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Obesity is a heterogeneous disease with different degrees of cardiovascular (CV) and metabolic manifestations.
Certain ectopic fat depots may contribute to obesity-related CV risk and may explain part of the risk differential
observed in metabolically healthy obese and the so called “obesity paradox”. The growing interest towards the
potential impact of epicardial adipose tissue (EAT) in cardiovascular (CV) risk has led to deepen its biological
function. Genetic, epigenetic and environmental factors may drive the shift towards a dysfunctional EAT
characterized by a pro-inflammatory and pro-fibrotic phenotype. Due to the close anatomic proximity to
coronary arteries, a thicker and dysfunctional EAT actively contribute to development and progression of
coronary atherosclerosis. Beside classical paracrine transmission, EAT may directly release mediators into the vasa
vasorum of the coronary arterial wall, a mechanism referred to as “vasocrine”. Similarly, the pro-inflammatory
and pro-fibrotic secretome characterizing dysfunctional EAT may impair cardiac structure and function, thus
being implicated in the pathogenesis of diastolic heart failure and atrial fibrillation. The development of 3D imaging
techniques have paved the way for clarifying the causative role of EAT in CV pathophysiology, the use of EAT
volume/thickness in CV risk stratification and potential cardio-protective effects of EAT reduction. The aim of
this narrative review is to update current knowledge on the pathophysiological functions of EAT, focusing on
basic mechanisms and potential clinical implications.
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1. Introduction

Since decades, the body mass index (BMI) and fat mass have been
recognized as leading determinants of metabolic health. However,
obesity is a remarkably heterogeneous condition with different degrees
of cardiovascular (CV) and metabolic manifestations [1–4]. Several
studies have clearly established a close relationship between visceral
and ectopic fat and the development of metabolic derangements.
Ectopic fat depots may contribute to obesity-related CV risk and may
explain part of this “differential” risk. This relationship becomes even
more important when clinical entities, such as “metabolically healthy”
obesity phenotypes and the “obesity paradox”, are considered. Ectopic
fat is defined by excess of adipose tissue located outside of classical ad-
ipose tissue deposits. The pathophysiological mechanisms underlying
the shift from subcutaneous to ectopic fat deposition have not been
one).
elucidated yet. Those factors were likely described as multifactorial,
involving genetic, epigenetic and environmental factors [5]. Ectopic fat
depotsmay be categorized based on their location aswell as association
with either systemic or local effects. Predominantly systemic effects
have been reported for visceral adipose tissue, intrahepatic and intra-
muscular fat. Prevalent local activity was instead recognized in the
kidney and heart. The latter should be further classified in paracardial
and epicardial adipose tissue (EAT), which in turn includes fat depots lo-
cated between themyocardiumand the visceral pericardium (i.e. pericar-
dial fat, perivascular fat, and myocardial steatosis). The growing interest
towards the potential impact of EAT in CV risk has led to deepen its
biological function. Therefore, we will focus on updating the current
knowledge about the metabolic changes occurring in dysfunctional EAT,
the interaction with surrounding tissues (i.e. coronary vessel wall and
cardiomyocytes) and the clinical implications on atherosclerosis and
myocardial diseases. Finally, we will discuss on future perspectives in
terms of imaging methods for EAT quantification and cardio-protective
effects of EAT reduction.
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2. Epicardial adipose tissue: normal morphology and physiology

