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A B S T R A C T

Epicardial adipose tissue is a particular visceral fat depot with unique anatomic, biomolecular, and genetic
features. Epicardial fat displays both physiological and pathological properties. Epicardial fat expresses genes
and secretes cytokines actively involved in the thermogenesis and regulation of lipid and glucose metabolism
of the adjacent myocardium. A disequilibrium between epicardial fat feeding and overfeeding the myocar-
dium with free fatty acids leads to intramyocardial fat infiltration causing organ damage and clinical conse-
quences. The upregulation of epicardial fat proinflammatory and lipogenic genes contributes to the fat build
up in the proximal coronary arteries. Epicardial fat is a measurable and modifiable risk factor that can serve
as a novel and additional tool for cardiovascular risk stratification. Pharmacologically targeting epicardial fat
with drugs such as glucagon peptide-like 1 analogs or sodium glucose transport 2 inhibitors reduces the
epicardial fat burden and induces beneficial cardiometabolic effects. Assessment and manipulation of epicar-
dial fat transcriptome might open new avenues in the prevention of cardiometabolic diseases.
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Introduction

From being a finding of mainly anatomical interest, epicardial
adipose tissue has recently emerged as the main actor in the car-
diovascular scene [1�3]. It is believed that epicardial fat actively
plays a role in the development and progression of coronary
artery disease (CAD) and more recently atrial fibrillation (AF).
Given its imaging measurability and fast responsiveness to fat-
targeted pharmacalogical agents, epicardial fat is considered a
novel diagnostic marker and therapeutic target in cardiometa-
bolic diseases, including diabetes and obesity [4�6]. In this
review, we provide an overview of epicardial fat from a different
angle. As in a delicate equilibrium, epicardial fat can feed, but
more often overfeed the heart, leading to serious organ damage
and clinical consequences, as depicted in Figure 1. Hence, we
focus on the nutritional features, such as its involvement with
lipid and glucose metabolism, of both healthy and sick epicardial
fat and its effect on clinical practice.

Anatomy of the epicardial adipose tissue

Epicardial adipose tissue is a unique visceral fat depot with
anatomic and functional proximity to the heart. Epicardial fat
and intra-abdominal fat share the same embryogenesis and
both evolve from brown fat [1,2]. Macroscopically, epicardial
adipose tissue represents »20% of the heart mass. Several fac-
tors, such as genetic profile, ethnicity, sex, and environment,
influence epicardial fat volume [1,7]. Epicardial fat is indeed
differently distributed within the heart and can be located
within the myocardium, around the coronary arteries, ven-
tricles, and atria. Epicardial adipose tissue lies between the
myocardium and the visceral layer of the pericardium and has
to be differentiated by the pericardial fat, located externally of
the myocardium [8]. Microscopically, epicardial fat is composed
of mainly adipocytes, smaller than those located in subcutane-
ous and other visceral fat depots, but also inflammatory, vascu-
lar, and neural cells [9,10]. Epicardial fat cells are generally
smaller with more abundant preadipocytes than mature adipo-
cytes because of a high-consuming metabolism that may pre-
vent large lipid storage [9,10]. Epicardial fat is supplied by
branches of the coronary arteries and no muscle fascia sepa-
rates the fat depot and the myocardium. There are evidences of
a microcirculatory connection between the epicardial fat and
the coronary wall via vasa vasora. As the two tissues share the
same microcirculation, a direct crosstalk between the fat and
the myocardium has been highly suggested [1�3]. Paracrine
release of cytokines from periadventitial epicardial fat could
traverse the coronary wall by diffusion from outside to inside.
Alternatively, cytokines might be released from epicardial tis-
sue directly into vasa vasorum and be transported downstream
into the arterial wall in a vasocrine-signaling mechanism.
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Fig. 1. Schematic of the delicate equilibrium of epicardial fat between physiological and pathologic properties. FFA, free fatty acid.
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Epicardial adipose tissue feeding and heating the heart

Between physiology and pathology

Epicardial fat is a paracrine fat depot with peculiar genetic, bio-
molecular, and anatomic properties. Epicardial fat is actively
involved in lipid and energy homeostasis, serving as both lipid
storage and a local source of energy by channeling free fatty acids
(FFAs) to the myocardium [11]. Epicardial fat displays the greatest
capacity for FFAs release and uptake and lower rate of glucose utili-
zation, among any other visceral fat depots. In fact, FFA synthesis,
rate of incorporation and breakdown, and rates of lipolysis and
insulin-induced lipogenesis are higher in epicardial fat than in
other visceral fat depots [11]. Insulin increases the rate of lipogene-
sis but not that of fatty acid incorporation in epicardial fat [11].
Myocardium uses and metabolizes FFAs from the coronary arterial
blood, and FFA oxidation is responsible for »70% of the heart's
energy production. Physiologically, epicardial adipose tissue works
as a buffer, absorbing FFAs and protecting the heart against the
toxic effect of excessively high fatty acids levels. The high basal
rates of fatty acid incorporation and lipogenesis of epicardial fat
serves as a rapidly mobilizable energy store for the myocardium.
Given the proximity to the heart, owing to the absence of muscle
fascia that separates the two tissues, FFAs are transported from the
epicardial fat directly into the myocardium. FFAs can diffuse bidi-
rectionally in interstitial fluid across concentration gradients.
Epicardial adipose tissue also secretes vasoactive factors that regu-
late coronary arterial tone and so facilitate the FFAs influx. Fatty
acid�binding protein 4, highly expressed in epicardial fat, partici-
pates in the intracellular transport of FFAs from epicardial fat into
the myocardium [12]. Epicardial fat expresses and secretes adipo-
nectin, an adipocyte-derived cytokines that contributes to fatty
acid combustion. Remarkably, adiponectin gene and protein
expression in patients with CAD is downregulated [13]. The lower
epicardial fat adiponectin expression can therefore contribute to
favor FFAs myocardial accumulation over combustion. Compared
with subcutaneous adipose tissue, human epicardial fat is rich in
saturated fatty acids [14], such as myristic acid (14:0), palmitic acid
(16:0), and stearic acid (18:0), whereas unsaturated fatty acids are
lower. This profound difference in fatty acid composition accounts
for the different rate of mobilization, deposition, and synthesis of
FFAs between epicardial and subcutaneous fat.

