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ABSTRACT

Despite the availability of established treat-
ments, heart failure (HF) is associated with a
poor prognosis and its management is subopti-
mal, highlighting the need for new options for
treatment and prevention. Patients with type 2
diabetes (T2D) often experience cardiovascular
(CV) complications, with HF being one of the
most frequent. Consequently, several CV out-
come trials have focused on glucose-lowering
therapies and their impact on CV outcomes. An
established treatment for T2D, sodium-glucose
cotransporter-2 inhibitors (SGLT-2is; canagli-
flozin, dapagliflozin, empagliflozin, and ertu-
gliflozin) have demonstrated beneficial effects
on CV outcomes in long-term studies of
patients with T2D with established CV disease
and/or a broad range of CV risk factors. Recent
studies have extended these findings to patients
with HF, with and without T2D, finding that
SGLT-2is (particularly dapagliflozin and empa-
gliflozin) are effective therapeutic interventions
for the treatment and prevention of HF. This

narrative review article discusses the use of
SGLT-2is in the treatment and prevention of HF
in patients with and without T2D. Dapagliflozin
was the first SGLT-2i to receive US Food and
Drug Administration (FDA) approval for treat-
ment of HF, to reduce the risk of CV death and
hospitalization for HF in adults with HF with
reduced ejection fraction (HFrEF) with and
without T2D. Recently, the FDA also approved
empagliflozin for this indication. Given the new
HFrEF indications for dapagliflozin and empa-
gliflozin, and the likelihood of similar approvals
for other SGLT-2is, cardiology guidelines are
beginning to integrate SGLT-2is into a standard-
of-care treatment regimen for patients with
HFrEF. The utility of SGLT-2is in HF with pre-
served EF (HFpEF) shows promise based on data
from the EMPEROR-Preserved study of empa-
gliflozin in patients with HFpEF. Further clinical
trial evidence may lead to more widespread use
and further integration of SGLT-2is into stan-
dard-of-care regimens for the treatment and
management of HF in patients with and with-
out T2D.

PLAIN LANGUAGE SUMMARY

Heart failure is a medical condition in which
the heart cannot pump enough blood. Several
types of drugs have been used to treat heart

Supplementary Information The online version
contains supplementary material available at https://
doi.org/10.1007/s12325-021-01989-z.

S. Rao (&)
Division of Cardiology, Department of Medicine,
NYU Langone Medical Center, 530 First Avenue,
Skirball 9N, New York, NY 10016, USA
e-mail: Shaline.Rao@nyulangone.org

Adv Ther (2022) 39:845–861

https://doi.org/10.1007/s12325-021-01989-z

https://doi.org/10.1007/s12325-021-01989-z
https://doi.org/10.1007/s12325-021-01989-z
https://doi.org/10.1007/s12325-021-01989-z
https://doi.org/10.1007/s12325-021-01989-z
http://crossmark.crossref.org/dialog/?doi=10.1007/s12325-021-01989-z&amp;domain=pdf
https://doi.org/10.1007/s12325-021-01989-z


failure, but these may not work for every
patient, and heart failure can get worse over
time even with treatment. That is why new
drugs are needed to treat and prevent heart
failure. People with diabetes (type 2 diabetes)
often have other conditions related to the heart
(cardiovascular system), heart failure being one
of the most common. Because of this, there
have been studies (clinical trials) in people with
diabetes to see if diabetes drugs can also treat
and/or reduce the risk of cardiovascular disease.
In clinical trials, a type of diabetes drug,
sodium-glucose cotransporter-2 inhibitors
(SGLT-2is, including canagliflozin, dapagli-
flozin, empagliflozin, and ertugliflozin), has
helped people with both diabetes and cardio-
vascular disease. Recent clinical trials of dapa-
gliflozin and empagliflozin showed they were
effective for treating and preventing heart fail-
ure in people without diabetes as well as in
those with diabetes. Based on these studies, the
US Food and Drug Administration approved
dapagliflozin and empagliflozin for heart failure
in patients with or without diabetes. These
drugs can be prescribed for adults with or
without diabetes to treat and prevent a type of
heart failure, heart failure with reduced ejection
fraction, in which the heart is too weak to pump
enough blood to the body. Several clinical
studies are ongoing that will provide more
information about these drugs, SGLT-2is, which
will help healthcare providers to treat people
with heart failure.

Keywords: Canagliflozin; Cardiovascular; Da-
pagliflozin; Empagliflozin; Ertugliflozin; Heart
failure; Sodium-glucose cotransporter 2 inhib-
itor; Sotagliflozin; Type 2 diabetes

Key Summary Points

Heart failure (HF) has a poor prognosis,
and its management is suboptimal,
necessitating new therapeutic options for
its treatment and management.

In patients with type 2 diabetes, HF is one
of the most frequent cardiovascular (CV)
complications.

The sodium-glucose cotransporter-2
inhibitor (SGLT-2i) class of antidiabetic
drugs has shown beneficial effects on CV
outcomes, including HF.

Specifically, the SGLT-2is dapagliflozin
and empagliflozin have been
demonstrated to be effective for the
treatment and prevention of HF with
reduced ejection fraction.

Additional evidence from clinical studies
may lead to further integration of SGLT-
2is into a standard-of-care regimen for the
treatment and management of HF.

