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Abstract

Objective: The aim of study was determining the relation between the quality of metabolic control,
anthropometric parameters and ultrasound measurement of fat accumulation and carotid atherosclerotic plaques
vulnerability in patients with type 2 diabetes.

Methods: The study included 51 patients with type 2 diabetes mellitus and 50 healthy individuals. The
assessment of plaque vulnerability relies on quantitative and qualitative plaque ultrasound analysis. The thickness of
intraabdominal adipose tissue was measured as a distance between the frontal wall of abdominal aorta and the
dorsal wall of rectus abdominis muscles; the measurements are performed by placing transducer 5 cm above the
umbilicus.

Results: Atherosclerotic plaque was found in all of diabetic patients, comparing to 28.12% in the control group;
among those, 47.06% with diabetes and 25.6% of control patients had vulnerable plaque. The vulnerability of
atherosclerotic plaque was significantly related to age, duration of diabetes, glycaemia, waist circumference, waist /
hip ratio, intra-abdominal adipose tissue thickness, intra-abdominal/subcutaneous fat ratio, dyslipidemia and
hypertension.

Conclusions: Carotid atherosclerotic plaques, particularly vulnerable ones, are far more prevalent in diabetic
patients. Advanced age, poor glycemic control, obesity and the intra-abdominal fat accumulation contribute to
carotid atherosclerotic plaques vulnerability. Despite the significant correlations with metabolic/anthropometric
measurements, none of the predisposing factors could be identified as the independent risk factor; obviously, the
increased vulnerability of has been the result of the synergistic effects of multiple pathogenic mechanisms.
Moreover, ultrasound measurements of intra-abdominal fat did not show a decisive advantage over the classical
anthropometric measurements in estimating atherosclerotic and metabolic risk.

Keywords: Diabetes; Abdominal Ultrasound; Carotid atherosclerotic
plaques; Atherosclerosis; Visceral adipose tissue

Background
Diabetes mellitus is metabolic disorder which prominent feature is

hypoglycemia. It evolves because of a defect in insulin secretion,
impaired insulin action or both pathological features.

Type 2 diabetes may be associated with multiple abnormalities
leading to vascular disease: obesity, insulin resistance, hyperglycemia,
dyslipidemia, hypertension, and renal disease, with the first five of
those disorders forming an entity termed "metabolic syndrome". These
abnormalities may lead to heart disease by accelerating atherosclerosis
and causing endothelial cell dysfunction, oxidative stress,
inflammation, and vascular remodeling.

The critical terminal event in atherosclerosis that leads to acute
coronary syndromes (such as coronary artery disease, stroke and
sudden cardiac death) is a phenomenon called plaque instability.
When plaques become unstable and erode or rupture, platelets in the
bloodstream are exposed to plaque elements that can trigger acute
thrombotic vascular occlusion [1]. Diabetic macrovascular
complications - myocardial infarction and stroke - are the leading
cause of mortality in diabetic patients. These macrovascular
complications are especially common in patients with metabolic
syndrome and even more in people with type 2 diabetes [2].

It is believed that patients with diabetes have a much higher
incidence of plaque rupture comparing to non-diabetics [3].
Macrophage death, or apoptosis, may cause plaque necrosis, plaque
disruption and acute atherothrombotic vascular events [4]. Plaque
necrosis and atherothrombotic disease are markedly increased in
diabetes [5]. The Tabas laboratory discovered a macrophage apoptosis
pathway that appears to be highly relevant to advanced atherosclerosis.
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The major components of the pathway involve combinatorial signaling
through 2 major pathway s: a pathway triggered by engagement of a
family of cell surface receptors called pattern recognition receptors
(PRRs) and a cell stress pathway known as the unfolded protein
response (UPR), which involves a critical set of membranes in cells
called the endoplasmic reticulum. This mechanism of macrophage
death is referred to as the PRR-UPR model. UPR is responsible for the
most dangerous types of human coronary artery plaque disruptions
[6]. Although diabetic patients may be more susceptible to stroke than
non-DM patients, there was no significant difference in carotid plaque
ultrasound characteristics and distributions between them; however, it
seems that the extent of atherosclerosis-implicated inflammation may
be more advanced in patients with DM [7].

