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Abstract

Background: Diabetes is an important risk factor of extra and intracranial stenosis and hence can cause cerebrovascular stroke. In
Egypt, prevalence of asymptomatic extra and intracranial blood vessels stenosis in diabetic patients is still unknown.
Objectives: To estimate the prevalence of asymptomatic extra and intracranial vessels stenosis.
Methods: 100 Patients with Type-2 Diabetes (T2D) were recruited consecutively from diabetes clinic of the department of internal
medicine at Assiut University Hospitals in the period from 1st January 2016 to 31st January 2017. A detailed history was obtained for
all participant. As well, thorough-out physical and neurologic examination were carried out for patients. All patients underwent
extra cranial and transcranial colour coded ultrasound by two independent investigators. Patients with history of cerebrovascular
stroke and transient ischemic attacks were excluded.
Results: 36% of patients had increased IMT, 6% had stenosis 50-69% and 2% had stenosis ≥ 70%. There was a positive correlation
between age and increased IMT (r = 0.272) (P = 0.006) and between uncontrolled DM and increased IMT (r = 0.211) (P = 0.035). 26%
of patients had stenosis of < 50% in vertebral artery (21% in V0 segment, 5% in V1 segment); being male and uncontrolled diabetes
escalate the stenosis risk. MCA pulsatility index was found to be higher among old diabetics in comparison to younger diabetics
and control group (r = -0.225) (P = -0.025). Also, the longer the time since T2D onset, the higher was MCA PSV (r = 0.244) (P = 0.014).
Conclusions: The cerebral blood vessels atherosclerotic changes (mainly extracranial) are higher among diabetics in comparison
to healthy controls.
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1. Background

All around the world, Cerebrovascular Ischemic Stroke
(CIS) is a major health problem that increases morbidity
and mortality and leads to severe economic consequences
(1). To reduce its burden, identification of the most com-
mon Modifiable Risk Factors (MRFs) to control and fol-
low up CIS patients is necessary. The CIS’s MRFs include
hypertension, diabetes, smoking and dyslipidaemia (2).
Long-term high blood glucose in patients with Type 2 Dia-
betes (T2D) can damage the blood vessel endothelium, that
in turn increases the level of oxidative stress which fur-
ther impairs the endothelia. In response to the endothe-
lium damage, the atherosclerotic process begin in cerebral
blood vessels which results in increased likelihood of CIS
(3, 4). Diabetic patients are at increased risk of CIS, about
2.5 - 3.5 times higher than non-diabetics (5, 6). Moreover,
the risk of stroke recurrence is higher among diabetics

(7). Because of its impressive role in early identification of
high-risk patients and therefore reducing morbidity and
mortality of cerebrovascular diseases, regular follow up of
diabetic patients is highly recommended.

For decades research has been focused on using imag-
ing tools to assess cerebral blood vessels in diabetics.
Imaging tools such as Computed Tomography Angiogra-
phy (CTA) and Magnetic Resonance Angiography (MRA) are
standard methods to evaluate the cerebrovascular circu-
lation, mainly because of high accuracy. It’s a while that
importance of Ultrasound [Carotid Ultrasound and Trans-
cranial duplex (TCD)] in diagnosis and examination of CIS
is increasing (8). By using the Carotid Ultrasonography,
it is possible to precisely monitor the tunica intima, loca-
tion and size of plaques. As well, it can accurately mea-
sure the extent of carotid artery stenosis (9). TCD investi-
gates the condition of intracranial vasculature via exami-
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nation of blood flow velocity at certain vessel segment and
shows changes of flow velocity at this segment ,local tur-
bulence, pre-stenotic and/or post-stenotic alterations and
numerous collateral flow patterns (10, 11). However, it can’t
investigate structural morphology of intracranial vessels.

2. Objectives

The current study aims to investigate the impact of T2D
on extra and intra-cranial vessels among asymptomatic
Egyptian patients.

