±11.65cm/s

vs

29.65±6.62cm/s,

ICA

PSV:

90.58±20.29cm/s vs 97.39±14.56cm/s, ICA EDV: 26.79±7.66cm/s vs 30.85±6.88cm/s and
ICA/CCA PSV ratio: 1.33±0.29 vs 1.33±0.26.
Conclusion: Type 2 diabetic patients had significantly higher CIMT values than nondiabetics (p = 0.001); CIMT increased with advancing age in both groups. Carotid blood flow
velocities in the common carotid and internal carotid arteries were significantly lower in type
2 diabetics compared to non-diabetics. CIMT also increased significantly with duration of
DM (r=0.194, p=0.001). There was no significant difference in the prevalence of carotid
plaques between type 2 diabetics and non-diabetics (p = 0.32).
Key words: Doppler, Diabetes mellitus, CIMT, Carotid Blood Flow Velocities.
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INTRODUCTION
Diabetes mellitus (DM), a debilitating disease, is one of the major global public health
burdens. It is expected that the number of diabetics worldwide, will increase to 300 million
patients by 20251. In Port-Harcourt, the prevalence of type 2 DM is estimated at 7.9%2. DM
is a group of metabolic disorders characterized by an underlying hyperglycemia, resulting
from absolute or relative lack of insulin; with nephropathy, neuropathy, angiopathy and
oculopathy as its attendant complications3.
The diagnostic criteria for DM, according to WHO/IDF consultation report (2006) is fasting
plasma glucose greater than or equal to 7.0 mmol/l (126 mg/dl) or 2-hour post-load plasma
glucose greater than or equal to 11.1 mmol/l (200mg/dl)4. There are three main types of DM:
Type 1 DM, type 2 DM and gestational DM5. Type 1 DM includes those cases attributed to
an autoimmune process, as well as those with beta-cell destruction, for which neither an
aetiology nor a pathogenesis is known. Gestational diabetes is glucose intolerance resulting in
hyperglycaemia of variable severity with onset or first recognition during pregnancy6.
Type 2 DM includes the major form of diabetes which results from inadequate insulin
secretion; almost always with a major contribution from insulin resistance6.
Clinical and epidemiological studies have clearly demonstrated that diabetics face increased
cardiovascular disease morbidity and mortality7. In fact, patients with type 2 DM have been
found to have 2-4 fold higher risk of cardiovascular disease than non-diabetics8. More than
half of all diabetic deaths are accounted for by atherosclerotic disease9. The Framingham
study pointed out that diabetic individuals are more prone to advanced atherosclerosis and its
sequelae, namely coronary artery disease, cerebrovascular disease, aortic atherosclerosis, and
peripheral vascular disease10.
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It has been suggested by International Atherosclerosis Project that the atherosclerotic process
affects the carotid, other cerebral and coronary arteries at the same time11. Intima media
thickness (IMT) is a measure of atherosclerotic vascular disease. It is considered as a
comprehensive picture of all alterations caused by multiple risk factors over time on the
arterial walls12. The carotid intima-media thickness and intima-media complex are
synonymous. This complex comprises endothelial cells, connective tissue and smooth muscle.
The complex is the exact site where lipids are deposited in plaque formation13.
Atherosclerosis can occur in any vessel in the body. Incidence is same in the coronary,
cerebral, and the carotid arteries13. Ultrasonographic (US) assessment of easily accessible
arteries like carotid has been advocated as a surrogate marker for less accessible vessels, such
as coronary and cerebral arterial systems14. Individuals with subclinical atherosclerosis should
preferably be identified at an early stage to avoid the worrisome complications15. The
development of atherosclerosis usually takes decades. One of the first detectable stages of
atherosclerosis is thickening of the arterial wall. Assessment of the common carotid intimamedia thickness (CIMT) is not just used as a marker for atherosclerosis, but also as a tool for
gauging the effectiveness of atherosclerosis treatment16.
CIMT evaluation with high-resolution B-mode US is non-invasive, inexpensive, and does not
expose patients to the risks associated with the use of ionizing radiation or intravenous
iodinated contrast. Normal CIMT is usually less than 1mm, however, no specific value is
known17. Other studies have also indicated that CIMT at or above 1mm is associated with
atherosclerosis and a significantly increased risk for myocardial infarction or cerebrovascular
disease in any age group18,19. Flow limiting stenosis of the carotid artery is a common
predisposing cause of stroke. Flow velocity is the main parameter for evaluating the severity
of carotid stenosis20. A haemodynamically significant stenosis (˃ 50% stenosis), is assumed
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at peak systolic flow velocity (PSV) greater than 125cm/s and end diastolic flow velocity
(EDV), greater than 40cm/s21 .
Hence this study aims to assess the degree of atherosclerotic changes and risk of
cerebrovascular complications in type 2 diabetics in Port-Harcourt, using US to evaluate the
CIMT and blood flow velocities (PSV, EDV and ICA/CCA PSV ratio); and to compare
findings in non-diabetics. There will be correlation with age, gender, Body Mass Index (BMI)
and exercise in both groups. In the type 2 diabetics, the CIMT will be correlated with duration
of DM.
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AIM AND OBJECTIVES

Broad:
To compare ultrasonographic carotid intima-media thickness and blood flow velocities in
type 2 diabetics with those of non-diabetics.

Specific:
(1)

To correlate CIMT in type 2 diabetics and non-diabetics with age, gender, body
mass index (BMI) and to compare findings in both groups.

(2)

To correlate common carotid artery (CCA) and internal carotid artery (ICA) blood
flow velocities (PSV, EDV and ICA/CCA PSV ratio) in type 2 diabetics and nondiabetics with age, gender and BMI and to compare findings in both groups.

(3)

To correlate CIMT in type 2 diabetics, with duration of DM.

(4)

To correlate CIMT in type 2 diabetics and non-diabetics, with exercise.

Hypotheses:
1. There is significant difference in CIMT of type 2 diabetics compared with nondiabetics.
2. There is significant difference in carotid blood flow velocities of type 2 diabetics
compared with non-diabetics.
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Sub-Hypotheses:
1. CIMT in type 2 diabetics is directly proportional to duration of DM.
2. Carotid blood flow velocities in type 2 diabetics is directly proportional to duration of
DM.
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JUSTIFICATION FOR THE STUDY
In Nigeria, more than 90% of people with diabetes have type 2 diabetes and in Port-Harcourt,
the prevalence of type 2 diabetes is 7.9%2, 22. Studies have clearly demonstrated that diabetics
are prone to increased morbidity and mortality from cardiovascular disease7, 8. Stroke
accounts for 0.9-4% of medical admissions in Nigeria and DM is recognized as one of the
commonest risk factors for stroke23.
Extracranial carotid artery disease is responsible for more than 50% of all the strokes 24.
Diabetic individuals are more prone to advanced atherosclerosis and plaque formation,
eventually leading to luminal stenosis and development of thrombus10,

17

. When these

processes occur in the carotid artery, they may lead to decrease in blood supply to the brain,
resulting in stroke19. Therefore, US evaluation of the CIMT and blood flow velocities, offers
a non-invasive method for assessment of atherosclerotic changes in patients with type 2 DM.
This study will contribute to the sparse information available about CIMT and blood flow
velocities in patients with type 2 DM in this geographical area. Furthermore, correlation
between the IMT and other risk factors for cerebrovascular disease will provide even better
evaluation of the risk assessment for subsequent aggressive management.
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GROSS ANATOMY OF THE CCA AND ICA
The carotid arteries are paired arteries which transport oxygenated blood to the head and
neck. The common carotid arteries have different origins (Fig.1). The right CCA begins
behind the right sternoclavicular joint at the bifurcation of the brachiocephalic artery. The left
CCA arises from the aortic arch in front and to the right of the origin of the left subclavian
artery. In the neck, both common carotid arteries have essentially similar courses and
relationships; they ascend in the carotid fascial sheath which contains also the internal jugular
vein laterally. Each CCA lies on the transverse processes of the cervical vertebrae.
Superficially, the artery is covered by the sternocleidomastoid muscle. The CCA has no side
branches but bifurcates at the level of the upper border of the thyroid cartilage (at the
vertebral level C4) into the external carotid artery (ECA) and internal carotid artery (ICA),
which are more or less equal in size. The internal carotid arteries are direct continuations of
the common carotids, with proximal part of each being the site of the dilated carotid sinus25.
Normal Anatomic Variants21:


In 90 percent of the population, the ICA courses posterolateral to the ECA.



