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OPINION Beyond Weight Loss: the Emerging Role of Incretin-

Based Treatments in Cardiometabolic HFpEF
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Purpose of review

Incretin-based drugs are potent weight-lowering agents, emerging as potential breakthrough therapy for the
treatment of obesity-related phenotype of heart failure with preserved ejection fraction (HFpEF). In this
review article, we will discuss the contribution of weight loss as part of the benefits of incretin-based
medications in obese patients with HFpEF. Furthermore, we will describe the potential effects of glucagon-
like peptide-1 (GLP-1) and glucose-dependent insulinotropic polypeptide (GIP) receptor agonists on the
heart, particularly in relation to HFpEF pathophysiology.

Recent findings

In the STEP-HFpEF trial, the GLP-1 receptor agonist semaglutide significantly improved quality of life
outcomes in obese HFpEF patients. Whether the beneficial effects of semaglutide in obese patients with
HFpEF are merely a consequence of body weight reduction is unclear. Considering the availability of other
weight loss strategies (e.g., caloric restriction, exercise training, bariatric surgery) to be used in obese
HFpEF patients, answering this question is crucial to provide tailored therapeutic options in these subjects.

Summary

Incretin-based drugs may represent a milestone in the treatment of obesity in HFpEF. Elucidating the
contribution of weight loss in the overall benefit observed with these drugs is critical in the management of
obese HFpEF patients, considering that other weight-lowering strategies are available and might represent
potential alternative options for these patients.

Keywords

glucagon-like peptide-1, glucose-dependent insulinotropic polypeptide, heart failure with preserved ejection
fraction, incretin-based treatments, metabolic dysfunction, obesity
aTranslational Approaches in Heart Failure and Cardiometabolic Dis-
ease, Max Delbr€uck Center for Molecular Medicine in the Helmholtz

Association (MDC), Berlin, Germany, bDivision of Internal Medicine,

Department of Medicine, University of Padua, Padua, Italy, cMax Rubner
Center for Cardiovascular Metabolic Renal Research (MRC),

Deutsches Herzzentrum der Charit�e (DHZC), Charit�e -Universit€atsme-

dizin Berlin, Berlin, Germany, dDZHK (German Centre for Cardiovas-

cular Research), Partner Site Berlin, Berlin, Germany and eDivision of
Cardiology, Department of Advanced Biomedical Sciences, Federico II

University, Naples, Italy

Correspondence to Gabriele G. Schiattarella, MD, PhD, Max Rubner
Center for Cardiovascular Metabolic Renal Research (MRC),

Deutsches Herzzentrum der Charit�e (DHZC), Charit�e -Universit€atsme-

dizin Berlin, Berlin, Germany.
E-mail: gabriele.schiattarella@dhzc-charite.de
�Federico Capone and Natasha Nambiar are co-first Authors.

Curr Opin Cardiol 2024, 39:000–000

DOI:10.1097/HCO.0000000000001117
INTRODUCTION

Heart failure with preserved ejection fraction
(HFpEF) is a type of heart failure for which only
limited therapeutic options are available. Among
the many classes of drugs that have been tested in
patients with HFpEF, only two were able to
improve clinical outcomes [1,2,3

&&

]. Both of these
classes, namely sodium-glucose cotransporter-2
inhibitors (SGLT2i) and glucagon-like peptide-1
receptor agonists (GLP-1RAs), are glucose-lower-
ing drugs originally approved for the treatment
of type II diabetes mellitus (T2DM). GLP1-RAs,
together with glucose-dependent insulinotropic
polypeptide (GIP) agonists, act on the incretin axis,
directly binding to their specific receptors which
are mainly located in the pancreas – to stimulate
insulin release –, and in the brain – to reduce
appetite and delaying gastric emptying [4].
The role of glucagon-like peptide-1 (GLP-1) and
GIP receptor agonists in HFpEF is currently under
active investigation [3

&&

] [NCT04916470]
rs Kluwer Health, Inc. All rights rese

rs Kluwer Health, Inc. Una
[NCT04847557] making them among the most
promising therapeutic strategies in this syndrome.
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KEY POINTS

� Incretin-based medications are weight-lowering agents
that hold promise for the treatment of obese patients
with heart failure with preserved ejection fraction
(HFpEF).

� Whether the benefits of these drugs in obese HFpEF
patients are only secondary to the body weight
reduction is still unclear.

� A proper framework for incretin-based treatments based
on clinical and mechanistic comparison with other
weight-lowering strategies in obese HFpEF patients
is warranted.

