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Epicardial adipose tissue (EAT), localized beneath the visceral pericardium, is a metabolically active  
endocrine and paracrine organ with possible interactions within the heart.  Recent studies identified 
possible roles of uric acid (UA)-induced oxidative stress and increased inflammatory status in the  
pathogenesis of ascending aortic dilatation.  The aim of this study was to investigate whether EAT is an 
independent factor for ascending aortic dilatation.  The patients were evaluated by a complete transthoracic 
echocardiographic examination including measurements of EAT and aortic dimensions.  Serum levels of 
UA and C-reactive protein and EAT thicknesses were compared in 38 patients with dilated ascending aorta 
(DAA) (the diameter ≥ 37 mm) vs. 107 subjects with normal aortic diameter (AD) of < 37 mm.  EAT  
thickness was significantly higher in DAA group compared to normal AD group (8.3 ± 2.7 vs. 5.4 ± 2.2 mm, 
p < 0.001) as well as age (53 ± 10 vs. 48 ± 9 years, p = 0.004), the presence of hypertension (54% vs. 
30%, p = 0.009) and UA levels (6.0 ± 1.4 vs. 5.2 ± 1.1 mg/dL, p < 0.001).  There was a strong correlation 
between EAT thickness and ascending aortic diameter (r = 0.521, p < 0.001).  In multiple logistic regression 
analysis, EAT thickness (OR: 1.429, p = 0.006), body mass index (OR: 1.169, p = 0.014) and UA levels (OR: 
1.727, p = 0.023) were independently correlated to ascending aortic dilatation.  We therefore propose that 
increased EAT thickness is an independent predictor of ascending aortic dilation.
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Visceral adipose tissue, a metabolically active endo-
crine and paracrine organ, secretes many pro-inflammatory 
and pro-atherogenic cytokines (Mazurek et al. 2003).  
Epicardial adipose tissue (EAT), localized beneath the vis-
ceral pericardium, is a special type of visceral fat depot, 
which is more closely related to visceral fat rather than total 
body fat (Marchington et al. 1989).

The physiological, biochemical, and biomolecular pro-
perties of epicardial adipose tissue and the possible parac-
rine interactions within the heart have been described in 
previous studies (Taguchi et al. 2001; Iacobellis et al. 
2005a).  EAT exists, mainly in the atrioventricular and 
interventricular groove along the major coronary arteries 
and branches, to a lesser extent in the atrium, right ventricle 
and the left ventricular free wall, and shows extension to 
the apex (Sacks and Fain 2007).  The embryological origin 
of EAT is similar to intra-abdominal visceral adipose tissue 
(Marchington et al. 1989).

Previous studies indicated EAT as a stronger risk fac-
tor for coronary artery disease (CAD) than adipose tissues 
located in other parts of the body and EAT may have an 
important role in the development of CAD (Taguchi et al. 

2001; Gorter et al. 2008; Rosito et al. 2008).
The pathogenesis of ascending aortic aneurysm 

(AscAA) involves several factors with locally or systemic 
effects.  Alterations of the extracellular matrix are consid-
ered as a key element in the pathogenesis of aortic disease.  
EAT may have a causative role for ascending aortic dilation 
either with an active local paracrine role and passive ther-
mogenic effect in this process or systemic endocrine effects 
on vasculature.

Recent studies identified possible roles of uric acid 
(UA) induced oxidative stress and increased inflammatory 
status in the pathogenesis of AscAA (Medina et al. 2010; 
Sen et al. 2009; Esen et al. 2011; Vlachopoulos et al. 2011).  
We hypothesized that cardiac adipose tissue may be 
involved in ascending aortic dilatation due to local or sys-
temic effects.  Therefore, in this study, we aimed to investi-
gate whether EAT, serum UA and C-reactive protein (CRP) 
levels are independently related to ascending aortic dilata-
tion.
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Methods
Patient population and Study Protocol

The present study was cross-sectional and observational, includ-
ing 145 patients who underwent a complete transthoracic echocardio-
graphic examination as well as measurements of EAT and aortic 
dimensions.  Ascending aortic dilatation was defined as maximum 
diameter ≥ 37 mm.  38 patients with dilated ascending aorta (DAA 
group) were compared to 107 subjects with normal aortic diameter 
(Normal AD group; < 37 mm).

Exclusion criteria were concomitant CAD, bicuspid aortic 
valve, rheumatic aortic valve disease, Marfan syndrome, Ehlers-
Danlos syndrome and other connective tissue disorders, infectious 
and inflammatory conditions.  To limit possible effects of confound-
ing factors and to form a uniform subgroup, the patients with AscAA 
having an aortic dilatation ≥ 45 mm were also excluded from study.