In about 10 percent of cases, the ICA is seen at the same level and medial to the ECA.



In rare cases, the ICA lies in front of the ECA.
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Left common
carotid artery

Right common
carotid artery

Right subclavian
artery

Left subclavian
artery

Brachiocephalic
trunk

Aortic arch

Fig.1. Schematic diagram of the aortic arch showing the origin of the right and left
common carotid arteries.

10

SONOGRAPHIC ANATOMY OF THE CCA AND ICA
The common carotid arteries can be recognized on B-mode and colour Doppler
ultrasonography as they course vertically upwards in the neck to divide into the internal and
external carotid arteries at the carotid bifurcation. Longitudinal scans demonstrate the CCA as
an anaechoic tubular structure posterior to the jugular vein in the lateral aspect of the neck26.
The bifurcations into the internal and external carotid arteries are clearly seen, and the ECA is
usually the more anterior of the two branches, giving off branches just above the bifurcation.
The ICA has no branches in the neck27.
The walls of the carotid arteries comprise three layers; the echogenic tunica intima, the
hypoechoic tunica media and the echogenic tunica adventitia which is the outermost26. The
far wall best demonstrates the intima-media complex which is seen as a double echogenic line
and this is measured as the distance between the echogenic lumen-intima interface and the
hypoechoic media-adventitia interface28 (Fig.2).
Colour Doppler examination displays blood flow in the CCA as colours superimposed on
real-time B-mode image. This allows for easy identification of the CCA and its bifurcation
(Fig.3). The characteristic flow pattern on colour Doppler image is laminar. This is seen as
gradations of shade of colour from the periphery to the centre of the vessel (Fig.4). The ICA
has low-resistance flow, with a Doppler waveform that is characterized by a steep systolic
upslope followed by a fairly large diastolic component29. This gives the ICA a biphasic
waveform (Fig.5).
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Fig.2. Longitudinal B-mode ultrasound image of the CCA showing the lumen-intima
(white arrow) and the media-adventitia (black arrow) interfaces.
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Fig.3. Longitudinal colour Doppler ultrasound scan showing normal carotid bifurcation.
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Fig.4. Ultrasound image showing normal spectral Doppler waveform in the CCA
showing characteristic dichrotic notch.
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Fig.5. Ultrasound image showing normal spectral Doppler biphasic waveform in the
ICA characteristically showing more flow during diastole.
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LITERATURE REVIEW
The early phase of atherosclerosis when atheromas have not protruded into the vessel lumen
cannot be documented on conventional or digital angiograms30. This is because only the
vessel lumen (and not the vessel wall itself) is visualized. In addition, angiography is
invasive, expensive and exposes the patient to the risks associated with ionizing radiation and
the administration of iodinated intravenous contrast medium; therefore preventing its use as a
screening tool in asymptomatic patients at risk of cerebrovascular events. Consequently, there
is much interest in the potential of non-invasive imaging techniques such as magnetic
resonance imaging (MRI) and US for the detection of asymptomatic atherosclerosis as well as
for evaluation of progression of the disease31.
Measurement of CIMT with US has the potential to identify atherosclerosis in the vessel wall
before narrowing of the lumen develops. Moreover, CIMT evaluation with US is noninvasive, inexpensive, and does not expose patients to the risks associated with the use of
ionizing radiation or intravenous iodinated contrast medium.
The onset and progression of atherosclerosis have been reported in various studies, to be more
rapid in individuals with DM than in those without DM. One of such studies was the one by
Temelkova-Kurktschiev et al32, where a significantly higher CIMT was observed in newly
diagnosed type 2 diabetics (0.98 ± 0.03mm) compared with non-diabetics (0.85 ± 0.02mm).
Mohan et al33 in the Chennai Urban Population Study (CUPS), observed that the mean CIMT
value of the diabetic subjects (0.95 ± 0.31 mm) was significantly higher than those of the nondiabetic subjects (0.74 ± 0.14mm). In 2005, Brohall et al34 analysed the mean CIMT value
reported for type 2 diabetics and found that it was 0.13mm thicker than in non-diabetics.
Similarly, the study by Alizadeh et al35 showed the mean CIMT to be significantly higher in
type 2 diabetics (0.98 ± 0.4mm) compared to non-diabetics (0.63 ± 0.23mm). In a study in
Jos, Okeahialam et al36 compared CIMT in type 2 diabetics with the values in hypertensive
16

