Periodico trimestrale - marzo - Aut. Trib. di Firenze n. 705 del 29 gennaio 1953 - ISSN 2499-6564 (Online)

Official Journal of
the Italian Society of Gerontology
and Geriatrics

JGG

Indexed in Embase, Excerpta Medica Database, Scopus
Elsevier Database and Emerging Sources Citation Index
(ESCI), a new edition of Web of Science

PACINI

EDITORE
MEDICINA

03
2019

vol. LXVII - Supplement

Special Issue

Cardiac visceral fat and age-related
cardiovascular diseases

Guest Editor
Dario Leosco

Reviews

Proinflammatory phenotype of cardiac visceral
fat in heart failure with preserved ejection fraction
in the elderly

Epicardial adipose tissue in the pathogenesis
and progression of coronary artery disease

Cardiac visceral fat as anatomic substrate and
functional trigger for the development of atrial
fibrillation

Potential role of epicardial adipose tissue in
the pathogenesis of calcific aortic stenosis

Cardiac visceral fat and cardiometabolic risk in
the elderly






Official Journal of
the Italian Society of Gerontology
and Geriatrics

Indexed in Embase, Excerpta Medica Database,
Scopus Elsevier Database and Emerging
Sources Citation Index (ESCI), a new edition of
Web of Science

Editorial Board

Editor-In-Chief
Gianluigi Vendemiale — Universita di Foggia, Italy

Former Editor
Mario Barbagallo — Universita di Palermo, Italy

Deputy Editor

Gaetano Serviddio — Universita di Foggia, Italy

Managing Editor

Francesco Bellanti — Universita di Foggia, Italy

Honorary Editors

Pier Ugo Carbonin — Universita Cattolica del Sacro Cuore, Roma, Italy
Gaetano Crepaldi — Consiglio Nazionale delle Ricerche, Italy
Giulio Masotti — Azienda Ospedaliera Caregqi, Firenze, Italy
Franco Rengo — Scientific Direction, Genova, Italy

Gianfranco Salvioli — Universita di Modena e Reggio Emilia, Italy
Umberto Senin — Universita di Perugia, Italy

Senior Editors

Roberto Bernabei — Universita Cattolica del Sacro Cuore, Roma, Italy
Sergio Della Sala — University of Edinburgh, UK

Paul Edison — Imperial College, London, UK

Nicola Ferrara — Universita di Napoli “Federico II”, Italy

Luigi Ferrucci — National Institute of Aging, Bethesda, USA

Paul T. Francis — King’s College, London, UK

Laura Fratiglioni — Stiftelsen Stockholm Léns Aldrecentrum, Sweden
Walter J. Koch — Temple University, Philadelphia, USA

Niccold Marchionni — Azienda Ospedaliera Careggi, Firenze, Italy
Jean-Pierre Michel — Geneva University, Switzerland

Giuseppe Paolisso — Universita della Campania “Luigi Vanvitell”, Napol, ltaly
Nicola Pavese — Newcastle University, UK

Munir Pirmohamed — University of Liverpool, UK

Giuseppe Poli — Universita di Torino, Italy

Michele Tagliati — Cedars-Sinai Medical Center, Los Angeles, USA
Marco Trabucchi — ltalian Psychogeriatric Association, Brescia, Italy
José Vina Ribes — Universidad de Valencia, Spain

Associate Editors

Biogerontology

Ettore Bergamini — Universita Campus Bio-Medico, Roma, Italy
Tommaso Cassano - Universita di Foggia, Italy

Graziamaria Corbi — Universita del Molise, Campobasso, Italy

Mauro Di Bari — Universita di Firenze, Italy

Claudio Franceschi — Istituto delle Scienze Neurologiche, Bologna, Italy
Anna Maria Giudetti — Universita del Salento, Lecce, Italy

Fabrizia Lattanzio — Istituto Nazionale Riposo e Cura Anziani, Ancona, Italy
Dario Leosco — Universita di Napoli “Federico II”, Italy

Patrizio Odetti — Universita di Genova, Italy

Maria Cristina Polidori — Uniklinik Kéin, Germany

JOURNAL OF

GERONTOLOGY
AND GERIATRICS

03

vol. LXVII - Supplement

Clinical Geriatrics

Angela Marie Abbatecola — Alzheimer’s Disease Clinic Department,
Frosinone, Italy

Pasquale Abete — Universita di Napoli “Federico II”, Italy

Giorgio Annoni — Universita di Milano “Bicocca”, Italy

Raffaele Antonelli Incalzi — Universita Campus Bio-Medico, Roma, Italy
Lodovico Balducci — Moffitt Cancer Center, Tampa, USA
Michelangela Barbieri — Universita della Campania “Luigi Vanvitelli”,
Napoli, Italy

Mario Belvedere — Universita di Palermo, Italy

Bruno Bernardini — Consiglio Nazionale delle Ricerche, Italy

Marco Bertolotti — Universita di Modena e Reggio Emilia, Italy
Angelo Bianchetti — Istituto Clinico Sant’Anna, Brescia, Italy
Massimo Calabro — Ospedale Ca’ Foncello, Treviso, Italy

Vincenzo Canonico — Universita di Napoli “Federico II”, Italy
Cristiano Capurso - Universita di Foggia, Italy

Giovanna Elisiana Carpagnano - Universita di Foggia, Iltaly

Michele Cassano - Universita di Foggia, Italy

Giampaolo Ceda — Universita di Parma, Italy

Alberto Cester — Ospedale Civile di Dolo, Vienezia, Italy

Antonio Cherubini — Istituto Nazionale Riposo e Cura Anziani, Ancona, ltaly
Francesco Corica — Universita di Messina, Italy

Andrea Corsonello — Istituto Nazionale Riposo e Cura Anziani, Ancona, Italy
Domenico Cucinotta — Universita di Messina, Italy

Walter De Alfieri — Ospedale di Castel del Piano, Grosseto, Italy

Ligia Juliana Dominguez Rodriguez — Universita di Palermo, Italy
Lorenzo Maria Donini — Universita di Roma “La Sapienza”, Italy
Paolo Falaschi — Azienda Ospedaliera Sant’Andrea, Roma, Italy
Giovanni Gambassi — Universita Cattolica del Sacro Cuore, Roma, Italy
Antonio Guaita — Golgi Cenci Foundation, Milano, Italy

Giancarlo Isaia — Universita di Torino, Italy

Francesco Landi — Universita Cattolica del Sacro Cuore, Roma, Italy
Maria Lia Lunardelli — Consiglio Nazionale delle Ricerche, Italy
Marcello Giuseppe Maggio — Universita di Parma, Italy

Enzo Manzato — Universita di Padova, Italy

Daniela Mari — Universita di Milano, Italy

Francesco Mattace Raso — Erasmus University Medical Center,
Rotterdam, The Netherlands

Domenico Maugeri — Universita di Catania, Italy

Riccardo Memeo — Universita di Bari, Italy

Chiara Mussi — Universita di Modena e Reggio Emilia, Italy

Claire Nicholl — Addenbrooke’s Hospital, Cambridge, UK

Gabriele Noro — Ospedale Santa Chiara, Trento, Italy

Emanuela Orsi — Fondazione IRCCS Ca’ Granda Ospedale Maggiore
Policlinico, Milano, Italy

PACINI
EDITORE

MEDICINA




JOURNAL OF
GERONTOLOGY
AND GERIATRICS

Ernesto Palummeri — Ospedali Galliera, Genova, ltaly Stefano Volpato — Universita di Ferrara, Iltaly

Giuseppe Rengo — Universita di Napoli “Federico II”, Italy Giuseppe Zuccala — Universita Cattolica del Sacro Cuore, Roma, ltaly
Giovanni Ricevuti — Universita di Pavia, Italy Giovanni Zuliani — Universita di Ferrara, ltaly

Maria Rosaria Rizzo — Universita della Campania “Luigi Vanvitelli”, Geriatric Nursing

Nepoli, Italy i o ) Nicoletta Nicoletti — Dipartimento Salute Anziani, Torino, Italy
Giuseppe Romanelli — Universita di Brescia, Italy Ermellina Zanetti — Azienda Ospedaliera San Gerardo, Monza, Italy

Antonino Davide Romano - Universita di Foggia, Italy
Renzo Rozzini — Fondazione Poliambulanza, Brescia, Italy
Afro Salsi — Universita di Bologna, Italy

Giuseppe Sergi — Universita di Padova, Italy

Sebastiano Bruno Solerte — Universita di Pavia, Italy

Psychosocial Gerontology

Luisa Bartorelli — Fondazione Roma Sanita, Roma, Italy

Orazio Zanetti — IRCCS Centro San Giovanni di Dio Fatebenefratelli,
Brescia, Italy

Vincenzo Solfrizzi — Universita di Bari, Italy Statistical Analysis and Trials
Gabriele Toigo — Azienda Sanitaria Universitaria Integrata, Trieste, Italy Corrado Crocetta — Universita di Foggia, Italy
Mariateresa Ventura — Universita di Bari, Italy Eliano Pio Navarese — University of Alberta, Edmonton, Canada

Scientific secretariat

Valentina Barberi

Journal of Gerontology and Geriatrics

Pacini Editore Srl

Via Gherardesca - 56121 Pisa, Italy

Tel. +39 050 3130376 - Fax +39 050 3130300
secretary@jgerontology-geriatrics.com

Societa Italiana di Gerontologia e Geriatria
Via G.C. Vanini 5, 50129 Firenze, ltaly

Tel. +39 055 474330 - Fax +39 055 461217
E-mail: sigg@sigg.it - www.sigg.it

© Copyright by
Societa ltaliana di Gerontologia e Geriatria

Managing Director
Raffaele Antonelli Incalzi

Publisher

Pacini Editore Srl

Via Gherardesca - 56121 Pisa, Italy

Tel. +39 050 313011 - Fax +39 050 3130300
info@pacinieditore.it

Published online by Pacini Editore Srl,
Pisa, October 2019
online: www.jgerontology-geriatrics.com

Authors Informations
www.jgerontology-geriatrics.com/category/authorsinformation/

Submission online
submission.jgerontology-geriatrics.com

Journal registered at “Registro pubblico degli Operatori della Comunicazione” (Pacini Editore srl registration n. 6269 - 29/8/2001).

The Publisher remains at the complete disposal of those with rights whom it was impossible to contact, and for any omissions.

Subscriber data are treated according to Italian law in DLgs, 30 June 2003, n. 196 as updated with the UE General Data Protection Regulation 2016 - by means of computers operated by specifically responsible personnel.
These data are used by the Publisher to mail this publication. In accordance with Art. 7 of the above mentioned DLgs, 30 June 2003, n. 196, subscribers can, at any time, view, change or delete their personal data or
witlhdr/aw their use by writing to Pacini Editore S.r.L. - Via A. Gherardesca 1, 56121 Ospedaletto (Pisa), Italy. For further information refer to the website: http://www.jgerontology-geriatrics.com/informativa-privacy-privacy-
policy,

Photocopies, for personal use, are permitted within the limits of 15% of each publication by following payment to SIAE of the charge due, article 68, paragraphs 4 and 5 of the Law April 22, 1941, No 633.
Reproductions for professional or commercial use or for any other other purpose other than personal use can be made following a written request and specific authorization in writing from AIDRO, Corso di Porta
Romana, 108, 20122 Milan, Italy (segreteria@aidro.org - www.aidro.org).


mailto:secretary@jgerontology-geriatrics.com

03 2019

vol. LXVII - Supplement

Official Journal of
the Italian Society of Gerontology
and Geriatrics

Special Issue
Cardiac visceral fat and age-related

cardiovascular diseases
Guest Editor
Dario Leosco

Reviews

Proinflammatory phenotype of cardiac visceral fat in heart failure

with preserved ejection fraction in the elderly

D. Leosco, L. Petraglia, FV. Grieco, M. Conte, N. Ferrara, V. Parisi................ccccoeuu.... 195

Epicardial adipose tissue in the pathogenesis and progression
of coronary artery disease
L. Petraglia, M. Conte, F\. Grieco, L. Ferrante, C. RusSO, V. PariSi ...............cccccvvvvunne.. 205

Cardiac visceral fat as anatomic substrate and functional trigger for

the development of atrial fibrillation

FV. Grieco, L. Petraglia, M. Conte, C. Russo, S. Provenzano, L. Ferrante,

L L B A T 213

Potential role of epicardial adipose tissue in the pathogenesis of
calcific aortic stenosis
M. Conte, L. Petraglia, FV. Grieco, C. Russo, S. Provenzano, P Campana, V. Parisi ....... 219

Cardiac visceral fat and cardiometabolic risk in the elderly
A. Lo Buglio, F. Bellanti, G. Vendemiale....................ccoeeeeveveevevereeeesesrererevsesvsrsvereversnnns 226






2019;67(Suppl):195-204

Review

Proinflammatory phenotype of cardiac visceral fat in heart failure
with preserved ejection fraction in the elderly

D. Leosco, L. Petraglia, FV. Grieco, M. Conte, N. Ferrara, V. Parisi

Department of Translational Medical Science, University of Naples “Federico II", Naples, Italy

Nearly half of all patients with heart failure (HF) symptoms have HF with preserved ejection fraction (HFpEF)
and the prevalence of this pathologic condition is rising being aging one of the most important risk factors.
HFpEF is a very challenging syndrome vulnerable and frail affecting, in the most of cases, patients, with high
health care costs due to high number of hospitalizations and medical cares.

