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ABSTRACT

Morbidity and mortality associated with heart
failure (HF) has remained high despite advances
in therapy. Furthermore, HF-associated risk in
patients with type 2 diabetes mellitus (T2D) is
even higher than in patients without T2D
owing to the strong reciprocal relationship
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between conditions. However, until recently,
no therapy to treat patients with diabetes also
reduced cardiovascular risks related to HEF.
Recent clinical studies (DAPA-HF, EMPEROR-
Reduced and EMPEROR-Preserved, SOLOIST-
WHEF trial) and meta-analysis have demon-
strated that sodium-glucose cotransporter-2
inhibitors (SGLT2i) are among the first antidia-
betic drugs capable of reducing cardiovascular
risks related to HF and improving the prognosis
of patients with and without diabetes. Their
pleiotropic mechanisms of action place them at
the intersection of hemodynamic, metabolic,
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and neurohumoral pathways, with clear
advantages for treating these patients indepen-
dent of its glucose-lowering effect. Moreover,
the benefits of SGLT2i were consistent across
the cardiorenal continuum in different popula-
tions and clinical settings, which has led to
different guidelines introducing SGLT2i as a
first-line treatment for HF.

Keywords: Heart failure; Morbidity; Mortality;
SGLT2i; Type 2 diabetes mellitus

Key Summary Points

In heart failure (HF), morbidity and
mortality remain high despite advances in
therapy, and new therapies are needed to
improve the prognosis of these patients,
mainly when type 2 diabetes mellitus
(T2D) is also present.

Patients with T2D show a very high risk of
developing HF, but those with HF are at
higher risk of developing T2D and a worse
prognosis when both pathologies are
present.

Recent clinical studies (DAPA-HF,
EMPEROR-Reduced and EMPEROR-
Preserved, SOLOIST-WHEF trial) and meta-
analysis have demonstrated that
sodium-glucose cotransporter-2
inhibitors (SGLT2i) are among the first
antidiabetic drugs capable of reducing
cardiovascular risks related to HF and
consistently improving the prognosis in
different populations and clinical settings.

On the basis of this clinical evidence,
several HF guidelines have introduced
SGLT2i as a first-line HF treatment.

INTRODUCTION

The incidence of heart failure (HF) is increasing
and is projected to rise by 46% by 2030,

according to the American Heart Association’s
2017 Heart Disease and Stroke Statistics Update
[1]. Its symptoms and multiorgan adverse
effects lead to high morbidity, poor survival
rates, and significant economic strain on health
care systems worldwide [2].

In patients with HF, morbidity and mortality
remain high despite advances in therapy.
Patients with type 2 diabetes mellitus (T2D)
who had five risk-factor variables within target
ranges [glycated hemoglobin level, low-density
lipoprotein cholesterol level (LDLc), albumin-
uria, smoking, and blood pressure| appeared to
have little or no excess risk of death, myocardial
infarction, or stroke compared with the general
population. In contrast, the overall hazard ratio
for hospitalization for HF among patients with
no risk-factor variables outside the target ran-
ges, compared with controls, was 1.45 [95%
confidence interval (CI) 1.34-1.57] [3]. Recent
estimates indicate that, with the current
approach, a third of patients die within 1--
2 years after the first admission [4] and 44%
after 5 years [5]. Along with this high morbidity
and mortality, there is a high rate of hospital-
ization and readmissions, becoming more likely
and severe as the disease progresses. It has been
estimated that more than 60% of patients dis-
charged from the hospital with HF are read-
mitted within 1 year [6].

In this sense, and given the progressive nat-
ure of the disease, early identification of possi-
ble risk factors would allow the implementation
of early intervention strategies to delay the
progression or prevent the onset of HF before
irreversible remodeling and functional impair-
ment have occurred. In the last decade, several
HF risk scores have been published, and most of
them have reported a remarkably consistent list
of the principal risk factors, including age, sex,
coronary artery disease (CAD), myocardial
infarction (MI), hypertension, obesity, and dia-
betes mellitus (DM), particularly T2D [7].