and apparently normal controls, matched for gender and age, and found that the mean (SD) of
the right and left CIMT were 0.94mm (0.12); 0.91mm (0.17) for type 2 diabetics, 0.93mm
(0.13); 0.93mm (0.15) for the hypertensive and 0.91mm (0.17); 0.91mm (0.13) for normal
groups, respectively. There was a non-significant tendency to raised IMT for the disease
groups from the normal ones. The study by Al-Eqabi et al37 showed the mean IMT on both
right (0.85±0.12mm vs 0.71±0.10 mm) and left (0.83±0.11mm vs 0.71±0.09 mm) CCA to be
higher in type 2 diabetics compared to non-diabetics.
Gonzalez et al38 in their study involving healthy young adults, showed 2.2%-3.1% greater
thickness in the right CCA compared to the left (p˂0.001). However, Casella et al39 found
mean left CIMT to be significantly higher than the right (12.54±6.0mm vs 11.51±4.7mm, p=
0.005).
Several researchers have studied the relationship between CIMT with age and sex. Güvener et
al40 in a study in Turkey involving type 2 diabetics, observed that the CIMT on both sides
increased significantly with increasing grade of age in both sexes (p<0.0001). Agarwal et al41
in a study of a group of type 2 diabetics, showed correlation between age and CIMT which
was statistically significant (p<0.05) with CIMT increasing with age. Denarie et al42 studied
the CIMT in healthy adults of both sexes and showed that the CIMT increased significantly
with age in both sexes (p<0.001).
Zhao et al43 explored the relationship between gender and CIMT in type 2 diabetics and found
that the CIMT in type 2 diabetic men was significantly higher than in type 2 diabetic women
(0.880 ± 0.189 vs 0.810 ± 0.164 mm, p= 0.0002). This was observed especially in those with
age greater than or equal to 69 years. Another study by Paul et al44 in healthy adults of both
sexes, arrived at a conclusion that males had significantly higher CIMT than age matched
females.
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Several studies conducted in the past have described the relationship between CIMT and
BMI. Güvener et al40 studied the effect of BMI on the CIMT of type 2 diabetics and found no
significant relationship between BMI and CIMT on both sides. Butt et al45 in a study
involving type 2 diabetics, found that both left and right CIMT increased with BMI (p<0.05).
A study by Rodriguez et al46, though involving paediatric diabetic and non-diabetic subjects,
observed a lower PSV (107.1 ± 22.8 vs. 119.3 ± 19.2, P = 0.005) and EDV (28.4 ± 6.0 vs.
33.0 ± 7.0, P = 0.001) in the CCA in diabetic subjects compared to non-diabetic subjects. In
Iraq, Al-Eqabi et al37 in their study also observed that the EDV results showed lower values in
the type 2 diabetic group than non-diabetic group for the right (12.41±5.12 vs 14.9±5.1) and
left (12.57±3.75 vs 15.2±4.30) ICA, respectively.
Yazici et al47 studied the relationship between carotid blood flow velocities and age in healthy
adults. The study found a significant decrease in the CCA and ICA flow velocities with
increase in age. Lee et al48 evaluated the variability of blood flow velocity measurements
along the CCA and found that the velocity values were consistently lower in the older age
group at all locations of measurements. Kochanowicz et al49, discovered that ICA/CCA PSV
ratio increased with age only in men.
Özdemir et al50 in a study among healthy adults of both gender, found no significant
difference in the blood flow velocities of the CCA and ICA on both sides. However, Yazici et
al47 showed that the PSV (75.8 ± 15.6cm/sec vs 64.3 ± 12.3 cm/sec, p=0.000) and EDV (30.6
± 6.9 cm/sec vs 24.2±6.3 cm/sec, p=0.000) in ICA were higher in women compared to men.
In another study by Özdemir et al50, it was observed that the carotid peak systolic velocities
increased with BMI, while end-diastolic velocities decreased with BMI. A similar study,
though in children, by Kenji51, showed that PSV and EDV were not significantly different in
obese children, compared to normal controls.
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Butt et al45 in a study observed that the CIMT on both sides increased significantly with
duration of DM (p=0.01).
Taylor et al52 in a study on the influence of chronic exercise on carotid atherosclerosis in
marathon runners, observed no significant relationship between exercise and CIMT (p=0.31).
A study by Lundman et al53 showed that 28% of type 2 diabetic patients had one or more
carotid plaques. After a 2-year follow-up, the prevalence of carotid plaques increased to 62%,
including in patients who initially had plaques. In India, Kota et al54 in a study involving three
groups; group A (type 2 diabetics with or without hypertension with ischemic stroke
demonstrated on CT scan), group B (type 2 diabetics without any prior history of transient
ischemic attack or stroke) and group C (normal individuals), reported a higher frequency of
carotid plaques in the type 2 diabetic groups compared to the non-diabetic group. The study
observed that out of a total of 80 participants, 24 (30%) had plaques in the CCA. 20 were
from group A (83.3%), 4 from group B (16.7%) and none were from group C.
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MATERIALS AND METHODS
This is a cross-sectional comparative study of the IMT of the CCA and blood flow velocities
(peak systolic velocity, end-diastolic velocity and ICA/CCA PSV ratio), of the common
carotid and internal carotid arteries, using ultrasonography. Data was collected from type 2
diabetic patients and non-diabetics, in Port Harcourt. The study lasted from February 2015 to
June 2016.
Study area:
This is a multicenter study taking place at the University of Port Harcourt Teaching Hospital
(UPTH) and Braithwaite Memorial Specialist Hospital (BMSH) Port Harcourt, Nigeria. Port
Harcourt is the capital of Rivers State, in the South-South geopolitical zone of Nigeria. It lies
between latitude 4o N and longitude 7o E, along the Bonny River, in the Niger Delta. It is a
multiethnic city. The inhabitants are mostly Ikwere, Ibani, Opobo, Eleme, Okrika, Kalabari,
Etche, Ogba, Ogoni, Engenni, Obolo, Igbo and from other Nigerian states. The socio-cultural
background of the people is similar with Christianity as the major religion. Port Harcourt is
economically significant as the centre of Nigeria’s oil industry. UPTH and BMSH are the
largest tertiary health care centres in Rivers State. The catchment area of the hospitals extends
beyond Rivers State to include the Niger Delta region, with estimated population of ten
million people55.

Subject selection and sampling:
Using systematic sampling method, patients with type 2 DM were recruited from the
Endocrinology Clinics of UPTH and BMSH during consultations. The co-operation of the
endocrinologists was sought after discussing the study with them. The Endocrinology Clinics
of UPTH and BMSH hold once a week on different days and attend to about 60 type 2
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diabetic patients each clinic day, respectively. Every eighth patient who had type 2 diabetes
and met the inclusion criteria was recruited for the study. An average of seven type 2 diabetic
patients was recruited each clinic day. The non-diabetic participants were recruited
consecutively at random based on the inclusion criteria until the targeted sample size was
obtained. Nova Max Plus glucometer (part no: 43435, SN-B145319342XP), was used to
screen the non-diabetic participants. Any non-diabetic with fasting blood glucose greater than
or equal to 7.0 mmol/l (126 mg/dl) was regarded as a suspected case of DM and excluded
from the study. Blood pressure of participants was also measured using mercury
sphygmomanometer. Participants with blood pressure values of <140mmHg systolic pressure
and <90mmHg diastolic pressure were recruited into this study.
Ethical consideration:
Approval to carry out this study was obtained from the Ethical Committee of UPTH
(Appendix I). Written informed consent was obtained from each participant before
recruitment into the study (Appendix II). The participants were informed of the safety of
ultrasound scan and that they can withdraw from the study at any stage without consequences.
The data collected from the participants were recorded serially and treated with utmost
confidentiality.
Benefits:
The ultrasound scan was at no cost to the participants. Any participant with near or total
occlusion of the carotid vessels was referred immediately for appropriate management.
Sample size determination:
Equal number of type 2 diabetics and non-diabetics was used in this study. The sample size
was calculated using the formula56:
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N 

 



2 P 1  P Z / 2  Z  

2

P1  P2 2

, where

N = Sample size in the type 2 diabetic group

P1  P  A measure of variability (similar to standard deviation)
P1 = Prevalence of type 2 DM in Port Harcourt (It is reported to be 7.9% in the Literature2)
P2 = Prevalence of undiscovered DM in Port Harcourt (It is reported to be 2.8% in the
Literature2)

