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Carotid artery atherosclerosis is a complex andmultifactorial chronic disease. Our aimwas to assess the associations
between obesity, fat depots and carotid artery stenosis (CAS) in patients with high cardiovascular (CV) risk.
Methods: The study group included 391 patients (F/M: 136/255 pts.; age: 61.8± 8 years) scheduled for elective cor-
onary angiography. A comprehensive clinical assessment included a carotid artery and abdominal ultrasound in-
volving the following fat depots: (1) carotid extra-media thickness (EMT) indexed to the body mass index
(perivascular adipose tissue [PVAT]), and (2) abdominal visceral and subcutaneous fat.
Results: Patients with a ≥50% stenosis of internal carotid artery (ICA) were older (65.9 ± 7 vs 60.3 ± 7 years,
p b 0.0001) and had increased PVAT (836 ± 120 vs 779 ± 127 μm, p b 0.01) compared to individuals with b50%
internal carotid artery stenosis. None of the CASparameterswere associatedwith anymeasures of obesity.Multivar-
iable regression model showed that age (p b 0.0001), PVAT (p b 0.0001) and smoking (p= 0.04) were indepen-
dently associated with the severity of ICA stenosis.
Conclusions:Our study showed that carotid extra-media thickness, an indexmeasure of PVAT, is associatedwith CAS
severity. It is a strong and independent predictor of significant ICA stenosis. None of the obesity measurements re-
vealed associations with carotid atherosclerosis.
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1. Introduction

Atherosclerosis is a multifactorial and complex chronic disease affect-
ing various vascular beds. Although atherosclerosis is a systemic disease
sharing commonmajor risk factors, the strength and impact differs per ar-
terial site.1 Age, smoking, hypertension, dyslipidemia or diabetes are the
main predictors of peripheral artery disease, including carotid artery dis-
ease. The prevalence of carotid artery stenosis (CAS) ranges from 4% to
12%with higher rates amongmen and older (N70-year-old individuals).2

Obesity is a highly prevalent disease leading to metabolic complica-
tions, which may increase cardiovascular (CV) risk over a long-time
exposure.3–6 However, adiposity is a very heterogeneous condition, in
which fat quantity, distribution, metabolic function and specific visceral
fat depots are closely associated with CV risk.7,8
Carotid extra media thickness (EMT) is a unique ultrasound index
for the common carotid artery. Although it corresponds to various tis-
sues, including perivascular adipose tissue (PVAT), arterial adventitia,
interstitial tissue and venous wall,9,10 the main components are PVAT
and adventitia. Carotid EMT is associatedwithmetabolic syndrome, car-
diovascular risk and carotid intima-media thickness,11,12 it is signifi-
cantly increased in patients with coronary artery disease (CAD), and it
is associated with the severity and the complexity (Syntax Score) of
CAD.11,12 The great majority of studies on PVAT were focused on direct
or indirect measures of epicardial fat in patients with CAD.13,14 How-
ever, there is an evidence gap in the field of PVAT, adiposity and CAS.
Therefore, our aim was to assess the associations between obesity, fat
depots and carotid atherosclerosis in high-risk patients.

2. Materials and methods

The study group included 400 consecutive patients admitted to our
Department of Cardiology for an elective diagnostics of CAD. All the pa-
tients had a comprehensive clinical assessment focused on CV risk factors
and a carotid artery ultrasound. Nine patients were excluded from the
study for suboptimal quality of carotid ultrasound images and finally
391 individuals were included in the further analysis. Themain exclusion
criteria were as follows: heart failure, severe primary heart valve disease
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or any other extracardiac chronic disease causing at least 10% uninten-
tional weight loss (prior 3 months), secondary causes of obesity or med-
ical interventions aimed at weight loss (prior 12 months), neck or
abdomen surgery, neck radiotherapy, a very poor carotid artery image
quality, and confirmed diagnosis of genetic predisposition for CV diseases.
All the patients were recruited in the Department of Cardiology at the
Medical University of Silesia. The study had a cross-sectional design
with the studyprotocol approvedby the localMedical University of Silesia
Ethic Committee.

Dyslipidemia, diabetes, obesity and arterial hypertension were de-
fined as previously described.15–17 The diagnosis of CADwas confirmed
in coronary angiography performed during the index hospitalization.
The data on peripheral artery disease (other than carotid atherosclero-
sis)was obtained from the availablemedical records. Thebioelectric im-
pedance analysis (BIA, Bodystat 1500) was used to measure the
patients' body composition with body fat percentage (BF%) according
to the manufacturer's manual.