This article is based on previously conducted
studies and does not contain any studies with
human participants or animals performed by
any of the authors.
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GENERAL MECHANISMS OF HEART
FAILURE (PRESERVED
AND REDUCED)

Heart failure (HF) has recently been defined by
the European Society of Cardiology (ESC) as a
clinical syndrome, not a single pathological
diagnosis, consisting of cardinal symptoms
(e.g., breathlessness, fatigue, and ankle swel-
ling) that may be accompanied by signs (e.g.,
pulmonary crackles, elevated jugular venous
pressure, and peripheral edema). HF is due to a
structural and/or functional abnormality of the
heart that results in elevated intracardiac pres-
sures and/or inadequate cardiac output at rest
and/or during exercise [8].

It is considered a chronic, progressive con-
dition that arises secondary to complex changes
in the molecular and cellular composition of
the heart that produce an initial decline in its
pumping capacity. The molecular and cellular
changes may arise from different factors such as
sustained hemodynamic overload following a
myocardial infarction or exposure to toxic
chemotherapies, or may develop secondary to
inherited genetic mutations that affect sarcom-
ere function. Following this initial deterioration
in heart-pumping capacity, various compen-
satory mechanisms are activated, including the
renin-angiotensin system (RAS), the adrenergic
nervous system, and the cytokine system. These
systems can restore cardiovascular function to a
normal homeostatic range in the short term,
resulting in the patient remaining asymp-
tomatic. However, over time, the sustained
activation of these systems can lead to sec-
ondary end-organ damage within the ventricle,
with worsening left ventricle (LV) remodeling
and subsequent cardiac decompensation. As a
result of worsening LV remodeling and cardiac
decompensation, patients transition from
asymptomatic to symptomatic HF [9].

HF is categorized into distinct phenotypes
based on the left ventricular ejection fraction
(LVEF) measurements. HF with reduced ejection
fraction (HFrEF) is considered in patients with
an LVEF < 40%, with or without signs of clini-
cal HF. Those patients with an LVEF between
41% and 49% have HF with mildly reduced EF

(HFmrEF), and those with an LVEF > 50% and
symptoms and signs of HF, with evidence of
structural and/or functional cardiac abnormali-
ties and/or raised natriuretic peptides (NPs),
have HF with preserved ejection fraction
(HFpEF). For the diagnosis of HFmrEF, the
presence of other evidence of structural heart
disease (e.g., increased left atrial size, LV
hypertrophy, or echocardiographic measures of
impaired LV filling) makes the diagnosis more
likely. For the diagnosis of HFpEF, the greater
the number of abnormalities present, the higher
the likelihood of HFpEF [8].

Although defining HFpEF represents a
daunting task, a new entity is being character-
ized: the “pre-HFpEF stage”. The pre-HFpEF
stage may affect an even more significant
number of patients than other HF entities and
requires the urgent attention of practicing
clinicians [10]. Therefore, the definition of pre-
HFpEF is taking shape as presenting in an
asymptomatic patient (absence of signs or
symptoms of HF) with preserved LVEF, struc-
tural heart abnormalities (similar to those
reported for HFpEF), and elevated biomarker
surrogates of cardiac dysfunction (mainly
natriuretic peptides, with cut-point values sim-
ilar to those reported for HFpEF). This stratifi-
cation may aid in the early and correct
identification of patients at increased risk of
incident HF and death and may thus be suit-
able candidates for more stringent preventive
strategies [11].

A distinction in the mechanisms implicated
in HFrEF and HFpEF development has been
described. It has been suggested that, while
HFTEF is mainly due to a state of volume over-
load and systolic dysfunction, HFpEF may pri-
marily result from systemic inflammation.
Biomarker profiles specific for HFtEF are related
to cellular metabolism and proliferation that
promote LV enlargement and cause the LVEF to
fall. In contrast, biomarker profiles specific for
HFpEF are related to inflammation and extra-
cellular matrix reorganization that limits LV
distensibility and dilation, and EF is typically
maintained at > 40-50% [12].
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HEART FAILURE IN PATIENTS
WITH AND WITHOUT T2DM,
CURRENT UNDERSTANDING
AND CLINICAL PRACTICE
CONSEQUENCES

T2D is an independent risk factor for HF in
many hospital-based and population-based
cardiovascular studies, and in particular, it has
been estimated that, compared with patients
without diabetes, the risk of HF is fivefold and
twofold higher in women and men with dia-
betes, respectively [13]. Moreover, the presence
of diabetes markedly increases the risk of 1-year
adverse clinical outcomes in outpatients with
HF independent of multiple common risk
factors.