INTRODUCTION

Heart failure (HF) is considered a significant
healthcare issue, affecting over 6 million people
in the US, and this number is expected to
increase to more than 8 million by 2030 [1].
Significant healthcare costs are associated with
HF, particularly direct costs arising from hospi-
talization and medication [2]. Current HF pre-
vention guidelines recommend aggressive
management of risk factors, including treat-
ment of asymptomatic left ventricular dys-
function (with angiotensin-converting enzyme
inhibitors [ACEis]), hypercholesterolemia (with
statins), and hypertension (with diuretics,
ACEis, and angiotensin receptor blockers
[ARBs]), smoking cessation, and reduction of
alcohol intake [3, 4]. Management strategies
include the use of ACEis, ARBs, angiotensin
receptor-neprilysin inhibitors (ARNis), beta
blockers, and mineralocorticoid/aldosterone
receptor antagonists in patients with HF with
reduced ejection fraction (HFrEF) [3–5], whereas
effective treatments are limited for HF with
preserved ejection fraction (HFpEF) [4]. Overall,
HF has a poor prognosis, and management
remains suboptimal.
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HF is one of the most frequent cardiovascular
(CV) complications in patients with type 2
diabetes (T2D), with a prevalence of 10–23% [6].
Coronary artery disease and hypertension are
considered important contributing factors to HF
in T2D [7]. Given the important impact of CV
disease (CVD) in patients with T2D, there has
been a focus on the effects of established glu-
cose-lowering therapies on CV outcomes. An
improvement in glycemic control could be
expected to have CV benefit because T2D is a
risk factor for CVD. However, some glucose-
lowering therapies (such as sodium-glucose
cotransporter-2 inhibitors [SGLT-2is] and glu-
cagon-like peptide-1 receptor agonists) have
shown CVD benefit beyond glycemic control
[8]. Moreover, SGLT-2is have been shown to
have beneficial effects on both CV and renal
outcomes in patients with T2D [9–16], and
SGLT-2is are the first class of antidiabetic drugs
to have demonstrated beneficial effects on HF
outcomes and, thus, may serve as a novel
treatment option for patients without T2D with
or at risk of HF.

As with general CV and renal effects, the
beneficial effects of SGLT-2is on HF outcomes
specifically are thought to be due to nong-
lycemic mechanisms [9, 11]. The cardioprotec-
tive effects of SGLT-2is have been in part
attributed to SGLT-2i–associated reductions in
proximal renal tubule burden and central sym-
pathetic overactivity [17]. A mild state of ketosis
also contributes to a reduction in sympathetic
tone; decreased sympathetic outflow from the
brain to the kidney alters the pressure-natri-
uresis relationship with more renal excretion of
sodium and water at a given pressure, thereby
improving fluid retention [17]. SGLT-2is may
also modulate the renal renin-angiotensin sys-
tem and attenuate renal neprilysin activity [17].

This narrative review examines the role of
SGLT-2is for the prevention and treatment of
HF in individuals with T2D but also as a novel
approach to HF treatment in patients without
T2D. An assessment of important SGLT-2i CV
outcome trials (CVOTs) will provide guidance
on the use of SGLT-2is in routine clinical prac-
tice, specifically their placement in the T2D-
specific and general HF treatment paradigm.
This review also examines existing knowledge

gaps and clinical ramifications of SGLT-2i ther-
apy in clinical practice for the prevention and
treatment of HF, with a focus on current clinical
guidelines as well as physician perspectives.

METHODS

The topic of this narrative review article is the
use of SGLT-2is in the prevention and treatment
of HF in patients with or without T2D. To
identify key studies relevant to this topic, non-
systematic literature searches were conducted in
the PubMed database using search terms asso-
ciated with SGLT-2is (i.e., ‘‘SGLT-2 inhibitor,’’
‘‘sodium-glucose cotransporter 2 inhibitor,’’
‘‘canagliflozin,’’ ‘‘dapagliflozin,’’ ‘‘em-
pagliflozin,’’ ‘‘ertugliflozin,’’ ‘‘sotagliflozin’’) and
heart failure. The PubMed literature searches
were limited to recent publications in English,
published between July 2015 and October 2021,
and to those reporting clinical trials and meta-
analyses of SGLT-2is. Publications identified
through the literature search results were
reviewed, and studies reporting CV and/or renal
outcomes for SGLT-2is were included in the
review.

A potential limitation of the literature search
is that only the PubMed database was searched.
However, it is unlikely that studies meeting the
selection criteria for this review were omitted,
because the majority of journals are indexed on
PubMed, including those in which CV and renal
outcomes trials are likely to be published.
Although applying a date range to the search
excluded studies published before July 2015, it
is unlikely to affect the content of this review
because HF is a new indication for SGLT-2is.

Compliance with Ethics Guidelines

This article is based on the published literature
and does not report any original data from
human or animal studies conducted by the
author.
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SGLT-2I EFFECTS ON
CARDIOVASCULAR OUTCOMES