EAT exhibits embryological and morphological similarities with
visceral fat, both originating from splanchnopleuric mesoderm. EAT is
located between the myocardium and visceral pericardium, mainly on
the right ventricle surface and anterior wall of the left ventricle. EAT
also surrounds atrioventricular grooves and great coronary vessels,
reaching the main thickness at the anterior and lateral walls of right
atrium. Due to the elasticity and compressibility EAT exerts a mechani-
cal function, protecting coronary arteries against the excessive warp
caused by artery pulse and myocardial contraction [6]. Interestingly,
EAT and myocardium are not separated by connective or aponeurotic
tissues, suggesting a close and strong interaction between these two
structures. Under physiological conditions, EAT covers nearly the 80%
of the heart surface and contributes for the 20% to the whole heart
mass. EAT volume and thickness is likely to be determined by genetic,
epigenetic, and environmental factors. In this regard, larger EAT mass
has been found in non-Hispanic White or Japanese than in African
Americans, whereas a two-fold increase was observed in patients with
bodymass index (BMI) higher than 27 kg/m2. Other environmental fac-
tors such as aging, excess caloric intake, sedentary life style, pollutants,
and microbiota may also modulate ectopic fat deposition [7]. Histologi-
cal analysis of EAT reveals amixed cellularity characterized by abundant
and smaller adipocytes stromal cells and a large amount of resident in-
flammatory cells, such as lymphocytes (CD3+ cells), macrophages
(CD68+ cells), and mast cells. Noteworthy, EAT is also characterized
by nervous and nodal tissue with high production of nerve growth
factor, thus suggesting a potential role of EAT as a scaffold for cardiac
autonomic nerves and ganglionated plexi. Differently from the pericar-
dial fat, EAT vascularization is dependent on the branches of coronary
arteries, further indicating a close relationship between EAT and under-
lying myocardial tissue [6]. As widely recognized, adipose tissue is not
only simple lipid storage units. Rather, it also serves as a paracrine/
endocrine organ, with a key role in lipid and glucose homeostasis. In
particular, EAT serves as a local store for the excess of FFAs, thus main-
taining myocardial energy supply and preventing the toxic effects of
high circulating FFAs onmyocardiumand coronary arteries. Conversely,
under metabolic stress conditions, EAT may releases free fatty acids
(FFAs) with a rate higher than other adipose tissue depots. EAT handles
FFAs homeostasis through the coronary circulation, the bidirectional
flux through the interstitial fluid and the expression of fatty acid trans-
porters (e.g. fatty acid binding protein-4 [FABP-4]) [8]. The homeostatic
function of EAT also includes the control of vascular tension. EAT con-
trols the effect of insulin onmicrocirculatory networks, thus promoting
insulin-mediated vasoreactivity and glucose uptake in the coronary
vascular bed [9]. Through the release of adipocytokines (mainly
adiponectin, adrenomedullin and omentin) and adipocyte-derived
relaxing factors, EAT further lowers vascular tension and prevents
vascular remodeling [10]. The binding of adiponectin to the Adipo1
and Adipo2 receptors, activates a signaling cascade that promotes
synthesis and release of nitric oxide and blunts the NF-κB-mediated
pro-inflammatory signaling. In normal conditions, EAT also release a
large amount of adrenomedullin a potential vasodilator peptide.
Adrenomedullin antagonizes oxidative stress induced by angiotensin
II, inhibits migration and proliferation of vascular smooth muscle cells
(VSMCs), and suppress endothelial cell apoptosis and endothelin-1
release [11]. Finally, adrenomedullin contributes to cardiac output by
increasing intracellular calcium concentration in cardiomyocytes.

