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Perspective

Drugs That Ameliorate Epicardial Adipose Tissue Inflammation
May Have Discordant Effects in Heart Failure With a Preserved

Ejection Fraction as Compared With a Reduced
Ejection Fraction

MILTON PACKER, MD'*

Dallas, Texas; and London, United Kingdom

ABSTRACT

Heart failure with a preserved ejection fraction (HFpEF) and heart failure with a reduced ejection fraction
(HFrEF) have distinctive pathophysiologies, and thus, therapeutic approaches to the 2 disorders should differ.
Neurohormonal activation drives the progression of HFrEF, and neurohormonal antagonists are highly effec-
tive in HFrEF, but not in HFpEF. Conversely, a broad range of chronic systemic inflammatory or metabolic
disorders cause an expansion and inflammation of epicardial adipose tissue; the secretion of adipocytokines
may lead to microvascular dysfunction and fibrosis of the underlying myocardium, which (if the left atrium is
affected) may lead to atrial fibrillation (AF) and (if the left ventricle is affected) may lead to HFpEF. Anti-
inflammatory drugs (such as statins and anticytokine agents) can ameliorate epicardial adipose tissue dysfunc-
tion. Statins appear to ameliorate the development of atrial myopathy (both experimentally and clinically),
and in randomized controlled trials, they reduce the incidence of new-onset and recurrent AF and decrease
the risk of heart failure with the features of HFpEF; yet, they have no benefits in HFrEF. Similarly, anticyto-
kine agents appear to prevent heart failure in patients with or prone to HFpEF, but adversely affect HFrEF.
Several antihyperglycemic agents also reduce epicardial fat mass and inflammation, but this benefit may be
offset by additional actions to cause sodium retention and neurohormonal activation. Thiazolidinediones
have favorable effects on experimental AF and HFpEF, but their antinatriuretic actions negate these benefits,
and they worsen the clinical course of HFrEF. Glucagon-like peptide-1 receptor agonists also ameliorate AF
and HFpEF in laboratory models, but their positive inotropic and chronotropic effects may be deleterious in
HFrEF. By contrast, metformin and sodium-glucose cotransporter 2 inhibitors alleviate epicardial adipose tis-
sue dysfunction and may reduce the risk of AF and HFpEF; yet, they may have additional actions to promote
cardiomyocyte survival that are useful in HFrEF. The concordance of the benefits of anti-inflammatory and
antihyperglycemic drugs on AF and HFpEF (but not on HFrEF) supports the paradigm that epicardial adipose
tissue is a central pathogenetic mechanism and therapeutic target for both AF and HFpEF in patients with
chronic systemic inflammatory or metabolic diseases. (J Cardiac Fail 2019;25:986—1003)
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The 2 main phenotypes of chronic heart failure are heart
failure with a reduced ejection fraction (HFrEF) and heart fail-
ure with a preserved ejection fraction (HFpEF). HFrEF is char-
acterized primarily by the loss and stretch of cardiomyocytes,
which often follows a clinically overt myocardial injury (eg,
myocardial infarction). Systolic ejection is impaired, and car-
diac chambers are markedly enlarged and remodeled.’ In con-
trast, HFpEF is typically linked to a systemic inflammatory or
metabolic disorder, which can directly impair the endothelial
function of the coronary microvasculature.” In addition, these
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disorders may alter the biology of epicardial adipose tissue,
which may further amplify the effects of the systemic disorder
onto the underlying myocardium; the resulting microvascular
derangement and fibrosis of the atrial and ventricular myocar-
dium may lead to atrial fibrillation (AF) and HFpEF,
respectively.” © In these patients, systolic function is relatively
preserved, but atrial electrical activation is disturbed and ven-
tricular distensibility is impaired; as a result, the volumes of
the cardiac chambers are only modestly increased.”” Bio-
markers of systemic inflammation are prominent, and these
are accompanied by evidence of end-organ dysfunction and
multiple clinical comorbidities.'”""