Nowadays, it has been demonstrated that
diabetes and HF are closely related, and a strong
reciprocal relationship between pathologies
exists. Patients with T2D have an increased risk
of developing HF, but also those with HF are at
higher risk for the development of T2D and a
worse prognosis when both pathologies are
present [14].

Thus, in patients with T2D, HF has been
reported to be the most frequent primary car-
diovascular disease manifestation, with signifi-
cant impact in this population since up to two-
thirds of patients with T2D develop asymp-
tomatic left ventricular dysfunction in just
5 years after the diagnosis of T2D [15]. Further-
more, the development of HF in these patients
produces an increased mortality risk and worse
evolution.

For this reason, an early treatment approach
is becoming increasingly important in these
patients, even before the first symptoms of HF
appear, and treatment options are aimed at
acting on both conditions simultaneously.

Until recently, no HF therapies were avail-
able directed at glucose metabolism, and the
antidiabetic therapies for T2D had shown a
neutral or harmful effect in HF endpoints [16].
However, recent data on the wuse of
sodium-glucose  cotransporter-2  inhibitors
(SGLT2i) in patients with HF, with and without
diabetes, have changed this paradigm, showing
that they target various mechanisms

underpinning the HF pathogenesis that go
beyond the metabolic control of diabetes.

DESCRIPTION

OF THE PATHOLOGICAL
MECHANISMS THAT LINK T2D
WITH HEART FAILURE: DIRECT
AND INDIRECT EFFECTS OF SGLT2I
ON MYOCARDIAL FUNCTION

T2D can lead to the development of HFrEF and
HFpEF through diverse mechanisms. The avail-
able evidence suggests that T2D can promote
the development of HFrEF by two main mech-
anisms: (1) by activating the sodium-hydrogen
exchanger and undermining cardiomyocyte
survival [17] and (2) by suppressing nutrient
deprivation signaling autophagy and thereby
promoting cardiomyocyte stress and dysfunc-
tion [17]. In parallel, T2D can promote the
development of HFpEF by enhancing the
expansion of visceral (and especially epicardial)
adipose tissue depots, which can promote car-
diac inflammation, fibrosis, and microcircula-
tory dysfunction. Finally, in both HFrEF and
HFpEF, insulin action on the renal tubules to
stimulate sodium hyperabsorption can increase
plasma volume expansion and LV filling pres-
sures [17].

Interestingly, SGLT2i are among the first
antidiabetic drugs that have demonstrated the
ability to reduce severe HF events and that have
significant effects in mitigating each of these
mechanisms (Table 1) [18-21], producing a
combination of systemic and direct effects on
the myocardium that ultimately leads to the
reported cardiovascular benefits (Fig.1). The
pleiotropic mechanisms of action of SGLT2i
place them at the intersection of hemodynamic,
metabolic, and neurohumoral pathways that
impact the heart, the kidney, and the peripheral
vasculature, which are essential in the patho-
genesis of HF regardless of the LVEF. Neverthe-
less, all these underlying mechanisms are
plausible but not clearly understood.
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Table 1 Mechanisms of action of SGLT?2i in heart failure

Mechanism

Effect

Reduction in
sodium-hydrogen
exchanger activity
(kidneys)

Reduction in
sodium-hydrogen

exchanger activity (heart)

SIRT1 activation

Activation of sirtuin-1
(SIRT1) and its
downstream mediators

(PGC-1a and FGF21)

Reduce the mass and mute
the adverse biology of

epicardial adipose tissue

Promote diuresis [18]

Attenuate the development
of cardiac hypertrophy
and systolic dysfunction
(18]

Ability of SGLT?2i to reduce
uric acid effects and
stimulate erythropoiesis

(19]

Ability to induce a fasting-
like paradigm (stimulus to
gluconeogenesis and
ketogenesis), which
triggers the activation of
nutrient deprivation
pathways to promote

cellular homeostasis [20]

