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Obesity is very common in patients with heart failure with preserved ejection fraction (HFpEF) and it has been suggested that obesity
plays an important role in the pathophysiology of this disease. While body mass index defines the presence of obesity, this measure
provides limited information on visceral adiposity, which is probably more relevant in the pathophysiology of HFpEF. Epicardial adipose
tissue is the visceral fat situated directly adjacent to the heart and recent data demonstrate that accumulation of epicardial adipose tissue
is associated with the onset, symptomatology and outcome of HFpEF. However, the mechanisms by which epicardial adipose tissue may
be involved in HFpEF remain unclear. It is also questioned whether epicardial adipose tissue may be a specific target for therapy for this
disease. In the present review, we describe the physiology of epicardial adipose tissue and the pathophysiological transformation of epicardial
adipose tissue in response to chronic inflammatory diseases, and we postulate conceptual mechanisms on how epicardial adipose tissue
may be involved in HFpEF pathophysiology. Lastly, we outline potential treatment strategies, knowledge gaps and directions for further

research.
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Introduction the pathophysiology of HFpEF*® For instance, increased EAT was

associated with the incidence of HFpEF, but not with incident heart

Obesity is rapidly becoming one of the most important risk factors
for cardiovascular diseases, especially heart failure with preserved
ejection fraction (HFpEF)." Obesity is defined as abnormal or
excessive fat accumulation that presents a risk to health and
according to the World Health Organization, the prevalence of
obesity has nearly tripled worldwide since 1975.2 Although body
mass index (BMI) is typically used to diagnose overall obesity, this
measurement provides limited information on the actual burden
and distribution of adipose tissue. This is important, because
especially visceral adiposity (i.e. fat around the internal organs)
imposes a risk for the development of HFpEF? In particular
epicardial adipose tissue (EAT), which is the fat tissue surrounding
the heart, has gained increasing attention for its potential role in

failure with reduced ejection fraction.® Furthermore, EAT was
associated with structural and functional myocardial abnormalities
typically seen in HFpEF, such as myocardial hypertrophy, diastolic
dysfunction and increased filling pressures. Moreover, abundance
of EAT in patients with HFpEF predicted a poor prognosis,
independent of BMI.

While EAT may indeed be involved in the pathophysiology
of HFpEF, the exact mechanisms remain poorly understood. In
addition, it remains unclear whether EAT may be a viable target for
treatment. Better insight into the mechanisms by which EAT may
be involved in HFpEF pathophysiology may lead to (i) improved
understanding of this complex disease, and (ii) the development of
novel treatments that improve outcomes for patients with HFpEF.
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Figure 1 Schematic cross-section view of the myocardial and pericardial layers, with epicardial adipose tissue being directly adjacent to the

myocardium.

In this review we describe the physiology, pathophysiology, poten-
tial treatment strategies, knowledge gaps and future directions
regarding the role of EAT in HFpEF.

Epicardial adipose tissue in health

Epicardial adipose tissue is the fat tissue situated directly between
the myocardium and the visceral layer of the pericardium (Figure 7).
Branches of the coronary arteries are responsible for the vascular-
ization of EAT.® EAT is unevenly distributed around the heart, with
the majority of fat being situated around the coronary arteries and
the right ventricle.’ In a healthy population without cardiovascu-
lar disease, men on average have more EAT compared to women.®
Corradi et al.” showed that ventricular EAT accounts for approx-
imately 20% of total ventricular weight in individuals who died of
non-cardiovascular causes. Since there is no basal layer between
EAT and the myocardium, EAT may directly interact with, or infil-
trate into the underlying myocardium.?

