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Abstract

In the 2021 European Society of Cardiology (ESC) heart failure (HF) guidelines, sodium—glucose cotransporter 2 (SGLT2) inhib-
itors were recommended for the prevention of HF in patients with type 2 diabetes mellitus (T2DM) and for the treatment of
HF with reduced ejection fraction (HFrEF). Further trials showed efficacy of empagliflozin and dapagliflozin in patients with HF
with preserved ejection fraction (HFpEF). These results prompted a broadened recommendation for the SGLT2 inhibitors dap-
agliflozin or empagliflozin across the whole left ventricular ejection fraction (LVEF) spectrum in the 2023 Focused Update of
the ESC HF guidelines and in other international guidelines. In SOLOIST-WHF and EMPULSE, sotagliflozin (enrolling only
patients with T2DM) and empagliflozin, respectively, were beneficial when initiated at the end or soon after an episode of de-
compensated HF. Based on these results and on the early appearance of their beneficial effects, the administration of SGLT2
inhibitors should start early in patients hospitalized for acute HF. Analyses after study drug withdrawal in randomized clinical
trials have shown that their benefits may decline rapidly after discontinuation, and thus, persistence of treatment is advised. In
EMPACT-MI, empagliflozin did not reduce the primary outcome of cardiovascular (CV) death/HF hospitalization but reduced
first/recurrent HF hospitalizations. Potential benefits of SGLT2 inhibitors in further specific conditions (i.e., cardiac amyloidosis,
grown-up congenital heart disease and paediatric patients with HF) have been reported in observational studies but need
confirmation from prospective trials. This scientific statement summarizes current evidence regarding the effects of SGLT2
inhibitors for the prevention and treatment of HF.

Keywords GDMT; heart failure; prevention; SGLT2 inhibitors; treatment

Received: 7 August 2025; Accepted: 11 August 2025

*Correspondence to: Marco Metra, Department of Medical and Surgical Specialties, Radiological Sciences, and Public Health, University of Brescia, Brescia, Italy.
Email: metramarco@libero.it

Marco Metra and Daniela Tomasoni contributed equally as first authors.

© 2025 The Author(s). ESC Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided the
original work is properly cited.

9202 ludy /| uo }sanb Aq GG1.88%8/908€/9/2 | /o101E/)y9s8/W0d dno-dlWapese//:sd)y woly papeojumod


mailto:metramarco@libero.it
http://creativecommons.org/licenses/by/4.0/

SGLT2 inhibitors for the prevention and treatment of heart failure: A scientific statement of the HFA and the HFAI 3807

Introduction

Heart failure (HF) entails a poor prognosis, and sodium—
glucose cotransporter (SGLT) type 2 (SGLT2) inhibitors
(SGLT2is) are now among the pillars for its prevention and
treatment. Dapagliflozin, canagliflozin and empagliflozin
demonstrated a reduced occurrence of HF hospitalizations
in patients with type 2 diabetes mellitus (T2DM), thereby es-
tablishing their pivotal role for HF prevention, leading to
their recommendation for the prevention of HF in patients
with T2DM at high risk or with cardiovascular (CV) disease.®
Following the evidence of the preventive effect in patients
with T2DM with and without underlying CV disease,
dapagliflozin, empagliflozin and sotagliflozin have then been
assessed in patients with HF irrespective of the presence of
diabetes. Thereafter, based on the results of DAPA-HF
(Dapagliflozin And Prevention of Adverse outcome in Heart
Failure) and EMPEROR-Reduced (Empagliflozin Outcome
Trial in Patients with Chronic Heart Failure and a Reduced
Ejection Fraction), the SGLT2is dapagliflozin and empagliflo-
zin were recommended in both the 2021 European Society
of Cardiology (ESC) and 2022 American College of Cardiology
(ACC)/American Heart Association (AHA)/Heart Failure Soci-
ety of America (HFSA) HF guidelines as foundational therapy
for patients with HF with reduced ejection fraction (HFrEF)
to reduce the risk of HF hospitalization and CV death, and
sotagliflozin has been indicated for the treatment of diabetic
patients with HF.>™®

Additional randomized controlled clinical trials with
SGLT2is were accomplished after the 2021 ESC guidelines.’
EMPEROR-Preserved (Empagliflozin Outcome Trial in Patients
with Chronic Heart Failure with Preserved Ejection Fraction)
and DELIVER (Dapagliflozin Evaluation to Improve the Lives
of Patients with Preserved Ejection Fraction Heart Failure)
met their primary composite endpoint in patients with HF
and left ventricular (LV) ejection fraction (LVEF) >40%.”%
Their implications for clinical practice were deemed as so sig-
nificant to prompt an update of the ESC guidelines 2 years af-
ter the former full-length version.>°

Furthermore, new recommendations for the prevention of
HF in patients with chronic kidney disease (CKD) were
prompted by the results of the EMPA-KIDNEY (Study of Heart
and Kidney Protection with Empagliflozin) trial and a large
meta-analysis including previous trials.’®** Treatment
options for HF with preserved ejection fraction (HFpEF),
CKD and metabolic conditions (e.g., obesity and diabetes)
have expanded in recent years, raising practical questions
regarding combination therapies.’®> Additional trials with
SGLT2is for the prevention of HF in patients after myocardial
infarction (MI), as well as for the treatment of patients
hospitalized due to acute HF, have been published to date.

The aim of this scientific statement by the Heart Failure Asso-
ciation (HFA) of the ESC in collaboration with the Heart Failure
Association of India (HFAI) is to summarize current evidence
with SGLT2is issued after the publication of the 2021 ESC HF
guidelines and having an impact on clinical practice (Figure 1).

