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Epicardial fat is the visceral fat of the heart. Epicardial fat is a white adipose tissue, but it
displays also brown-fat like or beige fat features. Under physiological conditions,
epicardial fat has cardioprotective functions such as free fatty acids supply and
thermoregulation of the adjacent myocardium. Epicardial adipose tissue encounters
changes in the transition from embryological to childhood and then to adult life. Aging
can affect the function and morphology of epicardial fat, more likely in women than in
men. The effect of aging on the brown fat properties of the epicardial fat is the most
prominent and with the greatest clinical implications. It is promising to know that
epicardial fat responds to newer pharmaceutical drugs modulating the adipose tissue
and potentially restoring its browning effects. Epicardial fat pro-inflammatory
secretome is down-regulated in end-stage coronary artery disease. Chronic
ischemia and adverse hemodynamic conditions can also affect the regulatory
component of the epicardial fat. Epicardial fat may incur in apoptotic and fibrotic
changes that alter its transcriptome and proteasome. In conclusion, aging and
advanced stage of chronic diseases are likely to influence and affect epicardial fat
genes and function. Whether the downregulation of the epicardial fat tissue is due more
to aging than advancing stages of coronary artery disease, or more likely to the
combination of both, would be object of future investigations.
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EPICARDIAL FAT

Epicardial fat lies between the myocardium and the visceral layer of the epicardium (Iacobellis
etal.,, 2005a; Iacobellis and Bianco, 2011; Iacobellis, 2015). Embriologically, epicardial fat evolves
from brown adipose tissue (Marchington et al., 1989; Marchington and Pond, 1990). Epicardial
fat is a white adipose tissue, but it displays also brown-fat like or beige fat features.
Microscopically, epicardial fat is composed of adipocytes, nerve tissues, vascular and
immune cells (Tacobellis and Bianco, 2011). There is no anatomical barrier between the fat
and myocardium. This is one of the most unique features of the epicardial fat as it allows a cross-
talk of the fat with the adjacent myocardium. The physiological function of the epicardial fat is to
supply the myocardium with energy and thermoregulation. Epicardial fat can also secrete
adipokines with cardioprotective effects (Iacobellis et al., 2005a; Iacobellis and Bianco, 2011;
TIacobellis, 2015). Nevertheless, under pathological circumstances, epicardial adipocytes may lose
this cardioprotective function and turn into pro inflammatory cells. Aging and advanced stage of
chronic diseases can influence and affect epicardial fat genetic profile and function, although
little is known about this effect.
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CARDIOPROTECTIVE ROLE OF
EPICARDIAL FAT

Epicardial fat plays a key role in the myocardial energy
homeostasis providing the heart with free fatty acids and heat.
Epicardial fat has the greatest capacity for free fatty acids release
and uptake, among any other visceral fat depots (Marchington
et al, 1989; Marchington and Pond, 1990). Physiologically,
epicardial fat serves as a buffer against the lipotoxic effect of
high fatty acids levels. Epicardial fat incorporates fatty acids as
energy store that can be used as fuel for the myocardium. Due to
the vicinity to the heart, free fatty acids are transported from the
epicardial fat directly into the myocardium. Epicardial fat also
expresses fatty-acid-binding protein four that regulates coronary
arterial tone and help the free fatty acids influx (Vural et al., 2008;
Pezeshkian and Mahtabipour, 2013).

Epicardial adipose tissue is a metabolically active endocrine/
paracrine organ (Iacobellis and Barbaro, 2008). It can protect and
feed the myocardium throughout the secretion of anti-
inflammatory cytokines and regulatory factors (Iacobellis and
Barbaro, 2019). Epicardial fat expresses genes encoding for
cardio-protective  cytokines such as adiponectin and
adrenomedullin that can reach out directly to the myocardium
and coronary arteries, through either paracrine or vasocrine
mechanisms (Iacobellis et al, 2005b; Judkin et al., 2005;
Tacobellis et al., 2009; Iacobellis et al., 2009; Iacobellis et al.,
2010). Adiponectin is expressed in the epicardial adipose tissue,
as first discovered by Iacobellis et al. (2005b). Epicardial fat
adiponectin can reduce local inflammation and lipid
accumulation in the macrophages. Intracoronary plasma
adiponectin levels are related to epicardial fat adiponectin
protein expression in patients with coronary artery disease
(Tacobellis et al., 2009). Adrenomedullin can also have
protective effects to the heart (Silaghi et al, 2007).
Adrenomedullin receptors are expressed in the epicardial fat
and the adipokine is secreted by the epicardial adipocytes and
macrophages (Silaghi et al., 2007). However, the regulation of
both expression and secretion of these cardioprotective
adipokines is still unknown.