2.1. Carotid artery ultrasound and fat indexes

All the carotid images were obtained by one experienced researcher
using constant settings. Afterwards, single images of the region of inter-
est were randomly analyzed offline by one observer blinded to patient's
data and characteristics. All the measurements were identical in all pa-
tients andwere obtainedwith a high-resolution ultrasound (GE Vivid 9,
Milwaukee, US) with a linear or convex transducer.

Carotid artery ultrasound was performed according to the
recommendations18 and the estimation of carotid artery stenosis was
based on the NASCET method and the Doppler peak velocity parame-
ters. The following measures of carotid atherosclerosis were provided:
maximum unilateral internal carotid artery (ICA) stenosis, mean bilat-
eral ICA stenosis, the sum of bilateral ICA stenoses, total carotid artery
plaque area and the presence of plaques in the common carotid artery,
bulb and ICA.

Carotid intima-media thickness (IMT) was used as a well-evidenced
vascular index and it was obtained according to theMannheim Consen-
sus guidelines.19 Carotid EMTwas used as ameasure of PVAT and it was
measured as a distance between the carotid media-adventitia border
and the jugular wall-lumen interface averaged from both common ca-
rotid arteries (CCA) with visualization of the zoomed interface between
the nearwall of the distal segment of the CCA and the neighbouring jug-
ular vein. The precise method for carotid EMTwas described in our pre-
vious manuscript.20

Finally, the distance between the skin and external surface of the
rectus abdominis muscle representing subcutaneous fat and the dis-
tance between the internal surface of the rectus abdominis muscle
and anterior wall of the aorta (abdominal visceral fat) were measured
in transversal view 1 cm above umbilicus. The transducer (7.5 MHz
for subcutaneous and 3.5 MHz for visceral fat) with a thick ultrasound
gel layer was placed vertically on a skin as lightly as possible to prevent
compression of the layers and to perform breath-hold measurements.

2.2. Statistical analysis

All results presented in the text, tables and figures are expressed as
means ± standard deviation or number and percentage. The data nor-
mal distributionwas analyzedwith theKolmogorov-Smirnov test. Base-
line clinical parameters or the ultrasound measures were compared
between the subgroups using the t-tests for normally distributed con-
tinuous variable (Student's t-test); in case of abnormal distribution,
the Mann-Whitney U test was used. Multiple comparisons analysis
was performed using the ANOVA with Bonferroni correction. Prior to
the ANOVA test, Levene's test for equality of variances was performer.
The differences between the subgroups were analyzed using one-way
analysis of variance (ANOVA). Associations between parameters were
assessed using Pearson or Spearmen correlation analysis respectively
for the parametric or nonparametric variables. A value p b 0.05was con-
sidered statistically significant. Statistical analysiswas undertaken using
Statistica software (version 10.0, Stat Soft, PL).
3. Results

3.1. Study group clinical characteristics

The study group (F/M: 136/255 pts.; age: 61.8 ± 8 years) included
patients with high or a very high CV risk. Most of the patients revealed
classical risk factors: dyslipidemia (100%), hypertension (78%), obesity
(47%), diabetes (39%) and nicotinism (current or past in 66%).

CADwas found in 82% of patients (≥50% stenosis in coronary angiog-
raphy) and peripheral artery disease of lower limbs was shown in 12%.
Carotid atherosclerosis parameters and the detailed clinical characteris-
tics of the study patients are presented in theOnline Supplementary Ap-
pendix 1. There were 151 patients with diabetes, mostly treated with
oral antidiabetic drugs (72%) or insulin (28%). Although some of the pa-
tients had a long history of disease (N10 years in 42 cases), there were
no association between time from diagnosis and the severity of ICA ste-
nosis (p = ns).
3.2. Carotid atherosclerosis and obesity

Patients were divided into two subgroups based on the CAS severity
(≥50% and b50%) and uni- or bilateral ≥50% stenosis (Table 1). Patients
with more significant CAS were older with increased measures of
PVAT, decreased abdominal visceral fat and similar body mass index
(BMI) and general BF%. There was no difference in age of individuals
with uni- and bilateral CAS. Moreover, none of the parameters of CAS
were different between patients with obesity (BMI ≥ 30 kg/m2) and in-
dividuals with BMI b30 kg/m2 (Online Supplementary Appendix 2).
Perivascular fat indexed to general obesity (EMT/BMI) was associated
with both ipsilateral and contralateral ICA stenosis (Online Supplemen-
tary Appendix 3). Age and perivascular fat (EMT/BMI) showed signifi-
cant associations with all CAS measures: maximum, mean and both
(the sum of both sides ICA maximum stenosis) ICA stenosis values
(Table 2). Multivariable regression model showed that age, EMT/BMI,
smoking (p=0.04) and body fat% (p=0.04)were independently asso-
ciated with the severity of ICA stenosis (Table 3).