Under physiological conditions, epicardial fat displays meta-
bolic, mechanical, and brown fat-like activity to protect the myo-
cardium against hypothermia [15]. Brown adipose tissue generates
heat in response to cold temperatures and activation of the auto-
nomic nervous system. Brown fat activation would be the ideal fat
burner and therefore weight loss mediator, but unfortunately most
of the brown fat is lost in the transition from infancy to adult life in
humans. However, recent studies have suggested unexpected
brown fat properties of the human epicardial fat. In fact, brown adi-
pose tissue�specific gene uncoupling protein-1 (UCP-1) and other
brown fat�related genes, such as brown adipocyte differentiation
transcription factors PR domain�missing 16 (PRDM16) and peroxi-
some proliferator�activated receptor g co-activator-1 alpha (PGC-
1 a), are all highly expressed in human epicardial fat [15]. UCP-1 is
significantly higher in human epicardial fat than other fat depots
and basically undetectable in subcutaneous fat. UCP-1 expression
and overall brown fat-like activity of epicardial fat seems to be
downregulated in advanced CAD [16]. Although these recent find-
ings are intriguing, the role of epicardial fat to serve as brown fat to
the myocardium is still unclear. Epicardial fat could provide direct
heating to the myocardium and protect the heart during a drop in
core body temperature or during unfavorable hemodynamic condi-
tions, such as ischemia or hypoxia. Animal models may support
this working hypothesis. In fact, polar bears present large amounts
of cardiac fat that can be used to store and supply energy to the
myocardium during hibernation [9]. How and whether these
observations can be translated to humans is unknown. Epicardial
fat is generally considered a white adipose tissue. Remarkably,
epicardial adipocyte may also have brown fat-like or beige fat fea-
tures, as recently suggested. In fact, small unilocular adipocytes
without UCP-1 immunostaining have been described in epicardial
fat, suggesting some histologic similarities with those described in
vitro in beige lineage adipocytes [17]. In cases of hypothermia,
chronic exposure to cold promotes epicardial fat peroxisome pro-
liferator g coactivator 1 a (PPARgC1 a) activation, a key mediator
of the white-to-beige adipocyte transformation [17]. Epicardial fat
may adapt itself to different metabolic circumstance and function
as brown or beige fat depot as needed. Nevertheless, whether
epicardial fat is a brown fat or it can function as brown fat�like
depot is unclear and also a topic of discussion.

Epicardial adipose tissue overfeeding the heart

Epicardial fat myocardial lipotoxicity

Epicardial fat is higher in experimental animals and in obese
individuals who were fed high-fat diets, particularly in those pre-
senting with excessive abdominal adiposity. However, intracellular
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ectopic fat infiltration seems to be even more important than gen-
eral obesity or intraabdominal visceral adiposity. Intraorgan fatty
infiltration is associated with end-organ damages and increased
cardiovascular risk [18]. Ectopic fat deposition also occurs within
the heart and may cause a metabolic cardiomyopathy. Excessive
epicardial adipose tissue can produce lipotoxic effects throughout
an abnormal lipid deposition and fatty infiltration in the myocar-
dium. As cardiomyocyte fat storage capacity is very limited, high
levels of plasma lipids cause cardiac steatosis, dysfunction, and ulti-
mately failure, as observed in morbid obesity and uncontrolled dia-
betes [19]. High-fat feeding increases the rate of fatty acid
incorporation in all adipose depots [9]. An imbalanced diet can
affect gut microbiome and consequently influence adipose tissue,
including epicardial fat, and metabolism [20]. Pericardial and
epicardial adipose tissue respond similarly to high-fat feeding, but
the magnitude of the response is greater in the epicardial fat depot
[9]. An independent and significant relation of epicardial fat, as
measured with echocardiography, and intramyocardial lipid con-
tent, as measured by proton magnetic resonance spectroscopy has
been described [21]. Myocardial lipid content increases with the
degree of adiposity and may contribute to the adverse structural
and functional cardiac adaptations seen in obese individuals. The
increased myocardial triacylglycerol content can be considered a
result of the FFA overload and saturation of the physiological FFA
oxidative capacity by the heart [19]. Intramyocardial FFAs undergo
peroxidation and saturation, leading to the accumulation of fatty
acid intermediates in the cytoplasm and functional damage to the
heart. Excessive release of FFAs from the epicardial fat into the car-
diomyocytes recently has been evoked as contributory to the
development and progression of AF [2]. FFAs can be transported
from the peri-atrial epicardial fat to the left atrium and lead to elec-
tromechanical changes in atrial tissue, favouring the break through
and re-entry of electrical impulses. Increased epicardial fat could
also influence the intrinsic autonomic system, increasing the pro-
pensity for AF.

