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ABSTRACT

Sodium-glucose co-transporter 2 (SGLT-2) inhibitors are the latest addition to guideline-di-
rected medical therapy in heart failure (HF) with reduced ejection fraction with recent trials 
suggesting a significant reduction in adverse cardiovascular outcomes in patients with HF with 
mildly reduced and preserved ejection fraction. SGLT-2 inhibitors have evolved as metabolic 
drugs due to their multi-system effects and are indicated for the management of HF across 
the ejection fraction spectrum, type 2 diabetes, and chronic kidney disease. There is ongoing 
research to explore the mechanistic effects of SGLT-2 inhibitors in HF and to evaluate their 
use in worsening HF and after myocardial infarction. This review focuses on the evidence for 
SGLT-2 inhibitors from type 2 diabetes cardiovascular outcome and primary HF trials and dis-
cusses ongoing research related to their use in cardiovascular disease.
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INTRODUCTION

Traditionally known as anti-hyperglycemic drugs, sodium-glu-
cose co-transporter 2 (SGLT-2) inhibitors have established 
themselves as a pivotal therapy for heart failure (HF) across the 
complete spectrum of left ventricular ejection fraction (LVEF). 
The therapeutic effect in HF of SGLT-2 inhibitors was initially 
signaled in the first cardiovascular outcome trial for empagli-
flozin in the management of type 2 diabetes mellitus (T2DM) in 
the Empagliflozin Cardiovascular Outcome Event Trial in Type 
2 Diabetes Mellitus Patients Removing Excess Glucose (EMPA-
REG OUTCOME) trial1) in 2013 that revealed a significant reduc-

tion in the secondary endpoint of HF hospitalizations in the em-
pagliflozin group compared to placebo. Further cardiovascular 
outcome trials further consolidated this evidence of a reduction 
in HF hospitalizations and cardiovascular death indicating a 
possible direct drug effect of SGLT-2 inhibitors in HF indepen-
dent of its anti-hyperglycemic properties. This prompted several 
landmark clinical trials in HF irrespective of diabetes status, 
which affirmed the efficacy of SGLT-2 inhibitors for HF. In this 
review, we discuss the scope and the current evidence of SGLT-2 
inhibitors in HF and the ongoing trials and prospects of this 
promising therapy in HF.
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SGLT-2 INHIBITORS AS GLUCOSE-
LOWERING AGENTS
SGLT-2 receptors are exclusively present on renal proximal convo-
luted tubules and are responsible for the reabsorption of almost 
all of the body’s glucose and the majority of sodium filtered in the 
glomerulus. The inhibition of this receptor caused a diuretic effect 
causing the excretion of both sodium and glucose, presenting 
a non-insulin-dependent way of reducing serum glucose levels, 
without increasing the risk of hypoglycemia. The first oral SGLT-2 
inhibitor was found to reduce hyperglycemia in rats, indicating a 
potential role in the management of T2DM.2) Randomized clinical 
trials proved the efficacy of SGLT-2 inhibitors in causing a modest 
reduction in hemoglobin A1c of 0.5% to 1.1% and since the past 
2 decades, empagliflozin, dapagliflozin, canagliflozin, and er-
tugliflozin have been approved for use in T2DM. Similar to GLP1 
agonists and DPP4 inhibitors, SGLT-2 inhibitors were required to 
undergo outcomes trials to ensure that the drugs did not increase 
the risk of cardiovascular disease, as mandated by the US Food 
and Drug Administration in 2008, after rosiglitazone, a promising 
thiazolidinedione was found to increase the risk of cardiovascular 
events.3)