Heart failure
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Thenotion of antidiabetic drugs being effective
in heart failure may sound surprising, when –
mistakenly – HFpEF is considered exclusively as
cardiac-centric condition. This apparent discrep-
ancy can be resolved when patients with HFpEF are
considered as a whole. The majority of HFpEF indi-
viduals are obese, often suffering from a number of
metabolic syndrome (MetS) hallmarks, such as
arterial hypertension, dyslipidaemia, liver steatosis
and T2DM [5–8]. At large, HFpEF can be considered
the cardiac manifestation of MetS. SGLT2i and
GLP-1RAs provide a broad range of beneficial
effects in patients affected by MetS [9,10

&&

]. In
the STEP-HFpEF trial, GLP-1RAs significantly
improved clinical outcomes of quality of life in
obese patients with HFpEF, collectively referred
as cardiometabolic HFpEF. Considering themagni-
tude of body weight reduction observed with GLP-
1RAs and, by design, the exclusion of lean HFpEF
individuals from the STEP-HFpEF trial [3

&&

], it is
legitimate to ask howmuchweight reduction alone
contributed to the improvement of symptoms in
patients with cardiometabolic HFpEF. If the major-
ity of the observed benefits are exclusively weight
related, losing body weight in cardiometabolic
HFpEF should be the goal and could be reached
by means other than pharmacological approaches
(e.g. nutritional strategies, exercise training, bari-
atric surgery). Conversely if, beyond weight loss,
there are clinical benefits of GLP-1RAs that are
drug- (or class) specific, these compounds should
be central for the management of obese HFpEF
patients.

In this review, we will discuss the available
evidence on the efficacy of incretin-based drugs in
HFpEF treatment. In addition, we will provide an
overview of the potential effects of GLP1-RAs and
GIP agonists on the heart, especially in the context
of HFpEF pathophysiology.
2 www.co-cardiology.com
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HEART FAILURE WITH PRESERVED
EJECTION FRACTION AND OBESITY:
WHAT DO INCRETINS TARGET IN
CLINICAL TRIALS?

Among the different types of heart failure, HFpEF
continues to gain attention. The combination of
signs and symptoms of heart failure observed in
HFpEF results, among others, from specific changes
in cardiac mechanics [11] and derangements in
energy metabolism [12], hindering both contractil-
ity and relaxation, especially during exercise [13].
HFpEF is not a single disease, but a constellation of
different phenotypes [14]. Strikingly, about 80% of
HFpEF patients are overweight or obese [5,6] and
one-third suffer from T2DM [7]. These features mark
the, arguably, most common HFpEF phenotype, the
so-called cardiometabolic HFpEF.

Adipose tissue expansion has a pivotal role in
cardiometabolic HFpEF pathogenesis [15,16], induc-
ing systemic inflammation, excessive fatty acid
uptake incardiomyocytes andultimatelymechanical
and energeticmyocardial dysfunction.Of note, some
of the whole-body derangements observed in cardi-
ometabolic HFpEF are heart failure specific. Others
are common among nonfailing obese individuals.
Obesity itself promotes left ventricular hypertrophy
[17], diastolic chamber stiffness [18], higher left ven-
tricular filling pressure and lower mean mitral valve
E/A ratio [19,20].Weight gain is also associatedwitha
greater risk of atrial remodelling [21] and atrial fibril-
lation [22]. Subclinical systolic dysfunction is
observed in obese patients with HFpEF as evidenced
by decreased longitudinal strain [23] and defective
systolic reserve during exercise [24,25]. Obese HFpEF
patients present more severe right ventricular dys-
function, lower N-terminal pro-B-type natriuretic
peptide (NT-proBNP) levels comparedwithnonobese
HFpEF individuals and excessive epicardial adipose
tissue (EAT) [23]. The enlarged EAT might have
mechanical effects such as pericardial restraint [23]
and, through secretion of soluble factors, can pro-
mote cardiac capillary rarefaction and fibrosis
[26,27]. Specific to obese patients with HFpEF is
plasma volume expansion, a condition caused by
excessive systemic vasodilation and sodium reten-
tion [28], which is directly correlated with elevation
in cardiac filling pressures [23].

Therefore, among the several cardiac and sys-
temic changes typical of obese HFpEF patients, it is
difficult to pinpoint which findings are common
among obese individuals and which mark the pro-
gression to heart failure. Importantly, key clinical
symptoms of heart failure, such as dyspnoea or
fatigue, are highly prevalent in obese population
without heart failure [29–31]. Dyspnoea on exertion
Volume 39 � Number 00 � Month 2024
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(DOE) is common in obesity, even in presence of
normal cardiac function [32] and may depend on
reduced expiratory volume, reduced lung and chest
wall compliance, increased work of the inspiratory
muscles and increased metabolic demand during
exercise [33]. Also, obese patients with DOE have
worse 6-min walking test (6MWT) distance and the
severity of DOE is independently related to the fat
mass distribution [34].