Unstable plaques are potentially thrombogenic or emboligenic, and
may directly induce ischemic disorders. Hypoechoic, echolucent (lipid)
plaques are most unstable and vulnerable [8] they are prone to rupture
while the atheromatous content may have an immediate procoagulant
activity leading to occlusion of coronary or cerebral arteries. There is a
strong correlation between the presence of hypoechogenic plaques and
the incidence of the ischemic events assessed by the intracranial CT; a
longitudinal, prospective study [9], indicate the correlation between
incidence of hypoechogenic plaques and the subsequent of ischemic
cerebral infraction in individuals who were asymptomatic at the time
of examination. Therefore, the presence of hypoechoic plaques
delineates a significant risk for stroke. Unregulated diabetes and
hypercholesterolemia increase the incidence of hypoechogenic plaques
lesion.

Objective
The aim of study was determining the relation between the quality

of metabolic control, anthropometric parameters and ultrasound
measurement of fat accumulation and carotid atherosclerotic plaques
vulnerability in patients with type 2 diabetes.

Methods
Evaluation of the atherosclerotic plaque vulnerability was

performed on the Toshiba Cori Vision Pro and Madison device; it was
based on translucency of plaque, its global appearance, plaque
structure homogeneity, dimensions, edge regularity, plaque surface
quality and clarity of fibrous cap.

Along with the assessment of the plaque vulnerability, we have
performed the following important carotid arteries ultrasonographic
evaluations:

• Assessment of intima;
• Quantitative assessment of plaques (length, width, thickness, artery

diameter);
• The presence of thrombus, quantitative and qualitative assessment

of the thrombus and appositional thrombus growth.
• The degree of stenosis caused by plaque and / or thrombus;
• The presence of an aneurysm or abnormalities in course and

geometry (tortuosity, kinking, and coiling) of the carotid arteries;
• Determining of the volume flow;
• The presence of arrhythmias and Doppler frequency waves.

On ultrasound scanning, plaque appears as a localized thickening of
the intima (spreading from the internal elastic lamina to the luminal
side of intima), which protrudes toward the lumen. The localization of

the plaque (at proximal, middle or distal segment of the artery), its
length, a cross-section position on the wall (front, rear, medial, lateral)
and plaque shape (pearlescent, oval, circumferential, irregular) may be
determined at the doppler ultrasound longitudinal cross section of the
carotid artery. According to its length (after the recommendations of
Neurology Laboratory at Wake Forest University School of Medicine
(8), the plaques may be classified as small (1-2 mm), middle-sized (2-4
mm) or large (>4 mm).

The assessment of a plaque ultrasound density is performed by
comparing the plaque density with the hypoechogenic displays of
carotid artery intraluminal blood and of surrounding soft tissues
(qualitative scoring system). According to this system a plaque may be
classified as following five types: type 1 (hypoechoic, or echolucent
plaque which contains homogenous distribution of echoes, except for
an anechogenic rim which represents the fibrous cap); type 2
(hypoechoic, or echolucent plaque that contains heteroechogenic
distribution of echoes-50% or more of plaque contains hypoechoic
elements); such ultrasonographical display corresponds to a lipid-
fibrous plaque; type 3 (hypoechoic or echdense plaque that contains
heteroechogenic distribution of echoes, with 50% or more of plaque
contains hyperechoic elements-fibro-lipid plaque); type 4 (hypoechoic
or echdense plaque that has homogenous distribution of hyperechoic
elements-fibrous plaque); type 5 (calcified plaque, containing the
acoustic shadow, sometimes big enough to preclude the evaluation of
plaque).

Atherosclerotic plaques may also be clinically classified as

• Complicated (vulnerable, unstable)
• Uncomplicated (non- vulnerable, stable).

The thickness of intraabdominal adipose tissue was measured as a
distance between the frontal wall of abdominal aorta and the dorsal
wall of rectus abdominis muscles; the measurements are performed by
placing transducer 5 cm above the umbilicus. Using the 3.5MHz
transducer, at the end of expirium during the quiet breathing (Figure
1).

Figure 1: Determination of intraabdominal fat thickness.

Subcutaneous fat tissue thickness is determined by the 3.5 MHz
ultrasonic transducer, at the same position, by measuring the distance
between the skin and frontal edge of m. rectus abdominis.
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Weight and height are determined by standard anthopometric
methods. BMI values were calculated as the weight/height2 ratio.
Waist-to-hip ratio was calculated by dividing the waist circumference
measured at the widest part of the waist and the hip circumference
measured at the level of iliac crest.

Plasma cholesterol was determined by colorenzymatic method
(PAP) and plasma triglycerides by colorenzymatic ESPA-S method.
The arterial blood pressure measurements are obtained according to
standard clinical procedures. Statistical comparisons between the
groups regarding mean age, mean ultrasound adipose tissue
measurements, anthropometric parameters, mean average glucose,
plasma lipids and arterial blood pressure were performed by Student's
T-test (small independent samples). Fort the comparison of non-
numerically expressed and ordinal parameters with uncertain
distances between the categories (such as parameters expressing the
plaque vulnerability) we used non-parametric Mann-Whitney-
Wilcoxon test; multiple correlation analysis and multiple regression
analysis were used to evaluate relation between the different
parameters in the whole sample of assessed individuals.