Evidence of the cardioprotective as well as
renoprotective effects of the SGLT-2is dapagli-
flozin, canagliflozin, empagliflozin, and ertu-
gliflozin is based on several CVOTs
(Dapagliflozin Effect on Cardiovascular
Events–Thrombolysis in Myocardial Infarction
58 [DECLARE-TIMI 58], Canagliflozin Cardio-
vascular Assessment Study [CANVAS], Empagli-
flozin Cardiovascular Outcome Event Trial in
Type 2 Diabetes Mellitus Patients [EMPA-REG
OUTCOME], and Cardiovascular Outcomes
Following Ertugliflozin Treatment in Type 2
Diabetes Mellitus Participants with Vascular
Disease [VERTIS CV], respectively), which
assessed their CV safety [9–14, 16, 18]. The
DECLARE-TIMI 58 (dapagliflozin), CANVAS
(canagliflozin), EMPA-REG OUTCOME (em-
pagliflozin), and VERTIS CV (ertugliflozin)
CVOTs enrolled patients with T2D and estab-
lished CVD and/or a broad range of CVD risk
factors (Table 1) [10, 13, 14, 18]. However, the
patient populations of these studies did vary,
with the proportion of patients having estab-
lished CVD differing across the trials: 40.6% in
DECLARE-TIMI 58, 65.6% in CANVAS,[ 99%
in EMPA-REG OUTCOME, and 100% in VERTIS
CV. Considering the level of established CVD
and range of CVD risk factors, the patient pop-
ulation of DECLARE-TIMI 58 was considered
more indicative of the US population with T2D
[10, 13, 14, 19].

In DECLARE-TIMI 58, dapagliflozin was
associated with a significant 17% reduction in
the composite endpoint of CV death/hospital-
ization for HF (HHF; P = 0.005) and was non-
inferior to placebo for the composite endpoint
of major adverse CV event rate (MACE; com-
posite outcome of CV death, nonfatal myocar-
dial infarction [MI], or nonfatal ischemic stroke;
Table 1) [13]. The reduction in the risk of the
composite outcome of CV death/HHF was sim-
ilar among patients with established CVD or
multiple CV risk factors and was primarily dri-
ven by a lower rate of HHF in the dapagliflozin
group (hazard ratio [HR], 0.73 [95% CI
0.61–0.88]) [13]. Reduction in the risk of CV

death or HHF with dapagliflozin was observed
irrespective of prior MI, with a greater absolute
benefit in those with versus without prior MI
[16]. Regarding canagliflozin (CANVAS) [10]
and empagliflozin (EMPA-REG OUTCOME)
[14], the relative risk of the rate of the 3-point
MACE (i.e., death from CV causes, nonfatal MI,
or nonfatal stroke) was significantly reduced by
14% for both agents [10, 14] versus placebo. In
addition, the risk of HHF was reduced by 33%
with canagliflozin, with the greatest benefit
observed in patients with a prior history of HF at
baseline (Table 1) [10, 11]. The risk of HHF was
reduced by 35% with empagliflozin versus pla-
cebo, with similar benefits observed irrespective
of HF status at baseline (Table 1) [9, 14]. For the
SGLT-2i ertugliflozin (VERTIS CV), MACE (a
composite of death from CV causes, nonfatal
MI, or nonfatal stroke) occurred in a similar
proportion of patients in the ertugliflozin and
placebo groups (11.9% versus 11.9%; P\0.001
for noninferiority) [18]. The outcomes of CV
death/HHF or CV death alone were not signifi-
cantly affected by ertugliflozin; however, HHF
alone was positively impacted by ertugliflozin
(30% risk reduction; Table 1) [18].

A meta-analysis of three of these CVOTs
(DECLARE-TIMI 58, CANVAS, and EMPA-REG
OUTCOME) showed significant reductions in
the risk of CV death or HHF by 23% and the risk
of HHF by 31% with SGLT-2is across patients,
regardless of the presence of CVD or HF at
baseline [20]. The benefits for HHF were greatest
among patients with the lowest estimated
glomerular filtration rate (eGFR;\ 60 ml/min/
1.73 m2), with a significant 40% reduction in
risk (P\0.0001) [20]. The results of these
CVOTs are supported by the findings of several
large-scale, real-world studies that compared
SGLT-2is with other glucose-lowering therapies
[21–25].

Renoprotective outcomes were the focus of
the Canagliflozin and Renal Events in Diabetes
with Established Nephropathy Clinical Evalua-
tion (CREDENCE) and Dapagliflozin and
Prevention of Adverse Outcomes in Chronic
Kidney Disease (DAPA-CKD) studies, which
investigated the effects of SGLT-2is (canagli-
flozin and dapagliflozin, respectively) on renal
failure and CV outcomes in patients with T2D

848 Adv Ther (2022) 39:845–861
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(DAPA-CKD also included patients without
T2D) and albuminuric chronic kidney disease
(CKD) [15, 26]. DAPA-CKD demonstrated a
significantly reduced risk of the primary com-
posite outcome (i.e., sustained decline in
eGFR C 50%, end-stage renal disease [ESRD], or
death from renal or CV causes; HR, 0.61;
P\ 0.001) with dapagliflozin versus placebo
[26]. A benefit with dapagliflozin versus pla-
cebo was also demonstrated on the secondary
composite CV outcome (HHF or death from
CV causes; HR, 0.71; P = 0.009) and on the
secondary composite renal outcome (C 50%
decline in eGFR, ESRD, or renal death; HR,
0.56; P\0.001) [26]. Moreover, DAPA-CKD
reported a significant reduction in the risk of
all-cause mortality with dapagliflozin versus
placebo (HR, 0.69; P = 0.004), which is the first
report of a SGLT-2i reducing the risk of all-
cause mortality in patients with CKD [26]. In
the CREDENCE study with a patient popula-
tion at high risk of kidney failure, canagliflozin
was associated with significant reductions in
the risk of HHF (39%; P\ 0.001), the risk of
CV death or HHF (31%; P\0.001), and the
risk of the composite renal outcome (ESRD,
doubling of serum creatinine level, or death
from renal or CV causes; 30%; P = 0.00001)
[15]. Similarly, the Effect of Sotagliflozin on
Cardiovascular and Renal Events in Patients
with Type 2 Diabetes and Moderate Renal
Impairment Who Are at Cardiovascular Risk
(SCORED) trial assessed the effect of sotagli-
flozin and placebo in patients with T2D and
CKD who had risks for CVD [27]. Despite being
terminated early because of the loss of funding
from the study sponsor, the study found that
sotagliflozin reduced the risk of the composite
primary endpoint of the number of deaths
from CV causes, HHF, and urgent visits for HF
by 26% (HR, 0.74 [95% CI 0.63–0.88];
P\ 0.001). A significant effect was also seen on
the secondary endpoint of the number of HHF
and urgent visits for HF (0.67 [0.55–0.82];
P\ 0.001) but not on other secondary end-
points, including those related to renal
function.

