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Abstract

Obesity condition causes morphological and functional alterations involving the cardiovascular system. These can represent
the substrates for different cardiovascular diseases, such as atrial fibrillation, coronary artery disease, sudden cardiac death,
and heart failure (HF) with both preserved ejection fraction (EF) and reduced EF. Different pathogenetic mechanisms may help
to explain the association between obesity and HF including left ventricular remodelling and epicardial fat accumulation, en-
dothelial dysfunction, and coronary microvascular dysfunction. Multi-imaging modalities are required for appropriate recogni-
tion of subclinical systolic dysfunction typically associated with obesity, with echocardiography being the most cost-effective
technique. Therapeutic approach in patients with obesity and HF is challenging, particularly regarding patients with preserved
EF in which few strategies with high level of evidence are available. Weight loss is of extreme importance in patients with obe-
sity and HF, being a primary therapeutic intervention. Sodium–glucose co-transporter-2 inhibitors have been recently intro-
duced as a novel tool in the management of HF patients. The present review aims at analysing the most recent studies
supporting pathogenesis, diagnosis, and management in patients with obesity and HF.
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Introduction

Heart failure (HF) is a complex and multifaceted syndrome
with various aetiologies and relevant impact on public health.
In fact, it has been estimated that HF affects 1–2% of adult
population in Western countries.1 In European countries,
the prevalence of HF ranges from 1.2% (Spain) to 3.9%
(Germany).2 Based on epidemiological data, it is reasonable
to estimate an increase of HF incidence in the next few years.
It was calculated that HF will affect 8.5 million individuals in
2030 in the United States.3

HF is characterized by a severe prognosis. Despite the ef-
forts made over the last decades to improve its treatment,
5 year mortality of HF patients is ≈20%, and symptomatic
HF has a 1 year mortality ranging from 53% to 67%.4,5 HF
has a considerable impact on the healthcare systems, be-
cause its management requires elevated costs for frequent

hospitalizations, rehabilitation programmes, pharmacological
therapies, and interventional and surgical procedures. On this
regard, the European annual costs for care of a single HF pa-
tient range from €3.150 (Germany, 2012)6 to €11.864 (Italy,
2014).7

For many years, HF has been exclusively identified with an
impairment of left ventricular (LV) systolic function, and the
reduction of LV ejection fraction (LVEF) was considered its
typical feature. In the last two decades, the definition of HF
has completely changed, and upon the values of LVEF, it is
possible to categorize HF in (i) HF with preserved ejection
fraction (HFpEF, LVEF ≥ 50%), (ii) HF with reduced ejection
fraction (HFrEF, LVEF ≤ 40%), and (iii) HF with mildly reduced
ejection fraction (HFmrEF, LVEF > 40% and <50%).1,8 The
global prevalence of HFpEF is 2%.9 HFpEF and HFrEF are the
consequences of different pathogenic mechanisms. In gen-
eral, HFpEF is triggered by a cluster of systemic inflammatory
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and/or metabolic disorders.10,11 Although, in patients with
HFpEF, high morbidity and mortality rates have been re-
ported, the risk of death is lower compared with patients
with HFrEF and HFmrEF.12,13 In contrast, they have similar
rate of hospitalization (21% vs. 22%).14

To note, due to the lack of solid clinical evidence, the cur-
rent guidelines for the management of HF do not recommend
the use of all therapeutic strategies demonstrated to improve
survival in HFpEF patients, such as treatment with sacubitril/
valsartan (SAC/VAL) or the use of implantable cardioverter–
defibrillator (ICD) and resynchronization therapy.8,10 Only re-
cently, an update of the European Society of Cardiology
guidelines for the treatment of HF recommends the use of
the sodium–glucose co-transporter-2 (SGLT2) inhibitors for
the reduction of the cardiovascular (CV) risk and death in
HFpEF patients.15

Obesity is characterized by an increase of fat
accumulation11 and is classified upon the degree of body mass
index (BMI) increase. A BMI of 25–30 kg/m2 is defined as over-
weight, while a BMI of 30–35, 35–40, and above 40 kg/m2 is
categorized as obesity of I, II, and III degrees, respectively.16

The global prevalence of obesity significantly raised over
the last decades, and it has been documented that the prev-
alence of obesity in adult men and women increased from
3.2% to 10.8% and from 6.4% to 14.9%, respectively, between
1975 and 2014.17 Nowadays, it has been estimated that 39%
and 13% of the adult world population are affected by over-
weight and obesity, respectively.18 Thus, it is reasonable to
assert that obesity currently represents a worldwide health
issue.17,19

Obesity is frequently associated with additional CV risk fac-
tors, such as arterial hypertension, diabetes, and
dyslipidaemia, which exert their noxious impact on cardiac
function in a cumulative way.20–22 Obesity increases CV mor-
tality and predisposes progression towards HF.23 As a matter
of fact, obesity can be considered the perfect storm for CV
disease, representing a leading cause of HF. As the result of
the ageing involving the general population and the in-
creased rate of obesity worldwide, the number of HF patients
is expected to rise soon. In particular, HF prevalence is ex-
pected to achieve 50% by 2035 in ageing populations.24

However, it is reasonable to speculate that this projection
possibly underestimates the real incidence of HF in the next
future, because it does not consider the remarkable preva-
lence of overweight and obesity among children and adoles-
cents that has been recorded over the last years. Indeed,
almost 40 million children under 5 years are estimated to
be affected by obesity or overweight all over the world, and
340 million children and adolescents ageing between 5 and
19 years are overweight or obese.25 More alarmingly, the
increased incidence of obesity in young age has been
recorded also in the developing countries, in which it had
increased from 8.1% to 12.9% among boys and from 8.4%
to 13.4% among girls between 1980 and 2013.26,27

Epidemiological studies indicate that obesity is more fre-
quently associated with HFpEF, rather than HFrEF.28,29 The
relationship between obesity and HF is an intricate phenom-
enon that is mediated not only by the excess of adipose tis-
sue but also by comorbidities associated with obesity. These
conditions share with obesity the same pathogenic mecha-
nisms, such as insulin resistance (IR), low-grade systemic
inflammation,30 oxidative stress,31 and similar behavioural
habits such as sedentary lifestyle, hypercaloric food con-
sumption, and sugar-sweetened beverage usage.32,33

Obesity-related HFpEF is often associated with atrial fibrilla-
tion (AF), chronic kidney disease (CKD), different forms of
anaemia, chronic obstructive pulmonary disease (COPD), and
obstructive sleep apnoea (OSAS). These conditions determine
atrial and LV remodelling that account for increased LV filling
pressure and for diastolic dysfunction. The combination of
these haemodynamic abnormalities with metabolic alter-
ations and with chronic proinflammatory state is responsible
for fatigue, exertional dyspnoea, and reduced exercise
tolerance.34 The combination of metabolic abnormalities with
cardiac structural and functional impairment is currently iden-
tified with the term cardiometabolic-based chronic disease
(CMBCD).35

The purpose of this review is (i) to outline the principal
pathogenic mechanisms that are involved in the develop-
ment of HF in obese people, (ii) to summarize the recent pro-
gresses in CV imaging for diagnosis of HF in obese individuals,
and (iii) to consider pathogenetic mechanism-based thera-
peutic strategies to improve prognosis in obese patients
with HF.