EPICARDIAL AS BROWN FAT

The role of brown fat in human beings is a topic of growing
interest, far to be clearly understood. Brown adipose tissue
produces heat and nonshivering thermogenesis, in response to
cold temperatures. Brown fat produces energy through
uncoupling protein (UCP)-1-mediated heat production.
Activation of brown fat can increase energy expenditure,
reduce adiposity, and potentially help with weight loss (Sacks
and Fain, 2007). Unfortunately, the majority of the brown
adipocytes are lost in the transition from infancy to adult life
in humans.

Human epicardial fat has brown fat features and properties
(Sacks and Fain, 2007; Sacks et al., 2009; Sacks et al., 2013).
Histologically, epicardial fat should better defined as beige fat,
given the histological resemblance with in vitro in beige lineage
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adipocytes (Sacks et al, 2013). Small unilocular adipocytes
without UCP-1 immuno-staining have been identified in
epicardial fat. Brown fat specific gene UCP-1 and other brown
fat regulatory genes, are all highly expressed in human epicardial
fat (Sacks et al., 2009). UCP-1 is higher in human epicardial fat in
comparison to other fat depots, and undetectable in subcutaneous
fat. Epicardial fat can provide direct heating to the myocardium
and protect the heart during poor hemodynamic conditions, such
ischemia or hypoxia. However, the role and potential of epicardial
fat to act as brown fat is still under investigation.

AGING EFFECTS ON EPICARDIAL
BROWN-FAT ACTIVITY

Aging can influence the function of epicardial fat, more likely in
women than in men. Epicardial fat secretome was decreased in
older female rats (Fei et al., 2010). Epicardial fat adiponectin and
interleukin -6 genes were downregulated in the aged and very
aged rats (Fei et al., 2010). Interestingly, macrophage markers
decreased with aging, in both female and male rats. The
transcriptome of epicardial fat obesity-related genes decreased
with aging in female, but not in male rats (Kocher et al., 2017).
Adipocyte remodeling and function could be under the influence
of the sexual hormonal control. The loss of epicardial fat function
with aging seems to be more prominent in female than in male
rats. The effect of aging on epicardial fat has been not fully
evaluated in humans.

The potential thermogenic properties of epicardial fat could be
the first to be lost with aging. It would be interesting to see if the
aging effects on epicardial fat could contribute to the higher
cardiovascular risk in post-menopausal women.

Epicardial fat brown fat-like activity and function can also
decrease with aging (Ojha et al, 2016). Remarkably, the
morphology of epicardial fat adipocytes significantly differs
among the neonate, infant, and child. The structural cellular
changes can affect the secretome, including UCP1 secretion.
Epicardial fat maintains a significant number of UCP1-positive
cells into childhood. Autoptic studies revealed evidence of brown
fat in the pericardium and epicardial fat in human infants and
young children (Fainberg et al., 2018). The proportion of brown
adipocytes decreases in favor of more unilocular white adipocytes
in older subjects. These changes suggest the transition from
brown to beige fat of epicardial adipose tissue in adult life.
The loss of epicardial fat brown adipocytes with age and
maturation was analyzed in young sheep during the first
month of life (Fainberg et al., 2018). UCP1 signal was reduced
by 28 days of age, although UCP1 was still present in the
epicardial fat as compared to the other fat depots (Fainberg
et al, 2018).