Contrasting Therapeutic Approaches to HFrEF and
HFpEF

Because of these contrasting mechanisms, therapeutic
approaches to HFrEF and HFpEF differ. Drugs that prevent
the neurohormonally-driven remodeling of the left ventricle
are highly effective in HFrEF, but not in HFpEF. Specifically,
inhibitors of the renin-angiotensin system reduce the risk of
death or hospitalization for heart failure in HFrEF, but have
only modest or negligible effects in HFpEE.'"'* Similarly,
beta-blockers, mineralocorticoid receptor antagonists and
neprilysin inhibitors reduce mortality markedly in patients
with HFrEF,"” '° but the magnitude of their benefits in
patients with HFpEF are much less striking and may be pri-
marily driven by favorable effects in patients with an ejection
fraction of 40%—50%.' ' Sinus node slowing with ivabra-
dine reduces the risk of heart failure hospitalizations in
HFtEF,” but the drug worsened the functional capacity of
patients with HFpEF in 2 randomized controlled trials.”'**

Is the converse proposition also true? Do agents that prefer-
entially benefit HFpEF have minimal or (perhaps) deleterious
effects in HFrEF? Although there are no established therapies
for HFpEF, new treatments for HFpEF are being actively
explored; specifically, there is interest in drugs that can reduce
the mass and inflammatory state of epicardial adipose tissue.’
If dysfunctional epicardial fat leads to inflammation of both
the atrial and ventricular myocardium, then interventions that
ameliorate this abnormality might exert favorable effects on
both AF and on HFpEF." By contrast, epicardial adipose tissue
is not increased and appears to play a nutritive role in
HFrEF,>*** and thus, the anti-inflammatory action of antiadi-
pogenic interventions might not be useful in this disorder. Fur-
thermore, drugs that target epicardial adipose tissue may exert
additional deleterious effects (ie, to promote renal sodium
excretion or neurohormonal activation) that can lead to
adverse clinical outcomes in patients with HFrEF.

Role of Systemic and Epicardial Adipose Tissue
Inflammation in the Pathogenesis of AF and HFpEF

Many disorders that are characterized by systemic or adipose
tissue inflammation have been closely linked to both AF and
HFpEF. The incidence of AF is increased in association with
the chronic inflammation seen in rheumatoid arthritis, ankylos-
ing spondylitis, psoriasis, systemic sclerosis, chronic HIV and

viral hepatitis infection, and inflammatory bowel disease as,
well as the metabolic derangements seen in obesity, diabetes,
and primary hyperaldosteronism.” ** The prevalence of AF
has been established based on observations made during routine
electrocardiography; the associations could be meaningfully
stronger if implanted devices were used to detect atrial arrhyth-
mias.” At the same time, rheumatoid arthritis, ankylosing spon-
dylitis, systemic sclerosis, psoriasis, chronic HIV and viral
hepatitis infection, and inflammatory bowel disease as well as
obesity, diabetes, and primary hyperaldosteronism are associ-
ated with the development of cardiac fibrosis and microvascular
derangements, echocardiographic diastolic filling abnormalities,
and heart failure, particularly HFpEF; these findings appear to
be directly related to the clinical severity of the systemic inflam-
matory process or metabolic derangement.”***

The striking concordance of both AF and HFpEF in sys-
temic inflammatory and metabolic disorders may be related to
an expansion of epicardial adipose tissue,’ which may act as a
transducer to focus the biological derangements of the systemic
disorder onto the heart. The epicardium and myocardium are
closely intertwined through an unobstructed shared microcircu-
lation; therefore, when systemic inflammatory and metabolic
disorders cause epicardial adipocytes to proliferate, the expan-
sion transforms the normal nutritive functions of epicardial fat
to a proinflammatory state. The secretion of adipocytokines
from dysfunctional epicardial adipose tissue leads to inflamma-
tion, microvascular dysfunction, and fibrosis of the underlying
myocardium.”” ®*” If the afflicted epicardial fat surrounds the
left atrium, the result may be electroanatomical fragmentation
and structural remodeling, leading to AF. When the dysfunc-
tional fat adjoins the left ventricle, the result may be an
impairment of ventricular distensibility such that the chamber
cannot accommodate an increase in volume without a dispro-
portionate increase in pressure, thus leading to HFpEF."’