Baseline characteristics of the patient were recorded.  
Hypertension (HT) was defined as the active use of antihypertensive 
drugs or documentation of blood pressure more than 140/90 mmHg.  
Diabetes mellitus was defined as fasting plasma glucose levels over 
126 mg/dl or glucose level over 200 mg/dl at any measurement or 
active use antidiabetic treatment.  Patients who were using tobacco 
products on admission and those quitted smoking within the last year 
were considered as smokers.  The family history for CAD was 
defined as a history of CAD or sudden death in a first-degree relative 
before the age of 55 years in men and 65 years in women.

The study was performed in accordance with the principles 
stated in the Declaration of Helsinki and approved by the Ethics 
Committee of Rize University, Faculty of Medicine.

Routine measurements
Blood samples were drawn by venipuncture to measure routine 

blood chemistry parameters after fasting for at least 8 hours.  Fasting 
blood glucose, serum creatinine, total cholesterol, high-density lipop-
rotein cholesterol, low-density lipoprotein cholesterol, and triglyce-
ride levels were recorded.  Glucose, creatinine, and lipid profile were 
determined by standard methods.  Serum CRP was analyzed using a 
nephelometric technique (Beckman Coulter Immage 800; Fullerton, 
CA, USA; normal range 0-0.8 mg/dL).

Serum uric acid levels were evaluated using enzymatic colori-
metric method (the uricase-peroxidase method) by clinical chemistry 
auto-analyzer (Aeroset, Abbott Laboratory, Abbott Park, IL, USA).  
Body mass index (BMI) was determined by the following formula: 
BMI = weight (kg)/height2 (m).  The estimated glomerular filtration 
rate was calculated by Cockcroft-Gault formula: (140 − age) × 
(weight, in kg) × (0.85 if female)/72 × serum creatinine (in mg/dL).

Echocardiography
All patients underwent complete transthoracic examination inc-

luding two dimensional, color flow and pulsed doppler, tissue doppler 
imaging as well as epicardial fat thickness measurement with a 
GE-Vingmed Vivid S5 (GE-Vingmed Ultrasound AS, Horten, 
Norway) using a 2.5-3.5 MHz transducer.  All examinations were 
performed by an experienced cardiologist, unaware of patient’s clini-
cal information.  The intra-observer correlation coefficient was 0.96.

Evaluation of epicardial fat pad: Epicardial fat thickness was 
evaluated on the free wall of right ventricle from the parasternal long-
axis view, using aortic annulus as an anatomic reference (Fig. 1).  We 
preferred the area of above the right ventricle to measure EAT thick-

ness, because this area is known to have the thickest EAT layer.  
Epicardial fat thickness, identified as an echo-free space between the 
pericardial layers on 2-dimensional echocardiography, was measured 
perpendicularly in front of the right ventricular free wall at end-
diastole (Iacobellis et al. 2003a, 2003b).  We magnified each still 
image for better visualization and accurate measurement of EAT 
thickness and measured the thickest point of EAT in each cycle.  To 
standardize the measuring axis, we used the aortic annulus as anato-
mical reference.  The measurement was performed at a point on the 
free wall of the right ventricle along the midline of the ultrasound 
beam, perpendicular to the aortic annulus.  The average value comp-
rising three cardiac cycles of each echocardiographical view was used 
for the statistical analysis.

Measurement of ascending aortic diameter: Parasternal long-
axis view was used to visualize the aortic root and proximal ascen-
ding aorta.  The aortic diameter was measured between the inner 
edges of the aortic lumen perpendicular to the long axis 2 cm above 
the sinotubular junction at end-diastole in views showing the largest 
aortic diameters.

Statistical analysis
Continuous variables were given as mean ± s.d.; categorical 

variables were defined as percentages.  Data were tested for normal 
distribution using the Kolmogorov-Smirnov test.  The χ2 test was 
used for the univariate analysis of the categorical variables.  All tests 
of significance were two-tailed.  Mean values were compared by 
ANOVA followed by the Tukey honestly significant difference test 
among different groups.  Logistic and linear regression with Enter 
method was used for multivariate analysis.  Statistical significance 
was defined as p < 0.05.  The SPSS statistical software (SPSS for 
windows, version 15.0, Inc., Chicago, IL, USA) was used for all sta-
tistical calculations.

Fig. 1.  The measurement of epicardial fat thickness by echo-
cardiography.

 EAT was evaluated on the free wall of right ventricle 
from the parasternal long-axis view, using aortic annulus 
as an anatomic reference.  EAT, identified as an echo-
free space between the pericardial layers on 2-dimen-
sional echocardiography, was measured perpendicularly, 
ahead of the right ventricular free wall, at the end of di-
astole, for three cardiac cycles.
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Results
The clinical characteristics of the study population are 

detailed in Table 1.  EAT thickness was significantly higher 
(8.3 ± 2.7 vs. 5.4 ± 2.2 mm, p < 0.001) as well as age (53 ± 
10 vs. 48 ± 9 yrs., p = 0.004), the presence of HT (54% vs. 
30%, p = 0.009) and UA levels (6.0 ± 1.4 vs. 5.2 ± 1.1 mg/
dl, p < 0.001) in DAA group compared to normal AD 
group.  Ascending aortic diameter (p < 0.001), CRP (p = 