In the recently published STEP-HFpEF trial [3
&&

],
529 nondiabetic, obese HFpEF patients were random-
ized to GLP-1RA semaglutide or placebo. After
52weeks, patients in the semaglutide group registered
a significant improvement in the Kansas City Cardio-
myopathy Questionnaire - Clinical Summary Score
(KCCQ-CSS) as well as a longer walking distance in
the 6MWT. In the intention-to-treat analysis, patients
in the semaglutide group lost a mean of 13% of their
body weight (compared with 2.6% in the placebo
group). A significant reduction in C-reactive protein
(CRP) level and NT-proBNP percentage from baseline
was registered in the semaglutide group. The KCCQ-
CSS is a questionnaire in which patients grade their
symptoms (frequency and intensity of dyspnoea,
fatigue and swelling) and physical limitations in activ-
ities such as dressing, showering or bathing [35,36]. In
considerationof this,nonfailingobese individualsmay
register worse scores than lean individuals and, apart
from signs of congestion, the majority of the KCCQ-
CSS features are expected to improve after weight loss.
In addition CRP is typically high in obesity and is
independently related to BMI [37]. Considering the
inverse relationship between natriuretic peptide levels
and BMI, the reduction in NT-proBNP levels with
semaglutide despite significant reductions in body
weight stands for decongestive and favourable hemo-
dynamic effects in the semaglutide group. The STEP-
HFpEF trial was not powered to detect significant
changes in clinical events, but a lower number of
adjudicatedHFeventswas registeredwith semaglutide.

In the recent SELECTtrial [10
&&

], inapopulationof
overweight individuals with preexisting cardiovascu-
lar disease,myocardial infarction in almost 70%of the
cases – semaglutide-treated patients had a 20% reduc-
tion of cardiovascular events. Considering the lack of
statical significance in the reduction of cardiovascular
death and nonfatal stroke, it is likely that the fewer
nonfatal myocardial infarction events recorded con-
tributed the most to the overall benefit observed.
Consistent with the STEP-HFpEF findings, a signifi-
cant weight loss was observed, with a reduction in the
body weight as soon as 4 weeks after randomization.
Intriguingly, only patients with a baseline BMI less
than 35kg/m2 had a significant improvement in the
primary cardiovascular endpoint [10

&&

]. More than
4000 heart failure patients were enrolled in the
0268-4705 Copyright © 2024 Wolters Kluwer Health, Inc. All rights rese
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SELECT trial. An absolute reduction in the number
of hospitalization or urgent medical visit for heart
failure was registered (hazard ratio 0.79) with a 95%
confidence interval of 0.60–1.03.

More clinical trials are currently underway to
evaluate the effects of semaglutide in diabetic obese
HFpEF patients [NCT04916470] and the effects of the
dual GIP/GLP-1 agonist tirzepatide in obese HFpEF
patients with and without T2DM [NCT04847557].
The primary outcomes in these trials are still related
to quality of life (KCCQ and 6MWT).

In summary,most of the benefits observed in the
STEP-HFpEF trial, including the primary outcome,
are related to weight loss [38

&

]. Despite an early
reduction in the occurrence of cardiovascular events
in the SELECT trial, also in this case, the contribution
of weight loss to the primary outcome improvement
is substantial. Thus far, there is limited strong clinical
evidence to support a cardiovascular benefit from
GLP1-RAs beyond those mediated by weight loss
and glycaemic control. This is not trivial, as GLP1-
RAs are not the only available strategy to achieve a
significantweight loss. In fact, losingweight through
caloric restriction and/or aerobic exercise might be a
more affordable strategy in the long term, signifi-
cantly improving exercise capacity and/or quality of
life in patients with obesity and HFpEF [39

&

,40].
Consistently, supervised exercise training (SET) is a
valuable intervention in these patients [41

&&

].
Considering the long-term cost of incretin-

based treatments, a direct clinical comparison with
dietary intervention, SET and/or bariatric surgery (in
selected patients) [42] should be pursued, to estab-
lish if GLP1/GIP receptor agonists outperform other
strategies in obese HFpEF patients. Moreover, the
lack of cardiovascular benefits in patients with BMI
at least 35 kg/m2 in the SELECT trial supports a role
for bariatric surgery option in these patients.