More and more evidence are accumulating on the role of inflammation in the pathogenesis of HFpEF. The
presence of multiple comorbidities in HFpEF may significantly contribute to a systemic pro-inflammatory state
which negatively affects the myocardium.

Obesity promotes systemic inflammation and exacerbates the inflammatory burden imposed by ma-
ny chronic extracardiac comorbidities. Importantly, the chronic systemic inflammation related to obesity
is associated to a significant increase of the amount of epicardial adipose tissue (EAT), the cardiac viscer-
al fat. The increase of EAT volume is associated to a pro-inflammatory state of this fat depot. Several ob-
servations support the hypothesis that the inflammation of EAT can act in a paracrine and vasocrine man-
ner to influence the structure and function of the heart, thus contributing to the pathohenesis of HFpEF.
Given the recognized role of EAT in the pathophysiology of HFpEF, it should be desirable to identify specific
therapies targeting the cardiac visceral fat and able to modulate its pro-inflammatory profile and the negative
effect of the inflammatory burden on the neighboring myocardium.

Key words: Epicardial adipose tissue, Heart failure, Elderly

INTRODUCTION of all patients with HF symptoms have HFpEF and the

prevalence of this pathologic condition is rising being
aging one of the most important risk factors. The clinical
outcomes of HFpEF are similar to those with HFrEF. In
fact, 30-day to 1-year mortality post hospital discharge
is similar between HFpEF and HFrEF and patients with
either HF syndrome show similar functional limitations
and poor quality of life 29, On the other hand, mor-
bidity and cause of death are quite different between
the two syndromes, being HFpEF predominantly as-

In the elders, heart failure (HF) shows clinical features
that are substantially different to those observed in the
adult population. In fact, in patients over 75 years, this
syndrome predominantly affects women with isolated
systolic hypertension, normal left ventricular ejection
fraction, and several extracardiac comorbidities. In this
regard, since 2000, Rich et al. identified the main char-

acteristics of HF in the elderly population and paved
the way for the nosographic identification of a new car-
diovascular syndrome, to date known as heart failure
with preserved ejection fraction (HFpEF) '. Nearly half

sociated with extracardiac comorbidities and deaths of
non cardiac causes. The peculiarities of HFpEF imply
many challenges for the researchers and the clinicians
for several reasons: the population affected by HFpEF
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is very heterogeneous and its inclusion in clinical tri-
als is particularly difficult, especially for the oldest-old;
mechanistic hypothesis are still lacking due to limited
access to biopsies from human heart tissues and the
difficulties in obtaining adequate experimental models;
the pathophysiological mechanisms accounting for this
syndrome are often multifactorial, thus explaining why
there is no evidence based therapy, to date, showing
efficacy on the hard outcomes, such as morbidity and
mortality 115,

Overall, HFpEF is a very challenging syndrome, af-
fecting, in the most of cases, patients vulnerable and
frail, with high health care costs due to high number
of hospitalizations and medical cares. This review aims
to report recent advances in the knowledge of the
pathophysiology of HFpEF that can help for a better
understanding of the mechanisms potentially involved
in the onset and progression of such devastating car-
diovascular disease.

EXTRACARDIAC COMORBIDITIES, SYSTEMIC
INFLAMMATION AND HFPEF

More and more evidence are accumulating on the role
of inflammation in the pathogenesis of HFpEF. Results
from left ventricular (LV) endomyocardial biopsy ® and
analyses of inflammatory cell markers ' indicate in-
creased oxidative stress and depressed NO-signaling
resulting in inflammation. Importantly, the presence
of multiple comorbidities in HFpEF may significantly
contribute to a systemic pro-inflammatory state which
negatively affects the myocardium.

Chronic kidney disease (CKD) occurs in one third of
HFpEF patients and is associated with poor progno-
sis 71819 Albuminuria, occurring in almost 30% of HF-
pEF patients, leads to activation of the RAAS system,
and systemic inflammation. It has been hypothesized
a bidirectional continuum between renal dysfunction
and HFpEF. CKD may lead by itself to myocardial
inflammation, fibrosis, and resultant HFpEF. On the
other hand, HFpEF may cause renal dysfunction by
triggering RAAS pathway activation and venous con-
gestion. In this regard, there are several pathways that
may link renal and cardiac disease such as transient
receptor potential channel-6, a Gg-receptor and ROS
activated nonselective cation channel that plays an
important role in proteinuria and glomerular dysfunc-
tion 20 but that can also induce cardiac hypertrophy 2
and fibrosis 22,

Chronic inflammation is obviously associated to chronic
obstructive pulmonary disease (COPD), which is a cru-
cial determinant of HFpEF mortality 2%, Furthermore,
sleep disordered breathing, often associated to COPD

and HF, lead to systemic inflammation, other than adr-
energic and oxidative activation 24,

Iron deficiency and anemia also contribute to immune
responses, systemic inflammation and oxidative stress
in HFpEF 25,

Diabetes mellitus (DM) is a common comorbidity in HF-
pPEF and has a significant negative impact on progno-
sis. Insulin resistance in diabetes mellitus increases free
fatty acid utilization by cardiomyocytes, thus leading to
mitochondrial dysfunction, production of toxic lipid in-
termediates, and increased reactive oxygen species 2.
Increased visceral fat, frequently seen in the DM popu-
lation, also results in the release of proinflammatory
cytokines. Hyperglycemia-induced advanced glycation
end-products impair microvascular function and de-
crease nitric oxide availability 26.

Sarcopenia is another common condition in HFpEF.
Frail patients with HFpEF are frequently affected
by sarcopenia, which is a major component of the
pathophysiology of frailty 2”. Sarcopenia, given the
impairment of limb and respiratory skeletal muscles
leading to further functional decline, may contribute to
cardiovascular remodelling and dysfunction and to the
development of HFpEF through systemic inflamma-
tion and different metabolic and endocrine abnormali-
ties 28,

The incidence of new-onset depression is high in HF
(5.7-7.9%). The pathophysiology underlying the ad-
verse effect of depression in HF patients has not been
delineated. Potential factors linking depression with HF
include activation of inflammatory cascades, dysregula-
tion of neurohormonal axes, arrhythmias, and behav-
ioural effects 2°.

All these comorbidities induce a systemic proinflamma-
tory state with elevated plasma levels of interleukin (IL)-
6, tumor necrosis factor (TNF)-a, soluble ST2 (sST2),
and pentraxin 3 °. Coronary microvascular endothelial
cells reactively produce reactive oxygen species, vas-
cular cell adhesion molecule (VCAM), and E-selectin.
Production of ROS leads to formation of peroxynitrite
and reduction of nitric oxide bioavailability with conse-
quent lower soluble guanylate cyclase (sGC) activity in
cardiomyocytes. Lower sGC activity decreases cyclic
guanosine monophosphate concentration and protein
kinase G (PKG) activity. This represents a prohyper-
trophic stimuli inducing cardiomyocyte hypertrophy.
Endothelial expression of VCAM and E-selectin is as-
sociated to monocytes migration into the subendothe-
lium which release transforming growth factor, thus
stimulating conversion of fibroblasts to myofibroblasts,
with consequent deposition of collagen in the interstitial
space.
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EPICARDIAL ADIPOSE TISSUE MEDIATES

DELETERIOUS EFFECTS OF OBESITY AND

INFLAMMATION ON THE MYOCARDIUM IN
HFPEF

Obesity promotes systemic inflammation °' %2 and ex-
acerbates the inflammatory burden imposed by many
chronic extracardiac comorbidities. Importantly, the
chronic systemic inflammation related to obesity is ac-
companied by a significant increase of epicardial adi-
pose tissue (EAT) mass . It is known that inflammation
may lead to adipogenesis. This represents an adaptive
mechanism preventing the deposition of proinflamma-
tory fatty acids in cells 34, Interestingly, EAT is more sen-
sitive to lipogenesis than other types of visceral adipose
tissue . In fact, it contains plastic mesenchymal cells
that are the source of progenitor cardiomyocytes during
fetal development but, in adulthood, differentiate into
adipocytes %). Systemic inflammation affects the biol-
ogy of EAT 3% promoting its transition toward a proin-
flammatory phenotype “°. Several observations support
the hypothesis that the inflammation of EAT can act in
a paracrine manner to influence the structure and func-
tion of neighboring tissues #' “2. Furthermore, the re-
lease of proinflammatory adipocytokines from EAT into
the general circulation may contribute to the systemic
inflammatory state; systemic inflammation, in turn, can
promote the accumulation of EAT, which induces local
and systemic inflammation and end-organ dysfunction,
thus creating a bidirectional continuum 348,

Therefore, obesity, such as other extracardiac comor-
bidities, promotes changes in the physiological char-
acteristics of EAT which starts to produce and secrete
proinflammatory factors. Of these, leptin, tumor necrosis
factor-a, interleukin 1-f, interleukin-6, and resistin pro-
mote the infiltration of macrophages, destroy microvas-
cular systems, and activate profibrotic pathways 452, As
regard to leptin, it is known that obesity is characterized
by high circulating levels of aldosterone, secreted by
adipocytes or directly released from the adrenal gland in
response to leptin 2. This is also exacerbated by a loss
of the antialdosterone action of natriuretic peptides given
the increased neprilysin activity in obesity. Visceral adi-
posity also leads to increased signaling through the leptin
receptor, which causes sodium retention by a direct ac-
tion on the renal tubules. EAT-derived leptin promotes
cardiac inflammation, microcirculatory abnormalities,
and fibrosis. The resulting interaction of aldosterone and
leptin promotes plasma volume expansion and regional
and systemic inflammation and fibrosis.

Another important mechanism by which EAT may ex-
ert an unfavourable activity for the myocardium and
causes cardiac damage depends on the migration of

EAT derived mesenchymal stem cells to the neighbor-
ing myocardium and differentiation of these cells into
fibroblasts 546,

There are several experimental and clinical studies
indicating a relationship between EAT volume and in-
flammatory profile and the degree of cardiac inflamma-
tion 43995788 |t is widely recognized that EAT, especially
the periatrial fat, may represent an inflammatory sub-
strate acting as a trigger for the development of atrial
arrhythmias %94, Interestingly, increased volume and
proinflammatory abnormalities of EAT are close to myo-
cardial areas of myocardium characterized by marked
electrophysiological derangement 6 %, In obese indi-
viduals, increased EAT volume is significantly associ-
ated with an impaired myocardial microcirculation, ab-
normalities of cardiac diastolic properties and increased
vascular stiffness, and left atrial dilatation ¢, In these
patients, structural and functional abnormalities of EAT
often precedes clinical presentation of HFpEF 7174,
Another important evidence supporting the role of EAT
as transducer of inflammatory signals derives from the
observation of the structural abnormalities of cardiac
visceral fat in patients affected by chronic systemic in-
flammatory disorders. In this regard, patients with rheu-
matoid arthritis, human immunodeficiency, virus infec-
tion, psoriasis, show increased EAT mass that is also
associated to alterations of cardiac microcirculation,
myocardial fibrosis, and cardiac diastolic abnormalities,
that are all typical of HFpEF 757°, This may explain the
significant higher risk of developing HF in these clinical
settings.

