
علاقة سمك البطانة الداخلية والوسطى وقطر اللمعية للشريان السباتي مع مؤشر 
كتلة الجسم وعوامل الخطورة القلبية الوعائية الأخرى عند البالغين

�سميعة عبدالرحمن ر�سيد و �سرب�ست محمود

abstract: Objectives: This study aimed to examine the correlation between carotid artery intima-media thickness 
(IMT) and luminal diameter (LD) with body mass index (BMI) and other cardiovascular risk factors. Methods: This 
observational cross-sectional study took place between June 2013 and March 2014 in the Radiology Department of 
Rizgary Teaching Hospital in Erbil, Iraq. Non-randomly selected subjects ≥20 years old (n = 140) were divided into 
BMI groups and evaluated for the following cardiovascular risk factors: gender, age, hypertension (HTN), diabetes 
(DM), smoking, alcohol consumption, blood pressure, serum total cholesterol and triglyceride (TG) levels. IMT 
and LD of the extracranial carotid arteries were measured by B-mode ultrasonography. Results: The mean IMT was 
0.8 ± 0.3 mm, ranging from a total mean of 0.7 mm in the normal BMI group to 1.0 mm in the extremely obese group. 
A significant correlation was found between IMT and BMI (P = 0.04), but not between BMI and LD (P = 0.3). No 
significant difference in mean IMT or LD was seen between genders. Significant correlations were found between 
IMT and age, HTN, DM, high serum cholesterol and TG levels (P <0.001). An increase of one BMI unit caused a 
0.009 mm increase in IMT and an increase of one year in age caused a 0.011 mm increase in IMT. Conclusion: Age, 
obesity, HTN, DM, high serum cholesterol and TG levels were found to have an impact on carotid IMT, which is a 
strong marker for the early development of atherosclerosis.
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الملخ�ص: الهدف: تهدف هذه الدرا�سة اإلى فح�س العلاقة بين �سمك البطانة الداخلية والو�سطى )IMT( وقطر اللمعية )LD( لل�سريان ال�سباتي 
مع موؤ�سر كتلة الج�سم وغيرها من عوامل الخطورة القلبية الوعائية. الطريقة: اأجريت هذه الدرا�سة م�ستعر�سة الر�سد في الفترة ما بين يونيو 
2013 و مار�س 2014 في ق�سم الأ�سعة في م�ست�سفى رزكاري التعليمي في اأربيل، بالعراق. وتم تق�سيم الحالت المختارة بطريقة غير ع�سوائية 
 ،)HTN( و قيمت عوامل الخطر القلبية الوعائية كالتالي: نوع الجن�س،ال�سن،ارتفاع �سغط الدم )BMI( اإلى مجموعات )20≤ �سنة )140 حالة
 LD و IMT في الدم. وتم قيا�س )TG( التدخين وا�ستهلاك الكحول، و م�ستويات الكول�سترول الكلي والدهون الثلاثية ،)DM( مر�س ال�سكري
لل�سرايين ال�سباتية خارج القحف عن طريق الموجات فوق ال�سوتية نوع B. النتائج: اإن متو�سط IMT كانت 0.3 ± 0.8 مم، بدءا من المعدل 
الكلي لـ 0.7 مم في مجموعة BMI العادية ل 1.0 مم في المجموعة ذات ال�سمنة المفرطة للغاية. تم العثور على ارتباط وثيق بين IMT و
P = 0.04( BMI( ولكن لي�س بين موؤ�سري كتلة الج�سم و LD )P = 0.3(. ولم يوجد فرق كبير في متو�سط IMT و LD بين الجن�سين. تم العثور 
على ارتباط كبير بين IMT والعمر، DM ،HTN، ارتفاع ن�سبة الكولي�سترول وTG في الدم ) P >0.001( .وقد لوحظ اأن زيادة وحدة واحدة 
لـ BMI ت�سبب في زيادة 0.009 مم في IMT و زيادة �سنة واحدة في العمر توؤدي الى زيادة 0.011 مم في IMT. الخلا�سة: خل�ست الدرا�سة 
اإلى اأن العمر وال�سمنة وHTN، وارتفاع ن�سبة الكولي�سترول و DM وم�ستويات TG في الدم لها تاأثير معنوي على IMT لل�سريان ال�سباتي، 