Several physiological mechanisms have been attributed to EAT.
However, it is important to note that most assumptions are based
on experimental studies and the majority have not been proven
in humans.’®"" For instance, it was previously shown in guinea
pigs that EAT had a higher capacity of free fatty acid uptake and
breakdown compared to other fat depots.’” Because free fatty
acids are the major energy source for the heart, it is possible that
EAT may function as a local energy supplier to the myocardium.®
Mechanistically, free fatty acids are thought to be both passively
diffused and actively transported from EAT into the coronary

circulation, and from there into the myocardial cells.’? In addition
to fatty acids being transported from EAT to the myocardium
through the coronary circulation, it has been suggested that fatty
acids may also directly diffuse from EAT into the myocardial cells,
as these tissues are positioned directly adjacent to each other.?
Conversely, EAT may also function as a buffer for harmful excess
of energy from the coronary circulation. Free fatty acids would
then be extracted and incorporated into the EAT.

Other than functioning as an energy source and buffer, EAT could
function as a shock absorber for the coronary arteries from arterial
pulse wave and cardiac contraction. In addition, EAT may regulate
coronary arterial tone via the release of cytokines and chemokines
into the bloodstream.? Lastly, EAT may function as an anatomical
site for cardiac neurons.""

Although studies have focused in particular on the effect that
EAT may have on the heart, it is important to note that the possi-
bility exists that the heart may also interact with EAT. Whether the
interaction between EAT and the myocardium is unidirectional,
bidirectional or whether there is no interaction at all between
these tissues remains topic of debate, and should be further
investigated.

Pathophysiological transformation
of adipose tissue

While EAT probably has a function in cardiac homeostasis dur-
ing health, it is thought that this function can be disrupted by

© 2022 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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accumulation and inflammation of EAT."> The factors responsi-
ble for the accumulation of EAT are not fully understood, but
may in part be related to lifestyle factors including a chronic posi-
tive energy balance and smoking.'* In addition, menopausal status
and certain genetic polymorphisms linked to atherosclerosis have
also been reported to be positively associated with the amount
of EAT.">'® One important hypothesis to explain the transforma-
tion of EAT is built on the concept of adipose tissue hypoxia.’
During adipose tissue accumulation, more oxygen is needed to sup-
port this tissue. However, previous studies suggest that although
increased amounts of oxygen are needed in the growing tissue,
the proportion of cardiac output towards the tissue, as well as
the extent of the blood flow, are not increased.!” Secondly, blood
flow towards adipose tissue is postprandially impaired in obese
individuals compared to lean individuals.® Thirdly, adipocyte sizes
may increase up to a diameter of 200 um during accumulation,
whereas a normal diffusion distance of oxygen across tissues is
100-200 pm."® Fourthly, angiogenesis in adipose tissue during obe-
sity seems to be impaired.? All these data support the hypoth-
esis that during adipose tissue accumulation, oxygen delivery to
the adipose tissue is negatively affected, leading to adipose tis-
sue hypoxia. During this (chronic) hypoxic state, adipocytes start
releasing pro-inflammatory cytokines, which collectively result into
the migration of macrophages and other immune cells to the adi-
pose tissue.?’ Indeed, histological assessment of obese mice has
shown that there is infiltration of T-cells and macrophages into the
adipose tissue.”’

Adipose tissue hypoxia is also associated with a decline in insulin
sensitivity of the adipocytes.”? The mechanisms leading to insulin
resistance in adipocytes are multitude and include both direct
and indirect pathways.?? For instance, adipose tissue hypoxia itself
may directly influence insulin sensitivity, but it is also related to
the down-regulation of the adipokine adiponectin, that has been
associated with insulin sensitization.?

It should be noted that this pathophysiological transformation
is not restricted to EAT, but applies to adipose tissue in general.
Together, these associations suggest that adipose tissue, includ-
ing EAT, can transform from a healthy tissue to a hypertrophic,
hypoxic and inflamed tissue. It is thought that during this transfor-
mation, EAT may start infiltrating and compressing the underlying
myocardium, which will be further discussed.

