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Abstract

common carotid artery.

Background: Obesity is a major health problem that affects different vascular systems, including cerebrovascular
circulation. Carotid duplex is the best screening tool for early diagnosis of cerebrovascular changes in relation to dif-
ferent risk factors including obesity. The present study aims to evaluate the effect of body mass index on the param-
eters of extracranial vessels in healthy subjects using vascular duplex ultrasonography.

Results: The intimal medial thickness in the common carotid is found to increase as the body mass index and body
weight increase (directly related), with this increase being significant (P-value < 0.05).

Conclusion: These findings indicate that increase in body mass index can adversely affect duplex parameters of the
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Background

Arterial diseases, mostly due to atherosclerosis are the
most prevalent disease currently worldwide. Atheroscle-
rotic arterial diseases are usually silent and progressive
and can lead to stable or slowly progressive clinical syn-
dromes [1]. Diabetes, hypertension, and previous history
of stroke have increased risk for cerebrovascular diseases,
stroke, and cognitive decline. Body mass index (BMI) is
being increasingly recognized as a risk factor for stroke,
cardiovascular disease, and cognitive decline, in addition
to traditional risk factors [1].

About 30-60% of strokes are caused by atherosclerotic
disease involving the extracranial carotid arteries usually
within 2 cm of the carotid bifurcation [2]. Sonography is
unique among vascular imaging procedures in that it can
assess plaque composition. Sonography detected plaque
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characteristics may have prognostic value and may be
useful for selection of medical and surgical therapy [3].

Overweight represents one of the major health prob-
lems. Its prevalence is increasing rapidly worldwide, with
estimates of over 1.9 billion adults were overweight and
over 650 million were obese worldwide [4, 5]. The recent
reports showed that the prevalence is 74—86% among
women and 69-77% among men in the Arab countries,
with Egypt being one of the most prevalent countries [6].
Fundamental causes of the current obesity epidemic are
associated with sedentary lifestyles, increased consump-
tion of energy-dense foods high in saturated fats and sug-
ars, and physical activity. Clinically, obesity is defined by
measurements of body mass index [7] or waist circumfer-
ence and waist-to-hip ratio [8]. Body mass index (BMI) is
defined as a person’s weight in kilograms divided by the
square of his/her height in meters (kg/m?).

Obesity is associated with cardiovascular disease,
stroke and vascular remodeling [9]. Vascular remodeling
is an active process of structural change that involves
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series of consecutive cell death, proliferation, and extra-
cellular matrix degradation. This will contribute to ele-
vated systemic vascular resistance and enhance plaque
erosion and rupture, predisposing to future vascular
events [10].

Vascular duplex ultrasonography is a useful, cheap, and
available diagnostic tool for assessing cranial vascular dis-
ease. Duplex US (DUS) can be highly reliable with proper
technique, without the risk of radiation as in other imag-
ing modalities, is well tolerated by all patients including
those who are claustrophobic in MRI machines, and has
much fewer risks compared to conventional angiography
studies.

The present study aims to evaluate the influence of
body mass index on parameters of cranial vessels by
using vascular duplex ultrasonography.

Methods

Patient population

The study included 100 healthy subjects (by history and
examination had no symptoms or signs suspicious of
physical illness), 56 females and 44 males, their ages
range from 20 to 60 years, presented with non-vascular
related complaints at neurology and psychiatry clinic at
our university hospital during the period from December
2017 to July 2019. The study was approved by the IRB in
our university and all patients were enrolled after written
consent.

Number of subjects included in normal weight group is
54, while the number of patients included in overweight
group is 46 (people with BMI 25-29.9 is 36 while number
of subjects with BMI more than 30 is 10). Patients with
diabetes, hypertension, hyperlipidemia, hyper uricemia
either on treatment or recently diagnosed and those on
vaso-active drugs, were excluded from our study.

Imaging

All subjects had extra-cranial carotid duplex ultra-
sonography using a high-resolution color duplex, Philips
Envisor C Ultrasound System, with L 12-3 MHz linear
transducer probe, San Jose, CA, USA. Equipment gain
and display settings were optimized while imaging ves-
sels with respect to depth, dynamic range and focal
zones. Color flow Doppler was added to supplement
B-mode images with proper color scale to demonstrate
areas of high flow and color aliasing. Power Doppler was
used to validate low flow states or occlusions. Small cur-
sor sample size was employed and positioned parallel to
the vessel wall and/or direction of blood flow. Velocities
were measured using spectral Doppler angle of 60° or
less, setting gain to allow a spectral window and reducing
artifact.
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Subjects were examined in supine positions with their
heads slightly elevated and turned to the contralateral
side. The site of the carotid segments to be studied was
determined according to the distance from the flow
divider as follows: common carotid artery (CCA) 1 cm
segment proximal to the dilation of the carotid bulb; 1 cm
segment proximal to the flow divider Carotid bifurcation
(CBIF); and 1 cm segment in the internal branch distal
to the flow divider (ICA) [11]. IMT measurements were
taken from the leading edges of the far wall echoes while
luminal diameter (LD) measurements were taken from
the leading edge of the near wall intima—lumen echo to
the leading edge of the echo from the far wall lumen—
intima interface (the same location as the IMT meas-
urements) [12]. Both sides of the carotid arteries were
examined with longitudinal scans. When an optimal lon-
gitudinal image was obtained, the image was magnified
and frozen and the IMT and LD were measured. A trans-
verse scan was occasionally performed when needed.