والذي يعتبر موؤ�سرا قويا للن�سوء المبكر لت�سلب ال�سرايين.
مفتاح الكلمات: �سمك البطانة الداخلية والو�سطى لل�سريان ال�سباتي؛ الموجات فوق ال�سوتية؛ ت�سلب ال�سرايين؛ موؤ�سر كتلة الج�سم؛ عوامل 

الخطورة؛ العراق.
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Advances in Knowledge
- Obesity, age, hypertension, diabetes, high serum cholesterol and triglyceride levels had a large impact on carotid intima-media thickness 

(IMT) among the studied sample in Iraq. This is important as an increased carotid IMT can be an indicator of early-stage atherosclerosis. 
- The results of this study found that a one unit increase in body mass index caused a 0.009 mm increase in IMT and a one year increase 

in age caused a 0.011 mm increase in IMT.

Application to Patient Care
- Carotid IMT measurement using B-mode ultrasonography can be used as a surrogate marker for monitoring the development 

of atherosclerosis. 
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Atherosclerosis can develop as a 
result of the thickening of the intimal layer 
of the arterial wall; however, it is currently 

impossible to measure intima thickness alone in vivo.1 

Ultrasonography is therefore often used to indirectly 
assess intima thickness by measuring the intima-
media thickness (IMT). In atherosclerotic-prone 
vasculature, it is known that an increase in IMT is an 
indicator of intimal thickening.1

Before non-invasive procedures were developed, 
ethical considerations prevented any investigation 
of the carotid arteries in healthy subjects. Without 
direct observation and quantification, atherosclerotic 
changes and their complications were believed to be 
a manifestation of ageing and hence unavoidable.1 

Assessments of arterial wall atherosclerosis were 
restricted to pathology and angiography studies.2 

However, the introduction of ultrasound technology 
permitted the study of healthy subjects as well as 
those who are symptomatic. Whereas angiography 
and pulse-wave Doppler sonography measure arterial 
stenosis, B-mode ultrasonography measures arterial 
wall thickness and is therefore capable of detecting early 
atheromatous lesions before they induce disturbed 
flow patterns.3 Early phases of atherosclerotic plaque 
formation may result in thickened arterial walls 
with simultaneous dilatation, thereby preserving the 
lumen.1 Thus, there is growing interest in using B-mode 
ultrasonography as a non-invasive, sensitive, readily 
available and reproducible technique to measure 
IMT and luminal diameter (LD) in order to study the 
natural history of early atherosclerosis changes, long 
before a decrease in LD would occur naturally.1 Early 
detection of arteriosclerosis is crucial to ensure that 
appropriate prophylactic measures can be undertaken 
before cardiovascular events occur.

Unfortunately, the drawbacks of studies inves-
tigating the incidence of acute vascular disease 
endpoints include high costs and the need for long 
timelines and large sample populations. Hence, 
the use of a surrogate marker is important since it 
allows researchers to gather reliable data in a reduced 
timeframe using smaller samples.4 Carotid IMT 
(c-IMT) measurements are an accepted surrogate 
marker of atherosclerosis and impart prognostic 
information independent of traditional cardiovascular 
risk factors.5 Coll et al. emphasised the importance of 
c-IMT measurements, stating that the significance of 
these measurements are commensurate to traditional 
cardiovascular risk factors.4

Obesity and other atherosclerotic risk factors for 
myocardial infarction and stroke are very common 
in Iraq.6,7 To the best of the authors’ knowledge, there 
are no previous studies from Iraq reporting the effects 
of being overweight on atherosclerosis of the extra-
cranial carotid arteries. This study therefore aimed 
to investigate the effects of body mass index (BMI) 
on carotid atherosclerosis using measurements of 
LD and c-IMT in an Iraqi population. In addition, 
this study aimed to detect possible relationships 
between cardiovascular risk factors and early- 
stage arteriosclerosis.