Epicardial adipose tissue
and HFpEF

In recent studies, accumulation of EAT has consistently been
associated with left ventricular hypertrophy, diastolic dysfunction
and dilatation of the atria, which are considered typical hallmarks
of HFpEE2-2 |n addition, EAT has been related to increased
cardiac filling pressures and exercise intolerance in HFpEF2%%
While it is assumed that EAT is the driving force behind these
phenomena, it must be noted that it is still unclear whether
EAT is indeed an active contributor to HFpEF, or an innocent
bystander. This is illustrated by the observation that comorbidities
that are thought to affect cardiac functioning in HFpEF, such as

coronary artery disease and type |l diabetes, are also associated
with increased EAT.2328 Furthermore, because most studies have
a cross-sectional design, it is also possible that HFpEF-related
comorbidities may simultaneously lead to (a) adverse myocardial
remodelling resulting in HFpEF, and (b) increased EAT; while
there is no direct cause—effect relation between EAT and HFpEF.
Lastly, HFpEF is thought to be a multifactorial disease, in which
multiple comorbidities, including coronary artery disease, type Il
diabetes, obesity, systemic hypertension, and chronic obstructive
pulmonary disease, all play its pathophysiological role.?’ Because
these comorbidities are highly prevalent in patients with HFpEF
and often co-exist in the same patient, it remains difficult to
determine to what part EAT is involved in the pathophysiology
of HFpEF in the individual patient. However, some longitudinal
studies have shown that higher EAT at baseline is associated with
new-onset HFpEF%3 as well as a worse prognosis in those with
established HFpEF, independent of overall obesity and important
comorbidities. An overview of the recent studies that investigated
EAT in relation to HFpEF is shown in Table 1.672325-27:30-41 Of
note, one study by Haykowsky et al3? found that patients with
HFpEF have reduced EAT compared to controls. The discrepancy
in findings between the study of Haykowsky et al. and the majority
of other studies may in part be related to differences in the study
population. For instance, the inclusion of HFpEF patients in the
study by Haykowsky et al. was based on overall lenient criteria,
including signs and symptoms of heart failure in combination with a
preserved left ventricular ejection fraction and all patients needed
to be obese, whereas the inclusion criteria for all other HFpEF
studies were more stringent, based on specific echocardiographic,
invasive haemodynamic, and/or biomarker criteria in addition to
overall signs and symptoms of heart failure and a preserved left
ventricular ejection fraction. Therefore, the study population that
was investigated by Haykowsky et al. may be more representative
of a more general obesity population, rather than a specific HFpEF
population, and may potentially explain the difference in EAT
volume between HFpEF patients and controls with the other
studies. Two complementary hypotheses have been postulated on
the potential mechanisms by which EAT may be involved in the
pathophysiology of HFpEF.

Infiltrative-lipotoxic hypothesis

The infiltrative-lipotoxic hypothesis describes that during its
pathophysiological transformation, EAT increasingly penetrates
the underlying myocardium, disrupting cardiac ultrastructure and
electrophysiological properties and leading to functional impair-
ment of the myocardium, including left ventricular hypertrophy
and diastolic dysfunction (Figures 2A and 3).*? Indeed, in patients
undergoing coronary artery bypass grafting, it was shown that
EAT infiltrated the atrial myocardium.*? In that study it was also
shown that the infiltration of EAT was associated with increased
conduction heterogeneity of the atrial myocardium.*?

In addition to EAT infiltrating the adjacent cardiac structure, EAT
may secrete pro-inflammatory adipokines to the underlying tissues.
It has been suggested that the secretion of these adipokines works
through two pathways.? Via the paracrine pathway, EAT may release
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Figure 2 (A) Infiltrative-lipotoxic hypothesis in which the epicardial adipose tissue increasingly starts infiltrating the underlying myocardial
tissue and releasing pro-inflammatory adipokines. (B) Pericardial restraint hypothesis in which the epicardial adipose tissue accumulates and
mechanically obstructs the myocardium from dilating, therefore causing diastolic dysfunction.