SGLT-2IS AND HF OUTCOMES

There is evidence to indicate that SGLT-2is are
effective in the management of HFrEF. A pre-
specified subgroup analysis of the DECLARE-
TIMI 58 trial data showed that dapagliflozin,
when administered concomitantly with stan-
dard CV therapeutics, reduced the risk of CV
death or HHF to a greater extent in patients
with HFrEF than in those without HFrEF; these
results were found to be largely driven by large
reductions in CV death and all-cause mortality
in patients with HFrEF [28]. Ertugliflozin has
demonstrated effects on HF-related outcomes
based on a subgroup analysis of the VERTIS CV
study [19]. Ertugliflozin treatment was associ-
ated with significant reductions in the risk of
first HHF (HR, 0.07; P = 0.006), the total num-
ber of HHF (first ? recurrent HHF rate ratio
[RR], 0.70; P = 0.001), and total CV death or
HHF events (RR, 0.83; P = 0.011) [19].

The effects of SGLT-2is in the management
of HFrEF have been observed irrespective of the
presence of T2D (Table 1). In one of the first
SGLT-2i CVOTs (Dapagliflozin and Prevention
of Adverse Outcomes in Heart Failure [DAPA-
HF]) to enroll patients specifically diagnosed
with HFrEF (B 40% EF; New York Heart Associ-
ation [NYHA] class II–IV HF symptoms), with or
without T2D [29], dapagliflozin significantly
reduced the risk of the composite outcome of
worsening HF (i.e., hospitalization or an urgent
visit due to HF) or CV death by 26% (P\ 0.001;
Table 1). Reductions were also observed in both
of the components of the primary composite
outcome, CV death (HR, 0.82 [95% CI
0.69–0.98]) and HHF (0.70 [95% CI 0.59–0.83])
[29]. Similar effectiveness was observed in
patients with or without T2D [29], and the
observations in patients without T2D were not
affected by glycated hemoglobin level [30].
These findings from the DAPA-HF study led to
the approval by the US Food and Drug Admin-
istration (FDA) of dapagliflozin for adults with
HFrEF (NYHA class II–IV HF) to reduce the risk
of CV death and HHF [31].

Additional findings pertaining to the bene-
ficial effects of an SGLT-2i in patients with
HFrEF were reported by the Empagliflozin
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Outcome Trial in Patients with Chronic Heart
Failure and a Reduced Ejection Fraction
(EMPEROR-Reduced) study [32]. This study
enrolled adults with chronic HFrEF (B 40% left
EF; NYHA class II–IV HF symptoms), with or
without T2D, treated with empagliflozin or
placebo in addition to the patient’s usual ther-
apy for HF. Empagliflozin reduced the risk of the
composite outcome, adjudicated CV death or
HHF, by 25% (P\ 0.001) and the risk of first
HHF by 31% (HR, 0.69 [95% CI 0.59–0.81];
Table 1). This effect was observed regardless of
the presence of T2D. Furthermore, the total
number of HHF was significantly lower with
empagliflozin (HR, 0.70; P\ 0.001), and the
rate of decline in eGFR was significantly reduced
(absolute difference, 1.73; P\0.001) [32]. On
the basis of these results from the EMPEROR-
Reduced study, the US FDA approved empagli-
flozin as a treatment to reduce the risk of CV
death and HHF in adults with HFrEF [33].

The Effect of Sotagliflozin on Cardiovascular
Events in Patients with Type 2 Diabetes Post
Worsening Heart Failure (SOLOIST-WHF) trial
assessed the effect of sotagliflozin versus pla-
cebo in patients with T2D and HF with reduced
or preserved left EF who had been recently
hospitalized for worsening HF and treated with
an intravenous diuretic [34]. Patients were ran-
domized to receive sotagliflozin or placebo.
Trial enrollment was closed early due to loss of
funding from the sponsor, which resulted in a
change to the primary and secondary end-
points. Sotagliflozin reduced the risk of the
revised primary endpoint of total number of
deaths from CV causes and HHF and urgent
visits for HF by 33% (HR, 0.67 [95% CI
0.52–0.85]; P\ 0.001). Importantly, this effect
was seen in patients with reduced (HR, 0.72
[95% CI 0.56–0.94]) and preserved (HR, 0.48
[95% CI 0.27–0.86]) left EF. A significant
reduction in the first hierarchical secondary
outcome of the number of HHF/urgent visits for
HF was also seen (HR, 0.64; P\0.001), but there
were no significant effects on other secondary
endpoints, including all-cause deaths. A pre-
specified analysis of the SOLOIST-WHF trial
compared the number of days alive and out of
hospital (DAOH) and percent DAOH in the two
treatment groups [35]. Sotagliflozin

significantly increased the number of DAOH
compared with placebo (risk ratio 1.03 [95% CI
1.00–1.06]; P = 0.027) but had no significant
effect on the percent DAOH.

