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HIGHLIGHTS

e The American Heart Association identifies dysfunctional fat as the upstream cause of CKM
and HFpEF.

o Adipose-specific silencing confirms the causal role of proinflammatory adipokines in
HFpEF.

e Adipose signaling may drive HFpEF, even when caused experimentally by other disorders.
e Imaging and biomarkers are being developed to identify biologically active visceral fat.

e Clinical trials are focusing on adipokine modulators in a broad population of HFpEF.

ABSTRACT

Epidemiological and Mendelian randomization studies demonstrate a strong link between central obesity, visceral
adiposity, and heart failure with preserved ejection fraction (HFpEF). The AHA (American Heart Association) has spe-
cifically identified excess and dysfunctional fat as the primary upstream cause of the “cardiovascular-kidney-metabolic"
syndrome, noting that biologically abnormal adipose tissue exerts adverse effects through its action to secrete proin-
flammatory adipokines. Experimental studies confirm the causal role of these adipose tissue secretions in the patho-
genesis of HFpEF. The earliest clinical evidence of excess and dysfunctional fat is the presence of abdominal obesity, and
HFpEF represents the advanced stage of the cardiovascular-kidney-metabolic syndrome for many patients. The AHA
also recognizes excess and dysfunctional fat as the major upstream driver of hypertension, type 2 diabetes, metabolic
dysfunction-associated steatotic liver disease, and chronic kidney disease—the common comorbidities of HFpEF.
Adipose signaling may amplify the development of HFpEF, even when caused experimentally by other disorders
(such as pressure overload), because the hemodynamically stressed heart can signal to adipose tissue, whose secretions
act on the heart to reinforce the severity of cardiac injury. Additional work is needed to validate clinical, imaging,
and biomarker approaches for identifying biologically active (ie, inflamed) visceral adiposity in individual patients.
Ongoing and anticipated clinical trials favor the development of adipose biological modulators for use in a

broad population of HFpEF. In conclusion, the role of excess and dysfunctional fat in the genesis of HFpEF is well
recognized, likely representing a primary or major upstream contributing cause in the large majority of patients.
(JACC Heart Fail. 2026;m:103046) © 2026 The Authors. Published by Elsevier on behalf of the American College
of Cardiology Foundation. This is an open access article under the CC BY license (http://creativecommons.org/
licenses/by/4.0/).
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ABBREVIATIONS
AND ACRONYMS

eart failure with preserved ejec-
tion fraction (HFpEF) is defined

CKM = cardiovascular-kidney-

metabolic

GLP = glucagon-like peptide

HFpEF = heart failure with
preserved ejection fraction

HFrEF = heart failure with

reduced ejection fraction

SGLT2 = sodium-glucose
cotransporter 2

as signs and symptoms of heart
failure (related to increased left ventricular
filling pressures at rest or during exercise)
in a patient with an ejection fraction =50%,
following the exclusion of other disorders
(ie, HFpEF mimics), which include cardiac
amyloidosis, valvular heart disease (eg,
aortic stenosis and mitral regurgitation), hy-
pertrophic and infiltrative cardiomyopa-
thies, pericardial disorders, and end-stage chronic
kidney disease (Figure 1)."> These HFpEF mimics
are expected to be identified during the initial

patient evaluation; they have been systematically
excluded from participation in randomized
controlled clinical trials or formal registries of
patients with HFpEF; and they are managed with
specifically targeted therapies. It has been
estimated that ~30% of patients with heart failure
and an ejection fraction =50% have a disorder that
qualifies as a HFpEF mimic,” but the true
prevalence of HFpEF mimics is not known.

HFpEF was first recognized as a clinical disorder
when physicians observed that elderly patients with
uncontrolled hypertension presented with signs and
symptoms of heart failure accompanied by echocar-
diographic evidence of cardiac hypertrophy but
without evidence of systolic dysfunction;®” yet,
these patients responded poorly to treatment with
antihypertensive drugs.” For the next 20 vyears,
HFpEF was envisioned as a disease of diastolic
dysfunction leading to left ventricular underfilling.®
However, careful evaluation of left ventricular
function suggested that, in HFpEF, the left ventricle
was an overfilled chamber with impaired
distensibility®'° and that the left ventricular end-
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diastolic pressure-volume relationship was shifted
to the right (rather than to the left) in proportion to
the number of comorbidities." Investigators began
to focus attention on the potential pathogenetic
importance of these comorbidities, postulating that
hypertension, diabetes, obesity, and chronic kidney
disease (acting individually) might possibly ignite a
state of systemic inflammation that caused coronary
microvascular dysfunction, resulting in deficient
nitric  oxide-cyclic guanosine monophosphate
signaling.'” Yet, drugs that alleviated this deficient
signaling did not produce clinical benefits.'>""”

EMERGENCE OF ADIPOSITY AS THE DRIVER
OF HFpEF

Over the past several decades, one comorbidity has
emerged as a dominant feature of HFpEF. A surge of
HFpEF in the community has corresponded to the
epidemic of obesity, while the prevalence of uncon-
trolled hypertension has diminished.'®:*° In the early
2010s, obesity was identified as a prominent charac-
teristic of HFpEF,”° and it became apparent that
higher body mass index was associated with a greater
risk of HFpEF than of heart failure with reduced
ejection fraction (HFrEF).>** In the United States,
>80% of patients with HFpEF are overweight, and
55% to 65% of patients with HFpEF have a body
mass index of =30 kg/m?.21:2427

Obokata et al*® first defined the features of
obesity-related HFpEF, which was characterized by
plasma volume expansion and increases in pulmo-
nary capillary wedge pressures that closely paralleled
the increase in body mass index but were higher than
might be estimated by the measurement of circu-
lating levels of natriuretic peptides. Patients with
HFpEF and obesity had worse exercise tolerance,
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FIGURE 1 Approaches to the Classification of Patients With Heart Failure and an Ejection Fraction =50%
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Patients with heart failure and an ejection fraction =50% should be first evaluated for the presence of heart failure with preserved ejection
fraction (HFpEF) mimics (ie, valvular heart disease [aortic stenosis and mitral regurgitation], pericardial disorders, hypertrophic and infil-
trative cardiomyopathies, cardiac amyloidosis, and end-stage chronic kidney disease). These disorders can generally be identified by cardiac
imaging and require specific treatments, and afflicted patients were excluded from participation in large-scale HFpEF trials. Most patients
with HFpEF who were enrolled in trials that demonstrated the efficacy of glucagon-like peptide-1 receptor agonists, sodium-glucose
cotransporter 2 inhibitors, and mineralocorticoid receptor antagonists had central adiposity, as evidenced by a waist-to-height ratio =0.5.
Adiposity may underlie or exacerbate the potential role played by hypertension, atrial fibrillation, aging, and pulmonary vascular disease.
A potential independent pathogenetic role for these nonadipose comorbidities has not been established and remains under investigation.
Treatments directed toward ameliorating hypertension and pulmonary vascular disease have not (to date) proven effective in patients with

greater degrees of systemic inflammation, and an
increased risk of heart failure hospitalizations.?%2°
Patients with HFpEF and obesity did not have evi-
dence of a leftward shift in the left ventricular end-
relationship  that

appeared to characterize patients with hypertensive
11,28

diastolic  pressure-volume
hypertrophic disease.
Myocardial biopsies of patients with HFpEF show
sarcomere disruption and sarcolysis, impairments in
calcium-activated tension development, mitochon-
drial swelling with cristae separation and dissolution,
lipid droplet accumulation, and suppression of fatty
acid processing and oxidation and mitochondrial
respiratory proteins—with the magnitude of these
changes being related to the degree of obesity.>°33
THE EMERGENCE OF ADIPOSITY-RELATED HFpEF
AS THE DOMINANT CLINICAL PHENOTYPE. In sub-
sequent work, Obokata et al** noted that many pa-
tients with HFpEF were overweight (rather than
obese), and that they experienced the metabolic syn-
drome, with abdominal obesity and visceral adiposity
being prominent features of “cardiometabolic
HFpEF,” which was operationally defined by the

authors as HFpEF coexisting with the “metabolic
syndrome.” They proposed that the pathophysiolog-
ical features that were characterized in patients with
obesity-related HFpEF also applied to patients with
HFpEF who had abdominal obesity.

Mendelian randomization analyses and large-scale
epidemiological cohort studies have confirmed an
important link between central obesity, visceral
adiposity, and HFpEF.?>*” Central obesity (a waist-
to-height ratio =0.5) and visceral adiposity precedes
and predicts the development of heart failure (and
specifically, HFpEF) by years,>*3° and in patients
with established HFpEF, the magnitude of adiposity
is related to the hemodynamic and clinical severity
of the disease as well as its prognosis.?’»*4!
Accordingly, the concept of obesity-related HFpEF
has been expanded to “adiposity-related HFpEF.”**

Interestingly, sexual dimorphism in adiposity-
related cardiovascular risk may explain the known
female predominance of HFpEF. Specifically,
elevated body mass index predisposes to HFpEF,
more so in women than in men.* Furthermore,
among individuals without HFpEF, the association of
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visceral adipose tissue with biomarkers of adiposity,
inflammation, and fibrosis is more pronounced in
women than in men.** Among patients with HFpEF,
women have higher visceral adipose volume, which
is associated with worse exercise hemodynamics,
whereas this association is not observed among men
with HFpEF.**

The primary pathophysiological abnormality of

HFpEF is an expansion and biological transformation
of visceral adipose tissue.*” Systemic insulin resis-
tance has been linked to molecular abnormalities
specifically residing in adipocytes,*> and Mendelian
randomization studies have linked visceral adiposity
as a major cause of type 2 diabetes.*® Interestingly,
although type 2 diabetes is a common comorbidity in
HFpEF, the principal feature of the diabetic heart is
cardiac steatosis rather than insulin resistance.*” The
infiltration of inflamed visceral fat into and sur-
rounding the heart parallels the same abnormalities
in the liver in metabolic dysfunction-associated
steatotic liver disease and the kidney in patients
with fatty kidney disease—2 other disorders related
to an expansion and biological transformation of
visceral fat depots.*®5!
THE EMERGENCE OF CARDIOMETABOLIC HFpEF AS AN
EXPERIMENTAL ENDOTYPE. In parallel with these de-
velopments, investigators who were exploring clini-
cally relevant experimental models of HFpEF shifted
their focus from stresses that involved hemodynamic
loading to stresses that involved caloric excess and
metabolic derangements. For many years, the con-
ventional animal model for HFpEF was transverse
aortic constriction, in the expectation that this model
might mimic HFpEF caused by prolonged uncon-
trolled hypertension.’®> However, that hemodynami-
cally driven model yielded primarily a hypertrophic
cardiomyopathy, which produced the features of
HFpEF only transiently, leading primarily to HFTEF
during long-term follow-up.>3>* In contrast, in clin-
ical practice, in the absence of an interim myocardial
infarction, patients with HFpEF typically do not
evolve into HFTEF even after many years.>”