The importance of the epicardium is highlighted by the
fact that that each of the systemic inflammatory and adipo-
genic metabolic disorders that are linked to both AF and
HFpEF are also accompanied by an expansion of epicardial
adipose tissue mass.’ °® Furthermore, increases in epicar-
dial fat volume and deleterious changes in its biology are
characteristically seen in (and typically precede the onset
of) AF and HFpEF in the general population as well as in
patients at risk, regardless of the clinical etiology, and are
strongly associated with underlying electroanatomical
abnormalities and cardiac fibrosis.”” ® Importantly, both
experimentally and clinically, excision of epicardial fat
improves the structure and function of the underlying car-
diac and vascular tissues (Fig. 1).06:67

Effects of Interventions That Attenuate Epicardial
Adipogenesis and Adipocyte Inflammation on the
Clinical Course of AF and HFpEF

Obesity is not only an adipogenic state, but it is also a
systemic inflammatory disorder. For both reasons, obesity
increases epicardial adipose tissue mass and leads to atrial
electrical derangements as well as diastolic filling
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Fig. 1. Proposed role for epicardial adipose tissue expansion and
inflammation in the pathogenesis and potential treatment of AF
and HFpEF in patients with a chronic systemic inflammatory and
adipogenic metabolic disorder.
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markedly increased risk of both AF and heart failure,
and meaningful weight loss reduces epicardial adiposity
and ameliorates the development of both AF and heart
failure.”'’ Importantly, the pathophysiological derange-
ments in obesity predispose to the development of
HFpEF,”’® and the benefits of weight loss on the clinical
course of heart failure has been primarily seen in patients
with HFpEF, who experience improved diastolic filling
dynamics, symptoms, and exercise tolerance.”” ®' In con-
trast, in patients with systolic dysfunction, weight loss pro-
duces only marginal changes in ejection fraction, and the
benefit is particularly attenuated in patients with a prior
myocardial infarction (who are prone to HFtEF).*”

Does the proposed framework apply to pharmacologic
interventions? If so, then drugs that inhibit epicardial adi-
pose tissue expansion and inflammation should have favor-
able effects on AF and on HFpEF in patients with systemic
diseases and comorbidities. Conversely, these antiadipo-
genic and anti-inflammatory drugs might not be expected to
exert benefits in HFrEF.

Effects of Anti-Inflammatory Drugs on Epicardial
Adipose Tissue, AF, and HFpEF

Two classes of anti-inflammatory agents have been eval-
uated for their effects on adipose tissue inflammation and
on its cardiovascular consequences (Table 1): 1) statins,
which are used to reduce the risk of atherosclerotic ischemic
events in patients with metabolic disorders (eg, dyslipide-
mia and type 2 diabetes); and 2) anticytokine drugs, which
are used for the treatment of systemic inflammatory disor-
ders (eg, rheumatoid arthritis, psoriasis, and inflammatory
bowel disease).

Statins.  Although their anti-inflammatory effects were
first identified in patients with atherosclerotic coronary artery
disease, statins have been used to ameliorate biomarkers of

inflammation and clinical measures of disease activity in
patients with a broad range of systemic inflammatory disorders
(eg, rheumatoid arthritis, ankylosing spondylitis, psoriasis, sys-
temic sclerosis, viral hepatitis, and inflammatory bowel dis-
ease) as well as in adipogenic metabolic disorders.”” *’ These
anti-inflammatory actions of statins may also be responsible
for their ability to ameliorate the expansion and inflammation
of epicardial adipose tissue in patients with dyslipidemias,
inflammatory and metabolic disorders and established cardio-
vascular disease, including AF.”"~"*

The anti-inflammatory action on the epicardium may
explain why statins ameliorate the development of struc-
tural and functional abnormalities characteristic of an atrial
myopathy in experimentally-induced cardiac stress and in
patients with AF,(’ 49 and in randomized controlled trials,
statins have consistently reduced the incidence of new-onset
as well as recurrent AF.”” " Additionally, statins amelio-
rate inflammatory processes in epicardial fat and produce
favorable effects on cardiac remodeling in experimental
models”"'"’ and improve diastolic filling dynamics in the
clinical setting.'”' '% Accordingly, the use of statins in
patients with systemic inflammatory disorders has been
accompanied by a decrease in heart failure biomarkers and
a reduced risk of heart failure events.'”"'” Most impor-
tantly, in randomized controlled clinical trials in patients
with dyslipidemias, statins reduced the risk of new-onset
heart failure without preventing the occurrence of an
interim myocardial infarction, indicating a benefit on the
development of HFpEF.'"® Statins may also reduce the risk
of death in patients with an established diagnosis of HFpEF,
including the occurrence of noncardiovascular death.'*”"'"!
In marked contrast to these benefits on both AF and HFpEF,
treatment with statins produced no benefits on morbidity
and mortality in patients with HFrEF in 2 large-scale ran-
domized placebo-controlled clinical trials.''>'"”