0.003), body mass index (BMI, p < 0.001), waist circumfer-
ence (p < 0.001) and age (p = 0.003) were significantly 
elevated in patients with an increased EAT thickness (Table 
2).  There was a strong correlation between EAT thickness 
and ascending aortic diameter (r = 0.521, p < 0.001) (Fig. 2).  
In addition, EAT correlated to CRP (r = 0.294, p = 0.001) 
and UA (r = 0.257, p = 0.002) levels.  Ascending aortic 
diameter was associated with CRP (r = 0.208, p = 0.016) 
and UA (r = 0.269, p = 0.001).  There was a weak correla-

Table 2.  The association of epicardial fat tissue thickness with AAD, CRP and BMI.

Epicardial fat pad tissue thickness

EAT < 4 mm 4-7 mm > 7 mm P value

Age (yrs) 46 ± 9 48 ± 9  53 ± 10†,‡ 0.003
AAD (mm) 31 ± 3  34 ± 3† 36 ± 4†,‡ < 0.001
CRP (mg/dL)  0.36 ± 0.29  0.35 ± 0.26  0.65 ± 0.67†,‡ 0.003
BMI (kg/m2) 28 ± 6 29 ± 3 32 ± 4†,‡ < 0.001
Waist circumference (cm)  94 ± 15 101 ± 9† 109 ± 11†,‡ < 0.001
Uric acid (mg/dL)  4.6 ± 1.0   5.6 ± 1.1†  5.7 ± 1.3† < 0.001
eGFR (ml/dk) 125 ± 35 121 ± 25 128 ± 31 NS

BMI, Body mass index; CRP, C-reactive protein; EAT, epicardial adipose tissue; AAD, Ascending aortic diameter; eGFR, 
estimated glomerular filtration rate; †When compared with < 4 mm, p < 0.05; ‡When compared with <4-7 mm.

Table 1.  Baseline characteristics of the study population.

Parameters
(N = 145)

Normal AD
(107)

Dilated AA†

(38) P value

Ascending aortic diameter (mm) 32 ± 3 39 ± 2 < 0.001
Age (yrs) 48 ± 9  53 ± 10 0.004
Gender (male) 81% (87) 87% (33) NS
Height (m)  1.71 ± 0.07  1.72 ± 0.08 NS
Weight (kg)  83 ± 14  96 ± 15 < 0.001
BMI (kg/m2) 28 ± 4 32 ± 4 < 0.001
Waist circumference (cm)  99.6 ± 12.8 109.4 ± 8.6 < 0.001
Hypertension 30% (32) 55% (21) 0.009
Diabetes mellitus  9% (10) 3% (1) NS
Smoking 57% (61) 53% (20) NS
Hyperlipidemia 45% (48) 32% (12) NS
Family history of CAD 31% (33) 21% (8) NS
Glucose (mg/dL)  99.6 ± 26.4  96.5 ± 20.1 NS
Creatinine (mg/dL)  0.87 ± 0.14  0.90 ± 0.13 NS
eGFR (ml/dk) 122 ± 28 130 ± 32 NS
Uric acid (mg/dL)  5.2 ± 1.1  6.0 ± 1.4 < 0.001
Total cholesterol (mg/dL) 204 ± 41 192 ± 42 NS
LDL (mg/dL) 130 ± 34 122 ± 34 NS
HDL (mg/dL)  42 ± 12 41 ± 9 NS
Triglyceride (mg/dL)  172 ± 111 145 ± 59 NS
CRP (mg/dL)  0.42 ± 0.47  0.55 ± 0.44 NS
Epicardial fat pad thickness (mm)  5.4 ± 2.2  8.3 ± 2.7 < 0.001

Normal AD, Normal aortic diameter; Dilated AA, dilated ascending aorta; BMI, Body mass index; HDL, High-density 
lipoprotein; LDL, Low-density lipoprotein; CRP, C-reactive protein; BMI, body mass index; CAD, coronary artery disease 
†A dilated aorta was defined as an ascending aorta with a diameter greater than or equal 37mm.  eGFR, estimated glomerular 
filtration rate
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tion between CRP and UA (r = 0.181, p = 0.041).
Multiple logistic regression analysis revealed EAT 

thickness (OR: 1.429, 95% CI: 1.108-1.843, p = 0.006), 
BMI (OR: 1.169, 95% CI: 1.032-1.324, p = 0.014), and UA 
levels (OR: 1.727, 95% CI: 1.078-2.766, p = 0.023) as the 
independent predictors of ascending aortic dilatation (Table 
3).

Discussion
In the present study, we found significantly higher 

EAT thickness in patients with dilated ascending aorta 
compared to patients with normal aortic diameter.  To our 
knowledge, this is the first study displaying an independent 
relationship between EAT thickness and ascending aortic 
diameter.