Reduce oxidative stress,
mute proinflammatory
pathways, promote
autophagy, and normalize
mitochondrial structure
and function in the

stressed myocardium [19]

Mitigate myocardial
inflammation,
microcirculatory
dysfunction, and fibrosis,
and improve ventricular

filling dynamics [21]

SIRT sirtuin; PGC-1a proliferator-activated receptor
gamma coactivator 1-alpha; FGF2! fibroblast growth fac-
tor 21; SGLT2i sodium—glucose cotransporter-2 inhibitors

SGLT2I IN CLINICAL TRIALS
AND META-ANALYSES IN HEART
FAILURE

Data from several clinical trials and meta-anal-
yses have demonstrated a beneficial effect of
SGLT2i on HF cardiac complications that goes
beyond its glycemic effects (Table 2).

SGLT2i in Patients with HFrEF,
with and without T2D

In 2019, the DAPA-HF study confirmed, for the
first time, a significant reduction in the risk of
worsening HF or death from cardiovascular
causes among patients with HFrEF, in patients
with and without T2D treated with this class of
drugs [22]. With a population of 4744 patients,
this study analyzed whether, compared with
placebo, a once-daily dose of dapagliflozin
10 mg improves morbidity, mortality, and
quality of life (QoL) in symptomatic patients
with HF and a LVEF < 40%. The direct result of
cardiovascular death or worsening HF (defined
as HF hospitalization or urgent hospital visit for
HF treatment) was significantly reduced (HR
0.74, 95% CI 0.65-0.85, P < 0.001) with a sus-
tained statistically significant benefit by 28 days
after randomization (HR 0.51, 95% CI
0.28-0.94, P = 0.03) [23].

The number needed to treat (NNT) to pre-
vent one event was 21 over the median follow-
up of 18.2months. A decrease in the risk of
other outcomes was also detected, including
cardiovascular mortality (HR 0.82, 95% CI
0.69-0.98), all-cause mortality (HR 0.83; 95% CI
0.71-0.97), and HF hospitalization (HR 0.70,
95% CI 0.59-0.83). Furthermore, patients
undergoing dapagliflozin treatment were more
likely to show a clinically relevant improve-
ment in their QoL after 8 months of treatment,
and there was no difference in prespecified
adverse severe events between the dapagliflozin
and placebo groups. More importantly, there
was no evidence of heterogeneity in the efficacy
of dapagliflozin in any of the prespecified sub-
groups, including those with lower LVEF or
higher N-terminal-pro B-type natriuretic pep-
tide (NT-proBNP) levels, or in patients with
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KIDNEY: SGLT2 inhibition

Improve renal function and renal protective effects

l Albuminuria.

Inhibition of Na*/H* exchanger.

Glucose and sodium reabsorption in proximal
tubule (improved tubular glomerular feedback).

I, Intraglomerular pressure.
t Diuresis, natriuresis and uricusuria.

l, Renal oxidative stress.

t Erithropoietin.

l, Renin-angiotensin system activation.

Increase urinary glucose loss
Increase urinary sodium loss
+ DIURESIS

(+ energy loss, weight reduction)

\ 4

l Antinflamatory and antifibrotic pathways
(experimental evidence only).

l Weight

l Total body and visceral
adiposity.

t Insulin sensitivity.

l, Uric acid levels.

CIRCULATION: SGLT2 inhibition

Improved endotelial function.

l Sympathetic nervous system
activation.

l, Intravascular/ECF volumen.

Haematocrit (thus,
haemoconcentration).

l, Blood pressure.
I, Arterial stiffness.

W

HEART (+ lungs): SGLT2 inhibition

Inhibition of Na*/H* exchanger.

Up-regulate sirtuin-1 and autophagic flux.

l Secretion of leptin.

Suppressed expression of key pro-fibrotic markers.
l Cardiac pre-load and after-load.

l Myocardial fibrosis and hypertrophy.

Reverse cardiac remodeling.

Improve myocardial oxygen supply.

Improved cardiac metabolism.

l Epicardial fat accumulation.

Improvement in systolic and diastolic

dysfunction.