Pathogenetic mechanisms

The pathogenesis of HF in obesity is a complex and multifac-
torial process that involves metabolic, functional, structural,
and neurohormonal determinants (Figure 1).

Left ventricular remodelling and epicardial fat
accumulation

Presence of obesity is associated with exaggerated LV response to
increased haemodynamic load mainly through
non-haemodynamic effects, mediated by the visceral adiposity.
In obesity, LV remodelling can be related to the excess of fat
mass, which explains the main geometric abnormalities found in
obese patients. In fact, obesity represents the most relevant risk
factor for LV remodelling even in patients with hypertension.36

Increased LV mass in obesity could be explained not only
by the increased muscle component but also by the infiltra-
tion of non-muscular component (adipocyte infiltration and
fibrosis) in myocardial tissue.37 The impact of body composi-
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tion on CV abnormalities in obesity also deserves attention.
Obese patients with low fat-free mass and excess of adipose
mass (so-called sarcopenic obese patients) are considered at
higher CV risk.38 In this subset of patients, metabolic and in-
flammatory abnormalities are more prevalent.39 Thus, assess-
ment of body composition might help in the management
and risk stratification of obese patients.

Epicardial fat accumulation is the result of combined stimuli
derived from obesity and associated low-grade inflammation.
It is characterized by lipolysis with release of fatty acid and re-
active inflammation.40 Because of the intimacy of the epicar-
dium–myocardium interface, the deranged biological activity
of epicardial adipose tissue shifts from a source of nourish-
ment to a nidus for dysfunction, inflammation, and fibrosis,41

ultimately leading to an impairment of LV functional reserve.42

The accumulation of fat in the epicardium can act as a
stimulus for the impairment of myocardial circulation leading
to the development of increased myocardial stiffness, dia-
stolic dysfunction, and left atrial dilatation.43,44 These alter-
ations are the hallmarks of HFpEF, particularly prevalent in
obese patients, suggesting that epicardial fat might be a ther-
apeutic target in HFpEF. Aggressive weight reduction, mainly
related to bariatric surgery, can reduce epicardial fat and the
associated systemic inflammation, reducing the risk of HF.
Other drugs including statins, metformin, SGLT2 inhibitors,
and mineralocorticoid antagonists reduce the accumulation
and inflammation of epicardial adipose tissue and may,
thereby, reduce the development of HFpEF.45–47

Obstructive sleep apnoea syndrome

Obesity or overweight is associated with poor sleep quantity
and quality.48,49 On the other hand, inadequate sleep during
the night and daytime sleepness predisposes patients to
weight gain.50

OSAS is a sleep-related upper airway respiratory condi-
tion in which the partial or complete collapse of the upper
aerodigestive tract causes intermittent temporary cessation
of airflow during sleep with hypoxaemia/apnoea episodes.

Obesity represents a risk factor for OSAS; indeed, the prev-
alence of OSAS in the general population is 3–7% for men and
2–5% for women, whereas the rates are higher in obese pa-
tients reaching 77% in those who undergo bariatric surgery.51

OSAS is an independent risk factor for CV and cerebrovascu-
lar diseases, including hypertension, stroke, HF, coronary ar-
tery disease (CAD), and AF.52,53 Hypoxia related to OSAS in-
creases the oxidative stress due to an overproduction of
reactive oxygen species. The oxidative stress is a proinflamma-
tory trigger leading to an increase of inflammatory markers
such as C-reactive protein (CRP), tumour necrosis factor-α
(TNF-α), and interleukin-6 (IL-6) possibly causing endothelial
dysfunction and favouring atherosclerosis development. Fur-
thermore, the mechanical effects of obesity and sleep apnoea
can lead to increased afterload, LV hypertrophy (LVH), and left
atrial fibrosis and remodelling. These changes can result in an
increased risk of AF development,54 as well as of cardiac
dysfunction.55,56

Figure 1 Schematic representation of the principal mechanisms involved in the pathogenesis of HF in obesity. FFA, free fatty acid; HFpEF, heart failure
with preserved ejection fraction; HFrEF, heart failure with reduced ejection fraction; LV, left ventricular; MEEi, mechano-energetic efficiency; NPs, na-
triuretic peptides; RAAS, renin–angiotensin–aldosterone system; RBP-4, retinol-binding protein-4; RV, right ventricular; SNS, sympathetic nervous sys-
tem; VSMC, vascular smooth muscle cell.
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Atrial fibrillation

Obesity directly contributes to incident arrhythmias, espe-
cially to the development of AF.57 There is now compelling
evidence supporting the importance of excess adiposity in in-
creasing the risk of incident AF: each 5-unit increment in BMI
confers a ≈29% greater risk of incident AF,57 and about one
out of five cases of AF can be attributable to overweight or
obesity.58 Of note, obesity severity increases the likelihood
progression from a paroxysmal to a permanent form of AF;
indeed, patients with Class 2 obesity carry an increased risk
of 87%.59 Obesity is associated with several conditions that
increase the risk of AF. However, obesity could represent
itself a risk factor for the onset of AF and/or persistence of
AF, regardless of other risk factors. Obesity is a chronic
disorder associated with low-grade levels of inflammation
with elevated CRP level,60 enhanced neurohormonal activa-
tion, dysregulation of the renin–angiotensin–aldosterone sys-
tem, and increase in transforming growth factor (TGF)-β.
These factors are associated with signalling pathways
involved in myocardial hypertrophy and fibrosis. Thus,
obesity may lead to AF by inducing structural, functional,
and electrical changes of the left atrium.61 Increased atrial
fibrosis and left atrial pressure, left atrial enlargement, and
increased atrial conduction heterogeneity have all been
described in an obese ovine model,62 and these changes
are reversible with weight loss.