The pathogenesis of AscAA involves many factors.  
Elastin degradation may lead to initial dilation and changes 
in the collagen structure predispose the aneurysm to rup-
ture.  Alterations of the extracellular matrix are considered 
as a key element in the pathogenesis of aortic disease.

AscAA is an uncommon but highly lethal condition 
(Clouse et al. 1998).  In contrast to aneurysms of the 
descending aorta, AscAAs are not commonly due to athero-
sclerosis (Lilly 1997).  Most AscAAs have unknown etiol-
ogy and are classified as idiopathic (Kirsch et al. 2006).  
However, a recent study revealed aortic root dimension as a 
predictor of incident congestive heart failure, stroke, car-
diovascular disease mortality, and all-cause mortality as 
well (Gardin et al. 2006).  Furthermore, aortic root dilata-
tion, more frequently observed in hypertensive than normo-
tensive individuals, correlates to cardiac and extracardiac 
target organ damage in hypertensive patients (Kim et al. 

1996; Cuspidi et al. 2006).  Therefore, AscAA seems to be 
related to atherosclerotic risk factors as well as cardiovas-
cular end-points.  However, in our study, despite the fact 
that HT was more prevalent in patients with aortic dilata-
tion, HT was not a predictor of aortic dilatation independent 
of age, CRP, BMI, UA and EAT.

Although the pathogenesis of AscAAs remains 
unclear, the pathogenesis of aneurysmal disease appears to 
be associated with defects or deficiencies in structural pro-
teins like elastin and collagen (Baxter et al. 1994).  
Collagen, in polymeric form, is a significant component of 
the media and surrounding fibrous adventitia.  Collagen is 
the most abundant structural protein within the aorta, pro-
viding most of the tensile strength in the connective tissue 
(Oxlund and Andreassen 1980).  In abdominal aortic aneu-
rysms, collagen and massive elastic destruction are possibly 
mediated by the action of inflammatory cell derived matrix 
metalloproteinases.  In our opinion, this pathogenesis is 
also valid in AscAA except congenital collagen tissue dis-
order induced dilatations, characterized with an accumula-
tion of mucoid material (likely proteoglycans), elastic fiber-
delicate and localized fragmentation (Shah 1997).

Until recently, magnetic resonance imaging (MRI) had 
been accepted as a gold standard for measuring epicardial 
fat thickness.  In 2003, Iacobellis and coworkers measured 
epicardial fat using echocardiography for the first time 
(Iacobellis et al. 2003a, 2003b).  They revealed an excellent 
correlation, compared to gold standard abdominal and epi-
cardial fat measurements using MRI.  Echo cardio graphi-
cally measured epicardial fat may provide a highly reliable 
measure of true visceral fat content, avoiding the possible 
confounding effect of increased subcutaneous abdominal 

Fig. 2.  The correlation between epicardial adipose tissue thickness and ascending aortic diameter.
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fat (Iacobellis et al. 2005a).
Obesity is an important risk factor for atherosclerotic 

cardiovascular disease.  Visceral adipose tissue, the fat 
deposited around the internal organs, may be a more impor-
tant marker for cardiovascular disease rather than total body 
adiposity (Peiris et al. 1989; Visscher et al. 2001; Doll et al. 
2002).  EAT is a true visceral fat tissue, given the previous 
reports indicating a strong correlation between epicardial 
adipose tissue and abdominal visceral fat deposits 
(Iacobellis et al. 2003b).  This finding is justified according 
to the common embryogenesis pathway; that is, epicardial 
fat and intra-abdominal fat seem to be originally brown adi-
pose tissue in infancy.  This adipose depot is now recogni-
zed as a source of variable bioactive molecules, such as 
adiponectin (Iacobellis et al. 2005b), tumor necrosis factor-
alfa, monocyte chemotactic factor-1, interleukine-1 beta, 
interleukine-6 (Mazurek et al. 2003) and inflammatory 
cytokines which might affect coronary artery (Hirata et al. 
2011a, 2011b).  In fact, some epicardial fat-related cyto-
kines, such as adiponectin, resistin, and free fatty acids, 
have been linked to hypertension, coronary artery disease, 
endothelial dysfunction, and sympathetic over activity 
(Bruun et al. 2003).  Previous studies demonstrated 
impaired endothelium-dependent vasodilation with response 

to changes in adiponectin and resistin levels, suggesting 
adiponectin as a link between adipose tissue and vascula-
ture (Tan et al. 2004; Dick et al. 2006).  Elevated plasma 
fatty acid concentrations may also stimulate cardiac auto-
nomic nervous system activity through an increase in 
plasma catecholamine concentrations.  These data suggest 
that EAT may have an active role in the development of 
cardiovascular disorders rather than being an innocent 
bystander (Manzella et al. 2001).  These biochemical prop-
erties of EAT suggest a possible causative role for aortic 
dilatation as a cardiovascular risk factor.

