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Abstract

Aims: Accumulation of epicardial adipose tissue (EAT) is associated with severity and progression of coronary artery disease 
(CAD). The aim of this study was to compare EAT fibrosis, inflammation, Hypoxia-inducible factor 1-alpha (HIF1-α) and caveolin-1 
(CAV-1) between subjects with and without CAD.

Methods and Results: Body mass index (BMI), waist circumference (WC), glucose, insulin, homeostasis model assessment index, 
serum leptin and adiponectin were evaluated in EAT of patients with and without CAD undergoing elective surgery. Biopsies were 
collected from EAT. Immunohistochemistry for macrophages CD68, CD11c, CD163, HIF1-α and CAV-1 was performed and Masson 
Trichrome staining to define the degree of fibrosis. A total of 22 male patients (age range from 51-80 years), were studied: 12 CAD 
and 10 non-CAD undergoing elective surgery. 

Fibrosis (1.29 ± 0.71 vs 0.54 ± 0.40, p<0.01), HIF1-α (2.39 ± 1.64 vs 1.01 ± 0.94, p<0.05), number of total CD68 (74.25 ± 49.39 
vs 37.33 ± 18.28, p<0.05), CD163 (57.75 ± 38.23 vs 31.11 ± 18.54, p<0.05) and CD11c (6.67 ± 4.73 vs 2.05 ± 1.13, p<0.01) were 
higher in CAD than in non-CAD patients, whilst serum adiponectin (8.25 ± 7.52 vs 15.06 ± 11.11, p<0.05), and CAV-1 (0.0790 
± 0.0268 vs 0.0987 ± 0.0164, p<0.05) significantly lower. In 4 patients with CAD, but in none in those without, macrophages 
aggregated in crown like structure were found. Fibrosis correlated with HIF1-α (r= 0.644, p < 0.01) and M1 pro-inflammatory 
CD11c (+) macrophages (r=0.601, p<0.01); HIF1-α with total, M1 pro-inflammatory CD11c (+) and M2 anti-inflammatory CD163 
(+) macrophages (r=0.5313, p<0.05; r=0.6385, p<0.01; r=0.6730, p<0.001, respectively); Caveolin-1 positively correlated with 
serum adiponectin (r=0.4347, p<0.05).

Conclusions: CAD patients displays a dysfunctional EAT characterized by greater inflammation, fibrosis, HIF1-α and lower CAV. Our 
results seem to suggest that adiponectin may decline CAD risk even by determining an increase of CAV-1.

Keywords: Epicardial Adipose Tissue; HIF-1α; Fibrosis; Inflammation; Coronary Artery Disease

Abbreviations: BMI, Body Mass Index; WC, Waist Circumference;  HOMA, Homeostasis Model Assessment; CAV-1, caveolin 1; ADIP 
DIAMETER, diameter of adipocytes; HIF1-α, number of adipocytes nuclei positive for Hypoxia-inducible factor 1-alpha M CD68, 
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Introduction
Coronary artery disease (CAD) is the most common 

cardiovascular disease and the leading cause of mortality in 
developed Countries [1,2]. Accumulation of epicardial adipose 
tissue (EAT) is associated with severity and progression of 
CAD, both in obese and non-obese people. Studies support the  

 
hypothesis that inflammation of EAT can influence structure and 
function of coronary artery. EAT may also mediate the influence 
of systemic inflammation on coronary arteries. EAT is considered 
to be part of the visceral fat, located between the surface of the 
myocardium and the pericardium, which covers about 80% of 
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the heart surface. EAT shows anatomical continuity with the 
myocardium due to the absence of a layer that separates the two 
different tissues [3]. The closeness and the absence of anatomical 
boundaries between EAT and heart determines that mediators such 
as adipokines and cytokines released by EAT have paracrine effects 
on the myocardium. EAT plays an important role in cardiovascular 
diseases such as coronary artery disease (CAD), as well in atrial 
fibrillation and heart failure [4,5]. 

Higher values of interleukin 6 and tumor necrosis factor alpha 
as well lower of adiponectin have been found in the EAT of CAD 
patients compared to that of subjects without [6,7]. It has also been 
shown that EAT of CAD patients displays an infiltrate of inflammatory 
cells such as macrophages and lymphocytes associated with an 
increase in inflammatory cytokines and a decrease in adiponectin 
gene expressions [7]. Greater infiltration of M1 pro-inflammatory 
macrophages has been found in EAT of CAD patients than in that of 
those without [8]. Together with inflammation greater fibrosis has 
been shown in EAT of patients with atrial fibrillation [9]. Hypoxia is a 
common feature in cardiovascular disorders such as atherosclerosis 
and heart failure. Hypoxia inducible factor 1-alpha (HIF1-α) 
transcription factor, mediator of cellular response to hypoxia, has 
a key role in the initiation or regulation of inflammation and tissue 
remodeling, in particular in the activation of M1 proinflammatory 
macrophages [10] and in the genesis of pathological fibrosis [11], 
which are common processes related to heart failure [12]. 