An artery was classified as being affected by plaque if
there was a focal wall thickening at least 50% greater than
that of the surrounding vessel wall or a localized region
with CIMT greater than 1.5 mm that did not uniformly
involve the whole left or right carotid artery with or with-
out a flow disturbance [13].

Results

Statistical analysis

All statistical analyses were performed with SPSS 24.0
(SPSS Inc., Chicago, IL. USA). Continuous variables were
expressed as mean=+SD using the Student’s ¢-test (nor-
mally distributed) for paired values. Differences were
considered significant at P<0.05.

Subject population
Subjects’ characteristics are shown in Table 1.

Number of subjects included in normal weight group is
54, while the number of patients included in overweight
group is 46.

The intimal medial thickness in the common carotid
was found to increase as the body mass index and body
weight increase (directly related) as shown in Figs. 1 and
2, with this increase being significant (P value < 0.05).

Table 1 Demographic data and patient characteristics

Male (n=44) Female (n=56) Total P value

Age 338+£122years 365+128years 335x125years 0.1

Weight 837+157kg  716+105kg  7754+145kg 006
Height 173.7+50cm 1656£4.0cm 169.5+6.5cm 0.08
BMI 277404 kg/m? 31.143.1kg/m? 26.8+3.9kg/m? <0.000]
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Fig. 1 Student’s T-test comparing the intimal medial thickness in
the right common carotid artery with different groups of body mass
index, mean value of IMT in normal wt group =0.42 mm, while mean
value of IMT in over wt group =045 mm
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Fig. 2 Student’s T-test comparing the intimal medial thickness in the
left common carotid artery with different groups of body mass index,
mean value of IMT in normal wt group =0.42 mm, while mean value
of IMT in over wt group =049 mm

Furthermore, it was found that peak systolic velocity on
the left common carotid arteries showed inverse relation
to increased BMI (r=—0.3, P value<0.008). Although
negative trend was observed on the right side, there was
no significant correlation on the right side with BMI
increases (Figs. 3 and 4).

Discussion

Duplex color scan is considered an important diagnos-
tic tool for assessment of subtle carotid atherosclerotic
disease using fundamental parameters especially the
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Fig. 3 Student’s T-test comparing the peak systolic velocity in the
right common carotid with different groups of body mass index,
mean flow velocity in normal wt group =115.47 cm/s, while mean
flow velocity in over wt group=110.20 cm/s

250 A
p=0.09
o
200 - o
o
g o
150 -
o
- oo
> S~ o
7] oo
o <]
100 -~ SI=9 955
OOQO
o
50 -
0 T T
Normal wt Over wt
Fig. 4 Student’s T-test comparing the peak systolic velocity in the
left common carotid with different groups of body mass index, mean
flow velocity in normal wt group=117.29 cm/s, while mean flow
velocity in over wt group =104.55 cm/s

carotid wall thickness which represents an important
risk factor for stroke; 30-60% of patients with stoke
have plaques or at least thickened intima [2].

In our study, the intimal medial carotid thickness
was significantly higher in overweight group com-
pared to normal individuals with significant P value (P
value <0.05; Figs. 1 and 2). In this study, results were
in alignment with outcomes reported by other studies
[14—18] that explained the obesity-related dyslipidemia
could contribute to the process of atherosclerosis can
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affect progressively the vessel luminal diameter as well
as the arterial wall thickness.

In addition, our study reported that the peak systolic
velocity in the common carotid arteries declines as the
body mass index increases (inversely related). Which
could be due to the decrease in the elasticity of the ves-
sels that normally occur as a part of the aging process
and the increase of the intimal medial thickness [19-24].
Also, PSV decline was reported with increasing the dys-
lipidemia that presents with obesity.

Although lower PSV figures were observed in the over-
weight group, no significant difference was reported
when compared to those with normal BMI in our study
which is different from that reported with previous stud-
ies which showed significant difference between obese
and non-obese individuals [25]. This can be attributed to
higher number of normal BMI population in our study.
Obesity-related arterial changes led to narrowing of
the arterial lumen then thickening of the intima which
is considered the early stage of atherosclerosis. Conse-
quently, this ends eventually in a full-blown picture of
atherosclerosis with plaque formation and subsequent
increased risk of cerebrovascular accidents [24, 26].

There were some limitations in this study including its
prospective and nonrandomized nature, in addition to
the small number of populations included in this study.

Conclusion

Carotid duplex can detect early changes in the carotid
system caused by, especially intimal medial thickness and
peak systolic velocity.

Our study demonstrates the importance of the carotid
Doppler imaging as a cheap, non-invasive scanning tool
for early diagnosis of carotid system diseases and stenosis
and early management or even referral for more specific
investigatory tool to confirm diagnosis and sequential
starting management.
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