If it is true that extracardiac comorbidities contribute to
the pathogenesis of HFpEF, it is also evident that EAT
may play a role, through the release of proinflamma-
tory adipocytokines, in exacerbating the dysfunction of
visceral organs, other than the heart. In fact, increased
EAT volume is associated to inflammation and fibrosis
in the kidneys, lungs, liver, and brain, whose dysfunc-
tion participates to the clinical features of HFpEF 8082,

EAT AND CARDIAC SYMPATHETIC
DENERVATION IN HF

Cardiac sympathetic nervous system (SNS) hyperactiv-
ity is associated to HF ' and represents a compen-
satory mechanism to the loss of cardiac contractility
aiming at increasing myocardial inotropism to preserve
cardiac output. However, in the long term, this mecha-
nism is associated to unfavourable cardiac remod-
eling and increased mortality 8%, In the failing heart,
a defect of neuronal norepinephrine reuptake caused
by post-transcriptional downregulation of the cardiac
norepinephrine transporter 8% leads to an increase
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in norepinephrine concentration in the sympathetic
synapses. This is responsible for impaired myocardial
B-adrenergic receptor system and functional and ana-
tomic sympathetic denervation of the heart %%,
Although SNS hyperactivity in HF is mainly mediated
by norepinephrine-releasing neurons and by circulating
norepinephrine and epinephrine, other mechanisms
may contribute to sympathetic derangement. For ex-
ample, the adipose tissue, particularly the visceral fat
depots, may stimulate central SNS activity through
dysregulated adipokines production and secretion %7,
In addition, experimental studies have recently dem-
onstrated that adipocytes produce and secrete both
norepinephrine and epinephrine %, thus indicating that
the sympathetic fibers within adipose tissue are not the
only source of catecholamines. In a recent study, Parisi
et al have demonstrated, in HF patients, that EAT rep-
resents an important source of norepinephrine, whose
levels are 2-fold higher than those found in plasma .
Because of the EAT proximity to the myocardium, the
increase in catecholamine content in this tissue could
result in a negative feedback on cardiac sympathetic
nerves, which are associated with the ventricular
myocardium, thus inducing a functional and anatomic
denervation of the heart. Therefore, in the context of
a widespread SNS hyperactivity in HF, EAT seems to
play an additive role in generating the final net effect
of cardiac sympathetic denervation. In this study, the
EAT thickness, assessed by echocardiography, was an
independent predictor of 123I-MIBG planar and SPECT
scintigraphic parameters (indexes of cardiac sympa-
thetic innervation) and provided additional predictive
information on cardiac adrenergic nerve activity respect
to important demographic, clinical, and left ventricular
function parameters. Therefore, assessing EAT thick-
ness in patients with HF may provide surrogate informa-
tion on the status of cardiac adrenergic derangement
that is strongly correlated with worse prognosis in HF.
In another study, Parisi et al. also explored the relation-
ship between the presence of sleep disordered breath-
ing and EAT thickness in patients with HF '®. They
found a significant correlation between the EAT increase
and the presence and the severity of sleep apneas and
a significant increase of circulating norepinephrine in
patients with central sleep apnea (CSAs). These data
confirm the results of previous study exploring SNS
activation in HF patients with prevalent obstructive or
central sleep apneas (CSAs). According to results of
Parisi et al, all these studies indicate that CSAs are as-
sociated with a greater SNS activation 101-109),

Overall these evidence indicate EAT as a possible con-
tributor to SNS activation in HF, thus reinforcing the
negative activity of cardiac visceral fat in the pathogen-
esis and progression of HF.

EAT AS A POTENTIAL THERAPEUTIC
TARGET IN HF

Given the recognized role of EAT in the pathophysiol-
ogy of HFpEF, it should be desirable to identify specific
therapies targeting the cardiac visceral fat and able to
modulate its pro-inflammatory profile and the negative
effect of the inflammatory burden on the neighboring
myocardium. The discovery of new drugs for HFpEF is
dramatically needed since the lack, to date, of evidence
based therapy able to ameliorate the outcomes of this
syndrome. In this rewiew, we report the results of recent
studies focusing on this topic.

Statins have been shown to reduce both EAT accumu-
lation and inflammatory status in HF patients %1%, In a
recent study, Parisi et al. 19%-1% explored, in a population
of elderly patients with calcific aortic stenosis, a clinical
model of HFpEF, whether statin therapy might affect EAT
accumulation and inflammatory profile. Major findings
of this study was that statin therapy was significantly
associated to a reduced EAT thickness. Furthermore,
the association between statin therapy and reduction
of EAT accumulation was paralleled by an attenuation
of EAT inflammatory profile. Finally, in vitro studies con-
ducted on the EAT secretomes, obtained from patients
with aortic stenosis, indicated that statin had a direct
and selective anti-inflammatory effect on EAT.

These evidence may explain why statins, independently
from their antinyperlipidemic effect, reduce the develop-
ment of ventricular diastolic abnormalities, myocardial
microcirculatory alterations, and cardiac fibrosis 0111,
Furthermore, the use of statins in patients with HFpEF
is associated with a reduced risk of death in several
observational studies "2 13,

Patients with type 2 diabetes show a marked increase
in the amount of EAT and a high incidence of HFpEF has
been reported in this population 4. Importantly, many
antidiabetic drugs cause weight gain, thus inducing a
further increase of adipogenesis and of EAT. In this re-
gard, insulin increases the volume of EAT %973; this may
explain, at least in part, why its use is associated with
an increased risk of heart failure ''°. Sulfonylureas pro-
mote the insulin activity on adipocytes and enhance the
secretion of proinflammatory adipokines ''¢''8, Thiazo-
lidinediones reduce EAT volume and inflammation and
the secretion of proinflammatory adipocytokines 19122,
Newer antihyperglycemic medications, such as gluca-
gon-like peptide 1 receptor antagonists are typically
associated with weight loss and may reduce the ac-
cumulation of EAT 2%, although they do not revert its
pro-inflammatory phenotype '2* 125, This may explain
why these drugs do not affect the HF outcome in clini-
cal trials 126127, Although other antidiabetic drugs, such
as dipeptidyl peptidase-4 inhibitors are able to reduce
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the volume of EAT 28, they may exacerbate its inflam-
matory state and lead to cardiac fibrosis 2°'3', This
finding explains why dipeptidyl peptidase-4 inhibitors
negatively affect cardiac remodeling and increase the
risk of HF in patients with type 2 diabetes '%2.

It has been recently demonstrated that sodium-glucose
cotransporter 2 inhibitors not only reduce the amount of
EAT, but also ameliorate its inflammation and its secretion
of pro-atherosclerotic and pro-fibrotic cytokines 33 34,
This may explain why these drugs reduce myocardial
fibrosis and improve ventricular diastolic properties 35137
and reduce the risk of several HF outcomes in observa-
tional studies and randomized controlled trials 13841,
Given the ability of mineralocorticoid receptor an-
tagonists, such as eplerenone to revert inflammation in
visceral adipose tissue of obese individuals '#?, further
studies are desiderable to confirm this effect also in
EAT. Preliminary data on these drugs indicate a favour-
able activity to reduce cardiovascular events in patients
with HFpEF 43,

Recent encouraging evidence indicate a positive activ-
ity of neprilysin inhibition in HFpEF '#4. This drug could
counteract the breakdown of natriuretic peptides that is
known to be accelerated in HFpEF.

Finally, the prominent role of inflammation in HFpEF rep-
resents an important motivation for the current research
to explore the efficacy of drugs targeting circulating and
local inflammatory mediators. The results of the recent
CANTOS trial have demonstrated that inhibition of In-
terleukin 1B has potent effect on cardiovascular mor-
bidity and mortality in patients with previous myocardial
infarction 5. Future studies are needed the potential
role of immune therapy also in HFpEF.

CONCLUSIONS

Accumulating evidence strongly support the role of
structural and functional changes of EAT in the patho-
genesis of HFpEF. Many inflammatory factors produced
by cardiac visceral fat may penetrate the myocardium
and coronary vessels in a paracrine and vasocrine man-
ner and express their toxicity in the neighboring tissue.
This promotes profound cardiac alterations such as
fibrosis, alterations of left ventricular filling, derange-
ment of electrophysiological properties, and sympa-
thetic denervation that are all crucial factors for the
development of HFpEF. Although it is widely recognized
the multifactorial nature of HFpEF, EAT represents an
intriguing target for future therapeutic strategies since
its tight interconnection with the heart and its prominent
role in enhance local and systemic inflammation. The
epidemiological explosion of HFpEF and the lack of ef-
ficacious therapy strengthen the need to explore novel

mechanisms and innovative therapeutic approaches
to face the dramatic increase of cardiovascular deaths
that are expected in the next decades.
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Review

Epicardial adipose tissue in the pathogenesis and progression
of coronary artery disease

L. Petraglia, M. Conte, F.V. Grieco, L. Ferrante, C. Russo, V. Parisi
Department of Translational Medical Science, University of Naples “Federico II", Naples, Italy

Coronary artery disease (CAD) represents one of the most important causes of morbility, hospitalization and
death, and its incidence greatly increases in the elderly population. In the last decades, several pieces of evi-
dence have suggested a pathogenetic role of systemic and visceral fat inflammation in the development and
progression of CAD. The epicardial adipose tissue (EAT), the visceral fat depot of heart, produces and secretes
numerous pro-inflammatory mediators that could be involved in the pathogenesis of coronary atherosclerosis.
Furthermore, age-related low-grade inflammation leads to the accumulation and inflammation of EAT. There-
fore, this review aims to explore the potential implication of EAT in the pathogenesis of CAD, the link between
systemic inflammation and an EAT pro-inflammatory phenotype, and, finally the perspectives for novel thera-

peutic strategies targeting the cardiac visceral fat.

Key words: Epicardial adipose tissue, Coronary artery disease, Elderly

INTRODUCTION

Coronary artery disease (CAD) represents one of the most
important causes of morbility, hospitalization and death
worldwide. In the elders, the incidence of cardiovascular
disease is greatly increased. In particular, advanced age
is associated with higher incidence of myocardial infarc-
tion, cardiovascular and extracardiac comorbidities 5.
Furthermore, elderly subjects form the largest and fastest
growing part of the population, accounting for one-third
of hospitalization for acute cardiovascular events and for
most of all cardiac deaths 8. Age has been reported as
an important risk predictor in patients admitted in hospital
with non-ST elevation myocardial infarction (NSTE-ACS) °
and some studies have shown poor outcomes and high
age-related mortality rates, after primary percutaneous
coronary interventions in the elderly 1077,

The causes of cardiovascular diseases are complex,
but increasing evidence suggests a pathogenetic role
of inflammation in the development and progression of

CAD. The epicardial adipose tissue (EAT), the visceral
fat depot of heart, produces and secretes numerous
inflammatory mediators that could be involved in the
pathogenesis of coronary atherosclerosis.

Inflammation and CAD

A correlation between inflammation and CAD has been
initially hypothesized since autopsy studies, conducted
in patients died for acute coronary syndrome, showed
the presence of rich inflammatory infiltrates, consisting
of lymphocytes, monocytes, and macrophages, in the
adventitia of coronary arteries. In these studies, the de-
gree of coronary narrowing correlated with the number
of inflammatory cells in the coronary adventitia 2.

In the last decades, several pieces of evidence have
supported the association between infammation and
CAD, identifying many inflammatory mediators in-
volved in the atherosclerotic process. In particular, it
has been demonstrated that, following an atherogenic
stimulus, vascular cells adhesion molecule-1 binds
monocytes and T lymphocytes 3. Once adherent to

B Received: July 31, 2019 - Accepted: October 1, 2019

1 Correspondence: Laura Petraglia, Department of Translational Medical Science, University of Naples "Federico II", via S. Pansini 5, 80130, Naples, Italy.

E-mail: laura_petraglia@virgilio.it

© Copyright by Societa Italiana di Gerontologia e Geriatria (SIGG)

OPEN ACCESS



206

L. Petraglia et al.

the endothelium, the leukocytes penetrate the intima.
Some chemoattractant molecules, such as monocyte
chemoattractant protein-1 (MCP-1), are responsible for
this transmigration at sites of lesion formation '* 5. The
recruited macrophages ingest lipids and become foam
cells . Afterwards, blood-derived inflammatory cells
trigger and perpetuate a local inflammatory response,
also through the release of numerous inflammatory
and fibrogenic mediators, as tumor necrosis factor-a.
(TNF-a) and interleukins (IL) '. Interestingly, in the ath-
erosclerotic plaque, activated macrophages and T cells
can release hydrolytic enzymes, cytokines, chemokines
and growth factors, leading to a focal necrosis of the fi-
brous cap, that becomes thin, weak, and susceptible to
rupture ® 1%, Macrophages also produce tissue factor,
the major procoagulant mediator, triggering thrombosis
found in the plaques 2°. Thus, inflamsmation is respon-
sible for the onset and progression of atherosclerotic
process and plaques rupture.

The pathogenetic role of inflammation in the athero-
sclerotic process is also confirmed by high circulat-
ing levels of acute phase proteins. In clinical studies,
elevated serum levels of C-reactive protein (CRP), IL-6
and TNF-a represent an important prognostic factor
of atherosclerosis development both in patients with
known CAD and in healthy population 2' 22, There is
also a direct correlation between the level of CRP in
the serum and the severity of atherosclerosis in patients
with stable CAD 23, In apparently healthy men, elevated
levels of IL-6 are associated with increased risk of future
myocardial infarction 24,

Of note, aging is characterized by the presence of
chronic low-grade inflammation. This condition can
contribute to the recruitment of inflammatory cells,
damage and impairment of endothelial function, migra-
tion and proliferation of smooth muscle cells to the site
of injury, resulting in the formation of early atheroscle-
rotic lesions and higher susceptibility to CAD °.