Routinary use of GLP1/GIP receptor agonists
over nonpharmacological intervention in obese
patients with HFpEF will benefit of gaining more
insights in the biology of incretin-based treatments
in HFpEF. To better understand the therapeutic
potential of these drugs in heart failure, an overview
of available preclinical data supporting direct effects
of incretin axis modulation on the cardiovascular
system is discussed below.
MECHANISMS UNDERLYING
CARDIOPROTECTION OF GLUCAGON-LIKE
PEPTIDE-1 AND GLUCOSE-DEPENDENT
INSULINOTROPHIC POLYPEPTIDE
AGONISTS

GLP-1 and GIP are two incretin hormones derived
from the preglucagon gene that play a pivotal role in
rved. www.co-cardiology.com 3
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several metabolic pathways [4]. While their primary
effects are on the pancreas-gut axis, aiming to mod-
ulate insulin production, they also exert extra-pan-
creatic actions. A direct modulation of cellular
energy substrates metabolism has been proposed,
with effects on several peripheral organs including
the heart [43,44

&&

].
Effect of incretins on cardiac metabolism

Changes in metabolism of major energy substrates
have an important impact on cardiac remodelling.
Upon GLP-1R stimulation, cardiac energy efficiency
seems to be enhanced due to an increase in glucose
uptake [45]. For example, GLP-1 infusion in hyper-
tensive rats prone to heart failure, significantly
increased myocardial glucose uptake (MGU) [46].
In dilated cardiomyopathy, a similar increase was
observed via a nitric oxide and p38MAP kinase
mediated mechanism [47]. In normal rat hearts,
upon oleate treatment – that is, lipid overload –,
the GLP-1R agonist reduced glucose uptake without
affecting contractility. Conversely, GLP-1 treatment
alone had a negative impact on contractile function
while having no effect on glucose uptake, thereby
suggesting distinct mode of actions between the
incretin and the receptor agonist [48].

Cardiac hypertrophy is typically marked by
changes in energetic substrates utilization with
increased glucose oxidation and reduced fatty acid
utilization (FAO). Whether the glucose oxidation to
FAO ratio (GO/FAO) increase is beneficial or detri-
mental in heart failure has been long debated. GLP-1
administration in HFpEF mice is proposed to
enhance the GO/FAO, potentially mitigating car-
diac remodelling by reducing oxidative damage
[49]. Despite this, only limited data support that
GLP-1R stimulation increases glucose oxidation in
cardiomyocytes. In addition, whether the observed
metabolic shift after incretin-based treatments is
beneficial in the context of cardiometabolic HFpEF
is still partly unknown.

Despite the similarities in the physiological role
between GIP and GLP-1, there are limited studies on
the effect of GIP on the cardiovascular system. GIP
agonists may positively impact systemic energy
metabolism, as seen in transgenic mice with ele-
vated GIP levels that exhibited improved glucose
tolerance and insulin sensitivity [50]. In murine
models of myocardial infarction, an association
between GIP receptor activation and myocardial
triacylglycerol metabolism has also been observed.
Specifically, in cardiomyocytes, phosphorylation of
ERK through GIPR seems essential for enhanced
hormone-sensitive lipase phosphorylation leading
to reduced ventricular injury and enhanced survival
4 www.co-cardiology.com
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[51]. Direct GIPR antagonism was also shown to
regulate lipid metabolism by decreasing fatty acid
oxidation in cardiomyocytes indicating a potential
metabolic approach to impact postischemic cardiac
remodelling [51]. Taken together, these observa-
tions imply that the influence of GIP on cardiac
remodelling may change based on the underlying
cardiovascular alterations. However, the specific
role for GIPR stimulation in cardiometabolic HFpEF
is yet to be investigated.
Other proposed effects of incretins in
preclinical models

Differently from the limited data available on the
effects of incretins on cardiomyocyte metabolism,
the role of GLP-1 and/or GIP in regulating body
weight has been extensively investigated
[43,52,53]. Their benefits on weight management
and lowering glucose levels in clinical and preclin-
ical studies are convincing. With respect to HFpEF,
GLP-1 agonists are shown to decrease epicardial fat
mass and reduce atrial enlargement [54]. In a car-
diometabolic HFpEF model, treatment with the
GLP-1 agonist liraglutide induced a 30% reduction
in body weight, whereas treatment with SGLT2i
dapagliflozin, minimally impacted the reduction
of fat mass in these mice [54]. Similarly, a 15%
reduction in fat mass was reported in obesity-related
mouse model treated with semaglutide [55

&&

].
To investigate whether the cardiometabolic ben-

efits are solely a product of weight loss, a comparison
between the semaglutide effect with pair feeding-
induced weight loss was recently performed [55