3. Methods

The current case-control study followed-up 100 pa-
tients with T2D without other risk factor from 1st January
2016 to 31st January 2017. Participants were recruited from
diabetes outpatient’s clinic at Assuit University Hospitals,
Assuit, Egypt. 50 healthy participants with similar age and
sex characteristics that does not have a history of CIS, di-
abetes, or hypertension, dyslipidaemia and smoking were
recruited to match controls. The following inclusion crite-
ria were used: age > 18 years, patients with isolated T2D. Di-
abetes Mellitus (DM) diagnosis criteria was defined as fast-
ing plasma glucose of ≥ 126 mg/dL, and/or 2-hr plasma glu-
cose in the 75 g oral glucose tolerance test ≥ 200 mg/dL,
random plasma glucose≥ 200 mg/dL and HbA1c≥ 6.5% (a
criterion which is recommended by the World Health Or-
ganization) (12).

Exclusion criteria were as follow: having history of CIS
or Transient Ischemic Attacks (TIA), coexistence of other
risk factors such as (hypertension, dyslipidaemia, cardiac
diseases and smoking), and poor trans-cranial bone win-
dow. The study protocol was approved by the Ethical
Committee of Assuit University according to principles
of Helsinki Declaration. A written approval consent was
taken from all participants.

A detailed history which included time since diabetes
onset and its severity was obtained from all patients.
Full neurological examination was performed. Laboratory
workups were done for all patients, including serum gly-
cosylated haemoglobin, complete blood count, lipid pro-
file (serum triglycerides, cholesterol HDL and LDL), kidney
function tests and liver function tests.

All member of case and control groups underwent a
complete extracranial and intracranial ultrasound assess-
ment by two experienced neurovascular sonographers.
The ultrasound examination was done at the Neurovascu-
lar Ultrasound Laboratory in the Neurology department,

Assiut University hospitals using a colour-coded duplex ul-
trasound device Philips HD5 (Philips Medical Systems, Ned-
erland B.V.). Assessment was done for the carotid and ver-
tebral arteries and for the intracranial arteries.

Intimal Medial Thickness (IMT) of the Common Carotid
Artery (CCA), Peak Systolic Velocities (PSVs) and End Dias-
tolic Velocities (EDVs) were also measured. Measurement
was in the common, internal, and external carotid arter-
ies (CCA, ICA, ECA) with L 3-12 MHz linear transducer probe.
Stenosis and the velocities at the maximally stenotic area
were also measured.

The intracranial arteries were evaluated in all patients
by using Transcranial Color-Coded Duplex Sonography
(TCCS) with the use of a low-frequency (2- to 5-MHz) phased-
array probe through the transtemporal acoustic bone win-
dow. Middle Cerebral Artery (MCA), intracranial segment
of vertebral artery (V4) and Basilar Artery (BA) were ex-
amined. To diagnose Intracranial Atherosclerotic Disease
(ICAD), Peak Systolic Velocity (PSV) and flow direction (an-
tegrade or reversed) were used.

The findings and the atherosclerotic changes in the ex-
tracranial and intracranial vessels are interpreted accord-
ing to the internationally published data (13, 14).

3.1. Statistical Analysis

Data are analysed by using SPSS software version
20.0. Before conducting analyses, the data normality was
checked by using the Anderson-Darling test. Variance ho-
mogeneity was also checked. Categorical variables are
described in absolute numbers and percentages (N, %).
As well, continuous variables are described by mean and
Standard Deviation (SD) (i.e. mean ± SD). Chi-square
test and fisher exact test were used to compare categori-
cal variables. To compare continuous variables t-test and
independent-samples t test ANOVA were employed, fol-
lowed by post hoc test. A two-tailed P value < 0.05 was
considered as statistically significant (if P > 0.05, differ-
ence was non-significant). And if P < 0.001, difference was
highly significant. Pearson and Spearman correlation were
used to investigate associations between variables.

4. Results

4.1. Patients Characteristics

In total data of 150 participants were analysed. 100 pa-
tients had T2D without any other risk factors (mean age
48.9 ± 8.4 years). 50 healthy participants were considered
as control group (mean age 49.2±8.0 years). Nearly 56% of
T2D patients were females and 44% were males. In control
group, about 58% of participants were females, and 42%
were males. About 86% of patients had uncontrolled DM
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and 14% had controlled T2D (based on the results of serum
glycosylated haemoglobin level). Mean duration of illness
was 7.49 ± 4.74 years. Both groups were similar in terms
of demographic characteristics and there were no statisti-
cally significant differences between groups.