Consequently, investigators began to develop
HFpEF models that depended on dietary nutrient
excess.”® The ingestion of a high-fat diet for pro-
longed periods could produce HFpEF,°” and the time
frame for its evolution could be accelerated if an
additional stressor were imposed (eg, activation of
the renin-angiotensin system or suppression of
endogenous nitric oxide synthesis).?® °° Accordingly,
Schiattarella et al>® proposed the “2-hit model” of
HFpEF; however, all variations of this model of
relied on excess
their

cardiometabolic HFpEF have
adiposity as a key prerequisite to
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development.*>°%°" The cardiometabolic HFpEF
endotype in experimental corresponds
closely to the adiposity-related HFpEF phenotype

models

that is dominant in the clinical setting.**

INSTITUTIONAL RECOGNITION OF THE
ROLE OF EXCESS AND DYSFUNCTIONAL
FAT IN HFpEF

In 2023, the AHA (American Heart Association) spe-
cifically recognized the primary upstream role of
adipose tissue expansion and dysfunction in the
development of heart failure.®®°3 The AHA Presi-
dential Advisory and its accompanying Scientific
Statement on the cardiovascular-kidney-metabolic
(CKM) syndrome presented several findings:

1. Excess or dysfunctional adipose tissue is specif-
ically identified as the primary upstream cause of
the CKM syndrome.

2. Visceral adiposity exerts adverse effects on the
heart, vasculature, and kidney through the secre-
tion of molecules (eg, adipokines) that have
proinflammatory and profibrotic effects, leading
to HFpEF (Figure 2).%*

3. The common comorbidities of HFpEF are the
downstream consequences of excess or dysfunc-
tional adipose tissue. Specifically, most instances
of hypertension are related to adiposity or other
metabolic risk factors.®®> Furthermore, hyper-
triglyceridemia, the metabolic syndrome, and type
2 diabetes are almost entirely downstream effects
of excess or dysfunctional adipose tissue.*” Excess
and dysfunctional adipose tissue also contributes
to chronic kidney disease.®®

4. Inaddition to the systemic effects of adipose tissue,
ectopic fat may be a local source of mediators and
can produce compressive organ damage, especially
when deposited in the epicardium and pericardium
and within and around the kidney.?%4°

5. The earliest clinical evidence of the state of excess
and dysfunctional fat is the presence of abdominal
obesity, measured by the waist circumference or
the waist-to-height ratio. Patients with central
adiposity with no evidence of metabolic abnor-
malities or organ dysfunction or injury are
considered to have stage 1 CKM. The statements
link adiposity closely with HFpEF, and HFpEF
represents the advanced stage (stage 4) of the
disease for many patients.

6. Excess and dysfunctional fat adversely affects not
only the heart, vasculature, and kidney, but also
the liver, leading to hepatic steatosis, which can
further potentiate the deleterious systemic effects
of biologically abnormal adipose tissue.
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FIGURE 2 Central Role of Excess/Dysfunction Adipose Tissue and its Secretory Products in the Pathogenesis of the Cardiovascular-
Kidney-Metabolic Syndrome (As Depicted in the American Heart Association Scientific Statement)

Excess/dysfunctional
adipose tissue

Hypertension
Dyslipidemia

Oxidalive.stress

Glomerular
hyperfiltration

Glomerulosclerosis

Metabolic syndrome

Insulin ce
Diabetes .

ascular dysfunctior

Fibrosis

Potentiates

Atherosclerosis
Myocardial remodeling

Cardiac dysfunction

» | Tubulointerstitial fibrosis
Chronic kidney disease
Heart-kidney interactions
(Cardiorenal syndrome)

Albuminuria/proteinuria
Bone mineral disease

Neurohormonal activation
Plasma volume expansion

This figure from the American Heart Association depicts excess/dysfunctional adipose tissue and its secretion of adipokines as the upstream
events that are responsible for: 1) the cardiac remodeling, fibrosis, and dysfunction typically seen in HFpEF; and 2) the common comor-
bidities seen in patients with HFpEF (ie, hypertension, diabetes, metabolic syndrome, hepatic steatosis, and chronic kidney disease).
Reproduced with permission from Ndumele et al.°> MASLD = metabolic dysfunction-associated steatotic liver disease.

The 2025 ACC (American College of Cardiology)
Statement on Obesity and Heart Failure emphasized
similar points." The statement indicated that
avoidance of excess adiposity throughout a per-
son’s lifespan is key to the prevention of incident
heart failure, particularly HFpEF, thus reinforcing
the finding that excess and dysfunctional fat is the
primary upstream causal mechanism of HFpEF.
Additionally, the ACC recommended direct assess-
ment of excess adiposity using an anthropometric
criterion (eg, waist-to-height ratio) or by the mea-
surement of body composition (eg,
absorptiometry).

Subsequent work has identified specific molecular
mediators by which dysfunctional adipose tissue
might cause HFpEF.®* A causal role for these adipo-
kines is supported by experimental studies that
demonstrate that silencing of individual adipokines—
selectively and specifically in adipose tissue (and not
in the heart or kidney)—prevents the development of
HFpEF.57’58’64

dual x-ray

TARGETING DYSFUNCTIONAL FAT IN THE
CLINICAL SETTING

The AHA statements recommend that physicians
should target dysfunctional fat when managing the
CKM syndrome throughout all its stages, specifically
through lifestyle interventions and pharmacological
interventions to ameliorate the mass and biology of
dysfunctional fat and prevent its adverse effects on
the heart, kidney, and vasculature.®?%3

Large-scale long-term trials of incretin drugs have
demonstrated their effect to reduce the risk of car-
diovascular in people with obesity.®”
Glucagon-like peptide (GLP)-1 receptor agonists,
sodium-glucose cotransporter 2 (SGLT2) inhibitors,
and mineralocorticoid receptor antagonists have been
shown to improve heart failure and kidney outcomes
in patients with diverse manifestations of CKM,%%°3
and they produce clinical benefits in patients with
established HFpEF.®®7! Interestingly, all 3 classes of
drugs lessen visceral adiposity and alleviate the

events
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altered biology that is characteristic of dysfunctional
fat,®* although they also exert direct effects on the
heart, vasculature, and kidneys. It is noteworthy that
GLP-1 receptor agonists, SGLT2 inhibitors, and
mineralocorticoid receptor antagonists act directly
on adipocytes, especially those residing in epicardial
adipose tissue to normalize their biological
derangements.”>7® Conversely, experimental
upregulation of the mineralocorticoid receptor—
specifically and selectively in adipose tissue—
reproduces the features of the metabolic syndrome
and vascular dysfunction.””

ESTIMATING THE IMPORTANCE OF ADIPOSITY IN
HFpPEF IN THE CLINICAL COMMUNITY. The efficacy
of SGLT2 inhibitors and mineralocorticoid receptor
antagonists in HFpEF has been established in large-
scale trials that primarily enrolled patients who had
abdominal obesity. In these trials, >50% of partici-
pants had a body mass index =30 kg/m? and >95% of
patients had a waist-to-height ratio =0.5.4%*' These
estimates are particularly impressive, because these
trials specifically excluded patients with the most
severe degrees of obesity, as reflected by eligibility
criteria that blocked the enrollment of patients with a
body mass index >40 to 45 kg/m? or patients without
meaningful increases in circulating natriuretic pep-
tides at baseline (who are likely to have the most
marked adiposity). Outside of the context of large-
scale trials, excess visceral fat mass by imaging has
been noted in ~85% of patients with HFpEF,’® and in
a study of community-dwelling people living in rural
China, ~80% of patients with HFpEF had abdom-
inal obesity.”®

MEETING THE CHALLENGE OF IDENTIFYING AND
QUANTIFYING DYSFUNCTIONAL FAT. There is
institutional recognition of the importance of
measuring visceral adiposity as predecessor, clinical
and
On a

characteristic, prognostic feature of
HFpEF 1323841 population level, the
measurement of waist circumference outperforms
body mass index as a metric of visceral fat
80-83 individual level, there is a
reasonable correlation (r = 0.65-0.70) between the
measurement of waist-to-height ratio and mesen-
teric fat measured by dual x-ray absorptiometry,
computed tomography, or cardiac magnetic reso-
nance,®-®! but these relationships vary with age, sex,
and ethnicity.®°®3 For the same waist circumference,

mass. On an

South Asians and the elderly have substantially
greater mesenteric adipose tissue volume.®*%> The
relationship of waist circumference with epicardial
and pericardial fat is somewhat weaker than its
relationship with mesenteric adipose tissue,®® an
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important consideration if dysfunctional fat exerts
adverse effects on the heart primarily through a
paracrine mechanism.®* These paracardiac fat
depots are best imaged by cardiac computed
tomography or cardiac
(Central Illustration).®”
However, the assessment of adipose tissue that is
most relevant to HFpEF is the biological state

magnetic resonance

(rather than the quantity) of visceral fat, as it is
dysfunctional and inflamed fat that secretes dele-
terious signaling molecules. Computed tomography
to discern fat attenuation,®® cardiac magnetic reso-
nance to observe changes in fatty acid content,®°
and '®F-fluorodeoxyglucose uptake by positron
emission tomography to measure metabolically
active fat®°° are being developed to identify epicar-
dial adipose tissue inflammation; yet, these
methods are not currently scaled for large pop-
ulations. On the other hand, it may be possible to
fat by
measuring its secretory products in the bloodstream
(eg, by quantifying a ratio of proinflammatory to
anti-inflammatory adipokines). Preliminary obser-
vations suggest that these ratios might have utility

estimate the burden of dysfunctional

in the evaluation of patients with visceral adiposity
and resistance,’’°* but this approach
requires further exploration and validation.