&&

].
While prolonged sustained weight loss effects were
similar in both conditions, some specific cardiopro-
tective features were observed exclusively in sema-
glutide-treated HFpEF mice. Apart from improving
glycaemic control and exercise capacity, semaglu-
tide-treated mice showed an overall improvement
in cardiac performance by reduction in natriuretic
peptide levels, inflammatory responses, fibrosis as
well as attenuated left ventricularhypertrophy. Inter-
estingly, GLP-1 receptor was mainly expressed in
endothelial cells rather than cardiomyocytes. Fur-
thermore, proteomics and transcriptomics analysis
highlighted changes in several pathways (cytoskele-
ton organization, mitochondrial function, ATP syn-
thesis and energy metabolism), which marked the
HFpEFphenotype improvementobserved in the sem-
aglutide treated group [55

&&

]. Similar attenuation in
myocardial dysfunction, as evidencedbyan improve-
ment in global longitudinal strain, was observed in
the liraglutide-treated multihit HFpEF female mice
model in response to a high-fat diet together with
angiotensin II infusion. Here, inflammatory, fibrotic
Volume 39 � Number 00 � Month 2024

orized reproduction of this article is prohibited. 



CE: ; HCO/390305; Total nos of Pages: 6;

HCO 390305

Beyond weight loss Capone et al.

D
ow

nloaded from
 http://journals.lw

w
.com

/co-cardiology by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4X
M

i0
hC

yw
C

X
1A

W
nY

Q
p/IlQ

rH
D

3i3D
0O

dR
yi7T

vS
F

l4C
f3V

C
4/O

A
V

pD
D

a8K
K

G
K

V
0Y

m
y+

78=
 on 02/01/2024
and metabolic pathways are proposed as key in the
development of cardiometabolic HFpEF phenotype
[54]. These results collectively suggest that GLP-1
agonists may provide cardiometabolic advantages
in HFpEF that go beyond the secondary impacts of
weight reduction. While this marks a promising
beginning towards exploring the incretin effects of
HFpEF, caution is warranted. To date, only one study
compared the effects of GLP-1RA with caloric restric-
tion in cardiometabolic HFpEF [55

&&

]. Both studies
mentioned above used female mice to demonstrate
the effects of GLP-1 in HFpEF. Hence, exploring any
sex-specific effects is worth doing. While multihit
models are favourable to study HFpEF, there are
inherited limitation of rodent models when it comes
to translating findings in human participants. Over-
all, the field of mechanistic understanding of the
effects of GLP-1-related drugs in cardiometabolic
HFpEF is expected to continuously grow.

From a mechanistic perspective, there is limited
evidence on the cardiovascular biology and long-
term safety of selectively stimulating the GIPR in
humans. The data available are still mostly in the
preclinical space and incompletely understood.
Moreover, given the heterogeneity of existing
results [51,56], further studies need to be performed
to better understand the role of GIPR agonists, par-
ticularly concerning the cardiometabolic effects
they may have on HFpEF models.
CONCLUSIONS

HFpEF andobesity often coexist, andboth represent a
major challenge for public health. Incretin-based
treatment is emerging as breakthrough therapy in
obesity management. Recent clinical evidence sug-
gests a role for GLP1-RAs in improving quality of life
and exercise capacity in obese patients with HFpEF.
Importantly,untilnow, thebenefitsobserved inthese
patientsmay be all a direct or indirect consequence of
the striking body weight reduction obtained with
these medications. Preclinical data suggest a role
for GLP1-RAs in modulating cardiac metabolism
and overall cardiac function, but whether these can
be considered, at least in part, weight-loss independ-
ent effects is still unclear. A direct comparison
between incretin-based treatmentsandcaloric restric-
tion, exercise training or other weight-loss strategies
in obese HFpEF patients has not been performed so
far.With theuseofGLP1and/orGIP receptoragonists
we are facing a paradigm change in the treatment of
cardiometabolic HFpEF. Caution is warranted. Nutri-
tional strategies combined with exercise training
must be considered for the management of obese
HFpEF individuals as part of long-term plan to treat
this syndrome.
0268-4705 Copyright © 2024 Wolters Kluwer Health, Inc. All rights rese

Copyright © 2024 Wolters Kluwer Health, Inc. Una
Acknowledgements

None.
Federico Capone, Natasha Nambiar are co-first authors.

Financial support and sponsorship

This work was supported by grants from the DZHK
(German Centre for Cardiovascular Research –
81X3100210); the Deutsche Forschungsgemeinschaft
(DFG, German Research Foundation – SFB-1470 –
A02) and the European Research Council – ERC StG
101078307 to G.G.S. And by a scholarship from Heart
Failure Association (HFA) of the European Society of
Cardiology (ESC) – HFA Basic and Translational
Research Grant – To F.C.