P  P1  P2  / 2 (i.e. mean proportion = [7.9% + 2.8%]/2 = 5.35% = 0.0535)
(P1 - P2) = Effect size (the difference in proportions = 7.9% - 2.8% = 5.1% = 0.051)
Z/2 = The desired level of significance (two - tailed test = 1.96 for  = 95%)
Z = The desired power (0.84 for 80% power).
The sample size, therefore, will be
N = 2(0.0535) (1 - 0.0535) (1.96 + 0.84) 2/ (0.051)2
= (2 x 0.0535 x 0.9465) (2.8)2 / (0.051)2 = 305.267
 306 patients (in the type 2 diabetic group)
Equal number of non-diabetics will be used.
Therefore, 306 x 2 = 612 participants (type 2 diabetic and non-diabetic groups).
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Calculating for attrition rate of 10% (61 participants), gets the minimum sample size to 673
participants. However, a sample size of 700 participants was used.
Inclusion Criteria for Type 2 diabetics:
1. Patients must be confirmed cases of adult type 2 DM.
2. Age of 18years and above.
Inclusion Criteria for Non-diabetics:
1. Participants must be non-diabetic, non-hypertensive adults.
2. Age of 18years and above.
Exclusion Criteria for Type 2 diabetics:
1. Patients with scar tissue on the neck which may cause traction on the vessels and
increased wall thickness, as this will give unreliable result.
2. Pregnancy.
3. Known hypertensive patients.
4. Cigarette smokers.
5. Clinical evidence of stroke and heart failure.
6. History of oral contraceptives use.
7. Evidence of near or total occlusion of the carotid vessels, as this will give unreliable
or no velocity values.
8. Refusal to consent.
Exclusion Criteria for Non-diabetics:
1. Patients with scar tissue on the neck which may cause traction on the vessels and
increased wall thickness, as this will give unreliable result.
2. Pregnancy.
3. Known diabetic patients.
4. Known hypertensive patients.
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5. Cigarette smokers.
6. Clinical evidence of stroke and heart failure.
7. History of oral contraceptives use.
8. Evidence of near or total occlusion of the carotid vessels, as this will give unreliable
or no velocity values.
9. Refusal to consent.
Technique:
A questionnaire (Appendix III), was administered to each participant. Weight (Kg), height
(m) and year of hospital diagnosis of diabetes were documented on a study data sheet
(Appendix IV). Body Mass Index (BMI), was calculated as, Weight/ (Height)2, (Kgm⁻2)57.
BMI was graded as57: underweight (<18.50), normal weight (18.50-24.99), overweight
(25.00-29.99), obese (≥30).
Carotid scan was performed with a MINDRAY ultrasound machine (model: DC-8, SN-QE3B001806, and Year: 2013), using a linear probe with transducer frequency of 5-12.5MHz.
The participants were scanned lying down, with shoulders supported on a pillow and neck
extended and rotated about 45 degrees away from the side being scanned. Coupling gel was
applied on the neck to displace air, and to bring good contact between the transducer and the
skin. The probe was then placed above the clavicle in transverse plane, for grey-scale
examination. The CCA was located, and followed as proximal as the clavicle would allow.
The probe was then moved cranially following the CCA to the level of the carotid bifurcation,
at the level of the thyroid cartilage. The probe would then be moved laterally and posteriorly,
following the ICA distally to the angle of the mandible in longitudinal and transverse scans.
Colour Doppler scan was used to assess adequate filling, patency and course of the arteries.
Duplex Doppler examination of the carotid vessels was performed in the longitudinal plane
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using an insonation angle of 60 degrees29, between the ultrasound beam and the vessel walls.
Range gate of 2mm was used. Using the suggested method by Holdsworth et al58, pulse
repetition frequency (PRF) ranging from 6 to 10KHz, was used, to minimize velocity aliasing.
CIMT was measured on grey-scale image, at a site 1cm proximal to the carotid bulb; in the far
wall of the CCA on both sides (Figs.6a, 6b). The average value of CIMT was recorded (in
mm). Carotid plaques were documented, and classified using modified Gray-Weale method59:
type 1 – uniformly anechoic or hypoechoic; type 2 – predominantly (>50%) hypoechoic; type
3 – predominantly (>50%) hyperechoic; type 4 – uniformly hyperechoic and type 5 –
uniformly echogenic with posterior acoustic shadowing (calcified plaque) (Fig. 7). Spectral
Doppler waveform was obtained at proximal and distal portions of the CCA and in the
proximal ICA. PSV and EDV was determined from the velocity waveforms (Figs.8 and 9)
and average values recorded in each case, (in cm/s). ICA/CCA PSV ratio was then calculated
in each case and documented.
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Fig.6a. Longitudinal B-mode ultrasound image of the CCA showing measurement of the
IMT (calipers) at the far wall.

Fig.6b. Schematic diagram showing the points of measurement of CIMT in longitudinal
scan at the far vessel wall.
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Fig.7. Ultrasound image showing a type-3 carotid plaque (small arrows) at the junction
of distal CCA and the carotid bulb, in a participant.
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Fig.8. Ultrasound image showing normal spectral Doppler velocity waveform in CCA
showing points of estimation of PSV and EDV.
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Fig.9. Ultrasound image showing normal spectral Doppler velocity waveform in ICA
showing points of estimation of PSV and EDV.
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STATISTICAL ANALYSIS
Data from the study data sheet (appendix III), were recorded in a computer system, and were
then analyzed using IBM statistical package for social sciences (SPSS), version 21 for
Windows (New York, USA). Continuous variables are shown as mean ± standard deviation
(M±SD) and presented in tables and charts, while categorical variables are presented as
percentages. The mean CIMT and blood flow velocities in type 2 diabetic and non-diabetic
groups were compared using an independent student t-test at 5% level of significance (≤
0.05). Pearson’s correlation coefficient was used to assess the relationship between the
sonographic parameters and age, as well as with gender and BMI. Pearson’s correlation
coefficient was also used to assess the relationship between CIMT and duration of DM.
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RESULTS
This was a cross-sectional comparative study of ultrasonographic evaluation of CIMT and
blood flow velocities in type 2 diabetic patients and non-diabetics in Port Harcourt. The study
was conducted using 700 adults, made up of 350 type 2 diabetic and 350 non-diabetic
participants. The response rate for the type 2 diabetics and non-diabetics were 85% and 92%
respectively.
Table 1 below shows the demographic characteristics of the study groups. It shows the mean
age and BMI of the type 2 diabetic and non-diabetic groups, as well as the mean duration of
diabetes in the type 2 diabetic group.
Figure 10 below is a bar chart showing the gender distribution of the participants. Overall,
332 males and 368 females participated in this study, 174(49.70%) males and 176(50.30%)
females were in the type 2 diabetic group, while there were 158(45.10%) males and
192(54.90%) females among the non-diabetic group.

Table 1. Demographic data of study groups
Diabetic group

Non-diabetic group

Mean

Std. Dev.

Mean

Std. Dev.

Age

59.27

10.20

49.55

12.36

Height

1.636

0.086

1.641

0.085

Weight

71.60

15.84

68.83

12.85

BMI

27.59

4.83

25.21

4.21

Duration of
Diabetes

6.71

6.09

-

-
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Fig 10. Bar chart showing gender distribution of type 2 diabetic and non-diabetic
participants.
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Fig.11: Bar chart showing age and gender distribution of both type 2 diabetic and nondiabetic groups.

Figure 11 above is a bar chart showing the distribution of gender of the participants grouped
by their ages. Majority of the type 2 diabetic males were in the age group 61 to 70 years,
while majority of the type 2 diabetic females were in the 51 to 60 years age group. Majority
of the male and female non-diabetics were in the 30 to 40 years age group. The least number
of type 2 diabetic males were in the age group 30 to 40 years, while the least number of type
2 diabetic females were in the 71 years and above age group. The least number of male and
female non-diabetics were also in the 71 years and above age group.
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Table 2: Distribution of participants according to age
Age (Years)

Diabetics

Non-diabetics

Total

30 – 40

21 (3.0%)

114 (16.3%)

135 (19.3%)

41 – 50

51 (7.3%)

84 (12.0%)

135 (19.3%)

51 – 60

105 (15.0%)

75 (10.7%)

180 (25.7%)

61 – 70

130 (18.6%)

55 (7.9%)

185 (26.4%)

≥ 71

43 (6.1%)

22 (3.1%)

65 (9.3%)

Total

350 (50.0%)

350 (50.0%)

700 (100.0%)

Table 2 above shows the distribution of participants grouped by their ages. It shows the
number of participants who had type 2 diabetes and those who were non-diabetic in the
different age groups. Most type 2 diabetics were aged 61 to 70 years and non-diabetics were
mainly 30-40 years.

Table 3: Distribution of participants according to BMI
BMI

Diabetics

Non-diabetics

Total

< 18.50
(underweight)
18.50 - 24.99
(normal weight)
25.00 - 29.99
(overweight)
≥30.00 (obesity)

6 (0.9 %)

9 (1.3%)

15 (2.1%)

108 (15.4%)

182 (26.0%)

290 (41.4%)

123 (17.6%)

113 (16.1%)

236 (33.7%)

113 (16.1%)

46 (6.6%)

159 (22.7%)

Total

350 (50.0%)

350 (50.0%)

700 (100.0%)
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Table 3 above presents the BMI for the type 2 diabetic and non-diabetic participants. It shows
BMI classification into underweight, normal weight, overweight and obesity. The highest
number of type 2 diabetics were overweight (17.6%), while most non-diabetics had normal
weight (26.0%).