Studies have shown that Caveolae are essential in cardiac 
protection from myocardial ischemia / reperfusion injury 
[13]; Caveolin-1 (CAV-1) knockout mice exhibited dilated 
cardiomyopathy and right ventricular hypertrophy compared 
with wild-type mice [14]. Caveolae are a subset of lipid rafts, 
flask-shaped smooth invaginations of the plasma membrane rich 
in cholesterol and saturated linear chain fatty acids, abundantly 
expressed in adipocytes [15,16,17]. CAV1 and cavin1 are the main 
components required for the formation of the caveolae; CAV-1 
and cavin-1 interact with the signaling complexes in the caveolae 
and regulate the transmission of signals through the membrane, 
including those of the cardiovascular system [16,18,19]. The aim of 
this study was to compare markers of dysfunctional EAT in patients 
with and without CAD. As markers of dysfunctional EAT increase 
in macrophages infiltration, fibrosis, HIF1-α as well as decline in 
CAV-1 were chosen

Material and Methods
A total of 22 male subjects, aged between 51 and 80 years 

(mean 67.86 ± 7.75 years), with BMI ranging from 23.18 to 32.87 
kg/m2 (mean 27.57 ± 2.69 kg/m2), undergoing elective cardiac 
surgery either for coronary bypass grafting (CAD, n = 12) or 
valve replacement (non-CAD, n = 10) were included in the study. 
Clinical records were collected in all the subjects. Six patients had 
type 2 diabetes mellitus (DM) in the CAD group, 3 subjects in the 
non-CAD group. Patients with liver, kidney diseases or neoplastic 
diseases were excluded from the protocol study, as well as subjects 

with weight loss greater than 5% in the month preceding the 
evaluation, patients on steroid or on immunosuppressive therapy 
in the previous six months, patients with renal insufficiency with 
creatinine values > 1.5 mg / dl, poorly controlled thyroid disease, 
patients on hormonal therapy (except for the thyroid) and patients 
with chronic inflammatory diseases. Written informed consent was 
obtained from each participant and the study was approved by the 
Ethics Committee of the University of Verona (Italy).

Anthropometric Variables 

Each patient underwent measurement of body weight with an 
approximation of 0.1 kg (Salus Scale, Milan, Italy) and to height 
measurement using a stadiometer, with an approximation of 
0.5 cm. (Salus Stadiometer, Milan, Italy). BMI was computed as 
weight in kilograms divided by height in square meters (kg/m²). 
The measurement of WC was obtained with the patient standing 
upright, using a tape measure. The WC was assessed as the 
minimum abdominal circumference between the xiphoid process 
and the navel.

Blood Collection
Venous blood samples for all metabolic assessments were 

obtained after overnight fasting. Plasma glucose was measured 
with a glucose analyzer (Beckman Instruments Inc, Palo Alto, CA). 
The intra-assay CV was 1.5%. Plasma insulin was evaluated using 
a direct chemiluminescent-based two-site sandwich immunoassay 
(ADVIA Centaur Insulin assay; Siemens, Erlangen, Germany). The 
sensitivity of the assay was 0.5mU/l. We used the homeostatic 
model assessment (HOMA) method as an indirect index of insulin 
resistance, calculated as the product of the fasting plasma insulin 
level (mU/l) and the fasting plasma glucose level (mmol/l), divided 
by the constant 22.5. Serum leptin and adiponectin were measured 
using specific enzyme-linked immunoassay kits (respectively 
from DBC-Diagnostic Biochem Canada, London, ON, Canada and 
B-Bridge, Cupertino, CA,USA). The sensitivity of the assays was 
0.5ng/ml for leptin and 0.02ng/ml for adiponectin. 

Epicardial adipose tissue Collection
In the operating room, epicardial adipose tissue (EAT) 

specimens were obtained after median sternotomy and heparin 
administration prior to initiating cardio-pulmonary bypass, 
approximately 1 hour within induction of anesthesia. EAT fragments 
(approximately 1 gram) were collected during the atrial appendage 
cannulation procedure for extracorporeal circulation. EAT was then 
stored for immunohistochemistry (IHC) assay.