Epicardial fat lipid atherogenicity

Epicardial fat plays an important role in the development and
progression of coronary atherosclerosis, as emerged only in the
past decade. The mechanisms underlying the atherogenicity of
epicardial fat are complex and also involve the lipid homeostasis.
Epicardial fat inflammation, innate immunity response, and lipid
metabolism are closely interrelated. Human epicardial fat displays
a dense, intrinsic inflammatory infiltrate, characterized mostly by
proinflammatory M1 macrophages and mast cells [22]. Toll-like
receptors (TLRs), located within epicardial fat macrophages and
adipocytes are activated in response to excessive FFAs, recognized
as endogenous antigens. This leads to an upregulation of transcrip-
tion factors, such as NF-kB and FOS, and their translocation into the
nucleus of epicardial adipocytes. The upregulation of these tran-
scription factors causes an overexpression of epicardial fat inflam-
matory factors such as interleukin (IL)-1, IL-8, IL-6, and tumor
necrosis factor (TNF)-a. Inflammatory mediators then activate
macrophages derived from transdifferentiated adipocytes, induc-
ing lipolysis and upregulation of intracellular adhesion molecule-1
(ICAM-1), IL-6, and monocyte chemoattractant protein-1 (MCP-1),
ultimately leading to the lipid accumulation within the atheroscle-
rotic plaque. Lipase G (LIPG), solute carrier family 7 member 5
(SLC7 A5), and solute carrier family 16 member 10 (SLC16 A10), all
involved in lipid metabolism and nutrient transport, are among the
top upregulated genes in diabetic epicardial fat [16]. Epicardial fat
is also highly enriched in secretory type II phospholipase A2
(sPLA2-IIA or PLA2 G2 A), the rate-limiting enzyme in the synthesis
of proinflammatory lipid mediator [23]. The upregulation of sPLA2

is certainly an additional factor contributing to the lipid build up in
the coronary arteries. The lipogenic effect of epicardial fat also has
been attributed to its highest fat content of conjugated fatty acids
[14].

Epicardial fat glucose atherogenicity

Diabetes is a major and well-known risk factor of coronary ath-
erosclerosis. If insulin resistance and hyperglycemia are traditional
players, epicardial fat emerged as a novel and multifaceted factor.
The paracrine secretion of epicardial inflammatory molecules con-
tributes to the metabolic and inflammatory milieu that promotes
atherosclerosis and cardiac changes in diabetes. Epicardial fat per
se can be considered a relatively insulin-resistant fat depot. In fact,
the rate of insulin-stimulated lipogenesis in epicardial fat tissue is
significantly greater than other visceral fat depots, but insulin had
little or no effects on the incorporation and glucose uptake of
epicardial fat fatty acids [11]. Epicardial adipose tissue glucose uti-
lization is about half that of the intra-abdominal fat depots in mon-
keys [9]. Diabetic epicardial fat transcriptome is unique and
markedly different from that of subcutaneous fat, suggesting a
novel atherogenic pathway in diabetes, as recently reported [24].
Omentin (ITLN1) is the most upregulated gene and secreted adipo-
kine in both diabetic and not diabetic epicardial fat [16,24]. RNA-
sequencing analysis showed that diabetic epicardial fat is highly
enriched in genes involved in inflammation. Upregulated genes in
diabetic epicardial fat included different pathways of the inflam-
matory response, such as cytokine production, leukocyte migra-
tion, cytokine�cytokine interaction, innate inflammatory
response, and AGE-RAGE signaling [24]. Gene-enrichment analysis
of transcription factors showed that expression of diabetic epicar-
dial fat genes is mostly due to the action of upregulated transcrip-
tion factors, such as those belonging to NF-kB family and FOS
family [24]. Epicardial fat could also contribute to create a local cor-
onary insulin resistance. Interestingly, glucose transporter-4
(GLUT4) mRNA levels are lower in epicardial fat, whereas renitol-
binding protein 4 (RBP4) is higher than those in subcutaneous fat
in patients with CAD [25]. Epicardial fat fatty acid composition is
also peculiar in patients with diabetes. Diabetic epicardial fat
shows a significant increase in unsaturated fatty acids 12:0 and
16:0 and a significant decrease in unsaturated fatty acid 20:4 v-6
levels [14]. Epicardial fat in patients with diabetes displays a signif-
icant decrease of palmitic acid (16:0) level and v-3 fatty acids
(20:5 v-3 and 22:6 v-3) and their precursor, 18:2 v-6, and
increase of trans fatty acids and conjugated fatty acids that could
contribute to the diabetic cardiomyopathy mediated by excessive
epicardial fat. Diabetic epicardial fat glucose and lipid metabolism
are closely interrelated. Epicardial fat endothelial LIPG is upregu-
lated in diabetes, as recently reported [24]. LIPG is a gene involved
in the lipid uptake and endothelium regulation and may contribute
to the pathogenesis of diabetic cardiomyopathy. Diabetic epicardial
fat is highly enriched in GOS2, another protein-coding gene, con-
sidered one of the target genes of peroxisome proliferator-acti-
vated receptor (PPAR)a and PPARg [26] which are transcription
factors involved in the regulation of lipid metabolism, mitochon-
drial fatty acid oxidation, inflammation, and immunity. Epicardial
fat overexpression of low-density lipoprotein receptor-related pro-
tein 1 and very low-density lipoprotein receptor has been recently
suggested to play a role diabetic dyslipidemia [27]. Notably, a
recent study pointed out a role of epicardial fat in type 1 diabetes
possibly mediated by leptin [28]. Remarkably, epicardial adipo-
cytes size has been correlated with serum leptin levels [10]. The
lipotoxic effects of palmitate, highly enriched in diabetic epicardial
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fat, could increase serum soluble leptin receptor levels and conse-
quently circulating leptin levels.