Figure 1 Trials with sodium—glucose cotransporter 2 inhibitors for the prevention and treatment of heart failure (HF). Dotted lines indicate trials in-
cluding also patients during HF hospitalizations or with a recent episode of worsening HF. HFmrEF, HF with mildly reduced ejection fraction; HFpEF, HF
with preserved ejection fraction; HFrEF, HF with reduced ejection fraction; T2DM, type 2 diabetes mellitus.
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Prevention of HF
T2DM and established atherosclerotic CV disease

The serendipity for SGLT2is and HF originated from the
EMPA-REG OUTCOME trial (Empagliflozin Cardiovascular
Outcome Event Trial in Type 2 Diabetes Mellitus Patients),
which demonstrated a 35% relative risk reduction in
hospitalization for HF in patients with T2DM and established
atherosclerotic CV disease who were treated with
empagliflozin. Additional SGLT2is (canagliflozin, dapagliflozin
and ertugliflozin) and the dual SGLT1 inhibitor/SGLT2i
sotagliflozin were studied in large outcome trials in patients
with T2DM and atherosclerotic CV disease or at high risk of
CV events.'®*#1718 Although the results of the trials differed
with respect of major CV events and CV deaths, with signifi-
cant reduction in CV death only in EMPA-REG OUTCOME
trial, a reduction in HF hospitalizations was shown in all trials
with no heterogeneity across them.'*'°2* |n addition to
meta-analyses, a target trial emulation showed no differ-
ences between dapagliflozin and empagliflozin in 6 year CV
outcomes in adults with T2DM with or without coexisting
atherosclerotic CV disease or HF.?*

The number of HF hospitalizations in these trials was
rather small, with, hence, a small absolute risk reduction
(ARR). For instance, in EMPA-REG OUTCOME, HF hospitaliza-
tions were reduced by 35% [hazard ratio (HR) 0.65; 95%
confidence interval (Cl) 0.50-0.85] based on a reduction to
0.94 HF hospitalizations per 100 patient-years on empagliflo-
zin versus 1.45 HF hospitalizations per 100 patient-years on
placebo, with an ARR of 0.51 HF hospitalizations per 100 pa-
tient-years. Even smaller values were reached in other trials,
though with no heterogeneity across them.*’ *%2! Bio-
markers, namely, N-terminal pro-brain natriuretic peptide
(NT-proBNP) and high-sensitivity troponin T (hs-TnT), may
help select the patients at higher risk in whom a larger bene-
fit from SGLT2i administration may be expected.?

Based on the results of major randomized controlled trials
(RCTs) and meta-analyses, SGLT2is were recommended for
the prevention of HF in patients with T2DM and atheroscle-
rotic CV disease or at high CV risk in the 2016 ESC HF
guidelines.’ This indication was confirmed in the 2021 ESC
HF guidelines.>¢7*826 |n the 2023 ESC guidelines for the
management of CV disease in patients with diabetes, SGLT2is
(empagliflozin, canagliflozin, dapagliflozin, ertugliflozin or
sotagliflozin) were recommended in patients with T2DM with
CV risk factors or established atherosclerotic CV disease to re-
duce the risk of HF hospitalization.?’

Differences between SGLT inhibitors

There are major differences in the relative inhibition of SGLT1
and SGLT2 among the SGLT inhibitors (e.g., sotagliflozin has a

20x selectivity for SGLT2, compared with SGLT1, in compari-
son with a 2500x selectivity and 1200x selectivity for empa-
gliflozin and dapagliflozin, respectively), and this may explain
different benefits on major adverse cardiovascular event
(MACE).?® SGLT1 is a low-capacity, high-affinity glucose trans-
porter expressed in the late renal proximal tubule, where it is
responsible for absorbing around 3% of urinary glucose in
normal individuals. It is also expressed in the capillaries of
the heart, brain and skeletal muscle and, mainly, in the brush
border of the small intestine, where its inhibition results in an
alteration in the intestinal microbiome that leads to an in-
crease in the secretion of the incretin glucagon-like peptide-
1 (GLP-1) and a decrease in glucose-dependent insulinotropic
polypeptide (GIP). GLP-1 increase might be responsible for a
greater reduction in the incidence of stroke and, to a lesser
extent, M| observed with the SGLT1 inhibitor/SGLT2i
sotagliflozin compared with SGLT2 inhibition alone, through
a decrease in platelet activation and an increase in athero-
sclerotic plaque stability.?®2°

CKD

CKD is another major risk factor for the development of
HF.2%31 The main results of trials testing SGLT2is in patients
with CKD, with or without diabetes, are summarized in
Table 1.107133273¢ \Meta-analyses of SGLT2i trials issued af-
ter the 2021 ESC HF guidelines showed the efficacy of
SGLT2is to prevent new HF events in patients with CKD
and diabetes, but not in patients with CKD and no diabetes,
likely for the small number of events.’*??> Based on these
results, SGLT2is were recommended in patients with CKD
and T2DM to reduce the risk of HF hospitalization and CV
death in the 2023 HF guidelines update and to reduce
the risk of CV death and kidney failure in the 2023 ESC
guidelines for the management of CV disease in patients
with T2DM.%%’

No data are available for patients with severe CKD, as
patients with an estimated glomerular filtration rate (eGFR)
<20, <25 or <30 mL/min/m?> were excluded from
trials.**"131® Thys, initiation of SGLT2is cannot be advised in
patients with a severe impairment in kidney function.”®

Of note, despite significant P values, the ARRs for HF
events were small in the trials in patients with CKD because
of their relatively small number. ARRs ranged from 0.25 to
1.04 per 100 patient-years in the trials in patients with
diabetes and from 0.80 to 1.39 per 100 patient-years in
the CKD trials. Hence, the number needed to treat (NNT)
ranged from 95 to 400 patients in the diabetes trials and
from 72 to 125 patients in the CKD trials.?” Nevertheless,
relative risk reductions remained meaningful (12%-34%
and 29%—31%, respectively) and consistent across different
trials.?2%’
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Patients at risk after an acute Ml