3. The phenotypic shift towards dysfunctional epicardial
adipose tissue

EAT was suggested to be more than a simple adipose tissue depot,
since it is an extraordinarily active endocrine organ and its wide
secretome may have either a safety or detrimental effect depending
on the local microenvironment (Fig. 1) [12]. Similarly to the visceral
adipose tissue (VAT), pathological stressful conditions, such as obesity,
insulin resistance, diabetes and vascular damage may promote the
shift of EAT towards a pro-inflammatory and pro-fibrotic phenotype.
In these conditions an impressive changes in EAT secretome occurs,
finally leading to hypertrophy, failure of triglyceride storing, increased
lipolysis and inflammation. In patients with metabolic syndrome
(MetS) the thickness of EAT reaches 7.5 mm as compared to 4 mm in
control patients. Given its close anatomic proximity to the coronary
arteries, a thicker and dysfunctional EAT is directly involved in the
development and progression of coronary and myocardial diseases.
The expansion of adipocytes within EAT is accompanied by the up-
regulation of pro-inflammatory factors and infiltrations of immune
cells (i.e. dendritic cells, T and B cells, macrophages and eosinophils).
More specifically, the up-regulation nuclear factor κB (NF-κB) and
c-Jun N-terminal kinase (JNK) activities determines higher mRNA ex-
pression of inflammatory mediators (e.g. IL-1β, IL-6, TNFα, MCP-1),
toll-like receptor (TLR)-2 and -4, sPLA2-IIA, resistin and visfatin.
Furthermore, whereas CD206+ cells, corresponding to the anti-
inflammatory macrophages (M2), are commonly found in EAT, a shift
towards the pro-inflammatory phenotype (M1), characterized by posi-
tivity for CD11c, is observed in the dysfunctional EAT [13]. Such M1 po-
larization is closely related to the loss of angiotensin (Ang)-converting
enzyme (ACE)2 [14]. As observed in knockout mice, the loss of ACE2
results in impaired glucose tolerance, epicardial EAT inflammation,
and M1 macrophage polarization. Conversely, the administration of
Ang 1-7, an ACE2-mediated degradation product of Ang II, reduced
EAT inflammation and reverses macrophage polarization [15].
Pro-inflammatory M1 macrophages are also associated with EAT neo-
angiogenesis, interferingwith both adiponectin and FABP-4 production.
All those features may alter homeostasis of the surrounding epicardial
arteries, thus potentially amplifying vascular inflammation and plaque
instability [8,16,17]. Conversely, treatments with simvastatin and
pioglitazone have been shown to induce anti-inflammatory effects
[18]. Even though, whether EAT inflammation is the cause or reaction
to coronary plaques still remains unknown [19]. Very recently, also mi-
crobial colonization of EAT has been indicated as an additional pathway
for a dysfunctional adipose depot. Indeed, a broad range of bacterial spe-
cies was associated with NALP3/inflammasome pathway activation
within EAT in patients with acute coronary syndrome (ACS).

4. The “vasocrine” cross-talk between EAT and surrounding
coronary arteries

Due to the close proximity to themyocardium, EAT acts asmetabolic
transducer for different mediators that easily diffuse from EAT to vessel
wall [20]. Through the paracrine transmission, cytokines from EAT dif-
fuse across the interstitial fluid into the arterial layers wall and finally
interact with endothelial and VSMCs. As alternative mechanism, cyto-
kines and FFAs from EATmay be directly released into the vasa vasorum
of the coronary arterial wall. As these vessels are unlikely to access the
systemic circulation, thus limiting their activity to the arteriolar and
capillary endothelium, this mechanism is termed as “vasocrine”. This
latter is considered the prevalent mechanism in case of advanced
atherosclerotic lesions, where paracrine diffusion becomes difficult.
Most recent studies have highlighted the role of microparticle-
mediated genetic exchange in the crosstalk between EAT and coronary
arterial wall. Especially exosomes, nano-sized (30–100 nm) extracellu-
lar vesicles, are able to carry a wide range of otherwise degradablemol-
ecules to recipient cells (proteins, lipids, ribonucleic acids [RNAs]). The
exosomal cargo is extremely variable and largely dependent of cell
types and microenvironment. Among them, exosomes would facilitate
transportation and delivery of EAT-derived microRNAs (miRNAs) to
the target cells. MiRNAs are a class of short non-coding RNAs (21–25
nucleotides in length) that regulate post-transcriptional synthesis of
proteins by interferingwithmRNA transcription and translation. Gener-
ally associated with reduced yield of protein, miRNAmay also have the
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Fig. 1. Secretome changes in dysfunctional epicardial adipose tissue. Dysfunctional adipose tissue is characterized by adipocyte hypertrophy and infiltration of immune cells (i.e. T and B
lymphocytes and pro-inflammatory [M1]macrophages) Those histopathological features determine impressive changes in adipocyte secretome,which is characterized by increase of pro-
inflammatory and pro-fibrotic mediators (interleukins [ILs], C-C and CXC motif chemokine ligand [CCL, CXCL], toll like receptors [TLRs], secretory phospholipase A2 type IIA [sPLA2-IIA],
fatty acid binding protein [FABP], retinol binding protein [RBP] and microRNA [miRNA]) and suppression of anti-inflammatory mediators (e.g. angiotensin [Ang] 1-7 and glucose
transporter [GLUT]).
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opposite effect to enhance protein transcription. The development of
next generation sequencing allowed to identify EAT as a leading source
of circulating miRNA. In adipocytes, miRNAs were shown to act on
multiple targets with effect on adipocyte differentiation and metabolic
homeostasis. During metabolic diseases, miRNAs (i.e. miR-103-3b and
miR-143) are differentially modulated in adipose tissue showing
suppression of lipid- and retinoid-sensing nuclear receptors, activation
of innate and adaptive immune responses (e.g. up-regulation of MHC
Class II) and enhanced communication with inflammatory cells
(e.g. up-regulation of CCL5, CCL13, and CCL5R expression). The extent
of interaction between EAT-derived microparticles and surrounding
cells is still unclear, but experimental studies hypothesized that
these particles are able to promote monocyte migration and pro-
inflammatory polarization [21]. Noteworthy, a backward cross talk
to EAT has been recently recognized. Indeed, intravenous infusion
of endothelial cell-derived microparticles containing miR-19b was
shown to accelerated atherosclerosis and promote EAT inflammation
in apoE−/− mice [22].