Clinical consequences of the overfeeding epicardial adipose
tissue

Epicardial fat is measurable risk factor that can be detected and
assessed with standard imaging techniques. Echocardiography
[4�6], provides a simple, accurate, and readily available measure-
ment of epicardial fat thickness (Fig. 2); whereas computed tomog-
raphy allows a precise assessment of pericoronary or periatrial
epicardial fat volume, but a more expensive and cumbersome mea-
surement [29]. Regardless of how it is measured, epicardial fat is a
marker of visceral adiposity, rather than overall obesity [5]. Echo-
cardiographic epicardial fat strongly and independently reflects
the intra-abdominal visceral fat and intramyocardial triacylglycerol
content, as measured by proton magnetic resonance spectroscopy
[20]. Ultrasound-measured epicardial fat also is related to liver
steatosis and surrogate markers of fatty liver [30]. Epicardial fat,
regardless of how it is assessed, is associated with higher cardio-
metabolic risk, metabolic syndrome, presence and severity of CAD,
and subclinical atherosclerosis [31�33]. Different cutoff points of
epicardial fat thickness were proposed to predict metabolic syn-
drome, although ethnicity and sex can influence these threshold
values and no consensus has yet to be reached [33]. Epicardial fat is
a predictor of fatal and nonfatal coronary events in the general
population, regardless of the traditional cardiovascular risk factors
[34,35]. Epicardial fat, whether measured as thickness or volume,
has been significantly correlated with the extent and severity of
CAD, chest pain, unstable angina, and ST elevation myocardial
infarction [36]. It has been recently reported that epicardial fat is
an independent predictor of the progression and development of
AF even after adjusting for other traditional AF risk factors
[37�39]. Epicardial adipose tissue could contribute to the fibrosis
of neighboring atrial myocardium by secreting inflammatory cyto-
kine profibrotic factors and activin A [39].

Epicardial fat thickness is higher in individuals with prediabetes
and type 2 diabetes, in those with and without atherosclerosis, and
also in patients with type 1 diabetes [40�42]. Epicardial fat thick-
ness is inversely associated with insulin sensitivity, as assessed by
Fig. 2. Echocardiographic parasternal long-axis view of epicardial fat thickness, the
echo free space within the arrows, according to the method first described by
Iacobellis et al. [4�6]. AO, aorta; epi, epicardial; LA, left atrium; LV, left ventricle;
RV, right ventricle.
euglycemic hyperinsulinemic clamp and other markers of insulin
resistance, in adults and adolescents without diabetes [43]. Exces-
sive epicardial fat, either thickness or volume, has been associated
with cardiac changes, such as increased left ventricular mass,
abnormal right ventricle geometry, and enlarged atria in individu-
als with obesity and diabetes [44,45]. Mechanical and biomolecular
mechanisms can explain these correlations. Larger epicardial fat
pad can mechanically affect ventricular work and progressively
lead to a maladaptive ventricular hypertrophy. Epicardial fat profi-
brotic and proinflammatory cytokines can directly affect the cardi-
omyocytes and ultimately cause anatomic and functional changes.
The intense secretory profile of epicardial fat may contribute to the
pathogenesis of diabetes mellitus�related cardiomyopathy [46].
Epicardial fat also can affect the diastolic function in individuals
with diabetes and obesity, because of the mechanical obstacle to
both filling and relaxation caused by the excessive fat pad.

Interventions targeting the epicardial adipose tissue

Epicardial fat is a not only a measurable, but also is a modifi-
able risk factor. In fact, because of its intrinsic rapid metabolism
and simple objective measurability, epicardial fat can serve as a
therapeutic target for interventions directly or indirectly target-
ing the adipose tissue. Earlier and selective visceral fat reduction
has been recently thought to be a key factor in the metabolic
improvement that follows a weight loss. Hence, epicardial fat
changes were evaluated after different weight loss interventions.
Epicardial fat has shown to reduce after very low-calorie diet and
bariatric surgery, although postbariatric surgery effects were
more modest [47�49]. Bariatric surgery causes a large fat mass
reduction, whereas epicardial fat seems to be more sensitive to a
direct intervention. On the contrary, ultrasound-measured epicar-
dial fat thickness significantly and quickly decreased after a very
low-calorie diet in morbidly obese individuals [47]. Remarkably,
the magnitude of epicardial fat reduction when following a low-
calorie diet was higher and faster than that of body mass index
and waist circumference [47]. Changes in epicardial fat thickness
were consensually and independently associated with the
improvement in cardiac parameters in these individuals. Epicar-
dial fat changed with moderate aerobic exercise, but in a lesser
extent than weight loss [50]. The effect of pharmacologic agents
on epicardial fat appears to be more specific and clinically mean-
ingful. The role of the glucagon-like peptide 1 analog (GLP-1 A)
liraglutide on epicardial fat thickness was tested in a 24-wk inter-
ventional case-controlled study in overweight or obese type 2
diabetic individuals on metformin monotherapy [51]. Ultrasound-
measured epicardial fat thickness decreased after 12 and 24 wk,
respectively, accounting for an unprecedented 36% of reduction at
24 wk, whereas there was no significant epicardial fat reduction
in the metformin group. Epicardial fat shrunk independently of
overall weight loss and improved glucose control. A milder, yet
noticeable (�13%), reduction of epicardial fat thickness was also
observed after 12 wk of treatment either with either liraglutide or
exenatide [52]. There was no significant difference between the
two GLP-1 As. Remarkably, it has been recently discovered that
human epicardial fat expressed the GLP-1 receptor (GLP-1 R) gene
and mRNA expression, supporting the hypothesis of a direct effect
of the GLP-1 agonism [53]. GLP-1 R expression was no different
between diabetics and nondiabetics, suggesting the need for a
broader use of GLP-1-analogs targeting the fat. GLP-1 activation
can improve local insulin sensitivity and metabolism by promot-
ing preadipocyte differentiation and browning thermogenesis of
epicardial fat [54,55]. Epicardial fat thickness responded and sig-
nificantly decreased also on sitagliptin, a dipeptidyl peptidase-4