The adaption of epicardial fat to pathological conditions is still
unclear. Upregulation may occur as compensatory response to
the chronic hypoxic insult whereas down-regulation would be
expected as consequence of the fibrotic and apoptotic involution
in the end-state organ diseases (McAninch et al, 2015).
Nevertheless results are controversial and not yet conclusive.
Alternatively, other possible cardioprotective pathway genes
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involving peroxisome proliferator-activated receptor-gamma
coactivator alpha (PGC-la), involved in adipocyte browning
and thermogenic activation, have been suggested (Singh et al.,
2019). Epicardial fat heme oxygenase-1 (HO1) PGC-la may
modulate inflammation, mitochondrial activity and left
ventricle function (Singh et al., 2019). Epicardial fat PGC-1a
and HO-1 can therefore play a role in the mitochondrial function
and biogenesis. A reduction of HO-1 PGC-1a and PR domain
containing (Cypess et al., 2009) (PRDM16), a brown adipocyte
differentiation transcription factor, in epicardial fat compared to
visceral controls was observed in cardiomyopathies (Singh et al.,
2019). Notably, up-regulation of brown fat and mitochondrial
signaling genes was associated with a decrease in epicardial fat
inflammation.

If epicardial fat turns into a beige fat depot in adult life, it
can keep the genetic potential to switch back on its early brown
fat activity. In fact, UCP-1 expression, was present and
abundant in epicardial of adult humans. Aging and
advanced coronary artery disease may affect the potential
epicardial brown fat properties.

EPICARDIAL FAT DOWNREGULATION IN
AGED CORONARY ARTERY DISEASE

Epicardial adipose tissue is enriched in genes encoding for
regulatory factors such as genes coding for potassium channel
activity, mesoderm development, wound healing, nuclear
signaling pathways, protein catabolism and innate immunity
pathway (McAninch et al, 2015). Nevertheless, most of these
genes are down-regulated in the epicardial fat of patients with
coronary artery disease.

Epicardial fat expresses and secretes adipokines with potential
protective effects to the adjacent myocardium. The expression of
these cardioprotective adipokines, such as adiponectin and
adrenomedullin, is reduced in advanced coronary artery
disease (McAninch et al, 2015). Epicardial fat adiponectin
protein expression is downregulated in patients with coronary
artery disease when comparted to those without cardiac ischemic
disease (lacobellis et al, 2005b). The lower epicardial fat
adiponectin expression can therefore contribute to favor free
fatty acids myocardial accumulation over combustion.

Chronic ischemia can also downregulate epicardial fat
adrenomedullin secretion in advanced stages of coronary
artery disease, although cytokines levels are likely regulated by
a complexity of hemodynamic factors.

Epicardial fat transcriptome is primarily characterized by
markers of inflammation (Mazurek et al., 2003). However this
highly inflammatory profile may paradoxically go into a sort of
cellular inactivity in subjects with advanced coronary artery
disease. Maladaptive mechanisms might result in depletion of
the epicardial fat cellular activities as coronary artery disease
progresses and worsens (Regan et al., 2003). Fibrotic and
apoptotic changes within the epicardial fat are likely to occur
in advanced stages of atherosclerosis. The chronic hypoxia can
eventually affect the regulatory component of epicardial fat
proteasome.

Aging and Epicardial Fat

EFFECTS OF MENOPAUSE ON
EPICARDIAL FAT

As noted before, epicardial fat reduction of the brown fat features
seems to be more prominent in female rats. How and whether this can
be translated in humans is unknown. Menopause is well-known to be
related to higher risk of major cardiometabolic disease (Mazurek et al.,
2017). Increased epicardial fat has been reported in post-menopausal
women (de Vos et al., 2008; Cabrera-Rego et al., 2018). The higher
epicardial fat was associated with coronary artery disease and other
markers of cardiovascular risk (de Vos et al., 2008; Cabrera-Rego et al,,
2018). Hence the hormonal changes occurring in the menopause may
also play a role in the changes within the epicardial fat.