VISCERAL ADIPOSE TISSUE AND CAD

In the literature, visceral adipose tissue (VAT) is usu-
ally defined as an intra-abdominal accumulation of
adiposity, predominantly localized at the omental and
mesenteric level. The adipose tissue is composed of
50% of adipocytes and 50% of other cells, such as
stromal vasculature fraction of fibroblasts, endothelial
cells, macrophages and preadipocytes ?°. It has been
demonstrated that persistent positive caloric balance,
as occurs in obesity, induces excessive fat cell en-
largement with consequent adipocyte metabolic and
immune dysfunction 262°, These alterations lead to the
activation of lipolysis, increased formation of free fatty

acids (FFA), oxidative stress, hypoxia, and increased
apoptosis of adipocytes . Moreover, infiltrated mono-
cytes generate M1 macrophages, increasing the total
secretion of pro-inflammatory cytokines, such as
TNF-a, IL-1p8, and IL-6. Through these mediators, the
increase of VAT mass can also contribute to systemic
inflammation ' *2, Several studies have confirmed the
central role of this pro-inflammatory state in endothelial
dysfunction and cardiovascular disease 3%, Of note,
clinical data initially suggested the association between
VAT and CAD. In one of the first observations, non-
obese men with CAD showed larger VAT deposits than
age- and BMI-matched controls *. The association
with CAD remained significant even after adjustment
for risk factors ¥. In a small study population with
known CAD, it has been reported that increased VAT
volume correlates with the presence of multivessel
rather than single vessel disease ®. In a recent study,
VAT was associated with the risk of progression of
non-calcified coronary artery plagues in patients with
CAD %, Interestingly, in obese people, cardiovascular
risk is predominantly associated with visceral than with
subcutaneous adiposity 4041,

EPICARDIAL ADIPOSE TISSUE AND CORONARY
ARTERY DISEASE (FIG. 1)

EAT is the visceral fat depot of the heart, principally dis-
tributed in atrio-ventricular and interventricular grooves,
between the myocardium and the visceral layer of pericar-
dium. The absence of fascial boundaries permits a direct
influence of EAT on surrounding tissues and coronary
arterial vessels 2“4, The increase of EAT mass is associ-
ated to production of several pro-inflammatory and pro-
atherogenic mediators 447, Interestingly, subjects with
angiographically significant CAD show higher EAT thick-
ness than patients without CAD. EAT thickness increases
as the number of vessels with > 50% stenosis increase.
On multiple logistic analysis including various CAD risk
factors, EAT results an independent predictor of CAD 4849,
A prospective study, exploring the metabolic activity of
EAT measured by positron emission tomography (PET)/
CT, has demonstrated that patients with NSTE-ACS
show maximum fludeoxyglucose uptake (SUV) in fat
surrounding coronary arteries. Additionally, the inflam-
matory activity of EAT was greater than in subcutane-
ous, visceral or thoracic adipose tissue, and correlated
with plaque burden and with the necrotic core compo-
nent, assessed by virtual histology intravascular ultra-
sound %°5', These clinical observations have been also
supported by a positive correlation between density
of macrophage infiltrates and SUV, in an experimental
model of atherosclerosis %2.
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Figure 1. Involvement of epicardial adipose tissue in the pathogenesis of atherosclerotic plaque. The figure illustrates the intercor-
relation between Epicardial Adipose Tissue (EAT) and systemic inflammation through a bidirectional continuum. Inflammatory cells
from systemic circulation and from EAT penetrate the lipid core of the atherosclerotic plaque. The imbalance between production of
pro-inflammatory and anti-inflammatory molecules promotes plaque progression and contributes to plaque instability and rupture.

Other studies, conducted in patients with established
CAD, have demonstrated a pathological increase of
EAT-derived inflammatory mediators and their messen-
ger RNA, with a dense infiltration of inflammatory cells
observed in EAT but not in the subcutaneous adipose
tissue “. The inflammatory proatherogenic stimulus
results more evident in patients with acute coronary
syndromes than in patients with stable CAD 52,

In patients undergoing coronary artery bypass graft
(CABG,) surgery, it has been reported an increased EAT
expression of interleukin (IL)-1p, IL-6, TNF-a,, and MCP-
1 compared to that observed in the subcutaneous adi-
pose tissue *°“®. In order to investigate the underlying
mechanism of pro-inflammatory cytokines levels in EAT
of CAD patients, Bourlier et al., performed immunohis-
tochemistry against CD68, marker for all types of mac-
rophages, CD11c, marker for inflammatory M1 mac-
rophages, and CD206, marker for anti-inflammatory

M2 macrophage. CD68 positive macrophages were
significantly increased in the EAT of the CAD group. The
ratio of CD11¢c/CD68-positive cells was significantly
increased, while the ratio of CD206/CD68-positive
cells was significantly decreased in the EAT of the CAD
group 5*. This result demonstrates a relative increase of
M1 macrophages and a relative decrease of M2 mac-
rophages in the EAT of the CAD group. Furthermore,
the ratio of M1/M2 macrophages showed a positive
correlation with the severity of CAD. Overall, these re-
sults suggest that the macrophage polarization in EAT
would play a central pathological role in the coronary
atherosclerotic process %%,

Other studies have demonstrated that patients with
acute coronary syndrome present with a higher expres-
sion and secretion of resistin in the EAT, compared to
patients with stable CAD or subjects without CAD &,
The exact role of resistin is currently unclear. It is
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probably involved in the processes of inflammation and
atherogenesis through increasing expression of adhe-
sion molecules on endothelial cells and impairing vaso-
dilation 5° ., Resistin has been recently linked to the
incidence of acute coronary syndromes and stroke ©'.
In humans, resistin is produced by macrophages  and
correlates with markers of inflammation, as well as with
coronary atherosclerosis . Plasma resistin levels have
been also recently shown to be predictive of mortality
in patients with acute myocardial infarction . Similar
clinical evidence has been reported for Leptin ©.
Several studies have identified adiponectin as the prin-
cipal antiatherogenic protein detected in EAT in physi-
ologic conditions. Adiponectin inhibits the expression
of IL-8 by endothelial cells, increases the production
of anti-inflammatory IL-10 and tissue inhibitor of met-
alloproteinase-1 in macrophages. Finally, this cytokine
exerts vasodilatory properties on small arteries . The
observation of lower levels of adiponectin in the EAT
of CAD patients & suggests that the pro-atherogenic
properties of EAT in CAD are determined by both an
increase of pro-inflammatory mediators and a decrease
of anti-inflammatory cytokines.

Of note, the definitive demonstration of the causative
role of EAT in the development and progression of CAD
derives from animal studies. In fact, surgical resection of
EAT depot in pigs arrests coronary atherogenesis %7°,
As regards the intercorrelation between EAT and sys-
temic inflammation, it is plausible to hypothesize a bi-
directional continuum. The release of proinflammatory
adipocytokines from EAT into the blood may contribute
to the systemic inflammatory state; systemic inflamma-
tion in turn promotes the accumulation of EAT, which in-
duces local and systemic inflammation and end-organ
dysfunction 7072,

PREVENTION AND THERAPEUTIC
INTERVENTIONS

Given the recognized role of EAT in the development
and progression of CAD, this adipose depot could
represent a novel therapeutic target. First of all, dietary
and lifestyle changes can affect the EAT volume and its
inflammatory profile. Some studies have demonstrated
that a marked wheight loss can lead to a reduction or
stabilization of EAT volume @74, Furthermore, in obese
patients, Kim et al. 7® have shown that aerobic exer-
cise is associated with lowering EAT mass. However,
these data remain controversial and are only partially
confirmed by studies conducted on patients under-
went bariatric surgery, showing a greater decrease in
VAT compared to EAT 777, Interestingly, in experimen-
tal animals, Walker et al. ”® have tested EAT fatty acid

composition and inflammatory gene expression after
exposure to two different dietary patterns, containing
respectively high levels of saturated or polyunsaturated
fatty acids. High saturated fatty acids diet modulates
EAT composition, increasing percentage of saturated
fatty acid, and results positively associated with the
expression of pro-inflammatory genes, providing a link
between diet and EAT inflammation. Thus, changes in
dietary quality could represent a nutritional strategy to
reduce EAT inflammation and development of CAD.

As regards pharmacological interventions, new inter-
esting perspectives could result from oral statin therapy.
As known, this class of drug, in addition to lipid lev-
els control, exerts relevant pleiotropic effects, such as
modulation of cell signalling, differentiation and prolif-
eration 7. A recent study has reported a statin-induced
decrease in EAT attenuation on computed tomography,
independent of low-density lipoprotein cholesterol low-
ering, thus demonstrating a decrement in the metabolic
activity of EAT by reduction in cellularity, vascularity and
inflammation &. As reported by Parisi et al., the EAT
thickness correlates with its inflammatory profile, thus
the EAT volume reduction corresponds to a lower se-
cretion of pro-inflammatory cytokines 448182,
Furthermore, in the obese and diabetic populations,
some studies have demonstrated that the use of gluca-
gon-like-protein-1 receptor agonists (GLP-1R), in par-
ticular of liraglutide, induces a significant reduction of
EAT (13%) after 12 weeks of treatment 838, Moreover,
liraglutide, but not metformin, reduces EAT by 29% and
36% at 3 and 6 months, respectively 8. In an animal
model, liraglutide also promotes browning and thermo-
genesis independently of nutrient intake .
Accordingly, sitagliptin, a DPP-4 inhibitor that prevents
GLP-1 degradation, reduces EAT (15%) and VAT in
diabetic individuals . The thiazolidinediones, acting
mainly through the PPAR-y, regulate the expression of
numerous factors secreted from adipose tissue that
greatly influence insulin sensitivity &.

Finally, novel opportunities could result from genetic
manipulation using oligonucleotide inhibitors or micro-
RNA mimics. MicroRNAs are short noncoding RNA
molecules, that permit the fine-tuning of protein expres-
sion in vivo 8 and the modulation of important biological
pathways, such as vascular proliferation (miR-21), re-
modeling (MiR-143/miR145), and atherosclerosis (MiR-
126) %, It has been demonstrated that some microR-
NAs, involved in regulation of adiponectin, glucose and
fatty acids, are upregulated in abdominal adipose tissue
of obese patients °' %2, Further studies are needed to
demonstrate the same effect in EAT.

Unfortunately, outcome studies reporting the predic-
tive value of diet and/or drug related EAT reduction in
CAD patients are not yet available. These studies are
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dramatically needed given the emergent role of EAT in
the pathogenesis of several cardiovascular diseases.

CONCLUSIONS

Several studies have demonstrated the participating
role of pro-inflammatory mediators in the atherogenic
process. Because of the intimacy with myocardium and
coronary vessels, the EAT seems to be the main source
of pro-atherogenic molecules, involved in the develop-
ment and progression of CAD. Realistically, the causative
role of EAT in CAD is determined by both an increase
of pro-inflammatory mediators and a decrease of anti-
inflammatory molecules. Furthermore, chronic inflam-
matory disorders and age-related low-grade inflamma-
tion lead to the accumulation and inflammation of EAT,
promoting in turn local and systemic inflammation with
unavoidable implications in the pathogenesis of CAD.
Finally, dietary/life-style changes and/or drug therapies
can modify volume and secretory profile of EAT, thus
suggesting that cardial visceral fat might represent, in the
next future, a novel therapeutic target for CAD patients.
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Cardiac visceral fat as anatomic substrate and functional trigger
for the development of atrial fibrillation

FV. Grieco, L. Petraglia, M. Conte, C. Russo, S. Provenzano, L. Ferrante, N. Ferrara, V. Parisi

Department of Translational Medical Science, University of Naples “Federico II", Naples, Italy

Atrial Fibrillation (AF) is the most frequent sustained cardiac arrhythmia. It is well known that several risk factors are
associated with AF, such as hypertension, diabetes mellitus and metabolic syndrome, smoking, alcohol, coronary
artery disease (CAD), obstructive sleep apnea, myocardial infarction (Ml), heart failure (HF) and obesity. Further-
more, several pieces of evidence suggest the implication of epicardial adipose tissue (EAT) in the onset of AF. EAT
is the visceral fat depot of the heart, located between the visceral pericardium and the myocardium. In physiologic
conditions, EAT represents a source of antiatherogenic and anti-inflammatory adipokines, shows thermogenic
properties, provides energy, and acts as an immune bartrier.

However, in pathologic conditions, EAT may contribute to the anatomical cardiac substrate for the development of
AF. In fact, EAT can produce and secrete pro-inflammatory cytokines, activin A, matrix metalloproteinases-MMPs,
and reactive oxygen species, that are all factors potentially contributing to atrial collagen deposition, fibrosis, and
scar formation. Furthermore, EAT may penetrate the myocardium and generate atrial fatty infiltrates that in turn may
alter the atrial electrophysiological properties.