Immunohistochemistry
Freshly isolated EAT was fixed by immersion in 4% 

paraformaldehyde in 0.1M phosphate buffer, pH7.4 overnight 
at 4°C, and then dehydrated, cleared and paraffin embedded. 
Five micrometer thick serial sections were obtained and stained 
by hematoxylin and eosin (H/E) to assess morphology prior to 
immunohistochemical processing. 
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The following primary antibodies were used for the IHC analysis: 
mouse anti-human CD68 (ready to use; Thermo Fisher Scientific), 
mouse anti-human CD163 (1:300; Thermo Fisher Scientific), rabbit 
anti-human CD11c (3µg/ml; Thermo Fisher Scientific), rabbit anti-
human HIF1-α (1:400; DBA Italia), rabbit anti-human Caveolin-1 
(1:400, Cell Signaling). Secondary antibodies were as follows: 
Signal Stain Boost IHC detection reagent HRP Rabbit (ready to 
use; Cell Signaling) and Signal Stain Boost IHC detection reagent 
HRP Mouse (ready to use; Cell Signaling). A negative control was 
conducted by using a secondary antibody alone. Diaminobenzidine 
hydrochloride (DAB) substrate kit for peroxidase was used for IHC 
(Vector Laboratories).

Briefly, sections were dewaxed and subjected to antigen 
heat retrieval. Endogenous peroxidase activity and non-specific 
binding were blocked by incubation with 3% hydrogen peroxide 
and non-immune serum, respectively. Slides were then incubated 
sequentially with primary rabbit antibody for 16hr at 4°C or with 
primary mouse antibody for 1hr at 20°C, followed by incubation 
with the secondary antibody for 30 minutes at 20°C. DAB was used 
as the chromogen to visualize peroxidase activity. Sections were 
counterstained with hematoxylin, assemble with Entellan and 
overlaid with coverslips.

Masson Trichrome Staining for Interstitial Fibrosis 
Evaluation

EAT were stained with Masson’s trichrome to visualize 
interstitial fibrosis, according to the manufacturer’s protocol 
(Bio-Optica, Milano, Italy). Briefly, sections were deparaffined, 
rehydrated, stained with ferric hematoxylin according to Weigert for 
10 minutes, incubated with picric acid for 4 minutes, wash quickly 
with distilled water, stained with Ponceau B solution for 4 minutes, 
quickly wash with distilled water, incubate with phosphomolibdic 
acid for 10 minutes, stained with aniline blue according to Masson 
for 5 minutes, quickly wash with distilled water, dehydrate, cleared, 
assemble with Entellan and overlaid with coverslips.

Image Capturing and Analyses
The CD68 (+), CD163 (+) and CD11c (+) macrophage and 

the HIF1-α positive nuclei counts were performed manually by 
observing the whole area of the EAT sections using an Olympus 
BX51 photomicroscope equipped with a KY-F58 CCD camera 
(JVC) at 400x magnification. The total area of the observed section 
was then calculated using ImageJ software 1.49o version on the 
acquired EAT images and the number of macrophages and the 
number of nuclei HIF1-α (+) was expressed as a number / mm2 by 
dividing the number for the total area expressed in mm2.

For Caveolin-1 and fibrosis evaluation, slides were observed 
and images analyzed and stored using EVOS FL Auto Cell 
Imaging System with EVOS Onstage Incubator (Thermo Fisher 
Scientific) photomicroscope. The quantification of caveolin-1 was 
achieved by calculation of the optical density (OD). OD assay was 
performed on the whole section of the EAT by observing images 

at 200x magnification, using Color Threshold of ImageJ software 
1.49o version. Image J software 1.49o version was also used to 
measure collagen deposition by calculating the percentage of blue 
staining, indicative of fibrosis, on total section area of EAT at 200x 
magnification by automated color deconvolution [20] and manual 
threshold correction where necessary. The percentage of fibrosis 
was adjusted by adipocyte size to eliminate the effects of different 
adipocyte sizes in measure fields [21]. The scoring was performed 
by one investigator who was blind to the identity of the samples.

Statistical Analysis 
All results are shown as mean ± standard deviation (SD). 