Additional clinical evidence about the ben-
efit of SGLT-2is in patients with HFpEF has been
reported from the Empagliflozin Outcome Trial
in Patients With Chronic Heart Failure with
Preserved Ejection Fraction (EMPEROR-Pre-
served) trial [36]. Patients with and without T2D
who had NYHA class II–IV chronic HFpEF (left
ventricular EF[40%; median 54%) were
enrolled and treated with empagliflozin
(n = 2997) or placebo (n = 2991) in addition to
standard therapy. The primary composite end-
point of death from CV causes or HHF was sig-
nificantly reduced with empagliflozin compared
with placebo by 21% (HR, 0.79 [95% CI
0.69–0.90]; P\0.001) [36]. There was also a
significant reduction in the total number of
HHF (secondary endpoint) with empagliflozin
by 27% (HR, 0.73 [95% CI 0.61–0.88];
P\ 0.001). The patient response to empagli-
flozin was similar in patients with and without
T2D at baseline.

Further studies are needed to ascertain the
mechanisms responsible for improved HF out-
comes with SGLT-2is.

KNOWLEDGE GAPS REGARDING
THE USE OF SGLT-2IS FOR HF
IN CLINICAL PRACTICE

Despite mounting evidence of the cardiopro-
tective effects of SGLT-2is in patients with and
without T2D, there are several knowledge gaps
associated with their use in clinical practice for
the prevention and treatment of HF [37]. For
example, the differential effects of SGLT-2is on
HF outcomes in patients with HFpEF versus
HFrEF are only just being clarified. In clinical
practice, patients with HF are categorized by the
presence of symptoms and EF status, including
those with reduced (\40%; HFrEF), mid-range
(40–49%), and preserved EF ([ 50%; HFpEF),
and treated accordingly [4]. Historically, treat-
ments that have shown efficacy in patients with
HFrEF are typically not effective in those with
HFpEF [38]. Furthermore, there are multiple

852 Adv Ther (2022) 39:845–861



potential pathways involved in the mechanism
of disease for HFrEF and HFpEF. Until these
various mechanisms are clarified, it will be dif-
ficult to develop treatment or dosing strategies
that are relevant to each HF variant. Thus, there
is a clinical unmet need for effective treatments
in patients with HFpEF, a distinct clinical entity
typically with an increase in left ventricular wall
thickness and/or increased left atrial size as a
sign of increased filling pressures as well as
diastolic dysfunction [4, 5]. This is especially
important, as patients with HFpEF and T2D
have been demonstrated to have an increased
risk of mortality, hospitalizations, and other
adverse CV outcomes compared with that of
those with HFpEF without T2D [39–42]. The
CVOTs of SGLT-2is did not prospectively strat-
ify patients by HF category [9, 11, 13]. Subgroup
analyses of the DECLARE-TIMI 58 and CANVAS
trials suggest that SGLT-2is reduced the risk of
CV death or HHF to a greater extent in patients
with HFrEF than in those without HFrEF [28]
and that they reduced the overall risk of HF
events but with no clear differences between
patients with HFrEF and those with HFpEF [43].
However, a meta-analysis of eight studies con-
cluded that SGLT-2is are associated with a
‘‘strong trend’’ toward lowering the risk of CVD/
HHF in patients with HFpEF [44], driven mainly
by data from the SOLOIST-WHF trial of sota-
gliflozin, the first to provide robust evidence
that SGLT-2is may be beneficial in patients with
HFpEF [34].

Several ongoing randomized trials aim to
further guide the use of SGLT-2is in clinical
practice (see Table S1 in the Electronic Supple-
mentary Material) [45]. The Dapagliflozin Eval-
uation to Improve the Lives of Patients with
Preserved Ejection Fraction Heart Failure
(DELIVER) study is investigating the effects of
SGLT-2is on CV and HF outcomes in patients
with HFpEF [46]. Several studies (Dapagliflozin
Effects on Biomarkers, Symptoms and Func-
tional Status in Patients with HF with Reduced
Ejection Fraction [DEFINE-HF], Dapagliflozin
Effect on Exercise Capacity Using a 6-min Walk
Test in Patients With Heart Failure With
Reduced Ejection Fraction [DETERMINE-Re-
duced], Dapagliflozin Effect on Exercise Capac-
ity Using a 6-min Walk Test in Patients With

Heart Failure With Preserved Ejection Fraction
[DETERMINE-Preserved], Impact of Empagli-
flozin on Cardiac Function and Biomarkers of
Heart Failure in Patients With Acute Myocardial
Infarction [EMMY], and Dapagliflozin in PRE-
SERVED Ejection Fraction Heart Failure [PRE-
SERVED-HF]) have been evaluating other
valuable CV-related outcomes. In addition,
similar to DAPA-CKD [26], another study (The
Study of Heart and Kidney Protection With
Empagliflozin [EMPA-KIDNEY]) aims to evalu-
ate renal outcomes and CV mortality with
SGLT-2is in patients with CKD.

Clinicians need evidence-based options
when considering the use of SGLT-2is as part of
a patient’s treatment plan for HF. Although
SGLT-2is appear to be well tolerated in patients
with HF, their longer-term safety when used to
manage HF does need further confirmation.
Thus far, clinical trials that focused specifically
on patients with HF (EMPEROR-Reduced [32],
DAPA-HF [29], SOLOIST-WHF [34], and
EMPEROR-Preserved [36]) have been of rela-
tively shorter duration (median follow-up of
9–26 months) compared with the trials in
patients with T2D (median follow-up of up to
4.2 years). It is hoped that data from ongoing
and future studies will provide additional evi-
dence regarding the beneficial effects of SGLT-
2is on outcomes in patients with HF irrespective
of T2D status as well as demonstrating that
SGLT-2is are safe and effective in both patients
with HFpEF and HFrEF and those with acute HF.