4.2. Anterior Circulation

Among T2D patients, 36 (36%) had increased IMT, 61%
and 39% of males and females, respectively. 30 out of 36
patients (or 83.3%) had uncontrolled DM and the rest (6 pa-
tients or 6.7%) had a controlled DM. 25 patients (69.4%) had
unilateral increased IMT and 11 patients (30.5%) had a bilat-
eral increased IMT, the important point is that all of them
had a uncontrolled DM. 6 patients (4 males and 2 females)
(6%) had a unilateral stenosis 50% - 69%, all of them had a
uncontrolled DM. Only 2 patients had a stenosis ≥ 70%, all
of them were males with uncontrolled DM (Table 1). For
control group, stenosis or hemodynamic didn’t change,
except for unilateral that 6 participants (12%) had an in-
creased IMT.

In T2D patients’ group, there was a strong positive cor-
relation between increasing age and increased IMT (r =
0.272) (P = 0.006) (Figure 1). Such a positive correlation
was not observed in control group (r = 0.207) (P = 0.150).
Also, there was a significant positive correlation between
uncontrolled DM and increased IMT (r = 0.211) (P = 0.035)
(Figure 2).
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Figure 1. Correlation between intimal medial thickness and age

4.3. Posterior Circulation

For 26 patients (out of 100 or 26%) stenosis of the verte-
bral artery on the both sides was less than 50%. 21 patients
(21%) had stenosis in the V0 segment. Also, 5 patients (5%)
had stenosis in V1 segment. In control group (n = 50), for
3 cases stenosis was less than 50% (2 males and 1 female)
and for all of them stenosis was in V0 segment. Also, male
gender and uncontrolled diabetes carry the greater risk for
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Figure 2. Correlation between intimal medial thickness and uncontrolled diabetes

stenosis than female gender and controlled diabetes (Table
2).

4.4. Intracranial Vessels

According to the findings, prevalence of MCA steno-
sis is zero. However, the pulsatility index of the MCA was
higher among old diabetics in comparison to younger
ones and control group (r = -0.225) (P = -0.025) (Figure 3).
Also, the higher the duration of diabetes diagnosis, the
higher the PSV of MCA was (r = 0.244) (P = 0.014) (Figure
4). The V4 segment of vertebral artery and BA showed no
hemodynamic changes, neither among diabetic group nor
control group.
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Figure 3. Correlation between middle cerebral artery pulsatility index and age

5. Discussion

The current study aimed to investigate the impact of
T2D on the intracranial and extracranial vessels among
asymptomatic patients. The prevalence of cerebral blood
vessels atherosclerotic changes was significantly higher
among diabetic patients in comparison to controls. About
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Table 1. Effect of T2D on Anterior Circulation Vessels

Cases Number (%)
Sex, No. (%) Diabetes Control, No. (%)

Males Females Controlled Uncontrolled

Increased IMT 36 (36) 22 (61) 14 (39) 6 (16.7) 30 (83.3)

Unilateral 25 (69) 14 (56) 11(44) 6 (24) 19 (76)

Bilateral 11 (31) 8 (72.7) 3 (27.3) 0 11 (100)

Stenosis 50% - 69% 6 (6) 4 (66.7) 2 (33.3) 0 6 (100)

Stenosis ≥ 70% 2 (2) 2 (100) 0 0 2 (100)

Table 2. Effect of T2D on Vertebral Arteries

Affected Segment Cases with Less Than 50% Stenosis, No. (%)
Gender, No. (%) Control of Diabetes, No. (%)

Male Female Controlled Uncontrolled

V0 segment 21 (21) 11 (52.4) 10 (47.6) 3 (14.3) 18 (85.7)

V1 segment 5 (5) 2 (40) 3 (60) 1 (20) 4 (80)
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Figure 4. Correlation between peak systolic velocity of the middle cerebral artery
and duration of diabetes

36% of patients experienced increased IMT, in comparison
to 12% in the control group. 6% of them had stenosis of
50% - 69% in the ICA and 2 patients had stenosis ≥ 70%
in ICA. Also, 26% had stenosis of < 50% in the extracra-
nial segment of the vertebral artery. No intracranial vessels
stenosis was found among patients; however increased PI
of the MCA was noticed, which means early atheroscle-
rotic changes. Diabetes poses a higher risk for extracra-
nial atherosclerotic disease than intracranial atherosclero-
sis. The duration, severity of DM, and age had a crucial im-
pact on development of pathologic changes in the cerebral
blood vessels.