Logarithmic transformation was performed for not normally 
distributed variables (HOMA index, adiponectin, insulin, glycemia, 
fibrosis, number of adipocytes nuclei HIF1-α (+), CD68 (+), CD163 
(+) and CD11c (+) macrophages). Comparisons between CAD and 
non-CAD were performed using Student’s 2-tailed unpaired test. 
Simple Pearson correlations were used to test association between 
variables. A significance level of 5% was always adopted. All 
analyses were performed using SPSS (software version 17.0, SPSS, 
Chicago, IL, USA) and R program [22] (R project).

Results
Table 1 shows mean values ± standard deviation of 

anthropometric variables, serum adipokines, glycemia, insulin, 
HOMA index, CAV-1 in patients with and without CAD. Serum 
adiponectin was significantly lower in patients with CAD than in 
those without (8.25 ± 7.52 vs 15.06 ± 11.11, p<0.05), Figure 1 shows 
images and histograms of total CD68 (+), M2 anti-inflammatory 
CD163 (+), M1 pro-inflammatory CD11c macrophages and relative 
histograms in the EAT of patients with and without CAD. The 
number of total CD68 (74.25 ± 49.39 vs 37.33 ± 18.28, p<0.05), 
CD163 (57.75 ± 38.23 vs 31.11 ± 18.54, p<0.05) and CD11c 
(6.67 ± 4.73 vs 2.05 ± 1.13, p<0.01) were significantly higher in 
patients with CAD than in those without. It was interesting to note 
that in EAT of CAD patients we found pro-inflammatory CD11c 
(+) macrophages aggregated in crown like structure (CLS); CLS 
contained from a minimum of 6 to a maximum of 13 macrophages 
and surrounded what appears to be a single adipocyte. In total, 4 
CLS were counted in 3 CAD patients (25% of the total CAD patients 
analyzed) while CLS were not observed in EAT of non-CAD patients. 
Furthermore, in EAT of both CAD and non CAD patients, CD163 (+) 
anti-inflammatory macrophages appeared dispersed throughout 
the adipose tissue, not organized in CLS.

Figure 2 show images and histograms respectively of fibrosis, 
nuclear HIF1-α and CAV-1 in the EAT of patients with and without 
CAD. Fibrosis was significantly higher in patients with CAD than 
in those without (3.86 ± 1.85 vs 1.45 ± 0.84, p<0.01), as well the 
number of nuclei HIF1-α (2.39 ± 1.64 vs 1.01 ± 0.94, p<0.05), 
while CAV-1 was significantly lower (0.0790 ± 0.0268 vs 0.0987 
± 0.0164, p<0.05). Table 2 shows correlations between fibrosis, 
nuclear HIF1-α and CAV-1 with anthropometric, metabolic 
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variables and macrophages infiltration in the whole study sample. 
Fibrosis correlated with HIF1-α ( r= 0.644, p < 0.01) and M1 pro-
inflammatory CD11c (+) macrophages (r=0.601, p<0.01); HIF1-α 
with total CD68 (+) (r= 0.5313, p<0.05), anti-inflammatory CD163 

(+) macrophages (r= 0.673, p<0.001), pro-inflammatory CD11c (+) 
(r= 0.6385, p<0.01) whilst Caveolin-1 positively correlated with 
serum adiponectin (r= 0.4347, p<0.05).

Figure 1:  a) Representative images of immunohistochemical staining and b) histograms of total CD68(+), M2 CD163(+) anti 
inflammatory and M1 CD11c (+) proinflammatory macrophages in the EAT of patients with coronary artery disease (CAD) 
compared to patients without CAD (NON CAD); in particular, aggregation of proinflammatory M1 CD11c(+) macrophages 
in CLS is shown in EAT of CAD patients (images of total and anti-inflammatory macrophages: scale bar = 25μm, images of 
proinflammatory macrophages: scale bar = 10µm. histograms = mean ± SD).

Figure 2: a) Representative images and b) histograms of fibrosis, number of adipocytes nuclei HIF1-α (+) and CAV-1 OD in the 
EAT of patients with coronary artery disease (CAD) compared to patients without CAD (non-CAD) (scale bar = 25μm images 
of fibrosis and HIF1-α, scale bar=50μm images of CAV-1; histograms = mean ± SD).
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Table 1: Study Sample Characteristics.