Fig. 1 Pleiotropic effects of SGLT2i

more advanced age or renal insufficiency,
which indicates that dapagliflozin may be just
as effective in patients with more severe HF [22].
In 2020, a published exploratory analysis of
DAPA-HF showed that dapagliflozin’s efficacy
was comparable over the whole range of glyco-
sylated hemoglobin values, in both nondiabetic
and diabetic populations. These results suggest
that the SGLT2 inhibition with dapagliflozin
has beneficial effects in HFrEF regardless of T2D

status and that the mechanism of action of
dapagliflozin in HFrEF extends beyond a simple
glucose-lowering effect [24].

Furthermore, another post-hoc analysis of
the DAPA-HF trial showed comparable risk
reductions in HF hospitalization and mortality
with dapagliflozin, regardless of previous HF
therapy. These results indicate a complemen-
tary value of dapagliflozin in addition to the
established combined therapy for HF and
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further evidence for its use in ambulatory
patients with HFrEF to improve clinical out-
comes [25]. Finally, an exploratory analysis on
the effect of dapagliflozin on incident T2D in
the cohort without diabetes enrolled in the trial
showed that treatment with dapagliflozin
reduced the incidence of new diabetes [26] and
therefore could be exerting a protective effect in
these patients with HF where the risk of devel-
oping diabetes is elevated.

A beneficial independent glucose-lowering
effect of SGLT2i on morbidity and mortality in
patients with HFrEF, with and without T2D, was
confirmed in the EMPEROR-Reduced study. In
the EMPEROR-Reduced study, 3730 patients
with HFrEF on recommended therapy were
randomized to receive a 10 mg once-daily dose
of empagliflozin or placebo. The main outcome
(cardiovascular death or hospitalization for
heart failure) event was significantly reduced in
the empagliflozin (19.4%) group compared with
the placebo (24.7%) group (HR 0.75, 95% CI
0.65-0.86, P < 0.001; NNT 19), and this reduc-
tion was consistent in patients regardless of
their diabetes status. In this study, the total
number of hospitalizations for HF was also
lower in the empagliflozin group than in the
placebo group (HR 0.70, 95% CI 0.58-0.85,
P < 0.001). It is noteworthy to mention that the
annual rate of decline in the estimated
glomerular filtration rate (eGFR) was less in the
empagliflozin group than in the placebo group
(—0.55 versus —2.28 ml/min per 1.73 m?* of
body-surface area per year, P < 0.001), and
patients treated with empagliflozin had a
decreased risk of serious renal outcomes [27]. In
patients with prediabetes or normoglycemia,
empagliflozin did not lower HbAlc, and there
was no increased risk of hypoglycemia, but the
effects of the drug over the endpoints analyzed
did not differ. When evaluated as a regular
variable, baseline HbAlc did not significantly
alter the advantages of empagliflozin on the
primary outcome (P-interaction = 0.40), sug-
gesting an independent glucose-lowering effect
[28].

A meta-analysis using data from both previ-
ous studies confirms earlier findings on the
reduction of HF hospitalization by SGLT2 inhi-
bition and confirms that these agents also

improve renal outcomes (composite renal end-
point HR 0.62, 95% CI 0.43-0.90, P =0.013)
and reduce all-cause death (pooled HR 0.87,
95% CI 0.77-0.98, P = 0.018) and cardiovascu-
lar death (pooled HR 0.86, 95% CI 0.76-0.98,
P =0.027) in patients with HFrEF. It is note-
worthy to mention that the pooled treatment
effects showed consistent benefits for subgroups
based on age, sex, diabetes, treatment with an
ARNI, and baseline eGFR [29].

SGLT2i in Patients with HFpEF,
with and without T2D

Although there is no universal conception of
HFpEF, and the effects of SGLT2i are considered
to be related to the studies’ design, SGLT2i are
the only drugs that have shown efficacy in
patients with HFpEF. Very recently, in the
EMPEROR-Preserved Trial carried out in 5988
patients with HF and EF > 40%, empagliflozin
was also demonstrated to reduce the combined
risk of cardiovascular death or hospitalization
for HF in patients with HFpEF (HR 0.79, 95% CI
0.69-0.90, P < 0.001), regardless of the presence
or absence of diabetes, with an NNT of 31. This
effect was mainly related to a lower risk of
hospitalization for HF in the SGLT2 inhibitor
(empagliflozin 10 mg) group [30]. Recently, the
US Food and Drug Administration (FDA)
approved empagliflozin for the treatment of
adults with HF regardless of the phenotype of
the condition [31].

