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Abstract 

Sodium – glucose co-transporter 2 (SGLT2) inhibitors reduce blood glucose by inhibiting reabsorption of glucose 
from the proximal renal tubules. Initial studies showed that apart from reducing blood glucose they also reduce the 
combined endpoint of myocardial infarction, stroke, and cardiovascular death, hospitalization from heart failure, and 
occurrence of renal failure in patients with known cardiovascular disease or at high risk of developing cardiovascular 
disease. Recent studies have shown that these drugs also could be used in patients to treat heart failure or to slow 
the progression of renal failure, irrespective of whether the patients have diabetes or not. In this review, we discuss 
the clinical trial evidence for the use of SGLT2 inhibitors for the treatment of patients with heart failure with reduced 
ejection fraction and for the prevention of heart failure in patients with diabetes who are at high risk of cardiovascular 
events. We also discuss the plausible mechanisms of action for the cardiovascular beneficial effects of SGLT2 inhibi-
tors. EMPA-REG OUTCOME TRIAL, DECLARE-TIMI 58, CANVAS, VERTIS-CV studies have shown that SGLT2 inhibitors 
namely empagliflozin, dapagliflozin, canagliflozin and ertugliflozin reduce the chances of hospitalisation in patients 
who have cardiovascular disease or at high risk of cardiovascular disease. The DAPA-HF study and the EMPEROR-
REDUCED TRIAL have further shown that Dapagliflozin and Empagliflozin could be used to treat patients with heart 
failure, with or without diabetes. SGLT2 inhibitors provide us with a new armamentarium for treatment of patients 
with a triad of diabetes, heart or renal disease. Their mechanism of action in prevention or treatment of patients with 
heart failure however still remains speculative.
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Background
Heart failure (HF) is a clinical syndrome consisting of 
typical symptoms that may be accompanied by signs 
caused by a structural and/or functional cardiac abnor-
mality that results in elevated intracardiac pressures and/
or inadequate cardiac output at rest and/or during exer-
cise. When this is accompanied by a reduced ejection 
fraction (EF) ≤ 40%, it is called heart failure with reduced 
ejection fraction (HFrEF).

Heart failure is one of the major causes of mortality in 
patients with type 2 diabetes mellitus (T2DM) [1, 2] and 

is highly prevalent in patients with diabetes [2, 3], occur-
ring in more than one in five patients with diabetes aged 
over 65 years. Furthermore, T2DM is frequent in patients 
with HF, occurring in almost 40% of patients hospitalized 
for HF and up to 30% of those with chronic HF [4] in the 
community. Despite numerous available treatments for 
HF, the prognosis remains poor [5].

Concomitant T2DM confers a worse prognosis in HF 
as the risk of cardiovascular (CV) and all-cause mortality 
are significantly increased, independent of other risk fac-
tors [6, 7].

Although a modest cardiovascular benefit may be 
observed after a prolonged follow-up period [8], there 
was a concern that intensive glucose lowering or use of 
some of the glucose-lowering drugs may be associated 
with adverse cardiovascular outcomes [9]. Moreover, in a 
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meta-analysis, no benefit on heart failure hospitalization 
or death was demonstrated with more intensive com-
pared to less intensive glucose control [10]. Over the last 
decade, cardiovascular outcome trials have investigated 
several classes of new glucose-lowering agents.

Most of the dipeptidyl peptidase-4 inhibitors dem-
onstrated cardiovascular safety in patients with T2DM. 
Interestingly and somewhat surprisingly, sodium–glu-
cose co-transporter (SGLT2) inhibitors and glucagon-like 
peptide-1 receptor (GLP1) agonists were found to have 
cardiovascular benefits additionally.

Main body
SGLT2 inhibitors in the prevention of heart failure
Empagliflozin was the first SGLT2 inhibitor to show that 
it may prevent the development of heart failure in dia-
betic patients at risk of heart failure. In the EMPA-REG 
OUTCOME TRIAL [11], patients were randomized to 
receive empagliflozin 10 mg, empagliflozin 25 mg, or pla-
cebo in addition to the standard of care therapy for dia-
betes. In patients with T2DM and at high cardiovascular 
risk, empagliflozin reduced the risk of 3-point major 
adverse cardiovascular events (MACE) namely myocar-
dial infarction, stroke, and cardiovascular death, all-cause 
death, and hospitalization for heart failure in comparison 
with the placebo. Consistent effects of empagliflozin were 
observed across all subgroups of patients.

The DECLARE-TIMI 58 trial [12] randomized patients 
with T2DM who were at risk for atherosclerotic cardio-
vascular disease to receive either dapagliflozin or pla-
cebo. The primary efficacy outcomes were MACE and 
a composite of cardiovascular death or hospitalization 
for heart failure. Dapagliflozin did not result in a signifi-
cant difference in MACE than placebo but did result in a 
lower rate of cardiovascular death or hospitalization for 
heart failure.