In addition, the link between obesity and AF can be ex-
plained by the paracrine and endocrine properties of the epi-
cardial adipose tissue, which is of larger dimensions in obese
individuals.63 This fatty infiltration predominates in the pos-
terior wall of the left atria, at the junction of the pulmonary
veins, and produces several hormonal factors, cytokines,
chemokines, adipokines, and growth factors with proinflam-
matory and profibrotic effects on myocardial tissue (as activin
A, a member of the TGF family).64

As demonstrated by Mahajan et al. in an ovine model of
obesity, the epicardial fat infiltrated the posterior left atrium
with consequent reduced posterior endocardial voltage, con-
duction abnormalities, reduced effective atrial refractory pe-
riod, fractionated electrograms, increased profibrotic TGF-β1
expression, interstitial atrial fibrosis, and an increased burden
of AF.65

Of interest, it has been recently demonstrated that a large
left atrial epicardial fat mass may reflect an early stage of AF,
and as the disease progresses, there is an evolution towards
an enlargement of the left atrium. The latter is associated
with a high prevalence of persistent/permanent AF. Thus, in-
creased left atrial epicardial fat mass without large left atrial
volume may reflect the early AF disease process.66

Catheter ablation (CA) is increasingly used for
drug-resistant symptomatic AF patients. In obese patients,
CA improves quality of life, assessed by the Short Form 36
(SF-36) score, across all BMI categories.67 However, evidence

demonstrated that a BMI above 35 kg/m2 severely impacts
on ablation outcomes and increases minor complications.68

Sivasambu et al. demonstrated that AF recurrence after abla-
tion is already higher in overweight patients (with BMI ≥ 25
to <30 kg/m2).69 BMI, thus, seems to be an independent pre-
dictor of AF relapse.70 Lifestyle changes in this setting have
demonstrated promising results. Indeed, a strict programme
for weight reduction was demonstrated to decrease the
symptoms burden and their severity and to be beneficial on
cardiac remodelling.71 Furthermore, the SORT-AF randomized
trial demonstrated that weight loss together with AF abla-
tion, although not reducing AF burden as assessed by loop re-
corder, is able to improve exercise activity in patients with
persistent AF.72

Coronary microcirculation and coronary artery
disease

Recent progresses in invasive and non-invasive CV imaging
techniques have allowed to identify further mechanisms
that are involved in the pathogenesis of obesity-induced
HF. Coronary microvascular disease (CMVD) plays a key role
in the pathogenesis of HFpEF.9,73 CMVD affects coronary ar-
terioles and capillary endothelium, resulting in an impair-
ment of myocardial perfusion regulation. CMVD is responsi-
ble for reduced coronary flow reserve (CFR) and is
diagnosed by the concomitant presence of the following
criteria: (i) symptoms or documentation of ischaemic heart
disease (IHD), (ii) evidence of non-significant epicardial
CAD, and (iii) evidence of reduced coronary blood flow
(CBF).74 The clinical relevance of CMVD has dramatically
grown over the last years and is currently considered a spe-
cific disease, also called ‘coronary microvascular disease’,
rather than as a merely pathogenic mechanism.75 Moreover,
CMVD is the typical feature of cardiometabolic disease. For
instance, CMVD is responsible for severe CV prognosis76

and accounts for the residual CV risk after a successful myo-
cardial revascularization.73,77

The pathogenic mechanisms that are involved in the devel-
opment of CMVD can be classified as follows: (i) microvascular
remodelling that includes the structural abnormalities of coro-
nary microvasculature, such as intimal thickening, vascular
smooth muscle cell proliferation, reduced capillary density,
and perivascular fibrosis; (ii) dynamic abnormalities of coro-
nary circulation such as reduction of the diastolic time, in-
crease of interstitial fibrosis and LV mass, enhanced myocar-
dial metabolic demand, and increase of end-diastolic
pressure; and (iii) functional abnormalities of coronary circula-
tion such as blunted vasodilation and microvascular
constriction.78

Endothelial dysfunction is the result of the imbalance be-
tween the synthesis/release and degradation of vasodilator
(i.e. nitric oxide, endothelium-derived hyperpolarizing factor,
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and prostacyclin) and vasoconstrictor agents (i.e. reactive ox-
ygen species, endothelin-1, prostanoids, and thromboxane),
resulting in a vasodilation impairment. Endothelial dysfunc-
tion is one of the mechanisms that play a key role in the path-
ogenesis of CMVD. In the specific, IR, low-grade chronic in-
flammation mediated mainly by adipocytokines, and excess
of oxidative stress are the principal determinants of endothe-
lial dysfunction in obesity.

CFR is defined by the rate of CBF during hyperaemia com-
pared with baseline. It is a feasible method to measure coro-
nary microvascular function. A value of CFR < 2 or 2.5 is di-
agnostic for CMVD. An inverse relationship between BMI
and CFR was found in obese patients undergoing positron
emission tomography (PET) myocardial perfusion imaging
for the assessment of suspected IHD. More interestingly, dur-
ing a median follow-up of 5.6 years, the adjusted incidence of
composite endpoints also including HF was significantly asso-
ciated with both increased BMI and decreased CFR.79 These
results were consistent with previous observations
documenting that increased BMI was independently associ-
ated with abnormalities in coronary vasomotion and that
the blunted endothelium-dependent coronary vasodilation
of overweight individuals was replaced by the abolition of
the vasodilator capacity in obese individuals.80

These data support the key role of CMVD as a pathogenic
determinant of HF in obese patients.

Excess adiposity could also affect epicardial coronary arter-
ies, and obesity was demonstrated to be associated with
higher risk of incident CAD.81,82 The pathogenetic mecha-
nisms involved in this process include enhanced inflamma-
tion, increased reactive oxygen species, alterations in adipo-
kine secretion, insulin resistance, being responsible of the
advancement in the atherosclerotic process, and develop-
ment and progression of CAD in obese patients.83,84 In addi-
tion, the proinflammatory modifications induced by the obe-
sity condition, and intensified by the presence of multiple CV
risk factors, could also promote vascular thrombosis that
might be involved in the acute coronary syndrome patho-
physiological process.85 Lifestyle modifications with associ-
ated weight loss determine an improvement in systemic in-
flammation, endothelial dysfunction, and metabolic
syndrome.86 Interventional trials aiming at medical weight
loss failed in demonstrating a prominent reduction in CAD
rates.87 On the contrary, reduced CAD risk was showed in
obese patients undergoing bariatric surgery when compared
with nonsurgical obese patients.88 The contrasting results of
medical and surgical weight loss studies are likely due to
the different degree of weight loss achieved (5–10 kg with
medical weight loss vs. 10–40 kg with surgery) and the risk
factor reduction obtained with bariatric surgery.89

Nonetheless, lifestyle modifications and physical activity
accompanied by weight loss in obese patients with CAD seem
to improve prognosis90 and thus are highly recommended.