POTENTIAL BENEFICIAL EFFECTS OF
DRUGS TARGETING EPICARDIAL FAT

Recent cardiovascular clinical trials showed that anti-diabetic
medications can provide beneficial cardiovascular effects that go
beyond the glucose control. Epicardial fat responds to newer
pharmaceutical drugs such as glucagon like peptide one analogs
(GLP-1A) (Morano et al, 2015; Dutour et al, 2016; Iacobellis
et al, 2017; Iacobellis and Villasante Fricke, 2020) and sodium
glucose transport 2 inhibitors (SGLT2i) (Yagi et al, 2017; Diaz-
Rodriguez et al., 2018; Sato et al., 2018; Iacobellis and Gra-Menendez,
2020). A significant epicardial fat reduction has been reported in all of
these studies. As both GLP-1As and SGLT2is induce weight loss, their
effect on EAT is likely due to an overall fat reduction. However, the
effects of GLP-1A on EAT could be directly mediated by the presence
of GLP-1 receptors as recently discovered (Iacobellis et al.,, 2017). EAT
GLP-1 receptor is associated with genes involved in fatty acid
oxidation and white-to-brown fat differentiation (Yang et al., 2013;
Beiroa et al., 2014; Dozio et al.,, 2019). GLP-1 agonistic effects 0 may
resume EAT browning function. As brown fat activity is lost or at least
significantly diminished with age, it is tempting to speculate on the
potential anti-aging effects of GLP-1A. Future studies are warranted in
this direction.

CONCLUSIONS

Epicardial adipose tissue encounters changes in the transition from
embryological to childhood and then to adult life. Some of these
changes are physiological and simply reflecting the adaption of the
tissue to different conditions and functions. However, the effect of
aging on the brown fat properties of the epicardial fat seems to be the
most prominent and with the greatest clinical implications. Whether
the downregulation of the epicardial fat tissue is due more to aging
than advancing stages of coronary artery disease, or more likely to the
combination of both, would be also object of future investigations.

AUTHOR CONTRIBUTION

The author confirms being the sole contributor of this work and
has approved it for publication.

Frontiers in Aging | www.frontiersin.org

May 2021 | Volume 2 | Article 666260


https://www.frontiersin.org/journals/aging
www.frontiersin.org
https://www.frontiersin.org/journals/aging#articles

lacobellis

REFERENCES

Beiroa, D., Imbernon, M., Gallego, R., Senra, A., Herranz, D., Villarroya, F., et al.
(2014). GLP-1 Agonism Stimulates Brown Adipose Tissue Thermogenesis and
Browning through Hypothalamic AMPK. Diabetes 63, 3346-3358. d0i:10.2337/
db14-0302

Cabrera-Rego, J. O., Navarro-Despaigne, D., Staroushik-Morel, L., Diaz-Reyes, K.,
Lima-Martinez, M. M., and Iacobellis, G. (2018). Association between
Endothelial Dysfunction, Epicardial Fat and Subclinical Atherosclerosis
during Menopause. Clinica e Investigacién en Arteriosclerosis (English
Edition) 30, 21-27. doi:10.1016/j.artere.2017.07.007

Cypess, A. M., Lehman, S., Williams, G., Tal, I., Rodman, D., Goldfine, A. B,,
et al. (2009). Identification and Importance of Brown Adipose Tissue in
Adult Humans. N. Engl. ]. Med. 360, 1509-1517. doi:10.1056/
nejmoa0810780

de Vos, A. M., Prokop, M., Roos, C. J., Meijs, M. F. L., van der Schouw, Y. T,,
Rutten, A., et al. (2008). Peri-coronary Epicardial Adipose Tissue Is Related to
Cardiovascular Risk Factors and Coronary Artery Calcification in Post-
menopausal Women. Eur. Heart J. 29, 777-783. doi:10.1093/eurheartj/
ehm564

Diaz-Rodriguez, E., Agra, R. M., Fernandez, A. L., Adrio, B., Garcia-Caballero, T.,
Gonzélez-Juanatey, J. R., et al. (2018). Effects of Dapagliflozin on Human
Epicardial Adipose Tissue: Modulation of Insulin Resistance, Inflammatory
Chemokine Production, and Differentiation Ability. Cardiovasc. Res. 114,
336-346. doi:10.1093/cvr/cvx186