Methods

This observational cross-sectional study was carried 
out in the Radiology Department of Rizgary Teaching 
Hospital in Erbil, Iraq, between June 2013 and March 
2014. A total of 150 non-randomly selected adults 
underwent B-mode ultrasonography of the extra-
cranial carotid arteries. Subjects of both genders, 
diverse ages and with differing BMI measurements 
were included. Cases were selected non-randomly 
in collaboration with outpatient clinics to preserve a 
BMI, age and sex equilibrium and avoid discrepancy 
in their numbers. Bodybuilders, pregnant women 
and patients with a history of ischaemic heart disease 
(IHD) and stroke were excluded from the study as 
the former two conditions could result in false-high 
BMIs while the latter two could interfere with the 
interpretation of the results. Subjects under 18 years 
of age were also excluded as c-IMT is only affected by 
age or gender after this cut-off point.8 

Six female and four male subjects were also 
excluded from the study due to technical difficulties 
in determining acceptable IMT and LD measurements 
from the internal carotid artery (ICA; n = 8) and 
carotid bifurcation (CBIF; n = 2), resulting in a total 
sample of 140 subjects. 

Subjects were classified according to BMI into 
the following subgroups: underweight (<18.5 kg/m2), 
normal (18.5–24.99 kg/m2), overweight (25–29.99 
kg/m2), obese (30–39.9 kg/m2) and extremely obese 
(BMI ≥40 kg/m2). The subjects were also divided into 
age groups (20–29 years old, 30–39 years old, 40–49 
years old, 50–59 years old and ≥60 years old). 

Ultrasound scans were performed by a radiologist 
with five years’ experience in the field. Each case was 
examined once but measurements for each segment 
of interest were taken and revised several times. Mean 

- Increased IMT measurements in a patient should alert healthcare providers that primary prevention measures may be needed to avoid 
cardiovascular events.
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maximum measurements were recorded to reduce the 
chance of errors. The ultrasound machine (HD11 XE 
Ultrasound System, Version 2010, Philips Healthcare, 
Bothell, Washington, USA) was equipped with a 
7–10 megahertz linear array transducer. 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 (CBIF); 
and 1 cm segment in the internal branch distal to the 
flow divider (ICA).2 c-IMT measurements were taken 
from the leading edges of the far wall echoes while 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 measurements).9 Both sides 
of the carotid arteries were examined with longitudinal 
scans. When an optimal longitudinal image was 
obtained, the image was magnified and frozen and the 
IMT and LD were measured. A transverse scan was 
occasionally performed when needed.

Plaque identified within the segment of interest was 
also included in the measurement. To obtain proper 
measurements in an atherosclerotic region, the same 
ultrasound acoustic settings (such as dynamic range, 
gain, mechanical index and probe frequency) used for 
the normal region (baseline settings) were also applied 
for the thickened region, with special attention to focal 
zone adjustment.

Variables for the study included maximum c-IMT 
values and the means of these maximums. Maximum 
values for the common c-IMT (CC-IMT), CBIF, ICA 
and the whole carotid tree were taken for both the 
right and left side. Subsequently, the means of both 
sides were taken and stated as the total maximum 
c-IMT. The same parameters were used for LD. 
Correlations between the total maximum c-IMT and 
total maximum carotid LD (c-LD) variables were 
made with BMI, age and cardiovascular risk factors 

Table 1: Demographic characteristics of a sample of Iraqi 
adults according to body mass index and age group (N = 140)

BMI category* Total 
n 

(%)UW N OW O EO

A
ge

 g
ro

up
 in

 y
ea

rs
 

20–29 1 15 12 3 1 32 
(22.9)

30–39 0 9 15 10 1 35 
(25)

40–49 1 6 8 11 0 26 
(18.6)

50–59 1 4 5 10 6 26 
(18.6)

≥60 1 7 5 7 1 21 
(15)

Total, n 
(%)

4 
(2.9)

41 
(29.3)

45 
(32.1)

41 
(29.3)

9 
(6.4)

140 
(100)

BMI = body mass index; UW = underweight; N = normal; OW = overweight; 
O = obese; EO = extremely obese.
*Categories were defined as follows: underweight (BMI <18.5 kg/m2), normal 
(BMI = 18.5–24.99 kg/m2), overweight (BMI = 25–29.99 kg/m2), obese (BMI 
= 30–39.9 kg/m2) and extremely obese (BMI ≥40 kg/m2).