This review aims to analyze the main mechanisms underlying the role of EAT in the pathogenesis of AF, and the

potential therapeutic strategies targeting the cardiac visceral fat.

Key words: Epicardial adipose tissue, Atrial fibrillation, Elderly

PATHOPHYSIOLOGY OF ATRIAL FIBRILLATION
IN PATIENTS WITH AND WITHOUT HEART
DISEASE

Atrial Fibrillation (AF) is the most frequent sustained
cardiac arrhythmia affecting 2.5% of the population
worldwide; its prevalence increases with age: 2.3% in
people above 40 years, 5.9% after 65 years, and 10%
in people above 80 years .

The most common symptoms are dyspnea, fatigue, pal-
pitations and angina but, especially in the elderly popula-
tion, AF can be asymptomatic and diagnosed only for
the occurrence of thromboembolic complications 22,
Several risk factors are associated with AF: 1) hyperten-
sion: the relationship between blood pressure has already

been widely demonstrated in the Framingham Heart
Study, in which patients with a systolic blood pressure
> 160 mmHg or diastolic blood pressure > 95 mmHg
were more prone to develop AF 4°; 2) diabetes mellitus
and metabolic syndrome: it is known that diabetic car-
diomyopathy is associated with changes in sympathetic
tone which, in turn, predispose to AF 4°; 3) smoking:
smoke-linked mechanisms, such as oxidative stress
and myocardial fiorosis are the direct culprits of AF 4; 4)
alcohol: alcohol-related cardiac structural changes, such
as dilated cardiomyopathy and electromechanical delay
predispose to AF 7; 5) coronary artery disease (CAD):
patients with CAD have concomitant conditions predis-
posing to AF, such as diabetes, hypertension &; 6) ob-
structive sleep apnea: changes in intrathoracic pressure
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cause alterations of cardiac transmural pressure which,
in turn, predisposes to AF °; 7) myocardial infarction (MI):
possible mechanisms of post-MI AF include ischemia of
the atrial myocardium or the sinus node, myocardial re-
modeling '°; 8) heart failure (HF): HF related mechanisms
predisposing to AF are diastolic dysfunction, electrome-
chanical remodeling of the left atrium, hydrosaline reten-
tion and increased sympathetic tone '8,

Another very important risk factor for the development of
AF is obesity. It is known that obesity is a chronic meta-
bolic disease associated with several conditions such
as cardiovascular diseases and type 2 diabetes. Body
fat mass is distributed in several depots, localized into
two main compartments: subcutaneous (SAT) and vis-
ceral (VAT) adipose tissue. The aforementioned deposits
predominantly contain white adipose tissue (WAT). WAT
is involved in the process of energy production (white
adipocytes store excess lipids in the form of triglycerides
(TG) and release free fatty acids (FFA) in periods of body
energy demand), it synthesizes and releases adipokines
which regulate metabolic homeostasis. Moreover, WAT
is involved in hormone and cytokines secretion, insulin
resistance and vascular diseases.

Brown adipose tissue (BAT) is located in cervical-supr-
aclavicular, perirenal, paravertebral regions and around
the major vessels such as aorta. It is involved in the pro-
cess of energy dissipation by thermogenesis, which oc-
curs through the uncoupling protein-1 (UCP-1), present
in the inner membrane of mitochondria, acting through
the uncoupled respiration.

Numerous studies have reported the association be-
tween obesity and AF, and several hypotheses have
been formulated to explain this correlation: patients with
increased BMI present with increased left atrial size ',
obesity is associated to a chronic low-grade systemic
inflammation contributing to AF development '°, as
well as to other pathological conditions potentially as-
sociated to cardiovascular complications 2, in obese
patients, shorter refractory periods in both left atrial and
pulmonary veins have been identified; obesity is as-
sociated with atrial inflammation and atrial contractile
dysfunction which, in turn, lead to structural remodeling
and electrophysiological abnormalities, thus contribut-
ing to an arrhythmogenic atrial substrate 2'.

ASSOCIATION BETWEEN EPICARDIAL ADIPOSE
TISSUE (EAT) AND AF (FIG. 1)

There is accumulating evidence linking EAT to AF. EAT,
the visceral fat depot of the heart, is located between
the visceral pericardium and the myocardium with ab-
sence of fascial boundaries. Cardiac visceral fat is more
represented in the atrio-ventricular, inter-ventricular

furrows and on the lateral wall of the right ventricle.
Therefore, this tissue is anatomically different from the
pericardial fat (located inside the parietal pericardium)
and from the paracardial fat (located outside the parietal
pericardium) 2. From an embryological point of view,
EAT derives from the splanchno-pleural mesoderm,
while the paracardial fat from the primitive thoracic
mesenchyme; their vascularization is also different: EAT
is served by the coronary arteries, while the paracardial
fat by the branches of the internal mammary artery.
EAT has several functions: it provides mechanical support
to coronary arteries, protecting them from tensions and
twists. In physiologic conditions, it represents a source
of antiatherogenic and anti-inflammatory adipokines, has
thermogenic properties, provides energy, acts as an im-
mune barrier and is a source of fatty acids 2.

The quantification of EAT occurs through different imag-
ing methods, such as echocardiography, computerized
tomography, magnetic resonance 2°. The visualization
of EAT by ultrasonography takes place in parasternal
long-axis view at the level of the fold of Rindfleish, be-
tween the free wall of the right ventricle and the anterior
surface of the ascending aorta. There are several pieces
of evidence showing a correlation between increased
EAT thickness and AF.

Several pathogenetic mechanisms have been proposed
on the implication of EAT in the onset of AF: since the
proximity of EAT to the underlying myocardium, it can
infiltrate the myocardium, thus creating circuits that
alter the propagation of the depolarizing wave and
generating the return phenomena 24, EAT produces
several adipokines that promote myocardial fibrosis:
activin A (a member of TGF-B superfamily) and matrix
metalloproteinases-MMPs (such as MMP1, MMP2,
MMP7, MMP8, MMP9 more abundantly represented
than in subcutaneus adipose tissue). Activin A induces
synthesis of collagen types |, lll and VI, thus promot-
ing a fibrotic effect on atrial myocardium; EAT secretes
several inflammatory factors (PCR, IL-6, IL-8, IL-1b,
TFN-a) 25 that have local pro-inflammatory effects on
atrial myocardium and promote arrythmogenesis 22 2¢,
EAT is a source of reactive oxygen species (ROS) and
their production is greater in human EAT than in SAT. In
animal models, atrial remodeling is attenuated by inhibi-
tion of ROS 22, Ganglionated plexuses have been identi-
fied in EAT. In this regard, it is known that the autonomic
nervous system is implicated in the initiation of AF and
the activation of ganglionated plexuses can cause both
parasympathetic and sympathetic stimulation, resulting
in shortening of action potential duration that, in turn,
plays an important role in the genesis of AF 22, EAT influ-
ences triggers, which are areas located near the pul-
monary veins having spontaneous, rapid and repetitive
electrical activity that can promote AF 2. Inflammatory
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Figure 1. Role of epicardial adipose tissue in the pathogenesis of atrial fibrillation. Epicardial adipose tissue (EAT) may contribute
to the anatomical substrate for the development of atrial fibrillation. In fact, EAT produces and secretes pro-inflammatory cytokines,
activin A, matrix metalloproteinases-MMPs, and reactive oxygen species, that are all factors potentially contributing to atrial collagen
deposition, fibrosis, and scar formation. Furthermore, EAT may penetrate the myocardium and generate atrial fatty infiltrates that may
alter the atrial electrophysiological properties. EAT contains ganglionated plexus and sympathetic fibers. Furthermore, it is a source of
endogenous catecholamines. All these factors may contribute to an increased sympathetic tone and to a sympatho-vagal imbalance,

thus promoting atrial arrhythmias.

cells, like macrophages, have been found in EAT: these
cells produce cytokines, like connective tissue growth
factor (cTGF) that, in turn, stimulate myocardial fibro-
blasts to produce type | and Il collagen ?’. Aromatase
is an enzymatic protein whose function is to convert
androgens into estrogens. It is abundantly expressed in
subcutaneous and visceral adipose tissue. Aromatase
is also expressed in the myocardium and in EAT, thus
indicating the ability of these tissues to synthesize lo-
cally estrogens which, in turn, play an important role in
modulating electromechanical properties, with conse-
quent susceptibility to atrial arrhythmias. In experimen-
tal models, EAT levels of aromatase have been shown
to be higher in aged than in young animals 2229,

ASSOCIATION BETWEEN EAT AND FORMS OF AF

The association between the presence of AF and the
amount of EAT is well recognized *. Recent studies
have also identified a stronger relationship between the
amount of EAT and the persistence of arrhythmia: from

a recent meta-analysis, it is possible to establish that
the EAT amount is greater in patients with paroxysmal
AF and persistent AF than in healthy subjects. There-
fore, these results not only demonstrate the association
between EAT amount and AF, but also indicate a corre-
lation with AF severity. The greatest amount of EAT has
been found in patients with persistent AF. This finding
is in line with the pathophysiological hypothesis, since
it reflects the reduced role of EAT in patients with self-
limiting AF in whom the triggers (vagal hypertone, gas-
troesophageal reflux) play an important role compared
to the EAT modulator activity 2321,

ATRIAL FIBRILLATION RECURRENCE AFTER
ABLATION: RELATIONSHIP WITH EAT AMOUNT

Ablation is one of the procedures used for the treat-
ment of symptomatic and drug-resistant AF. It consists
of the introduction of a catheter in the blood vessels
that is pushed up to the heart, canceling the anomalous
electrical paths; more precisely this procedure prevents
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the departure of unwanted electrical currents from the
pulmonary veins and their arrival at the atria.

Several scientific pieces of evidence have shown the
correlation between EAT and recurrence of atrial fibril-
lation post ablation. Maeda et al studied fibrillating pa-
tients subjected to ablation and stratified the population
according to the EAT volume; it was found that recur-
rent post-ablation AF is more frequent in the group of
patients with higher EAT amount, thus demonstrating
how EAT volume is an independent predictor of recur-
rent AF post ablation %2,

In another study, the relationship between EAT volume
and early and late post-ablation AF was examined;
even in this study, EAT volume resulted as an independ-
ent predictor of early but not late post-ablation AF 2,
According to the findings of a recent meta-analysis,
the EAT measurement, both volume and thickness
measurements, seemed to be acceptable strategies for
risk stratification of AF recurrence. This meta-analysis
showed that total and left atrial-EAT volumes, as well
as EAT thickness, were higher in patients with AF recur-
rence compared to those without AF recurrence after
ablation 34,

Overall, these pieces of evidence indicate that the EAT
volume can be used as a new imaging marker for the
prediction of AF recurrence, together with the already
established predictive factors: older age, female gender,
classical cardiovascular risk factors, non-paroxysmal
AF, left ventricular disfunction, myocardial fibrosis, atrial
enlargement.

THERAPEUTIC PERSPECTIVES

Given the recognized pathogenetic role of EAT on
AF occurrence, it is plausible to hypothesize different
therapeutic strategies for AF acting on EAT volume and
modulating EAT pro-inflammatory profile in the future.
In an AF rabbit model associated with heart failure,
eicosapentaenocic acid has been shown to increase
adiponectin and decrease proinflammatory adipokines,
such as TNF-q, in the atrium and EAT %53,

Botulinum toxin suppresses AF inducibility when in-
jected into EAT in experimental models 3. Accordingly,
in patients with paroxysmal AF, botulinum toxin injection
into EAT during coronary artery bypass grafting provid-
ed atrial tachyarrhythmia suppression both early, as well
as at 1-year follow-up . Interestingly, the use of statins,
such as atorvastatin, is able to reduce the EAT volume
and blunt inflammation %°. A recent meta-analysis re-
ported that, in patients with sinus rhythm undergoing
cardiac surgeries, perioperative statin therapy was as-
sociated with a decrease in the development of post-
operative AF “°. Finally, the use of anti-activin antibodies

is able to neutralize the EAT pro-fibrotic effect in animal
models, thus avoiding negative atrial remodeling *'.

CONCLUSIONS

Current epidemiological and clinical studies demon-
strate a strong association between EAT and AF. How-
ever, many pathophysiological mechanisms are still
unexplored and further studies, especially in humans,
are required to clarify the causative mechanisms of this
association. Additional evidence is also needed regard-
ing the specific roles of different sub-depots of EAT for
AF development. Finally, it will be important to define
whether EAT quantification may contribute to risk strati-
fication and therapeutic management of AF patients.
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Potential role of epicardial adipose tissue in the pathogenesis
of calcific aortic stenosis

M. Conte, L. Petraglia, F.V. Grieco, C. Russo, S. Provenzano, P. Campana, V. Parisi
Department of Translational Medical Science, University of Naples “Federico II", Naples, Italy

Aortic stenosis (AS) is the most common valvular heart disease in industrialized countries, with a prevalence
that increases with age, and represents an important cause of morbidity, hospitalization and death in the el-
derly population.