Dozio, E., Vianello, E., Malavazos, A. E., Tacchini, L., Schmitz, G., Iacobellis, G.,
et al. (2019). Epicardial Adipose Tissue GLP-1 Receptor Is Associated with
Genes Involved in Fatty Acid Oxidation and White-To-Brown Fat
Differentiation: A Target to Modulate Cardiovascular Risk? Int. J. Cardiol.
292, 218-224. doi:10.1016/j.ijcard.2019.04.039

Dutour, A., Abdesselam, I., Ancel, P., Kober, F., Mrad, G., Darmon, P., et al. (2016).
Exenatide Decreases Liver Fat Content and Epicardial Adipose Tissue in
Patients with Obesity and Type 2 Diabetes: a Prospective Randomized
Clinical Trial Using Magnetic Resonance Imaging and Spectroscopy.
Diabetes Obes. Metab. 18, 882-891. do0i:10.1111/dom.12680

Fainberg, H. P., Birtwistle, M., and Alagal, R. (2018). Transcriptional Analysis of
Adipose Tissue during Development Reveals Depot-specific Responsiveness to
Maternal Dietary Supplementation. Sci. Rep. 8, 9628. doi:10.1038/s41598-018-
27376-3

Fei, J., Cook, C., Blough, E., and Santanam, N. (2010). Age and Sex Mediated
Changes in Epicardial Fat Adipokines. Atherosclerosis 212, 488-494. doi:10.
1016/j.atherosclerosis.2010.06.044

Tacobellis, G. (2015). Local and Systemic Effects of the Multifaceted Epicardial
Adipose Tissue Depot. Nat. Rev. Endocrinol. 11, 363-371. doi:10.1038/nrendo.
2015.58

Tacobellis, G., and Barbaro, G. (2008). The Double Role of Epicardial Adipose
Tissue as Pro- and Anti-inflammatory Organ. Horm. Metab. Res. 40, 442-445.
doi:10.1055/s-2008-1062724

Tacobellis, G., and Barbaro, G. (2019). Epicardial Adipose Tissue Feeding and
Overfeeding the Heart. Nutrition 59, 1-6. doi:10.1016/j.nut.2018.07.002

Tacobellis, G., and Bianco, A. C. (2011). Epicardial Adipose Tissue: Emerging
Physiological, Pathophysiological and Clinical Features. Trends Endocrinol.
Metab. 22, 450-457. doi:10.1016/j.tem.2011.07.003

Tacobellis, G., Camarena, V., Sant, D., and Wang, G. (2017). Human Epicardial Fat
Expresses Glucagon-like Peptide 1 and 2 Receptors Genes. Horm. Metab. Res.
49, 625-630. doi:10.1055/5-0043-109563

Tacobellis, G., Corradi, D., and Sharma, A. M. (2005a). Epicardial Adipose Tissue:
Anatomic, Biomolecular and Clinical Relationships with the Heart. Nat. Rev.
Cardiol. 2, 536-543. doi:10.1038/ncpcardio0319

Tacobellis, G., Cotesta, D., Petramala, L., De Santis, V., Vitale, D., Tritapepe, L., et al.
(2010). Intracoronary Adiponectin Levels Rapidly and Significantly Increase
after Coronary Revascularization. Int. J. Cardiol. 144, 160-163. doi:10.1016/j.
ijcard.2008.12.155

Tacobellis, G., di Gioia, C. R,, Di Vito, M., Petramala, L., Cotesta, D., De Santis, V.,
et al. (2009). Epicardial Adipose Tissue and Intracoronary Adrenomedullin
Levels in Coronary Artery Disease. Horm. Metab. Res. 41, 855-860. doi:10.
1055/s-0029-1231081

Aging and Epicardial Fat

Tacobellis, G., and Gra-Menendez, S. (2020). Effects of Dapagliflozin on Epicardial
Fat Thickness in Patients with Type 2 Diabetes and Obesity. Obesity 28,
1068-1074. doi:10.1002/0by.22798

Tacobellis, G., Mohseni, M., Bianco, S. D., and Banga, P. K. (2017). Liraglutide
Causes Large and Rapid Epicardial Fat Reduction. Obesity 25, 311-316. doi:10.
1002/0by.21718

