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Correlation between Carotid Artery Intima-Media
Thickness and Luminal Diameter with
Body Mass Index and Other Cardiovascular
Risk Factors in Adults
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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 220 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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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 stucdy 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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cardiovascular events.

- Increased IMT measurements in a patient should alert healthcare providers that primary prevention measures may be needed to avoid

THEROSCLEROSIS 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.!
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.!

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.!
Assessments of arterial wall atherosclerosis were
restricted to pathology and angiography studies.?
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.® Early phases of atherosclerotic plaque
formation may result in thickened arterial walls
with simultaneous dilatation, thereby preserving the
lumen.! 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.! 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.* Carotid IMT
(c-IMT) measurements are an accepted surrogate
marker of atherosclerosis and impart prognostic
information independent of traditional cardiovascular
risk factors.> Coll et al. emphasised the importance of
¢-IMT measurements, stating that the significance of
these measurements are commensurate to traditional
cardiovascular risk factors.*

Obesity and other atherosclerotic risk factors for
myocardial infarction and stroke are very common
in Iraq.” 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 ¢-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.®

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/m?),
normal (18.5-24.99 kg/m?), overweight (25-29.99
kg/m?), obese (30-39.9 kg/m?) and extremely obese
(BMI 240 kg/m?). 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 260 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
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Table 1: Demographic characteristics of a sample of Iraqi segment proximal to the dilation of the carotid bulb;

adults according to body mass index and age group (N = 140) | ., segment proximal to the flow divider (CBIF);

BMI category* Total  and 1 cm segment in the internal branch distal to the
Uw N ow o EO (:/“)) flow divider (ICA).2 c-IMT measurements were taken

from the leading edges of the far wall echoes while LD

20-29 1 15 12 3 1 39 measurements were taken from the leading edge of

(22.9)  the near wall intima-Ilumen echo to the leading edge of

s 30-39 0 9 15 10 1 35 the echo from the far wall lumen-intima interface (the

§ (25) same location as the IMT measurements).’ Both sides

i 40-49 1 6 8 11 0 2% of the carotid arteries were examined with longitudinal

g (18.6)  scans. When an optimal longitudinal image was

g 50-59 1 4 5 10 6 2% obtained, the image was magnified and frozen and the

< (18.6) IMT and LD were measured. A transverse scan was
>60 1 7 5 7 1 21 occasionally performed when needed.

(15) Plaque identified within the segment of interest was

Total, n 4 41 45 41 9 140 also included in the measurement. To obtain proper

(%) 29 (93 (B21) (293) (64) (100)  measurements in an atherosclerotic region, the same

BMI = body mass index; UW = underweight; N = normal; OW = overweight; ultrasound acoustic settings (such as dynamlc range,

O = obese; EO = extremely obese. gain, mechanical index and probe frequency) used for

*Categories were defined as follows: underweight (BMI < 18.5 kg/n’), normal  the normal region (baseline settings) were also applied

(BMI = 18.5-24.99 kg/m?), overweight (BMI = 25-29.99 kg/m*), obese (BMI . . . . .

= 30-39.9 kg/m?) and extremely obese (BMI =40 kg/m?) for the thickened region, with special attention to focal
zone adjustment.

maximum measurements were recorded to reduce the Variables for the study included maximum c-IMT

chance of errors. The ultrasound machine (HD11 XE values and the means of these maximums. Maximum

Ultrasound System, Version 2010, Philips Healthcare, values for the common c-IMT (CC-IMT), CBIE, ICA
Bothell, Washington, USA) was equipped with a

7-10 megahertz linear array transducer. Subjects

and the whole carotid tree were taken for both the

right and left side. Subsequently, the means of both

were examined in supine positions with their heads sides were taken and stated as the total maximum

slightly elevated and turned to the contralateral side. ¢ IMT. The same parameters were used for LD.

The site of the carotid segments to be studied was Correlations between the total maximum c¢-IMT and

determined according to the distance from the flow total maximum carotid LD (c-LD) variables were

divider as follows: common carotid artery (CCA) 1 cm made with BMI, age and cardiovascular risk factors

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
CCA CBIF ICA Whole CCA CBIF ICA Whole TC in mm
carotid carotid

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

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
I
S 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 5V 0.7 5.7
ig 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
E O 0.8 0.8 0.9 0.9 0.8 0.8 0.8 0.8 6.1 59 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

Pvalue <0.001 006 0003 08 06 01 0001 021 03 04 01 02 08 04 03 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/m?), normal (BMI = 18.5-24.99 kg/m*), overweight (BMI = 25-29.99 kg/m?), obese (BMI = 30-39.9 kg/m?)
and extremely obese (BMI 240 kg/m?).
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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 Mean
maximum maximum LD
IMT in mm in mm
Male Female Male Female

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 - 091 - 5.96

obese

Total 0.75 0.75 6.02 5.63

Pvalue 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/m?),
normal (BMI = 18.5-24.99 kg/m?), overweight (BMI = 25-29.99 kg/n?®),
obese (BMI = 30-39.9 kg/m?) and extremely obese (BMI =40 kg/m?).

for atherosclerosis.