The role of natriuretic peptides

Cardiomyocytes produce two hormones, atrial natriuretic
peptide (ANP) and brain natriuretic peptide (BNP), belonging
to the natriuretic peptides (NPs) family,91 as pre-pro-pep-
tides. This family of hormones contributes to the control of
CV haemodynamic and remodelling by playing both endo-
crine functions (natriuresis, diuresis, and vasodilation) and
several autocrine/paracrine effects in the heart and vascula-
ture (Figure 2). The latter include anti-inflammatory, anti-fi-
brotic, anti-hypertrophic, anti-apoptotic, proliferative, and
angiogenic properties,92 regulation of myocardial perfusion,93

and stimulation of the autophagy process to protect cardio-
myocytes from the ischaemic insult.94 All effects are medi-
ated by guanylyl cyclase (GC) type A NP receptor (NPRA),
whereas the type C NP receptor mediates the ANP and BNP
clearance through internalization and lysosomal
degradation.91 Both hormones stimulate lipolysis, being sim-
ilar in potency to catecholamines, promote lipid oxidation, fa-
vour adiponectin synthesis, inhibit leptin secretion, and an-
tagonize IR.95 Moreover, NPs promote ‘browning’ of white
adipocytes to increase energy expenditure and reduce white
fat mass.95 A third component of the NP family, C-type NP,
being produced mainly by the endothelium,91 controls the
processes of adipogenesis and thermogenesis by both type
B NP receptor and type C NP receptor.96 Of note, a state of
reduced NP level has been found in obese patients along with
increased sodium retention and volume expansion.97,98 Con-
sistently, a significantly reduced NP level, inversely correlated
with BMI, is reported in obese patients with HF.99 Both re-
duced synthesis and increased clearance can explain the con-
dition of reduced NP concentration. In this regard, adipose
cells show an increased expression of type C NP receptor.95

In addition, higher level of neprilysin (NEP), the neutral endo-
peptidase highly involved in NP degradation, has been re-
ported in obesity.100 Therefore, increased NP clearance
mechanisms can explain a state of reduced NP level in obese
individuals. On the other hand, a reduced cardiac synthesis or
secretion of NP cannot be excluded in obesity.98 Plasma
NP-level assessment is relevant in clinical diagnosis and prog-
nosis of HF as a reasonable surrogate for intracardiac vol-
umes and filling pressures. In the acute HF setting, BNP level
>100 pg/mL, N-terminal pro-brain NP (NT-proBNP) >300 pg/
mL, and midregional N-terminal pro-ANP (NT-proANP)
>120 pg/mL support the diagnosis.1 In non-acute HF condi-
tion, the upper normal limits are 35 and 125 pg/mL for BNP
and NT-proBNP, respectively.1 Because of lower NP levels de-
tected in obese HF patients, a 50% reduction of the upper
limits has been proposed by the European Society of Cardiol-
ogy to assess the HF condition in this setting.101

Based on the limitation inherent to the lower diagnostic
ability of NP level in obesity associated with HF, additional
biomarkers in this condition are worth of investigation.
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New insights in cardiovascular imaging
techniques

CV imaging allows the investigation of multiple aspects re-
lated to the obesity condition using different imaging tech-
niques, able to detect cardiac morphological and functional
abnormalities.102–104

Echocardiography represents the most widely available
technique for the evaluation of LV remodelling and function
but is limited by both operator and acoustic window
dependency.21 Obesity leads to an increased cardiac output
and workload, and augmentation in LV mass, resulting in
LVH.105–107 LV mass indexation for height powered to 2.7
has advantages over indexing to body surface area (BSA), to
avoid the underestimation of the rate of LVH in over-
weight/obese subjects.108

Several studies showed an early impairment of LV perfor-
mance involving both systolic function and diastolic function

in obese patients.109–111 Early LV systolic dysfunction was de-
tectable by an impairment in LV myocardial mechano-
energetic efficiency (MEEi) indexed for LV mass, representing
a sensitive index of LV systolic function.112,113 The alteration
of this parameter anticipated a drop in LVEF in patients with
IR, a feature commonly present in obese patients.114–116

Regarding advanced echocardiography, a subclinical LV sys-
tolic dysfunction was demonstrated by an impairment in lon-
gitudinal strain by speckle tracking echocardiography, even in
very young subjects (Figure 3).109,117 Longitudinal strain
mainly reflects the deformation of myocardial subendocardial
fibres, the ones damaged in early stages of multiple
conditions.118–120 In obese patients, alterations in LV geome-
try and LV strain deformations were also reported using
three-dimensional echocardiography, in particular involving
LV longitudinal, radial, and area strains.121,122,123 The obesity
condition could modify myocardial morphology inducing LVH,
metabolic dysregulation, favouring IR and a proinflammatory

Figure 2 Role of natriuretic peptides (NPs) in the regulation of homeostasis of the adipose tissue. In normal conditions, NPs [i.e. atrial NP (ANP) and
BNP], released by the cardiomyocytes, act on the adipose tissue stimulating the release of adiponectin, which, in turn, promotes the lipolysis. This
mechanism contributes to maintain the homeostasis of adipose tissue (green arrows). A combination of increased degradation and decreased cardiac
release may contribute to relative deficiency of NPs in obesity, leading to volume overload, increased ventricular wall stress, and cardiac remodelling
(red arrows). Altogether, these abnormalities favour the development of HF.
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condition leading to myocardial fibrosis.124 The combination
of LVH and myocardial fibrosis could underlie the impairment
of strain deformations and the early systolic impairment.