Taking into account these results, the unique
mechanism of action of SGLT2i across the EF
spectrum, and the collective experience from
prior HFpEF trials showing that treatment effect
with currently available therapies declined with
increasing LVEF, the DELIVER trial has been
designed to determine the efficacy and safety of
the SGLT2 inhibitor dapagliflozin, added to
conventional therapy, in patients with HF and
preserved and mildly reduced EF. In this study,
a total of 6263 patients with or without dia-
betes, with signs and symptoms of HF, an
LVEF > 40%, elevation in NPs, and evidence of
structural heart disease are eligible. The primary
endpoint is time to first cardiovascular death or
worsening HF event (HF hospitalization or
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urgent HF visit), and will be assessed in dual
primary analyses—the full population and in
those with LVEF < 60%. This study will provide
complementary information to DAPA-HF, and
the results of both studies will be pooled to
assess the effects of dapagliflozin across the EF
spectrum [32].

Finally, patients with HF and HFpEF have a
high burden of symptoms and functional limi-
tations, and have a poor quality of life. In this
regard, a recent multicenter, randomized trial of
patients with HFpEF (PRESERVED-HF) showed
that 12 weeks of dapagliflozin treatment, by
targeting cardiometabolic abnormalities, sig-
nificantly improve patient-reported symptoms
[improved KCCQ-CS 5.8 points (95% CI
2.3-9.2, P =0.001)], physical limitations [im-
proved 5.3 points (95% CI 0.7-10.0; P = 0.026)],
and exercise function [improved 6MWT 20.1 m
(95% CI 5.6-34.7, P = 0.007)] and was well tol-
erated in chronic HFpEF [33].

SGLT2i in Hospitalized Patients with T2D
with Decompensated HF (HFrEF
and HFpEF)

Another recent study, the SOLOIST-WHEF trial
(effect of sotagliflozin on cardiovascular events
in patients with type 2 diabetes post worsening
heart failure), focused on a different clinical
scenario. This study analyzed the safety and
efficacy of SGLT2i when initiated soon after an
episode of decompensated HF. Patients with
T2D recently hospitalized for worsening HF
were randomly assigned to receive sotagliflozin
or placebo and were followed up for an average
of 9.0 months. In these patients with T2D with
newly diagnosed, worsening heart failure, sota-
gliflozin therapy started before or shortly after
discharge resulted in a significantly lower total
number of deaths from cardiovascular causes
and hospitalizations and urgent visits for HF
than placebo (HR 0.67, 95% CI 0.52-0.85,
P < 0.001). This result was consistent regardless
of EF at study entry, including patients with
EF > 50%. The percentage of patients with low
blood pressure was comparable in both the
sotagliflozin and placebo groups (6.0% and
4.6%, respectively), as was the percentage with

To reduce mortality for all patients

Class of recommendation |
(Evidence and/or general agreement that a given treatment or
procedure is beneficial, useful, effective)

Angiotensin-converting enzyme inhibitor (ACE-I) /
Angiotensin receptor-neprilysin inhibitor (ARNI)

Mineralocorticoid receptor antagonist
Beta-blocker

Sodium glucose co-transporter 2 inhibitor (SGLT2i)

Fig. 2 Management of heart failure with reduced ejection
fraction to reduce mortality for all patients. Adapted from:
McDonagh TA, et al. 2021. Eur Heart J. 2021 [36]

acute kidney injury (4.1% and 4.4%, respec-
tively). The benefits derived from sotagliflozin
therapy were consistent in the prespecified
subgroups of patients stratified according to the
timing of the first dose [34].

Addressing the vulnerable period of hospital
admission for worsening HF, a meta-analysis
including SOLOIST and SCORED data found a
reduction in the primary endpoint (total death,
hospitalized HF, urgent HF visit) independent of
the ejection function [HFrEF (< 40%), HFmrEF
(40-50%) or HFp (> 50%)] and an NNT of 9 as
well as the existence or not of a previous his-
tory. This highlights the benefits of SGLT2i
across the cardiorenal continuum, with differ-
ent molecules and in different clinical settings
[35].