There were no differences in themaximum CAS (35.3± 18 vs 33.8 ±
21%; p = 0.6) between patients with and without diabetes. Moreover,
perivascular fat (EMT/BMI) was significantly increased in patients with
≥50% CAS compared to individuals with b50% CAS in both subgroups: di-
abetic (28.5 ± 5 vs 24.7 ± 4, p b 0.0001) and non-diabetic patients
(28.8 ± 6 vs 26.1 ± 3.8, p b 0.001). The associations between EMT/BMI
and CASwere also significant in both subgroupswith a slightly better cor-
relation coefficients in diabetes (r= 0.45 vs r= 0.2, p b 0.05).
3.3. The ROC analysis and the prediction of significant carotid artery
stenosis

Given the above results, five variables (age, BMI, waist circumfer-
ence, abdominal visceral fat and perivascular fat) were assessed as pre-
dictors of either ≥50% ICA stenosis or ≥70% ICA stenosis (Table 4). All the
parameters revealed a significant predictive value in both models.
Given the area under the curve (AUC) for each of the variable, age
showed the best prediction of significant CAS (≥50%). However,
perivascular fat indexed to BMI (EMT/BMI) revealed a significantly
greater AUC compared to age and other variables (p b 0.05) in the pre-
diction of ≥70% ICA stenosis (Table 4, Fig. 1). Perivascular fat revealed
significant prediction of ICA stenosis in both diabetic and non-diabetic
individuals (data not shown).



Table 1
Obesity-related indexes and ICA stenosis.

Obesity-related indexes ICA stenosis p ICA stenosis ≥50% p

b50% ≥50% Unilateral Bilateral

Age 60.3 ± 7 65.9 ± 7.7 b0.0001 66.3 ± 7.9 65.1 ± 7.5 0.5
Body mass index 30.9 ± 5.9 30 ± 5.6 0.2 30.7 ± 5.7 28.6 ± 5.3 0.1
Body fat % 31.6 ± 9.6 33.5 ± 10 0.09 33.7 ± 10.2 33 ± 9.6 0.7
Abdominal visceral fat 76.6 ± 26.1 70.2 ± 26.3 0.04 74.1 ± 26.1 61.1 ± 25 0.02
Abdominal subcutaneous fat 16.2 ± 7.9 15.2 ± 9.1 0.3 15.6 ± 9.7 14.3 ± 7.8 0.5
mean EMT 779.6 ± 127 836.6 ± 120 b0.0001 821.2 ± 105 872.6 ± 142 0.04
mean EMT/BMI 25.7 ± 4.1 28.6 ± 5.8 b0.0001 27.5 ± 5.2 31.2 ± 6.3 0.002

BMI – body mass index; EMT – extra media thickness.
Bold values indicates significance at p b 0.05.
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4. Discussion

The major finding of the study was that carotid EMT is a strong and
independent predictor of the severity of ICA stenosiswith even a greater
prediction of at least 70% CAS compared to other strong associates (age,
smoking). As expected, obesity and themeasures of obesity (bodymass
index [BMI], body fat [BF]%) were not associated with the severity of
CAS. Central obesity measurements provide confusing results with par-
adoxically lower ultrasound abdominal visceral fat index in patients
with greater ICA stenosis and no significant associations in correlation
analysis or multivariable regression analysis.

To the best of our knowledge, this is the first study providing results
on carotid EMT and the severity of CAS. The study group was represen-
tative for a real-life population of high-risk patients with CV diseases.
The prevalence of carotid atherosclerosis and significant CAS found in
our study group was typical for patients with a primary suspicion of
CAD.1

4.1. Carotid artery atherosclerosis and obesity

Carotid atherosclerosis was associatedwith age and smoking as pre-
viously reported.21 Patients with obesity (BMI ≥ 30 kg/m2) revealed
similar ultrasound CAS parameters compared to patients with BMI
b30 kg/m2. Moreover, neither BMI nor BF% was associated with any
CASmeasures, including: themaximum ormean severity of carotid ste-
nosis or atherosclerotic plaque burden. Although obesity is a CV risk fac-
tor, our results suggesting no relationship with CAS are in line with
previous reports.22–24

4.2. Perivascular fat and carotid stenosis

Carotid EMT is a measure corresponding to PVAT and arterial
adventitia.9 Tissue specimens of this region of interest and our previous
studies showing several associations with clinical and ultrasound in-
dexes of adiposity suggested that EMT may be a surrogate index of
PVAT.10,11 However, our study design precludes us from differentiating
the effects of EMT tissue components on CAS severity. The study showed
Table 2
Correlation analysis between obesity-related indexes and ICA stenosis.