Endothelial function has great importance in predict-
ing the clinical manifestations of established atherosclerotic 
lesions and further cardiovascular events (Celermajer et al. 
1994).  Epicardial fat seems to affect endothelial function 
and increase sympathetic system activity by paracrine influ-
ence.  EAT related to endothelial dysfunction assessed by 
flow-mediated dilatation of the brachial artery, in patients 
with metabolic syndrome (MS) (Aydin et al. 2010).  
Furthermore, increased sympathetic activation and 
decreased vagal activity may markedly suppress endothelial 
function (Hijmering et al. 2002; Huang et al. 2004).  Şengül 
and Duman (2011) reported that EAT was significantly 
associated with blunted heart rate recovery in patients with 

Table 3.  Logistic and linear regression analyses were used for prediction of dilated ascending aorta.

Logistic regression analysis Dependent variable: Dilated ascending aorta (≥ 37 mm)

Independent variables  †P value Odds Ratio (95%CI)

Age (yrs) 0.450 1.023 (0.964-1.086)
HT, + 0.436 1.581 (0.499-5.015)
Epicardial fat pad thickness (mm) 0.006 1.429 (1.108-1.843)
CRP (mg/dl) 0.359 0.419 (0.065-2.689)
BMI (kg/m2) 0.014 1.169 (1.032-1.324)
Waist circumference (cm)* 0.091 1.046 (0.993-1.102)
Uric acid (mg/dL) 0.023 1.727 (1.078-2.766)
Constant 0.001 0.000
R2 0.429

Linear regression analysis Dependent variable: Ascending aortic diameter (mm)

Independent variables †P value Beta (standardized)

Age (yrs) 0.263 0.100
HT, + 0.549 0.053
Epicardial fat pad thickness (mm) <0.001 0.337
CRP (mg/dL) 0.640 −0.038
BMI (kg/m2) 0.027 0.195
Waist circumference (cm)* 0.153 0.134
Uric acid (mg/dL) 0.054 0.161
Constant <0.001 —
R2 0.313

BMI, Body mass index; CRP, C-reactive protein; EAT, epicardial adipose tissue; AAD, Ascending aortic 
diamete; HT, hypertension.

†Logistic and linear regression with Enter method was used for multivariate analysis.  CI, Confidence 
Interval.
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MS.  A recent study revealed a linear and negative correla-
tion between aortic diameters and endothelium dependent 
vasodilation (Medina et al. 2010).  Thus, EAT may acceler-
ate aortic dilatation by endothelial dysfunction.

In recent studies, possible roles of UA-induced oxida-
tive stress and increased inflammatory status in the patho-
genesis of AscAAs have been demonstrated.  Esen and 
coworkers proposed that UA is a marker of dilatation in the 
ascending aorta mediated by oxidative stress (Esen et al. 
2011).  A significant association between serum UA levels, 
aortic stiffness and arterial wave reflections was demon-
strated (Vlachopoulos et al. 2011).  Increased UA concen-
tration has also been demonstrated in patients with coronary 
aneurysmal lesions (Sen et al. 2009).  Tang and coworkers 
(2010) revealed an independent relationship between the 
aortic root dimensions and increased levels of serum UA in 
hypertensive patients without MS; same interaction was not 
valid in patients with MS.  Despite the strong relationship 
between UA and MS, the lack of association between serum 
UA and aortic root dimensions in patients with MS could 
indicate that the observed association between UA and aor-
tic root dimensions may not be solely attributed to 
MS-dependent mechanisms, implicating direct influence 
(Tang et al. 2010).

An interesting finding of our study is that, CRP was 
not significantly elevated in patients with dilated ascending 
aorta while being related to an increased epicardial fat pad 
thickness.  The known relationship between atherosclerosis 
and CRP is still convincing with documented association 
between CRP and EAT; and the possible role of CRP on 
atherosclerosis appears to be invalid for ascending aortic 
dilatation.  On the other hand, in multivariate analyses, UA 
and BMI remained significant in addition to EAT.  
Supporting evidence for possible causative role of CRP in 
ascending aorta dilatation is not available in the medical 
literature, consistent with the findings of the current study.  
Apart from ascending aorta, CRP and especially endothelial 
dysfunction have been associated with size of abdominal 
aortic aneurysms (Medina et al. 2010).  Based on these data 
and our findings, increased epicardial and total visceral adi-
pose tissue, UA and associated-endothelial dysfunction may 
be suggested as the mechanism of ascending aortic dilation.

The findings of the present study may support the 
notion that increased epicardial adipose tissue may lead to 
the ascending aortic dilatation.  In our opinion, increased 
fat accumulation may have a critical role in this entity.  
Bioactive molecules from periaortic tissues may alter arte-
rial homeostasis (Shimokawa et al. 1996; Miyata et al. 
2000).  Perivascular adipose tissue also releases factors that 
might profoundly modulate vascular function (Löhn et al. 
2002).