Table 2: Correlations between body mass index and the intima-media thickness and luminal diameter of carotid arteries among a 
sample of Iraqi adults (N = 140)

Mean maximum IMT in mm Mean maximum LD in mm Mean 
maximum 
TC in mmCCA CBIF ICA Whole 

carotid
CCA CBIF ICA Whole 

carotid

RT LT RT LT RT LT RT LT RT LT RT LT RT LT RT LT IMT LD

BM
I c

at
eg

or
y*

UW 0.9 0.8 1.4 0.9 0.7 0.8 0.98 0.8 5.9 5.5 6.8 6.7 4.9 4.5 5.9 5.6 0.9 5.8

N 0.6 0.7 0.8 0.8 0.7 0.7 0.7 0.7 5.7 5.7 6.8 6.7 4.7 4.6 5.7 5.7 0.7 5.7

OW 0.7 0.7 0.7 0.8 0.7 0.7 0.7 0.7 6.0 5.9 7.4 7.1 4.8 4.5 6.1 5.8 0.7 6.0

O 0.8 0.8 0.9 0.9 0.8 0.8 0.8 0.8 6.1 5.9 7.2 7.2 4.6 4.8 6.0 6.0 0.8 6.0

EO 0.9 0.8 1.1 0.9 0.9 0.9 1.0 0.9 5.8 5.8 7.3 7.3 4.8 4.7 6.0 5.9 1.0 6.0

Total 0.7 0.7 0.8 0.8 0.7 0.7 0.8 0.8 6.0 5.8 7.1 7.0 4.7 4.6 5.9 5.8 0.8 5.9

SD 0.2 0.2 0.4 0.4 0.3 0.3 0.3 0.3 0.7 0.7 1.1 1.0 0.8 0.8 0.8 0.7 0.3 0.67

P value <0.001 0.06 0.003 0.8 0.6 0.1 0.001 0.21 0.3 0.4 0.1 0.2 0.8 0.4 0.3 0.3 0.04 0.3

IMT = intima-media thickness; LD = luminal diameter; TC = total carotid; CCA = common carotid artery; CBIF = carotid bifurcation; ICA = internal carotid artery; RT = 
right; LT = left; BMI = body mass index; UW = underweight; N = normal; OW = overweight; O = obese; EO = extremely obese; SD = standard deviation.
*Categories were defined as follows: underweight (BMI <18.5 kg/m2), normal (BMI = 18.5–24.99 kg/m2), overweight (BMI = 25–29.99 kg/m2), obese (BMI = 30–39.9 kg/m2) 
and extremely obese (BMI ≥40 kg/m2).
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for atherosclerosis.
Cardiovascular risk factors for atherosclerosis 

were determined using a standardised questionnaire 
administered to every participant. Risk factors 
included a personal history of diabetes mellitus 
(DM), hypertension (HTN), smoking and alcohol 
consumption. Family histories of stroke and IHD 
were also evaluated. Height and weight were assessed 
on a single scale. Blood pressure was measured using 
mercury sphygmomanometers (ALPK2, Danyang Sai 
Fukang Medical Instrument Co. Ltd., Tokyo, Japan) 
with participants in a sitting position. Serum total 
cholesterol and triglycerides (TG) measurements 
were taken for each subject; however, low- and high-

density lipoprotein testing was not performed due to 
technical issues.

Statistical analysis was performed using the 
Statistical Package for the Social Sciences (SPSS), 
Version 16.0 (IBM Corp., Chicago, Illinois, USA). 
Descriptive quantitative data were presented as 
frequencies or means ± standard deviation (SD). Side-
to-side differences between right and left sides and 
differences between BMI groups were tested with 
independent sample t- and analysis of variance tests. A 
P value of <0.05 was considered statistically significant.

This study was approved by the Research Ethics 
Committee of Hawler Medical University in Erbil, Iraq. 
Informed consent was obtained from all participants 
before inclusion.

Results

A total of 140 subjects between 20–88 years old were 
included in the study (mean age: 43.11 ± 15.47 years 
old). There were 84 males (60%; mean age: 41.95 ± 
15.79 years old) and 56 females (40%; mean age: 44.84 
± 14.95 years old). The demographic characteristics of 
the subjects by BMI category and age group are shown 
in Table 1.