G. Iacobellis and G. Barbaro / Nutrition 59 (2019) 1�6 5
inhibitor (DPP4 i) [56]. DPP4 i treatment increased the brown fat
activity in mice who were fed a high-fat diet [57]. Selective
sodium-glucose cotransporter 2 inhibitors is a new class of antidi-
abetic agents that could induce a clinically meaningful weight
loss. Treatment with dapagliflozin, canagliflozin, and other selec-
tive sodium-glucose cotransporter 2 inhibitors has shown to
decrease epicardial fat volume and thickness in patients with
type 2 diabetes [58�60]. In particular, dapagliflozin increased glu-
cose uptake, reduced the secretion of proinflammatory chemo-
kines, and improved the differentiation of epicardial fat
adipocytes [60]. The effects of statins and glitazones on epicardial
fat also have been explored. Epicardial fat thickness and volume
decreased with atorvastatin better than with simvastatin [61,62].
The effect of atorvastatin on epicardial fat was independent of
lipid-lowering agents or progression of CAD. Pioglitazone caused
a significant reduction of the expression of epicardial fat inflam-
matory cytokines such as IL-1 b [63]. PPARg agonist induced a
rapid browning of the epicardial fat in experimental models [64].
Rosiglitazone treatment caused a significant upregulation of
PPARg coactivator 1-a, a key precursor of brown fat, in epicardial
adipocytes of Zucker rats. Interestingly, GLP-2 R gene and mRNA
expression recently have been found in epicardial fat [53]. GLP-2
activation could induce beneficial effects on the glucose homeo-
stasis and insulin sensitivity, although its role is still under evalu-
ation. Insulin and metformin induced no or modest changes in
the epicardial fat [65].

Future perspectives

Future studies are warranted to further and better understand
the biomolecular and genetic features of epicardial fat and its role
in CAD, AF, and diabetes. Imaging of epicardial fat could become a
routine tool to stratify and predict the cardiometabolic risk for
high-risk patients. Echocardiographic assessment of epicardial fat
could serve as first-step, noninvasive, and readily accessible stan-
dard-of-care procedure. Computed tomography imaging could be a
second-step approach for a volumetric and more accurate epicar-
dial fat mapping. Pharmacologically targeting epicardial fat may
induce beneficial cardiovascular and metabolic effects. Genetic
manipulation of epicardial fat transcriptome could open new ave-
nues in the prevention of cardiovascular diseases.

References

[1] Iacobellis G, Corradi D, Sharma AM. Epicardial adipose tissue: anatomic, bio-
molecular and clinical relationships with the heart. Nat Clin Pract Cardiovasc
Med 2005;2:536–43.

[2] Iacobellis G. Local and systemic effects of the multifaceted epicardial adipose
tissue depot. Nat Rev Endocrinol 2015;11:363–71.

[3] Iacobellis G, Bianco AC. Epicardial adipose tissue: emerging physiological,
pathophysiological and clinical features. Trends Endocrinol Metab
2011;22:450–7.

[4] Iacobellis G, Assael F, Ribaudo MC, Zappaterreno A, Alessi G, Di Mario U, et al.
Epicardial fat from echocardiography: a new method for visceral adipose tis-
sue prediction. Obes Res 2003;11:304–10.

[5] Iacobellis G, Ribaudo MC, Assael F, Vecci E, Tiberti C, Zappaterreno A, et al.
Echocardiographic epicardial adipose tissue is related to anthropometric and
clinical parameters of metabolic syndrome: a new indicator of cardiovascular
risk. J Clin Endocrinol Metab 2003;88:5163–8.

[6] Iacobellis G, Willens HJ. Echocardiographic epicardial fat: a review of research
and clinical applications. J Am Soc Echocardiogr 2009;22:1311–9.

[7] Jermendy AL, Kolossvary M, Drobni ZD, Tarnoki AD, Tarnoki DL, Karady J, et al.
Assessing genetic and environmental influences on epicardial and abdominal
adipose tissue quantities: a classical twin study. Int J Obes 2018;42:163–8.

[8] Iacobellis G. Epicardial and pericardial fat: close, but very different. Obesity
2009;17:625.

[9] Marchington JM, Mattacks CA, Pond CM. Adipose tissue in the mammalian
heart and pericardium; structure, foetal development and biochemical proper-
ties. Comp Biochem Physiol 1989;94 B:225–32.
[10] Bambace C, Telesca M, Zoico E, Sepe A, Olioso D, Rossi A, et al. Adiponectin
gene expression and adipocyte diameter: a comparison between epicardial
and subcutaneous adipose tissue in men. Cardiovasc Pathol 2011;20:e153–6.

[11] Marchington JM, Pond CM. Site-specific properties of pericardial and epicar-
dial adipose tissue. the effects of insulin and high-fat feeding on lipogenesis
and the incorporation of fatty acids in vitro. Int J Obes 1990;14:1013–22.