Study limitations
Magnetic resonance imaging (MRI) is the gold stan-

dard diagnostic method for measuring epicardial fat thick-
ness at the moment.  Not using MRI in our research is a 

study limitation.  Although epicardial fat is readily visual-
ized with the high-speed computed tomography and MRI, 
widespread use of these methods for assessment of EAT is 
not practical.  Echocardiography provides an objective, 
noninvasive, readily available method and is certainly less 
expensive than MRI or computed tomography for measur-
ing epicardial fat.  Other inflammatory cytokines except 
CRP might be searched to clarify possible causative media-
tors.  We did not investigate cardiac autonomic dysfunction 
and endothelial dysfunction, in our group of patients, the 
results of which could define pathophysiological interac-
tions.

Conclusion
To the best of our knowledge, this is the first study 

displaying a significantly higher EAT thickness in patients 
with dilated ascending aorta.  Based on our findings, 
increased epicardial adipose tissue may be suggested as a 
mechanism of ascending aortic dilation due to local or sys-
temic effects.  We believe that further studies are needed to 
clarify the role of adipose tissue in the pathogenesis of 
AscAAs.  Specific roles of adipose tissue can provide new 
treatment modalities in clinical cardiovascular medicine.

Conflict of Interest
All authors of this study have no conflict of interest 

regarding this paper.

References
Aydin, H., Toprak, A., Deyneli, O., Yazici, D., Tarcin, O., Sancak, 

S., Yavuz, D. & Akalin, S. (2010)  Epicardial fat tissue thick-
ness correlates with endothelial dysfunction and other cardio-
vascular risk factors in patients with metabolic syndrome.  
Metab. Syndr. Relat. Disord., 8, 229-234.

Baxter, B.T., Davis, V.A., Minion, D.J., Wang, Y.P., Lynch, T.G. 
& McManus, B.M. (1994)  Abdominal aortic aneurysms are 
associated with altered matrix proteins of the nonaneurysmal 
aortic segments.  J. Vasc. Surg., 19, 797-802.

Bruun, J.M., Lihu, A.S., Verdich, C., Pedersen, S.B., Toubro, S., 
Astrup, A. & Richelsen, B. (2003)  Regulation of adiponectin 
by adipose tissue-derived cytokines: in vivo and in vitro inves-
tigations in humans.  Am. J. Physiol. Endocrinol. Metab., 285, 
527-533.

Celermajer, D.S., Sorensen, K.E., Bull, C., Robinson, J. &  
Deanfield, J.E. (1994) Endothelium-dependent dilation in the 
systemic arteries of asymptomatic subjects relates to coronary 
risk factors and their interaction.  J. Am. Coll. Cardiol., 24, 
1468-1474.

Clouse, W.D., Hallett, J.W. Jr., Schaff, H.V., Gayari, M.M., 
Ilstrup, D.M. & Melton, L.J. (1998)  Improved prognosis of 
thoracic aortic aneurysms: a population-based study.  JAMA, 
280, 1926-1929.

Cuspidi, C., Meani, S., Fusi, V., Valerio, C., Sala, C. & Zanchetti, 
A. (2006)  Prevalence and correlates of aortic root dilatation in 
patients with essential hypertension: relationship with cardiac 
and extracardiac target organ damage.  J. Hypertens., 24, 
573-580.

Dick, G.M., Katz, P.S., Farias, M., Morris, M., James, J., Knudson, 
J.D. & Tune, J.D. (2006)  Resistin impairs endothelium-
dependent dilation to bradykinin, but not acetylcholine, in the 
coronary circulation.  Am. J. Physiol. Heart Circ. Physiol., 
291, H2997-3002.



Epicardial Fat Pad and Ascending Aortic Dilatation 189

Doll, S., Paccaud, F., Bovet, P., Burnier, M. & Wietlisbach, V. 
(2002)  Body mass index, abdominal adiposity and blood 
pressure: consistency of their association across developing 
and developed countries.  Int. J. Obes. Relat. Metab. Disord., 
26, 48-57.

Esen, A.M., Akcakoyun, M., Esen, O., Acar, G., Emiroglu, Y., 
Pala, S., Kargin, R., Karapinar, H., Ozcan, O. & Barutcu, I. 
(2011)  Uric acid as a marker of oxidative stress in dilatation 
of the ascending aorta.  Am. J. Hypertens., 24, 149-154.

Gardin, J.M., Arnold, A.M., Polak, J., Jackson, S., Smith, V. & 
Gottdiener, J. (2006) Usefulness of aortic root dimension in 
persons > or = 65 years of age in predicting heart failure, 
stroke, cardiovascular mortality, all-cause mortality and acute 
myocardial infarction (from the Cardiovascular Health Study).  
Am. J. Cardiol., 97, 270-275.