Anticytokine Agents. Numerous studies have shown
that tumor necrosis factor-« and interleukin 1-8 are synthe-
sized and released from inflamed epicardial adipose
tissue,’'* """ and circulating levels of both cytokines and
other inflammatory biomarkers are elevated in patients with
AF and HFpEF, but not in those with HFrEF."''® In the
experimental setting, both proinflammatory cytokines and
other members of the interleukin-1 family have been
directly implicated in the pathogenesis of AF'"*~'*" and of
the ventricular fibrosis and diastolic filling abnormalities
seen in HFpEF.lzz’]23 In these animal models, modulation
of tumor necrosis factor and interleukin activity ameliorates
the structural abnormalities leading to both AF and
HFpEF.'*"'** However, anticytokine agents may promote
the synthesis of aldosterone, thereby causing sodium reten-
tion, which may exacerbate heart failure.'>

These observations are relevant to the use of anticytokine
agents in the clinical setting. In an observational analysis,
the use of antagonists of tumor necrosis factor-« in patients
with rheumatoid arthritis (who are prone to HFpEF) was
associated with a reduced risk of heart failure events.'*® In
a small randomized controlled trial, the interleukin-1
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antagonist anakinra reduced systemic inflammation and
improved exercise capacity in HFpEF,'?’ although these
benefits were not confirmed in a second small study.'*®
More persuasively, in a large randomized controlled trial of
patients with evidence for systemic inflammation (and thus
prone to HFpEF), the interleukin 1-8 antagonist canakinu-
mab decreased proinflammatory biomarkers and the risk of
hospitalizations for heart failure.'”’ In marked contrast to
these results in HFpEF, antagonists of tumor necrosis fac-
tor-a have not produced benefits in HFrEF, and in fact, their
use in HFrEF has been associated with worsening clinical
status and an increased risk of adverse outcomes in 3 ran-
domized controlled trials.'*%""!

Effects of Antihyperglycemic Drugs on Epicardial
Adipose Tissue, AF, and HFpEF

Three classes of anti-hyperglycemic agents have been
evaluated for their potential effects on epicardial adipose
tissue, AF, and heart failure: 1) thiazolidinediones; 2) met-
formin and sodium-glucose cotransporter 2 (SGLT2) inhibi-
tors; and 3) incretin-based agents (Table 1).

Thiazolidinediones. Peroxisome proliferator-activated
receptor-y (PPAR-y) is a member of a nuclear receptor
superfamily that acts as a master transcriptional factor to
promote differentiation of preadipocytes, and PPAR-y sig-
naling is a key mechanism by which the epicardium attains
its normal nutritive state and secretes adiponectin.'”*'*’
PPAR-y agonism calms inflammation, oxidative stress, and
hypertrophy in a broad range of tissues, including adipo-
cytes and cardiomyocytes;'**~'*° disorders that lead to adi-
pose tissue inflammation impair PPAR-y expression,'*’ and
PPAR-y stimulation reverses the dysfunctional state of
epicardial fat.'*" Thiazolidinediones (pioglitazone and rosi-
glitazone) act as PPAR-y agonists, and thereby, reduce the
inflammation of human epicardial fat'**'*" despite an
increase in epicardial adipogenesis;'*' they also appear to
ameliorate cardiac inflammation,'*>'** and biomarkers of
systemic inflammation,'**'** independent of their effects
on blood glucose. These anti-inflammatory actions have
been used therapeutically to treat rheumatoid arthritis,
psoriasis, viral hepatitis, and inflammatory bowel
disease.'** "’ Accordingly, pioglitazone reduces atrial
inflammation and fibrosis and alleviates the predilection for
AF in experimental models of cardiac stress.'”” " Piogli-
tazone and rosiglitazone also have been shown to alleviate
ventricular fibrosis and diastolic filling abnormalities and
minimize the development of experimental HFpEF, even if
weight increases as a result of adipogenesis.'”>'*® In obser-
vational studies, the use of pioglitazone has been associated
with a lower risk of new-onset or recurrent AF">’'*% and an
improvement in abnormal diastolic filling dynamics in
patients with type 2 diabetes.' '