5. Epicardial adipose tissue and coronary atherosclerosis

Although the exactmechanisms are not yet fully elucidated, a growing
body of evidence supports the role of EAT as a promoter of atherosclerotic
plaque progression and vulnerability [12]. Integrative miRNA and whole
genome analyses identified the signature of miRNAs in EAT of CAD pa-
tients, by focusing onmiR-103-3p downregulation as prominent features.
This pattern affected metabolic pathways with suppression of lipid and
retinoid-sensing nuclear receptors, transcriptional activities, in addition
to sustain a pro-inflammatory environment, characterizedby suppression
of adiponectin release and high levels of IL-1, IL-6, IL-8, CCL-2, CCL-5,
CCL-13, TNFα, and GRO-α. Even in the early stage of atherogenesis, the
altered secretome stimulates monocyte adhesion by up-regulating
ICAM-1 expression of endothelial cell surface. The typical secretome of
dysfunctional EAT is also associated with VSMCmigration and activation,
but this effect is blunted by omentin [23]. In line with experimental
evidence, clinical studies support the close association of dysfunctional
EAT with coronary artery disease (CAD) degree and severity. Two meta-
analyses published in 2017 confirmed this association independently of
CAD definition: obstructive or significant coronary stenosis, coronary
artery calcification (CAC) or myocardial ischemia [24,25]. Furthermore,
clinical data emphasized the relationship between EAT and different
features of plaque vulnerability, such as thin-cap of the fibroatheromas,
high percentage of necrosis, elevated endoluminal stenosis and presence
of calcification [26–31]. It is then not surprising that several studies report
a predictive role of dysfunctional EAT towards the occurrence of major
adverse cardiovascular events (i.e. CV death, myocardial infarction [MI],
unstable angina, intra-stent re-stenosis) [32–39] (Table 1). Furthermore,
EAT has been associatedwith culprit lesions and infarct-related artery pa-
tency, being a predictor of lower TIMI flow in patients with ST-elevation
MI [40,41]. Noteworthy, the distribution rather than total volume seems
to be the better predictor, thus supporting a prevalent paracrine activity
of EAT [42]. Especially peri-coronary adipose tissue seems to be more
implicated in atherogenesis, likely due to the expressionof genes involved
in cell proliferation and sphingolipids metabolism [43,44]. Finally, EAT
has been suggested to influence myocardial healing by regulating
granulopoiesis, fibrosis, and ultimately cardiac function after MI [45–48].