The effects of early SGLT2i initiation after an acute Ml were
investigated in two major trials, DAPA-MI (Dapagliflozin in
patients with myocardial infarction)®® and EMPACT-MI
(Empagliflozin on Hospitalization for Heart Failure and
Mortality in Patients with Acute Myocardial Infarction).>
They were both neutral on their primary endpoints (CV death
or HF hospitalization and all-cause death or HF hospitaliza-
tion, respectively). Of note, the residual risk of the enrolled
patients was low. EMPACT-MI selected patients at risk for
HF, defined by either evidence of a newly developed
LVEF < 45% or signs or symptoms of congestion requiring
treatment during the index hospitalization (or both) and at
least one additional enrichment factor. Additional risk factors
were broad (e.g., age >65 years, severe LV dysfunction, and
also three-vessel coronary artery disease or peripheral artery
disease). Examining the individual components of the primary
endpoint, the risk of first HF hospitalization (HR 0.77; 95% ClI
0.60-0.98), but not of all-cause death (HR 0.96; 95% Cl 0.78—
1.19), was significantly reduced with empagliflozin as com-
pared with placebo.*®*! Due to the small number of events,
the effect on HF hospitalization was, however, small in
absolute terms, with an HF hospitalization rate of 5.9 events
per 100 patient-years on empagliflozin versus 6.6 events per
100 patient-years on placebo.** EMPRESS-MI, using cardiac
magnetic resonance imaging, failed to show effects of early
treatment with empagliflozin on cardiac volumes or LVEF in
patients with post-MI LV systolic dysfunction receiving con-
temporary standard of care.*?

Treatment of HF
HFrEF

SGLT2is are one of the four foundational drugs for HFrEF,
along with angiotensin receptor—neprilysin inhibitors
(ARNIs)/angiotensin-converting enzyme inhibitors (ACEis),
beta-blockers and mineralocorticoid receptor antagonists
(MRAs).*® In the DAPA-HF and EMPEROR-Reduced trials,
treatment with dapagliflozin and empagliflozin, compared
with placebo, in addition to optimal medical therapy, reduced
the risk of major HF outcomes by 25%—26% in ambulatory pa-
tients with HFrEF (Table 2).> Moreover, dapagliflozin and
empagliflozin alleviated HF symptoms and improved physical
function and quality of life.*®4° Benefits were seen early after
the initiation of the SGLT2i. The effects were similar, with no
significant interaction, in patients with and without diabetes
and across the whole spectrum of glycated haemoglobin
(HbA1c) values.

Beneficial effects were mainly driven by the reduction in
HF hospitalizations. The relative risk reduction in all-cause

mortality was smaller compared with pivotal trials with neu-
rohormonal modulators. However, reduction in mortality,
compared with previous decades, may reduce the likelihood
of influencing this endpoint with new drugs.

The ARR of major events may be interpreted differently,
but it was, in any case, larger than in the trials in patients
with diabetes or CKD.3”-*° Reduction in all-cause deaths and
CV deaths reached statistical significance in DAPA-HF but
not in EMPEROR-Reduced, though with no heterogeneity
between the two trials.>* The ARR ranged from 1.6 to 0.5
all-cause and CV deaths per 100 patient-years, lower than
the values found in most of the neurohormonal modulators
trials.>>>%°2 Larger values were found for HF hospitalizations
alone, which were reduced by 30%-31% (HR 0.70; 95% ClI
0.59-0.83 in DAPA-HF and HR 0.69; 95% CI 0.59-0.81
in  EMPEROR-Reduced) with an ARR of 3.7 and 4.8,
respectively.>*°?

Based on the results of DAPA-HF and EMPEROR-Reduced,
dapagliflozin or empagliflozin was recommended in patients
with HFrEF to reduce HF hospitalizations and CV death,
regardless of diabetes status.>>*® Including the results of
SOLOIST-WHF, which enrolled patients with diabetes and
worsening HF, sotagliflozin was also recommended to
improve outcomes in patients with HFrEF and T2DM.>>*

No further major outcome trial with SGLT2is in outpatients
with HFrEF was conducted after publication of the ESC HF
guidelines. However, several secondary analyses of DAPA-HF
and EMPEROR-Reduced trials, as well as pooled analyses of
these trials, were published.**™®? These secondary analyses
generally corroborated the consistency of treatment benefits
across several subgroups of patients, stratified by demo-
graphic characteristics (e.g., sex and age),>*°%%% comorbidities
and concomitant treatments.®®®° A meta-analysis suggested
treatment-by-subgroup interactions for subgroups based on
New York Heart Association (NYHA) functional class, race and
regions.”! The pooled HR for patients in NYHA Class Il differed
from that for patients in Class llI-1V with an attenuated effect
reported in patients with more severe HF symptoms (interac-
tion P = 0.0087).%* With respect of race, the effects on the pri-
mary outcome were smaller in the white patients (HR 0.83;
95% ClI 0.74-0.93), compared with black and Asian ones (HR
0.53; 95% C1 0.37-0.76 and HR 0.61; 95% CI 0.49-0.75, respec-
tively; P = 0.0063 for subgroup interactions). Similarly, SGLT2i
effects were larger in North and Latin American and Asian pa-
tients than in European ones.’®>* These results are hypothesis
generating and would deserve appropriate trials, which are,
however, unlikely to occur.