CARDIOVASCULAR OUTCOME TRIALS 
IN TYPE 2 DIABETES
The EMPA-REG OUTCOME1) evaluated cardiovascular outcomes 
with empagliflozin in 7,020 patients with established cardiovas-
cular disease with a median follow-up of 3.1 years. Empagliflozin 
was found to have a significant 14% (12.1% vs. 10.5%; hazard ratio 
[HR], 0.86; 95% confidence interval [CI], 0.74–0.99) reduction 
in the primary composite endpoint of major adverse cardiovas-
cular events (cardiovascular mortality, nonfatal stroke, nonfatal 
myocardial infarction; MACE-3) compared to placebo, primarily 
attributed to a 38% significant reduction in cardiovascular death. 
All-cause mortality was also significantly reduced by 32% with em-
pagliflozin (5.7% vs. 8.3%; HR, 0.68; 95% CI, 0.57–0.82]). In the 
context of HF, empagliflozin was found to significantly reduce HF 
hospitalizations by 35% (2.7% vs. 4.3%; HR, 0.65; 95% CI, 0.50–
0.85). This finding was unexpected and required validation from 
other parallel studies. The Canagliflozin and Cardiovascular and 
Renal Events in Type 2 Diabetes (CANVAS)4) and the Dapaglifloz-
in and Cardiovascular Outcomes in Type 2 Diabetes (DECLARE 
TIMI)5) trials reported similar findings with canagliflozin and da-
pagliflozin, respectively. The Canagliflozin and Renal Outcomes 
in Type 2 Diabetes and Nephropathy (CREDENCE)6) trial pri-
marily evaluated kidney-related outcomes with canagliflozin and 
found a significant 31% reduction in the secondary composite 

outcome of cardiovascular death and HF hospitalizations with 
canagliflozin compared to placebo as a secondary outcome. The 
Cardiovascular Outcomes With Ertugliflozin in Type 2 Diabetes 
(VERTIS) trial7) evaluated cardiovascular outcomes with ertugli-
flozin in a similar cohort of patients; the study did not find er-
tugliflozin to be superior to placebo in reducing the MACE-3 
endpoint; however, a significant reduction in HF hospitalizations 
was reported in the ertugliflozin arm. A pooled meta-analysis of 
these trials8) revealed a significant reduction in MACE-3 events, 
all-cause mortality, cardiovascular deaths, and HF hospitaliza-
tions. The consistency of these findings, especially the reduction 
in HF hospitalizations indicated that SGLT-2 inhibitors may have 
an independent role in the management of HF.

HF WITH A REDUCED EJECTION 
FRACTION (HFrEF)
The findings of reduction in cardiovascular death and HF hos-
pitalizations in cardiovascular outcome trials in patients with 
T2DM prompted further investigation of the drug’s potential 
role in the management of HF. The Dapagliflozin and Prevention 
of Adverse Outcomes in Heart Failure (DAPA-HF) trial9) was the 
first study that evaluated the efficacy of an SGLT-2 inhibitor in 
patients with HFrEF. The trial enrolled 4,744 patients with stable, 
chronic HF with LVEF <40% that were followed over a period of 
18 months. Dapagliflozin was found to significantly reduce the 
primary composite outcome of cardiovascular death, HF hos-
pitalizations, and urgent HF visits compared to placebo (16.3% 
vs. 21.2%; HR, 0.74; 95% CI, 0.65–0.85). Moreover, all compo-
nents of the primary composite outcome were individually found 
to be significantly reduced with dapagliflozin therapy, and the 
treatment effect was persistent independent of baseline diabetes 
status.10)

This landmark study was followed by the Empagliflozin Outcome 
Trial in Patients With Chronic Heart Failure and a Reduced 
Ejection Fraction (EMPEROR-Reduced) trial11) that evaluated the 
efficacy of empagliflozin in a similar cohort, albeit with a lower 
mean LVEF of up to 27% vs. up to 31% in DAPA-HF. The trial 
enrolled 3,730 patients with a median follow-up of 16 months. 
Empagliflozin significantly reduced the composite outcome 
of cardiovascular death and HF hospitalizations compared to 
placebo with a relative risk reduction of 21% (19.4% vs. 24.7%; 
HR, 0.75; 95% CI, 0.65–0.86). The results were driven by a sig-
nificant 31% relative risk reduction in HF hospitalizations (HR, 
0.69; 95% CI, 0.59–0.81). A further pooled analysis from both 
these trials showed a significant reduction in all-cause mor-
tality with a relative risk reduction of 13% (HR, 0.87; 95% CI, 
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0.77–0.98).12) Moreover, a significant reduction in the composite 
endpoint of cardiovascular death and HF hospitalizations was 
observed in the treatment group (HR, 0.74; 95% CI, 0.68–0.82) 
with a 14% reduction in cardiovascular death (HR, 0.86; 95% CI, 
0.76–0.98) (Table 1).