[12] Vural B, Atalar F, Ciftci C, Demirkan A, Susleyici-Duman B, Gunay D. Presence of
fatty-acid-binding protein 4 expression in human epicardial adipose tissue in
metabolic syndrome. Cardiovasc Pathol 2008;17:392–8.

[13] Iacobellis G, Pistilli D, Gucciardo M, Leonetti F, Miraldi F, Brancaccio G, et al.
Adiponectin expression in human epicardial adipose tissue in vivo is lower in
patients with CAD. Cytokine 2005;29:251–5.

[14] Pezeshkian M, Mahtabipour MR. Epicardial and subcutaneous adipose tissue
Fatty acids profiles in diabetic and non-diabetic patients candidate for coro-
nary artery bypass graft. Bioimpacts 2013;3:83–9.

[15] Sacks HS, Fain JN, Holman B, Cheema P, Chary A, Parks F. Uncoupling protein-1
and related mRNAs in human epicardial and other adipose tissues: epicardial
fat functioning as brown fat. J Clin Endocrinol Metab 2009;94:3611–5.

[16] McAninch EA, Fonseca TL, Poggioli R, Panos AL, Salerno TA, Deng Y, et al.
Epicardial adipose tissue has a unique transcriptome modified in severe coro-
nary artery disease. Obesity 2015;23:1267–78.

[17] Sacks HS, Fain JN, Bahouth SW, Ojha S, Frontini A, Budge H, et al. Human epicar-
dial fat exhibits beige features. J Clin Endocrinol Metab 2013;98:E1448–55.

[18] Iozzo P. Myocardial, perivascular, and epicardial fat. Diabetes Care 2011;34:
S371–9.

[19] Kankaanp€a€a M, Lehto HR, P€arkk€a JP, Komu M, Viljanen A, Ferrannini E, et al.
Myocardial triglyceride content and epicardial fat mass in human obesity:
relationship to left ventricular function and serum free fatty acid levels. J Clin
Endocrinol Metab 2006;91:4689–95.

[20] Luna-Luna M, Medina-Urrutia A, Vargas-Alarc�on G, Coss-Rovirosa F, Vargas-
Barr�on J, P�erez-M�endez �O. Adipose tissue in metabolic syndrome: onset and
progression of atherosclerosis. Arch Med Res 2015;46:392–407.

[21] Malavazos AE, Di Leo G, Secchi F, Lupo EN, Dogliotti G, Coman C, et al. Relation
of Echocardiographic epicardial fat thickness and myocardial fat. Am J Cardiol
2010;105:1831–5.

[22] Mazurek T, Zhang L, Zalewski A, Mannion JD, Diehl JT, Arafat H. Human epicar-
dial adipose tissue is a source of inflammatory mediators. Circulation
2003;108:2460–6.

[23] Dutour A, Achard V, Sell H, Naour N, Collart F, Gaborit B, et al. Secretory type
II phospholipase A2 is produced and secreted by epicardial adipose tissue
and overexpressed in patients with CAD. J Clin Endocrinol Metab
2010;95:963–7.

[24] Camarena V, Sant D, Mohseni M, Salerno T, Zaleski ML, Wang G, et al. Novel
atherogenic pathways from the differential transcriptome analysis of diabetic
epicardial adipose tissue. Nutr Metab Cardiovasc Dis 2017;27:739–50.

[25] Salgado-Somoza A, Teijeira-Fern�andez E, Fern�andez AL, Gonz�alez-Juanatey JR,
Eiras S. Proteomic analysis of epicardial and subcutaneous adipose tissue
reveals differences in proteins involved in oxidative stress. Am J Physiol Heart
Circ Physiol 2010;299:H202–9.

[26] Zandbergen F, Mandard S, Escher P, Tan NS, Patsouris D, Jatkoe T, et al. The G0/
G1 switch gene 2 is a novel PPAR target gene. Biochem J 2005;392:313–24.

[27] Nasarre L, Juan-Babot O, Gastelurrutia P, Llucia-Valldeperas A, Badimon L,
Bayes-Genis A, et al. Low density lipoprotein receptor-related protein 1 is
upregulated in epicardial fat from type 2 diabetes mellitus patients and corre-
lates with glucose and triglyceride plasma levels. Acta Diabetol 2014;51:23–
30.

[28] Iacobellis G, Diaz S, Mendez A, Goldberg R. Increased epicardial fat and plasma
leptin in type 1 diabetes independently of obesity. Nutr Metab Cardiovasc Dis
2014;24:725–9.

[29] Sarin S, Wenger C, Marwaha A, Qureshi A, Go BD, Woomert CA, et al. Clinical
significance of epicardial fat measured using cardiac multislice computed
tomography. Am J Cardiol 2008;102:767–71.

[30] Iacobellis G, Barbarini G, Letizia C, Barbaro G. Epicardial fat thickness and non-
alcoholic fatty liver disease in obese subjects. Obesity 2014;22:332–6.

[31] Iacobellis G, Willens HJ, Barbaro G, Sharma AM. Threshold values of high-risk
echocardiographic epicardial fat thickness. Obesity 2008;16:887–92.

[32] Pierdomenico SD, Pierdomenico AM, Cuccurullo F, Iacobellis G. Metaanalysis of
the relation of echocardiographic epicardial adipose tissue thickness and the
metabolic syndrome. Am J Cardiol 2012;15:1234–6.

[33] Iacobellis G, Pellicelli AM, Sharma AM, Grisorio B, Barbarini G, Barbaro G. Rela-
tionship of subepicardial adipose tissue with carotid intima media thickness in
HIV-infected patients. Am J Cardiol 2007;99:1470–2.