insulin

DYSFUNCTIONAL FAT AS BOTH A PRIMARY CAUSE
AND ESSENTIAL ACCELERANT OF HFpEF. The
identification of excess and dysfunctional fat as a
causal mechanism does not obviate the potential
contribution of other mechanisms that may be rele-
vant in the pathogenesis of HFpEF. However, visceral
adiposity is known to drive these other mechanisms,
and a role for these mechanisms (independently of
adiposity) has not (to date) been established in
interventional clinical trials (Figure 1).%7-6%:66:95
Arterial stiffness and hypertension. The predi-
lection of uncontrolled hypertension to cause ven-
tricular hypertrophy and HFpEF still exists in clinical
practice (as it did in the 1980s), but the incidence of
uncontrolled hypertension has declined."” Further-
more, it is visceral adiposity that underlies the
development of vascular stiffness and the resistance
of patients to antihypertensive drugs.®® The rele-
vance of visceral adiposity as an “accelerant” of
arterial stiffening is supported by a recent trial
demonstrating that SGLT2 inhibition increases arte-
rial compliance in patients with HFpEF, reducing the
hypertensive response to exercise, in proportional to
the degree of weight loss.?® GLP-1 receptor agonists
and bariatric surgery also produce beneficial effects
on arterial stiffness.%7-%%
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CENTRAL ILLUSTRATION Approaches to Esti
Excess and Dysfunctional Fat in Patients at Risk of
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Packer M, et al. JACC Heart Fail. 2026; m(m):103046.

attenuation, MRl measurements of the fatty acid content of adipose tis:
Alternatively, a heightened ratio of proinflammatory and anti-inflamma

The measurement of waist-to-height ratio (as a metric of abdominal obesity) represents a reasonable population-level approach to esti-
mating visceral fat mass. More precise individual measurements of mesenteric fat can be provided by dual x-ray absorptiometry (DXA),
computed tomography (CT), or magnetic resonance imaging (MRI) of the abdomen. Cardiac-specific imaging can quantify paracardiac fat
(pericardial and epicardial adipose tissue) with potential paracrine effects. However, dysfunctional fat is defined not by its mass, but rather
by its proinflammatory biology. Discernment of epicardial adipose tissue inflammation requires highly specialized imaging methods (CT fat

quantification of dysfunctional fat, but this approach requires further exploration and validation.

sue, or '®F-fluorodeoxyglucose positron emission tomography).
tory adipokines measured in circulating blood may allow for the

Atrial myopathy and atrial fibrillation. Atrial
fibrillation is a risk factor for HFpEF, although it is
not yet clear whether it is a causal mechanism for
HFpEF, reflects long-standing increases in left ven-
tricular filling pressures, or is a biomarker of a
concomitant atrial myopathy that results from an
expansion and inflammation of epicardial adipose
tissue.?>?9 Weight loss is associated with a reduction
in atrial fibrillation burden,'®® and in patients with
HFpEF, treatment with GLP-1 receptor agonists de-
creases left atrial volume, a marker of underlying
atrial myopathy.'®' Both SGLT2 inhibitors and GLP-1

receptor agonists appear to reduce the incidence of
atrial fibrillation in meta-analyses of clinical tri-
als.’®>'93 A large-scale randomized trial to address
the possibility that catheter ablation can improve
outcomes in HFpEF (independent of adiposity) is
ongoing (NCT05508256).

Aging and adipose tissue senescence. Aging is a
major determinant of HFpEF, potentially because
visceral adipose tissue markedly accumulates as
people grow older.®>'°* Aging-related increases in
adiposity has been linked to inflammation-related
cardiovascular disease in the elderly and may afflict
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TABLE 1 Drugs Targeting Adipose Tissue Mass and Biology Under Consideration or Being Evaluated in Ongoing Trials of HFpEF

Mechanism of Action

Clinical Development

Incretin drugs (maridebart cafraglutide)

Metformin

FGF21 agonists and analogues

Aldosterone synthase inhibitors or
mineralocorticoid receptor antagonists
(vicadrostat, balcinrenone)

Activin type Il receptor traps (sotatercept,
HS235)
Antibody inhibitor of IL-6 ligand (ziltivekimab)

miR-132-3p inhibitor (CDR132L)
Endotrophin antagonists (PRV-101, VS-041)

Dual GIP receptor antagonist and GLP-1 receptor agonist;
enhancement of cardioprotective adipokines and
suppression of proinflammatory adipokines

Activation of AMPK; enhancement of cardioprotective
adipokines and suppression of proinflammatory
adipokines

Potentiation of the actions of the counter-regulatory
adipokine, FGF21

Inhibition of synthesis or actions of aldosterone, a
proinflammatory adipokine

Antagonists of activin A and other proinflammatory
adipokines

Antagonist of the proinflammatory adipokine (cytokine
subdomain), IL-6

Antagonist of proinflammatory adipokine, miR-132-3p
Inhibition of release or actions of the proinflammatory

Large-scale phase 3 trial in HFpEF is ongoing

Phase 2 clinical trials are ongoing

Amelioration of metabolic dysfunction-associated
steatotic liver disease in clinical trials, now positioned
for trials in HFpEF

Large-scale phase 3 trials in HFpEF are ongoing

Positive results in pulmonary arterial hypertension with or
without HFpEF; well positioned for phase 3 HFpEF
trial

Large-scale phase 3 trial in HFpEF is ongoing

Entering clinical trials in HFpEF
Entering clinical trials in HFpEF

adipokine, endotrophin

AMPK = adenosine monophosphate-activated protein kinase; FGF = fibroblast growth factor; GIP = glucose-dependent insulinotropic polypeptide; GLP = glucagon-like peptide; HFpEF = heart failure

with preserved ejection fraction; IL = interleukin.

major organs, even when it is not discerned by
changes in conventional assessments of abdominal
obesity.'°+'°> With aging, senescent cells accumulate
in adipose tissue to promote the multisystem ab-
normalities associated with HFpEF,'°® and they
stimulate the secretion of proinflammatory adipo-
kines.'°” Senolytic interventions targeting these cells
improves insulin sensitivity, suppresses inflamma-
tion, ameliorates albuminuria, and improves cardiac
diastolic filling dynamics.°®

In experimental models of HFpEF, it often takes 2
causal triggers, acting in concert, to produce HFpEF.
Yet, in these two-hit models, dietary nutrient excess
is a necessary prerequisite.*>°® In some studies,
adiposity alone is sufficient to cause HFpEF, whereas
in others it provides a requisite foundational
stress.>”°® Importantly, adipose tissue signaling may
be a critically important amplifier to the develop-
ment of HFpEF, even when the igniting cause is
pressure overload.'°® Under such circumstances, the
hemodynamically stressed heart signals to adipose
tissue, whose secretions act on the heart to aggravate
the extent and consequences of the initial
injury. This positive feedback loop may be
particularly important in a patient with concomitant
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central obesity, which appears to be the case for
most patients with HFpEF who were enrolled in
large-scale trials.

ENVISIONING THE NEXT GENERATION OF CLINICAL
TRIALS IN HFpEF. Given the importance of excess

and dysfunctional fat in HFpEF, how should the next
generation of clinical trials in HFpEF be envisioned?
For the past 30 years, investigators and sponsors who
have designed and carried out randomized controlled
clinical trials in HFpEF have not generally followed a
phenotype-specific strategy. Instead, these trials
enrolled a broad range of patients, and the protocol-
specified exclusion of HFpEF mimics yielded pop-
ulations with a near-universal presence of abdominal
obesity.*' Such a broad-based approach to patient
eligibility is likely to continue, as (except for waist-
to-height ratio) there is (to date) no scalable and
validated metric that identifies individuals with
excess or dysfunctional visceral fat, either by imag-
ing or by assay of blood-borne adipokines. These
circumstances resemble the approach of in-
vestigators who evaluated the role of neurohormonal
activation in HFrEF, in which clinical trials were
carried out using broad-based criteria and patients
were not selected for eligibility based on the mea-
surement of neurohormonal factors in
the bloodstream.

Novel approaches to the treatment of HFpEF are
targeting derangements in adipose tissue mass and
biology (Table 1). A large-scale HFpEF outcomes trial
with an incretin drug—maridebart cafraglutide—is
ongoing (NCT07037459), following favorable results
with other incretin drugs in HFpEF in smaller
trials”?”" and based on the premise that modulation
of GLP-1 and GIP receptor signaling may have
favorable effect on adipocyte mass and adipokine
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signaling.®*''>''3> Metformin exerts favorable effects
on adipose biology, acting to normalize adipokine
imbalances,®® and its use has been reported to
exert benefits in experimental HFpEF and in
observational studies of patients with HFpEF;"*""”
phase 2 randomized controlled trials are ongoing
(NCT05093959, NCT03629340). Fibroblast growth
factor 21 is a counterregulatory adipokine that
opposes the adipogenic and prohypertrophic
effects of proinflammatory adipokines;®* drugs
that act as analogues of fibroblast growth factor 21
or agonists of its receptor have been shown to
ameliorate hepatic steatosis in clinical trials and
to alleviate experimental HFpEF, and are being
positioned for testing in HFpEF."®''9 Activin type
II receptor ligand traps (eg, sotatercept and HS235)
act as proinflammatory adipokine antagonists and
have produced benefits in experimental HFpEF'*°
and in patients with HFpEF who have pulmonary
hypertension (NCT04945460); these drugs should
be evaluated for the treatment of patients with
HFpEF who do not have intrinsic pulmonary
vascular disease. Other antagonists of
adipokines  (miR-132-3p and
endotrophin) have shown favorable effects in
experimental cardiac hypertrophy’”* and are
entering early clinical trials (NCT06979362,
NCT07219511). Drugs that inhibit the synthesis or
actions of aldosterone (a proinflammatory adipokine)
may act improve adipose tissue biology and are
being studied in trials of HFpEF (NCT06307652,
NCT06424288). Interleukin-6 levels are increased in
patients with HFpEF and are associated with an
adverse prognosis,'’?>'?® largely because of excess
production of the proinflammatory adipokine by
adipose the
interleukin-6 antagonist ziltivekimab in patients
with HFpEF and increased high-sensitivity
C-reactive protein is ongoing (NCT05636176). Trials
of new drugs for HFpEF are well positioned to

proinflammatory

tissue;'”” a large-scale trial of

measure hepatic and renal function in addition to
heart failure outcomes.>’

CONCLUSIONS

In its 2023 statements describing the CKM syndrome,
the AHA recognized the primary role played by
excess or dysfunctional adipose tissue in secreting
molecules that produce proinflammatory and profi-
brotic effect on the heart, vasculature, and kidney.
The earliest clinical evidence of the state of excess
and dysfunctional fat is the presence of abdominal
obesity, and conversely, HFpEF represents the
advanced stage of the disease for many patients.