This study has been conformed to Helsinki Declaration and was
approved by Medical Faculty Ethics Committee, University of
Pristina/K Mitrovica. All adult participants provided written consent
to participate in this study.

Results
The study included 101 patients (both genders) 51 of whom had

confirmed type 2 diabetes mellitus, for a period longer than five years.
The control group consisted of 50 healthy individuals, with no
morbidities. The average age was 62.42 ± 10.14 and 57.63 ± 12.12
years, (p>0.05) in diabetics and control group, respectively; therefore,
the age difference between the groups did not influence the results
significantly.

Figures 2 and 3 shows the mean thickness of subcutaneous (Figure
2) and intra-abdominal adipose tissue in type 2 diabetics and in the
control group. The difference in the amount of subcutaneous fat was
insignificant; on the other hand, an apparent and highly significant
difference (p<0.01) in the mean intraabdominal fat thickness between
the diabetics and healthy individuals was identified (35.11 ± 15.58 vs.
26.12 ± 14.14 cm, respectively).

Figure 2: Mean thickness of subcutaneous fat in the group with type
2 diabetes mellitus and control group.

Figure 3: The mean value of intraabdominal fat in the group with
type 2 diabetes mellitus and control group.

Figure 4 shows the distribution of patients according to the presence
and type of atherosclerotic plaque in the carotid arteries in the study
and control group. Atherosclerotic plaque was found in all diabetic
patients, comparing to 28.12% in the control group; among those,
47.06% with diabetes and 25.6% of control patients had vulnerable
plaque. The difference in the plaque distribution among the two groups
of patients was highly significant.

According to the results of our study, the thickness of visceral fat is
related to the presence of diabetes, the degree of atherosclerotic plaque
vulnerability, waist size, waist/hip ratio, the thickness of the
subcutaneous fat tissue, intra-abdominal/subcutaneous adipose tissue
ratio, body mass, the incidence of hypertension and
hyperlipoproteinemia (Table 1).

INTRAABDOMINAL FAT THICKNESS

Spearman’s
Correlation
coefficient (ρ)

Statistical
significance (p)

Type 2 diabetes morbidity 0.293 p=0.004

Atherosclerotic plaque
vulnerability 0.267 p=0.007

Waist circumference 0.733 p<0.0001

Waist/hip ratio 0.43 p<0.0001

Subcutaneous fat thickness 0.453 p<0.0001

Intraabdominal/subcutaneous
fat thickness 0.598 p<0.0001

Body weight 0.593 p<0.0001

Hyperlipoproteinemias 0.226 p=0.021

Arterial hypertension 0.389 p<0.0001

Table 1: Statistically significant correlations between the intaabdominal
fat thickness and the assessed clinical, athropometric and
ultrasonographic parameters.
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The of the intraabdominal/subcutaneous adipose tissue thickness
ratio was significantly associated with the incidence and duration of
diabetes, patients’ age, plaque vulnerability, waist circumference, intra-

abdominal/subcutaneous adipose tissue, body weight and the presence
of hypertension (Table 2).

Figure 4: Distribution of atherosclerotic plaque types in patients with type 2 diabetes melitus and in control group.

INTRAABDOMINAL / SUBCUTANEOUS FAT RATIO

 
Spearman’s correlation
coefficient (ρ)

Statistical
significance (p)

Type 2 diabetes morbidity 0.359 p<0.0001

Age -0.383 p=0.001

Atherosclerotic plaque
vulnerability 0.262 p=0.008

The duration of diabetes 0.293 p=0.007

Waist circumference 0.262 p=0.009

Intraabdominal fat thickness 0.598 p<0.0001

Subcutaneous fat thickness -0.327 p=0.001

Body weight 0.159 p=0.075

Arterial hypertension 0.388 p<0.0001

Table 2: Statistically significant correlations between the
intaabdominal / subcutaneous fat thickness ratio and the assessed
clinical, athropometric and ultrasonographic parameters.

The vulnerability of atherosclerotic plaque (Table 3) correlated with
incidence and duration of diabetes, age, glycemic control, body weight,
waist circumference, waist/hip ratio, the intraabdominal adipose tissue
thickness, intra-abdominal/subcutaneous adipose tissue thickness
ratio, dyslipidemia and hypertension.