Conflicts of interest

There are no conflicts of interest.
REFERENCES AND RECOMMENDED
READING
Papers of particular interest, published within the annual period of review, have
been highlighted as:

& of special interest
&& of outstanding interest
1. SolomonSD,McMurray JJV,ClaggettB,et al.Dapagliflozin in heart failurewithmildly
reduced or preserved ejection fraction. N Engl J Med 2022; 387:1089–1098.

2. 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.

3.
&&

Kosiborod MN, Abildstrom SZ, Borlaug BA, et al. Semaglutide in patients with
heart failure with preserved ejection fraction and obesity. N Engl J Med 2023;
389:1069–1084.

The STEP-HFpEF study, the first randomized controlled trial of GLP-1RA sema-
glutide in obese patients with HFpEF.
4. Drucker DJ, Holst JJ. The expanding incretin universe: from basic biology to

clinical translation. Diabetologia 2023; 66:1765–1779.
5. Kitzman DW, Lam CSP. Obese heart failure with preserved ejection fraction

phenotype: from pariah to central player. Circulation 2017; 136:20–23.
6. Tromp J, Claggett BL, Liu J, et al. Global differences in heart failure with

preserved ejection fraction: the PARAGON-HF Trial. Circ Heart Fail 2021;
14:e007901.

7. Owan TE, Hodge DO, Herges RM, et al. Trends in prevalence and outcome of
heart failure with preserved ejection fraction. N Engl J Med 2006; 355:251–259.

8. Bhatia RS, Tu JV, LeeDS, et al.Outcome of heart failurewith preserved ejection
fraction in a population-based study. N Engl J Med 2006; 355:260–269.

9. Xiang B, Zhao X, Zhou X. Cardiovascular benefits of sodium-glucose co-
transporter 2 inhibitors in diabetic and nondiabetic patients. Cardiovasc
Diabetol 2021; 20:78.

10.
&&

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

The SELECT trial, a landmark study showing a significant reduction in cardiovas-
cular events in secondary prevention among nondiabetic obese individuals.
11. Bozkurt B, Coats AJS, Tsutsui H, et al.Universal definition and classification of

heart failure: a report of the Heart Failure Society of America, Heart Failure
Association of the European Society of Cardiology, Japanese Heart Failure
Society and Writing Committee of the Universal Definition of Heart Failure:
Endorsed by the Canadian Heart Failure Society, Heart Failure Association of
India, Cardiac Society of Australia and New Zealand, and Chinese Heart
Failure Association. Eur J Heart Fail 2021; 23:352–380.

12. Capone F, Sotomayor-Flores C, Bode D, et al.Cardiac metabolism in HFpEF:
from fuel to signalling. Cardiovasc Res 2023; 118:3556–3575.

13. MahmodM, Pal N, Rayner J, et al. The interplay between metabolic alterations,
diastolic strain rate and exercise capacity in mild heart failure with preserved
ejection fraction: a cardiovascular magnetic resonance study. J Cardiovasc
Magn Reson 2018; 20:88.

14. Cohen JB, Schrauben SJ, Zhao L, et al. Clinical phenogroups in heart failure
with preserved ejection fraction: detailed phenotypes, prognosis, and re-
sponse to spironolactone. JACC Heart Fail 2020; 8:172–184.

15. Kitzman DW, Nicklas BJ. Pivotal role of excess intra-abdominal adipose in the
pathogenesis of metabolic/obese HFpEF. JACC Heart Fail 2018; 6:
1008–1010.
rved. www.co-cardiology.com 5

uthorized reproduction of this article is prohibited. 



CE: ; HCO/390305; Total nos of Pages: 6;

HCO 390305

Heart failure

D
ow

nloaded from
 http://journals.lw

w
.com

/co-cardiology by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4X
M

i0
hC

yw
C

X
1A

W
nY

Q
p/IlQ

rH
D

3i3D
0O

dR
yi7T

vS
F

l4C
f3V

C
4/O

A
V

pD
D

a8K
K

G
K

V
0Y

m
y+

78=
 on 02/01/2024
16. 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.

17. Duflou J, Virmani R, Rabin I, et al. Sudden death as a result of heart disease in
morbid obesity. Am Heart J 1995; 130:306–313.

18. Wohlfahrt P, Redfield MM, Lopez-Jimenez F, et al. Impact of general and
central adiposity on ventricular-arterial aging in women and men. JACC Heart
Fail 2014; 2:489–499.

19. Shah AS, Khoury PR, Dolan LM, et al. The effects of obesity and type 2
diabetes mellitus on cardiac structure and function in adolescents and young
adults. Diabetologia 2011; 54:722–730.