Excess and Dysfunctional Fat as a Primary Driver of Heart Failure With Preserved Ejection Fraction

Many of the common comorbidities of HFpEF (eg,
hypertension, type 2 diabetes, hepatic steatosis,
atrial fibrillation and myopathy, and chronic kidney
disease) are established downstream consequences
of excess or dysfunctional adipose tissue. In the
clinical setting, ~60% of patients with HFpEF have a
body mass index =30 kg/m? and ~80% to 95% have
abdominal and visceral adiposity. Aging is accompa-
nied by an expansion and biological transformation
of fat in visceral organs in a manner that may not
discerned by changes in waist circumference.
Therefore, excess and dysfunctional fat is poised to
represent a primary cause of or a critically important
upstream accelerant of other potential mechanisms
of HFpEF in the large majority of patients with the
disease.

FUNDING SUPPORT AND AUTHOR DISCLOSURES

Dr Borlaug was supported by Ro1 HL128526, Ro1 HL162828, and Uo1
HL160226 from the National Heart, Lung, and Blood Institute;
W81XWH2210245 from the U.S. Department of Defense; and the
Schoen Foundation. Dr Packer has received consulting fees from
AbbVie, Actavis, Alnylam, Altimmune, Ardelyx, Amgen, ARMGO,
AstraZeneca, Attralus, Biopeutics, Boehringer Ingelheim, Caladrius,
Casana, CSL Behring, Cytokinetics, Daiichi-Sankyo, Eli Lilly and
Company, Imara, Medtronic, Moderna, Novartis, Pharmacosmos,
Preload, PriveBio, Regeneron, and Salamandra. Dr Petrie has
received research funding form Boehringer Ingelheim, Roche, SQ
Innovations, AstraZeneca, Novartis, Novo Nordisk, Medtronic, Bos-
ton Scientific, and Pharmacosmos; and served as a consultant or on
committees for Abbott, Akero, Applied Therapeutics, Amgen, Ana-
Cardio, Biosensors, Boehringer Ingelheim, Corteria, Novartis, Astra-
Zeneca, Novo Nordisk, AbbVie, Bayer, Horizon Therapeutics,
Foundry, Takeda, Cardiorentis, Pharmacosmos, Siemens, Eli Lilly,
Vifor, New Amsterdam, Moderna, Teikoku, LIB Therapeutics, 3R
Lifesciences, Reprieve, FIRE 1, Corvia, and Regeneron. Dr Butler has
served as a consultant for Abbott, American Regent, Amgen, Applied
Therapeutic, AskBio, Astellas, AstraZeneca, Bayer, Boehringer
Ingelheim, Boston Scientific, Bristol Myers Squibb, Cardiac Dimen-
sion, CardioCell, Cardior, CSL Bearing, CVRx, Cytokinetics, Daxor,
Edwards, Element Science, Faraday, Foundry, G3P, Innolife, Impulse
Dynamics, Imbria, Inventiva, Ionis, Levator, Lexicon, Lilly, Liva-
Nova, Janssen, Medtronic, Merck, Occlutech, Owkin, Novartis, Novo
Nordisk, Pfizer, Pharmacosmos, Pharmain, Pulnovo,
Regeneron, Renibus, Roche, Salamandra, Salubris, Sanofi, SC
Pharma, Secretome, Sequana, SQ Innovation, Tenex, Tricog, Ultro-
mics, Vifor, and Zoll. Dr Lam has received support from Novo Nor-
disk and Roche Diagnostics; has served as consultant or on the
advisory board/steering committee/executive committee for Alny-
lam Pharma, AnaCardio AB, Applied Therapeutics, AstraZeneca,
Bayer, Biopeutics, Boehringer Ingelheim, Boston Scientific, Bristol
Myers Squibb, Corteria, CPC Clinical Research, Cytokinetics, Eli Lilly,
Impulse Dynamics, Intellia Therapeutics, Ionis Pharmaceutical,
Janssen Research and Development LLC, Medscape/WebMD Global
LLC, Merck, Novartis, Novo Nordisk, Quidel Corporation, Radcliffe
Group Ltd, Roche, and Us2.ai; and is the cofounder and nonexecutive
director of Us2.ai. Dr Vaduganathan has received research grant
support from and served on advisory boards or as a speaker for
Alnylam Pharmaceuticals, American Regent, Amgen, AstraZeneca,
Bayer AG, Baxter Healthcare, BMS, Boehringer Ingelheim, Chiesi,
Cytokinetics, Esperion, Fresenius Medical Care, Idorsia Pharmaceu-
ticals, Lexicon Pharmaceuticals, Merck, Milestone Pharmaceuticals,

Prolaio,


https://clinicaltrials.gov/study/NCT05093959
https://clinicaltrials.gov/study/NCT03629340
https://clinicaltrials.gov/study/NCT04945460
https://clinicaltrials.gov/study/NCT06979362
https://clinicaltrials.gov/study/NCT07219511
https://clinicaltrials.gov/study/NCT06307652
https://clinicaltrials.gov/study/NCT06424288
https://clinicaltrials.gov/study/NCT05636176

Excess and Dysfunctional Fat as a Primary Driver of Heart Failure With Preserved Ejection Fraction

Novartis, Novo Nordisk, Pharmacosmos, Recordati, Relypsa, Roche
Diagnostics, Sanofi, and Tricog Health; and served on clinical trial
committees for studies sponsored by Amgen, AstraZeneca, Galmed,
Novartis, Bayer AG, Occlutech, Pharmacosmos, and Impulse Dy-
namics. Dr Zannad has served as a consultant for Alnylam, Bayer,
Biopeutics, Boehringer, CellProthera, Cereno, Centrix, Corteria,
CVRx, CVCT, Lilly, Lupin, Merck, Novo Nordisk, Opalia Recordati,
Owkin, Polygon, Ribocure, Riche, and Viatri; has served on steering
committees and data and safety monitoring and advisory boards for
Alnylam, Bayer, Biopeutics, Boehringer, CellProthera, Cereno, Cor-
teria, CVRx, Merck, Owkin, Ribocure, and Roche; owns equities and
stock options in Polygon, Cereno Pharmaceutical, and CVCT; and has
served on the Speakers Bureau for Bayer, Boehringer, Centrix, CVRXx,
Lupin, Opalia Recordati, Merck, Novo Nordisk, and Viatris. Dr Bor-
laug has received research support from the National Institutes of
Health and the U.S. Department of Defense; has received research
grant funding from AstraZeneca, Axon, Corvia, Novo Nordisk, and

JACC: HEART FAILURE voL. l, NO. W, 2026
M 2026:103046

Tenax Therapeutics; has served as a consultant for Actelion, Amgen,
Aria, Axon Therapies, BD, Boehringer Ingelheim, Cytokinetics,
Edwards Lifesciences, Lilly, Imbria, Janssen, Merck, Novo Nordisk,
NGM, NXT, and VADovations; and is a named inventor (U.S. Patent
number 10,307,179) for the tools and approach for a minimally
invasive pericardial modification procedure to treat heart failure. All
other authors have reported that they have no relationships relevant
to the contents of this paper to disclose.

ADDRESS FOR CORRESPONDENCE: Dr Milton
Packer, Baylor Heart and Vascular Institute, Baylor
University Medical Center, 621 North Hall Street,
Dallas, Texas 75226, USA. E-mail: milton.packer@
baylorhealth.edu.

REFERENCES

1. Kittleson MM, Panjrath GS, Amancherla K, et al.
2023 ACC Expert Consensus Decision Pathway on
management of heart failure with preserved
ejection fraction: a report of the American College
of Cardiology Solution Set Oversight Committee.
J Am Coll Cardiol. 2023;81:1835-1878.

2. Hamo CE, DeJong C, Hartshorne-Evans N, et al.
Heart failure with preserved ejection fraction. Nat
Rev Dis Primers. 2024;10(1):55. https://doi.org/
10.1038/541572-024-00540-y

3. Borlaug BA, Chirinos JA, Lewis GD, et al.
Rationale and design of the HeartShare/AMP-HF
deep phenotyping study to improve understand-
ing of heart failure with preserved ejection frac-
tion. JACC Heart Fail. 2025;13(12):102714. https://
doi.org/10.1016/j.jchf.2025.102714

4. Landucci L, Faxén UL, Benson L, et al. Char-
acterizing heart failure across the spectrum of the
preserved ejection fraction: does heart failure
with supranormal ejection fraction exist? Data
from the Swedish Heart Failure Registry. J Am
Heart Assoc. 2025;14(6):e037502. https://doi.
org/10.1161/JAHA.124.037502

5. Dougherty AH, Naccarelli GV, Gray EL,
Hicks CH, Goldstein RA. Congestive heart failure
with normal systolic function. Am J Cardiol.
1984;54:778-782.

6. Luchi RJ, Snow E, Luchi JM, Nelson CL,
Pircher FJ. Left ventricular function in hospital-
ized geriatric patients. J Am Geriatr Soc. 1982;30:
700-705.

7. Topol EJ, Traill TA, Fortuin NJ. Hypertensive
hypertrophic cardiomyopathy of the elderly.
N Engl J Med. 1985;312:277-283.

8. Zile MR, Baicu CF, Gaasch WH. Diastolic heart
failure—abnormalities in active relaxation and
passive stiffness of the left ventricle. N Engl J
Med. 2004;350:1953-1959.

9. Maurer MS, King DL, El-Khoury Rumbarger L,
Packer M, Burkhoff D. Left heart failure with a
normal ejection fraction: identification of
different pathophysiologic mechanisms. J Card
Fail. 2005;11:177-187.

10. Burkhoff D, Maurer MS, Packer M. Heart fail-
ure with a normal ejection fraction: is it really a

disorder of diastolic function? Circulation.

2003;107:656-658.