Table 4: Summary of high carotid blood flow velocities and thickened CIMT in the
study
Diabetics

Non-diabetics

Frequency (%)

Frequency (%)

CIMT≥1

81(11.55)

CCA PSV ≥125

Sonographic
Findings

X2 -value

p-value

37(5.2)

16.41

0.001*

0(0.0)

0(0.0)

-

-

CCA EDV ≥40

3(0.45)

0(0.0)

-

-

ICA PSV ≥125

1(0.1)

0(0.0)

-

-

ICA EDV ≥40

3(0.45)

0(0.0)

-

-

2(0.6)

0(0.0)

-

-

ICA/CCA PSV
RATIO ≥2
*= Significant p-value.

Table 4 above summarizes the frequency of significant CIMT (≥ 1mm) and blood flow
velocities within significant stenotic range (> 50% stenosis), in both groups. Frequency of
thickened CIMT was significantly higher in the type 2 diabetic group compared to nondiabetic group [81(11.5%) vs 37(5.2%); x2-value =16.41, p =0.001]. Frequency of 3 was
recorded in the type 2 diabetic group for high CCA EDV and high ICA EDV, respectively.
Frequency of 1 and 2 was also recorded in the type 2 diabetic group for high ICA PSV and
high ICA/CCA PSV ratio, respectively, with no record of high values in the non-diabetic
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group. No high value was recorded in both type 2 diabetic and non-diabetic groups for CCA
PSV.
Table 5: Prevalence rate of plaques in the study
Diabetics

Non-diabetics

p-value

RCA

41 (11.7%)

36 (10.3%)

0.57

LCA

39 (11.1%)

32 (9.1%)

0.41

TOTAL

80 (22.8%)

68 (19.4%)

0.32

Table 5 above shows the prevalence rate of plaques in the study. A total of 148 (21.1%)
participants had carotid plaques with a greater number in the type 2 diabetic group (80 vs 68).
When total prevalence of plaques in the carotid arteries was statistically evaluated, no
significant difference was seen between both groups, (22.8% vs 19.4%; p=0.32). There was
no significant difference between prevalence rate of plaques in the right carotid arteries
between type 2 diabetic group and non-diabetic group, (11.7% vs 10.3%; p=0.57). Similar
observation was made in the left carotid arteries, (11.1% vs 9.1%; p=0.41).

Table 6: Distribution of plaque according to type
Plaque
Type
Type 1

Diabetics

(%)

Non-diabetics (%)

15(4.3%)

8(2.3%)

Type 2

19(5.4%)

12(3.4%)

Type 3

22 (6.3%)

21 (6.0%)

Type 4

12(3.4%)

17(4.9%)

Type 5

12(3.4%)

10(2.9%)
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Table 6 above presents the distribution of plaque according to type. Fifteen type 2 diabetic
participants (4.3%) had type-1 carotid plaque, 19(5.4%) had type-2, 22(6.3%) had type-3,
while 12(3.4%) had type-4 and type-5 plaques, respectively. In the non-diabetic group,
8(2.3%) participants had type-1 carotid plaque, 12(3.4%) had type-2, 21(6.0%) had type-3,
17(4.9%) had type-4, while 10(2.9%) had type-5 plaques, respectively.

Table 7: Comparison of the right and left CIMT of type 2 diabetic and non-diabetic
participants
Diabetics

Non-diabetics

No.

Mean

S.D

Mean

S.D

P –value

RCIMT

350

0.73

0.17

0.62

0.16

0.001*

LCIMT

350

0.75

0.19

0.64

0.17

0.001*

CUMULATIVE 350
MEAN CIMT

1.09

0.25

0.94

0.24

0.001*

*= Significant p-value.

Table 7 above shows the comparison of the right and left CIMT of type 2 diabetic and nondiabetic participants.
From the observations, RCIMT was significantly higher in the type 2 diabetic group
(0.73±0.17mm vs 0.62±0.16mm; p=0.001). Significantly higher LCIMT was also observed in
the type 2 diabetic group (0.75±0.19mm vs 0.64±0.17mm, p=0.001). When cumulative mean
was considered, CIMT was significantly higher in the type 2 diabetic group (1.09±0.25mm vs
0.94±0.24mm; p=0.001).
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Table 8: Comparison of mean right and left CIMT of type 2 diabetic and non-diabetic
participants

30 – 40

41 – 50

51 – 60

61 – 70

≥ 71

Diabetics

Sex

Age
(Years)

Sex

RCIMT

LCIMT
Non-diabetics

Diabetics

Non-diabetics

Mean

S.D

Mean

S.D

P-value Mean

S.D

Mean

S.D

P-value

M

0.60

0.12

0.50

0.09

0.012*

0.64

0.11

0.52

0.11

0.009*

F

0.55

0.11

0.49

0.09

0.034*

0.55

0.10

0.52

0.09

0.21

M

0.62

0.12

0.58

0.09

0.21

0.62

0.08

0.62

0.09

0.79

F

0.64

0.15

0.59

0.09

0.07

0.63

0.11

0.60

0.12

0.29

M

0.66

0.13

0.67

0.17

0.89

0.71

0.14

0.70

0.17

0.89

F

0.69

0.15

0.65

0.11

0.11

0.71

0.18

0.67

0.09

0.15

M

0.81

0.17

0.74

0.15

0.050*

0.82

0.19

0.78

0.19

0.39

F

0.74

0.14

0.73

0.13

0.65

0.78

0.17

0.79

0.18

0.66

M

0.87

0.17

0.94

0.09

0.22

0.89

0.23

0.94

0.10

0.52

F

0.81

0.09

0.92

0.15

0.07

0.85

0.15

0.92

0.09

0.28

*= Significant p-value.

Table 8 above shows the comparison of mean right and left CIMT of type 2 diabetic and nondiabetic participants, grouped by their ages and gender.
From the observations, RCIMT was significantly higher in type 2 diabetic male (p=0.012)
and female (p=0.034) participants aged 30 to 40 years; and in males aged 61 to 70 years
(p=0.050). Significantly higher LCIMT was also found in type 2 diabetic males aged 30 to 40
years (p=0.009).
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Table 9: Comparison of the right and left CIMT of type 2 diabetic and non-diabetic
participants in the study, respectively.
Diabetics
RCIMT

Non-diabetics

LCIMT

RCIMT

LCIMT

Mean

S.D

Mean

S.D

P –value

Mean S.D

Mean

S.D

P –value

0.73

0.17

0.75

0.19

0.13

0.62

0.64

0.17

0.045*

0.16

*= significant P-value

Table 9 above shows the comparison of the right and left CIMT of the participants. There was
no significant difference in the RCIMT and LCIMT in the type 2 diabetic group (p=0.13);
however, LCIMT was significantly higher than RCIMT in the non-diabetic group (p=0.045).

Table 10: Correlation of CIMT and blood flow velocities of type 2 diabetic and nondiabetic participants with age
Diabetics

Non-diabetics

P – value
0.001*

CIMT
CCAPSV

0.007

0.90

0.071

0.184

CCAEDV

- 0.097

0.069

0.014

0.798

ICAPSV

0.033

0.54

0.061

0.254

ICAEDV

- 0.212

0.001*

- 0.074

0.167

0.434

- 0.023

0.669

ICA/CCA
0.042
PSV ratio
*= significant P-value
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R
0.76

P – value
0.001*

R
0.53

Table 10 above shows the correlation of CIMT and blood flow velocities of the participants
with age.
From the observations, when CIMT was correlated with age, significant positive correlation
was observed between CIMT and age, both in the type 2 diabetic (r=0.53, p=0.001) and in the
non-diabetic participants (r=0.76, p=0.001).
When carotid blood flow velocities were correlated with age, significant negative correlation
was observed in ICA EDV (R=-0.212, P=0.001) in the type 2 diabetic participants. No
significant correlation was observed between carotid blood flow velocities and age in the nondiabetic participants.