TOTAL ± SD CAD ± SD non-CAD ± SD p

(n 22) (n 12) (n 10)

Age (Years) 67.86 ± 7.75 68.83 ± 6.53 66.70 ± 9.23 0.548

Height (cm) 168.93 ± 5.88 169.71 ± 3.94 168.00 ± 7.75 0.538

Weight (kg) 78.76 ± 9.55 78.30 ± 8.51 79.32 ± 11.11 0.815

WC (cm) 100.81 ± 9.20 98.79 ± 10.04 103.50 ± 7.66 0.238

BMI (kg/m²) 27.57 ± 2.69 27.18 ± 2.76 28.03 ± 2.67 0.471

Leptin (ng/ml) 5.07 ± 3.01 5.72 ± 3.28 4.30 ± 2.60 0.27

Adiponectin (ug/ml) 11.49 ± 9.80 8.25 ± 7.52 15.06 ± 11.11 0.019

Glycemia (mg/dl) 104.16 ± 21.11 109.10 ± 23.13 98.67 ± 18.33 0.273

Insulin (mU/lt) 8.06 ± 9.51 7.58 ± 7.97 8.55 ± 11.27 0.862

HOMA index 1.82 ± 2.06 2.21 ± 2.55 1.40 ± 1.36 0.419

CAV-1 OD 0.0880 ± 0.0244 0.0790 ± 0.0268 0.0987 ± 0.0164 0.049

Abbreviations: CAD, Patients with Coronary Artery Disease; non-CAD, Patients without Coronary Artery Disease; SD, Standard 
Deviation; WC, Waist Circumference; BMI, Body Mass Index;  HOMA index, Homeostasis Model Assessment;  M CD68 (+), Total 
Macrophages;  M CD163 (+), Anti-inflammatory Macrophages; M CD11c (+), Proinflammatory Macrophages; HIF1-α, Hypoxia-in-
ducible factor 1-alpha

Table 2: Sample Pearson Correlations between CAV-1 OD (CAV-1), number of adipocytes nuclei HIF1-α (+) (HIF1-α) and fibrosis 
with main variables of the study.

CAV-1 HIF1-a FIBROSIS

r r r

AGE 0.0138 0.3907 0.1942

WC -0.148 -0.012 -0.2747

BMI -0.3535 -0.0752 -0.3662

LEPTIN -0.21 0.1593 0.2842

ADIPONECTIN 0.4347* -0.0379 -0.1327

HOMA -0.1881 0.0556 0.1582

CAV-1 1.0000 -0.1274 -0.2838

HIF1-a -0.1274 1.0000 0.6440**

FIBROSIS -0.2838 0.6440** 1.0000

M CD68 0.1715 0.5313* 0.4071

M2 CD163 0.2813 0.6730*** 0.3695

M1 CD11c -0.25 0.6385** 0.6008**

Discussion
Our study shows that CAD patients display greater EAT 

inflammation, fibrosis and HIF1-a and lower CAV-1 than those 
without as well that fibrosis, macrophages infiltration and HIF1α 
are strongly interrelated each other. Moreover our study shows 
a significant association between CAV-1 and serum adiponectin. 
EAT thicknesses has been shown to be related with severity and 
progression of CAD, both in obese and non obese people [23]. 
Quality, besides quantity, of EAT has been shown to be involved 
in heart diseases, in particular CAD [24,25]. EAT macrophages 
infiltration and fibrosis have raised great interest in the last year 
and considered landmark of its dysfunction [23,26]. We observed 
greater pro-inflammatory macrophages infiltration in patients with 
CAD than in those without in agreement with previous observations 

of [27], who found a shift of macrophages toward a proinflammatory 
M1 state in EAT of CAD patients [27] and with those of [8]. who 
found a greater ratio of pro-inflammatory macrophages to total 
macrophages in CAD patients [8]. 

Interestingly we found that pro-inflammatory CD11c (+) 
macrophages were aggregated in CLS in the EAT of CAD patients 
but not in the EAT of those without. A CLS macrophages aggregation 
localized around dead adipocytes, where they fuse to form syncytia 
that sequester and scavenge the residual “free” adipocyte lipid 
droplet, was first detected by Cinti el al in AT of obese mice and 
humans [28], than observed by Patel et al, in the EAT of animal 
model ACE2 knockout high-fat diet feed [29] and by Pierzynová et 
al. in the EAT of CAD patients [30].
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In addition to greater inflammation, we also observed greater 
fibrosis in the EAT of CAD patients than in those without. Fibrosis 
is the result of an excessive accumulation of extracellular matrix 
components such as collagen and fibronectin in damaged tissue, 
associated with organ dysfunction and death [31,32]. Jiang et al. 
showed a large number of collagen fibers deposition and also a 
significant increase in the expression of different types of collagen 
proteins such as collagen type III alpha 1 chain (Col3A1), collagen 
type I alpha 1 chain (Col1A1), collagen type VI alpha 1, 2 and 3 
chain (Col6A1, Col6A2, Col6A3) and collagen type XII alpha 1 
chain (Col12A1) in the EAT of ischemic cardiomyopathy patients 
compared with the EAT of normal heart of donors who died in 
accidents [33]. Association between inflammation and fibrosis is 
a common feature of visceral adipose tissue in obese and diabetic 
subjects [34, 35, 36] and has been previously described even in the 
EAT [37,25].