11. Abramov D, He KL, Wang J, Burkhoff D,
Maurer MS. The impact of extra cardiac comor-
bidities on pressure volume relations in heart
failure and preserved ejection fraction. J Card Fail.
2011;17:547-555.

12. Paulus WJ, Tschope C. A novel paradigm for
heart failure with preserved ejection fraction:
comorbidities drive myocardial dysfunction and
remodeling through coronary microvascular
endothelial inflammation. J Am Coll Cardiol.
2013;62:263-271.

13. Redfield MM, Anstrom KJ, Levine JA, et al.
Isosorbide mononitrate in heart failure with pre-
served ejection fraction. N Engl J Med. 2015;373:
2314-2324.

14. Borlaug BA, Anstrom KJ, Lewis GD, et al. Ef-
fect of inorganic nitrite vs placebo on exercise
capacity among patients with heart failure with
preserved ejection fraction: the INDIE-HFpEF
randomized clinical trial. JAMA. 2018;320:1764-
1773.

15. Armstrong PW, Lam CSP, Anstrom KJ, et al.
Effect of vericiguat vs placebo on quality of life in
patients with heart failure and preserved ejection
fraction: the VITALITY-HFpEF randomized clinical
trial. JAMA. 2020;324:1512-1521.

16. Redfield MM, Chen HH, Borlaug BA, et al.
Effect of phosphodiesterase-5 inhibition on ex-
ercise capacity and clinical status in heart failure
with preserved ejection fraction: a randomized
clinical trial. JAMA. 2013;309:1268-1277.

17. Borlaug BA, Testani JM, Petrie MC, et al. Ef-
fects of volenrelaxin in worsening heart failure
with preserved ejection fraction: a phase 2 ran-
domized trial. Nat Med. 2025;31:3853-3861.

18. Owan TE, Hodge DO, Herges RM, Jacobsen SJ,
Roger VL, Redfield MM. Trends in prevalence and
outcome of heart failure with preserved ejection
fraction. N Engl J Med. 2006;355:251-259.

19. Sayed A, Vasan RS, Harrell FE Jr, Butler J.
Trends in the prevalence, associated risk factors,
and health burden of heart failure in the United
States, 1988 to 2023. J Am Coll Cardiol. 2025;86:
2542-2564.

20. Mohammed SF, Borlaug BA, Roger VL, et al.
Comorbidity and ventricular and vascular struc-
ture and function in heart failure with preserved
ejection fraction: a community-based study. Circ
Heart Fail. 2012;5:710-719.

21. Reddy YNV, Frantz RP, Hemnes AR, et al.
Disentangling the impact of adiposity from insulin
resistance in heart failure with preserved ejection
fraction. J Am Coll Cardiol. 2025;85:1774-1788.

22, Savji N, Meijers WC, Bartz TM, et al. The as-
sociation of obesity and cardiometabolic traits
with incident HFpEF and HFrEF. JACC Heart Fail.
2018;6:701-709.

23, Pandey A, LaMonte M, Klein L, et al. Rela-
tionship between physical activity, body mass
index, and risk of heart failure. J Am Coll Cardiol.
2017;69:1129-1142.

24. Haass M, Kitzman DW, Anand IS, et al. Body
mass index and adverse cardiovascular outcomes
in heart failure patients with preserved ejection
fraction:
Heart Failure with Preserved Ejection Fraction (I-
PRESERVE) trial. Circ Heart Fail. 2011;4:324-331.

results from the Irbesartan in

25. Yee T, Gajjar P, Gopal DM, Nayor M. Obesity
burden among heart failure patients in an urban
safety net hospital: implications for GLP-1 agonist
therapy. Am Heart J Plus. 2025;61:100688.
https://doi.org/10.1016/j.ahjo.2025.100688

26. Reddy YNV, Lewis GD, Shah SJ, et al. Char-
acterization of the obese phenotype of heart
failure with preserved ejection fraction: a RELAX
trial ancillary study. Mayo Clin Proc. 2019;94:
1199-1209.

27. Litwin SE, Komtebedde J, Seidler T, et al.
Obesity in heart failure with preserved ejection
fraction: insights from the REDUCE LAP-HF Il
trial. Eur J Heart Fail. 2024;26:177-189.

28. Obokata M, Reddy YNV, Pislaru SV,
Melenovsky V, Borlaug BA. Evidence supporting
the existence of a distinct obese phenotype of
heart failure with preserved ejection fraction.
Circulation. 2017;136:6-19.

29. Morgen CS, Haase CL, Oral TK, Schnecke V,
Varbo A, Borlaug BA. Obesity, cardiorenal
comorbidities, and risk of hospitalization in


mailto:milton.packer@baylorhealth.edu
mailto:milton.packer@baylorhealth.edu
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref1
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref1
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref1
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref1
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref1
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref1
https://doi.org/10.1038/s41572%2D024%2D00540%2Dy
https://doi.org/10.1038/s41572%2D024%2D00540%2Dy
https://doi.org/10.1016/j.jchf.2025.102714
https://doi.org/10.1016/j.jchf.2025.102714
https://doi.org/10.1161/JAHA.124.037502
https://doi.org/10.1161/JAHA.124.037502
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref5
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref5
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref5
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref5
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref6
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref6
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref6
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref6
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref7
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref7
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref7
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref8
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref8
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref8
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref8
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref9
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref9
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref9
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref9
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref9
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref10
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref10
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref10
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref10
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref11
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref11
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref11
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref11
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref11
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref12
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref12
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref12
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref12
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref12
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref12
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref13
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref13
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref13
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref13
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref14
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref14
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref14
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref14
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref14
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref14
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref15
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref15
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref15
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref15
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref15
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref16
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref16
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref16
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref16
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref16
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref17
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref17
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref17
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref17
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref18
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref18
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref18
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref18
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref19
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref19
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref19
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref19
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref19
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref20
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref20
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref20
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref20
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref20
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref21
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref21
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref21
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref21
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref22
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref22
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref22
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref22
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref23
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref23
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref23
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref23
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref24
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref24
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref24
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref24
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref24
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref24
https://doi.org/10.1016/j.ahjo.2025.100688
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref26
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref26
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref26
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref26
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref26
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref27
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref27
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref27
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref27
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref28
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref28
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref28
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref28
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref28
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref29
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref29
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref29

JACC: HEART FAILURE voL. B, NO. B, 2026

W 2026:103046

patients with heart failure with preserved ejection
fraction. Mayo Clin Proc. 2023;98:1458-1468.

30. Jani VP, Yoo EJ, Binek A, et al. Myocardial
proteome in human heart failure with preserved
ejection fraction. J Am Heart Assoc. 2025;14(6):
e038945. https://doi.org/10.1161/JAHA.124.
038945

31. Meddeb M, Koleini N, Binek A, et al. Myocar-
dial ultrastructure of human heart failure with
preserved ejection fraction. Nat Cardiovasc Res.
2024;3:907-914.

32. Hahn VS, Knutsdottir H, Luo X,
Myocardial gene expression signatures in human
heart failure with preserved ejection fraction.
Circulation. 2021;143:120-134.

et al

33. Aslam MI, Hahn VS, Jani V, Hsu S, Sharma K,
Kass DA. Reduced right ventricular sarcomere
contractility in heart failure with preserved ejec-
tion fraction and severe obesity. Circulation.
2021;143:965-967.

34. Obokata M, Reddy YNV, Borlaug BA. Diastolic
dysfunction and heart failure with preserved
ejection fraction: understanding mechanisms by
using noninvasive methods. JACC Cardiovasc Im-
aging. 2020;13:245-257.

35. Lin M, Guo J, Tao H, et al. Circulating media-
tors linking cardiometabolic diseases to HFpEF: a
mediation Mendelian randomization analysis.
Cardiovasc Diabetol. 2025;24(1):201. https://doi.
org/10.1186/512933-025-02738-0

36. Wu Z, Huang Z, Sun L, et al. Neck circumfer-
ence, waist-to-height ratio, Chinese visceral
adiposity index and incident heart failure. Nutr J.
2024;23(1):149. https://doi.org/10.1186/s12937-
024-01048-7

37. Campbell DJ, Gong FF, Jelinek MV, et al.
Threshold body mass index and sex-specific waist
circumference for increased risk of heart failure
with preserved ejection fraction. Eur J Prev Car-
diol. 2019;26:1594-1602.

38. Oguntade AS, Taylor H, Lacey B, Lewington S.
Adiposity, fat-free mass and incident heart failure
in 500 000 individuals. Open Heart. 2024;11(2):
e002711. https://doi.org/10.1136/openhrt-2024-
002711

39. Rao VN, Zhao D, Allison MA, et al. Adiposity
and incident heart failure and its subtypes: MESA
(Multi-Ethnic Study of Atherosclerosis). JACC
Heart Fail. 2018;6:999-1007.

40. Peikert A, Vaduganathan M, Claggett BL,
et al. Near-universal prevalence of central
adiposity in heart failure with preserved ejection
fraction: the PARAGON-HF trial. Eur Heart J.
2025;46:2372-2390.

41. Ostrominski JW, Hgjbjerg Lassen MC, Butt JH,
et al. Adiposity-related anthropometrics and
clinical outcomes in heart failure with mildly
reduced or preserved ejection fraction: a
participant-level pooled analysis of randomized
clinical trials. J Am Coll Cardiol. 2025;86:1760-
1777.

42. Packer M, Schiattarella GG, Borlaug BA. What
exactly is “cardiometabolic HFpEF": a phenotype
or an endotype? Circ Heart Fail. Published online
January 23, 2026. https://doi.org/10.1161/
CIRCHEARTFAILURE.125.014031

Excess and Dysfunctional Fat as a Primary Driver of Heart Failure With Preserved Ejection Fraction

43. Ramirez MF, Pan AS, Parekh JK, et al. Sex
differences in protein biomarkers and measures of
fat distribution. J Am Heart Assoc. 2024;13(22):
e000223. https://doi.org/10.1161/JAHA.124.
000223

44. Sorimachi H, Obokata M, Takahashi N, et al.
Pathophysiologic importance of visceral adipose
tissue in women with heart failure and preserved
ejection fraction. Eur Heart J. 2021;42:1595-1605.