20. Russo C, Jin Z, Homma S, et al. Effect of obesity and overweight on left
ventricular diastolic function: a community-based study in an elderly cohort. J
Am Coll Cardiol 2011; 57:1368–1374.

21. Gottdiener JS, Reda DJ, Williams DW, Materson BJ. Left atrial size in
hypertensive men: influence of obesity, race and age. Department of Veterans
Affairs Cooperative Study Group on Antihypertensive Agents. J Am Coll
Cardiol 1997; 29:651–658.

22. Wang TJ, Parise H, Levy D, et al. Obesity and the risk of new-onset atrial
fibrillation. JAMA 2004; 292:2471–2477.

23. Obokata M, Reddy YNV, Pislaru SV, et al. Evidence supporting the existence
of a distinct obese phenotype of heart failure with preserved ejection fraction.
Circulation 2017; 136:6–19.

24. Shah AM, Claggett B, Sweitzer NK, et al. Prognostic importance of impaired
systolic function in heart failure with preserved ejection fraction and the
impact of spironolactone. Circulation 2015; 132:402–414.

25. Borlaug BA, Kane GC, Melenovsky V, Olson TP. Abnormal right ventricular-
pulmonary artery coupling with exercise in heart failure with preserved ejection
fraction. Eur Heart J 2016; 37:3293–3302.

26. Mazurek T, Zhang L, Zalewski A, et al. Human epicardial adipose tissue is a
source of inflammatory mediators. Circulation 2003; 108:2460–2466.

27. Venteclef N, Guglielmi V, Balse E, et al. Human epicardial adipose tissue
induces fibrosis of the atrial myocardium through the secretion of adipo-
fibrokines. Eur Heart J 2015; 36:795–805a.

28. Messerli FH, Christie B, DeCarvalho JG, et al. Obesity and essential hyper-
tension. Hemodynamics, intravascular volume, sodium excretion, and plasma
renin activity. Arch Intern Med 1981; 141:81–85.

29. Guo YL, Ampon MR, Poulos LM, et al. Contribution of obesity to breath-
lessness in a large nationally representative sample of Australian adults.
Respirology 2023; 28:350–356.

30. Sin DD, Jones RL, Man SF. Obesity is a risk factor for dyspnea but not for
airflow obstruction. Arch Intern Med 2002; 162:1477–1481.

31. Sjostrom L, Larsson B, Backman L, et al. Swedish obese subjects (SOS).
Recruitment for an intervention study and a selected description of the obese
state. Int J Obes Relat Metab Disord 1992; 16:465–479.

32. Balmain BN, Weinstein K, Bernhardt V, et al. Multidimensional aspects of
dyspnea in obese patients referred for cardiopulmonary exercise testing.
Respir Physiol Neurobiol 2020; 274:103365.

33. Bernhardt V, Babb TG. Exertional dyspnoea in obesity. Eur Respir Rev 2016;
25:487–495.

34. Hagenburg J, Bertin E, Salmon JH, et al. Association between obesity-
related dyspnea in daily living, lung function and body composition
analyzed by DXA: a prospective study of 130 patients. BMC Pulm Med
2022; 22:103.

35. Green CP, Porter CB, Bresnahan DR, Spertus JA. Development and evalua-
tion of the Kansas City Cardiomyopathy Questionnaire: a new health status
measure for heart failure. J Am Coll Cardiol 2000; 35:1245–1255.

36. Spertus JA, Jones PG, Sandhu AT, Arnold SV. Interpreting the Kansas City
Cardiomyopathy Questionnaire in Clinical Trials and Clinical Care: JACC
state-of-the-art review. J Am Coll Cardiol 2020; 76:2379–2390.

37. Aronson D, Bartha P, Zinder O, et al. Obesity is the major determinant of
elevated C-reactive protein in subjects with the metabolic syndrome. Int J
Obes Relat Metab Disord 2004; 28:674–679.

38.
&

Borlaug BA, Kitzman DW, Davies MJ, et al. Semaglutide in HFpEF across
obesity class and by body weight reduction: a prespecified analysis of the
STEP-HFpEF trial. Nat Med 2023; 29:2358–2365.
6 www.co-cardiology.com

Copyright © 2024 Wolters Kluwer Health, Inc. Unauth
A prespecified analysis of the STEP-HFpEF trial confirming a relationship between
the benefits observed and the extent of weight loss in obese HFpEF patients
treated with semaglutide.
39.
&

Forsyth F, Mulrennan S, Burt J, et al. What are the outcomes of dietary
interventions in Heart Failure with preserved Ejection Fraction? A systematic
review and meta-analysis. Eur J Cardiovasc Nurs 2023; 22:679–689.