Statistical analysis revealed a significant correlation 
between BMI and mean maximum total c-IMT 
(P = 0.04) while the correlation between BMI and mean 
maximum total c-LD was not significant (P = 0.3) 
[Table 2]. There was no significant difference for side-
to-side LD or IMT in the paired CCA, CBIF and ICA 
values. Additionally, no significant differences were 
noted between mean maximum IMT or LD values in 
males and females [Table 3]. Pearson correlation plots 
demonstrated close relationships between c-IMT and 

Table 3: Mean maximum luminal diameter and intima-
media thickness values among a sample of Iraqi adults 
according to body mass index and gender (N = 140)

Mean 
maximum 

IMT in mm

Mean 
maximum LD 

in mm

Male Female Male Female

BM
I c

at
eg

or
y*

Underweight 0.86 1.03 5.56 6.16

Normal 0.74 0.67 5.80 5.46

Overweight 0.72 0.64 6.10 5.40

Obese 0.79 0.79 6.23 5.70

Extremely 
obese 

- 0.91 - 5.96

Total 0.75 0.75 6.02 5.63

P value 0.6 0.02 0.11 0.1

IMT = intima-medial thickness; LD = luminal diameter; BMI = body 
mass index.
*Categories were defined as follows: underweight (BMI <18.5 kg/m2), 
normal (BMI = 18.5–24.99 kg/m2), overweight (BMI = 25–29.99 kg/m2), 
obese (BMI = 30–39.9 kg/m2) and extremely obese (BMI ≥40 kg/m2).

 
Figure 1A & B: Pearson correlation plots showing (A) a fair correlation between BMI and carotid IMT (P = 0.005; Pearson 
correlation coefficient = 0.236) and (B) a strong correlation between age and carotid IMT (P <0.001; Pearson correlation 
coefficient = 0.731) among a sample of Iraqi adults (n = 140).
IMT = intima-media thickness; BMI = body mass index.
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BMI [Figure 1A] and age [Figure 1B].
A regression coefficient analysis between IMT and 

BMI and between IMT and age was used to find the 
rate of wall thickness progression [Table 4]. A one-unit 
increase in BMI caused a 0.009 mm increase in IMT. 
A one year increase in age caused a 0.011 mm increase 
in IMT. A one unit increase in BMI was equivalent to 
a 0.81 year (9.81 month) increase in age.

A significant correlation between HTN and 
both mean maximum IMT and mean maximum LD 
was observed (P <0.001 for both). Additionally, DM 
and high serum cholesterol and TG levels showed 
significant correlations with IMT (P = 0.016, 0.028 
and 0.045, respectively) but not with mean maximum 
LD. No correlation was detected between either 
IMT or LD with regards to other risk factors, including 
a family history of stroke or IHD, alcohol intake and 
smoking [Table 5].

Discussion

In the current study, a significant positive correlation 
was observed between c-IMT and BMI. The change 
was greater in higher BMI groups (obese and 
extremely obese individuals) than in lower groups 
(normal and overweight individuals), suggesting a 
more rapid change in IMT for BMI values >30 kg/m2 
(obese and extremely obese groups). Several cross-
sectional studies have reported similar positive 
associations between body weight or BMI with carotid 
artery IMT.10–12 

In the current study, an unexpectedly high mean 

IMT value was detected in the underweight group. 
However, only four subjects belonged to this group; 
these subjects were 22, 47, 57 and 70 years old with 
mean IMT values of 0.50 mm, 0.67 mm, 1.43 mm 
and 1.03 mm, respectively. These results suggest that 
age was a more predominant influencing factor than 
weight in this subgroup. Apart from those who were 
underweight, the IMT measurements of the younger 
subjects were normal. 