It is widely recognized that AS is a progressive and active process that leads to calcific degeneration of the
aortic valve, involving complex and multifactorial pathological mechanisms, and including triggering factors
which lead to inflammation. In the last decades, several pieces of evidence have suggested a pathogenetic
role of the epicardial adipose tissue (EAT), the cardiac visceral fat depot, in the development and progression of
AS. EAT contributes to the inflammatory burden of AS through the secretion of numerous pro-inflammatory and
pro-atherogenic cytokines. Therefore, this review aims to explore the potential role of EAT in the pathogenesis

of AS and the potential therapeutic perspectives to slower AS progression.

Key words: Epicardial adipose tissue, Aortic stenosis, Elderly

CALCIFIC AORTIC STENOSIS IN THE ELDERLY

Aortic stenosis (AS) is the most common valvular heart
disease in industrialized countries, with a prevalence
that increases with age. Therefore, a significant in-
crease in prevalence is expected considering aging of
the global population, thus making this disease a huge
health and socio-economic burden -2,

Given the demographic changes leading to an increase
of older people in industrialized countries, the number of
patients affected by degenerative AS will dramatically rise
in the next decades. In this regard, it has been estimated
that, in the European countries, the number of subjects
with symptomatic severe AS will increase from 1.3 mil-
lion in 2025 to 2.1 million in 2050. AS is associated with
frequent hospitalizations, functional decline even in the
absence of reduction of myocardial contractility 4, and
severe prognosis (average survival rate after symptom
onset 50% at two years and 20% at five years) 5,

ACTIVE PATHOPHYSIOLOGICAL MECHANISMS
INVOLVED IN AS (FIG. 1)

In adults, especially in patients over 70 years, calcific de-
generation represents the main mechanism involved in the
development of AS. Several pieces of evidence support
the concept that the pathophysiology of AS shares many
features with vascular atherosclerosis and is associated
with traditional atherosclerotic risk factors such as age,
hypercholesterolemia, smoking, hypertension, diabetes
and obesity ° "', For decades, valve calcification has
been considered as an inevitable consequence of ageing;
nowadays, it is widely recognized that AS is a progressive
and active process, involving multifactorial pathological
mechanisms, ranging from an initial calcification and focal
thickening leaflet with preserved valvular function, to valvu-
lar aortic sclerosis up to the end-stage with obstruction of
the left ventricular outflow due to severe calcification and
immobilization of the valvular leaflets.
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Figure 1. Mechanisms involved in the pathogenesis of calcific aortic stenosis. Differentiation of resident valvular interstitial cells to
an osteoblast-like phenotype is mediated by proinflammatory cytokines such as interleukin 16 (IL-1p), IL-6, IL-8, insulin- like growth
factor 1, tumor necrosis factor (TNF-a), transforming growth factor (3 (TGF-{), mainly secreted by circulating macrophages and activa-
ted T lymphocytes penetrating the endothelium of aortic valve leaftlets. EAT could contribute to this mechanism through the secretion
of pro-inflammatory cytokines reaching the aortic valve interstitium via paracrine and vasocrine pathways.

The active mechanisms involved in the calcific degen-
eration of the aortic valve are particularly complex and
include triggering factors which lead to inflammation.
In this regard, mechanical stresses affecting the aortic
valve during the cardiac cycle may play an important
role in damaging the integrity of the leaflet tissue and
promoting valve calcification. As with atherosclero-
sis, increased mechanical stress and reduced shear
stress result in damage and dysfunction of the valvular
endothelial cells that lose the barrier function against
mechanical, metabolic and inflammatory insults.
Endothelial injury allows infiltration of lipid and inflam-
matory cells into the interstitial valvular tissue. In early
aortic valve lesions, there is the presence of low-density
lipoprotein (LDLs) and lipoprotein A, also implicated in
atherogenesis, which undergo oxidative modifications
becoming highly cytotoxic and promoting inflammatory
activity and mineralization by secretion of proinflamma-
tory and profibrotic cytokines. Oxidized LDLs stimulate
the activation of valve fibroblasts and consequently the
formation of a core for calcium deposition.

In stenotic valve, an important increase in oxidative
stress due to reduction in expression and activity of

antioxidant enzymes was described, associated to a
high production of free radicals, such as superoxide
and oxygen peroxide, which play an important role in
the pathogenesis and progression of AS, promoting the
activation of profibrotic and pro-osteogenic signals 2.
Increased endothelial expression of adhesion mol-
ecules such as E-selectin, intercellular adhesion mole-
cule-1 (ICAM-1) and vascular cell adhesion molecule-1
(VCAM-1), may allow monocytes and T lymphocytes to
penetrate the valvular endothelium and accumulate in
areas of inflammation, where monocytes differentiate
toward macrophages, and activated T cells release cy-
tokines and growth factors capable of inducing fibrosis
and progression of calcification.

Changes in the renin-angiotensin-aldosterone system
occurring in AS generate high levels of Angiotensin I,
which contributes to the pathogenesis of disease in-
creasing LDL uptake, inflammation, and profibrotic state
via the angiotensin Il type 1 (AT1) receptor 3. Moreo-
ver, the inflammatory infiltrate, through the release of
mediators, favors the process of angiogenesis with an
increase in growth factors and endothelial changes able
to promote the progression of fibrosis and calcification.
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As the disease progresses, a remodeling of the extra-
cellular matrix promoted by the activation of metallopro-
teinases and cathepsins occurs, which stimulates the
degradation of elastin and the proliferation of fibroblasts
with consequent fibrosis, thickening and valvular stiff-
ness up to stenosis. In the most advanced stages of
the disease, the presence of cells with osteoblast-like
activity and proteins normally present in the bone, such
as osteonectin, osteopontin, and osteocalcin has been
demonstrated in the valve, suggesting that the calcifica-
tion process occurs in a similar way to that observed in
the bone. The formation of bone tissue at the valvular
level would be the consequence of the activation of mul-
tiple signaling pathways that lead to the differentiation of
fibroblasts into myofibroblasts and osteoblast-like cells,
with consequent formation of calcification nodules ™.
The formation of skeletal bone occurs through the initial
deposition of collagen matrix, which provides a basis
for progressive calcification. A similar process has been
described in the aortic valve.

Several data suggest that inflammation, lipoprotein
infiltration, oxidative stress and extracellular matrix re-
modeling are the main triggers and promoters of the
osteogenic processes observed in aortic valve degen-
eration S,

In stenotic aortic valves, an hyperactivation of bone
morphogenetic protein (BMP) signaling is observed,
with secretion of high levels of bone-forming proteins 2
and 4 from the valvular endothelium, that are implicated
in the mechanism of bone mineralization. This process
increases further as the impairment of the valve open-
ing progresses '°,

Several studies demonstrated the presence of osteo-
blast-like cells and an increase in the gene expression
of different osteoblast-specific proteins commonly as-
sociated with skeletal bone formation such as osteo-
pontin and bone sialoprotein in the valve 7.
Concerning the origin of osteoblast-like cells, the most
accredited hypothesis calls into question the myofibro-
blasts present in the valve interstitium, whose osteo-
blastic differentiation is modulated by numerous mol-
ecules and very complex signaling pathways.

Some data suggest that differentiation of resident val-
vular interstitial cells toward an osteoblast-like pheno-
type would be mediated by proinflammatory cytokines
such as interleukin 1p (IL-1p), IL-6, IL-8, insulin-like
growth factor 1, tumor necrosis factor (TNF), transform-
ing growth factor-g (TGF-B), mainly secreted by mac-
rophages. However, in the later stages of the disease,
this differentiation seems to be modulated by complex
calcified pathways, including the Notch, Wnt/p-catenin,
and receptor activator of nuclear factor kappa B/recep-
tor activator of nuclear factor kappa B ligand/osteopro-
tegerin pathways (RANK/RANKL/OPG) 1820,

RANKL is a member of the TNF cytokine family; RANK
is a transmembrane protein expressed on osteoclast
precursors but also on valvular interstitial cells. In the
bone tissue, binding of RANKL to RANK promotes
osteoclastic differentiation and maturation, inducing
the process of bone resorption and demineralization.
By contrast, in the aortic valve, RANKL binds to RANK
in valvular interstitial cells, acting as a strong inducer
of osteogenic differentiation with subsequent calcium
deposition and formation of calcific nodules 2'.

This pathway is inhibited by osteoprotegerin, a soluble re-
ceptor that binds RANKL and prevents its linking to RANK,
contrasting both the bone demineralization process and
the calcium deposition at the valve level. RANKL acts with
pro-osteoblastic effects even against vascular smooth
muscle cells through the upregulation of BMP-2 22,

VISCERAL FAT AND OBESITY AS RISK
FACTORS FOR AS

It is now recognized that the process of calcific aortic
valve degeneration shares many mechanisms with ath-
erosclerosis including risk factors, such as obesity. Im-
portantly, the increase in visceral fat is associated with
the incidence of cardiovascular events both in general
and in AS populations 2.

In recent decades, a significant increase in the preva-
lence of overweight or obese subjects, often with type
2 diabetes or with metabolic alterations associated with
insulin resistance has been observed: we are talking
about “the metabolic syndrome”. In this regard, the vis-
ceral abdominal fat, through the production of inflam-
matory cytokines, is strongly associated with the de-
velopment of insulin resistance 24 and diabetes mellitus,
and with an increased risk of cardiovascular outcomes.
Pathogenetic factors underlying the complications re-
lated to visceral obesity include a pro-atherogenic alter-
ation of the lipid profile with a reduction of high-density
lipoproteins and an increase in small, low-density lipo-
protein particles. Moreover, another important charac-
teristic is represented by the chronic inflammatory state
with large production of pro-inflammatory cytokines 2.
Therefore, central obesity contributes to the definition
of the metabolic syndrome, which is an important car-
diovascular risk factor associated with the progression
of coronary artery disease, but it is also highly related
to the development and progression of calcific aortic
degeneration. Indeed, several studies have shown the
importance of abdominal visceral adipose tissue in the
development of aortic valve calcification.

The Multi-Ethnic Study of Atherosclerosis (MESA) showed
a significant association between the metabolic syndrome
and the incidence of aortic valve calcification 26,



222

M. Conte et al.

Oikawa et al. highlighted the relationship between the
abdominal visceral adiposity and the presence of aortic
valve calcification, thus supporting the role of visceral
adipose tissue as an independent risk factor for this
valve disease /.

The ASTRONOMER (Aortic Stenosis Progression Obser-
vation Measuring Effects of Rosuvastatin) study showed
a significant association between the metabolic syn-
drome and the progression of aortic valve calcification 28,
There is a growing body of evidence that the involve-
ment of visceral adipose tissue in the pathogenesis of
AS implies inflammatory and oxidative stress processes,
through the production of inflammatory cytokines and
reactive oxygen species (ROS). Reis et al. described an
increased expression of TNF-a, nicotinamide adenine
dinucleotide phosphate (NADPH) oxidase and plas-
minogen activator inhibitor-1 in the adipose tissue of
obese mice. Similarly, they reported an increase in oxi-
dative stress with greater ROS production and increase
in NADPH oxidase activity in obese humans 2°.

Other Authors evaluated the association between glob-
al (estimated with the Body Max Index) and regional
adiposity and valve calcification and mortality for all
cardiovascular causes in a cohort of symptomatic el-
derly patients with severe AS, referred to transcatheter
aortic valve replacement (TAVR). Paradoxically, in this
population a low BMI was associated with aortic valve
calcification and higher incidence of death. Accordingly,
the amount of visceral adipose tissue was inversely as-
sociated with the aortic valve calcification mass score.

This paradox would be, at least in part, explained by the
progressive reduction of the fat mass observed with ag-
ing, that must be ascribed to the increase of catabolic
processes up to the development of sarcopenia and ca-
chexia 23!, Therefore, in elderly obese patients with heart
disease, the favorable prognosis could be linked to the
greater metabolic reserve that allows to better tolerate the
catabolic stress with respect to non-obese patients 2.

ASSOCIATION BETWEEN CARDIAC VISCERAL
FAT AND AS

Several studies explored whether the epicardial adi-
pose tissue (EAT), the cardiac visceral fat depot, could
contribute to the inflammatory burden of AS.