Gorter, P.M., de Vos, A.M., van der Graaf, Y., Stella, P.R., 
Doevendans, P.A., Meijs, M.F., Prokop, M. & Visseren, F.L. 
(2008)  Relation of epicardial and pericoronary fat to coronary 
atherosclerosis and coronary artery calcium in patients under-
going coronary angiography.  Am. J. Cardiol., 102, 380-385.

Hijmering, M.L., Stroes, E.S., Olijhoek, J., Hutten, B.A.,  
Blankestijn, P.J. & Rabelink, T.J. (2002)  Sympathetic activa-
tion markedly reduces endothelium-dependent, flow-mediated 
vasodilation.  J. Am. Coll. Cardiol., 39, 683-688.

Hirata, Y., Kurobe, H., Akaike, M., Chikugo, F., Hori, T., Bando, 
Y., Nishio, C., Higashida, M., Nakaya, Y., Kitagawa, T. & 
Sata, M. (2011a)  Enhanced inflammation in epicardial fat in 
patients with coronary artery disease.  Int. Heart J., 52, 
139-142.

Hirata, Y., Tabata, M., Kurobe, H., Motoki, T., Akaike, M., Nishio, 
C., Higashida, M., Mikasa, H., Nakaya, Y., Takanashi, S., 
Igarashi, T., Kitagawa, T. & Sata, M. (2011b)  Coronary athe-
rosclerosis is associated with macrophage polarization in 
epicardial adipose tissue.  J. Am. Coll. Cardiol., 58, 248-255.

Huang, P.H., Leu, H.B., Chen, J.W., Cheng, C.M., Huang, C.Y., 
Tuan, T.C., Ding, P.Y. & Lin, S.J. (2004)  Usefulness of 
attenuated heart rate recovery immediately after exercise to 
predict endothelial dysfunction in patients with suspected 
coronary artery disease.  Am. J. Cardiol, 93, 10-13.

Iacobellis, G., Assael, F., Ribaudo, M.C., Zappaterreno, A., Alessi, 
G., Di Mario, U. & Leonetti, F. (2003a)  Epicardial fat from 
echocardiography: a new method for visceral adipose tissue 
prediction.  Obes. Res., 11, 304-310.

Iacobellis, G., Ribaudo, M.C., Assael, F., Vecci, E., Tiberti, C., 
Zappaterreno, A., Di Mario, U. & Leonetti, F. (2003b)  Echo-
cardiographic epicardial adipose tissue is related to anthropo-
metric and clinical parameters of metabolic syndrome: a new 
indicator of cardiovascular risk.  J. Clin. Endocrinol. Metab., 
88, 5163-5168.

Iacobellis, G., Corradi, D. & Sharma, A.M. (2005a)  Epicardial 
adipose tissue: anatomic, biomolecular and clinical relations-
hips with the heart.  Nat. Clin. Pract. Cardiovasc. Med., 2, 
536-543.

Iacobellis, G., Pistilli, D., Gucciardo, M., Leonetti, F., Miraldi, F., 
Brancaccio, G., Gallo, P. & di Gioia, C.R. (2005b)  Adipo-
nectin expression in human epicardial adipose tissue in vivo is 
lower in patients with coronary artery disease.  Cytokine, 29, 
251-255.

Kim, M., Roman, M.J., Cavallini, M.C., Schwartz, J.E., Pickering, 
T.G. & Devereux, R.B. (1996)  Effect of hypertension on 
aortic root size and prevalence of aortic regurgitation.  Hyper-
tension, 28, 47-52.

Kirsch, E.W.M., Radu, N.C., Allaire, E. & Loisance, D.Y. (2006)  
Pathobiology of idiopathic ascending aortic aneurysms.  Asian 
Cardiovasc. Thorac. Ann., 14, 254-260.

Lilly, L.S. (1997)  Pathophysiology of Heart Disease.; 2nd ed.  
Baltimore, Md: Lippincott Williams & Wilkins.

Löhn, M., Dubrovska, G., Lauterbach, B., Luft, F.C., Gollasch, M. 
& Sharma, A.M. (2002)  Periadventitial fat releases a vascular 

relaxing factor.  FASEB J., 16, 1057-1063.
Manzella, D., Barbieri, M., Rizzo, M.R., Ragno, E., Passariello, N., 

Gambardella, A., Marfella, R., Giugliano, D. & Paolisso, G. 
(2001)  Free fatty acids on cardiac autonomic nervous system 
in noninsulin-dependent diabetic patients: effects of metabolic 
control.  J. Clin. Endocrinol. Metab., 86, 2769-2774.

Marchington, J.M., Mattacks, C.A. & Pond, C.M. (1989)  Adipose 
tissue in the mammalian heart and pericardium: structure, 
foetal development and biochemical properties.  Comp. 
Biochem. Physiol. B. Comp. Biochem., 94, 225-232.