[34] Mahabadi AA, Berg MH, Lehmann N, K€alsch H, Bauer M, Kara K, et al. Associa-
tion of epicardial fat with cardiovascular risk factors and incident myocardial
infarction in the general population: the Heinz Nixdorf Recall Study. J Am Coll
Cardiol 2013;61:1388–95.

[35] Iacobellis G, Lonn E, Lamy A, Singh N, Sharma AM. Epicardial fat thickness and
CAD correlate independently of obesity. Int J Cardiol 2011;146:452–4.

[36] Park JS, Lee YH, Seo KW, Choi BJ, Choi SY, Yoon MH, et al. Echocardiographic
epicardial fat thickness is a predictor for target vessel revascularization in
patients with ST-elevation myocardial infarction. Lipids Health Dis 2016;15:
194.

http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0001
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0001
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0001
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0002
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0002
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0003
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0003
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0003
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0004
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0004
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0004
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0005
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0005
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0005
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0005
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0006
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0006
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0007
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0007
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0007
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0008
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0008
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0009
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0009
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0009
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0010
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0010
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0010
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0011
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0011
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0011
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0012
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0012
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0012
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0013
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0013
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0013
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0014
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0014
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0014
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0015
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0015
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0015
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0016
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0016
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0016
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0017
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0017
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0018
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0018
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0019
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0019
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0019
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0019
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0019
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0019
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0019
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0020
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0020
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0020
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0020
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0020
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0020
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0020
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0020
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0021
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0021
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0021
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0022
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0022
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0022
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0023
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0023
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0023
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0023
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0024
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0024
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0024
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0025
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0025
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0025
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0025
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0025
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0025
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0025
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0026
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0026
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0027
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0027
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0027
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0027
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0027
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0028
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0028
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0028
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0029
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0029
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0029
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0030
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0030
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0031
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0031
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0032
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0032
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0032
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0033
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0033
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0033
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0034
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0034
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0034
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0034
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0034
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0035
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0035
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0036
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0036
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0036
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0036


6 G. Iacobellis and G. Barbaro / Nutrition 59 (2019) 1�6
[37] Kocyigit D, Gurses KM, Yalcin MU, Turk G, Evranos B, Yorgun H, et al. Periatrial
epicardial adipose tissue thickness is an independent predictor of atrial fibril-
lation recurrence after cryoballoon-based pulmonary vein isolation. J Cardio-
vasc Comput Tomogr 2015;9:295–302.

[38] Iacobellis G, Zaki MC, Garcia D, Willens HJ. Epicardial fat in atrial fibrillation
and heart failure. Horm Metab Res 2014;46:587–90.

[39] Venteclef N, Guglielmi V, Balse E, Gaborit B, Cotillard A, Atassi F, et al. Human
epicardial adipose tissue induces fibrosis of the atrial myocardium through the
secretion of adipo-fibrokines. Eur Heart J 2015;36:795–805.

[40] Iacobellis G, Barbaro G, Gerstein HC. Relationship of epicardial fat thickness
and fasting glucose. Int J Cardiol 2008;128:424–6.

[41] Cetin M, Cakici M, Polat M, Suner A, Zencir C, Ardic I. Relation of epicardial fat
thickness with carotid intima-media thickness in patients with type 2 diabetes
mellitus [E-pub ahead of print]. Int J Endocrinol 2013.

[42] Momesso DP, Bussade I, Epifanio MA, Schettino CD, Russo LA, Kupfer R.
Increased epicardial adipose tissue in type 1 diabetes is associated with central
obesity and metabolic syndrome. Diabetes Res Clin Pract 2011;91:47–53.

[43] Iacobellis G, Leonetti F. Epicardial adipose tissue and insulin resistance in
obese subjects. J Clin Endocrinol Metab 2005;90:6300–2.

[44] Iacobellis G, Ribaudo MC, Zappaterreno A, Iannucci CV, Leonetti F. Relation
between epicardial adipose tissue and left ventricular mass. Am J Cardiol
2004;94:1084–7.

[45] Iacobellis G. Relation of epicardial fat thickness to right ventricular cavity size
in obese subjects. Am J Cardiol 2009;104:1601–2.

[46] Greulich S, Maxhera B, Vandenplas G, de Wiza DH, Smiris K, Mueller H, et al.
Secretory products from epicardial adipose tissue of patients with type 2 diabe-
tes mellitus induce cardiomyocyte dysfunction. Circulation 2012;126:2324–34.

[47] Iacobellis G, Singh N,Wharton S, Sharma AM. Substantial changes in epicardial fat
thickness after weight loss in severely obese subjects. Obesity 2008;16:1693–7.

[48] Willens HJ, Byers P, Chirinos JA, Labrador E, Hare JM, de Marchena E. Effects of
weight loss after bariatric surgery on epicardial fat measured using echocardi-
ography. Am J Cardiol 2007;99:1242–5.

[49] Gaborit B, Jacquier A, Kober F, Abdesselam I, Cuisset T, Boullu-Ciocca S, et al.
Effects of bariatric surgery on cardiac ectopic fat: lesser decrease in epicardial
fat compared to visceral fat loss and no change in myocardial triglyceride con-
tent. J Am Coll Cardiol 2012;60:1381–9.

[50] Kim MK, Tomita T, Kim MJ, Sasai H, Maeda S, Tanaka K. Aerobic exercise train-
ing reduces epicardial fat in obese men. J Appl Physiol 2009;106:5–11.

[51] Iacobellis G, Mohseni M, Bianco SD, Banga PK. Liraglutide causes large and
rapid epicardial fat reduction. Obesity 2017;25:311–6.