Pathophysiological transformation:
e.g. chronic positive energy
balance, adipose tissue hypoxia

>

‘ LV Hypertrophy ++

oy v Diastolic dysfunction ++
— | Filling pressures 14

Myocardial remodeling

Healthy EAT

Time

Increased risk factors for systemic inflammation: e.g. metabolicsyndrome, hyperlipidemia, insulin resistance

Figure 3 Schematic overview of the pathways by which epicardial adipose tissue (EAT) may accumulate and eventually affect the underlying
myocardium, leading to left ventricular (LV) hypertrophy, LV diastolic dysfunction and increased cardiac filling pressures and ultimately resulting
in clinical heart failure with preserved ejection fraction (HFpEF).
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adipokines directly onto the myocardium and coronary arteries by
means of diffusion. This hypothesis is supported by two studies.*?*
In the study by Shimokawa et al,** the coronary arteries of pigs
were exposed to the inflammatory adipokine interleukin (IL)-1p,
which is abundant in EAT. The authors found that intimal thicken-
ing was greater at the IL-1p treated sites compared to the sites
without IL-1p, suggesting diffusion of adipokines is possible and
may potentially even aggravate coronary atherosclerotic lesions.
Nalliah et al.*> observed a paracrine effect of EAT on cardiomy-
ocytes, demonstrated by a longer field potential duration when
cardiomyocytes were subjected to EAT. A recent clinical study uti-
lizing magnetic resonance spectroscopy found a positive relation
between EAT volume and intramyocardial triglyceride content.* In
another study by Wu et al.,** it was found that HFpEF patients have
higher intramyocardial triglyceride content compared to controls.
These findings also support the notion of a potential infiltrative
effect of EAT.

The vasocrine signalling pathway has been suggested in a study by
Yudkin et al.,* and states that adipokines are not diffused directly
onto the adjacent tissues, but are released into the vasa vasorum
where they are carried downstream and may cause local harm.

Pericardial restraint hypothesis

Epicardial adipose tissue may also exert direct mechanical com-
pression of the myocardium when it is accumulating within the
pericardium leading to a constrictive pericarditis-like situation.?
Because the pericardium has limited pliability, enlargement of EAT
would cause the encased myocardium to be less able to dilate,
thereby leading to imposed diastolic dysfunction and increased
cardiac filling pressures (Figures 2B and 3). Indeed, two studies
examined the haemodynamic effects of increased EAT in patients
with HFpEF and found that EAT accumulation was associated with
higher cardiac filling pressures and with increased left ventricular
eccentricity index, further supporting the hypothesis that EAT
may lead to increased ventricular interdependence by pericardial
constraint. 26?7

Epicardial adipose tissue
and cardiac death

Whereas increasing data suggest that EAT may be involved in
HFpEF pathophysiology by means of infiltration or mechanical com-
pression, it remains largely unknown whether these same mecha-
nisms may lead to cardiac death. A recently published review article
suggests that EAT may, via infiltration of EAT into the myocardium
and the release of pro-inflammatory cytokines, ultimately lead to
cardiac arrhythmias, including ventricular tachyarrhythmias.*¢ EAT
accumulation may therefore be related to sudden cardiac death,
however, this has not been investigated yet. On the other hand, EAT
has been related to increased cardiac filling pressures,?®?’ lower
peak oxygen uptake,’®?” and higher New York Heart Association
functional class,” all indicating worsening heart failure, also a com-
mon mode of death in patients with HFpEF.*’ Therefore, EAT accu-
mulation, whether by infiltration or by mechanical compression,

may also be involved in worsening heart failure as a cause of death
in patients with HFpEF. Lastly, the possibility exists that EAT is not
directly related to mortality, but rather a risk marker that coin-
cides with other risk factors for mortality including type |l diabetes
mellitus and coronary artery disease.