HF with mildly reduced ejection fraction (HFmrEF)
and HFpEF

Post hoc analyses of CANVAS and DECLARE-TIMI 58 sug-
gested that patients with diabetes and HFpEF might have
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benefited from treatment with SGLT2is. However, in these
analyses, only a small number of events were reported.®*®*
Pre-specified subgroup analyses of the SOLOIST-WHF trial
showed consistent treatment effect across the LVEF
spectrum, but the early termination of the trial and the small
sample size limited the interpretation of these results.>*

EMPEROR-Preserved and, 1 year later, DELIVER showed
the efficacy of SGLT2 inhibition also in patients with HFmrEF
and HFpEF.*>4%%% Detailed inclusion criteria for each trial are
reported in Table 2. Empagliflozin reduced the combined risk
of CV death or hospitalization for HF (HR 0.79; 95% Cl 0.69—
0.90; ARR 1.8 events per 100 patient-years), irrespective of
diabetes history.” Similarly, dapagliflozin significantly reduced
the primary composite endpoint of CV death or worsening HF
event (either an HF hospitalization or an urgent HF visit) (HR
0.82; 95% ClI 0.73-0.92; ARR 1.8 events per 100 patient-
years). There was a significant reduction only in HF hospitali-
zations and not in CV death alone in each single trial. Overall,
SGLT2is prevented 5-8 HF hospitalizations per 100 patient-
years in HFrEF trials and 2—3 worsening HF events per 100 pa-
tient-years of treatment in HFpEF trials.>® The results were
consistent regardless of the baseline glycaemic status,®’ dura-
tion of HF,%® baseline LVEF,%® history of reduced ejection frac-
tion with subsequent improvement (HFimpEF),”® background
medical therapy®’*™”® and multiple other clinically relevant
variables.®®

Using study-level published data from EMPEROR-Reduced,
EMPEROR-Preserved and SOLOIST-WHF and participant-level
data from DAPA-HF and DELIVER with harmonized endpoint
definitions, a pre-specified and pre-registered meta-analysis
of these trials (n = 21 947) confirmed the efficacy of SGLT2is
in patients with HF irrespective of LVEF.%° Overall, SGLT2is
reduced the risk of CV death or hospitalization for HF (HR
0.77; 95% Cl 0.72—-0.82), with an NNT of 25 (20-31) over a
weighted mean of 23 months’ follow-up. The risk of a first
hospitalization for HF was reduced [HR 0.72; 95% Cl 0.67—
0.78; NNT 28 (24-35)]. The meta-analysis also showed a re-
duction in CV death [HR 0.87; 95% Cl 0.79-0.95; NNT 88
(54-229)] and death from any cause [HR 0.92; 95% CI 0.86—
0.99; NNT 92 (52-733)].%° Of note, there was no evidence
of between-trial heterogeneity of treatment effect for any
of these outcomes.®® The effect of SGLT2is on the composite
of CV death or first HF hospitalization was consistent across
14 clinically relevant subgroups with no heterogeneity except
for NYHA functional classification, with an attenuation of ef-
fect in patients with NYHA Class Il or IV (HR 0.86; 95% CI
0.77-0.95) compared with those with NYHA Class Il (HR
0.72; 95% Cl 0.67-0.79); P value for heterogeneity 0.015.°

Background diuretic therapy

Changes in diuretic therapy may be an index of HF severity,
with the need to increase diuretic doses that may be

regarded as a worsening HF event, consistent with poorer
outcomes.”*”> SGLT2is were associated with a meaningful
reduction of both inpatient and outpatient worsening HF
events.***”7* Dapagliflozin significantly reduced new initia-
tion of loop diuretics in DELIVER.’ First sustained loop di-
uretic dose increases were less frequent, and sustained dose
decreases were more frequent in patients treated with empa-
gliflozin in EMPEROR-Preserved.** The mean dose of loop di-
uretic increased over time in the placebo arm, whereas this
was attenuated with SGLT2i treatment. The reduction in di-
uretic need after the initiation of SGLT2is might be the conse-
quence of both renal and cardiac long-term benefits.>%¢%7¢

Quality of life and exercise capacity

SGLT2is improved symptoms and quality of life, mainly mea-
sured using the Kansas City Cardiomyopathy Questionnaire
(KCcQ), in major RCTs.%>77782 A meta-analysis of 14 RCTs, in-
cluding 21 737 patients, showed a significant improvement in
the Kansas City Cardiomyopathy Questionnaire Overall Sum-
mary Score (KCCQ-0SS) of 1.94 points (95% Cl 1.41-2.46) at
3 months and of 2.18 points (95% Cl 1.13-3.24) at 6 months
from baseline with SGLT2i compared with placebo, irrespec-
tive of LVEF.%? It has been argued about the clinical signifi-
cance of these results, as the difference from placebo was
rather small, with statistical significance influenced by the
large size of the study groups. Second, a consistent propor-
tion of patients had a good quality of life at baseline with,
therefore, virtually no room for further improvement.”® It
must be, however, also considered that the value of such rel-
atively small changes is greater as collected in the context of
a double-blind trial compared with data from unblinded trials
or with medications affecting other objective and easily de-
tectable parameters, such as body weight.>>8378>

Studies focused on the assessment of the effects of
SGLT2is on quality of life and exercise capacity have been
more recently published. DETERMINE (Dapagliflozin Effect
on Exercise Capacity Using a 6-Minute Walk Test in Patients
With Heart Failure) was a double-blind, placebo-controlled,
multicentre trial assessing the efficacy of dapagliflozin on
symptoms, quality of life and exercise capacity in patients
with HFrEF and HFpEF. Dapagliflozin administration was asso-
ciated with a significant improvement in the Kansas City
Cardiomyopathy Questionnaire Total Symptoms Score
(KCCQ-TSS) at 16 weeks in patients with HFrEF (4.2; 95% ClI
1.0-8.2; P = 0.022) but not in patients with HFpEF. Also, the
6 min walking test distance (6MWTD) tended to improve with
dapagliflozin but without reaching statistical significance
versus placebo.® In the double-blind PRESERVED-HF trial
(Effects of Dapagliflozin on Biomarkers, Symptoms and Func-
tional Status in Patients With Preserved Ejection Fraction
Heart Failure), patients randomized to dapagliflozin were
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more likely to show an improvement in the 6MWTD and less
likely to have its deterioration, compared with placebo.?”