6. Association between dysfunctional EAT and metabolic dysfunction

Echocardiographic-assessed EAT is primarily considered amarker of
visceral adiposity. Indeed, EAT thickness is closely related to abdominal
fat, being usually increased in obese subjects. As expected, EAT thick-
ness also correlates with MetS and relative clinical features such as
high blood pressure, high levels of low-density lipoprotein cholesterol
and insulin resistance [49]. However, the strength of the association
with metabolic component is less than one-half of that with obesity



Table 1
Studies reporting an association between epicardial adipose tissue (EAT) and the risk of adverse coronary events.

Author Year Study design EAT measure
(follow-up)

Outcome

Mahabadi et al. [32] 2013 Prospective observational
4093 patients free of CVD

EAT volume
(8.0 ± 1.5 years)

Incidence of coronary events (n=130) increased by quartile of EAT (p b 0.001
for trend). EAT doubling of EAT was associated with a 1.5-fold risk of coronary
events also after when adjustment for CV risk factors (95% CI 1.07 to 2.11).

Kunita et al. [33] 2014 Cross-sectional
722 CAD patients underwent CT

EAT volume
(3.7 ± 1.7 years)

Event rates (n= 37) increased across CAC score categories (p for trend
b0.001). They were significantly higher in the higher EAT volume group
(adjusted HR 2.65 [95% CI 1.23–5.70]; p= 0.009).

Gitsioudis et al. [34] 2016 Prospective observational
177 asymptomatic individuals

EAT volume
(3.2 ± 1.1 years)

Event rates (n = 10) increased across EAT volumes (adjusted HR 4.08
[95% CI 1.28–12.97]; p = 0.009).

Homsi et al. [35] 2016 Case-control
22 MI and 33 non-MI hypertensive patients

EAT volume Higher EAT volume was found in MI patients, independently of age, BMI or
heart rate (p b 0.05)

Mahabadi et al. [36] 2016 Prospective observational
241/3630 subjects developing MACE

EAT volume EAT volume predicts MACE (HR: 1.15 [95% CI: 1.01–1.30]) improving the
predictive value of the combined Framingham Risk Score/CAC evaluation
(AUC = 0.749 to 0.764; p = 0.011).

Mahabadi et al. [37] 2017 Retrospective observational
94 patients with confirmed or suspected CAD

EAT volume EAT volume was independently associated with the occurrence of type-I
myocardial infarction (OR 1.79 [95% CI 1.10–2.94]; p = 0.02).

Goeller et al. [38] 2018 Prospective observational
456 asymptomatic individuals

EAT density
13.2 years ± 2.1 years
(13.2 ± 2.1 years)

EAT density was more significantly associated with MACE (HR 0.8 [95%
0.7–0.98]; p = 0.029) than EAT volume or CCS.

Morales-Portano
et al. [39]

2018 Prospective observational
107 subjects undergoing coronary
angiography

Mean EAT thickness
(15.94 ± 3.6 months)

At interquartile analysis EAT provided a better discrimination range for
MACEs, and higher, more significant adjusted risk (cutoff 4.6 mm, RR3.91
[95% CI 1.01–15.08]; p = 0.04) than the other risk factors.

CVD: cardiovascular disease; CV: cardiovascular; CI: confidence interval; CAD: coronary artery disease; CAC: coronary artery calcification; HR: hazard ratio; MI: myocardial infarction:
BMI: body mass index; MACE: major adverse cardiovascular events; AUC: area under the curve; CCS: coronary calcium score; RR: relative risk.
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indices, especially visceral adipose tissue [50]. Considering that and the
wide variability due to gender and ethnicity, there are not specific cut-
off points of EAT thickness associated with prevalence or risk of MetS
[51]. Nevertheless, a single-slice EAT areameasurement at leftmain cor-
onary artery (LMCA) was shown to increased linearly with increasing
number of MetS components, thus representing a simple and reliable
tool for diagnosis of MetS [52]. Especially, the relation between EAT
and T2DM has been recently evaluated. Ticker EAT characterizes dia-
betic patients [53] and positive associationswith BMI, visceral adiposity,
and waist circumference have been reported [54]. Cytokines released
fromdysfunctional endotheliummaydirectly contribute to reduce insu-
lin signaling by reversing the glucose transporter-4 (GLUT4) to retinol
binding protein 4 (RBP4) ratio [55]. The suppression of glucose uptake
and lipogenesis combined with the increased release of FFA has been
then reported in CAD and heart failure (HF), independently of diabetes
[56]. Similarly, in non-diabetic patients a strong positive correlation be-
tween fasting plasma glucose and dysfunctional EAT was reported [57].
EAT volume and thicknessmay be then considered as surrogatemarkers
of insulin resistance and different cut-off values have been proposed. Of
interest, EAT has been also evaluated in the setting of type 1 diabetes
(T1DM). In those patients EAT is thicker and inversely associated with
endothelial function, independently of age, BMI or levels of glycated he-
moglobin [58]. However, a causal effect of EAT in T1DM-related injury is
not yet established, also considering the strong association with BMI,
waist-to-hip ratio, glycated hemoglobin, triglyceride level and history
of degree of renal disease [59].