CLINICAL RAMIFICATIONS
OF SGLT-2IS FOR HF PREVENTION
AND TREATMENT

The majority of SGLT-2is available in the US
(i.e., canagliflozin, dapagliflozin, and empagli-
flozin) have indications to reduce adverse CV
outcomes in adult patients with T2D and
established CVD or multiple CV risk factors
[31, 33, 47, 48]. As previously mentioned,
dapagliflozin and empagliflozin have received
US FDA approval for the treatment of adults
with HFrEF that includes those without T2D,
specifically to reduce the risk of CV death and
HHF [31, 33].
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Given the poor prognosis of HF, an effective
therapy targeted for prevention of HF remains
an unmet need [46]. In clinical practice, SGLT-
2is have been recognized as a ‘‘new HF remedy’’
for the management of patients with T2D and
HF [17]. Moreover, there is speculation that
because of their wide-ranging therapeutic
effects, SGLT-2is may also prove useful for
reducing medication burden, which is an
important consideration in patients with mul-
tiple CV-related comorbidities requiring several
therapeutic interventions [49].

The American Diabetes Association and the
European Association for the Study of Diabetes
2019 consensus report recommends the use of
SGLT-2is in patients with T2D and associated
CVD or at high risk of CVD [50–54], whereas
cardiology guidelines have proceeded more
cautiously. In 2019, the European Society of
Cardiology (ESC) guidelines recommended
SGLT-2is (canagliflozin, dapagliflozin, and
empagliflozin) to reduce the risk of HHF in
patients with T2D and risk of CKD progression
[8]. This was followed by two position papers in
2020 by the Heart Failure Association (HFA) of
the ESC recommending the use of SGLT-2is
(empagliflozin, canagliflozin, dapagliflozin, and
ertugliflozin) to reduce the risk of HHF in
patients with T2D with either established CVD
or high CV risk [55, 56]. Additionally, based on
a review of the existing evidence for dapagli-
flozin and empagliflozin, the HFA-ESC recom-
mended these drugs as a treatment for HFrEF in
patients with and without T2D [55, 56]. With
the American College of Cardiology’s release of
the 2021 update to the expert consensus deci-
sion pathway for HF optimization, updates were
included about the use of new therapies for
HFrEF including SGLT-2is [57]. Specifically, in
patients with chronic HFrEF already receiving
beta blockers, an ARNi/ACEi/ARB, and aldos-
terone antagonists, SGLT-2is (dapagliflozin or
empagliflozin) are an add-on to the aforemen-
tioned treatment regimen [57]. Subsequently,
the 2021 ESC guidelines recommended SGLT-
2is (canagliflozin, dapagliflozin, empagliflozin,
ertugliflozin, and sotagliflozin) for the reduc-
tion of HHF, major CV events, end-stage renal
dysfunction, and CV death in patients with T2D
at risk of CV events [58]. Moreover, these

aforementioned SGLT-2is are recommended for
chronic HF prevention in patients with T2D at
high risk of CVD or with CVD [58]. In patients
with HFrEF and T2D, the SGLT-2is dapagli-
flozin, empagliflozin, and sotagliflozin were
recommended to reduce HHF and CV death by
the 2021 ESC guidelines [59]. These guidelines
will be quite valuable for providing broader and
more accessible guidance for the use of SGLT-2is
in clinical practice in patients with or without
T2D at risk of CVD and HF [59].

Although treatment guidelines recommend
SGLT-2is in patients with T2D and established
CVD or at high CV risk, real-world data suggest
that\6% of eligible patients receive SGLT-2is
in clinical practice, and\5% of current pre-
scriptions of SGLT-2is appear to be initiated by
cardiologists [60, 61]. Improving cardiologists’
familiarity with and utilization of SGLT-2is is an
unmet need for HF management in this high-
risk population and will be relevant to expand-
ing the use of SGLT-2is in the general HF pop-
ulation [60, 61].

PHYSICIANS’ PERSPECTIVES
REGARDING THE ROLE OF SGLT-2IS
IN TREATING HF

There is a lack of information available to clin-
icians about the use of SGLT-2is in a HF treat-
ment paradigm. Moreover, with a large
proportion of patients having concomitant T2D
and HF, routine clinical practice should con-
sider a holistic, individualized patient approach,
considering both of these interrelated risk fac-
tors as a means to improve outcomes [59].
Effective integration of SGLT-2i therapy into
the treatment management of HF will require
examination of the existing HF care models in
collaboration across the patient’s healthcare
providers [62, 63]. The involvement of a well-
coordinated team of healthcare providers,
including cardiologists and primary care provi-
ders, will likely result in improved patient out-
comes and increased satisfaction with care.