Tacobellis, G., Pistilli, D., Gucciardo, M., Leonetti, F., Miraldi, F., Brancaccio, G.,
et al. (2005b). Adiponectin Expression in Human Epicardial Adipose Tissue In
Vivo Is Lower in Patients with Coronary Artery Disease. Cytokine 29, 251-255.
doi:10.1016/j.cyt0.2004.11.002

Tacobellis, G., Tiziana di Gioia, C., Cotesta, D., Petramala, L., Travaglini, C., De
Santis, V., et al. (2009). Epicardial Adipose Tissue Adiponectin Expression Is
Related to Intracoronary Adiponectin Levels. Horm. Metab. Res. 41, 227-231.
doi:10.1055/s-0028-1100412

Tacobellis, G., and Villasante Fricke, A. C. (2020). Effects of Semaglutide versus
Dulaglutide on Epicardial Fat Thickness in Subjects with Type 2 Diabetes and
Obesity. J. Endocr. Soc. 4, bvz042. doi:10.1210/jendso/bvz042

Judkin, J. S., Eringa, E., and Stehouwer, C. D. A. (2005). “Vasocrine Signalling”
from Perivascular Fat: a Mechanism Linking Insulin Resistance to Vascular
Disease. Lancet 365, 1817-1820. doi:10.1016/s0140-6736(05)66585-3

Kocher, C., Christiansen, M., Martin, S., Adams, C., Wehner, P., Gress, T,
et al. (2017). Sexual Dimorphism in Obesity-Related Genes in the
Epicardial Fat during Aging. J. Physiol. Biochem. 73, 215-224. doi:10.
1007/s13105-016-0542-0

Marchington, J. M., Mattacks, C. A., and Pond, C. M. (1989). Adipose Tissue in the
Mammalian Heart and Pericardium: Structure, Foetal Development and
Biochemical Properties. Comp. Biochem. Physiol. B: Comp. Biochem. 94,
225-232. doi:10.1016/0305-0491(89)90337-4

Marchington, J. M., and Pond, C. M. (1990). Site-specific Properties of Pericardial
and Epicardial Adipose Tissue: the Effects of Insulin and High-Fat Feeding on
Lipogenesis and the Incorporation of Fatty Acids In Vitro. Int. J. Obes. 14,
1013-1022.

Mazurek, K., Zmijewski, P., Kozdron, E., Fojt, A., Czajkowska, A., Szczypiorski, P.,
et al. (2017). Cardiovascular Risk Reduction in Sedentary Postmenopausal
Women during Organised Physical Activity. Kardiol Pol. 75, 476-485. doi:10.
5603/kp.a2017.0035

Mazurek, T., Zhang, L., Zalewski, A., Mannion, J. D., Diehl, J. T., Arafat, H., et al.
(2003). Human Epicardial Adipose Tissue Is a Source of Inflammatory
Mediators. Circulation 108, 2460-2466. doi:10.1161/01.cir.0000099542.
57313.c5

McAninch, E. A., Fonseca, T. L., Poggioli, R., Panos, A. L., Salerno, T. A., Deng, Y.,
et al. (2015). Epicardial Adipose Tissue Has a Unique Transcriptome Modified
in Severe Coronary Artery Disease. Obesity 23, 1267-1278. doi:10.1002/oby.
21059

Morano, S., Romagnoli, E., Filardi, T., Nieddu, L., Mandosi, E., Fallarino, M., et al.
(2015). Short-term Effects of Glucagon-like Peptide 1 (GLP-1) Receptor
Agonists on Fat Distribution in Patients with Type 2 Diabetes Mellitus: an
Ultrasonography Study. Acta Diabetol. 52, 727-732. doi:10.1007/s00592-014-
0710-z

Ojha, S., Fainberg, H. P., Wilson, V., Pelella, G., Castellanos, M., May, S. T., et al.
(2016). Gene Pathway Development in Human Epicardial Adipose Tissue
during Early Life. JCI Insight 1, e87460. doi:10.1172/jci.insight.87460