ATHEROSCLEROTIC PLAQUE VULNERABILITY

 

Spearman’s
correlation coefficient
(ρ)

Statistical
significance (p)

Diabetes morbidity 0.709 p<0.0001

Age 0.738 p<0.0001

The duration of diabetes 0.659 p<0.0001

Glycaemia 0.692 p<0.0001

Waist circumference 0.334 p=0.001

Waist/hip ratio 0.54 p<0.0001

Intraabdominal fat thickness 0.267 P<0.01

Intraabdominal/subcutaneous
fat thickness 0.262 P<0.01

Body weight 0.579 p<0.0001

Hyperlipoproteinemia 0.164 P<0.01

Arterial hypertension 0.477 p<0.0001

Table 3: Statistically significant correlations between the atherosclerotic
plaque vulnerability and the assessed clinical, athropometric and
ultrasonographic parameters.

Despite clear and statistically significant correlations, linear
regression analysis did not prove that any of the parameters implied
could be considered a sole predictor of vulnerability of atherosclerotic
plaque (Table 4). Regarding to the lack of statistical significance, the
multiple logistic regression was not indicated.

ATHEROSCLEROTIC PLAQUE VULNERABILITY

 
Regression
coefficient (r²)

Statistical
significance (p)

Diabetes morbidity 0.548 0.42

Diabetes duration 0.374 0.24

Blood glucose 0.357 0.12
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Age 0.208 0.13

Waist circumference 0.32 0.2

Waist/hip ratio 0.416 0.28

Intraabdominal fat thickness 0.269 0.09

Subcutaneous fat thickness 0.04 0.27

Intraabdominal/subcutaneous fat
thickness ratio 0.172 0.62

Body weight 0.379 0.44

Hyperlipoproteinemias 0.161 0.57

Arterial hypertension 0.377 0.053

Table 4: Results of the linear regression analysis between the
atherosclerotic plaque vulnerability and the relevant clinical,
anthropometric, biochemical and ultrasonographic parameters.

Discussion
After a long period of asymptomatic disease atherosclerotic plaques

may suddenly rupture, causing a life-threatening thrombosis. Plaque
rupture exposes the highly thrombogenic necrotic material to the
bloodstream. The main predisposing factor for plaque rupture is thin
plaque fibrous cap. However, thrombi can also form without apparent
rupture, by plaque erosion. The mechanisms involved in plaque
erosion remain largely unknown, although coronary spasm may be
responsible. The calcified nodule has been suggested as a rare cause of
coronary thrombosis in highly calcified and tortious arteries in older
individuals [10].

While inducing the deterioration of other cardiovascular risk
factors, obesity by itself independently carries a major cardiovascular
risk. The 10 years follow up in Cardiovascular Health Study (1991)
revealed a clear correlation between the presence of cardiovascular risk
factors and IM thickening in the distal part of the CCA (common
carotid artery) and the proximal part of the ICA (internal carotid
artery) [11]. Diabetic patients in our study had a higher amount of
both subcutaneous and intra-abdominal (visceral) adipose tissue
comparing to controls. While the difference in the mean subcutaneous
tissue thickness was unremarkable, the diabetic patients had
significantly higher mean intraabdominal tissue thickness.

Subcutaneous or peripheral adipose tissue has lower lipolytic
activity compared with central (visceral, intraabdominal) fat; therefore,
it may serve as safe metabolic storage for circulating free fatty acids,
preventing their accumulation in the central compartment.
Accumulation of intraabdominal (visceral) adipose tissue, and
increased ratio of visceral to subcutaneous fat may increase both
metabolic and cardiovascular risk [12]; the insulin resistance plays an
essential role in pathophysiology of both conditions and insulin
resistance is often related to “central” or “visceral” obesity.
Intraabdominal adipocytes secrete retinol-binding protein 4 which
may increase insulin resistance. A large amount of free fatty acids are
released from the visceral adipocytes and a systemic inflammation
vascular and coagulation disorders that accompany diabetes may
predispose to cardiovascular incidents [13]. Our results also show that
the intraabdominal adipose tissue thickness was inherently related to
the diabetes morbidity and the increased incidence of arterial
hypertension.

Adipose tissue secretes several proteins-leptin, angiotensinogen,
adipsin, acylation-stimulating protein, adiponectin, retinol-binding
protein, tumor necrosis factor alpha, interleukin 6, plasminogen
activator inhibitor-1, fasting-induced adipose factor, metallothionein,
fibrinogen-angiopoietin-related protein, metallothionein and resistin.
Resistin itself may be responsible for inducing insulin resistance [14].