In three of the six carotid artery segments, IMT 
values were very slightly higher in the normal BMI 
group than the overweight group. This was also 
reflected in the total mean IMT measurements. 
Two explanations for this are possible; first, in the 
classification of normal IMT and LD values in a 
previous study, the normal group was defined as 
those with a BMI of <30 kg/m2.5 This classification 
was made because of a lack of agreement between the 
IMT values of two groups (normal and overweight 
individuals) in a previously published study.13 The 
second explanation is the effect of age, since vascular 
ageing is associated with different principal structural 
and functional changes (intima-media thickening, 

Table 4: Expected differences in mean wall thickness 
between participants differing in age by one year and 
body mass index by one unit among a sample of Iraqi 
adults (N = 140)

Carotid 
segment
in mm

Total 
BMI

Age

Total Male Female

TC 0.009 0.011 0.011 0.012

RT C 0.009 0.012 0.011 0.013

RT CCA 0.010 0.010 - -

RT BIF 0.007 0.015 - -

RT ICA 0.009 0.011 - -

LT C 0.008 0.011 0.009 0.010

LT CCA 0.007 0.009 - -

LT BIF 0.008 0.015 - -

LT ICA 0.010 0.009 - -

BMI = body mass index; TC = total carotid artery; RT = right; 
C = carotid; CCA = common carotid artery; BIF = bifurcation; 
ICA = internal carotid artery; LT = left.

Table 5: Prevalence of cardiovascular risk factors and correlation 
with carotid intima-media thickness and luminal diameter among a 
sample of Iraqi adults (N = 140)

Risk 
factor

n 
(%)

Presence 
of risk 
factor

Mean 
max. 
IMT 

in mm

P 
value

Mean 
max. 
LD 

in mm

P 
value

HTN 25 
(17.9)

No 0.7 <0.001 5.76 <0.001

Yes 0.96 6.33

DM 9 
(6.4)

No 0.74 0.016 5.85 0.26

Yes 0.94 6.11

High SC 20 
(14.3)

No 0.7 0.028 5.85 0.12

Yes 0.82 6.13

High 
STG

37 
(26.4)

No 0.69 0.045 5.83 0.14

Yes 0.78 6.04

AC 4 
(2.85)

No 0.75 0.7 5.86 0.58

Yes 0.7 6.08

Smoking 30 
(21.4)

No 0.74 0.7 5.8 0.09

Yes 0.78 5.99

FH of 
stroke

25 
(17.9)

No 0.74 0.41 5.84 0.32

Yes 0.79 5.99

FH of 
IHD

21 
(15)

No 0.75 0.81 5.89 0.25

Yes 0.76 5.71

max. = maximum; IMT = intima-media thickness; LD = luminal diameter; HTN = 
hypertension; DM = diabetes mellitus; SC = serum cholesterol; STG = serum triglycerides; 
AC = alcohol consumption; FH = family history; IHD = ischaemic heart disease.
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arterial dilatation and the deterioration of elastic wall 
properties with vascular stiffening).13 The mean ages 
of the normal and overweight groups in the current 
study were very similar, although the SD was higher 
in the normal group. This was also the cause of failure 
in a previous study to investigate the impact of BMI 
on c-IMT.13 Ozdemir et al. did not find a correlation 
between BMI and carotid artery IMT when comparing 
participants with normal BMIs to overweight subjects 
only (BMI = 25–29.9 kg/m2).13 However, their results 
might have differed had they also included obese 
subjects with BMIs over 30 kg/m2 in the study. It is 
important to note, however, that performing tortuous 
ICA and high-seated bifurcation procedures on obese 
subjects in the current study was difficult. 

In the current study, no significant correlation 
was found between c-LD and BMI. Crouse et al. 
concluded that IMT is often related to little or no 
narrowing of the arterial lumen.14 The researchers 
went on to explain that studies previously indicating 
straightforward relationships between risk factors and 
lumen reduction may have been influenced by the 
utilisation of symptomatic population samples and 
incorrect methodologies.14 An example of the latter is 
the use of Doppler ultrasonography, as this technique 
is unable to determine minor decreases in LD.14 In 
contrast, the sample in the current study included 
both normal and diseased individuals.