45. Abel ED, Peroni O, Kim JK, et al. Adipose-
selective targeting of the GLUT4 gene impairs
insulin action in muscle and liver. Nature.
2001;409:729-733.

46. Karlsson T, Rask-Andersen M, Pan G, et al.
Contribution of genetics to visceral adiposity and
its relation to cardiovascular and metabolic dis-
ease. Nat Med. 2019;25:1390-1395.

47. Packer M, Lam CSP, Butler J, Zannad F,
Vaduganathan M, Borlaug BA. Is type 2 diabetes a
modifiable risk factor for the evolution and pro-
gression of heart failure with a preserved ejection
fraction? J Am Coll Cardiol. 2025;86:1917-1931.

48. Theodorakis N,  Nikolaou M.  From
cardiovascular-kidney-metabolic syndrome to
cardiovascular-renal-hepatic-metabolic syn-
drome: proposing an expanded framework. Bio-
molecules. 2025;15(2):213.  https://doi.org/10.
3390/biom15020213

49. de Vries AP, Ruggenenti P, Ruan XZ, et al.
Fatty kidney: emerging role of ectopic lipid in
obesity-related renal disease. Lancet Diabetes
Endocrinol. 2014;2:417-426.

50. Khan MS, Javaid SS, Dinani A, et al. The basics
of metabolic dysfunction-associated steatotic
liver disease for cardiologists: pathophysiology,
diagnosis, and treatment. J Am Coll Cardiol.
2025;86:1861-1884.

51. Lee CJM, Kosyakovsky LB, Khan MS, et al.
Cardiovascular, kidney, liver, and metabolic in-
teractions in heart failure: breaking down silos.
Circ Res. 2025;136:1170-1207.

52. Roh J, Hill JA, Singh A, Valero-Mufioz M,
Sam F. Heart failure with preserved ejection
fraction: heterogeneous syndrome, diverse pre-
clinical models. Circ Res. 2022;130:1906-1925.

53. Chan V, Fenning A, Levick SP, et al. Cardio-
vascular changes during maturation and ageing in
male and female spontaneously hypertensive
rats. J Cardiovasc Pharmacol. 2011;57:469-478.

54. Boluyt MO, Bing OH, Lakatta EG. The ageing
spontaneously hypertensive rat as a model of
the transition from stable compensated hyper-
trophy to heart failure. Eur Heart J. 1995;16(Suppl
N):19-30.

55. Park JJ, Mebazaa A, Hwang IC, Park JB,
Park JH, Cho GY. Phenotyping heart failure ac-
cording to the longitudinal ejection fraction
change: myocardial strain, predictors, and out-
comes. J Am Heart Assoc. 2020;9(12):e015009.
https://doi.org/10.1161/JAHA.119.015009

56. Daou D, Tong D, Schiattarella GG, Gillette TG,
Hill JA. What is cardiometabolic HFpEF and how
can we study it preclinically? JACC Basic Transl
Sci. 2025;10(10):101295. https://doi.org/10.1016/
j.jacbts.2025.04.009

57. Xu Y, Wang Y, Liu J, et al. Adipose tissue-
derived autotaxin causes cardiomyopathy in
obese mice. J Mol Endocrinol. 2019;63:113-121.

58. Cheng YW, Zhang ZB, Lan BD, et al. PDGF-D
activation by macrophage-derived uPA promotes
Angll-induced cardiac remodeling in obese mice.
J Exp Med. 2021;218(9):20210252. https://doi.
org/10.1084/jem.20210252

59. Schiattarella GG, Altamirano F, Tong D, et al.
Nitrosative stress drives heart failure with pre-
served ejection fraction. Nature. 2019;568:351-
356.

60. Berger JH, Shi Y, Matsuura TR, et al. Two-hit
mouse model of heart failure with preserved
ejection fraction combining diet-induced obesity
and renin-mediated hypertension. Sci Rep.
2025;15(1):422. https://doi.org/10.1038/541598-
024-84515-9

61. Labbé EA, Thibodeau SE, Walsh-Wilkinson E,
et al. Relative contribution of correcting the diet
and voluntary exercise to myocardial recovery in a
two-hit murine model of heart failure with pre-
served ejection fraction. Am J Physiol Heart Circ
Physiol. 2025;329:H51-H68.

62. Ndumele CE, Rangaswami J, Chow SL, et al.
Cardiovascular-kidney-metabolic health: a Presi-
dential Advisory from the American Heart Asso-
ciation. Circulation. 2023;148:1606-1635.

63. Ndumele CE, Neeland IJ, Tuttle KR, et al.
A synopsis of the evidence for the science and
clinical management of cardiovascular-kidney-
metabolic (CKM) syndrome: a scientific state-
ment from the American Heart Association.
Circulation. 2023;148:1636-1664.

64. Packer M. The adipokine hypothesis of heart
failure with a preserved ejection fraction: a novel
framework to explain pathogenesis and guide
treatment. J Am Coll Cardiol. 2025;86:1269-1373.

65. Packer M, Butler J, Lam CSP, Zannad F,
Vaduganathan M, Borlaug BA. Central adiposity or
hypertension: which drives heart failure with a
preserved ejection fraction? J Am Coll Cardiol.
2025;86:1935-1949.

66. Packer M, Testani J, Butler J, et al. Chronic
kidney disease in patients with heart failure with a
preserved ejection fraction: the underlying role of
visceral adiposity. J Am Coll Cardiol. 2025;86:
1900-1916.

67. Lincoff AM, Brown-Frandsen K, Colhoun HM,
et al. Semaglutide and cardiovascular outcomes in
obesity without diabetes. N Engl J Med.
2023;389:2221-2232.

68. Anker SD, Butler J, Filippatos G, et al.
Empagliflozin in heart failure with a preserved
ejection fraction. N Engl J Med. 2021;385:1451-
1461.

69. Solomon SD, McMurray Jv,
Vaduganathan M, et al. Finerenone in heart failure
with mildly reduced or preserved ejection frac-
tion. N Engl J Med. 2024;391:1475-1485.

70. Packer M, Zile MR, Kramer CM, et al. Tirze-
patide for heart failure with preserved ejection
fraction and obesity. N Engl J Med. 2025;392:
427-437.

71. Butler J, Shah SJ, Petrie MC, et al. Semaglu-
tide versus placebo in people with obesity-related


http://refhub.elsevier.com/S2213-1779(26)00145-9/sref29
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref29
https://doi.org/10.1161/JAHA.124.038945
https://doi.org/10.1161/JAHA.124.038945
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref31
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref31
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref31
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref31
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref32
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref32
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref32
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref32
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref33
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref33
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref33
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref33
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref33
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref34
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref34
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref34
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref34
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref34
https://doi.org/10.1186/s12933%2D025%2D02738%2D0
https://doi.org/10.1186/s12933%2D025%2D02738%2D0
https://doi.org/10.1186/s12937%2D024%2D01048%2D7
https://doi.org/10.1186/s12937%2D024%2D01048%2D7
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref37
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref37
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref37
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref37
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref37
https://doi.org/10.1136/openhrt%2D2024%2D002711
https://doi.org/10.1136/openhrt%2D2024%2D002711
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref39
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref39
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref39
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref39
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref40
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref40
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref40
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref40
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref40
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref41
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref41
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref41
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref41
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref41
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref41
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref41
https://doi.org/10.1161/CIRCHEARTFAILURE.125.014031
https://doi.org/10.1161/CIRCHEARTFAILURE.125.014031
https://doi.org/10.1161/JAHA.124.000223
https://doi.org/10.1161/JAHA.124.000223
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref44
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref44
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref44
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref44
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref45
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref45
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref45
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref45
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref46
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref46
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref46
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref46
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref47
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref47
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref47
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref47
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref47
https://doi.org/10.3390/biom15020213
https://doi.org/10.3390/biom15020213
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref49
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref49
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref49
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref49
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref50
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref50
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref50
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref50
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref50
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref51
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref51
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref51
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref51
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref52
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref52
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref52
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref52
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref53
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref53
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref53
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref53
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref54
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref54
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref54
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref54
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref54
https://doi.org/10.1161/JAHA.119.015009
https://doi.org/10.1016/j.jacbts.2025.04.009
https://doi.org/10.1016/j.jacbts.2025.04.009
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref57
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref57
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref57
https://doi.org/10.1084/jem.20210252
https://doi.org/10.1084/jem.20210252
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref59
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref59
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref59
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref59
https://doi.org/10.1038/s41598%2D024%2D84515%2D9
https://doi.org/10.1038/s41598%2D024%2D84515%2D9
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref61
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref61
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref61
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref61
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref61
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref61
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref62
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref62
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref62
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref62
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref63
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref63
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref63
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref63
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref63
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref63
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref64
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref64
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref64
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref64
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref65
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref65
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref65
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref65
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref65
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref66
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref66
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref66
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref66
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref66
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref67
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref67
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref67
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref67
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref68
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref68
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref68
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref68
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref69
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref69
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref69
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref69
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref70
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref70
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref70
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref70
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref71
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref71

heart failure with preserved ejection fraction: a
pooled analysis of the STEP-HFpEF and STEP-
HFpEF DM randomised trials. Lancet. 2024;403:
1635-1648.

72. Myasoedova VA, Parisi V, Moschetta D, et al.
Efficacy of cardiometabolic drugs in reduction of
epicardial adipose tissue: a systematic review and
meta-analysis. Cardiovasc Diabetol. 2023;22(1):
23. https://doi.org/10.1186/s12933-023-01738-2

73. Fu X, Almenglo C, Fernandez AL, et al. The effect
of mineralocorticoid receptor antagonists on anti-
inflammatory and anti-fatty acid transport profile
in patients with heart failure. Cells. 2022;11(8):1264.
https://doi.org/10.3390/cells11081264

74. Dozio E, Vianello E, Malavazos AE, et al.
Epicardial adipose tissue GLP-1 receptor is asso-
ciated with genes involved in fatty acid oxidation
and white-to-brown fat differentiation: a target
to modulate cardiovascular risk? Int J Cardiol.
2019;292:218-224.