HF WITH A PRESERVED EJECTION 
FRACTION (HFpEF)
HFpEF is a more complex phenotype of HF than HFrEF, which is 
characterized by diastolic dysfunction commonly seen in the geri-
atric population with concomitant cardio-renal-metabolic co-mor-
bidities, constitutes nearly half of the total HF burden, and unlike 
HFrEF has limited treatment options. The Effect of Sotagliflozin 
on Cardiovascular Events in Patients With Type 2 Diabetes Post 
Worsening Heart Failure (SOLOIST-WHF) trial13) was the first trial 
to indicate that SGLT-2 inhibitors may have a benefit in reducing 
cardiovascular events in patients with HFpEF and T2DM. The Em-
pagliflozin Outcome Trial in Patients With Chronic Heart Failure 
With Preserved Ejection Fraction (EMPEROR-Preserved) trial14) 
was the first study that exclusively evaluated the efficacy of SGLT-2 
inhibitors (empagliflozin) in patients with HF with mildly reduced 
(HFmrEF) and HFpEF irrespective of patient’s diabetes status. 
The trial enrolled a total of 5,988 patients with LVEF >40% with 
New York Heart Association (NYHA) II and NYHA III symptoms. 
The results were similar to those reported in EMPEROR-Reduced; 
empagliflozin reduced the primary composite outcome of cardio-
vascular death and HF hospitalizations by 19% (13.8% vs. 17.1%; 
HR, 0.79; 95% CI, 0.69–0.90), driven by a significant 27% risk 
reduction in HF hospitalizations. The reduction in the primary 
endpoint was observed as early as 18 days after drug initiation.15) Of 
note, attenuation of treatment effect was observed at LVEF >60% 
(HR, 0.87; 95% CI, 0.69–1.10) in the trial indicating that the drug 
possibly is more efficacious at the lower end of the normal LVEF 
spectrum in HFpEF.16) The reduction in the primary endpoint was 
consistent regardless of baseline diabetes status.17)

The Dapagliflozin Evaluation to Improve the Lives of Patients 
With Preserved Ejection Fraction Heart Failure (DELIVER) trial18) 
evaluated the efficacy of dapagliflozin in patients with HFmrEF 
and HFpEF. The trial was similar in design to EMPEROR-Pre-
served except that the inclusion criteria were broadened to 
include patients with improved LVEF (patients that had a reduced 
LVEF but had improved to LVEF >40% with medical therapy). 
The primary composite endpoint comprised of unplanned HF 
hospitalization, urgent visits for HF, and cardiovascular death. 
A total of 6,263 patients were enrolled with a median duration 
of follow-up of 2.3 years. Dapagliflozin was found to significant-

ly reduced the primary composite endpoint by 18% compared 
to placebo (16.4% vs. 19.5%; HR, 0.82; 95% CI, 0.73–0.92), 
driven largely by a significant 21% reduction in HF hospitaliza-
tions and urgent visits for HF (11.8% vs. 14.5%; HR, 0.79; 95% 
CI, 0.69–0.91) (Table 1). The reduction in the primary endpoint 
was consistent across patients with LVEF ≥60% (HR, 0.78; 95% 
CI, 0.62–0.98), in contrast to what was observed in the EMPER-
OR-Preserved trial.