To optimize CV outcomes, an important
consideration may be the use of SGLT-2i ther-
apy as part of the initial therapeutic approach in
patients with T2D at risk of CVD [64]. Early
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identification of patients at risk of HF would
ensure targeting of SGLT-2is to those who may
achieve maximal benefits, irrespective of whe-
ther the patient needs additional glycemic
control [65]. A therapeutic framework consid-
ering diabetes- and CV-specific risk factors
would be an effective tool to guide therapy with
SGLT-2is [65]. Such a therapeutic framework
would include referral of certain patients to
clinicians with expertise in managing CV com-
plications of diabetes, including treatment
optimization to reduce CV risk [65]. Cardiolo-
gists are likely to encounter patients with CVD
and HF who may benefit from SGLT-2i therapy;
consequently, they are well positioned to initi-
ate SGLT-2is in appropriately selected patients
[62]. A disease management approach has been
proposed as a framework for guiding cardiolo-
gists through patient selection, initiation of
SGLT-2i therapy, and long-term monitoring of
patients (Fig. 1) [4, 62, 66].

Another practical consideration for intro-
ducing SGLT-2i therapy in the HF patient pop-
ulation is the potential for SGLT-2i-related
adverse events (AEs) [62]. Genitourinary infec-
tions, mild in severity and easily treated, are the
most common AEs. The following serious AEs,
although rare, have been associated with SGLT-
2i therapy and should be taken into considera-
tion in patients with underlying comorbidities
and concomitant medications: diabetic
ketoacidosis (DKA), renal injury, volume
depletion, and lower-limb amputation [62].
Indeed, in the recently published SCORED trial
of sotagliflozin, some significant AEs (primarily
diarrhea, genital mycotic infections, volume
depletion, and DKA) were noted [27]. The use of
SGLT-2is as a monotherapy is not associated
with an increased risk of hypoglycemia among
patients with T2D; however, the risk of hypo-
glycemia is increased with concomitant use of a
SGLT-2i and insulin or insulin secretagogues
(e.g., sulfonylurea) [54]. Moreover, the evidence
available thus far suggests that the hypo-
glycemia risk is low among nondiabetic patients
with HF. There has been concern about hypo-
glycemia in patients without T2D receiving
SGLT-2i therapy, but an exploratory analysis of
DAPA-HF demonstrated no major hypo-
glycemia in the patients without T2D [30]. DKA

is not seen in patients without T2D, whereas in
patients with T2D, DKA is a rare AE [67]. The
following factors contribute to an increased risk
of DKA in patients with T2D: insulin/pancreatic
deficiency, low carbohydrate intake, postoper-
ative stress, and excessive alcohol intake
[31, 47, 67]. Additionally, in patients with T2D,
physicians should be aware of euglycemic DKA,
which is diagnosed on the basis of the presence
of serum or urinary ketones irrespective of
normal serum glucose levels [67]. In general,
based on an assessment of overall effectiveness
and safety and tolerability, the benefit-risk
profile of SGLT-2is is considered favorable
(Table 2) [68]. Healthcare professionals can
reduce the potential for serious or severe AEs
among their patients through risk assessment
and identification of patients who are at a lower
risk of AEs before initiating SGLT-2i therapy,
ongoing monitoring through regular clinic vis-
its, and by being aware of and educating their
patients to recognize early signs and symptoms
associated with possible development of com-
plications and the need to seek medical atten-
tion should these occur.

Therapeutic management of patients with
multiple underlying comorbidities will likely
involve co-administration of SGLT-2is with
other CV therapies. Reported drug-drug inter-
actions with SGLT-2is are minimal [62, 68];
moreover, it is noteworthy that many patients
in the SGLT-2i CVOTs were receiving con-
comitant CV medications [9–11, 13, 14]. How-
ever, because of differences in the SGLT-2i
CVOT patient populations, the proportion of
patients who received concomitant SGLT-2is
and CV medications varied [9–11, 13, 14]. For
example, in the DECLARE-TIMI 58 study, 81.3%
of patients received ACEis/ARBs, 52.4% received
beta blockers, 74.9% received a statin or eze-
timibe, and 40.6% received a diuretic [13].
Nevertheless, because of concomitant effects on
diuresis, caution should be exercised when
prescribing SGLT-2is in combination with
ARNis or diuretics [37, 68]. Dose adjustments of
SGLT-2is and/or loop diuretics may be necessary
[8, 69]. In cases of clinical hypovolemia or
ketoacidosis, temporary withdrawal of SGLT-2is
and diuretics may be necessary, along with
administration of fluids and sodium [69]. For
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canagliflozin, a P-glycoprotein substrate, its co-
administration with digoxin may result in
increased plasma levels of digoxin [62].

Sub-analyses of data from the CVOTs and HF
trials indicate that the positive effects of SGLT-2is
on HF outcomes are not affected by patient
characteristics such as anemia status at initiation
of treatment (dapagliflozin) [70], HF etiology
(dapagliflozin) [71], presence of chronic obstruc-
tive pulmonary disease (dapagliflozin) [72],

treatment initiation-associated ‘‘dip’’ in eGFR
(empagliflozin) [73], or concomitant use of ARNis
(empagliflozin) [74]. However, sub-analyses of the
CANVAS trial indicated that patients receiving
diuretics at baseline derived greater benefit from
canagliflozin than patients not receiving diuretics
[75], and that absolute, although not relative, risk
reductions for CV and HF were greater in indi-
viduals with higher Kidney Disease: Improving
Global Outcomes (KDIGO) risk categories [76].