A systematic review and meta-analysis in which, among others, the beneficial
effects of caloric restriction in obese HFpEF patients are described.
40. Kitzman DW, Brubaker P, Morgan T, et al. Effect of caloric restriction or

aerobic exercise training on peak oxygen consumption and quality of life in
obese older patients with heart failure with preserved ejection fraction: a
randomized clinical trial. JAMA 2016; 315:36–46.

41.
&&

Sachdev V, Sharma K, Keteyian SJ, et al. Supervised exercise training for
chronic heart failure with preserved ejection fraction: a scientific statement
from the American Heart Association and American College of Cardiology.
Circulation 2023; 147:e699–e715.

In this position paper, SET is proposed as an effective intervention in HFpEF.
42. Mikhalkova D, Holman SR, Jiang H, et al. Bariatric surgery-induced cardiac

and lipidomic changes in obesity-related heart failure with preserved ejection
fraction. Obesity (Silver Spring) 2018; 26:284–290.

43. Baggio LL, Drucker DJ. Biology of incretins: GLP-1 and GIP. Gastroenter-
ology 2007; 132:2131–2157.

44.
&&

Hammoud R, Drucker DJ. Beyond the pancreas: contrasting cardiometabolic
actions of GIP and GLP1. Nat Rev Endocrinol 2023; 19:201–216.

An updated, narrative review describing the spectrum of effects of incretin-based
treament beyond the pancreas.
45. Aravindhan K, Bao W, Harpel MR, et al. Cardioprotection resulting from

glucagon-like peptide-1 administration involves shifting metabolic substrate
utilization to increase energy efficiency in the rat Hheart. PLoS One 2015; 10:
e0130894.

46. Poornima I,BrownSB,BhashyamS,et al.Chronicglucagon-likepeptide-1 infusion
sustains left ventricular systolic function and prolongs survival in the spontaneously
hypertensive, heart failure-prone rat. Circ Heart Fail 2008; 1:153–160.

47. Bhashyam S, Fields AV, Patterson B, et al.Glucagon-like peptide-1 increases
myocardial glucose uptake via p38alpha MAP kinase-mediated, nitric oxide-
dependent mechanisms in conscious dogs with dilated cardiomyopathy. Circ
Heart Fail 2010; 3:512–521.

48. Nguyen TD, Shingu Y, Amorim PA, et al. Glucagon-like peptide-1 reduces
contractile function and fails to boost glucose utilization in normal hearts in the
presence of fatty acids. Int J Cardiol 2013; 168:4085–4092.

49. Nguyen TD, Shingu Y, Amorim PA, et al. GLP-1 improves diastolic function
and survival in heart failure with preserved ejection fraction. J Cardiovasc
Transl Res 2018; 11:259–267.

50. Coskun T, Sloop KW, Loghin C, et al. LY3298176, a novel dual GIP andGLP-
1 receptor agonist for the treatment of type 2 diabetes mellitus: from discovery
to clinical proof of concept. Mol Metab 2018; 18:3–14.

51. Ussher JR, Campbell JE, Mulvihill EE, et al. Inactivation of the glucose-
dependent insulinotropic polypeptide receptor improves outcomes following
experimental myocardial infarction. Cell Metab 2018; 27:450–460; e6.

52. Nauck MA, Quast DR, Wefers J, Pfeiffer AFH. The evolving story of incretins
(GIP and GLP-1) in metabolic and cardiovascular disease: a pathophysiolo-
gical update. Diabetes Obes Metab 2021; 23(Suppl 3):5–29.

53. Wilding JPH, Batterham RL, Calanna S, et al. Once-weekly semaglutide in
adults with overweight or obesity. N Engl J Med 2021; 384:989–1002.

54. Withaar C, Meems LMG, Markousis-Mavrogenis G, et al. The effects of
liraglutide and dapagliflozin on cardiac function and structure in a multihit
mouse model of heart failure with preserved ejection fraction. Cardiovasc Res
2021; 117:2108–2124.

55.
&&

Withaar C, Meems LMG, Nollet EE, et al. The cardioprotective effects of
semaglutide exceed those of dietary weight loss in mice with HFpEF. JACC
Basic Transl Sci 2023; 8:1298–1314.

In this preclinical study, the contribution of weight loss of semaglutide-induced
benefits in obese HFpEF patients is evaluated.
56. Hiromura M, Mori Y, Kohashi K, et al. Suppressive effects of glucose-

dependent insulinotropic polypeptide on cardiac hypertrophy and fibrosis
in angiotensin II-infused mouse models. Circ J 2016; 80:1988–1997.
Volume 39 � Number 00 � Month 2024

orized reproduction of this article is prohibited. 