However, PPAR-y agonism is a powerful stimulus to
sodium reabsorption in the renal tubules, and therefore,
thiazolidinediones cause sodium retention,'®' thereby
increasing plasma and cardiac volumes and circulating

levels of natriuretic peptides, especially in patients with
pre-existing evidence of increased cardiac wall
stress.'®~'%7 The resulting increase in left atrial size seen
with these drugs may cause sufficient stretch of the atrial
myocardium'® so as to neutralize the benefits on AF that
might be expected to follow their anti-inflammatory effects
on epicardial adipose tissue. This may explain why, in
large-scale randomized controlled clinical trials, thiazolidi-
nediones have not reduced the frequency of AF events in
patients with insulin resistance or type 2 diabetes.'*

A similar interplay may also occur in the left ventricle.
Marked sodium retention would be expected to increase the
risk of heart failure, whether it is related to HFpEF or HFrEF.
Accordingly, the use of thiazolidinediones has consistently
increased the risk of serious heart failure events in randomized
controlled trials, especially when the PPAR-y agonists were
added to insulin, which exerts its own antinatriuretic
action.'” "' However, in patients with HFpEF, the anti-
inflammatory effect of PPAR-y agonism on epicardial fat might
be expected to ameliorate diastolic filling abnormalities.'””
Such an action might offset the adverse effects of sodium reten-
tion, leading to a neutral effect of these drugs on the evolution
of HFpEF. In contrast, the anti-inflammatory action of thiazoli-
dinediones might have little relevance in HFrEF; such patients
would be exposed to sodium retention without the possibility of
an offsetting benefit. Such a framework may explain why, in
large-scale clinical trials, pioglitazone worsened the clinical
course of patients with HFtEF, including those with a history of
prior myocardial infarction;'’>'"* in another double-blind ran-
domized controlled trial carried out in patients with systolic dys-
function, pioglitazone increased the risk of heart failure
hospitalizations in those with established HFEF."”* In contrast,
in large-scale cardiovascular outcomes trials, the thiazolidine-
dione did not increase heart failure events in patients at risk of
developing HFpEF.'”*