In the current study, IMT and LD were found to 
increase significantly with advancing age in all carotid 
segments. This finding corresponded with those of 
Najjar et al.15 Additionally, it was discovered that the 
mean IMT increased by approximately 0.095 mm/year, 
0.015 mm/year and 0.010 mm/year at the CCA, 
CBIF and ICA, respectively. These findings were very 
similar to those of a previous study which showed a 
mean IMT increase of 0.010 mm/year, 0.016 mm/year 
and 0.011 mm/year at the CCA, CBIF and ICA, 
respectively.2 The greatest increase in mean IMT in the 
current study occurred in the CBIF rather than in the 
CCA and ICA; this was in accordance with autopsy 
studies reporting that the extent of atherosclerotic 
involvement was greatest near the CBIF and in the 
proximal portion of the ICA.16,17 Thus, the stronger 
association between IMT and age at the CBIF and 
ICA suggest more rapid atherosclerotic progression at 
these segments. 

Limbu et al. demonstrated no relevant side-
to-side differences in any of the parameters in the 
extracranial carotid arteries, with similar CC-IMT 
readings for both left and right sides.18 The results of 
the current study were similar. However, Limbu et al. 
noted a difference between separate left and right LD 
measurements among men and women for all carotid 

artery segments.18 No significant differences were 
found between women and men with respect to IMT 
measurements in the extracerebral carotid vessels;18 
this was also reflected in the present research. 
However, another study reported significantly 
smaller LD measurements in the left CCA than the 
right, which was attributed to the right CCA being 
dominant.13 The current study showed that both left 
and right CCA, CBIF and ICA measurements tended 
to be larger in men than women. Three previous 
studies reported similar gender-related differences in 
LD measurements of the CCAs.2,16,19

Davis et al. reported cross-sectional associations 
between c-IMT and cardiovascular risk factors and 
prevalent cardiovascular disease.20 A previous study 
found a positive association between c-IMT and the 
incidence of all types of stroke.21 In the current study, 
the correlation between carotid atherosclerosis and 
HTN was highly significant. Significant correlations 
also existed between other cardiovascular risk factors 
(DM and high serum cholesterol and TG levels) and 
c-IMT, although the same was not true of LD. Early 
measurement of IMT via ultrasonography is closely 
associated with plasma lipids (total cholesterol, TG 
and low- and high-density lipoproteins) and HTN, 
while smoking and age are the two factors that have 
been most consistently associated with stroke and 
carotid atherosclerosis.2 The present study suggests 
that increased blood pressure is a strong predictor of 
early carotid atherosclerosis.

A significant positive association between the 
severity of carotid atherosclerotic lesions (plaques 
and stenosis) and cigarette smoking (P <0.0001) has 
been previously reported.8 There is also evidence 
that smoking is positively associated with carotid 
atherosclerosis in patients with symptomatic IHD, 
based on both angiographic and ultrasonographic 
studies.3 The lack of a relationship between these 
variables in the present study could be explained by 
the fact that patients with IHD were excluded and 
the small sample may not have been representative of 
the entire population. No correlation between carotid 
atherosclerosis and a family history of stroke and IHD 
was found in the current study, although a positive 
correlation between these factors has been reported 
previously.22 This may be because the present study was 
dependent on a small sample and because familial IHD 
was determined by history-taking. Additionally, IMT 
was viewed as a marker for subclinical atherosclerosis.

There are several additional limitations to the 
current study which should be acknowledged. The 
effect of IMT on LD may have been misrepresented 
as LD increases and decreases during the systolic and 
diastolic periods of the cardiac cycle, respectively. 
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Additionally, scans for this sample population were 
performed by a single radiologist who was aware of the 
other variables in the study, potentially introducing 
bias. The use of manual B-mode ultrasound technology 
can also cause technical difficulties and induce 
inherent variability. There was also a lack of detection 
of intra-individual variability in the methodology and a 
lack of multivariate adjustment of the data into different 
BMI categories for standard risk factors. Finally, the 
study could have been improved by comparing the 
ultrasonographic findings to another standard modality, 
such as computed tomography angiography.

Conclusion

A strong positive association was found between 
c-IMT and BMI in this Iraqi sample. Additionally, a 
positive correlation was also noted with age, HTN, 
DM, high serum cholesterol and TG levels. IMT and 
LD were found to increase significantly with advancing 
age in all carotid segments. In overweight patients, 
an increase in IMT can indicate the early stages 
of atherosclerosis.
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