Among strain-derived myocardial work components, obe-
sity correlated to a reduction of global constructive work
and work index, without a significant affection of global
wasted work, independently of systolic blood pressure in
the Characteristics and Course of Heart Failure STAges A/B
and Determinants of Progression (STAAB) cohort study.125

In addition, after adjusting for systolic blood pressure, myo-
cardial work indices appeared more severely affected by obe-
sity in women than in men, suggesting a different sex-related
impact of this condition.125–127

Obesity also showed a deleterious effect on diastolic func-
tion, predisposing to the development of HFpEF. Indeed, a
significant correlation was shown between BMI and E/e′ ra-
tio, a surrogate of LV filling pressures.128 In obese patients,
left atrial dilation is also correlated to diastolic impairment.
It was demonstrated that BMI was related to both left atrial
dimension and progressive dilation, independently of blood
pressure.129 Furthermore, in obese patients, left atrial dys-
function was identified in terms of impairment of left atrial
strain, with a reduction of both reservoir function and con-
duit function.130 Thus, left atrial dilation and dysfunction re-
lated to the obese condition represented an independent risk
factor for the occurrence of AF.131

Furthermore, echocardiography could reveal morpho-
functional alterations related to obesity involving the right
ventricle.132,133 Right ventricular hypertrophy and dysfunc-
tion were indeed described in obese patients, also associated
with increased pulmonary arterial pressure.134 In addition,
impairment of right ventricular longitudinal strain was
associated with obesity and overweight independently of
sleep apnoea.135

Moreover, the evaluation of epicardial adipose tissue,
whose assessment can be done by echocardiography, and
by cardiac magnetic resonance imaging (MRI) and computed
tomography (CT), is relevant in this setting. Epicardial fat was
suggested to have metabolic activity, producing several bio-
active molecules potentially impacting negatively on myocar-
dial morphology and function and thus defining an
unfavourable CV risk profile.136 Indeed, higher epicardial fat
thickness in morbidly obese subjects was demonstrated to
be significantly related to the left atrial dilation and diastolic
dysfunction.43

Besides echocardiography, cardiac MRI is gaining impor-
tance not only as gold standard technique for the assessment
of LV mass and function and for the evaluation of epicardial
fat but also for its ability to define tissue characterization,
to identify regional fibrosis by late gadolinium enhancement
and diffuse myocardial fibrosis by T1 mapping and evaluation
of extracellular volume fraction.137 The synergic negative ef-
fect of obesity and diabetes mellitus in HFpEF patients was
demonstrated to be associated with diffuse myocardial fibro-
sis and deterioration in longitudinal strain by cardiac MRI in
comparison with patients presenting only one of the two risk
factors.138 Furthermore, cardiac MRI has emerged as a feasi-
ble tool for the evaluation of the underlying substrate in AF
patients, a condition often present in obese patients. Indeed,
cardiac MRI allows localization and quantification of atrial
structural remodelling.139

In addition, obesity represents an independent risk factor
for the development of IHD, both accelerating its progression
and predisposing to IR and type 2 diabetes mellitus, which
could hasten its evolution and worsen the prognosis.140 Car-
diac MRI performed after pharmacological stress with adeno-
sine and injection of paramagnetic contrast can give accurate
information about myocardial perfusion and IHD. Elevated

Figure 3 Two-dimensional global longitudinal strain by speckle tracking echocardiography in a healthy subject with body mass index (BMI) of 23.4 kg/
m2 (left panel) and in an obese subject with BMI of 35.3 kg/m2 (right panel). GS, global longitudinal strain.
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BMI did not negatively impact the diagnostic quality and the
risk stratification of patients undergoing stress cardiac
MRI.141 Indeed, stress cardiac MRI has been demonstrated
to be useful in defining the prognosis of obese patients, be-
cause a very low rate of CV events was identified in obese pa-
tients without ischaemia/infarction.142

CAD could also be investigated in an anatomical way in
obese patients by contrast CT, despite limited in routine as-
sessment because of the use of ionizing radiation and iodine
contrast agent. Tube current modulation system allows ade-
quate image quality using limited radiation dose, improving
the diagnostic capability even in obese patients.143 In se-
verely obese patients, the evidence of a normal coronary CT
before bariatric surgery was shown to be prognostically rele-
vant to exclude major cardiac events in the postoperative
period.144

Myocardial perfusion can be also studied by single-photon
emission CT (SPECT) and PET/CT imaging. Because obese pa-
tients could have poor exercise capability, the use of pharma-
cological stressors is usually preferred. In obese patients, soft
tissue attenuation of radioactive tracers could lead to arte-
facts and poor signal-to-noise ratios.145 Nonetheless, SPECT
sensitivity has improved, thanks to high-efficiency cameras
with optimal capability in identifying CAD in obese

patients.146 Furthermore, PET/CT provided higher diagnostic
accuracy and specificity in the identification of obstructive
CAD in comparison with SPECT imaging even in patients af-
fected by severe obesity.147 In addition, PET/CT represents
the gold standard for the evaluation of CFR, the latter ex-
pressing the myocardial blood supply, related to the ability
of coronary arteries to increase blood flow under stress. In
the absence of flow-limiting CAD, an impaired CFR reflects a
coronary microvascular dysfunction, a phenomenon strongly
associated with the development of HFpEF.148 Indeed, an im-
paired CFR by PET/CT was demonstrated to be independently
associated with elevated BMI and adverse outcomes.79 CFR
could be also investigated by dipyridamole stress
echocardiography.149 Even with this approach, a reduction
of this parameter was reported in patients affected by meta-
bolic syndrome, a disorder sharing common metabolic alter-
ations with the obesity condition.150

Table 1 describes the advantages and disadvantages of dif-
ferent imaging tools in obese condition.

In summary, a multi-imaging approach could be useful in
providing multiple information about structural and func-
tional modifications involving the CV system possibly present
at the same time in obese patients, allowing the definition of
better risk stratification and prognostic profile in this setting.