NEW GUIDELINES: MOVING
TOWARDS AN INTENSIVE

AND MULTIDIMENSIONAL
APPROACH FOR HF TREATMENT

On the basis of this clinical evidence, several HF
guidelines have introduced SGLT2i as a first-line
HF treatment [36-38]. Specifically, the latest
ESC 2021 guidelines [36] and ACC guidelines
update (in which the SOLOIST data have not yet
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Table 3 Main recommendations on SGLT2i use stated in Heart Failure Guidelines [36-38]

ESC 2021 guidelines [36]

¢ Dapagliflozin or empagliflozin are recommended for patients with HFrEF to reduce the risk of HF hospitalization and

death (Class of recommendation I; Level of evidence A)

ACC guidelines [37]

¢ On the basis of large randomized trials for HFrEF, ARNIs, evidence-based beta-blockers, aldosterone antagonists, and
SGLT?2i are first-line medications for all populations. HYD/ISDN is also a first-line medication for self-identified

African Americans. Ivabradine is a second-line medication for select populations

Canadian guidelines* [38]

® We recommend SGLT2i, such as dapagliflozin or empagliflozin, be used in patients with HFrEF, with or without

concomitant type 2 diabetes, to improve symptoms and quality of life and to reduce the risk of HF hospitalization and/

or cardiovascular mortality (strong recommendation; high-quality evidence)

® We recommend SGLT2i, such as empagliflozin, canagliflozin, or dapagliflozin, to treat patients with type 2 diabetes

and atherosclerotic cardiovascular disease to reduce the risk of HF hospitalization and death (strong recommendation;

high-quality evidence)

® We recommend SGLT2i, such as dapagliflozin, be used in patients with type 2 diabetes over 50 years of age with

additional risk factors for atherosclerotic cardiovascular disease to reduce the risk of HF hospitalization (strong

recommendation; high-quality evidence)

® We recommend SGLT?2i, such as canagliflozin or dapagliflozin, be used in patients with albuminuric renal disease, with

or without type 2 diabetes, to reduce the risk of HF hospitalization and progression of renal disease (strong

recommendation; high-quality evidence)

*Values and preferences. These recommendations emphasize the results from large randomized, placebo-controlled trials that

consistently showed a benefit of SGLT2 inhibitor treatment on HF prevention and treatment among patients with and

without type 2 diabetes

been included) [37] include the recommenda-
tion for the use of this group of drugs in all
patients with reduced ejection fraction since the
beginning of HF (Fig. 2), regardless of whether
they have diabetes or not, favoring an intensive
and multidimensional approach for HF
treatment.

Likewise, the Canadian guidelines [38] rec-
ommend that, in the absence of contraindica-
tions, patients with HFrEF be treated with
combination therapy from the beginning,
including one evidenced-based medication
from each of the categories (ARNI, B-blocker,
MRA, and SGLT2i) (strong recommendation;
moderate level of evidence). The main recom-
mendations on the use of SGLT2i stated in the
main guidelines are summarized in Table 3.

FUTURE PERSPECTIVES

IN THE TREATMENT OF HF
FOR PATIENTS

WITH AND WITHOUT T2D

On the basis of these promising findings in
patients with chronic HF, it would be interest-
ing to develop studies that assess the early use of
SGLT2i in the acute phase of admission for HF
and personalize treatment for the most signifi-
cant benefit. Recently, the EMPULSE-HF study
has shown that, among patients with acute
decompensated HF, empagliflozin versus pla-
cebo is associated with significant clinical ben-
efits at 90 days. This trial enrolled participants
regardless of EF or diabetes status, and there was
no evidence for treatment interaction based on
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either of these variables. Empagliflozin versus
placebo was also associated with fewer deaths,
improved quality of life, and greater reduction
in body weight [39]. Currently, other studies are
underway that assess the possible advantages of
other SGLT2i in this context, such as the DIC-
TATE-AHF (https://clinicaltrials.gov/ct2/show/
NCT04298229) and DAPA-ACT HEF-TIMI 68
(https://clinicaltrials.gov/ct2/show/
NCT04363697) studies with dapagliflozin.