75. Takano M, Kondo H, Harada T, et al. Empa-
gliflozin suppresses the differentiation/matura-
tion of human epicardial preadipocytes and
improves paracrine secretome profile. JACC Basic
Transl Sci. 2023;8:1081-1097.

76. Caprio M, Antelmi A, Chetrite G, et al. Anti-
adipogenic effects of the mineralocorticoid re-
ceptor antagonist  drospirenone:  potential
implications for the treatment of metabolic syn-
drome. Endocrinology. 2011;152:113-125.

77. Nguyen Dinh Cat A, Antunes TT, Callera GE,
et al. Adipocyte-specific mineralocorticoid recep-
tor overexpression in mice is associated with
metabolic syndrome and vascular dysfunction:
role of redox-sensitive PKG-1 and Rho kinase.
Diabetes. 2016;65:2392-2403.

78. Lobeek M, Timmann LPA, van Veldhuisen DJ,
et al. Epicardial, visceral and subcutaneous adi-
pose tissue in heart failure with preserved ejec-
tion fraction. ESC Heart Fail. 2025;12:3353-3360.

79. Chen J, Li M, Hao B, et al. Waist to height ratio
is associated with an increased risk of mortality in
Chinese patients with heart failure with preserved

ejection fraction. BMC Cardiovasc Disord.
2021;21(1):263.  https://doi.org/10.1186/s12872-
021-02080-9

80. Ping Z, Pei X, Xia P, et al. Anthropometric
indices as surrogates for estimating abdominal
visceral and subcutaneous adipose tissue: a meta-
analysis with 16,129 participants. Diabetes Res
Clin Pract. 2018;143:310-319.

81. Nazare JA, Smith J, Borel AL, et al. Usefulness
of measuring both body mass index and waist
circumference for the estimation of visceral
adiposity and related cardiometabolic risk profile
(from the INSPIRE ME IAA study). Am J Cardiol.
2015;115:307-315.

82. Carroll JF, Chiapa AL, Rodriquez M, et al.
Visceral fat, waist circumference, and BMI: impact
of race/ethnicity. Obesity (Silver Spring). 2008;16:
600-607.

83. Xu F, Earp JE, Adami A, et al. The sex and
race/ethnicity-specific relationships of abdominal
fat distribution and anthropometric indices in US
adults. Int J Environ Res Public Health.
2022;19(23):15521. https://doi.org/10.3390/
ijerph192315521

Excess and Dysfunctional Fat as a Primary Driver of Heart Failure With Preserved Ejection Fraction

84. Volgman AS, Palaniappan LS, Aggarwal NT,
et al. Atherosclerotic cardiovascular disease in
South Asians in the United States: epidemiology,
risk factors, and treatments: a Scientific State-
ment from the American Heart Association. Cir-
culation. 2018;138(1):e1-e34. https://doi.org/10.
1161/CIR.0000000000000580

85. Kuk JL, Saunders TJ, Davidson LE, Ross R.
Age-related changes in total and regional fat
distribution. Ageing Res Rev. 2009;8:339-348.

86. Ding J, Hsu FC, Harris TB, et al. The associa-
tion of pericardial fat with incident coronary heart
disease: the Multi-Ethnic Study of Atherosclerosis
(MESA). Am J Clin Nutr. 2009;90:499-504.

87. Kramer CM, Borlaug BA, Zile MR, et al. Tir-
zepatide reduces LV mass and paracardiac adipose
tissue in obesity-related heart failure: SUMMIT
CMR substudy. J Am Coll Cardiol. 2025;85:699-
706.

88. Nogajski &, Mazuruk M, Kacperska M,
Kurpias M, Maczewski M, Nowakowski M,
Maczewski M, Michatowska I, Leszek P, Paterek A.
Epicardial fat density obtained with computed
tomography imaging—more important than vol-
ume? Cardiovasc Diabetol. 2024;23(1):389.
https://doi.org/10.1186/s12933-024-02474-x

89. Bresticker JE, Pavelec CM, Echols JT,
Patel AR, Wolf MJ, Epstein FH. Preclinical mag-
netic resonance imaging of proinflammatory
epicardial adipose tissue: accelerated methods for
simultaneous fatty acid composition and relaxa-
tion parameter mapping with relationships to
tissue biomarkers. J Cardiovasc Magn Reson.
2025;27(2):101947. https://doi.org/10.1016/j.
jocmr.2025.101947

90. Toivonen S, Lehtinen M, Raivio P, Sinisalo J,
Loimaala A, Uusitalo V. The presence of residual
vascular and adipose tissue inflammation on
(18)F-FDG PET in patients with chronic coronary
artery disease. Nucl Med Mol Imaging. 2023;57:
117-125.

91. Wang K, Basu R, Poglitsch M, Bakal JA,
Oudit GY. Elevated angiotensin 1-7/angiotensin Il
ratio predicts favorable outcomes in patients With
heart failure. Circ Heart Fail. 2020;13(7):
e006939. https://doi.org/10.1161/CIRCH-
EARTFAILURE.120.006939

92. Akoumianakis I, Sanna F, Margaritis M, et al.
Adipose tissue-derived WNT5A regulates vascular
redox signaling in obesity via USP17/RACI-
mediated activation of NADPH oxidases. Sci
Transl Med. 2019;11(510):eaav5055. https://doi.
org/10.1126/scitranslmed.aav5055

93. Rostoff P, Siniarski A, Haberka M,
Konduracka E, Nessler J, Gajos G. Relationship
among the leptin-to-adiponectin ratio, systemic
inflammation, and anisocytosis in well-controlled
type 2 diabetic patients with atherosclerotic car-
diovascular disease. Kardiol Pol. 2020;78:420-
428.

94. Sarray S, Madan S, Saleh LR, Mahmoud N,
Almawi WY. Validity of adiponectin-to-leptin and
adiponectin-to-resistin ratios as predictors of
polycystic ovary syndrome. Fertil Steril. 2015;104:
460-466.

95. Packer M. Characterization, pathogenesis, and
clinical implications of inflammation-related atrial

JACC: HEART FAILURE voL. l, NO. W, 2026

B 2026:103046

myopathy as an important cause of atrial fibrilla-
tion. J Am Heart Assoc. 2020;9(7):e015343.
https://doi.org/10.1161/JAHA.119.015343

96. Tada A, Burkhoff D, Naser JA, et al. Dapagli-
flozin enhances arterial and venous compliance
during exercise in heart failure with preserved
ejection fraction: insights from the CAMEO-DAPA
trial. Circulation. 2024;150:997-1009.

97. Kim H, Choi CU, Rhew K, et al. Comparative
effects of glucose-lowering agents on endothelial
function and arterial stiffness in patients with
type 2 diabetes: a network meta-analysis.
Atherosclerosis.  2024;391:117490. https://doi.
org/10.1016/j.atherosclerosis.2024.117490

98. Moriconi D, Bruno RM, Rebelos E, et al. Role
of endogenous GLP-1 on arterial stiffness and
renal haemodynamics following bariatric surgery.
Eur J Clin Invest. 2024;54(9):e14256. https://doi.
org/10.1111/eci.14256

99. Meulendijks ER, Fabrizi B, Bruns S, et al. Pa-
tients with persistent atrial fibrillation and meta-
bolic comorbidities have an altered inflammatory
state of atrial epicardial adipose tissue, which is
linked to CT-attenuation. Cardiovasc Diabetol.
2025;25(1):82.  https://doi.org/10.1186/s12933-
025-02985-1

100. Pathak RK, Middeldorp ME, Meredith M,
et al. Long-term effect of goal-directed weight
management in an atrial fibrillation cohort: a
long-term follow-up study (LEGACY). J Am Coll
Cardiol. 2015;65:2159-2169.

101. Solomon SD, Ostrominski JW, Wang X,
et al. Effect of semaglutide on cardiac structure
and function in patients with obesity-related
heart failure. J Am Coll Cardiol. 2024;84:1587-
1602.

102. Karakasis P, Vlachos K, Antoniadis AP, et al.
Effect of GLP-1 receptor agonists and co-agonists
on atrial fibrillation risk in overweight or obesity:
systematic review and meta-analysis of random-
ized controlled trials. Metabolism. 2026;175:
156463. https://doi.org/10.1016/j.metabol.2025.
156463

103. Li P, Chen W, Chen R, et al. Long-term ef-
fects of SGLT2 inhibitors on arrhythmias: a sys-
tematic review and meta-analysis. Front
Pharmacol. 2025;16:1558367. https://doi.org/10.
3389/fphar.2025.1558367

104. Hunter GR, Gower BA, Kane BL. Age related
shift in visceral fat. Int J Body Compos Res.
2010;8:103-108.

105. Conte M, Petraglia L, Poggio P, et al
Inflammation and cardiovascular diseases in the
elderly: the role of epicardial adipose tissue. Front
Med (Lausanne). 2022;9:844266. https://doi.org/
10.3389/fmed.2022.844266

106. Palmer AK, Xu M, Zhu Y, et al. Targeting
senescent cells alleviates obesity-induced meta-
bolic dysfunction. Aging Cell. 2019;18(3):e12950.
https://doi.org/10.1111/acel.12950