As expected, HIF1-a was significantly higher in the EAT of our 
patients with CAD than in that of patients without. A significant 
association between Hypoxia and fibrosis was observed in our 
study sample. A link between HIF1-a and fibrosis in AT has been 
previously found [38] using a model of transgenic mice over-
expressing HIF1-α in AT, showed that HIF1-α promotes fibrosis 
characterized by an increase in both I and III collagen types 
deposition in the extracellular tissue matrix [38]. Interrelationship 
between Hypoxia, inflammation and fibrosis has been observed in 
AT also in obese insulin resistant patients [39]. 

Both in vitro and in vivo hypoxia is involved in the pathogenesis 
of fibrosis by activating the transcription factor HIF1-α [11], that 
promotes fibrogenesis through hydroxylation and up-regulation 
of collagen secretion, by activating the transforming growth 
factor β pathway, facilitating epithelial to mesenchymal transition 
and inducing connective tissue growth factor in fibroblast [11]. 
HIF1-α may also promote AT inflammation through fibrosis and 
macrophage recruitment leads to adipocyte cell death that causes 
further macrophage recruitment and inflammation [40] and or 
by induction of macrophages markers such as CD68, F4/80, by 
induction of monocyte chemo-attractants factors [38], which 
induce chemotaxis of both M1 and M2 polarized macrophages 
culture [41,42]. Studies in animal models, demonstrated that 
inhibition leads to amelioration of fibrosis and inflammation38 
suggesting that HIF-1α is a causal factor in producing inflammation 
and fibrosis [40].

 We also observed lower Caveolin-1 in EAT of patients with 
CAD than in those without. Several studies conducted on caveolin-1 
knockout mice have revealed that the absence of Caveolin-1 is 
associated with dilated cardiomyopathy, right ventricular dilation, 
concentric left ventricular hypertrophy and reduction in left 
ventricular systolic function [14, 43, 44], over expression of the 
pro-inflammatory cytokines compared to wilde type mice [46]. A 
reduction in the expression of Caveolin-1 has been shown in the 
AT of obese and aging patients [47], but to our best knowledge, 

a decline of CAV-1 in the EAT of CAD patients has not yet been 
described.

In our study, CAV-1 was associated with serum adiponectin. A 
link between CAV-1 and adiponectin was previously found [48], in 
transgenic mice over expressing adiponectin [48]. Adiponectin, an 
adipokine abundantly present in human plasma, is known to protect 
against the development of ischemic heart disease. Reduced serum 
levels of adiponectin are associated with CAD [49, 50]. Adiponectin 
protein in EAT was significantly lower in patients with CAD than in 
those without [51], adiponectin gene expression in EAT was found 
to be significantly lower in subjects with diabetes than in those 
without [52] as well as in patients with metabolic syndrome than 
in those without [53].

Studies have shown that adiponectin has anti-inflammatory 
effect by promoting IL-10 production, inhibiting tumor necrosis 
factor alpha production by macrophages [54], promoting anti-
apoptotic and anti-oxidative activities [55]. However, our results 
seem to suggest that adiponectin may decline CAD risk even by 
determining an increase of CAV-1. Some limitations of our study 
should be recognized. Firstly, as only men were included in the 
study sample, the results cannot be generalized and transferred to 
women; secondly the study design does not permit the evaluation 
of cause effect mechanisms, but just to make comparison and to 
identify association and the modest sample size may have mitigated 
against demonstrating other statistical association. Finally our 
study failed to show any association between obesity and fat 
distribution with indices of dysfunctional EAT probably due to the 
fact that patients with and without CAD were matched for BMI and 
waist circumference. 

In conclusion, our study shows that increase in inflammation, 
fibrosis and hypoxia as well decline in Cav-1 characterized 
dysfunctional EAT in CAD. Our data seem also to suggest that 
hypoxia may account for both EAT inflammation and fibrosis 
increase. Finally, our results seem to suggest that adiponectin may 
decline CAD risk even by determining an increase of CAV-1. 
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