7. Epicardial adipose tissue and heart failure

EAT thickness is directly associatedwith left ventricularmass (LVM),
independently of BMI [60]. Especially EAT accumulation around the
right ventricle is associated with enlarged right ventricular mass in
obese subjects, whereas other studies also focused of the relationship
between EAT and cardiac function. Epicardial fat amount correlates
with myocardial fibrosis, and impaired LV diastolic function, indepen-
dently of metabolic status or the presence of CAD. However, controver-
sial data exist, partially due to the lowering of adipose mass in
individuals with HF [61,62] (Table 2) [45,63–70]. It has been supposed
that ETA is involved in the fibrotic transformation occurring in chronic
HF and a recent focus has shifted from the ‘quantity’ to the ‘quality’ of
EAT [72]. Pro-inflammatory polarization of EAT is common in HF
patients and the consequent changes in EAT secretome have modulat-
ing properties on cardiac function [14,73]. Cardio-suppressive effects
of adipocytokines (e.g. IL-1β, IL-6, TNFα, C1q/TNF-Related Protein-1,
MCP-1, RPB4) include reduction in sarcomere shortening, cytosolic
Ca++ fluxes, expression of sarcoplasmic endoplasmic reticulum ATPase
2a, activation of AMPK signaling pathway, and decreased insulin-
mediated Akt-Ser473-phosphorylation [74]. Furthermore, ACE2/Ang
1-7 axis is increasingly emerging as critical regulator of EAT-induced
cardiac dysfunction. Local activation of renin-angiotensin system may
affect cardiomyocyte energy metabolism through the expression of
miR-208a, leading to cardiac steatosis, lipotoxicity, and impaired mito-
chondrial respiration and insulin resistance. Thosefindings actively con-
tribute toworsen heart function as observed in both human cohorts and
experimental models (i.e. ACE2−/− mice) [14]. Further confirming this
hypothesis, the leptin-aldosterone-neprilysin axis has been recently in-
dicated as an additional pathway linking EAT dysfunction to the devel-
opment of HF, alongside with the suppression of thermogenic genes
(e.g. uncoupling protein 1, peroxisome proliferator-activated receptor
gamma coactivator 1-alpha, and PR-domain-missing 16) [75].

8. Epicardial adipose tissue and atrial fibrillation

Whereas several studies largely demonstrated obesity as an indepen-
dent risk factor for atrial fibrillation (AF) [76], only in recent studies the
excess of EAT has been implicated in AF onset, severity and recurrence.
Moreover, this association seems to be independent of total adiposity or
left atrial enlargement [77]. It has been then supposed that especially
posterior left atrial adipose tissue might contribute to the structural and
electric remodeling leading to the onset of AF. Adipocyte infiltration
within atrial cardiomyocytes determines the loss of side-to-side cells con-
nectionwith consequent reduced and heterogeneous voltage in posterior
left atrium [78]. According with those evidence, EAT co-localizes with
high dominant frequency areas and is significantly associated with P
wave abnormalities. As an additional mechanism, an increased EAT
volume may alter the function of ganglioned plexi, located near the
pulmonary veins [79]. On the other hand, the closed proximity of EAT to
atrial cardiomyocytesmight favor the paracrine activity of EAT secretome.
The release of pro-fibrotic factors (i.e. matrix metalloproteinases and
transforming growth factors) determines the interstitial expansion of
myocyte bundles, thus promoting the electrophysiological remodeling
of the atria. EAT is also a relevant source of adipocytokines (e.g. IL-1β,



Table 2
Studies reporting an association between epicardial adipose tissue (EAT) and heart failure.