Pezeshkian, M., and Mahtabipour, M. R. (2013). Epicardial and Subcutaneous
Adipose Tissue Fatty Acids Profiles in Diabetic and Non-diabetic Patients
Candidate for Coronary Artery Bypass Graft. Bioimpacts 3, 83-89. doi:10.5681/
b1.2013.004

Regan, S. E,, Broad, M., Byford, A. M., Lankford, A. R,, Cerniway, R. J., Mayo, M.
W., etal. (2003). A1 Adenosine Receptor Overexpression Attenuates Ischemia-
Reperfusion-Induced Apoptosis and Caspase 3 Activity. Am. J. Physiol.-Heart
Circul. Physiol. 284, H859-H866. doi:10.1152/ajpheart.00251.2002

Sacks, H. S., Fain, J. N,, Bahouth, S. W., Ojha, S., Frontini, A., Budge, H., et al.
(2013). Adult Epicardial Fat Exhibits Beige Features. J. Clin. Endocrinol. Metab.
98, E1448-E1455. doi:10.1210/jc.2013-1265

Sacks, H. S., Fain, J. N., Holman, B., Cheema, P., Chary, A., Parks, F,, et al.
(2009). Uncoupling Protein-1 and Related Messenger Ribonucleic Acids
in Human Epicardial and Other Adipose Tissues: Epicardial Fat
Functioning as Brown Fat. J. Clin. Endocrinol. Metab. 94, 3611-3615.
do0i:10.1210/jc.2009-0571

Frontiers in Aging | www.frontiersin.org

May 2021 | Volume 2 | Article 666260


https://doi.org/10.2337/db14-0302
https://doi.org/10.2337/db14-0302
https://doi.org/10.1016/j.artere.2017.07.007
https://doi.org/10.1056/nejmoa0810780
https://doi.org/10.1056/nejmoa0810780
https://doi.org/10.1093/eurheartj/ehm564
https://doi.org/10.1093/eurheartj/ehm564
https://doi.org/10.1093/cvr/cvx186
https://doi.org/10.1016/j.ijcard.2019.04.039
https://doi.org/10.1111/dom.12680
https://doi.org/10.1038/s41598-018-27376-3
https://doi.org/10.1038/s41598-018-27376-3
https://doi.org/10.1016/j.atherosclerosis.2010.06.044
https://doi.org/10.1016/j.atherosclerosis.2010.06.044
https://doi.org/10.1038/nrendo.2015.58
https://doi.org/10.1038/nrendo.2015.58
https://doi.org/10.1055/s-2008-1062724
https://doi.org/10.1016/j.nut.2018.07.002
https://doi.org/10.1016/j.tem.2011.07.003
https://doi.org/10.1055/s-0043-109563
https://doi.org/10.1038/ncpcardio0319
https://doi.org/10.1016/j.ijcard.2008.12.155
https://doi.org/10.1016/j.ijcard.2008.12.155
https://doi.org/10.1055/s-0029-1231081
https://doi.org/10.1055/s-0029-1231081
https://doi.org/10.1002/oby.22798
https://doi.org/10.1002/oby.21718
https://doi.org/10.1002/oby.21718
https://doi.org/10.1016/j.cyto.2004.11.002
https://doi.org/10.1055/s-0028-1100412
https://doi.org/10.1210/jendso/bvz042
https://doi.org/10.1016/s0140-6736(05)66585-3
https://doi.org/10.1007/s13105-016-0542-0
https://doi.org/10.1007/s13105-016-0542-0
https://doi.org/10.1016/0305-0491(89)90337-4
https://doi.org/10.5603/kp.a2017.0035
https://doi.org/10.5603/kp.a2017.0035
https://doi.org/10.1161/01.cir.0000099542.57313.c5
https://doi.org/10.1161/01.cir.0000099542.57313.c5
https://doi.org/10.1002/oby.21059
https://doi.org/10.1002/oby.21059
https://doi.org/10.1007/s00592-014-0710-z
https://doi.org/10.1007/s00592-014-0710-z
https://doi.org/10.1172/jci.insight.87460
https://doi.org/10.5681/bi.2013.004
https://doi.org/10.5681/bi.2013.004
https://doi.org/10.1152/ajpheart.00251.2002
https://doi.org/10.1210/jc.2013-1265
https://doi.org/10.1210/jc.2009-0571
https://www.frontiersin.org/journals/aging
www.frontiersin.org
https://www.frontiersin.org/journals/aging#articles

lacobellis

Sacks, H. S., and Fain, J. N. (2007). Human Epicardial Adipose Tissue: a Review.
Am. Heart J. 153, 907-917. doi:10.1016/j.ahj.2007.03.019