NON-SELECTIVE SGLT INHIBITION

Sotagliflozin is a non-selective SGLT-1 and SGLT-2 inhibitor. The 
SGLT-1 receptor is primarily located in the intestines and is re-
sponsible for mucosal sodium and glucose absorption from in-
testinal contents. Sotagliflozin was evaluated for early initiation 
following an HF hospitalization in patients with T2DM in the 
SOLOIST-WHF trial. This trial differed from other HF cardio-
vascular outcome trials in several ways; it only enrolled patients 
with T2DM and those with a recent worsening HF (WHF) event. 
Patients were randomized to treatment and placebo close to 
discharge from the hospital (up to 49% before and 51% within 
2 days of discharge). The trial enrolled 1,222 patients that were 
followed for a median of 9 months before the trial ended early 
due to loss of funding from the sponsor. There was a 33% reduc-
tion in the primary endpoint of cardiovascular death, HF hospi-
talizations, and urgent HF visits compared to placebo (51.0% vs. 
76.3%; HR, 0.67; 95% CI, 0.52–0.85), primarily driven by a sig-
nificant reduction in WHF events (HR, 0.64; 95% CI, 0.48–0.83). 
This effect was observed across the complete spectrum of LVEF 
with statistical significance in the primary endpoint observed in 
both LVEF ≤50% and LVEF >50% on subgroup analysis.

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) trial19) evaluated car-
diovascular outcomes with sotagliflozin in 10,584 patients at 
increased risk of cardiovascular events over a median follow-up 
of up to 14 months. The trial was initially planned for a co-pri-
mary endpoint of MACE-3 events and time to first cardiovascular 
death and HF hospitalization. However, the primary endpoint 
was later changed to a composite endpoint of total cardiovascu-
lar deaths, HF hospitalizations, and urgent HF visits due to low 
recruitment because of the coronavirus disease 2019 (COVID-19) 
pandemic. The drug was found to significantly reduce the risk 
of occurrence of the primary endpoint compared to placebo (5.6 
events per 100 person-years [PY] vs. 7.5 events per 100 PY; HR, 
0.74; 95% CI, 0.63–0.88), driven by a significant reduction in HF 
hospitalizations and urgent HF visits (HR, 0.67; 95% CI, 0.55–
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Table 1. Summary of trials that evaluated the use of sodium-glucose co-transporter 2 inhibitors in heart failure
Study Primary endpoint Study drug Number Inclusion criteria Median 

follow-up 
(months)

Outcomes

HF with reduced ejection fraction
DAPA-HF Primary composite outcome of 

worsening HF (hospitalization 
or an urgent visit resulting in 
intravenous therapy for HF) 
or death from cardiovascular 
causes

Dapagliflozin 4,744 Adults (≥18 years of age), LVEF 
of 40% or less, and NYHA 
class II, III, or IV symptoms

18 Reduction in the primary composite 
outcome in the dapagliflozin group 
(HR, 0.74; 95% CI, 0.65–0.85)
Reduction in total HF 
hospitalizations in the dapagliflozin 
group (HR, 0.70; 95% CI, 0.59–
0.83)
Reduction in death from 
cardiovascular causes in the 
dapagliflozin group (HR, 0.82; 95% 
CI, 0.69–0.98)

EMPEROR-Reduced Primary composite outcome 
of death from cardiovascular 
causes or hospitalization for HF 
(first or recurrent)

Empagliflozin 3,730 Adults (≥18 years of age), LVEF 
of 40% or less, and NYHA 
class II, III, or IV symptoms

16 Reduction in the primary composite 
outcome in the empagliflozin group 
(HR, 0.75; 95% CI, 0.65–0.86)
Reduction in the first hospitalization 
for HF in the empagliflozin group 
(HR, 0.69; 95% CI, 0.59–0.81)
No difference in death from 
cardiovascular causes (HR, ;95% CI, 
0.75–1.12)

HF with preserved ejection fraction
EMPEROR-Preserved Primary composite outcome 

of death from cardiovascular 
causes or hospitalization for HF 
(first or recurrent)

Empagliflozin 5,988 Adults (≥18 years of age), LVEF 
of more than 40%, and NYHA 
class II, III, or IV symptoms