Table 11: Comparison of CIMT of male and female type 2 diabetic and non-diabetic
participants
Diabetics
MALE

Non-diabetics

FEMALE

MALE

FEMALE

Mean

S.D

Mean

S.D

P –value

Mean

S.D

Mean

S.D

P –value

RCIMT

0.76

0.18

0.70

0.15

0.001*

0.63

0.18

0.61

0.15

0.255

LCIMT

0.78

0.20

0.72

0.18

0.002*

0.66

0.19

0.63

0.16

0.176

CUMULATIVE 1.15
MEAN CIMT

0.26

1.05

0.23

0.001*

0.96

0.26

0.93

0.22

0.203

*= significant P-value

Table 11 above shows the comparison of CIMT of male and female participants. It shows that
RCIMT and LCIMT were significantly higher in type 2 diabetic males (p<0.05). RCIMT and
LCIMT were also higher in the non-diabetic males, but this was not significant. When
cumulative mean was considered, CIMT was also significantly higher in type 2 diabetic
males (p=0.001). Cumulative mean CIMT was also higher in the non-diabetic males, but this
was also not significant.
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Table 12: Correlation of CIMT and blood flow velocities of type 2 diabetic and nondiabetic participants with BMI
Diabetics

Non-diabetics

CIMT

R
- 0.193

P – value
0.001*

R
- 0.014

P – value
0.792

CCAPSV

- 0.147

0.006*

- 0.089

0.098

CCAEDV

- 0.001

0.891

0.053

0.321

ICAPSV

- 0.176

0.001*

- 0.226

0.001*

ICAEDV

- 0.088

0.102

- 0.053

0.324

ICA/CCA
- 0.066
PSV ratio
*= significant P-value

0.215

- 0.114

0.033

Table 12 above shows correlation of CIMT and blood flow velocities of participants with
BMI.
It shows significant negative relationship between CIMT and BMI in the type 2 diabetic
participants (r= -0.913, p=0.001). Negative relationship between CIMT and BMI in the nondiabetic participants was also observed, but this was not significant (r= -0.014, p=0.792).
Significant negative relationship between CCA PSV and BMI (r= -0.147, p=0.006); and
between ICA PSV and BMI (r= -0.176, p=0.001) were observed in the type 2 diabetic
participants. Significant negative relationship was also observed between ICA PSV and BMI
in the non-diabetic group (r=-0.226, p=0.001).
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Table 13: Correlation of CIMT and blood flow velocities of type 2 diabetic participants
with duration of DM
Diabetics
P – value
0.001*

R
0.194

CIMT
CCAPSV

- 0.078

0.144

CCAEDV

- 0.112

0.036

ICAPSV

0.021

0.698

ICAEDV

- 0.004

0.943

0.093

0.084

ICA/CCA
PSV ratio
*= significant P-value

Table 13 above shows correlation of CIMT and blood flow velocities with duration of DM.
There was significant positive relationship of CIMT with duration of DM (r=0.194, p=0.001).
No significant relationship was seen between the carotid blood flow velocities and duration of
DM.

Table 14: Correlation of CIMT of type 2 diabetic and non-diabetic participants with
exercise
Diabetics
R

CIMT

- 0.054

Non-diabetics

P – value

0.314

R

- 0.034

P – value

0.147

Table 14 shows correlation of CIMT of the participants with exercise. There was negative
relationship of CIMT with exercise in both the type 2 diabetics and non-diabetics, but this
was not significant.
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Fig. 12: Bar chart showing comparison of mean right and left CCA PSV of type 2
diabetic and non-diabetic participants grouped according to age and gender.

Figure 12 above is a bar chart demonstrating the comparison of mean right and left CCA PSV
of the participants grouped by age and gender.
It shows significantly lower RCCA PSV in type 2 diabetic males aged 30 to 40 years
(p=0.004) and 51 to 60 years (p=0.003). Significantly lower RCCA PSV was also noted in
type 2 diabetic males aged 71 years and above (p=0.034). LCCA PSV was significantly lower
in type 2 diabetic females aged 41 to 50 (p=0.050) and 61 to 70 years (p=0.046). Significantly
lower LCCA PSV was also noted in type 2 diabetic males aged 61 to 70 years (p=0.03).
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Fig. 13: Bar chart showing comparison of mean right and left CCA EDV of type 2
diabetic and non-diabetic participants grouped according to age and gender.

Figure 13 above is a bar chart demonstrating the comparison of mean right and left CCA
EDV of the participants grouped by age and gender.
From the observations, RCCA EDV was significantly lower in type 2 diabetic males and
females aged 51 to 60 and 71 years and above (p<0.05).
It also shows significantly lower LCCA EDV in type 2 diabetic males and females aged 61 to
70 years (p<0.05) and type 2 diabetic males aged 71 years and above (p=0.001). LCCA EDV
was also significantly lower in type 2 diabetic females aged 41 to 50 (p=0.002) and 51 to 60
(p=0.032).
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Fig. 14: Bar chart showing comparison of mean right and left ICA PSV of type 2
diabetic and non-diabetic participants grouped according to age and gender.

Figure 14 above is a bar chart showing comparison of mean right and left ICA PSV of the
participants grouped by age and gender.
It shows that the RICA PSV was significantly lower in type 2 diabetic males and females
aged 41 to 50 (p<0.05) and type 2 diabetic males aged 71 years and above (p=0.009).
LICA PSV was also significantly lower in type 2 diabetic males aged 41 to 50 (p=0.001); and
type 2 diabetic females aged 51 to 60 (p=0.018) and 61 to 70 years (p=0.008).
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Fig. 15: Bar chart showing comparison of mean right and left ICA EDV of type 2
diabetic and non-diabetic participants grouped according to age and gender.

Figure 15 above is a bar chart that presents comparison of mean right and left ICA EDV of
the participants grouped by age and gender.
RICA EDV was significantly lower in type 2 diabetic males and females aged 61 to 70 years
and 71 years and above (p<0.05). RICA EDV was also significantly lower in type 2 diabetic
females aged 41 to 50 years (p=0.040) and 51 to 60 years (p=0.001).
From the observations, LICA EDV was also significantly lower in type 2 diabetic males aged
71 years and above (p=0.005) and in females aged 61 to 70 years (p=0.022).
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Fig. 16: Bar chart showing comparison of mean right and left ICA/CCA PSV ratio of
type 2 diabetic and non-diabetic participants grouped according to age and gender.

Figure 16 above is a bar chart showing comparison of mean right and left ICA/CCA PSV
ratio of the participants grouped by age and gender. It shows that RICA/RCCA PSV ratio was
significantly higher in type 2 diabetic males aged 51 to 60 (p=0.002). LICA/LCCA PSV ratio
was also higher in the type 2 diabetic females aged 71 years and above, but this was not
significant (p=0.98).
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Fig. 17: Bar chart showing comparison of cumulative mean of carotid blood flow
velocities of type 2 diabetic and non-diabetic participants.