Author Year Study design EAT measure Outcome

Doesch et al. [63] 2010 Cross-sectional
66 patients with CHF and 32 healthy
controls undergoing CMR

EAT volume EAT increased with increasing with LVEDD (r= 0.420; p b 0.001) and LVEDM (r =
0.590; p b 0.001). However, the EAT mass/LVEDM ratio was significantly reduced
in patients with CHF compared to healthy controls (p b 0.001).

Cetin et al. [64] 2013 Cross-sectional
127 hypertensive patients
undergoing TTDE

Mean EAT thickness EAT was significantly correlated with left atrial dimension, LV mass and LVDD. EAT
was significantly increased in patients with high grades LVDD (p = 0.001). Linear
regression analyses revealed EAT as an independent predictor of LVDD parameters:
E/A ration IVRT, MPI and LA volume (p b 0.001; p= 0.045, p b 0.001 and p= 0.023,
respectively). The AUC values of EAT for the presence and degree of LVDD were
0.749 and 0.630, respectively.

Nyman et al. [65] 2013 Case-control
37 men with and 38 men without
MetS undergoing CMR

EAT volume EAT was greater in the MetS than in the control group (p b 0.001). LVDD was
associated with MetS and inversely correlated with EAT (r = 0.279; p b 0.05).

Park et al. [66] 2014 Cross-sectional
346 MetS patients undergoing TTDE

EAT volume In subjects with MetS, EAT was significantly correlated with LVDD, even after adjusting
for other cardio-metabolic risk factors (OR 1.85 [95% CI 1.15–2.95]; p= 0.011).

Vural et al. [71] 2014 Case-control
63 patients undergoing TTDE

EAT volume Mean EAT was lower in patients with ventricular diastolic function 114.1 vs. 164.4 cm3

(p b 0.001).
Fontes-Carvalho
et al. [45]

2014 Cross-sectional
225 patients with recent (1 month) MI

EAT volume At adjusted analysis, increasing EAT was associated with decreased E′ velocity (β=
−0.11 [95% CI−0.19 to−0.03]; p b 0.010) and increased E/E′ ratio (β= 0.19 [95% CI
0.07 to 0.31]; p b 0.010). EAT also increased with increasing LVDD (p= 0.001).

Watanabe et al. [68] 2016 Cross-sectional
62 elderly women with LVEF ≥ 60%

Mean EAT thickness EAT thickness inversely correlated inversely with S′ (r = −0.402; p = 0.001) and
TMAD% (r = −0.585; p b 0.001, respectively), but not with LVEF. These significant
relationships were maintained in adjusted analysis.

Nakanishi et al. [69] 2017 Cross-sectional
372 patients undergoing TTDE

EAT volume The frequency of deteriorated LVDD (defined as a ≥20% decrease in early diastolic
mitral annular velocity) increased was EAT tertile (12.9%, 21.0%, and 25.8%,
respectively; p = 0.037).

Topuz et al. [70] 2017 Case-control
85 severe CAD, 82 patients with
non-significant CAD and 83 control
patients

Mean EAT thickness EAT thickness was higher in CAD groups and increased with CAD severity (p for
trend b0.001). In multivariate analysis, mea EAT thickness was also significantly
associated with LVDD in control patients (OR 1.02 [95% CI 1.01–1.03], p b 0.001).