26 Reduction in the primary composite 
outcome in the empagliflozin group 
(HR, 0.79; 95% CI, 0.69–0.90)
Reduction in total HF 
hospitalizations in the empagliflozin 
group and (HR, 0.71; 95% CI, 
0.60–0.83)
No difference in death from 
cardiovascular causes (HR, 0.91; 
95% CI, 0.76–1.09)

DELIVER Primary composite outcome of 
worsening HF (hospitalization 
or an urgent visit resulting in 
intravenous therapy for HF) 
or death from cardiovascular 
causes

Dapagliflozin 10,584 Adults (≥18 years of age), LVEF 
of more than 40%, and NYHA 
class II, III, or IV symptoms, 
including patients with 
improved LVEF

28 Reduction in the primary composite 
outcome in the dapagliflozin group 
(HR, 0.82; 95% CI, 0.73–0.92)
Reduction in worsening HF events in 
the dapagliflozin group (HR, 0.79; 
95% CI, 0.69–0.91)
No difference in death from 
cardiovascular causes (HR, 0.88; 
95% CI, 0.74–1.05)

WHF
SOLOIST-WHF Total number of deaths 

from cardiovascular causes 
and hospitalizations and 
urgent visits for HF (first and 
subsequent)

Sotagliflozin 1,222 Adults 18 to 85 years of 
age with type 2 diabetes 
hospitalized for worsening HF 
and received treatment with 
intravenous diuretic therapy

9 Reduction in the primary end-point 
events in the sotagliflozin group (HR, 
0.67; 95% CI, 0.52–0.85)

EMPULSE Hierarchical composite 
outcome of time to all-cause 
death, the number of HF 
exacerbations, time to first HF 
exacerbation, and a 5 point or 
greater difference in change 
from baseline in KCCQ-TSS after 
90 days of treatment

Empagliflozin 530 Adults (≥18 years of age 
who were hospitalized 
with worsening HF with 
characteristics signs and 
symptoms of volume overload

3 Empagliflozin was superior in 53.9% 
of paired comparisons and placebo 
was superior in 39.7%, whereas 
6.4% of comparisons were tied (win 
ratio 1.36; 95% CI, 1.09–1.68)

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 Ejection Fraction; EMPEROR-Preserved = Empagliflozin Outcome Trial in Patients With Chronic Heart Failure With Preserved Ejection 
Fraction; DELIVER = Dapagliflozin Evaluation to Improve the Lives of Patients With Preserved Ejection Fraction Heart Failure; SOLOIST-WHF = Effect of Sotagliflozin 
on Cardiovascular Events in Patients With Type 2 Diabetes Post Worsening Heart Failure; EMPULSE = The SGLT2 Inhibitor Empagliflozin in Patients Hospitalized 
for Acute Heart Failure: A Multinational Randomized Trial; HF = heart failure; KCCQ-TSS, Kansas City Cardiomyopathy Questionnaire – Total Summary Score; 
NYHA = New York Heart Association, LVEF = left ventricular ejection fraction; HR = hazard ratio; CI = confidence interval; WHF = worsening heart failure.



0.82). Although there was no significant difference in the overall 
number of adverse events between sotagliflozin and placebo 
(23.4% to 25.2%), patients who received sotagliflozin had a 
higher rate of diarrhea, diabetic ketoacidosis, genital mycotic in-
fections, and volume depletion.

Sotagliflozin is not yet approved by the FDA for use in HF and the 
trials experienced serious issues due to the COVID-19 pandemic 
resulting in trials ending early with lower-than-anticipated 
numbers and modified primary endpoints. The trials did show 
a signal for efficacy of sotagliflozin, and it may have a future role 
in HF management.