Table 1 Advantages and disadvantages of different imaging tools in obese setting

Advantages Disadvantages

Echocardiography • Evaluation of LV mass and function
• Evaluation of speckle tracking echocardiography and strain

imaging by both two- and three-dimensional echocardiography
• Evaluation of myocardial work components
• Evaluation of epicardial fat
• Evaluation of CFR by dipyridamole stress echocardiography
• Evaluation of cardiac chambers’ size
• Widely available
• Cheap
• No radiation exposure
• No contrast agents required

• Window dependent: fat impedance
could lead to poor acoustic window

• Operator dependent
• No information about tissue characterization

Cardiac MRI • Evaluation of LV mass and function
• Tissue characterization and evaluation of cardiac regional

(late gadolinium enhancement) and diffuse fibrosis (T1 mapping)
• Evaluation of cardiac chambers’ size
• Evaluation of epicardial fat
• Evaluation of strain imaging
• Stress cardiac MRI with adenosine and injection of

paramagnetic contrast provides information about
myocardial perfusion

• No radiation exposure

• Expensive
• Use of paramagnetic contrast agents
• Limited availability

CT • Anatomic evaluation of coronary artery disease
• Evaluation of epicardial fat
• Tube modulation system allows adequate image

quality using limited radiation dose in obese patients

• Radiation exposure
• Use of iodine contrast agents
• Limited availability

SPECT/PET • Evaluation of myocardial perfusion
• Evaluation of CFR

• Possible attenuation artefacts
• Radiation exposure
• Limited availability

CFR, coronary flow reserve; CT, computed tomography; LV, left ventricular; MRI, magnetic resonance imaging; PET, positron emission to-
mography; SPECT, single-photon emission computed tomography.
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The choice of the imaging technique to employ should be
performed considering the information to achieve, the feasi-
bility of the imaging techniques, and a cost/benefit basis
(Figure 4).

Therapeutic perspectives

The therapy of obese HF patients should include the follow-
ing: (i) weight loss, (ii) prescription of drugs that interfere
specifically with the mechanisms underlying the pathogenesis
of HF, and (iii) interventions aimed at preventing the arrhyth-
mogenic sudden cardiac death (SCD) and cardioembolic
stroke. Weight loss is the first therapeutical goal that should
be achieved in obese HF patients.

Weight loss and the obesity paradox

Weight loss and weight maintenance should be the principal
goals to prevent the development and the worsening of HF

in obese individuals. However, in obesity, the complex rela-
tionship between body weight and HF outcome is also
enriched by the ‘obesity paradox’. This phenomenon was de-
scribed for the first time in 2001 by Horwich et al. that found,
in a large cohort of patients with end-stage HF screened for
heart transplant, that obesity was not associated with an in-
creased mortality rate but, paradoxically, with an improved
survival.151 This tendency was subsequently confirmed by ran-
domized controlled trials (RCTs), observational studies, and
meta-analyses. A post hoc analysis of the CHARM programme
showed that patients with HF and BMI> 30 kg/m2 had a lower
rate of mortality compared with those having a lower BMI, in-
dependently of confounding variables, during a median
follow-up of 37.7 months.152 These data were consistent with
the results of the Val-HeFT153 and I-PRESERVE154 studies. The
ADHERE study, an observational registry of hospital data on
patients admitted for acute HF, showed that patients in the
highest quartile of BMI had a lower intrahospital mortality.155

Finally, several meta-analyses documented favourable effect
of obesity on HF prognosis.156,157 Thus, obesity although being
an established risk factor for HF, paradoxically, seems to ame-

Figure 4 Cardiovascular (CV) imaging in obese patients for the evaluation of cardiac geometry and function, epicardial fat thickness, coronary micro-
vascular disease (CMVD) and coronary artery disease (CAD), and tissue characterization and fibrosis localization with a proposal of the imaging tech-
niques in the order of priority on a cost/benefit basis. CT, computed tomography; MRI, magnetic resonance imaging; PET, positron emission
tomography; SPECT, single-photon emission computed tomography.
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liorate the prognosis of HF, rather than to worsen it. According
to this view, weight reduction should have a detrimental effect
on outcome. However, several doubts are present about the
real existence of this phenomenon and its clinical implications.
In particular, (i) the better clinical outcome detected in obese
individuals is not peculiar for HF, but it is present in several
chronic diseases; (ii) the supposed protective effect of obesity
is not detectable in patients with severe obesity (BMI> 40 kg/
m2); (iii) it is clearly documented that in HF patients, the corre-
lation between major CV events (MACEs) and BMI does not
have a linear relationship, but rather a U-shaped profile; (iv)
because cachexia is associated with poor outcome, the ob-
served effect of obesity, rather than to be really protective,
is related to the detrimental effect of the extreme weight loss;
(v) there is existing evidence that the ‘obesity paradox’ is the
result of statistical artefact; and (vi) many studies used BMI
to identify obesity, but this parameter does not allow to differ-
entiate between fat, muscle, skeletal, and water weight; thus,
the diagnosis of obesity could be biased. Because the notion of
‘obesity paradox’ contains many pitfalls, nowadays, the clinical
relevance of this phenomenon has been markedly
reduced.158,159 Thus, body weight reduction in patients with
HF is a desirable goal, because it ameliorates symptoms and
LV function.160,161 At this regard, the Heart Failure Society of
America Scientific Statements Committee recommends a 5–
10% weight loss in patients with HF and BMI ≥ 35 kg/m2.162

Lifestyle changes, including hypocaloric diet and physical
training, induce a weight reduction of ~5%.32 Pharmacologi-
cal treatment of obesity with glucagon-like peptide 1 (GLP-
1) receptor agonists, such as liraglutide and semaglutide, de-
creased weight of 10–15%.163,164 Recently, the STEP-HFpEF
trial showed that 52 weeks of treatment with semaglutide
reduced body weight and improved several functional
parameters in obese patients with HFpEF. Interestingly, the
extent of favourable effects was proportional to the
magnitude of weight loss.165 Moreover, a dual agonist for
glucose-dependent insulinotropic polypeptide (GIP) and
GLP-1, tirzepatide, was tested in obese patients in a pla-
cebo-controlled trial. After 72 weeks of treatment, the de-
crease in body weight ranged from 15% to 21% based on
the drug dose used, highlighting the benefit of targeting mul-
tiple endogenous nutrient-stimulated hormone pathways for
effective weight reduction.166 Retatrutide is an agonist of the
GIP, GLP-1, and glucagon receptors. The use of a triple ago-
nist significantly reduced body weight in patients with or
without diabetes.167 Notably, recent evidence from the SE-
LECT trial has demonstrated the important protective effect
of semaglutide in terms of CV morbidity and mortality in
overweight/obese patients.168

The lowering of body weight obtained by bariatric surgery
ranges between 15% and 17%.169 In addition, the beneficial
effect on body weight obtained with these strategies is only
temporary and is followed by a rapid weight regain. This phe-
nomenon is known as ‘weight cycling’ or ‘yo-yo effect’.