Sato, T., Aizawa, Y., Yuasa, S., Kishi, S., Fuse, K., and Fujita, S. (2018). The Effect of
Dapagliflozin Treatment on Epicardial Adipose Tissue Volume. Cardiovasc.
Diabetol. 17, 6. doi:10.1186/s12933-017-0658-8

Silaghi, A., Achard, V., Paulmyer-Lacroix, O., Scridon, T., Tassistro, V., Duncea, L,
et al. (2007). Expression of Adrenomedullin in Human Epicardial Adipose
Tissue: Role of Coronary Status. Am. J. Physiology-Endocrinology Metab. 293,
E1443-E1450. doi:10.1152/ajpendo.00273.2007

Singh, S. P., McClung, J. A., Thompson, E., Glick, Y., Greenberg, M., Acosta-Baez,
G., et al. (2019). Cardioprotective Heme Oxygenase-1-PGCla Signaling in
Epicardial Fat Attenuates Cardiovascular Risk in Humans as in Obese Mice.
Obesity 27, 1634-1643. doi:10.1002/0by.22608

Vural, B., Atalar, F., Ciftci, C., Demirkan, A., Susleyici-Duman, B., Gunay, D., et al.
(2008). Presence of Fatty-Acid-Binding Protein 4 Expression in Human
Epicardial Adipose Tissue in Metabolic Syndrome. Cardiovasc. Pathol. 17,
392-398. doi:10.1016/j.carpath.2008.02.006

Aging and Epicardial Fat

Yagi, S., Hirata, Y., Ise, T., Kusunose, K., Yamada, H., and Fukuda, D. (2017).
Canagliflozin Reduces Epicardial Fat in Patients with Type 2 Diabetes Mellitus.
Diabetol. Metab. Syndr. 9, 78. doi:10.1186/s13098-017-0275-4

Yang, J., Ren, J., Song, J., Liu, F., Wu, C., Wang, X,, et al. (2013). Glucagon-like
Peptide 1 Regulates Adipogenesis in 3T3-L1 Preadipocytes. Int. J. Mol. Med. 31,
1429-1435. doi:10.3892/ijmm.2013.1350

Conflict of Interest: The author declares that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2021 Iacobellis. This is an open-access article distributed under the
terms of the Creative Commons Attribution License (CC BY). The use, distribution
or reproduction in other forums is permitted, provided the original author(s) and the
copyright owner(s) are credited and that the original publication in this journal is
cited, in accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.

Frontiers in Aging | www.frontiersin.org

May 2021 | Volume 2 | Article 666260


https://doi.org/10.1016/j.ahj.2007.03.019
https://doi.org/10.1186/s12933-017-0658-8
https://doi.org/10.1152/ajpendo.00273.2007
https://doi.org/10.1002/oby.22608
https://doi.org/10.1016/j.carpath.2008.02.006
https://doi.org/10.1186/s13098-017-0275-4
https://doi.org/10.3892/ijmm.2013.1350
https://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/aging
www.frontiersin.org
https://www.frontiersin.org/journals/aging#articles

	Aging Effects on Epicardial Adipose Tissue
	Epicardial Fat
	Cardioprotective Role of Epicardial Fat
	Epicardial as Brown Fat
	Aging Effects on Epicardial Brown-Fat Activity
	Epicardial Fat Downregulation in Aged Coronary Artery Disease
	Effects of Menopause on Epicardial Fat
	Potential Beneficial Effects of Drugs Targeting Epicardial Fat
	Conclusions
	Author Contribution
	References