Obesity-related indexes Max ICA stenosis

Age r = 0.35; p b 0.0001
Body mass index r = −0.1; p = 0.05
Fat % r = 0.05; p = 0.3
Waist circumference r = −0.04; p = 0.4
Abdominal visceral fat r = −0.07; p = 0.2
Abdominal subcutaneous fat r = −0.09; p = 0.08
mean EMT r = 0.27; p b 0.0001
mean EMT/BMI r = 0.4; p b 0.0001

ICA – internal carotid artery; EMT – extra media thickness.
Bold values indicates significance at p b 0.05.
that PVAT is associated with the severity of CAS, but not with indexes of
atherosclerotic plaques number or expanse. Given that carotid EMT is
measured in the distal segment of CCA and carotid atherosclerosis
mostly occurs in the carotid bulb and proximal segment of ICA, it is
not possible to draw direct conclusions about local PVAT effects. Still,
we found that the relationship between the given carotid EMT and
CAS is not local and ipsilateral, but rather systemic. Further analysis
showed that PVAT is a predictor of ≥70% CAS, even stronger than
other CV risk factors, including age, which is the primary determinant
of carotid atherosclerosis.25 Obesity, clinical measures of adiposity and
carotid EMT showed discrepant associations with carotid atherosclero-
sis, which confirms that PVAT is not just a simple derivative of obesity.
Moreover, we used EMT indexed to BMI as a major measure of PVAT
in order to weaken its dependence on general obesity.

All large body arteries are at least partly surrounded by fat tissue,
which shows onlymoderate associationswith general obesity.26 Several
studies published in recent years have dispelled the historical paradigm
that PVAT holds only a structural role.27 PVAT was found to produce
various adipokines and cytokines, which affect endothelial function,
vasoreactivity and interferes with arterial wall structure.28 Moreover,
PVAT depots may increase their volume and expand through differenti-
ation or infiltration of cells, including fibroblasts, mast cells, stem cells,
macrophages, or lymphocytes.26–28 Finally, such dysfunctional PVAT is
involved in various pathways of atherogenesis, including local hypoxia,
proinflammatory state, oxidative stress, activation of coagulation cas-
cade, impaired systemic renin angiotensin aldosterone system, in-
creased vascular resistance and vascular wall remodeling.27,28–33

However, in physiology, PVAT depots also exert anti-atherogenic ef-
fects. Li C et al.34 showed that pericarotid fat secreted adiponectin,
which suppressed atherosclerotic plaque formation by inducingmacro-
phage autophagy. Fat depot infiltration found in tissue specimens and
increased inflammatory activity observed in positron emission
tomography-computer tomography (PET-CT) are strong indicators of
dysfunctional adipose tissue.35

A great majority of clinical or experimental data on PVAT is focused
on pericoronary fat.31 However, CAD and peripheral artery disease
share only partial similarities with differences in risk factors or
Both ICA stenosis Mean ICA stenosis

r = 0.37; p b 0.0001 r = 0.36; p b 0.0001
r = −0.1; p = 0.06 r = −0.1; p = 0.04
r = 0.07; p = 0.3 r = 0.06; p = 0.3
r = −0.04; p = 0.4 r = −0.04; p = 0.4
r = −0.08; p = 0.2 r = −0.09; p = 0.2
r = −0.08; p = 0.07 r = −0.09; p = 0.06
r = 0.28; p b 0.0001 r = 0.29; p b 0.0001
r = 0.4; p b 0.0001 r = 0.4; p b 0.0001



Table 3
Multivariable regression model: ICA stenosis and risk factors.

ICA stenosis

β SE t p

Age (years) 0,81 0,12 6,28 b0,0001
Fat (%) 0,22 0,10 1,32 0,04
Waist circumference (cm) 0,13 0,10 1,31 0,19
Abdominal visceral fat (mm) 0,01 0,04 0,27 0,78
Perivascular fat (EMT/BMI) 1,73 0,23 7,30 b0,0001
Smoking 2,21 1,09 2,00 0,04

ICA – internal carotid artery; EMT – extra media thickness.
Bold values indicates significance at p b 0.05.