Invasive haemodynamics

CAMEO-DAPA (Cardiac and Metabolic Effects of Dapagliflozin
in HFpEF) was a single-centre, double-blind, randomized, pla-
cebo-controlled trial testing the effects of dapagliflozin on in-
vasive haemodynamic parameters at rest and during exercise
at baseline and after 24 weeks.®® Dapagliflozin administration
reduced pulmonary capillary wedge pressure (primary end-
point) at rest [estimated treatment difference —3.5 mmHg
(95% Cl —6.6 to —0.4); P = 0.029] and maximal exercise
[—5.7 mmHg (95% Cl —10.8 to —0.7); P = 0.027].%8 Further
analyses showed an improvement in arterial compliance, an
increase in venous capacitance and a better ventilatory control
during exercise with dapagliflozin administration.%-°°

Other studies were based on patients with a previously
implanted pulmonary artery pressure sensor (CardioMEMS)
and showed a significant improvement in haemodynamic
parameters, namely, a reduction in pulmonary artery diastolic
pressure with SGLT2is versus placebo. Results were consis-
tent regardless of LVEF and at different time points (from
8-12 to 24 weeks).”*? The size effect seems, however, small
[—1.5 (95% Cl —0.2-2.8) mmHg lower at Weeks 8-12].%

SGLT2i withdrawal

Packer et al. reported the results of a pre-specified analysis of
the effects of blinded withdrawal of empagliflozin in the
EMPEROR-Reduced and EMPEROR-Preserved trials.”> Com-
pared with the 90 days prior to the end of the study, during
the first 30 days after drug withdrawal, the annualized risk
of CV death or hospitalization for HF increased in patients
withdrawn from empagliflozin but not in those withdrawn
from placebo (from 10.74 to 17.04 events per 100 patient-
years versus from 13.47 to 14.11 events per 100 patient-years
in patients who were receiving empagliflozin and placebo,
respectively; HR 1.75; 95% Cl 1.20-2.54). Consistently, the
Kansas City Cardiomyopathy Questionnaire Clinical Summary
Score (KCCQ-CSS) declined by 1.6 + 0.4 in patients withdrawn
from empagliflozin versus placebo (P < 0.0001). Withdrawal
of empagliflozin was accompanied by increases in fasting
glucose, body weight, systolic blood pressure, eGFR, NT-
proBNP, uric acid and serum bicarbonate and decreases in
haemoglobin and haematocrit (all P < 0.01).°> These
dramatic changes mirrored the early effects of treatment
=1-3 years earlier in the same group of patients. Though they
cannot clarify the mechanism of action of SGLT2is, they show
that it is short-lived with the need to maintain treatment in
the long term.

Comorbidities

Patients with HF suffer from a range of comorbidities, which
have an impact on outcomes and quality of life and affect the
prescription of medical therapy.>®9+%°

Obesity and adiposity

Obesity is very common in contemporary HFpEF cohorts. Up
to a 96% prevalence of central obesity, assessed by the
waist-to-height ratio, was reported in PARAGON-HF.?® There
was a 45% prevalence of obesity in the DELIVER and
EMPEROR-Preserved trials. The treatment effect of dapagli-
flozin and empagliflozin versus placebo was consistent across
all the body mass index (BMI) and waist-to-height ratio cate-
gories with no significant interaction.’”?® Health-related
quality of life improved, and body weight fell in all BMI
categories, with greater improvement in more obese
patients.’”?® The weight loss with SGLT2is is generally mod-
erate (on average 1-2 kg placebo-adjusted weight loss) due
to counter-regulatory mechanisms striving to maintain body
weight.®® In patients with obesity, SGLT2is might be
combined with other agents having anorexigenic effects, for
example, GLP-1 receptor agonists (GLP-1RAs) that have
demonstrated favourable effects on body weight, quality of
life, exercise capacity and possibly outcomes in patients with
HFpEF and obesity.°>%°2 Trials in patients with T2DM show
that the beneficial effects of GLP-1RAs on CV events and HF
hospitalizations are maintained regardless of SGLT2i use with
a possibility of synergistic effects through complementary
mechanisms of action.*>**3

Hypertension and hypotension

A potential antihypertensive effect of SGLT2is has
been proposed. However, it seems to be present only in
patients with higher blood pressure at baseline, whereas
changes in blood pressure are minimal in patients with lower
blood pressure.’®*'%> Pparticipants from DELIVER and
EMPEROR-Preserved with treatment-resistant hypertension
had the highest rate of the primary outcome with a similar,
if not larger, risk reduction with dapagliflozin or empagliflozin
compared with patients with non-resistant hypertension and
controlled blood pressure.'°®107

Hypotension is often a major limitation to the implementa-
tion of medications acting through neurohormonal mecha-
nisms. A systolic blood pressure <95-100 mmHg was
generally an exclusion criterion in the major HF trials with
dapagliflozin and empagliflozin, and we, thus, have no data
for these patients. Changes in blood pressure were, however,
minimal, in the range of a small 1-2 mmHg, compared with
placebo, in patients with the lowest blood pressure at
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baseline in HF trials, making the administration of SGLT2is
well tolerated and supporting their early and safe initiation
also in patients not tolerating renin—angiotensin system
(RAS) inhibitors for hypotension.'%®114