107. Bian X, Griffin TP, Zhu X, et al. Senescence
marker activin A is increased in human diabetic
kidney disease: association with kidney function
and potential implications for therapy. BMJ Open
Diabetes Res Care. 2019;7(1):e000720. https://
doi.org/10.1136/bmjdrc-2019-000720


http://refhub.elsevier.com/S2213-1779(26)00145-9/sref71
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref71
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref71
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref71
https://doi.org/10.1186/s12933%2D023%2D01738%2D2
https://doi.org/10.3390/cells11081264
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref74
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref74
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref74
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref74
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref74
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref74
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref75
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref75
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref75
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref75
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref75
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref76
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref76
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref76
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref76
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref76
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref77
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref77
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref77
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref77
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref77
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref77
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref78
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref78
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref78
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref78
https://doi.org/10.1186/s12872%2D021%2D02080%2D9
https://doi.org/10.1186/s12872%2D021%2D02080%2D9
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref80
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref80
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref80
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref80
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref80
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref81
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref81
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref81
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref81
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref81
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref81
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref82
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref82
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref82
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref82
https://doi.org/10.3390/ijerph192315521
https://doi.org/10.3390/ijerph192315521
https://doi.org/10.1161/CIR.0000000000000580
https://doi.org/10.1161/CIR.0000000000000580
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref85
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref85
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref85
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref86
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref86
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref86
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref86
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref87
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref87
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref87
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref87
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref87
https://doi.org/10.1186/s12933%2D024%2D02474%2Dx
https://doi.org/10.1016/j.jocmr.2025.101947
https://doi.org/10.1016/j.jocmr.2025.101947
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref90
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref90
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref90
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref90
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref90
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref90
https://doi.org/10.1161/CIRCHEARTFAILURE.120.006939
https://doi.org/10.1161/CIRCHEARTFAILURE.120.006939
https://doi.org/10.1126/scitranslmed.aav5055
https://doi.org/10.1126/scitranslmed.aav5055
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref93
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref93
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref93
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref93
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref93
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref93
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref93
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref94
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref94
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref94
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref94
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref94
https://doi.org/10.1161/JAHA.119.015343
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref96
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref96
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref96
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref96
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref96
https://doi.org/10.1016/j.atherosclerosis.2024.117490
https://doi.org/10.1016/j.atherosclerosis.2024.117490
https://doi.org/10.1111/eci.14256
https://doi.org/10.1111/eci.14256
https://doi.org/10.1186/s12933%2D025%2D02985%2D1
https://doi.org/10.1186/s12933%2D025%2D02985%2D1
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref100
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref100
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref100
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref100
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref100
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref101
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref101
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref101
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref101
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref101
https://doi.org/10.1016/j.metabol.2025.156463
https://doi.org/10.1016/j.metabol.2025.156463
https://doi.org/10.3389/fphar.2025.1558367
https://doi.org/10.3389/fphar.2025.1558367
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref104
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref104
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref104
https://doi.org/10.3389/fmed.2022.844266
https://doi.org/10.3389/fmed.2022.844266
https://doi.org/10.1111/acel.12950
https://doi.org/10.1136/bmjdrc%2D2019%2D000720
https://doi.org/10.1136/bmjdrc%2D2019%2D000720

JACC: HEART FAILURE voL. B, NO. B, 2026

W 2026:103046

108. Zhao B, Bouchareb R, Lebeche D. Resistin
deletion protects against heart failure injury by
targeting DNA damage response. Cardiovasc Res.
2022;118:1947-1963.

109. Chavarria N, Kato TS, Khan R, et al.
Increased levels of retinol binding protein 4 in
patients with advanced heart failure correct
after hemodynamic improvement through ven-
tricular assist device placement. Circ J. 2012;76:
2148-2152.

110. Khan RS, Kato TS, Chokshi A, et al. Adipose
tissue inflammation and adiponectin resistance in
patients with advanced heart failure: correction
after ventricular assist device implantation. Circ
Heart Fail. 2012;5:340-348.

111. Frey N, Backs J. Adipokine-cardiomyocyte
crosstalk: a 2-way street in HFpEF pathogenesis?
J Am Coll Cardiol. 2025;86:1243-1245.

112. Véniant MM, Lu SC, Atangan L, et al. A GIPR
antagonist conjugated to GLP-1 analogues pro-
motes weight loss with improved metabolic pa-
rameters in preclinical and phase 1 settings. Nat
Metab. 2024;6(2):290-303.

113. Gabe MBN, Sparre-Ulrich AH, Pedersen MF,
et al. Human GIP(3-30)NH(2) inhibits G protein-
dependent as well as G protein-independent
signaling and is selective for the GIP receptor
with high-affinity binding to primate but not ro-
dent GIP receptors.
2018;150:97-107.

Biochem  Pharmacol.

114. Wang J, Lu Y, Min X, Yuan T, Wei J, Cai Z. The
association between metformin treatment and
outcomes in type 2 diabetes mellitus patients
with heart failure with preserved ejection frac-
tion: a retrospective study. Front Cardiovasc Med.

Excess and Dysfunctional Fat as a Primary Driver of Heart Failure With Preserved Ejection Fraction

2021;8:648212.
2021.648212

https://doi.org/10.3389/fcvm.

115. Halabi A, Sen J, Huynh Q, Marwick TH. Met-
formin treatment in heart failure with preserved
ejection fraction: a systematic review and meta-
regression  analysis.  Cardiovasc  Diabetol.
2020;19(1):124. https://doi.org/10.1186/s12933-
020-01100-w

116. Gu J, Yin ZF, Zhang JF, Wang CQ. Association
between long-term prescription of metformin and
the progression of heart failure with preserved
ejection fraction in patients with type 2 diabetes
mellitus and hypertension. Int J Cardiol.
2020;306:140-145.

117. Slater RE, Strom JG, Methawasin M, Liss M,
Gotthardt M, Sweitzer N, et al. Metformin im-
proves diastolic function in an HFpEF-like mouse
model by increasing titin compliance. J Gen
Physiol. 2019;151:42-52.

118. Loomba R, Sanyal AJ, Kowdley KV, et al.
Randomized, controlled trial of the FGF21
analogue pegozafermin in NASH. N Engl J Med.
2023;389:998-1008.

119. Zhang K, Gan J, Wang B, et al. FGF21 protects
against HFpEF by improving cardiac mitochondrial
bioenergetics in mice. Nat Commun. 2025;16(1):1661.
https://doi.org/10.1038/s41467-025-56885-9

120. Joshi SR, Atabay EK, Liu J, et al. Sotatercept
analog improves cardiopulmonary remodeling and
pulmonary hypertension in experimental left
heart failure. Front Cardiovasc Med. 2023;10:
1064290.  https://doi.org/10.3389/fcvm.2023.
1064290

121. Ucar A, Gupta SK, Fiedler J, et al. The
miRNA-212/132 family regulates both cardiac

hypertrophy and cardiomyocyte autophagy. Nat
Commun. 2012;3:1078. https://doi.org/10.1038/
ncomms2090

122. Ramirez MF, Lau ES, Parekh JK, et al.
Obesity-related biomarkers are associated with
exercise intolerance and HFpEF. Circ Heart Fail.
2023;16(11):e010618.  https://doi.org/10.1161/
CIRCHEARTFAILURE.123.010618

123. Berger M, Marz W, Niessner A, et al. IL-6 and
hsCRP predict cardiovascular mortality in patients
with heart failure with preserved ejection fraction.
ESC Heart Fail. 2024;11:3607-3615.

124. Zhao Z, Qi D, Zhang Z, Du X, et al. Prognostic
value of inflammatory cytokines in predicting
hospital readmissions in heart failure with pre-
served ejection fraction. J Inflamm Res. 2024;17:
3003-3012.

125. Alogna A, Koepp KE, Sabbah M, et al. Inter-
leukin-6 in patients with heart failure and pre-
served ejection fraction. JACC Heart Fail. 2023;11:
1549-1561.

126. Chia YC, Kieneker LM, van Hassel G, et al.
Interleukin 6 and development of heart failure with
preserved ejection fraction in the general popula-
tion. J Am Heart Assoc. 2021;10(11):e018549.
https://doi.org/10.1161/JAHA.120.018549

127.Li C, Qin D, Hu J, Yang Y, Hu D, Yu B.
Inflamed adipose tissue: a culprit underlying
obesity and heart failure with preserved ejection
fraction. Front Immunol. 2022;13:947147. https://
doi.org/10.3389/fimmu.2022.947147

KEY WORDS adipokine, dysfunctional fat,
heart failure with preserved ejection fraction


http://refhub.elsevier.com/S2213-1779(26)00145-9/sref108
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref108
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref108
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref108
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref109
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref109
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref109
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref109
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref109
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref109
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref110
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref110
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref110
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref110
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref110
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref111
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref111
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref111
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref112
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref112
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref112
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref112
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref112
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref113
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref113
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref113
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref113
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref113
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref113
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref113
https://doi.org/10.3389/fcvm.2021.648212
https://doi.org/10.3389/fcvm.2021.648212
https://doi.org/10.1186/s12933%2D020%2D01100%2Dw
https://doi.org/10.1186/s12933%2D020%2D01100%2Dw
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref116
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref116
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref116
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref116
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref116
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref116
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref117
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref117
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref117
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref117
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref117
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref118
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref118
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref118
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref118
https://doi.org/10.1038/s41467%2D025%2D56885%2D9
https://doi.org/10.3389/fcvm.2023.1064290
https://doi.org/10.3389/fcvm.2023.1064290
https://doi.org/10.1038/ncomms2090
https://doi.org/10.1038/ncomms2090
https://doi.org/10.1161/CIRCHEARTFAILURE.123.010618
https://doi.org/10.1161/CIRCHEARTFAILURE.123.010618
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref123
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref123
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref123
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref123
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref124
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref124
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref124
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref124
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref124
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref125
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref125
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref125
http://refhub.elsevier.com/S2213-1779(26)00145-9/sref125
https://doi.org/10.1161/JAHA.120.018549
https://doi.org/10.3389/fimmu.2022.947147
https://doi.org/10.3389/fimmu.2022.947147

	Excess and Dysfunctional Fat as a Primary Driver of Heart Failure With Preserved Ejection Fraction
	Emergence of Adiposity as the Driver of HFpEF
	The emergence of adiposity-related HFpEF as the dominant clinical phenotype
	The emergence of cardiometabolic HFpEF as an experimental endotype

	Institutional Recognition of the Role of Excess and Dysfunctional Fat in HFpEF
	Targeting Dysfunctional Fat in the Clinical Setting
	Estimating the importance of adiposity in HFpEF in the clinical community
	Meeting the challenge of identifying and quantifying dysfunctional fat
	Dysfunctional fat as both a primary cause and essential accelerant of HFpEF
	Arterial stiffness and hypertension
	Atrial myopathy and atrial fibrillation
	Aging and adipose tissue senescence

	Envisioning the next generation of clinical trials in HFpEF

	Conclusions
	Funding Support and Author Disclosures
	References