Parisi et al. enrolled 95 patients with severe calcific AS,
who underwent cardiac surgery for aortic valve replace-
ment. In these patients, EAT thickness was assessed
by echocardiography, and systemic and local inflam-
matory profiles were analyzed measuring the levels of
27 cytokines both in plasma and in the EAT secretome.
EAT thickness was significantly higher in patients
with AS than in the control group. Plasma levels of

inflammatory mediators were almost similar in AS pa-
tients and controls. Noteworthy, the EAT secretome of
patients with increased EAT thickness showed higher
levels of inflammatory mediators. Furthermore, the
thickness of EAT significantly correlated with the levels
of different pro-inflammatory and pro-atherogenic cy-
tokines, such as IL-6, TNF-a, MCP-1, IL-1p, so that the
greater the thickness of EAT, the greater the secretion
of these mediators. These data support the hypothesis
of a pro-inflammatory activation of EAT in patients with
AS, and of EAT involvement in aortic valve calcific de-
generation %3,

Other studies investigated and confirmed the associa-
tion between EAT and AS development. A retrospec-
tive study determined the EAT thickness in 400 patients
with and without AS, concluding that the EAT thickness
was significantly associated with severe AS, indepen-
dently of traditional risk factors 4.

A recent study evaluated the prognostic value of EAT
volume (assessed by pre-procedural multi-detector
computed tomography) in 503 patients with severe AS
undergoing TAVR. The volume of EAT was significantly
correlated with mortality after TAVR, resulting indepen-
dently associated with all-cause mortality at 1, 2 and 3
years. Therefore, the pre-interventional assessment of
EAT volume was proposed by these authors as an im-
portant prognostic factor for risk stratification of TAVR
candidate patients 5.

Importantly, EAT could also contribute to unfavorable
cardiac remodeling in response to the presence of aor-
tic valve disease. AS determines an increase in post-
load and leads to a chronic pressure overload of the
left ventricle, resulting in concentric hypertrophy. This
response is initially an adaptive phenomenon that al-
lows the heart to overcome the obstacle represented
by valve stenosis while maintaining adequate cardiac
output even under stress. However, as for other com-
pensatory mechanisms, it becomes a maladaptive
phenomenon over time and evolves towards diastolic
dysfunction, finally leading to heart failure . Numerous
pieces of evidence support the role of EAT in promoting
myocardial hypertrophy ¥. The presence of increased
EAT mass in AS could enhance the hypertrophic stimuli
induced by chronic pressure overload and contribute to
negative cardiac remodeling.

Coisne et al. recently analyzed the specific association
between EAT and ventricular remodeling assessed by
a comprehensive transthoracic echocardiography (TTE)
in patients suffering from severe AS and normal left ven-
tricular ejection fraction. In these patients, the Authors
showed that the EAT thickness was significantly and in-
dependently associated with the hypertrophic response
estimated by indexed left ventricular mass and with a
more pathological remodeling pattern. The intense



Potential role of epicardial adipose tissue in the pathogenesis of calcific aortic stenosis 223

metabolic and pro-inflammatory activity of EAT could
account for this association. The causative mechanism
explaining the association between EAT pro-inflamma-
tory activity and cardiac damage was demonstrated in
rodent models and in vitro cardiomyocyte cultures .
Overall, these data confirm, at least in part, the previous
hypothesis of lacobellis et al. and of other Authors, who
analyzed the relationship between EAT and left ventricle
morphology in healthy subjects with different degrees
of obesity, and established an association between
increased EAT volume and increased left ventricular
mass %, and heart failure 40,

THERAPEUTIC PERSPECTIVES

AS is the result of a very complex active process that
involves several cell lines, in particular myofibroblasts
and valvular interstitial cells, which undergo osteoblastic
transformation and promote the formation of calcification
nodules and bone deposition at the valve level. These
events involve different signaling pathways which could
be considered as potential therapeutic targets to control
the development and progression of the disease.
Considering the pathophysiological similarities with
atherosclerosis, especially in the early stages of the
disease, it was hypothesized that statins might be ben-
eficial to slow the progression of AS.

Studies in hypercholesterolemic animal models showed
that atorvastatin is able to counteract the deposition of
lipids and the oxidative stress that is observed in the
early stages of degenerative calcified aortic disease *'.
A prospective open label study by Moura et al., showed
a positive effect of statin therapy, proving that rosuvas-
tatin treatment in AS patients, by lowering serum LDL,
slowed the hemodynamic progression of disease *2.
The possible beneficial effects of this drug class would
not be exclusively ascribed to the reduction of choles-
terol biosynthesis and therefore of C-LDL levels, but
also to pleiotropic effects. In fact, several activities of
statin therapy have been described: wall effect on en-
dothelial cells and vascular smooth muscle cells, inhibi-
tory effect on migration and proliferation of these cells,
with consequent anti-inflammatory and antithrombotic
properties .

Anti-inflammatory effects of statins were also reported on
visceral fat depots, and starting from this assumption,
recent studies have been conducted to evaluate their
potential effects also on EAT, which represents a poten-
tial new target for drugs, given its significant involvement
in the development and progression of heart disease .
A recent study conducted by Parisi et al. has explored,
in vivo and in vitro, the effects of statin therapy on EAT
accumulation and inflammatory activity, enrolling 193

patients with severe calcific AS taking and not taking
statins. In order to evaluate the association between
statin therapy and EAT inflammation, EAT biopsies
were performed and the corresponding secretomes
were analyzed to explore the concentration of different
cytokines. In addition, ithe EAT and subcutaneous adi-
pose tissue (SCAT) biopsies from patients not assum-
ing statins were treated in vitro with atorvastatin to verify
whether this statin might directly affect EAT inflamma-
tory profile. The results of this study showed a signifi-
cant association between statin therapy, EAT thickness
and levels of cytokines secreted from this tissue. In fact,
statin therapy was associated with a reduction of EAT
thickness and a parallel attenuation of its inflammatory
profile. Furthermore, the in vitro studies showed a direct
and selective anti-inflammatory effect of atorvastatin on
EAT but not on SCAT. These results support the unique
role of EAT in cardiac diseases and suggest EAT as a
potential new therapeutic target for statin therapy .

If it is true that EAT might be involved in the patho-
genesis of AS through its pro-inflammatory activities,
we should expect that therapies able to modulate the
EAT inflamsmmatory profile, such as statin therapy, could
positively affect the progression of AS. In contrast to
the preliminary results reported by the open label
study of Moura et al, three randomized controlled tri-
als, SALTIRE, ASTRONOMER, and SEAS trials, utiliz-
ing atorvastatin, rosuvastatin, and simvastatin plus
ezetimibe respectively in patients with mild to moderate
AS, failed to demonstrate a beneficial effect of statin
therapy in halting or slowing AS progression despite
the significant reduction in serum LDL cholesterol con-
centrations 468, A plausible explanation for this failure
could be referred to the timing of therapy, which prob-
ably should be started in the early stages of the disease
in order to significantly affect its progression. In fact,
whether in the initial phase of the disease, inflammation
and lipid deposition are the predominant pathophysi-
ological mechanisms, in later stages, the propagation
phase of the disease is characterized by self-perpetuat-
ing the process of formation, and the deposition of cal-
cium and valve degeneration that cannot be affected by
statins. Future long-term controlled trials conducted on
patients with less advanced AS are needed to examine
and establish the effect of statin therapy in this disease
and explore whether this effect could be reconducted
to an influence on EAT activity.

As for statin therapy, other therapeutic strategies were
proven in AS patients targeting several signaling path-
ways potentially contributing to the inflammatory activity
described in the valve in the early stage of the disease.
In this regard, renin-angiotensin system, oxidative stress,
RANK-RANK ligand pathway and peroxisome prolifera-
tor-activated receptors were all recognized as potentially
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involved in the pathological processes leading to AS. In-
triguingly, the same pathways were shown to contribute
to the shift of EAT toward a pro-inflammatory and pro-
atherogenic phenotype. Unfortunately, studies exploring
these pathways as potential therapeutic targets in AS
failed to demonstrate a favorable effect °.
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Cardiac visceral fat and cardiometabolic risk in the elderly
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Aging is characterized by several changes in body mass composition with loss of muscle mass and increase in
fat mass, particularly visceral fat. Visceral fat is represented mainly by abdominal and cardiac depots and it is
directly related to chronic low-grade inflammation, insulin-resistance and metabolic syndrome. Unfavourable
outcomes as cardiovascular death are also associated with the amount of visceral fat depots. In this scenario,
the cardiac visceral fat seems to play an important role in increasing the cardiometabolic risk. This review aims

to provide a literature revision about the role of cardiac visceral fat on cardiometabolic risk in elderly.

Key words: Cardiac adipose tissue, Visceral fat, Cardiometabolic risk, Elderly

INTRODUCTION

The relationship between body fat and the risk of mor-
bidity and mortality changes with changing age. In-
deed, overweight or obese middle-aged adults present
with an increased risk of morbidity and mortality, while a
body mass index (BMI) included between 25 and 30 kg/
m? shows a potential protective effect in aged people .
Body fat redistribution associated with age may be the
underlying factor of the “obesity paradox”, according to
which overweight is associated with an increased risk
— but decreased mortality — for cardiovascular disease
(CD) 2. Several mechanisms have been proposed to ex-
plain the protective role of increased body fat and BMI
in older people, such as a greater metabolic reserve, a
different cytokine profile secerned by fat, a lower activa-
tion of the sympathetic nervous system, and a reduced
concentration of plasmatic natriuretic peptides 2. Aging
is associated with progressive changes in body com-
position characterized by a loss of fat free mass and an
increase in fat mass, particularly referred as visceral fat
(VF) 3. The increase in VF, a key factor for the develop-
ment of insulin-resistance, is a hallmark of metabolic
syndrome (MetS) 4®. MetS is a clinical condition char-
acterized by several abnormalities in lipid and glucose

metabolism 7. In aged subjects, MetS associates with
a higher risk for acute coronary events, myocardial
infarction, heart failure, and cardiovascular mortality .
MetS includes several cardiovascular risk factors such
as increased fasting glucose, low HDL cholesterol, hy-
pertriglyceridemia and hypertension °. In sight of this,
body fat distribution rather than BMI is suggested to
be a better predictor factor of morbidity and mortality
in older people .

For many years, intra-abdominal fat has been consid-
ered the main representative of visceral fat. However,
in recent times cardiac visceral fat (CVF) has been
shown to play an important role in cardiometabolic
risk 1°,

Cardiac visceral fat is closely associated with the body
mass index (BMI), since it increases during weight gain,
and it decreases after weight loss 1.

This review aims to present the current evidence re-
lated to the clinical importance of cardiac visceral fat
as marker of metabolic dysfunction and cardiovascular
disease risk in old people. Since most studies were not
specifically performed on aged patients (and other in-
vestigations excluded old subjects, focusing on adults),
we will try to summarize the available data in the geri-
atric population.

B Received: July 31, 2019 - Accepted: September 5, 2019

B Correspondence: Aurelio Lo Buglio, Department of Medical and Surgical Sciences, University of Foggia, viale Pinto 1, 71122, Foggia, Italy. Tel. +39

0881 732671. E-mail: aurelio.lobuglio@unifg.it

© Copyright by Societa Italiana di Gerontologia e Geriatria (SIGG)

OPEN ACCESS



Cardiac visceral fat and cardiometabolic risk in the elderly

227

THE DIFFERENT DEPOTS OF ADIPOSE TISSUE
IN THE HEART

The nomenclature used to differentiate cardiac visceral
fat depots is often misleading, with several discrepan-
cies and ambiguities among different Authors 12, Cardiac
visceral fat includes both intra- and extra-pericardial fat.
Intra-pericardial fat is represented by depots situated
between the myocardium and the visceral pericardium,
in direct contact with the surface of myocardium and
coronary vessels. This fat layer has been referred as
epicardial fat (EF) '® (Fig. 1). Fat depots localized be-
tween the visceral and the parietal pericardium, or just
external but attached to the parietal pericardium, are
named pericardial fat (PF) . The fat layer surround-
ing arteries and arterioles is defined as perivascular
fat (PVF). Extra-pericardial fat (EPF) (or intrathoracic or
paracardial fat) is referred to thoracic adipose tissue ex-
ternal to the parietal pericardium 5. In this review we
will refer to this nomenclature.

Another classification of cardiac visceral fat identifies
three types of depot: the EF, located within the pericar-
dial sac; the PF, located between the external surface
of the parietal pericardium and medial face of mediasti-
num; the pericoronary fat (PCF), represented by the
adipose tissue surrounding the coronary arteries within
the visceral epicardium 16,

EF and PF can be assessed by cardiac CT, MRI and
echocardiography. Ultrasonography is a very safe and
reliable technique to identify EF and PF. EF is visualized
as echo-free space between the myocardium surface
and the visceral layer of pericardium, whereas PF ap-
pear as a hypoechoic space anterior to the EF and the
parietal pericardium 17,

Particularly, several recent studies have been currently
focusing on EF 8. Nevertheless, in many studies EF and
PF are used indifferently . For instance, reports from the
Framingham Heart Study did not differentiate between
EF and PF, since the biomolecular properties of these
two fat depots were supposed to be similar °2°, Never-
theless, the inappropriate use of EF and PF is misleading
and is incorrect according to the main literature 2",

On the contrary, studies on the association between
extra-pericardial fat and cardiovascular risk are lacking.
Chen et al. found an association between EPF and MetS,
even though this study is characterized by a reduced
number of the sample and a short follow-up time 2.