Certainly, weight loss over time in obese individuals remains
inadequate in most cases. Thus, obesity should be considered
a chronic disease coexisting with HF rather than simply a risk
factor for HF. This has important therapeutic implications.
Considering obesity as a chronic condition, therapy should
prevent the worsening of signs and symptoms of HF and
SCD. Paradoxically, due to the deficiency of evidence-based
proven therapies, current guidelines for the treatment of
obesity and HF do not adequately attempt this specific
demand.170 Moreover, the perception by the cardiologists
that overweight and obesity are ‘minor’ CV risk factors fur-
ther worsens this scenario.171 Therefore, nowadays, the
treatment of HF in obese subjects can be considered an un-
met need, requiring specific therapeutic interventions.

Potential role of angiotensin receptor–neprilysin
inhibitor

Angiotensin receptor–NEP inhibitor (ARNI)-based treatment
has been demonstrated to reduce the incidence of both hos-
pitalizations for HF and death from CV causes by 20% in pa-
tients with systolic HF.172 For this reason, current guidelines
highly recommend the use of ARNI for the treatment of
HFrEF.10 Conversely, the favourable actions of ARNI have
not being confirmed so far in HFpEF.173 At this regard, in
the PARALLAX study, SAC/VAL compared with standard re-
nin–angiotensin system inhibitor treatment or placebo re-
sulted in a significant decrease in plasma NT-proBNP levels
at 12 weeks, but did not significantly improve 6 min walking
distance at 24 weeks.174

Because HFpEF represents the most common form of HF in
obesity, SAC/VAL is not currently prescribed in obese individ-
uals with HF. Interestingly, this drug has induced a substan-
tially lower decrease in NT-proBNP levels in obese patients
with HFpEF than those with reduced LVEF.175 As previously
reported, the lower-than-expected level of NPs in obese pa-
tients may be related to an attenuated cardiac wall stress be-
cause cardiac or pericardial fibrosis or microcirculatory rare-
faction limits the capacity of the left ventricle to enlarge in
response to plasma volume expansion.176,177 However, the
administration of ARNI in obese individuals may have its
own pathophysiological rationale. In fact, mature adipocytes
express increased levels of NEP on their cell surface, and sol-
uble levels of NEP are increased in states of adiposity.178 The
increased activity of renal sympathetic nerves, a common
feature of obesity, can also lead to an increased renal NEP
expression.179 In addition, obesity is accompanied by NEP ac-
tivation. Increased NEP activity reduces NPs, bradykinin,
apelin, substance P, and adrenomedullin levels that lead to
inhibition of myocardial fibrosis.180 Moreover, obesity is
strongly associated with aldosterone overproduction.181 Adi-
pokine leptin can directly enhance aldosterone secretion
from the adrenal gland,182 and the adipocytes directly syn-
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thesize aldosterone.183 The increased NEP activity in obesity
minimizes the influence of NPs that can inhibit aldosterone
secretion.184 Hyperaldosteronism not only causes sodium re-
tention but also promotes the accumulation and inflamma-
tion of epicardial adipose tissue and the development of mi-
crovascular rarefaction and fibrosis in the underlying cardiac
muscle.185 The transformation of perivisceral fat into a mal-
adaptive proinflammatory phenotype may depend on miner-
alocorticoid receptor signalling.186 It has been demonstrated
that mineralocorticoid receptor antagonism may attenuate
biomarkers of fibrosis and normalize estimated elevated
cardiac filling pressures in obese patients not having yet
received a diagnosis of HFpEF.187 Intriguingly, patients were
more likely to receive benefits from spironolactone if they
had circulating NP levels lower than the median value.188

Similarly, SAC/VAL was shown to be an effective drug combi-
nation to blunt progression of asymptomatic diastolic dys-
function and vascular stiffness to HFpEF development in a
preclinical model of obesity-associated prediabetes.189 More
recently, SAC/VAL treatment was associated with a significant
reduction of CV death and MACEs in patients with pre-
HFpEF.190 Surprisingly, these results were observed despite
a greater increase in left atrial and LV volumes compared
with valsartan alone. The contemporary reduction in filling
pressures, vascular stiffness, and cardiac chamber stiffness
could explain a change in the pressure–volume relationship
and partly justify the apparent benefit of left atrial and LV en-
largement in this clinical setting. However, future studies are
needed to understand the long-term effects of SAC/VAL in
patients with pre-HFpEF.

Potential role of sodium–glucose co-transporter-2
inhibitors

Although SGLT2 inhibitors are glucose-lowering agents, they
represent the new frontier in the treatment of HF. In fact,
when added to the standard therapy in HFrEF patients,
they reduce the risk of CV death by 25% and 27% in diabetic
and non-diabetic individuals, respectively.191 They are
recommended with level of evidence 1A to reduce the rate
of hospitalization for HF and cardiac death, independently
of diabetes. Recently, on the basis of the results of the
EMPEROR-Preserved and DELIVER studies192,193 that docu-
mented the beneficial effects of SGLT2 inhibitors even in
patients with HFpEF and HFmrEF, the European Society of
Cardiology updated the class and the level of recommenda-
tion to 1A.1,15

The SGLT2 inhibitors interfere with many of the pathophys-
iological derangements in obesity-related HFpEF.

These drugs block sodium-retentive mechanisms in the
renal tubules that are activated in obesity194; as a result,
they cause a marked reduction in plasma volume and hae-
moconcentration.195 Furthermore, SGLT2 inhibitors reduce

epicardial fat accumulation and dysfunction and inhibit
proinflammatory and profibrotic processes in the myocar-
dium, thus ameliorating the development of HFpEF
phenotype.196 As a result of these actions, SGLT2 inhibitors
could antagonize the deleterious biological effects of many
adipocytokines, such as leptin, contributing to sodium reten-
tion and systemic inflammation.197 SGLT2 inhibitors may also
ameliorate the effects of systemic inflammation on the vascu-
lature and visceral organs.198 These favourable effects are
corroborated by the results of large-scale trials in type 2
diabetes where the use of empagliflozin and canagliflozin
decreased the risk of new-onset HF.199,200 More recently,
dapagliflozin was demonstrated to improve CV outcomes
across the spectrum of BMI, leading to greater symptom im-
provement in patients with obesity, compared with those
without, and having the additional benefit of causing modest
weight loss.201

Interestingly, SGLT2 inhibitors seem to be working through
overlappingmechanisms (such as interferencewith sodium re-
tention and cardiac inflammation, microvascular rarefaction,
and fibrosis) with ARNI and mineralocorticoid receptor antag-
onists. Therefore, the benefits of adding an SGLT2 inhibitor to
either a mineralocorticoid receptor antagonist or an ARNI in
patients with HFpEF may be additive. In fact, a sub-analysis
of the DELIVER trial has demonstrated that the efficacy (in
terms of worsening HF or CV death reduction) and safety of
dapagliflozin were similar, regardless of background treatment
with an aldosterone receptor antagonist or ARNI. In particular,
the benefit of the effect of dapagliflozin compared with pla-
cebo on the primary outcome was slightly superior, even if it
did not reach the statistical significance for aldosterone recep-
tor antagonists and ARNI users compared with non-users.202

Thus, hopefully the effects of SLGT-2 inhibitors addition to
other treatments, recommended in recent guidelines, will
be more extensively tested in obese people affected by
HFpEF.