Similarly, canagliflozin in the CANVAS trial [13] 
showed a lower risk of cardiovascular events than those 
who received the placebo, and Ertugliflozin in the VER-
TIS-CV trial [14] was non-inferior to placebo with 
respect to major adverse cardiovascular events. However, 
all the SGLT-2 inhibitors were associated with significant 
reduction in hospitalization for heart failure (Table 1).

In the CREDENCE study [15], patients with type 2 dia-
betes and albuminuric chronic kidney disease were ran-
domised to receive canagliflozin or placebo. The primary 
outcome which was a composite of end-stage kidney dis-
ease, a doubling of the serum creatinine level, or death 
from renal or cardiovascular causes was significantly 
lower (a relative risk reduction of 30%) in the canagliflo-
zin group than in the placebo group. The canagliflozin 
group also had a lower risk of cardiovascular death, myo-
cardial infarction, or stroke.

Most patients in these trials did not have heart failure 
at baseline, so the benefit of treatment with an SGLT2 
inhibitor largely reflected the prevention of incident 
heart failure. The reduction in the risk of hospitalization 
for heart failure was observed early after randomization 
which raised the possibility of mechanisms of action 
that differed from those usually postulated to explain 
the cardiovascular benefits of glucose-lowering therapies 
[16–20]. Besides, these agents slowed the progression of 
renal disease [11, 21, 22]. These effects on cardiovascular 
and renal outcomes are unlikely to be directly related to 
glycaemic control, suggesting that the benefits could also 
extend to patients without diabetes [11].

In these large scale randomized, placebo-controlled 
trials, the risk of hospitalization for heart failure was 
30–35% lower among patients who received SGLT2 
inhibitors than among those who received placebo [23], 
and this benefit was most striking in patients who had 
a left ventricular ejection fraction of 30% or less before 
treatment [24].

The 2019 European Society of Cardiology guidelines on 
diabetes, prediabetes, and cardiovascular diseases [25], 
the 2019 Heart Failure Association (HFA) position paper 
on the role and safety of new glucose-lowering medica-
tions [26], and the HFA clinical practice update on HF 
[27] recommend SGLT2 inhibitors to prevent HF hos-
pitalization in patients with T2DM. The Heart Failure 
Association of European Society of Cardiology in Octo-
ber 2020 has also recommended empagliflozin, dapagli-
flozin, canagliflozin, and ertugliflozin for the prevention 
of heart failure hospitalization in patients with T2DM 
and established CV disease or at high CV risk.

SGLT2 inhibitors in the treatment of heart failure
If SGLT2 inhibitors can prevent the development of heart 
failure in T2DM, can they be used for the treatment of 
heart failure in patients with T2DM? Moreover, will 
they also be useful for the treatment of patients without 
T2DM?

Table1  Reduction in heart failure hospitalisation and CV death 
with empagliflozin, dapagliflozin,canagliflozin and ertugliflozin

HHF hospitalisation for heart failure, CV death Cardiovascular death, RRR​ Relative 
risk reduction

EMPA-REG 
OUTCOME 
(empagliflozin)

VERTIS CV 
(ertugliflozin)

CANVAS 
program 
(canagliflozin)

DECLARE TIMI 
(dapagliflozin)

(RRR) (RRR) (RRR) (RRR)

HHF 35% ↓ 30% ↓ 33% ↓ 27% ↓
CV 
death

38% ↓ 8% ↓ 13% ↓ 2% ↓
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DAPA-HF study was the first to directly address 
these questions [8]. In this trial, 4744 Patients with 
heart failure NYHA class II to IV and ejection fraction 
of 40% or less were randomly assigned to receive either 
dapagliflozin 10  mg once daily or placebo in addi-
tion to recommended therapy. The risk of worsening 
heart failure (hospitalization or an urgent visit result-
ing in intravenous therapy for heart failure) or death 
from cardiovascular cause was lower among those who 
received dapagliflozin than among those who received 
placebo regardless of the presence or absence of dia-
betes. Among the secondary endpoints, composite of 
heart failure hospitalization or CV death, total num-
ber of heart failure hospitalization (including repeat 
admissions) and CV deaths, and all-cause deaths were 
also significantly reduced with dapagliflozin compared 
to placebo both in those with and without diabetes. 
The increase in total symptom score on the Kansas 
City Cardiomyopathy Questionnaire (indicating fewer 
symptoms) was also greater in the dapagliflozin group 
than in the placebo group between baseline and at 8th 
month.

Apart from the DAPA-HF trial, EMPEROR-
REDUCED TRIAL is the only trial to date that 
included patients with symptomatic HFrEF, elevated 
natriuretic peptides, with or without T2DM. The 
trial was enriched for patients  with more severe left 
ventricular function. The primary endpoint was CV 
death or heart failure hospitalization. Total (first and 
recurrent) heart failure hospitalization was a key sec-
ondary endpoint. There was a significant 25% reduc-
tion in the combined risk of cardiovascular death or 
first hospitalization for heart failure, and a significant 
30% decrease in the total (first and recurrent) hospi-
talizations for heart failure. There was also significant 
improvement with empagliflozin in the exploratory 
endpoints such as urgent care visits for intravenous 
heart failure therapy and the Kansas City Cardiomyo-
pathy score. Table 2 compares the clinical outcomes of 
DAPA-HF and EMPEROR-REDUCED trials.