WHF

Findings from major trials in chronic stable HF prompted interest 
in the efficacy of empagliflozin in acute decompensated HF. 
The SOLOIST-WHF trial13) evaluated the effect of early initiation 
(before or shortly after discharge) of sotagliflozin following an 
episode of decompensated HF on cardiovascular outcomes in 
patients with T2DM and has been described earlier. The The 
SGLT2 Inhibitor Empagliflozin in Patients Hospitalized for Acute 
HF: A Multinational Randomized Trial (EMPULSE) trial20) evalu-
ated the effect of empagliflozin initiation following an episode of 
decompensated HF (randomization at 24 hours of admission and 
empagliflozin given a median of 3 days after admission) across the 
LVEF spectrum irrespective of the presence of T2DM. The study of 
530 participants reported a significant clinical benefit, defined as 
a hierarchical composite of death from any cause, the number of 
HF events and time to first HF event, or a 5-point or greater differ-
ence in change from baseline in the Kansas City Cardiomyopathy 
Questionnaire Total Symptom Score, of in-hospital initiation of 
empagliflozin after 90 days of therapy (win ratio: 1.35; 95% CI, 
1.09–1.68]) (Table 1). The Efficacy and Safety of Dapagliflozin in 
Acute Heart Failure (DICTATE-AHF) trial21) is another ongoing 
trial that is evaluating the impact of in-hospital initiation of da-
pagliflozin in patients hospitalized for acute decompensated HF.

SAFETY EVENTS

Several adverse events have been reported with varying prevalence 
across large SGLT-2 inhibitor trials. There were initial concerns 
about the increased risk of hypoglycemia and urinary tract infec-
tions, but a significant increase in these 2 adverse events has not 
been reported across several trials.22,23) SGLT-2 do increase the 
risk of genital mycotic infections, but the absolute risk is low and 
considering the benefit with these drugs and the easily treatable 

nature of genital mycotic infections, the recommendations are 
to continue treatment, unless these infections are recurrent.1,11) 
Fournier’s gangrene, defined as necrotizing fasciitis of perineal 
soft issues, has also been reported as a rare adverse effect24) and 
has been identified as a safety warning.25) Moreover, a recent me-
ta-analysis revealed a greater than 2-fold increased risk of diabetic 
ketoacidosis (DKA) with SGLT-2 inhibitors and that has been 
attributed to its effect on suppression of insulin secretion and 
increased ketogenesis.26) However, the baseline risk of DKA was 
low across all trials (0.2 per 1,000 patient years in the combined 
placebo group) and simple measures to stop the SGLT-2 inhibi-
tor use in patients on insulin or secretagogues if their food intake 
or medications are altered (e.g., surgery or diarrheal illness) can 
further mitigate this risk. SGLT-2 inhibitors can lead to volume 
depletion due to its natriuretic and diuretic effect, and gastro-
intestinal effects in case of non-selective SGLT inhibitors,19) and 
may require dose adjustment of other diuretic medications.

SGLT-2 INHIBITORS AS METABOLIC 
DRUGS AND POSSIBLE MECHANISMS 
OF ACTION

Apart from their role in HF management, SGLT-2 inhibitors 
have emerged as novel therapies for the management of patients 
with chronic kidney disease. The efficacy was initially observed 
in the CREDENCE trial which primarily evaluated the reno-pro-
tective effect of SGLT-2 inhibitors where canagliflozin was found 
to significantly reduce major cardiovascular and renal events in 
patients with T2DM. Since then, these findings have been further 
validated by Dapagliflozin and Prevention of Adverse Outcomes 
in Chronic Kidney Disease (DAPA-CKD)27) and The Study of 
Heart and Kidney Protection With Empagliflozin (EMPA-KID-
NEY)28) trials, demonstrating similar benefit irrespective of 
T2DM. Given its wide-ranging effects on multiple organ systems 
including the renal, cardiac, and endocrine systems, SGLT-2 are 
the pioneer metabolic drugs (Figure 1). SGLT-2 inhibition leads 
to only a modest reduction in hemoglobin A1c when used for 
the management of T2DM; however, it still leads to a significant 
reduction in cardiovascular outcomes in these patients which 
indicates that adverse cardiovascular events in T2DM may not 
be solely mediated by dysglycemia. Moreover, SGLT-2 inhibitors 
are the only drug effective across the entire LVEF spectrum of 
HF, through postulated mechanisms that are not limited to the 
diuretic or natriuretic effects of the drug.