Fig. 1. Perivascular fat (EMT/BMI) in prediction of ≥70% ICA stenosis. BMI – body mass
index; EMT – extra-media thickness; receiver operating characteristic curve presenting
sensitivity in function of specificity for different cut-off points (black bold curve) with a
95% confidence bounds (grey curve).
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pathophysiology.36 Therefore, both diseases do not always coexists in
the same patients – most patients with CAD do not have CAS, and con-
versely most patients with CAS show coronary atherosclerosis.1

4.3. Abdominal visceral fat and obesity

The baseline comparison between subgroups with and without at
least 50% CAS or with unilateral or bilateral CAS showed lower indices
of abdominal visceral fat in patients withmore advanced carotid athero-
sclerosis. This finding was unexpected and could be explained by a rela-
tively high rate of current or past smokers, a habit known to decrease
body fat.37 However, further analysis revealed no association between
waist circumference or ultrasound indices of visceral or subcutaneous
fat with CAS severity. Our previous study11 showed only a weak associa-
tion between visceral fat and CAD severity and no predictive value for
CAD complexity. It seems, that central obesity and the amount of abdom-
inal visceral fat do not predict carotid atherosclerosis in patients with
CAD. There are unequivocal results on the association between visceral
fat and carotid atherosclerosis in obesity,38–41 whichmight be explained
by important differences among study population's characteristics (met-
abolic abnormalities). Moreover, none of those studies assessed the se-
verity of CAS as they used mostly carotid IMT or just a plaque burden
(plaque area), which may also explain the different conclusions. The
CardioPrev study showed that among coronary patients, metabolic phe-
notype (in contradiction to body weight only) is a major determinant of
carotid IMT. Patients with obesity revealed increased IMT when com-
pared to a composite group of non-obese individuals (normal weight
and overweight).40 It is in line with a body of evidence showing that pa-
tients with CAD and overweight or even mild obesity, but normal meta-
bolic status and high physical activity may have a non-inferior CV risk
compared to individuals with normal weight.7

Abdominal visceral fat is an independent predictor of cardiometa-
bolic complications,42 it is not associated with the presence of CAD or
its severity.12,11 It suggests that the abdominal visceral compartment
is involved in metabolic complications rather than atherosclerosis or
its ultrasound measure is not a precise enough index of abdominal
Table 4
Comparison of ROC curves in prediction of carotid artery stenosis.

Obesity-related measures AUC SE 95% CI

Prediction of ≥70% ICA stenosis
Age (years) 0,671 0,049 0,622 to 0,718
Body mass index (kg/m2) 0,645 0,054 0,595 to 0,693
Abdominal visceral fat (mm) 0,644 0,051 0,593 to 0,691
Waist circumference (cm) 0,585 0,059 0,534 to 0,635
Perivascular fat (EMT/BMI) 0,806 0,044 0,763 to 0,843

Prediction of ≥50% ICA stenosis
Age (years) 0,701 0,03 0,653 to 0,747
Body mass index (kg/m2) 0,536 0,034 0,485 to 0,587
Abdominal visceral fat (mm) 0,56 0,034 0,509 to 0,610
Waist circumference (cm) 0,503 0,035 0,452 to 0,554
Perivascular fat (EMT/BMI) 0,653 0,037 0,604 to 0,701

AUC – area under curve; CI – confidence interval; EMT – extra media thickness; ROC –
receiver operating characteristic; SE – standard error.
visceral adipose tissue. Finally, we cannot confirm a beneficial associa-
tion between an increased subcutaneous fat in patients with decreased
severity of CAS.39

4.4. Limitations and conclusions

To the best of our knowledge, we present the first results concerning
the pericarotid fat index and the severity of carotid atherosclerosis. Our
findings are based on a cross-sectional study and we cannot draw con-
clusions on causality between EMT and CAS. Moreover, we did not eval-
uate any aspects of adipose tissue dysfunction. Finally, the tissue region
of interest, which corresponds to carotid EMT includes not only PVAT
and we cannot separate the effects of different tissues (PVAT or adven-
titia) on CAS. Although the local amount of adipose tissue is larger
than adventitia,10 a previous study using ultrasound and magnetic
resonance11 confirmed that the adventitia layer is also a determinant
of carotid EMT.

Our study showed that pericarotid adipose tissue is associated with
CAS severity. It is a strong and independent predictor of significant ICA
stenosis. None of the obesity measures revealed associations with ca-
rotid atherosclerosis.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.jdiacomp.2019.01.002.
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