TTDE: transthoracic Doppler echocardiographic examination; LVDD: left ventricular diastolic dysfunction; MetS: metabolic syndrome; OR: odds ratio; CI: confidence interval; CAD: cor-
onary artery disease; CMR: cardiovascular magnetic resonance; IVRT: isovolumetric relaxation time;MPI: myocardial performance index; LA: left atrial; AUC: area under the curve; LVEF:
left ventricular ejection fraction; CHF: chronic heart failure; LVEDM: left ventricular and-diastolic mass.
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IL-6, TNFα, MCP-1) and ROS, both exerting detrimental local effects on
atrial myocardium.

9. Imaging quantification of epicardial adipose tissue

EAT quantification may be relatively easily assessed by a variety of
different imaging techniques. Two-dimensional trans-thoracic echocar-
diography (TTE) is the most accessible and safe procedure to EAT mea-
surement [80]. Although limited to the EAT surrounding right ventricle,
results from TTE examination are strongly related to those achieved by
magnetic resonance imaging (MRI) (r = 0.910; p = 0.001). Further-
more, a value N5 mm has been suggested as the threshold to define as
“increased” the EAT thickness in low-risk populations [81], whereas
there are not consensus data in obese subjects. Technical advances in
software analysis currently allow semi-automatic quantification of
EAT, but echocardiographic determination of EAT thickness still remains
biased by the low reproducibility. For this reason, computerized tomog-
raphy (CT) and MRI, which were initially used as a complementary
technique to echocardiography, are gaining a prominent position in
light of their reproducibility, high spatial resolution and volumetric
quantification. Cardiac Magnetic Resonance (CMR) is currently consid-
ered the gold standard for EAT quantification [82]. Both thickness
and volume may be easily measured by CMR, especially once three-
dimensional 3D-Dixon based CMR approach has been developed.
Indeed, the use of cardiac synchronization and respiratory triggering
has further increased CMR accuracy [35]. Nevertheless, the high costs
and the high time expenditure for the procedure are still limiting the
routinely use of CMR in clinical practice. Finally, CT provides the best
sensitive and accurate EAT assessment due to the higher spatial resolu-
tion as compared to ultrasound and CMR. Regional EAT thickness and
volume may be assessed and potentially correlated with coronary
calcium score and degree of stenosis [83,84]. 3D images may be recon-
structed withmulti-detector-row CT (MDCT), further improving spatial
resolution [85]. Although this technique is burdened by the exposure to
ionizing radiation and the high costs, cardiac CT is probably the most
used for clinical studies.
10. Future perspectives and conclusions

The anatomic location of EAT determines its unique relevance in
cardiovascular biology. Far from being a mere storage tissue, EAT is
characterized by a complex secretome, which is largely influenced by
genetic, epigenetic and environmental factors. Unfortunately, the extent
to which EAT volume and thickness are dependent of BMI and visceral
adipose tissue is not yet known. Similarly, whether dysfunctional EAT
has a causative role in CV diseases (e.g. atherosclerosis, HF and AF)
still remains to be elucidated. The development of 3D imaging have
paved the way for clarifying this relationship, whereas radio density
assessment might contribute to identifying cellular characteristics of
dysfunctional EAT. Beside the need to improve imaging assessment of
EAT, it is important to clarify whether volume/thickness reduction and
phenotype changes might confer cardio-protective activity to EAT.
Many interventional studies have proven EAT as modifiable factor.
EAT reductionmay be achievedwithweight loss induced by diet, bariat-
ric surgery or pharmacological treatments. In moderate and severely
obese patients, weight loss in response to lifestyle changes determines
EAT reduction and cardio-protective effects. Those changes are also
associated with increased in adiponectin/leptin ratio and reduction of
pro-inflammatory cytokines. Similar results may be obtained also
using pharmacological treatments. Glucagon-like peptide 1 (GLP-1)
receptor are expressed in EAT and their pharmacological activation
leads to EAT reduction in a weight loss-dependent way. Also intensive
statin treatment has been described to reduce EAT volume indepen-
dently of the degree of lipid lowering. It has been then suggested that
anti-inflammatory pleiotropic activities of statins might have a role in
EAT reduction. Future studies are needed to address many questions
in this fascinating field of research.
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