Cardiovascular risk factors for atherosclerosis
were determined using a standardised questionnaire
Risk
included a personal history of diabetes mellitus
(DM), hypertension (HTN), smoking and alcohol
consumption. Family histories of stroke and IHD

administered to every participant. factors

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-

A
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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
Pvalue 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 ¢-IMT and

R? Linear = 0.534

20 40 60 80
Age

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.

| 347



Correlation between Carotid Artery Intima-Media Thickness and Luminal Diameter with Body Mass Index and Other Cardiovascular
Risk Factors in Adults

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)

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)

Risk n Presence  Mean P Mean P
Carotid Total Age factor (%) of risk max. value max. value
segment BMI factor IMT LD
in mm Total Male Female in mm in mm
TC 0.009 0.011 0.011 0.012 HTN 25 No 0.7 <0.001 5.76 <0.001
(17.9)
RT C 0.009 0.012 0.011 0.013 Yes 0.96 6.33
RT CCA 0.010 0.010 - - DM 9 No 0.74 0.016 5.85 0.26
(6.4)
RT BIF 0.007 0.015 - - Yes 0.94 6.11
RT ICA 0.009 0.011 - - High SC 20 No 0.7 0.028 5.85 0.12
(14.3)
LTC 0.008 0.011 0.009 0.010 Yes 0.82 6.13
LT CCA 0.007 0.009 - - High 37 No 0.69 0.045 5.83 0.14
STG (26.4)
LT BIF 0.008 0.015 - - Yes 0.78 6.04
LTICA 0.010 0.009 - - AC 4 No 0.75 0.7 5.86 0.58
(2.85)
BMI = body mass index; TC = total carotid artery; RT = right; Yes 0.7 6.08
C = carotid; CCA = common carotid artery; BIF = bifurcation; .
ICA = internal carotid artery; LT = lefi. Smoking (23104) No 0.74 0.7 5.8 0.09
. . b Yes 0.78 5.99
BMI [Figure 1A] and age [Figure 1B].
A regression coefficient analysis between IMT and ~ FHof 25 No 0.74 041 5.84 0.32
stroke (17.9)
BMI and between IMT and age was used to find the Yes 0.79 5.99
rate of wall thickness progression [Table 4]. A one-unit
. . . R FH of 21 No 0.75 0.81 5.89 0.25
increase in BMI caused a 0.009 mm increase in IMT.  [gp (15)
Yes 0.76 5.71

A one year increase in age caused a 0.011 mm increase
in IMT. A one unit increase in BMI was equivalent to max. = maximuny; IMT = intima-media thickness; LD = luminal diameter; HTN =
hypertension; DM = diabetes mellitus; SC = serum cholesterol; STG = serum triglycerides;

a0.81 year (9.81 month) increase in age.
AC = alcohol consumption; FH = family history; IHD = ischaemic heart disease.

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 ¢-IMT and BMIL 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/m?
(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
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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° 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.’* The
second explanation is the effect of age, since vascular
ageing is associated with different principal structural
and functional changes (intima-media thickening,
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arterial dilatation and the deterioration of elastic wall
properties with vascular stiffening).”® 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 ¢-IMT.® 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/m?)."* However, their results
might have differed had they also included obese
subjects with BMIs over 30 kg/m? 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 [umen.'* 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.'* An example of the latter is
the use of Doppler ultrasonography, as this technique
is unable to determine minor decreases in LD.**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'> 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.? 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.'*¥ 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.’® 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.”® No significant differences were
found between women and men with respect to IMT
measurements in the extracerebral carotid vessels;"
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.”® 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.>1%1°

Davis et al. reported cross-sectional associations
between c-IMT and cardiovascular risk factors and
prevalent cardiovascular disease.® A previous study
found a positive association between c-IMT and the
incidence of all types of stroke.?! 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.> 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.® There is also evidence
that smoking is positively associated with carotid
atherosclerosis in patients with symptomatic IHD,
based on both angiographic and ultrasonographic
studies.> 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.” This may be because the present study was
dependent on a small sample and because familial [HD
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
¢-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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