EPICARDIAL FAT AND CARDIOMETABOLIC RISK

EF origins from the splanchnic-pleural mesoderm
associated with the gut, similarly to the mesenteric
and omental fat '*. EF is mainly localized on the right

ventricle surface and anterior wall of the left ventricle as
well as on atrioventricular grooves and great coronary
vessels, reaching the main thickness at the anterior and
lateral walls of the right atrium. Normally, about 80% of
the heart surface is covered by the epicardial adipose
tissue, EF contributing for the 20% to the whole heart
mass 5.

Two-dimensional echocardiography can be used to
visualize and measure EF. Parasternal long-axis and
short-axis views allow the most accurate measurement
of EF thickness overlying the right ventricle. EF thick-
ness ranges from 1 to 23 mm 24,

EF and myocardium are not divided by muscle fascia,
sharing the same microcirculation 24, Taking into ac-
count that fat accumulation in the epicardial space is
limited - especially in obese individuals - the largest
ectopic depots as body weight increases are located in
the visceral abdominal area and in the extra-pericardial
area '°,

EF is characterized by a wide individual variability which
is dependent on the instrumental methodology but also
on different clinical and demographic features such as
age, obesity, gender, and ethnicity ?°. Indeed, EF tends
to increase with age 2226, No consensus exists about
the impact of gender on the EF thickness. The amount
of EF increases with the increase of total body fat
and seems to be related to male gender and high body
mass index (BMI) 2. On the other hand, a recent study
showed that in old age EF thickness was greater in
women than in men 28,

Based on data from the Framingham study, some Au-
thors described a higher association between EF and
female gender, but this observation was not confirmed
by other studies 2025293, Postmenopausal women with

Figure 1. Transthoracic echocardiographic measurement of
epicardial adipose tissue (white arrow), that appears as an echo-
free space. EF: epicardial fat.
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MetS showed a greater amount of EF with respect to
those without MetS ®'. Concerning ethnicity, African-
American men present with less EF depots than non-
Hispanic white men, but these data may be also related
to the high frequency of central obesity reported in the
first group 5%,

Patients with Mets present with higher EF thickness
compared to patients without Mets, and the presence
of MetS is an independent predictor of increased EF 2,
lacobellis et al. described that values of EF of 9.5 mm
in men and 7.5 mm in women may predict accurately
the presence of Mets 2. However, this study enrolled
subjects aged 40.8 + 11.5 years old.

Another study showed how in old patients EF, but not
intra-abdominal fat, was associated with MetS, while
both were closely related with hepatic steatosis 5.
Normally, epicardial adipocytes exert several physi-
ological function for the myocardium at metabolic, ther-
mogenic, mechanic and textural level *. However, this
positive role is lost in particular conditions associated
with an augmented amount of EF, such as obesity ¥.
EF presents with the most intensive metabolic activity
as compared to pericardial and other visceral fat 424, In
fact, EF produces higher levels of free fatty acids (FFA),
with increased release of FFA after catecholamine
stimulation; moreover, high lipolysis activity in EF could
be associated with lower insulin sensitivity and a larger
number of p3-adrenoreceptors %,

EF is also associated to the pro-inflammatory state,
and it is characterized by unique physiological and
metabolic profile. Indeed, with respect to visceral fat
in other body sites, EF presents with small adipocyte
size, characterized by low reduction during weight loss,
and several metabolic features such as different fatty
acid composition, high protein content and fatty acid
synthesis, reduced glucose utilization, and high level
of adipokine secretion 6. Moreover, compared to the
sub-cutaneous, the epicardial adipose tissue is able to
produce higher level of chemokines and inflammatory
cytokines such as interleukin 1p (IL-1p), interleukin 6
(IL-6), and tumor necrosis factor (TNF-a), interacting
with numerous cardiovascular pathways via vasocrine
and paracrine signalling *° 0. Increased EF deposits
are associated with higher serum level of C-reactive
protein (PCR) and low-grade systemic inflammation 2.
These proinflammatory properties are independent of
clinical conditions such as the presence of diabetes
or obesity . Nevertheless, EF may produce anti-
inflammatory and antiatherogenic adipokines, but the
regulation of this balance is still unknown 28, Adiponec-
tin and adrenomedullin represent the most important
adipokines secerned by EF, particularly in the coronary
circulation. Adiponectin plays a role in the modulation
of insulin sensitivity, and it exerts anti-inflammatory and

antiatherogenic effects, whereas adrenomedullin acts
as vasodilator, anti-inflammatory and anti-vasogenic 2,
Moreover, EF presents with the highest percentage of
lipogenesis and free fatty acid metabolism as compared
to other visceral fat depots *'.

As previously cited, EF is closely related to MetS as
well as its main several components such as endothe-
lial dysfunction, blood pressure, insulin-resistance,
high fasting glucose, presence of diabetes or hyper-
tension, high serum levels of LDL-cholesterol and
triglycerides, and increased risk of cardiovascular dis-
ease 224243 The study by Yorgun et al. demonstrated
that EF and pericoronary fat thickness are associated
with the presence of MetS 5. Particularly, the Authors
found that subjects presenting with MetS were older
than those without, highlighting a progressive relation-
ship between the growing number of MetS compo-
nents and EF thickness °. Of note, in this study age
was reported as an independent risk factor associated
with mean EF thickness °.

With respect to visceral abdominal fat (VAT), EF is also
associated with coronary atherosclerosis, probably
mediated by paracrine pathways which induce the
progression of coronary vessel inflammation and ath-
erosclerosis ° '8, In this context, EF measurement may
be useful to evaluate coronary artery disease (CAD) risk
and to predict the extent and activity of CAD 744,
Another evidence from the Framingham Heart Study
identified how fat deposits around the heart are an in-
dependent predictor of CVD risk 29. Mahabadi et al.
demonstrated the role of EF as an independent pre-
dictive factor of future major adverse cardiac events
(MACE) beyond traditional cardiovascular risk factors
in the general population % #6. Of note, the statistical
models used in this study were all adjusted for age.
Even though cardiac visceral fat has been recently
proposed as a new marker of cardiometabolic risk °,
in a recent observational study on 113 subjects, some
Authors did not find any independent association be-
tween EF and metabolic components such as blood
pressure, plasma triglycerides, and insulin resistance .
The evidence of this study suggests how the isolated
increase of EF is not necessarily associated with higher
metabolic or CV risk '°. Nevertheless, people enrolled in
this investigation were from 18 to 74 years old, but data
were not stratified for age classes.

In the last years, several pieces of evidence have been
highlighted about the association between EF and
hypertension. Cardiac fat has been found expanded
in patients with hypertension compared to healthy
controls 4. Dicker et al. found a higher EF thickness in
hypertensive patients rather than patient without hyper-
tension, as well as in hypertensive patients with non-
dipper profile 4850, Of note, in this study hypertensive
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patients were older than controls, and EF thickness
was associated with age 8. A positive correlation was
also found between EF thickness and blood pressure
among prehypertensive patients (even though no older
subjects were enrolled) 5-%3. In untreated adult patients,
high values of EF thickness may be independently as-
sociated with diastolic dysfunction and atrial dilatation;
EF thickness results as a stronger predictive factor than
abdominal obesity %*.

Data about the relationship between EF and serum tri-
glyceride levels are discordant through studies, show-
ing a large degree of variability. Some studies did not
show any association between serum triglycerides and
EF thickness, while other Authors highlighted a low de-
gree of correlation ® %%, This heterogeneity could be
linked to the difference in age, weight and morbidity of
the different study populations.

Recently, Calabuig et al. have shown how EF thick-
ness was independently associated with high-density
lipoprotein cholesterol and high level of serum triglycer-
ides %°. This study also demonstrated that EF thickness
increases with age even in subjects without MetS .
Both EF and extra-pericardial fat are associated with
insulin resistance. Particularly, a positive association
was found between EF and insulin-resistance or glu-
cose tolerance in patients without diabetes and nor-
mal cardiac function " €, Insulin resistance, age and
blood glucose level after 2 hours of oral tolerance test
were found independent predictor factors of high EF
thickness in non-diabetic patients ®'. Similarly, Narumi
et al. highlighted that increased values of EF thickness
were independently associated with IR in non-obese
and non-diabetic patients 2. Furthermore, patients
with morbid obesity showed higher EF thickness val-
ues associated with insulin resistance, inappropriate
high left ventricular mass, and left ventricular dysfunc-
tion 8. In addition, lacobellis et al. found a significant
association between EF thickness and obesity-related
insulin resistance 5.

Despite the associative results, the exact pathogenesis
between EF and insulin resistance is not yet clear .
Diabetes is an important perturbing factor in the normal
homeostasis of glucose metabolism in the heart. In fact,
diabetic patients show that peripheral insulin resistance
and low insulin stimulated myocardial glucose uptake
with a range of reduction up to 40% ''. In a study
performed on a geriatric population, diabetic patients
showed higher EF thickness compared to non-diabetic
subjects . Recently, Yagi et al. have confirmed that the
amount of EF is greater in patients with diabetes, regard-
less of type 1 or 2 diabetes mellitus and of EF measured
method used, suggesting that an augmented EF could
be an independent predictor of newly-diagnosed dia-
betes mellitus . A strong correlation between fasting

plasma glucose and EF measured with echocardiogra-
phy and CT has also been lately highlighted 8.

Recent investigations suggest that EF may represent
a more reliable measure of visceral adiposity. In fact,
although visceral fat correlates with the waist circumfer-
ence, this can be modified by numerous factors such
as the amount of subcutaneous fat, especially in older
people 71869

EF measured by ultrasonography is associated with an-
thropometric and clinical parameters of MetS (as body
mass index, BMI) so that EF may be a useful index of
MetS 5. Echocardiographic measure of EF is more and
more often considered as a new parameter to evaluate
cardiac and visceral obesity ”.

PERICARDIAL FAT AND CARDIOMETABOLIC RISK

Pericardial fat originates from the division of primitive
thoracic mesenchyme, which gives rise to the parietal
pericardium and the external thoracic wall 2,

Data from the Framingham Heart Study Offspring and
Third Generation showed that, as compared with other
ectopic fat depots (including abdominal subcutane-
ous adipose tissue, abdominal visceral adipose tissue,
intramuscular fat, intrathoracic fat, thoracic periaortic
fat, intrahepatic fat, and renal sinus fat), pericardial fat
presented with the great magnitude of correlation with
intrathoracic and abdominal visceral fat 26 7°, However,
the metabolic activity of EF and PF is different 2'. Unlike
EF, PF has not yet shown an association with metabolic
syndrome, visceral adiposity, heart morphology, insulin
resistance, and other features ?'. Moreover, the term
“pericardial” used in several studies is referred to fat in
the pericardium without any distinction between EF and
PF 207172 Recent pieces of evidence — even though
on adult subjects — indicate that PF appears strongly
associated with obesity and hypertension 7 47, Sicari
et al. studied EF and PF separately and found how PF
— rather than EF - is related to parameters of meta-
bolic syndrome, such as serum triglyceride and glucose
concentrations, blood pressure, insulin sensitivity, and
BMI 73, Notably, in this study the PF thickness detected
by echocardiography, but not that detected by MRI,
was correlated with age "3. Another correlation between
PF and cardiovascular risk was found considering the
10-year CHD Framingham risk score 7. Dabbah et al.
investigated the association between EF and PF, and
diastolic filling, finding a low correlation among PF and
diastolic indices ™. Definitely, despite several studies
suggesting that PF could play an active role as a cardio-
vascular risk factor, its role still needs to be studied 7.
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CONCLUSIONS

Among the cardiac visceral fat depots, the EF presents
with peculiar metabolic features. Indeed, the EF is
characterized by differences in fatty acid composition,
higher protein content and dissimilar metabolic profile,
such as higher production of FFA, high levels of lipolysis
activity, and reduced glucose utilization. Moreover, the
EF shows active endocrinal properties as compared to
the PF, and a close association with a low-grade pro-
inflammatory state favoured by sharing the microcircu-
lation with the myocardium. While a few studies on the
association between the PF and cardiometabolic risk
are available, there is strong evidence supporting the
close association between the EF and cardiometabolic
risk. Beyond the CV risk factors, EF is also an inde-
pendent predictor factor of MACE. However, the avail-
able literature on cardiac visceral fat and cardiovascular
risk includes only a small number of studies specifically
targeting the old population. Future investigations are
needed to address many questions in the geriatric field
of research.
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