[52] Morano S, Romagnoli E, Filardi T. Short-term effects of glucagon-like peptide 1
(GLP-1) receptor agonists on fat distribution in patients with type 2 diabetes
mellitus: an ultrasonography study. Acta Diabetol 2015;52:727–32.
[53] Iacobellis G, Camarena V, Sant DW, Wang G. Human epicardial fat expresses
glucagon-like peptide 1 and 2 receptors genes. Horm Metab Res 2017;49:625–
30.

[54] Yang J, Ren J, Song J, Liu F, Wu C, Wang X, et al. Glucagon-like peptide 1 regu-
lates adipogenesis in 3 T3-L1 preadipocytes. Int J Mol Med 2013;31:1429–35.

[55] Beiroa D, Imbernon M, Gallego R, Senra A, Herranz D, Villarroya F, et al. GLP-1
agonism stimulates brown adipose tissue thermogenesis and browning
through hypothalamic AMPK. Diabetes 2014;63:3346–58.

[56] Lima-Martínez MM, Paoli M, Rodney M, Balladares N, Contreras M, D'Marco L,
et al. Effect of sitagliptin on epicardial fat thickness in subjects with type 2 dia-
betes and obesity: a pilot study. Endocrine 2016;51:448–55.

[57] Shimasaki T, Masaki T, Mitsutomi K, Ueno D, Gotoh K, Chiba S, et al. The dipeptidyl
peptidase-4 inhibitor des-fluoro-sitagliptin regulates brown adipose tissue uncou-
pling protein levels in mice with diet-induced obesity. PLoS One 2013;8:E63626.

[58] Sato T, Aizawa Y, Yuasa S, Kishi S, Fuse K, Fujita S, et al. The effect of dapagliflo-
zin treatment on epicardial adipose tissue volume. Cardiovasc Diabetol
2018;17:6.

[59] Yagi S, Hirata Y, Ise T, Kusunose K, Yamada H, Fukuda D, et al. Canagliflozin
reduces epicardial fat in patients with type 2 diabetes mellitus. Diabetol Metab
Syndr 2017;9:78.

[60] Díaz-Rodríguez E, Agra RM, �AL Fern�andez, Adrio B, García-Caballero T,
Gonz�alez-Juanatey JR, et al. Effects of dapagliflozin on human epicardial adi-
pose tissue: modulation of insulin resistance, inflammatory chemokine pro-
duction, and differentiation ability. Cardiovasc Res 2018;114:336–40.

[61] Park JH, Park YS, Kim YJ, Lee IS, Kim JH, Lee JH. Effects of statins on the epicar-
dial fat thickness in patients with coronary artery stenosis underwent percuta-
neous coronary intervention: comparison of atorvastatin with simvastatin/
ezetimibe. J Cardiovasc Ultrasound 2010;18:121–6.

[62] Alexopoulos N, Melek BH, Arepalli CD, Hartlage GR, Chen Z, Kim S, et al. Effect
of intensive versus moderate lipid-lowering therapy on epicardial adipose tis-
sue in hyperlipidemic post-menopausal women: a substudy of the BELLES trial
(Beyond Endorsed Lipid Lowering with EBT Scanning). J Am Coll Cardiol
2013;61:1956–61.

[63] Sacks HS, Fain JN, Cheema P, Bahouth SW, Garrett E, Wolf RY. Inflammatory
genes in epicardial fat contiguous with coronary atherosclerosis in the meta-
bolic syndrome and type 2 diabetes: changes associated with pioglitazone.
Diabetes Care 2011;34:730–3.

[64] Distel E, Penot G, Cadoudal T, Balguy I, Durant S, Benelli C. Early induction of a
brown-like phenotype by rosiglitazone in the epicardial adipose tissue of fatty
Zucker rats. Biochimie 2012;94:1660–7.

[65] Elisha B, Azar M, Taleb N, Bernard S, Iacobellis G, Rabasa-Lhoret R. Body com-
position and epicardial fat in type 2 diabetes patients following insulin dete-
mir versus insulin glargine initiation. HormMetab Res 2016;48:42–7.

http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0037
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0037
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0037
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0037
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0038
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0038
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0039
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0039
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0039
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0040
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0040
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0041
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0041
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0041
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0042
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0042
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0042
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0043
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0043
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0044
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0044
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0044
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0045
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0045
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0046
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0046
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0046
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0047
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0047
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0048
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0048
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0048
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0049
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0049
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0049
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0049
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0050
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0050
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0051
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0051
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0052
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0052
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0052
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0053
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0053
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0053
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0054
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0054
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0055
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0055
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0055
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0056
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0056
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0056
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0057
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0057
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0057
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0058
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0058
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0058
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0059
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0059
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0059
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0060
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0060
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0060
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0060
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0060
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0060
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0060
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0061
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0061
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0061
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0061
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0062
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0062
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0062
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0062
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0062
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0063
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0063
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0063
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0063
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0064
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0064
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0064
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0065
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0065
http://refhub.elsevier.com/S0899-9007(18)30434-9/sbref0065

	Epicardial adipose tissue feeding and overfeeding the heart
	Introduction
	Anatomy of the epicardial adipose tissue
	Epicardial adipose tissue feeding and heating the heart
	Between physiology and pathology

	Epicardial adipose tissue overfeeding the heart
	Epicardial fat myocardial lipotoxicity
	Epicardial fat lipid atherogenicity
	Epicardial fat glucose atherogenicity

	Clinical consequences of the overfeeding epicardial adipose tissue
	Interventions targeting the epicardial adipose tissue
	Future perspectives
	References