Treatment effects of both dapagliflozin and empagliflozin
were consistent irrespective of baseline systolic blood pres-
sure across all trials in patients with HF.2°¢7111

CKD

All HF trials showed a slower decline in eGFR with the SGLT2is
compared with placebo.?*7® Beneficial effects on CV and re-
nal outcomes, as well as on the slope of eGFR decline, were
shown across subgroups of patients with HF and with or with-
out comorbid CKD.**>**° |mprovement in kidney function
may allow better tolerance of other evidence-based thera-
pies for HF, such as MRA.*?0:121

An early eGFR reduction due to reduced intraglomerular
pressure has been consistently shown after SGLT2i initiation.
However, it had no untoward relation with outcome.'?%123

An eGFR < 20-30 mL/min/1.73 m? of body surface area
was an exclusion criterion in major HF trials. Thus, dapagliflo-
zin or empagliflozin cannot be recommended in patients with
the lowest eGFR.>° However, retrospective analyses support
prosecution of SGLT2i administration even in patients show-
ing deterioration of kidney function. In a participant-level
pooled analysis of the DAPA-HF and DELIVER trials, Chatur
et al. evaluated the associations between a decline of eGFR
to <25 mL/min/1.73 m?, dapagliflozin administration, effi-
cacy and safety outcomes.?* Patients with a deterioration
of kidney function to an eGFR of <25 mL/min/1.73 m? had
a heightened risk of subsequent events. Prosecution of
dapagliflozin administration was associated with lower rates
of the primary composite outcome with a similar safety also
in these patients experiencing a deterioration of kidney
function.'?*

With respect to other comorbidities, treatment benefits of
SGLT2is were not affected by baseline history of diabetes and
background glucose-lowering therapy, peripheral artery

disease, chronic obstructive pulmonary disease or liver
disease.60,62,69,125,126

Acute HF

Evidence from recent trials supports the early initiation of
SGLT2is in patients with recent HF decompensation or during
a hospitalization due to acute HF.”#113127.128 Thjs indication
is supported by the analysis of patients starting treatment
while hospitalized or early after discharge in DELIVER,**° by
the post hoc analysis of SOLOIST-WHF of patients starting
sotagliflozin before discharge for worsening HF**® and by
the EMPULSE (Empagliflozin in Patients Hospitalized with

Acute Heart Failure Who Have Been Stabilized) trial. The
EMPULSE trial demonstrated a benefit on the combined end-
point of quality of life and outcomes with empagliflozin ad-
ministration, versus placebo, in patients recently hospitalized
for HF.*3! Clinical benefit was seen as early as at 15 days and
maintained through 90 days and was achieved regardless of
the degree of symptomatic impairment at baseline.'*?
Further trials in acute HF are summarized in Table 51,2337
In a secondary analysis of the EMPULSE trial, Biegus et al.
showed that empagliflozin, compared with placebo, signifi-
cantly reduced all the studied markers of decongestion, in-
cluding weight loss, weight loss adjusted for mean daily loop
diuretic dose, area under the curve of change from baseline
in NT-proBNP levels, haemoconcentration and clinical con-
gestion score at all time points.**®

Potential decongestive mechanisms of SGLT2is might
include osmotic diuresis, natriuresis, preservation of
glomerular filtration and facilitation of interstitial drainage,
which can collectively translate into effective and safe
decongestion.’®”*38 parallel vasopressin release and renal
water reabsorption may, however, quickly counterbalance
the osmotic diuresis leading to increased urine concentration
with thereby urine volume stabilization.**® Thus, the limited
diuretic response to SGLT2is results from a rapid renal adap-
tation to these drugs that is nearly complete within a few
days or weeks, preventing a persistent effect.**° Additional
mechanisms, including urinary loss of calories as a result of
glycosuria and stimulation of erythropoietin production and
erythrocytosis, have also been advocated to explain loss of
weight and the increase in haematocrit.>®34141

The recently published DICTATE-AHF trial randomized
240 patients within 24 h of hospital presentation for
hypervolaemic acute HF to dapagliflozin 10 mg once daily
or structured usual care diuretic titration. The primary out-
come of diuretic efficiency, defined as cumulative weight
change per cumulative loop diuretic dose, was not signifi-
cantly different between dapagliflozin and usual care [odds
ratio (OR) 0.65; 95% ClI 0.41-1.02; P = 0.06]. Dapagliflozin
was associated with a reduction in loop diuretic doses and
fewer intravenous diuretic up-titrations to achieve
decongestion.**?

Dapagliflozin was also tested in patients admitted due to
acute HF and with diuretic resistance, defined as an inade-
quate response to an intravenous loop diuretic.”**** DAPA-
RESIST was a multicentre, open-label, randomized trial com-
paring dapagliflozin 10 mg or metolazone 5-10 mg once daily
for 3 days in patients hospitalized for acute HF and with di-
uretic resistance. Diuretic effect, assessed as change in body
weight at Day 5, was not different, but patients assigned to
dapagliflozin received a larger cumulative dose of furose-
mide, resulting in a lower diuretic efficiency.**”*%4

A real-world analysis using linkable administrative data-
bases in Ontario, Canada, supports early SGLT2i initiation to
improve prognosis in acute HF.'*> Other smaller studies were
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published,**® and further ongoing studies may provide addi-

tional evidence as regards the optimal timing for early initia-
tion of SGLT2is in patients hospitalized due to acute HF with
volume overload.**’