Potential role of implantable cardioverter–
defibrillator

HFpEF is a feature of obesity and is a risk factor for SCD. SCD
accounts for 25% of death in HFpEF.203 However, obesity in-
creases SCD risk independently of HF.57 In this regard, it has
been documented that for each 5-unit increase of BMI, the
risk for SCD enhances by 16%.204 The pathophysiological
basis of this association can be resumed in (i) increased
sympathetic nervous activity, (ii) electrical and structural LV
remodelling, (iii) abnormalities of electrolyte homeostasis
and excitation–contraction coupling, (iv) LV infiltration of epi-
cardial adipose tissue, and (v) increased oxidative stress.
These abnormalities increase the susceptibility to lethal ven-
tricular arrhythmias (i.e. ventricular tachycardia/ventricular
fibrillation), by the development of reentrant circuits or
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delayed ventricular repolarization. Obesity was detected in
20% of unexpected SCD in young individuals (age
≤35 years).205 Moreover, obesity was significantly associated
with increased risk of SCD in the cohort of the Atherosclerosis
Risk in Communities (ARIC) study.206 The key role of obesity
as a risk factor for ventricular tachyarrhythmias has been also
documented in a sub-analysis of the MADIT II study, showing
that individuals with BMI ≥ 30 kg/m2 had a significantly
higher risk of ventricular tachyarrhythmias in post-infarction
patients with impaired LVEF.207

Therapeutic strategies aimed at minimizing the occurrence
of SCD in obese HF patients should be considered. The use of
ICD is the unique therapeutic option that has been demon-
strated to reduce arrhythmogenic SCD. Up to date, this ther-
apeutic option is recommended, in primary prevention, only
in HFrEF.10 This represents an important weakness of the
evidence-based medicine, because the recommendation for
ICD in primary prevention of SCD in HF is based on trials per-
formed more than 20 years ago. Nowadays, the epidemiolog-
ical scenario is completely changed, and preventive medicine
requires updated solutions for the ongoing problems. Based
on the available data, it is reasonable to estimate that ICD
use in obese patients with HFpEF may reduce the occurrence
of SCD by 20–25%. Thus, controlled studies aimed at clarify-
ing this issue should be performed.

Potential role of direct-acting oral anticoagulants

Obesity increases the risk of stroke208 even in the absence of
concomitant CV risk factors.209 This association has been

ascribed to the strong association between obesity and
AF.210 However, it should be underlined that obese people
are at increased risk of thrombo-embolic stroke indepen-
dently from AF.211 Low-grade systemic inflammation plays a
mechanistic role in this association. In fact, the chronic state
of inflammation per se activates the thrombotic process and,
at the same time, plays a role in the pathogenesis of
‘atrial myopathy’, responsible of both HFpEF and AF.212 The
combination of AF and HFpEF has a synergistic effect on
thrombo-embolic events.213 Unfortunately, thrombo-embolic
risk in obese patients with HFpEF is often undertreated.
In fact, current guidelines recommend prescription of
direct-acting oral anticoagulants (DOACs) in primary preven-
tion of stroke only in the presence of AF with CHA2DS2-VASc
score ≥2 and ≥3 in men and women, respectively.214 In addi-
tion, obesity is not included in the calculation of CHA2DS2-
VASc score. Thus, obese people with AF with or without HF,
but with CHA2DS2-VASc scores that do not achieve the thresh-
old values, are not eligible for treatment with DOACs. These
two circumstances seriously limit the strategies of primary
prevention of thrombo-embolic stroke in obese HF patients,
especially in young people. Thus, there is the need to define
new scores for risk stratification of thrombo-embolic stroke
and consequently to modify the recommendations for the
prescription of DOACs in obese people with or without HF.

An additional potential limitation in primary prevention of
thrombo-embolic stroke in obese patients with AF is repre-
sented by the therapeutic efficacy of DOACs. In fact, it is pos-
sible that the changes of metabolism in obese people may af-
fect pharmacokinetics, pharmacodynamics, and efficacy and
safety of DOACs. In this regard, no RCTs have investigated

Figure 5 Future directions for the treatment of obesity with heart failure. AF, atrial fibrillation; DOACs, direct-acting oral anticoagulants; HFpEF, heart
failure with preserved ejection fraction.
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the efficacy and safety of DOACs in the obese population.
For this reason, the International Society on Thrombosis
and Haemostasis and the European Society of Cardiology
Working Group on Thrombosis have raised perplexity
about the administration of DOACs in extreme obesity (i.e.
BMI ≥ 40 kg/m2).215 However, based on few available clinical
data, it has been suggested that apixaban and rivaroxaban
have a higher safety and efficacy profiles compared with
edoxaban and dabigatran in III-degree obesity.216 This sce-
nario highlights the need of RCTs to clarify which DOACs
are safe and efficacious in obese patients and at which doses.

The therapeutic strategies that can ameliorate the progno-
sis of obese people with HF are summarized in Figure 5.

Conclusions

HF is a complex and multifactorial syndrome characterized by
poor prognosis and elevated management costs. Therefore,
the prevention and optimization of HF treatment in this set-
ting represent a challenge of public health.

In the industrialized and developing countries, the preva-
lence of obesity has achieved pandemic proportions. This
phenomenon has reached alarming dimensions because it in-
volves also young individuals.

Obesity is a leading cause of HF, especially HFpEF. It is rea-
sonable to estimate that, in the next few years, the incidence
of obesity-induced HF will dramatically increase.

Unfortunately, nowadays, there are no clearly defined
strategies for the diagnosis and treatment of obesity-induced
HF. This issue is an unmet clinical need that should be
promptly and adequately addressed.
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