Our results revealed the moderate correlation between the quantity
of visceral fat and the occurrence of hyperlipidemia and arterial
hypertension; again, the ratio of intraabdominal/subcutaneous adipose
tissue significantly correlated with the occurrence of hypertension.

Dyslipidemia often accompanies diabetes. The central problem is
increase in the hepatic production of VLDL which leads to an increase
in triglyceride levels. This leads to increase in LDL cholesterol via
VLDL-IDL-LDL pathway. Triglycerides also suppress fibrinolysis,
stimulate PAI-1 production in endothelial cells and increase factor VII
activity. In addition, LDL cholesterol reduces the amount of nitric
oxide in various ways, thus increasing production of superoxide ions
[15].

Carotid contrast enhanced ultrasound imaging (CEUS) revealed
that a substantial proportion of the carotid plaques in patients with
diabetes may be of vulnerable plaques; in a minority of the patients
with diabetes, the plaque surface was disrupted. According to the
recent study, intraplaque neurovascularisation (IPN) may be
predicting future cardiovascular events in patients who recently
suffered
destabilization of the atherosclerotic plaques, leading to an increased
risk of rupture. Yet, Maria et al [7] in a study involving 300 patients of
which hundred-thirteen had DM (37.7%) found that patients with DM
had similar carotid intima-media thickness to non-diabetics in both
vessel- and patient-based analysis (0.85 ± 0.18 versus 0.86 ± 0.21 mm,
p=0.83; 0.95 ± 0.17 versus 0.94 ± 0.17 mm, p=0.62, respectively).
Patients with DM only exhibited higher ΔT (thermal heterogeneity) in
both vessel- and patient-based analysis (0.85 ± 0.50°C versus 0.74 ±
0.46°C, p=0.007; 1.03 ± 0.51 versus 0.91 ± 0.46°C, p=0.03,
respectively). In our study, however, the incidence of atherosclerotic
plaques was more than three times higher in patients with type 2
diabetes; when comparing only patients with evident atherosclerotic
changes, type 2 diabetics still had two times higher incidence of
vulnerable plaques.

Staub et al. [17] performed standard and contrast-enhanced carotid
ultrasound in 147 patients (mean age 64+11 years); most of the
patients had an increased cardiovascular risk profile and 31% had
diabetes. Atherosclerotic plaques were detected in 76% of the patients
(maximum plaque thickness of 2.8+0.8 mm). IPN was noted in 60
patients (54%).

Vulnerability of atherosclerotic plaques in our study significantly
correlated with the amount of intraabdominal adipose tissue (p=0.007)
and the intraabdominal / subcutaneous adipose tissue ratio (p=0.008).
However, based on the result of multiple regression analysis, none of
these factors can be defined as independent or as a major risk factor for
the development of vulnerable atherosclerotic plaque. Obviously, the
vulnerability of atherosclerotic plaque resulted from the synergistic
effects of multiple pathogenic factors. Moreover, although the
ultrasound measurements of visceral fat may be more exact than
anthropometric measurements, neither intra-abdominal fat thickness
nor intra-abdominal/subcutaneous fat thickness ratio showed better
correlation with atherosclerotic and metabolic changes comparing to
waist/hip ratio and waist circumference.
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It is believed [16-18] that in the predisposition to vulnerable plaque
formation involve reduced synthesis of collagen, increased collagenase
activity and arterial smooth muscle myocyte apoptosis. These changes
are especially evident in the plaque parts mostly exposed to the action
of mechanical forces. During the plaque cap rupture, procoagulant and
tissue factors are released into bloodstream, predisposing for thrombus
formation, and subsequently, a predisposition for acute ischemic
incident. However, although the rupture of plaques occurs
continuously throughout the organism, only some of them may cause
the occlusion of the blood vessels and have clinical significance.

Conclusion
Carotid atherosclerosis is highly prevalent in diabetic patients.

Advanced age, diabetes, glycemic control, obesity (as defined by body
mass index and/or anthropometric measurements) as well as the
abdominal fat distribution increases the carotid plaques vulnerability
and risk of ischemic incidents in diabetic patients. Intraabdominal fat
thickness and intraabdominal/subcutaneous fat ratio determined by
ultrasonography significantly correlated with the vulnerability of
carotid atherosclerotic plaques. However, based on the result of
multiple regression analysis, none of these factors can be defined as
independent or as a major risk factor for the development of
vulnerable atherosclerotic plaque. Obviously, the vulnerability of
atherosclerotic plaque resulted from the synergistic effects of multiple
pathogenic factors. Moreover, ultrasound measurements of intra-
abdominal fat did not show a decisive advantage over the classical
anthropometric measurements in estimating atherosclerotic and
metabolic risk.
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