Valvular heart disease and other
structural heart diseases

Aortic stenosis

Patients with valvular heart disease, including those undergo-
ing transcatheter aortic valve implantation (TAVI), have been
excluded from SGLT2i randomized trials. Raposeiras-Roubin
et al. conducted an RCT to evaluate the efficacy of dapagliflo-
zin, as compared with standard care alone, in 1222 patients
with aortic stenosis who were undergoing TAVI and had a his-
tory of HF plus at least one of the following: renal insuffi-
ciency, diabetes or LV systolic dysfunction.™®*9 At 1 year
follow-up, death from any cause or worsening HF, defined
as hospitalization or an urgent visit, the primary outcome,
occurred in 91 patients (15.0%) in the dapagliflozin group ver-
sus 124 patients (20.1%) in the standard-care group (HR 0.72;
95% Cl 0.55—-0.95). Reduction in all-cause death did not reach
statistical significance (HR 0.87; 95% ClI 0.59-1.28), whereas
worsening HF events were less with dapagliflozin (HR 0.63;
95% CI 0.45-0.88; ARR 5%).1%°

Cardiomyopathies and congenital heart disease

Patients with infiltrative cardiomyopathies and with congeni-
tal heart disease were excluded from RCTs. Thus, evidence re-
garding their use in this specific setting is still scarce and
based on observational studies.

In a retrospective analysis of 2356 consecutive patients
with transthyretin amyloid cardiomyopathy (ATTR-CM), ad-
ministration of SGLT2is was associated with less worsening
of NYHA functional class, NT-proBNP and eGFR values; fewer
new initiations of loop diuretics; and lower risk of HF-related
events at 12 months at propensity score analysis.>*° Results
in ATTR-CM were confirmed in an independent study.***
Discontinuation rate for SGLT2i in this population ranged
between 4.5% and 11.5% and was most commonly due to
genitourinary symptoms.°%>1

The SONATA-HCM (NCT06481891) is a phase 3, random-
ized, double-blind, placebo-controlled multicentre trial that
is evaluating the efficacy of sotagliflozin on symptoms, func-
tional capacity and other patient-reported outcomes, as well
as safety in patients with symptomatic hypertrophic cardio-
myopathy (HCM).

Initial experience with SGLT2is in paediatric patients shows
their good tolerability and possible efficacy. Larger studies are

needed to evaluate them in this population.'>* Neijenhuis
et al. reported the safety, tolerability and short-term HF-re-
lated benefits of SGLT2is in a real-world population of adults
with congenital heart disease (ACHD).**3

These data provide a rationale to extend the use of
SGLT2i in patients with cardiac amyloidosis and ACHD
(Figure 2), but prospective randomized data are needed to
confirm safety and to prove efficacy in these specific groups
of patients.

Mechanistic trials

Mechanisms underlying the positive effects of SGLT2is have
been extensively reviewed.?% 371547158 The effects of SGLT2is
on cardiac remodelling and myocardial function were studied
in relatively few trials.*>>®° A total of 162 patients with sta-
ble HF (52% with LVEF > 40%) were enrolled in the
DAPA-MODA trial. Left atrial volume index (LAVI) showed a
significant reduction at 180 days, primarily due to a decrease
in reservoir volume; LV geometry improved with significant
reductions in LV mass index, end-diastolic volume and end-
systolic volume.*®® An early remodelling of the left atrium
due to acute dynamic changes in left heart filling parameters
has been described after 5 days of treatment with empagliflo-
zin versus placebo among patients hospitalized with acute
decompensated HF.'®' A long-term favourable effect of
SGLT2is on LV remodelling has been previously described in
patients with T2DM and/or HFrEF,*®%%62183 byt not in the
EMPA-HEART 2 CardiolLink-7 randomized clinical trial,
including individuals with risk factors for adverse cardiac re-
modelling but neither diabetes nor significant HF.2®* A
meta-analysis of six trials, including 555 patients, suggested
LV reverse remodelling with an improvement in LV volumes,
LVEF and LAVI in patients with HFrEF receiving SGLT2is. Re-
duction in LV mass index did not reach statistical significance,
and no significant change in LV global longitudinal strain was
noted.*®®

Several clinical studies have shown that SGLT2is promote
erythrocytosis and reduce inflammation.>®14%166167 Transfer-
rin saturation, ferritin and hepcidin were reduced, and total
iron-binding capacity and soluble transferrin receptor in-
creased with SGLT2is compared with placebo.'®’

EMPA-VISION (Assessment of Cardiac Energy Metabolism,
Function and Physiology in Patients With Heart Failure Taking
Empagliflozin) failed to demonstrate a significant change in
myocardial energetics as assessed with cardiac phosphocrea-
tine:ATP ratio (PCr/ATP) at rest and during peak dobutamine
stress. Likewise, no changes in serum metabolomics or levels
of circulating ketone bodies were observed.'®®

SGLT2is likely act directly, even independently from the
presence of SGLT2 receptors, on the myocardial cells with a
down-regulation of nutrient surplus and an up-regulation of
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Figure 2 Evidence supporting the use of sodium—glucose cotransporter 2 inhibitors across different heart failure (HF) stages and phenotypes.ACHD,
adults with congenital heart disease; ATTR-CM, transthyretin amyloid cardiomyopathy; CKD, chronic kidney disease; CV, cardiovascular; DHF, decom-
pensated HF; HFH, HF hospitalizations; LVEF, left ventricular ejection fraction; MI, myocardial infarction; RCT, randomized controlled trial; T2DM, type
2 diabetes mellitus; TAVR, transcatheter aortic valve replacement; WHF, worsening HF.
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nutrient deprivation signalling pathways and of autophagy
with an increase in the expression and activity of adenosine
monophosphate-activated protein kinase (AMPK), sirtuin 1
(SIRT1), sirtuin 3 (SIRT3), sirtuin 6 (SIRT6) and peroxisome
proliferator-activated receptor y coactivator 1-o (PGC1l-a)
and decreased activation of mammalian target of rapamycin
(mTOR). Such mechanisms are likely able to improve myocar-
dial function even in the short term with, however, rapid loss

of efficacy after their withdrawal.?**>>:69

Implications for clinical practice

Based on the results of major RCTs and the lack of heteroge-
neity in meta-analyses, dapagliflozin and empagliflozin are
now advised for the treatment of all the patients with HF in-
dependently from their LVEF and diabetes status.>® No signif-
icant difference that could justify the use of one drug over
the other was found. To date, sotagliflozin is approved in
the European Union for the treatment of type 1 diabetes
and in the United States, since May 2023, to reduce the risk
of death due to HF and, possibly, CV events in patients with
T2DM.