Epicardial adipose tissue
accumulation and obesity
in HFpEF

Both increased EAT and obesity are associated with myocardial
impairments typical for HFpEF, including left ventricular hyper-
trophy, diastolic dysfunction and left atrial dilatation.23254849
In addition, both EAT and obesity are associated with incident
HFpEF3¢ However, it is important to consider here that obesity
and epicardial adiposity are not always mutually related. A recent
study observed that patients with HFpEF have increased EAT
volume compared to controls without heart failure, whereas BMI
between these groups was similar.2? In addition, in another HFpEF
study, 22% of patients were classified as non-obese, whereas these
patients actually had a high EAT volume.” Conversely, in the same
study, 18% of patients who were classified as obese, had low
EAT volume. In Table 2, the putative differential effects of EAT
and obesity on the heart, as well as their relation to natriuretic
peptides, atrial fibrillation and mortality, are summarized. EAT is
thought to exert local mechanical and inflammatory effects on the

myocardium,?>3350

whereas obesity is thought to affect the heart
in systemic ways, including increased cardiac loading caused by
obesity-related volume overload.?’ Furthermore, increased EAT is
related to higher natriuretic peptide levels,’ whereas conversely,
obesity is related to lower natriuretic peptide levels.>? Lastly,
conflicting evidence exists regarding the association between
obesity and mortality in patients with HFpEF. Some studies suggest

that obesity is associated with increased risk of death in patients

Table 2 Differences between epicardial adipose tissue
and obesity with respect to heart failure

Epicardial Obesity
adipose tissue
Local mechanical and + -
inflammatory effect on the
heart
Systemic volume loading and - +
inflammatory effect on the
heart
Association with natriuretic NPs 1 NPs |
peptides (NPs)
Related to atrial fibrillation in + +

heart failure and preserved
ejection fraction
Related to mortality in heart + +/-
failure and preserved
ejection fraction
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with HFpEF*3; however, other studies show a beneficial effect of
obesity on survival.>* Furthermore, the discrepancy between the
association of obesity with incident HFpEF in the general popula-
tion on the one hand, and the beneficial association of obesity on
survival in those with established HFpEF on the other is called the
‘obesity paradox’.>* However, recent studies have been challenging
the obesity paradox.>®> BMI does not discriminate between weight
by muscle or by fat and it does not provide insight into where the
fat is located. Indeed, in a recent study it was shown that in those
with established heart failure, BMI was associated with improved
survival.>> However, when the authors used waist-to-hip ratio, a
measure that more accurately reflects visceral adiposity than BMI,
they found that increased waist-to-hip ratio was associated with
adverse survival in women. Although less widely investigated, EAT
was consistently associated with a higher rate of hospitalizations
for heart failure and death in HFpEF in two independent studies.”*
Itis therefore important to not only assess adiposity as measured
by BMI, but to specifically take into account whether a patient has
an increased amount of EAT, at least for prognostic purposes. As a
starting point, one could use anthropometric measurements that
better reflect visceral fat status than BMI, such as relative fat mass
or waist-to-hip ratio to estimate EAT.® In those patients with a
high relative fat mass or waist-to-hip ratio, it may be considered
to precisely quantify the amount of EAT with cardiac magnetic
resonance (CMR) or computed tomography (CT) imaging.®2®

Epicardial adipose tissue in HFrEF
versus HFpEF

Recent data suggest that EAT may play a different role in the
pathophysiology of HFrEF compared to HFpEF. In two studies, it
was reported that patients with HFrEF have less EAT compared to
healthy controls and patients with HFpEF3¢>” However, contrast-
ingly, in two other studies EAT was increased in HFrEF compared
to controls and HFpEF3*3* Nonetheless, in those with HFrEF,
increased EAT was associated with a lower risk of cardiovascular
death and heart failure hospitalizations.>® This finding that EAT is
protective of cardiovascular events in HFrEF is in contrast with

HFpEF, where EAT is associated with an adverse prognosis.”*¢ This
difference in association of EAT and outcome between HFrEF and
HFpEF may be related to the association between EAT and overall
cardiometabolic profile. In HFrEF, higher EAT is associated with
lower C-reactive protein, lower troponin T and lower IL-6 levels,
suggesting that increased EAT in HFrEF is associated with a benefi-
cial cardiometabolic profile.3¢ Contrastingly, in HFpEF higher EAT
is associated with increased C-reactive protein, increased troponin
T and creatine-kinase MB, suggesting an adverse cardiometabolic
profile.”3¢ On the other hand, it is also possible that the quality
of EAT itself may differ between HFrEF and HFpEF, where EAT
in HFrEF has a more anti-inflammatory profile and in HFpEF a
more pro-inflammatory profile, with a direct adverse effect on the
myocardium in HFpEF and a beneficial effect in HFrEF. However,
this has not yet been investigated.