Mazurek, T., Zhang, L., Zalewski, A., Mannion, J.D., Diehl, J.T., 
Arafat, H., Sarov-Blat, L., O’Brien, S., Keiper, E.A., Johnson, 
A.G., Martin, J., Goldstein, B.J. & Shi, Y. (2003)  Human 
epicardial adipose tissue is a source of inflammatory media-
tors.  Circulation, 108, 2460-2466.

Medina, F., de Haro, J., Florez, A. & Acin, F. (2010)  Relationship 
between endothelial dependent vasodilation and size of 
abdominal aortic aneurysms.  Ann. Vasc. Surg., 24, 752-757.

Miyata, K., Shimokawa, H., Kandabashi, T., Higo, T., Morishige, 
K., Eto, Y., Egashira, K., Kaibuchi, K. & Takeshita, A. (2000)  
Rho-kinase is involved in macrophage-mediated formation of 
coronary vascular lesions in pigs in vivo.  Arterioscler. 
Thromb. Vasc. Biol., 20, 2351-2358.

Oxlund, H. & Andreassen, T.T. (1980)  The roles of hyaluronic 
acid, collagen, and elastin in the mechanical properties of 
connective tissues.  J. Anat., 131, 611-620.

Peiris, A.N., Sothmann, M.S., Hoffmann, R.G., Hennes, M.I., 
Wilson, C.R., Gustafson, A.B. & Kissebah, A.H. (1989)  
Adiposity, fat distribution, and cardiovascular risk.  Ann. 
Intern. Med., 110, 867-872.

Rosito, G.A., Massaro, J.M., Hoffmann, U., Ruberg, F.L.,  
Mahabadi, A.A., Vasan, R.S., O’Donnell, C.J. & Fox, C.S. 
(2008)  Pericardial fat, visceral abdominal fat, cardiovascular 
disease risk factors, and vascular calcification in a community-
based sample: the Framingham Heart Study.  Circulation, 117, 
605-613.

Sacks, H.S. & Fain, J.N. (2007) Human Adipose Tissue: a review: 
Am. Heart. J., 153, 907-917.

Sen, N., Ozcan, F., Uygur, B., Aksu, T., Akpinar, I., Cay, S., Cetin, 
M., Sökmen, E., Akçakoyun, M., Maden, O., Balbay, Y. & 
Erbay, A.R. (2009)  Elevated serum uric acid levels in patients 
with isolated coronary artery ectasia.  Turk. Kardiyol. Dern. 
Ars., 37, 467-472.

Şengül, C. & Duman, D. (2011)  The association of epicardial fat 
thickness with blunted heart rate recovery in patients with 
metabolic syndrome.  Tohoku J. Exp. Med., 224, 257-262.

Shah, P.K. (1997)  Inflammation, metalloproteinases, and increased 
proteolysis: an emerging pathophysiological paradigm an 
aortic aneurysm.  Circulation, 96, 2115-2117.

Shimokawa, H., Ito, A., Fukumoto, Y., Kadokami, T., Nakaike, R., 
Sakata, M., Takayanagi, T., Egashira, K. & Takeshita, A. 
(1996)  Chronic treatment with interleukin-1β induces coro-
nary intimal lesions and vasospastic responses in pigs in vivo.  
J. Clin. Invest., 97, 769-776.

Taguchi, R., Takasu, J., Itani, Y., Yamamoto, R., Yokoyama, K., 
Watanabe, S. & Masuda, Y. (2001)  Pericardial fat accumula-
tion in men as a risk factor for coronary artery disease.  Athe-
rosclerosis, 157, 203-209.

Tan, K.C., Xu, A., Chow, W.S., Lam, M.C., Ai, V.H., Tam, S.C. & 
Lam, K.S. (2004) Hypoadiponectinemia is associated with 
impaired endothelium-dependent vasodilation.  J. Clin. Endo-
crinol. Metab., 89, 765-769.

Tang, L.J., Jiang, J.J., Chen, X.F., Wang, J.A., Lin, X.F., Du, Y.X., 
Fang, C.F. & Pu, Z.X. (2010)  Relation of uric acid levels to 
aortic root dilatation in hypertensive patients with and without 
metabolic syndrome.  J. Zhejiang. Univ. Sci. B., 11, 592-598.

Visscher, T.L., Seidell, J.C., Molarius, A., van der Kuip, D., 
Hofman, A. & Witteman, J.C. (2001)  A comparison of body 
mass index, waist-hip ratio and waist circumference as predic-



A. Çanga et al.190

tors of all-cause mortality among the elderly: the Rotterdam 
study.  Int. J. Obes. Relat. Metab. Disord., 25, 1730-1735.

Vlachopoulos, C., Xaplanteris, P., Vyssoulis, G., Bratsas, A., 
Baou, K., Tzamou, V., Aznaouridis, K., Dima, I., Lazaros, G. 

& Stefanadis, C. (2011)  Association of serum uric acid level 
with aortic stiffness and arterial wave reflections in newly 
diagnosed, never-treated hypertension.  Am. J. Hypertens., 24, 
33-39.