Fig. 1 Proposed modification to the therapeutic algorithm
for a patient with symptomatic HFrEF following results from
DAPA-HF andEMPEROR-Reduced [4, 66]. Reprintedwith
permission from Ponikowski P, Voors AA, Anker SD, et al.
2016 ESC guidelines for the diagnosis and treatment of acute
and chronic heart failure: the Task Force for the diagnosis and
treatment of acute and chronic heart failure of the European
Society of Cardiology (ESC) Developed with the special
contribution of the Heart Failure Association (HFA) of the
ESC. Eur Heart J. 2016;37(27):2129–200. https://doi.org/
10.1093/eurheartj/ehw128. �Oxford University Press.
aNYHA class II–IV, LVEF\ 40%. bUp-titrate to maximum
tolerated evidence-based dose. cWith a hospital admission for
HF within the last 6 months or with elevated natriuretic
peptides (BNP[ 250 pg/ml or NT-proBNP[ 500 pg/ml
in men and 750 pg/ml in women). dWith an elevated plasma
natriuretic peptide level (BNP C 150 pg/ml or plasma NT-
proBNP C 600 pg/ml, or if HF hospitalization within
12 months, plasma BNP C 100 pg/ml or plasma NT-

proBNP C 400 pg/ml). eDapagliflozin and empagliflozin are
the only SGLT-2is that have demonstrated significant and
clinically meaningful reductions in both the CV deaths and
worsening HF components of the primary composite end-
point in patients with HFrEF, both with and without T2D.
ACEi angiotensin-converting enzyme inhibitor, ARB angio-
tensin receptor blocker, ARNI angiotensin receptor-neprily-
sin inhibitor, BNP B-type natriuretic peptide, CRT cardiac
resynchronization therapy, CV cardiovascular, DAPA-HF
Dapagliflozin and Prevention of Adverse Outcomes in Heart
Failure, EMPEROR-Reduced Empagliflozin Outcome Trial
in Patients with Chronic Heart Failure and a Reduced Ejec-
tion Fraction, H-ISDN hydralazine and isosorbide dinitrate,
HF heart failure, HFrEF heart failure with reduced ejection
fraction, LVAD left ventricular assist device, LVEF left ven-
tricular ejection fraction, MR mineralocorticoid receptor,
NT-proBNP N-terminal pro-B-type natriuretic peptide,
NYHA New York Heart Association, SGLT-2i sodium-glu-
cose cotransporter 2 inhibitor, T2D type 2 diabetes
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The addition of an SGLT-2i to background
CV therapy, as a component of a standard-of-
care treatment plan, will require additional
evidence-based assessments. It is important to
bear in mind that existing HF-related guidelines
are not necessarily a good fit for all patients, and
SGLT-2i therapy may be a potentially beneficial
complementary therapy to consider.

CONCLUSIONS

SGLT-2is have been clearly demonstrated as an
effective therapeutic intervention for the treat-
ment and prevention of HFrEF based on the
findings of CVOTs in patients with HFrEF with
and without T2D. Although guidelines for the
treatment of T2D have recommended SGLT-2is
as a therapy for T2D and CV protection for
several years, cardiology guidelines are now
beginning to integrate SGLT-2is into a standard-
of-care treatment regimen for nondiabetic
patients with HFrEF. Recently completed trials

in patients with HFrEF have led to the approval
of dapagliflozin and empagliflozin for the
treatment of HFrEF in patients with or without
T2D, and other similar approvals are likely to
follow shortly. Additional studies are providing
clinical evidence on the role of SGLT-2is in the
treatment of patients with HFpEF with or
without T2D. The EMPEROR-Preserved study
results of empagliflozin in HFpEF are encour-
aging, and the ongoing DELIVER study will also
provide data on dapagliflozin use in HFpEF. The
increasing amount of evidence for SGLT-2i
therapy in patients with HF who do not have
T2D will likely lead to increased use in cardiol-
ogy practice. Therefore, it is important that
cardiologists become familiar with this drug
class and its benefits and risks for their patients.
Given their favorable benefit-risk profile and
wide-ranging effects, it is hoped that SGLT-2is
will provide a useful treatment option to help
reduce the significant disease burden associated
with HF in patients without T2D as well as in
those with T2D.

Table 2 Benefit-risk profile of SGLT-2is for the management of HF [20, 62, 68]

Benefits Risks

Approved indication/guideline recommended (dapagliflozin

and empagliflozin)

Prevention of HF

Reduced rates of MACE, CV mortality, and HHF

Reduction in blood pressure

Safe in patients with eGFR C 30 ml/min/1.73 m2; preserves

renal function in patients with T2D

Improved glycemia in patients with comorbid T2D (but

contraindicated in T1D); no risk of hypoglycemia in those

without T2D

Weight loss

Few drug-drug interactions (most important are

canagliflozin-digoxin interaction [may result in an increase

in digoxin concentrations], and group interaction with

diuretics [may result in volume depletion])

Genitourinary infections (particularly mycotic infections in

women and uncircumcised men; may lead to increased

urinary frequency but not directly associated with UTIs)

Hypotension

Diabetic ketoacidosis (euglycemic) in patients with

comorbid T2D (low risk); diagnosis is based on presence of

serum or urinary ketones irrespective of normal serum

glucose levels

Limb amputation (low risk, more apparent with

canagliflozin and increased risk in those with previous

amputation or PAD)

Hypoglycemia in patients with comorbid T2D (low risk but

more pronounced with concomitant use of insulin or

sulfonylurea therapy)

Fractures (very low risk)

CV cardiovascular, eGFR estimated glomerular filtration rate, HF heart failure, HHF hospitalization for heart failure,
MACE major adverse cardiovascular events, PAD peripheral artery disease, SGLT-2is sodium-glucose cotransporter-2
inhibitors, T1D type 1 diabetes, T2D type 2 diabetes, UTIs urinary tract infections
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