Quantification and qualification
of epicardial adipose tissue

Non-invasive quantification of EAT is generally done using CMR,
CT, or transthoracic echocardiography.523337 Figure 4 depicts
typical examples of EAT assessed with each of these imaging
techniques. Both CMR and CT allow for EAT volume quantifica-
tion and localization. An advantage of CT is the option to assess
EAT density, which is associated with inflammation of EAT.*® The
density of EAT was associated with the presence of coronary
artery disease, even after adjustment for overall EAT volume,
which suggests that not only the quantity of EAT is of importance,
but also the quality of EAT in terms of inflammation.>® Moreover,
one study even found that in patients with a high-risk coronary
plaque, assessed by positron emission tomography (PET), sur-
rounding EAT density around the plaque was higher compared
to EAT surrounding low-risk coronary plaques in patients with
low-risk coronary plaques, indicating very local inflammation.*
In addition, the possibility exists that EAT may also impair coro-
nary vascular function in those with non-obstructive coronary

artery disease on PET, potentially leading to diastolic dysfunction
and HFpEF2%:6061

Figure 4 Three different imaging methods for assessment of epicardial adipose tissue. Red arrows indicate the pericardium. (A) Cardiac
magnetic resonance imaging. (B) Computed tomography imaging. (C) Transthoracic echocardiography. AO, aorta; LA, left atrium; LV, left

ventricle; RA, right atrium; RV, right ventricle.
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On the other hand, an advantage of CMR imaging is that it also
allows for the assessment of intramyocardial adiposity if magnetic
resonance spectroscopy techniques are added.®* Furthermore,
with CMR imaging, functional analyses of the myocardium can be
performed in addition to EAT quantification.?”

Transthoracic echocardiography has also been used to quantify
the amount of EAT.>” However, contrary to CMR and CT, only the
thickness of EAT can be measured on transthoracic echocardiog-
raphy.3” The chances of over- or underestimation of the actual EAT
volume are therefore higher with transthoracic echocardiography,
making this measurement less reliable for EAT quantification in
individual patients.>”

Potential sex differences
in epicardial adipose tissue
in HFpEF

Clinical studies show conflicting data regarding the amount of
EAT in men compared to women.'>¢2 Although some studies
observed higher amounts of EAT in women,' other studies
reported a higher amount in men.®? This discrepancy may in
part be related to the post-menopausal status of women, as
older women (>60years) have higher EAT volumes compared to
younger women.'® Interestingly, regardless of the amount of fat,
EAT seems to be associated with worse systolic and diastolic left
ventricular function in women, but not in men.'” Similarly, a recent
study in women with HFpEF demonstrated that visceral adipose
tissue accumulation was associated with increased cardiac filling
pressures, whereas this association was not observed in men.
Because EAT and visceral abdominal fat are highly correlated,®® it
may be speculated that this difference in cardiac filling pressures
between men and women could also be due to local effects of EAT.

Potential treatment options
for epicardial adipose tissue
accumulation

If EAT indeed contributes to the pathophysiology of HFpEF, it may
be a promising therapeutic target. However, to date there are
no proven treatment options specifically targeting EAT. Here we
discuss four potential strategies for directly targeting EAT as well
as interventions that are approved in the treatment of obesity and
type Il diabetes, which have been shown to reduce the volume and
inflammatory nature of EAT.