Some authors suggest the importance of
evaluating the clinical efficacy and safety of the
SGLT2i in nondiabetic patients with acute
decompensated HF [40]. Acutely decompen-
sated HF is the leading cause of hospitalization
in the elderly and is associated with a high risk
of mortality (in-hospital and post-discharge),
rehospitalization, and health care costs [41].

Safety in hospitalized patients in an unsta-
ble clinical condition could be a concern. For
example, in the DARE-19 trial, treatment with
dapagliflozin did not result in a statistically
significant risk reduction in organ dysfunction,
death, or improvement in clinical recovery in
patients with coronavirus disease 2019 (COVID-
19) [42]. However, the DARE-19 trial suggests
some lessons. First, dapagliflozin was well tol-
erated and can be safely used in patients with
cardiometabolic risk factors who were hospital-
ized with COVID-19 pneumonia, regardless of
their diabetes status. Second, although findings
of dapagliflozin failed to show efficacy in the
COVID-19 acute setting, SGLT2i have a
promising future not only in patients with dia-
betes but also in patients with chronic cardio-
vascular disease or chronic kidney disease, and
perhaps even in asymptomatic people [43].

The SOLOIST, SCORED, and DARE-19 trials
lay the foundations for the use of SGLT2i in the
hospital setting, although its implementation
will require the design of safety and effective-
ness monitoring strategies within multidisci-
plinary care teams.

Unlike in chronic HF, there are currently no
therapies that convincingly improve clinical
outcomes in acute HF, apart from those treating
underlying causes, and SGLT2i could be an
option.

Interestingly, even in the absence of T2D,
insulin sensitivity decreases as HF progresses,

indicating a possible link between HF and glu-
cometabolic alterations and a possible role for
SGLT2i in HF and metabolic syndrome preven-
tion. SGLT2i are also a pharmacologic therapy
with promising potential to alter clinical prac-
tice and influence practice guidelines to prevent
CAD. They have demonstrated great potential
in reducing major adverse cardiac events in
patients with T2D and CAD [44]. Moreover,
among people with T2D and CAD, SGLT2
inhibition with empagliflozin has been associ-
ated with a significant reduction in LV mass
indexed to body surface area after 6 months
[45].

Using these pharmacologic agents as a part
of optimal medical therapy may narrow the gap
between revascularization and optimal medical
therapy alone in patients with T2D and multi-
vessel disease. Future studies on the role of
SGLT2i with regard to HF outcomes are needed
to elucidate the mechanisms and clinical effects
in all these vulnerable populations.

CONCLUSIONS

In HF, morbidity and mortality remain high
despite advances in therapy, and new therapies
are needed to improve the prognosis of these
patients, mainly when T2D is also present.
Patients with T2D show a very high risk of
developing HF, and those with HF are at higher
risk of developing T2D and worse prognoses
when both pathologies are present.
Interestingly, SGLT2i have been shown to
target various mechanisms underpinning the
HF pathogenesis that go beyond the glucose-
lowering effect and metabolic control of dia-
betes. These pleiotropic mechanisms of action
of SGLT2i place them at the intersection of
hemodynamic, metabolic, and neurohumoral
pathways that impact the heart, the kidney, and
the peripheral vasculature, providing them with
a regulatory action on the main mechanisms
involved in the pathogenesis of HF. In fact,
several recent clinical studies (DAPA-HF,
EMPEROR-Reduced, EMPEROR-Preserved,
SOLOIST-WHF trial) and meta-analyses have
demonstrated that SGLT2i reduce the risk of HF
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hospitalization, improve QOL, and increase
survival in HF across the whole LVEF spectrum.
In light of the favorable results obtained in
the studies as mentioned above, SGLT2i are
among the first antidiabetic drugs capable of
reducing cardiovascular risks related to HF and
consistently improving the prognosis in differ-
ent populations and settings. On the basis of
this clinical evidence, several HF guidelines
have introduced SGLT2i as a first-line treatment
for HF from the start, and several studies are
underway to specify the role of SGLT2i with
regard to HF outcomes in different vulnerable
populations, including the hospital setting.
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