Figure 17 above is a bar chart shows comparison of cumulative mean of carotid blood flow
velocities of the participants.
From the observations, cumulative mean of CCA PSV, CCA EDV, ICA PSV and ICA EDV
all showed significantly lower values in type 2 diabetic participants compared with nondiabetic participants (p<0.05).
The cumulative mean of ICA/CCA PSV ratio showed no significant difference between the
type 2 diabetic and non-diabetic groups (1.33±0.29 vs 1.33±0.26; p=0.683).
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Fig. 18: Bar chart showing comparison of carotid blood flow velocities of male and
female type 2 diabetic and non-diabetic participants.

Figure 18 above is a bar chart showing comparison of carotid blood flow velocities of the
participants, grouped by their gender. It shows no significant difference in carotid blood flow
velocities between male and female type 2 diabetic and non-diabetic participants.

49

DISCUSSION
This study compared ultrasonographic CIMT and blood flow velocities in type 2 diabetics to
those of non-diabetic participants. IMT was considered separately for right and left carotid
arteries. Right and left CIMT, showed significantly higher values for type 2 diabetic group
compared to non-diabetic group. The study by Alizadeh et al35, in Iran, showed significantly
higher right and left CIMT for type 2 diabetics compared to non-diabetics. This is in
agreement with the finding in this study. In Jos, Okeahialam et al36 found IMT to be higher on
both the right (0.94 ± 0.12mm vs 0.91 ± 0.17mm, p=0.49) and left (0.91 ± 0.17mm vs 0.91 ±
0.13mm, p=0.91) CCA in type 2 diabetics compared to non-diabetics, however, there was no
significant difference between the two groups. The findings are at variance with the current
study, where the IMT was found to be significantly higher on both the right (0.73 ± 0.17mm
vs 0.62 ± 0.16mm, p=0.001) and left (0.75 ± 0.19mm vs 0.64 ± 0.17mm, p=0.001) CCA in
type 2 diabetics compared to non-diabetics. It can be speculated that environmental
differences may have contributed to this variation. The smaller sample size used in that study
may have also influenced this difference in the result.
Apart from considering right and left carotid arteries separately, the present study also
analyzed cumulative mean CIMT, where the right and left sides were taken together. The
cumulative mean CIMT was significantly higher in type 2 diabetics compared to nondiabetics (1.09 ± 0.25mm vs 0.94 ± 0.24mm, p=0.001). This is in agreement with the findings
of Temelkova-Kurktschiev et al32 and Mohan et al33, which showed significantly higher
cumulative mean CIMT in type 2 diabetics compared to non-diabetics (0.98 ± 0.03mm vs
0.85 ± 0.02mm, p=<0.001 and 0.95 ± 0.31mm vs 0.74 ± 0.14mm, p=<0.001) respectively.
This further shows that diabetic individuals are more prone to advanced atherosclerosis and its
attendant complications10.
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The present study also aimed at studying the relationship between CIMT and duration of
diabetes. The CIMT showed significant positive relationship with duration of diabetes
(p=0.001). The study by Butt et al45, showed that the CIMT had significant positive
correlation with the duration of diabetes (p=<0.05), which is in agreement with the finding in
this study.
When CIMT was correlated with age in this study, CIMT, showed significant positive
correlation with age, in both type 2 diabetic (r=0.53, p=0.001) and non-diabetic (r=0.76,
p=0.001) groups. Several other studies conducted in other countries40,41,43, are in consonance
with the finding of the present study, that CIMT increases progressively with age. This
observation suggests that age is an important factor in progression of CIMT in health and in
disease. It also corroborates an earlier suggestion that age has strong independent association
with carotid atherosclerosis42. Furthermore, since CIMT is an important preclinical marker of
atherosclerosis and stroke risk in diabetic patients10,16, it implies that the risk of stroke
increases with age in these patients.
The current study showed right and left CIMT to be significantly higher in males compared to
females in the type 2 diabetic group (1.15 ± 0.26mm vs 1.05 ± 0.23mm, p=0.001). This is in
agreement with the findings by Zhao et al43, who observed in a study that CIMT in type 2
diabetic men was significantly higher than in type 2 diabetic women(0.880 ± 0.189mm vs
0.810 ± 0.164mm, p=0.0002). In the non-diabetic group, the right and left CIMT was also
higher in males compared to females (0.96 ± 0.26mm vs 0.93 ± 0.22mm, p=0.203), but this
was not significant. Compared to the study by Paul et al44, in India and Bangladesh, involving
healthy young adults, CIMT values were significantly higher in males compared to females
(0.78 ± 0.15mm vs 0.73 ± 0.18mm, p=0.001). The finding is at variance with the finding in
the present study. The much smaller sample size of 93, used in that study may have
influenced this difference in the result obtained. The variance may also be due to the
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difference in techniques used. Paul44 and his colleagues used the technique of “Multiple
Carotid Sites Measurementˮ, in which the mean of measurements at distal CCA, carotid
bifurcation and proximal ICA is used.
The present study showed significant negative correlation between CIMT and BMI in the
type 2 diabetic group (p=0.001). In the non-diabetic group, there was also negative, but
insignificant relationship between CIMT and BMI (p=0.792). The study by Butt et al45, found
CIMT in type 2 diabetic patients, to increase significantly with BMI (p=0.05). This is at
variance with the finding in the current study. It can be speculated that racial and
environmental differences may have contributed to this variation, since the study was
conducted in Pakistan. Dietary differences may also be considered as a factor.
The prevalence of carotid plaque in the present study was higher in the type 2 diabetic group
compared to the non-diabetics. This was however not statistically significant. Significantly
higher prevalence of carotid plaque in type 2 diabetic patients was obtained by Kota et al54 in
a study, involving 60 type 2 diabetics and 20 non-diabetics. The study observed that out of
the total of 80 participants, 24 diabetics had plaques, while none was reported in the nondiabetics. This is at variance with the finding in the present study, where out of a total of 700
participants, 80 diabetics and 68 non-diabetics had plaques. The difference in subject
selection in that study may have influenced this difference in results. The present study
excluded type 2 diabetics with hypertension and stroke, while the study by Kota et al54 did not
exclude subjects with hypertension and stroke.
When CIMT was correlated with exercise in the current study, CIMT showed negative
relationship with exercise in the type 2 diabetic group, but this was not significant. Similar
result was also obtained in the non-diabetic group. In non-diabetic subjects, Taylor et al52,
found no significant relationship between CIMT and exercise, which is in agreement with the
finding in the present study. Taylor52 and his colleagues stated in the study that the effect of
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exercise on the progression of atherosclerosis was unclear; and therefore speculated that the
impact of repetitive strenuous exercise on the development of atherosclerosis might be
attributed to the impact of multiple lifestyle factors such as diet and duration of exercise, on
cardiovascular risk.
Comparison of flow velocities in the CCA, in the present study, shows significantly lower
values of CCA PSV in type 2 diabetic compared to non-diabetic groups (105.43 ± 20.68cm/s
vs 112.16 ± 17.07cm/s, p=0.001). The CCA EDV also showed significantly lower values in
type 2 diabetics compared to non-diabetics (26.63 ± 11.65cm/s vs 29.65 ± 6.62cm/s,
p=0.001). Rodriguez et al46 in a study in Mexico, observed significantly lower PSV (107.1
± 22.8cm/s vs 119.3 ± 19.2cm/s, p=0.005) and EDV (28.4 ± 6.0cm/s vs 33.0 ± 7.0cm/s,
p=0.001) values in the CCA, in diabetic subjects compared to non-diabetic controls. This is in
agreement with the findings in the present study. It also corroborates the suggestion that
vascular compliance is abnormal in diabetics46.
Consideration of flow velocities in the ICA, in this study, shows significantly lower values of
ICA PSV and ICA EDV in type 2 diabetics compared to non-diabetics. Al-Eqabi et al37 found
no influence of diabetes on ICA PSV, which does not agree with the finding in this study,
where significantly lower value of ICA PSV was noted in the type 2 diabetics (90.58 ±
20.29cm/s vs 97.39 ± 14.56cm/s, p=0.001). In contrast to the finding in ICA PSV, Al-Eqabi
and his colleagues, found significantly lower ICA EDV in type 2 diabetics compared to nondiabetics. This is in agreement with the finding in the current study (26.79 ± 7.66cm/s vs
30.85 ± 6.88cm/s, p=0.001). No obvious reasons can be adduced for this variation; however,
the much lower sample size used in that study may have contributed to the variation in the
ICA PSV result.
In the type 2 diabetic group in the current study, CCA PSV, CCA EDV and ICA PSV, all
showed no significant change with age, while ICA EDV reduced significantly. Al-Eqabi et
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al37, found lower ICA EDV to be significantly associated with atherosclerosis process,
hemodynamic stress, and blood viscosity, ultimately leading to stroke among type 2 diabetic
patients. Following this, it may be speculated that age-related reduction in carotid EDV seen
in the present study, may suggest higher risk of stroke with advancing age, in type 2 diabetic
patients. Further studies are required to establish the relationship between age and carotid
flow velocities in type 2 diabetic patients.
The non-diabetic group in the current study showed no significant variation of carotid blood
flow velocities with age. Yazici et al47, observed that velocities in the CCA and the ICA
decreased consecutively with increase in age. Lee et al48, also found CCA blood flow velocity
measurements to decrease consistently with age at all locations of measurements. While the
findings in the two studies are similar, the present study is at variance with these findings.
The variation may be due to racial differences, since the two studies were conducted in
Turkey and United States population, respectively.
When blood flow velocities in the CCA and ICA were compared between males and females
in the type 2 diabetic group, no significant gender difference was noted. Similar result was
also observed in the non-diabetic group. In non-diabetic subjects, Özdemir et al50 found no
significant gender difference in the flow velocities of the CCA and ICA. Yazici et al47
obtained higher flow velocities in the ICA in females compared to males. While the report by
Özdemir50 and his colleagues agree with the findings in the present study, findings by
Yazici47 and his colleagues are at variance with the findings in the current study. These
variations may have been contributed by differences in race, sampling and equipment.
The present study shows significant negative relationship between CCA PSV and ICA PSV
with BMI in the type 2 diabetics; and between ICA PSV and BMI in the non-diabetics.
Özdemir et al50, observed that carotid PSV increased with BMI, while EDV decreased with
BMI. However, while BMI in the majority of the non-diabetic subjects in the current study
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was within normal range, the report by Özdemir et al50 involved mostly participants with high
BMI. Kenji51, showed that PSV and EDV were not significantly different in obese
participants, compared with normal participants. This observation is in contrast to the finding
in the present study. The study by Kenji51 was however conducted in children, which may
have been responsible for the variation in the results.
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CONCLUSION
The present study has shown that CIMT is significantly higher in type 2 diabetic patients
compared with non-diabetics; thus supporting hypothesis 1.
CIMT increases with age in type 2 diabetics and non-diabetics.
CIMT is significantly higher in male type 2 diabetic patients.
Carotid blood flow velocities in the CCA and ICA are significantly lower in type 2 diabetics
compared with non-diabetics; thus supporting hypothesis 2.
There is significant drop in ICA EDV with age in type 2 diabetic patients.
CIMT increases significantly with duration of DM; thus supporting sub-hypothesis 1.
Carotid blood flow velocities in the CCA and ICA have no significant relationship with the
duration of DM; thus refuting sub-hypothesis 2.
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LIMITATIONS OF STUDY
1. The size of the neck made some examinations difficult. However, using extra pillows
behind the shoulders of the obese as well as dropping their shoulders as far as
possible, helped in adequate extension of their necks for the examinations to be
carried out.
2. Carotid arteries with high-up bifurcations also made some examinations difficult.
However, several probe positions were employed in order to image the carotid arteries
in the longitudinal axis while avoiding the mandibles for optimal imaging.
3. Inability to adequately rotate the neck in patients with spondylosis, was also a
challenge in this study. However, the examinations were carried out in neck positions
where the patient had minimal discomfort.
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RECOMMENDATIONS
1. Studies should be conducted in other geopolitical zones of Nigeria and countries in
Africa to expand the body of knowledge of the effects of diabetes on the carotid
arteries.
2. Studies lasting for longer durations and also involving adequate follow up are
suggested, as such will give more information regarding the effects of diabetes on the
carotid arteries.
3. Anti-diabetic drug compliance and level of blood sugar control may be included in the
design for sonographic study of the carotid arteries, to further establish the implication
of diabetes in the process of carotid atherosclerotic disease and carotid stenosis.
4. Screening for thickened CIMT and carotid disease is suggested as a routine part of
follow up protocol for diabetic patients in the endocrinology clinics.
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APPENDIX II
INFORMED CONSENT FORM
Sonographic Evaluation of the Carotid Intima-Media Thickness and Blood Flow
Velocities in Type 2 Diabetics and Non-Diabetics in Port-Harcourt
I am Dr. O.O Moemenam, a resident doctor in the Department of Radiology, University of
Port Harcourt Teaching Hospital (UPTH). I am conducting the above research using
ultrasound scan to measure the carotid artery wall (intima-media complex) thickness and flow
velocities. This may be used to assess atherosclerosis and the development of cerebrovascular
complications in type-2 diabetes mellitus. Results from the study will provide baseline data
that may help in seeking prompt medical intervention in the future. I promise that the
information that will be acquired during this study will be treated with utmost confidentiality.
You are free to decline at any juncture during this study; and should still be given adequate
medical attention whenever you desire it in this hospital. Ultrasound scan is safe and painless.
Thirty to forty minutes of your time may be taken during this study, and I ask that you may
bear with me.
For further enquiries, you can contact the Department of Radiology, UPTH or call
08035518946.
Acceptance:
I hereby accept to participate in the study voluntarily, having understood the topic of research.
Participant Name:

Witness Name:

Signature:

Signature:

Date:

Date:
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APPENDIX III
QUESTIONNAIRE
Serial number:
(1). Age:
(2). Sex:

Male

Female

(3). Have you had raised blood sugar before (diabetes)?

Yes

No

(4). If yes, when was the diagnosis of diabetes made?
(5). Where was the diagnosis made? For example, hospital, health centre, doctors’ clinic,
traditional health attendant, etc.
(6). Are you on treatment for diabetes?

Yes

No

(7).Which medication(s) are you taking for the condition?

Insulin

Oral anti-diabetic medication
(8). Can you name the oral anti-diabetic medication(s) you have been taking for the
condition?
(9). Are you hypertensive (raised blood pressure)? Yes

No

(10). Do you take anti-hypertensive drugs (drugs for hypertension)? Yes
(11). Do you smoke? Yes

No

(12). Do you take oral contraceptives for birth control (family planning)? Yes
(13). Any family history of diabetes?
(14). Do you exercise?

No

Yes

No

Yes

No

(15). If yes, which exercise do you engage in?
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No

APPENDIX IV
STUDY DATA SHEET
Research Title: Sonographic Evaluation of Carotid Intima-Media Thickness and Blood Flow
Velocities in Type 2 Diabetics and Non-Diabetics in Port Harcourt.
Serial number:
Height (m):

Year of diagnosis:
Weight (Kg):

BMI (Kgm⁻2):

Right CCA

Left CCA

Right ICA/CCA PSV Ratio

Left ICA/CCA PSV Ratio

Sonographic Parameters:

CCA IMT (mm)
PSV (cm/s)
EDV (cm/s)

PLAQUE

Present

Absent

Right

Left

Type 1
Type 2
Type 3
Type 4
Type 5
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