There is ongoing research on the totality of metabolic targets 
of SGLT-2 inhibition.29) It was initially postulated that SGLT-2 
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inhibitors increase fasting serum ketone levels which act as an 
additional substrate for myocytes but was not supported by ex-
perimental data.30,31) Another hypothesis currently under inves-
tigation is the inhibition of the sodium-hydrogen exchanger-1, 
a potent receptor in the renal proximal tubule and the myocyte 
membrane.32) It is involved in the pathophysiology of both 
diabetes and HF where it sequesters toxic levels of calcium inside 
cells leading to myocardial dysfunction and is also involved in 
the pathophysiology of glomerular hypertension. The inhibition 
of sympathetic nerve trafficking to the kidneys and reduction in 
glomerular hypertension, which plays a role in the pathophysiol-
ogy of HF and chronic kidney disease, has also been postulated 
for the drug’s multi-system effects.33) Stimulation of erythropoi-
esis as an indirect effect of SGLT-2 inhibition has been identi-
fied as a potential beneficial mechanism. This is thought to be 
caused by renal medullary hypoxia secondary to enhanced active 
reabsorption of sodium in the distal convoluted tubule leading 
to production of hypoxia inducible factors which in turn cause 
release of erythropoietin. The resultant effect is an increase in 
red cell mass, marked by an elevation in hematocrit, which 
improves oxygen delivery to the myocardium and reduces left 
ventricular mass.34,35) There has also been a recent interest in 
the evaluation of circulating proteomics with SGLT-2 inhibition 
which may provide further evidence for the biomolecular targets 
of these drugs.36) There is a possible role of SGLT-2 inhibitors in 
enhancing autophagic flux, a process that cells utilize to destroy 
impaired cells or organelles (e.g., mitochondria), nutrition depri-
vation signaling and attenuating reactive oxygen species causing 
a pronounced anti-oxidant effect.37,38) The research must remain 
ongoing as physician practice is driven by the understanding of 
the drug's mechanism of action, a better understanding of which 

would allow for SGLT-2 inhibitors to transition from primarily 
glucose-lowering medications to cardiovascular disease-modify-
ing drugs for HF.

CURRENT PRACTICE GUIDELINES FOR 
HF
The American Diabetes Association (ADA) recommends the 
addition of SGLT-2 inhibitors in the management of T2DM with 
HF or patients at high risk of HF.39) The most recent European 
Society of Cardiology (ESC) 202140) and the American Heart As-
sociation/American College of Cardiology/Heart Failure Society 
of America (AHA/ACC/HFSA) 202241) HF guidelines recommend 
the use of SGLT-2 inhibitors (currently only dapagliflozin and 
empagliflozin) in the management of chronic, stable HFrEF 
(class 1 recommendation for a reduction in cardiovascular death 
and HF hospitalizations) irrespective of baseline diabetes status. 
The AHA/ACC/HFSA HF guidelines 2022 provide a class 2A rec-
ommendation for HFmrEF and HFpEF based on findings of the 
EMPEROR-Preserved trial, which may be upgraded in future 
guidelines following the publication of the DELIVER trial. The 
ESC 2021 guidelines were published before the publication of 
the EMPEROR-Preserved and DELIVER trials and hence does 
not address use of SGLT-2 inhibitors in HFmrEF and HFpEF. The 
drug is prescribed as part of a single dose daily regimen (10 mg 
for both dapagliflozin and empagliflozin) with no need for dose 
titration and no routine laboratory monitoring required. Experts 
advocate for the initiation of SGLT-2 inhibitors in those hospital-
ized for HF as part of an aggressive approach of rapid, simulta-
neous optimization of medical therapies,42,43) given that the drug 
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Multi-system effects of SGLT-2 inhibitors