Metformin and SGLT2 Inhibitors. Independent of its
antihyperglycemic action, metformin exerts direct anti-inflam-
matory effects by its ability to stimulate AMP-activated pro-
tein kinase and thereby inhibit nuclear factor «B.'’>'’°
Accordingly, the use of the drug has been proposed as a treat-
ment of broad range of systemic inflammatory diseases,
including rheumatoid arthritis, psoriasis, chronic viral hepati-
tis, and inflammatory bowel disease, based on both experimen-
tal and clinical observations.'’®”'®' Importantly, metformin
promotes the action of adiponectin and suppresses inflamma-
tion in adipose tissue,'** '® and it reduces the secretion of
inflammatory cytokines from epicardial fat.'®® Experimen-
tally, the drug protects against microvascular derangements
and cardiac fibrosis and hypertrophy,'®’ '**  thereby
ameliorating atrial electrical abnormalities and ventricular
remodeling,'”* '*> and preventing heart failure, including
HFpEF.'”*~ %% In observational studies carried out in the clini-
cal setting, its use has been associated with the prevention of
microcirculatory injury,’” an improvement in diastolic
function,”**" a reduced risk of both AF and heart
failure,””” " and a reduced risk of death in patients with estab-
lished heart failure.”% >!"! However, randomized clinical trials
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to confirm these benefits and to characterize the heart failure
phenotype that might benefit from metformin are lacking.”">
SGLT?2 protein is increased in states of inflammation, and
SGLT?2 inhibitors block the activity of the Nlrp3 inflamma-
some in a broad range of tissues, thus minimizing the
release of proinflammatory cytokines.”'” *'” SGLT2 inhib-
itors ameliorate adipocyte hypertrophy and inflammation,
thus restoring adipose tissue to its healthy condition,”'® %"
and in parallel, they reduce cardiac hypertrophy and fibrosis
and prevent the development of heart failure in experimen-
tal models of HFpEF.””'?*" In the clinical setting, SGLT2
inhibitors reduce epicardial adipose tissue mass and
inflammation,”** **'" and this benefit is accompanied by an
improvement in diastolic filling abnormalities”*” and a
reduced risk of AF (based on sparse number of events).23 3
Most importantly, SGLT2 inhibitors have reduced the risk
of heart failure hospitalizations in several large-scale ran-
domized trials in type 2 diabetes.””* Post hoc analyses of
these studies suggest that SGLT2 inhibitors may have bene-
fits in HFpEF.”">>*° However, these drugs have additional
effects on the sodium-hydrogen exchange mechanism in
cardiomyocytes that might be directly beneficial to patients
with HFrEF;>*’ 2" such benefits may prove to be more
important in HFrEF than any actions that these drugs might
have on epicardial adipose tissue inflammation.
Incretin-Based Antihyperglycemic Agents. Systemic
inflammation interferes with the normal functioning of
incretins,”*"**** and glucagon-like peptide-1 (GLP-1) signaling
exerts anti-inflammatory effects in a broad range of
tissues,”**** prompting their potential use in rheumatoid
arthritis, psoriasis and inflammatory bowel disease.”"’ **
GLP-1 receptor agonists interrupt proinflammatory pathways,
which may be responsible for their ability to ameliorate derange-
ments in coronary arteries and myocardium in experimental
models of atherosclerosis and inflammation-mediated cardiac
injury.”” >’ Signaling through the GLP-1 receptor in adipo-
cytes suppresses proliferation, limits inflammation and promotes
a nutritive state,”>% %! which may underlie their action to reduce
epicardial adipose tissue mass in patients with type 2 diabe-
tes.”**** These actions have been accompanied by salutary
effects on atrial electrical activation in experimental models of
AF and on myocardial inflammation, ventricular fibrosis, and
survival in experimental models of HFpEF.”****” GLP-1 recep-
tor agonists have been reported to improve diastolic filling
abnormalities in diabetic patients in some studies, but not oth-
ers.”’”""*"* However, no clinical studies of GLP-1 receptor ago-
nists in patients with established HFpEF have been carried out.
Nonetheless, independent of any effect of these drugs on
epicardial adipose tissue mass and inflammation, GLP-1
receptor agonists can stimulate cyclic AMP and increase
heart rate and contractility in experimental HFrEF and in
human myocardium, and such actions could potentiate the
deleterious effects of sympathetic activation in patients
with HFrEF or AF.”"**’° In a meta-analysis of randomized
controlled trials, new-onset AF occurred more commonly in
patients treated with the GLP-1 receptor agonist albiglutide
than in the comparator groups.”’’ In patients with impaired

systolic function, liraglutide increased heart rate and
enhanced cardiac contractility, and the magnitude was
greater than with increased GLP-1 signaling produced by
dipeptidyl peptidase 4 (DPP-4) inhibition.””* **' In 2 ran-
domized clinical trials in patients with HFrEF, liraglutide
led to worsening clinical status, worsening renal function,
and an increased risk of serious heart failure, despite a
decrease in body weight.”***** If GLP-1 receptor agonists
exert deleterious effects in HFrEF but favorable effects on
HFpEF, these offsetting actions may explain the neutral
effect on heart failure events when these drugs have
been evaluated in large-scale cardiovascular outcomes
trials,”®* ?%" because patients with type 2 diabetes are at
risk of both HFrEF and HFpEF. Phenotypic characterization
of the heart failure events in these trials will be highly infor-
mative in supporting or refuting this hypothesis.