The results are consistent with earlier findings that di-
abetic patients are subject to increased CCA IMT relative to
nondiabetic subjects (e.g. as shown in studies conducted
by ARIC (15) and Hoorn (16) which showed that DM ac-
celerates the atherosclerotic changes of arterial vessels).

According to the findings, aging and uncontrolled DM
have a positive association with severity of atherosclerotic
changes. This finding is consistent with those reported by
Malmo (17) which reported that IMT in older diabetic pa-
tients is higher than younger ones and non-diabetics. A sys-
tematic review conducted by Brohall showed that Carotid
IMT is higher among diabetic patients in comparison to
control subjects. These findings were similar among Cau-
casians and other ethnicities (18). In the current study, IMT
frequency increased (36%) and was higher in comparison
to other studies such as Inchiostro et al,. (19) who studied
the carotid artery atherosclerosis among diabetic patients
and reported a prevalence of thickened IMT of 6.4 %. This
difference can be attributed to the fact that most of our pa-
tients (83% of our patients) had uncontrolled DM.

In contrast with results of the current study, another
study that investigated the carotid atherosclerosis and glu-
cose intolerance among elder males in the eastern parts
of Finnish reported that (20) IMT of diabetic men was not
higher than control group. The authors argued that this
difference can be attributed to the mean age of partici-
pants, as the patients and controls were all older men (70
- 90 y). The ethnic differences between people in Egypt
and Finnish could play a similar role. In the current study
carotid stenosis prevalence was low in carotid vessels (6%
had stenosis of 50% - 69% in the ICA and 2 patients had
stenosis of ≥ 70% in ICA) in comparison to stenosis in the
VA (26% had stenosis < 50%).

Approximate prevalence of carotid artery stenosis
varies to a great extent among various studies and study
population has a crucial effect on it. In a study conducted
by Tromso, the prevalence of carotid stenosis was 5.3% and
3.8% in men and women of the general population, respec-
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tively (21), which is lower than what is reported in the cur-
rent study. Lacroix et al. reported that the prevalence of
carotid stenosis ≥ 60% was 4.7% in T2D patients without
any history of cerebrovascular disease (22). In a study that
was focused on estimating the prevalence of carotid artery
stenosis ≥ 50% , a prevalence higher than 8% is reported
(23). Results of both of these studies are consistent with
findings of the current study.

Most of the literature focused on investigating the ef-
fects of DM on carotid vessels, and few studies investigated
its effect on the Post. circulation. One of these few studies
is the one conducted by Wei et al., who studied atheroscle-
rotic changes among diabetic patients and found that DM
affects mainly proximal part of VA and ICA, which in con-
cordance with results of the current study (24).

Results on DM role in intracranial cerebral blood ves-
sels atherosclerosis are controversial (25-28). The results
show that there is no intracranial atherosclerosis among
asymptomatic diabetic patients, although hemodynamic
changes were observed at early stages. One study reported
that DM is an important predictor of asymptomatic ICAS
and also might be a more powerful predictor than hyper-
tension (29). Another study that is performed among di-
abetic patients in China found that 12.3% of participants
have MCA stenosis (30). Most of studies reported the pres-
ence of intracranial atherosclerotic changes among di-
abetic patients came from Asia. According to our best
knowledge, there are very limited studies in Egypt to com-
pare with. One of few studies is conducted by Abd-Allah (31)
that studied the prevalence of intracranial atherosclerosis
among patients with coronary artery disease. The author
found a low prevalence rate (6.8%) of ICAD among Egyptian
patients, although there are demographic differences be-
tween two populations of his study and that of us, but the
results of both are consistent.

5.1. Conclusion

DM is an important risk factor for atherosclerosis, even
among asymptomatic patients. Among Egyptian patients’
atherosclerotic changes affect extracranial vessels more
than intracranial vessels. To avoid CIS, greater emphasis
should be directed toward regular screening programs for
risky populations.
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