The time needed to reach statistical significance of a clini-
cal effect is very dependent on the size of the study group.
However, Kaplan—Meier curves for time-to-first-event

analysis diverge early in SGLT2i trials,”® and they are

effective and well tolerated also when initiated in-hospital
in patients with acute decompensation of HF after
stabilization.’*>*3%171 |t is therefore now advised to start
them early once the patients receive a diagnosis of HF or ex-
perience an episode of decompensation.®**31%’

Due to the safety profile, good tolerability, ease of admin-
istration and efficacy alongside the entire spectrum of HF,
SGLT2is represent first-line therapy for HF patients, regard-
less of LVEF (Figure 2).%°%89172 Although the relative risk re-
duction in all-cause mortality is much smaller in current
SGLT2i trials compared with that achieved in the past trials
with beta-blockers and MRAs,***3 these agents still cause a
significant reduction in HF hospitalizations and improve qual-
ity of life,®? all very important aspects for the patient’s clinical
journey.'”?

A low eGFR (<20-25 mL/min/m?) and, possibly, a low sys-
tolic blood pressure (<95-100 mmHg) seem to be the main
limitations to their use based on the inclusion criteria of ma-
jor RCTs. Nevertheless, secondary analyses of these trials
showed a minimal decrease in systolic blood pressure after
SGLT2i initiation, potentially extending the treatment to
hypotensive patients. Urinary tract infection is the most
frequent adverse event and cause of discontinuation. Impor-
tantly, caution is needed with SGLT2is in patients with type 1
diabetes.?” Adding an SGLT2i at a lower than usual dose to in-
sulin therapy in these patients may facilitate glucose control
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and decrease glucose excursions, thereby reducing insulin
doses and hypoglycaemia.'’* However, SGLT2i therapy in-
creased the risk of diabetic ketoacidosis.'”* Ketoacidosis at
lower glucose levels, so-called ‘euglycaemic ketoacidosis’,
has been reported in 2%—-3% of patients with type 1 diabetes
taking SGLT2is.}”®

Implementation in clinical practice

There is now a major indication for SGLT2is in patients with
HF, irrespective of their LVEF.’

A recent analysis of the Swedish HF registry showed that
eligibility to treatment with dapagliflozin or empagliflozin
applies to up to 80% of patients with HFrEF and 75% of
patients with HFmrEF and HFpEF, respectively.}”® Using data
from the Global Burden of Disease 2017 report, Talha et al.
estimated that ~50 million patients with HF have an
indication to SGLT2is, with almost half of them with an
LVEF > 40%. Based on the results of clinical trials, adminis-
tration of these medications would prevent 7-8 million
worsening HF events and CV deaths over 3 years with a ma-
jor saving on healthcare costs.'”” Similar data were obtained
in an analysis of the National Health and Nutrition Examina-
tion Survey.'’®

The rate of use of SGLT2is in clinical practice remains, how-
ever, suboptimal. Treatment of the patients recently hospital-
ized for HF was analysed in EVOLUTION HF (Utilization of
Dapagliflozin and Other Guideline Directed Medical Therapies
in Heart Failure Patients: A Multinational Observational Study
Based on Secondary Data). Mean times from the day of
hospitalization to initiation of guideline-directed medical
therapies (GDMTs) were longer for novel medications
(SGLT2is or sacubitril/valsartan) than for other GDMTs.
Twenty-three per cent of the patients discontinued SGLT2is
during 12 months of follow-up with better persistence com-
pared with other GDMTs.*”®

Stolfo et al. showed a three-fold increase, from 20.5% to
59.0%, in the administration of SGLT2is in patients with HFrEF
enrolled in the Swedish HF registry between 1 November
2020 and 5 August 2022. Interestingly, the steeper increase
in SGLT2i use occurred after the release of the 2021 ESC HF
guidelines, which introduced them among the four pillars
for the treatment of HFrEF. Discontinuation rate at 6 and
12 months was 13.1% and 20.0%, respectively.’®° Thus, the
adoption in clinical practice seems more rapid, and the dis-
continuation rate was lower with SGLT2is than with the other
traditional medications for HF. However, these results still re-
main largely suboptimal, although due to the single-dose ap-
plication and good tolerability, their implementation appears
to be unproblematic. Poor socioeconomic support, limita-
tions in the organization of HF management, non-specialist
care and clinical inertia still play a major role.}”7:179-182

Conclusions

We have summarized recent data that prompted a change in
current indications to SGLT2is for the prevention and treat-
ment of HF across various patient populations.?* The reduc-
tion in HF events with SGLT2is in patients with CKD and
T2DM further expanded their indication for the prevention
of HF in these patients. More consistently, based on the re-
sults of primary endpoints of major clinical trials, empagliflo-
zin and dapagliflozin improved outcomes in patients with HF
irrespective of LVEF and are recommended for the treatment
of HF across the entire LVEF spectrum in the 2023 ESC HF
guidelines. Additive and synergistic effects of SGLT2is with
both MRAs and GLP-1RA support the combination therapy
across the entire cardiovascular—-kidney—metabolic spectrum.
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