Increased GLP-1 signaling can also be achieved by DPP-4
inhibition, but the actions of DPP-4 inhibitors differ from those
of GLP-1 receptor agonists, in that DPP-4 inhibitors potentiate
the effects of stromal cell-derived factor, a chemokine that
stimulates the sympathetic nervous system and promotes car-
diac fibrosis,”*”** explaining why DPP-4 inhibition can
worsen cardiac fibrosis experimentally.”®’ Both effects would
be expected to exacerbate AF and heart failure.”” Although
some experimental studies and observational analyses have
suggested a benefit on DPP-4 inhibitors on AF,””'~** this
effect has not been confirmed in other studies or in random-
ized controlled trials.””*** Similarly, despite favorable effects
on heart failure seen in certain animal models,z%’z()7 an
increased risk of heart failure has been reported in observa-
tional studies and randomized controlled trials.””® In the ran-
domized controlled clinical trials, vildaglipin produced
adverse effects on ventricular remodeling,””” and saxagliptin
and alogliptin (but not sitagliptin or linagliptin) increased the
risk of heart failure events.””” "> Because these drugs are
insulin secretagogues, it is noteworthy that a recent analysis
has suggested that the antinatriuretic action of insulin may
potentiate this risk;*”” even with linagliptin, a higher heart fail-
ure risk was seen when the drug was administered concur-
rently with insulin.”> Most interestingly, the proinflammatory
actions of chemokine potentiation would be expected to
negate any ability of enhanced GLP-1 signaling to attenuate
adipose tissue dysfunction.””" Interestingly, little is known
about the effects of DPP-4 inhibitors on epicardial adipose tis-
sue mass,”"” but the benefits of these drugs on adipocyte biol-
ogy are modest.”” This may explain why these drugs may not
have preferential benefits on HFpEF, although further study is
needed.”””

Synthesis and Future Directions

Numerous systemic inflammatory and metabolic disor-
ders are accompanied by an increased risk of both AF and
HFpEF, potentially because they all act to increase the mass
and inflammatory features of epicardial adipose tissue. Cer-
tain interventions that are currently used in the management
of these diseases can reduce epicardial fat thickness and
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ameliorate its inflammatory characteristics; these actions
have been accompanied by a decrease in microcirculatory
dysfunction (and possibly fibrosis), leading to a reduction in
atrial arrhythmogenesis and amelioration of abnormalities
of diastolic filling. These effects may contribute meaning-
fully to the favorable effects on both AF and on HFpEF that
have been reported in observational analyses and random-
ized controlled trials. The concordance of these benefits
supports the framework that epicardial adipose tissue is an
important pathogenetic mechanism for both AF and HFpEF
in patients with chronic systemic inflammatory or metabolic
diseases, and that epicardial adiposity is a key target for
therapeutic interventions that are directed to the manage-
ment of both AF and HFpEF.

However, it is not clear that epicardial adipose tissue
expansion and inflammation are important in the pathogene-
sis of HFrEF. Furthermore, many agents that act on epicar-
dial biology have additional effects, particularly to promote
sodium retention by the kidneys or to cause the activation
of neurohormonal systems. These actions might limit or
negate some of the benefits on AF and HFpEF that might
otherwise be seen with these treatments, but more impor-
tantly, their deleterious actions may cause worsening heart
failure in patients with HFrEF who are not poised to benefit
from drugs that target the epicardium. The differential
effects of drugs in HFrEF and HFpEF highlight the distinc-
tive pathogenetic mechanisms that drive these 2 disorders.

Ongoing studies are poised to provide further support or
potentially refute the proposed framework. Large-scale ran-
domized controlled trials of SGLT?2 inhibitors in both HFpEF
and HFrEF are underway, and mechanistic studies are planned
to determine whether these benefits are related to the effects of
these drugs on epicardial adipose tissue.””’~"® Analyses of
completed cardiovascular outcomes trials with GLP-1 receptor
agonists should provide important insights into the possibility
for differential effects in patients with HFpEF and HFrEF.
Finally, formal randomized controlled trials are warranted and
needed to evaluate the potential benefits of statins, metformin,
and canakinumab in patients with confirmed HFpEF, who do
not already have an established indication for the use of these
drugs. If these studies include assessments of epicardial adi-
pose tissue mass and cardiac fibrosis by magnetic resonance
imaging, they are likely to provide important mechanistic
insights even if they do not enroll a large number of patients.
However, large definitive trials will be needed to demonstrate
their potential utility in preventing or treating AF or HFpEF in
patients with a chronic systemic inflammatory or adipogenic
metabolic disorder.
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