Surgical resection of epicardial adipose
tissue

A few experimental studies have investigated the surgical resec-
tion of EAT. In one study, miniature swine were subjected to either
surgical resection of EAT around the left anterior descending coro-
nary artery, or sham surgery.®* The authors found that resection of
EAT was associated with a halted progression of coronary artery

disease. In one other study, obese rats subjected to acute myocar-
dial infarction, and the resection of the fat adjacent to the heart
was associated with better left ventricular function compared to
rats with myocardial infarction and no resection of fat.*> Although
it is difficult to distinguish between pericardial adipose tissue and
EAT in rodent models, the result suggests that removal of cardiac
fat may have a positive effect on coronary artery disease and poten-
tially also on myocardial function.

One case report described the specific removal of the epicardial
fat pad in a clinical patient with excessive EAT volume.®® In
this patient, resection of EAT improved left ventricular diastolic
function. Combined, these data suggest that resection of EAT may
have favourable effects on the heart. However, whether this is
a viable treatment option in patients with HFpEF remains to be
elucidated.

Pericardiotomy for pericardial restraint
relief

Recent studies have shown that incision of the parietal pericardium
in animals with features of HFpEF is associated with a less stark
increase in cardiac filling pressures after saline infusion compared
to animals without this procedure.®’%® Although this procedure
does not specifically target EAT, in theory it may be particularly
beneficial in patients with high intra-pericardial pressures possi-
bly as the result of an abundance of EAT volume, since increased
EAT volume inside the stiff pericardial sac is believed to constrain
the myocardium which in turn may lead to higher cardiac fill-
ing pressures,’®?’ as described earlier. However, whether pericar-
diotomy is effective in reducing cardiac filling pressures, particularly
in HFpEF patients with high EAT volume, is currently unknown and
should be investigated.

‘Browning’ of epicardial adipose tissue

Studies have not only distinguished fat on the basis of location, but
also on the basis of function. The majority of fat in the human body
is regarded white adipose tissue, which is primarily associated with
the storage of energy.®® On the other hand, there is brown adipose
tissue, which accounts for a small percentage of all fat, and this
adipose tissue is associated with thermoregulation.® Brown adi-
pose tissue is characterized by an abundance of mitochondria that
use energy to produce heat. Moreover, higher volume of brown
adipose tissue is associated with a lower risk of cardiovascular dis-
eases whereas, conversely, increased white adipose tissue is associ-
ated with a higher risk of cardiovascular diseases.”® A recent study
observed that certain key proteins associated with brown adipose
tissue are expressed in EAT, suggesting EAT has brown adipose
tissue-like features.”" However, the amount of brown adipose tis-
sue seems to decrease with higher age and obesity,”"’2 both of
which are highly prevalent in HFpEF. Interestingly, it has recently
been shown that the function of fat can be redirected to a more
brown adipose tissue-like function with the administration of a
B3-adrenergic receptor agonist, a process called ‘browning’.”?
Because EAT highly expresses proteins associated with brown
adipose tissue, it may be speculated that EAT could be particularly

© 2022 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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Table 3 (Continued)

Execution and limitations of potential study

Areas of potential discovery

Important knowledge gaps

Domain

Humans: healthy subjects. Epicardial adipose tissue volume measurement,

Defining a clinically relevant cut-off value

Diagnosis of hypertrophic

Diagnosis

determining cut-off value for when epicardial adipose tissue is increased by

calculating the 95% percentile of mean epicardial adipose tissue volume.

for increased epicardial adipose tissue

epicardial adipose tissue

volume, to enable physicians which

Limitations: great number of subjects that undergo cardiac magnetic resonance

or computed tomography is needed
Animal model: HFpEF. Investigate feasibility of epicardial adipose tissue resection.