Heart failure Type 2 diabetes Chronic kidney disease

Efficacy
Improves glycemic control, and

decreases risk of cardiovascular death
in patients at high cardiovascular risk

Reduces decline of glomerular
filtration rate and risk of renal and

cardiovascular death

Reduces heart failure hospitalizations
and cardiovascular mortality across

the complete ejection fraction spectrum

Drugs currently
approved

Canagliflozin, dapagliflozin,
empagliflozin, ertugliflozin

Canagliflozin, dapagliflozin,
empagliflozin

Dapagliflozin, empagliflozin

Key guideline
recommendations

Designated first-line therapy in
addition to metformin in patients

with type 2 diabetes at high
cardiovascular risk, including patients

with chronic kidney disease and
heart failure

Class 1 Recommendation:
Type 2 diabetes and chronic kidney disease

in patients with estimated glomerular
filtration rate >20 mL/min/1.73 m2

Class 1 Recommendation: 
Chronic stable heart failure with

reduced ejection fraction

Class 2A Recommendation:
Chronic stable heart failure with mildly

reduced and preserved ejection fraction

Figure 1. The spectrum of clinical indications of SGLT-2 inhibitors. 
SGLT-2 = sodium-glucose co-transporter 2.



takes less than a month to incur clinical benefit, and has a signal 
of benefit in patients with recent WHF.

FUTURE DIRECTIONS

The scope of SGLT-2 inhibitor use in cardiovascular disease is 
currently being further explored beyond its efficacy in HF. Exper-
imental studies have revealed a possible cardioprotective effect of 
SGLT-2 inhibitors after myocardial infarction. The Empaglifloz-
in in Patients With Acute Myocardial Infarction (EMMY) trial34) 
reported a significant reduction in serum NT-proBNP levels over 
26 weeks with empagliflozin versus placebo in patients that un-
derwent randomization 72 hours after percutaneous coronary 
intervention. There are ongoing trials, Empagliflozin on Hospi-
talization for Heart Failure and Mortality in Patients With Acute 
Myocardial Infarction (EMPACT-MI)44) and Dapagliflozin Effects 
on Cardiovascular Events in Patients With an Acute Heart Attack 
(DAPA-MI),45) that is evaluating the effect of SGLT-2 inhibitors on 
cardiovascular outcomes in patients after myocardial infarction.

GLP-1 agonist is another glucose-lowering drug class that has 
been effective in decreasing the risk of cardiovascular events in 
high-risk patients with T2DM. The drug class does not have a 
similar effect on HF as SGLT-2 inhibitors, but these medications 
cause significant weight loss and have reno-protective effects. 
The ADA recommends the use of GLP-1R agonists in patients 
with T2DM at high risk for cardiovascular events, an indication 
similar to that for SGLT-2 inhibitors. There is current interest in 
the use of simultaneous GLP-1R agonist and SGLT-2 inhibitor 
therapy and if dual antagonism of multiple pathological metabol-
ic pathways would result in a synergistic effect and confer greater 
benefits. Both these classes of medications do not increase the 
risk of hypoglycemia, and 2 recent trials, Exenatide Once Weekly 
Plus Dapagliflozin Once Daily Versus Exenatide or Dapaglifloz-
in Alone in Patients With T2DM Inadequately Controlled With 
Metformin Monotherapy (DURATION-8)46) and Dulaglutide as 
Add-on Therapy to SGLT2 Inhibitors in Patients With Inade-
quately Controlled Type 2 Diabetes (AWARD-10),47) were found 
to be effective in achieving glycemic control with no significant 
increase in adverse events when co-administered.

CONCLUSIONS

SGLT-2 inhibitors are the most recent addition to drug therapies 
that reduce morbidity and mortality in HF and are effective across 
the spectrum of LVEF. The mechanisms underlying these benefits 
are not well-established, with current ongoing research suggest-

ing a vast number of metabolic and biomolecular targets that may 
play a role in incurring a cardio-renal-metabolic effects in HF. The 
efficacy of these drugs extends across T2DM and chronic kidney 
disease, and it is imperative to ensure appropriate implementa-
tion of SGLT-2 inhibitor therapy use across these populations to 
improve event-free survival and reduce associated healthcare costs.
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