patients to treat with epicardial

adipose tissue lowering therapies
Investigation of the feasibility and effect

Epicardial adipose tissue volume

Treatment

If feasible, randomize animals to either epicardial adipose tissue resection or

sham surgery and relate to cardiac function and structure. Limitations:

currently not feasible in humans

of local surgical removal of epicardial
adipose tissue in HFpEF and whether

reduction

it is associated with better outcomes

Animal model: HFpEF. Randomize animals to either treatment or no treatment,

Assessment whether epicardial adipose

Epicardial adipose tissue ‘browning’

assess inflammation by taking biopsies of epicardial adipose tissue. Humans:
HFpEF, biopsies of epicardial adipose tissue in patients with or without

tissue inflammation is reduced in

HFpEF after administration of a

treatment to determine biomarkers of inflammation. Limitations: only feasible

B3-adrenergic receptor agonist

in patients undergoing open heart surgery

Abbreviation: HFpEF, heart failure with preserved ejection fraction; HFrEF, heart failure with reduced ejection fraction; IRB, institutional review board.

susceptible for the effects of a f3-adrenergic receptor agonist.
However, side effects of treatment with a 33-adrenergic receptor
agonist include higher heart rate and increased blood pressure,’
and it remains debatable whether treatment with a 3-adrenergic
receptor agonist will lead to improved survival in older, fragile
patients with HFpEF.

Epicardial adipose tissue as a target
for gene therapy

In gene therapy, genetic material is deleted from, added to, or
altered in specific cells, in order to stimulate better functioning
of the cell. This is done using a vehicle that delivers the genetic
material to the cells, typically a virus. These viruses are stripped
from their own viral genes, so that they do not inflict an immune
response. Although gene therapy has mainly focused on treating
non-cardiovascular diseases, it has recently been suggested that
adipose tissue may also be a potential target for gene therapy.”*
One study directly targeted visceral adipose tissue in mice.”* The
gene therapy in this study focused on overexpressing a protein
called fibroblast growth factor 21 (FGF21) in visceral adipose
tissue. Higher expression of FGF21 was associated with improved
insulin sensitivity and lower inflammatory cytokine release of the
visceral adipose tissue. Although no studies have yet investigated
whether specifically EAT is amenable for gene therapy, it may be
a promising target. Local injection into the pericardial sac with
a virus that carries the genetic code for FGF21 may specifically
ameliorate the inflammatory character of EAT. However, such a
procedure does introduce a significant risk for puncture of the
heart or pericarditis, and should be further investigated.

Other treatment options

Therapies that are used for the management of obesity and type
Il diabetes, such as diet, exercise and bariatric surgery, but also
therapies specifically for the management of type Il diabetes,
including glucagon-like peptide 1 (GLP-1) receptor agonists and
sodium—glucose cotransporter 2 (SGLT-2) inhibitors, appear to
reduce EAT volume and seem to lower its pro-inflammatory
character.” In addition by reducing the amount of visceral adiposity,
these therapies also have multiple systemic effects that may be
beneficial for patients with HFpEF, such as weight loss, lowering
of blood pressure, and better glycaemic control. It is therefore
difficult to detangle whether these therapies have a beneficial
effect on HFpEF specifically due to lowering of EAT, or due to
their systemic effects. Future research should therefore investigate
whether the reduction in EAT observed with diet and exercise,
bariatric surgery, GLP-1 receptor agonists and SGLT-2 inhibitors is
associated with better survival in patients with HFpEF, independent
of the systemic effects of these therapies.

Knowledge gaps and future
directions

Even though our understanding of EAT in the setting of HFpEF
is increasing, there are still several important knowledge gaps.
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Further study is essential to advance our understanding of the
pathogenesis, pathophysiological mechanisms and treatment of
EAT accumulation and inflammation in HFpEF. In Table 3 these
knowledge gaps are summarized and future areas of potential
discovery are mentioned, such as determining the predominant
mechanism of action of EAT, and identifying treatment regimens
that specifically target EAT beyond overall obesity. To answer these
questions, the use of both clinical and experimental studies is
greatly supported.

Conclusions

Evidence is accumulating that EAT is involved in the pathophys-
iology, symptomatology and clinical course of HFpEF. However,
many questions on the pathophysiology and potential treatment
of EAT still remain unanswered. More studies are needed to tackle
these questions and to identify therapeutic options that specifically
reduce EAT accumulation and inflammation to improve outcomes
for patients with HFpEF.

Conflict of interest: none declared.
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