Biological mechanisms and effects of SGLT2 inhibitors 
in heart failure
The mechanisms of action of SGLT2 inhibitors in heart 
failure are still speculative although the drugs are shown 
to have several metabolic, hemodynamic, and organ-
specific effects [Fig. 1]. In addition to glycosuria, SGLT2 
inhibitors promote natriuresis and uricosuria [22, 28–32]. 
Other metabolic effects include increased insulin sensi-
tivity and glucose uptake in muscle cells [32], decreased 
neoglucogenesis, and increased ketogenesis [12, 33]. 
These drugs also stimulate weight loss due to renal calo-
rie loss in glycosuria [21, 29, 30] and a favorable impact 
on body fat distribution [33, 34].

A rise in hematocrit was also seen with SGLT2 inhibi-
tor therapy. The hemodynamic effects are mediated by 
several mechanisms including osmotic diuresis, and 
plasma and interstitial fluid volume reduction, leading 
to a reduction in ventricular preload and afterload [28, 
35, 36]. Furthermore, unlike diuretics, SGLT2 inhibi-
tors seem to exert a greater reduction of interstitial 
fluid compared with plasma volume which may prevent 
plasma volume depletion and subsequent hypoperfu-
sion occasionally observed with diuretics [37]. However 
these favorable metabolic and hemodynamic effects are 
unlikely to be solely responsible for the prevention and 
treatment of heart failure.

Another proposed mechanism for the beneficial effects 
of SGLT2 inhibitors is inhibition of the sodium-hydrogen 
exchanger (NHE1) activity which is up-regulated both 
in T2DM and heart failure [38]. By inhibiting the NHE1 
receptors, SGLT2 inhibitors may protect the heart from 
toxic intracellular Ca2+ overload [39, 40].

SGLT2 inhibitors may also exert direct effects on myo-
cardial metabolism [38, 41], and decrease myocardial oxi-
dative stress [42]. Similar to T2DM, HF is characterized 
by a state of insulin resistance [43]. In the insulin-resist-
ant heart, free fatty acids (FFA) are favored as an energy 
source over glucose which results in decreased cardiac 
metabolic efficiency (insufficient ATP production) [44]. 
By promoting a metabolic shift from FFA to glucose oxi-
dation, SGLT2 inhibitors result in increased cardiac ATP 
production and prevent a decrease in cardiac function.

Table 2  Comparison of the clinical outcomes of DAPA-HF and EMPEROR-REDUCED trials

HHF hospitalisation for heart failure, HR Hazard ratio, CI confidence interval

Clinical outcomes EMPEROR-Reduced (N = 3730) DAPA-HF (N = 4744)
Empagliflozin versus Placebo HR (CI) Dapagliflozin versus 

Placebo HR (CI)

Cardiovascular death or HHF 0.75 (0.65–0.86) 0.75 (0.65–0.85)

Cardiovascular death 0.92 (0.75–1.12) 0.82 (0.69–0.98)

HHF 0.69 (0.59–0.81) 0.70 (0.59–0.83)
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A benefit on ventricular remodeling was also demon-
strated in patients with T2DM and coronary artery dis-
ease in the EMPA-HEART CardioLink-6 study, which 
showed a reduction in left ventricular (LV) mass index 
and improvement in diastolic function without changes 
in LV systolic function after 6 months of treatment with 
empagliflozin [16]. Furthermore, a significant reduction 
in LV mass in patients with T2DM was observed with 
dapagliflozin in the DAPA-HF trial, suggesting a possibil-
ity of reverse LV remodeling [21].

It is known that neurohormonal activation causes 
increased oxidative and other forms of cellular stress, 
which leads to dysfunction and loss of cardiomyocytes. 
Another postulated mechanism is that by inhibiting the 
energy surplus sensors SGLT2 inhibitors mimic cellular 
starvation and induce nutrient deprivation signals such 
as sirtuin 1 (SIRT1) which in turn inhibit activation of 

proinflammatory pathways, reduce cellular stress and 
promote autophagy [9]. This helps in reversing mito-
chondrial dysfunction and slowing cardiomyocyte dys-
function and cell loss. Other hypotheses include cardiac 
anti-fibrotic effects [28, 42], improved balance in adi-
pokine secretion [45], beneficial effects on endothelial 
function [46], parameters of arterial stiffness and vascu-
lar resistance [47] as well as a reduction in sympathetic 
nervous system activity [48].

Conclusions
SGLT2 inhibitors exemplify serendipity. Initially devel-
oped as glucose-lowering agents, they are found to 
have a more robust effect on heart failure and slowing 
of progression of renal dysfunction. Renal dysfunction 
often accompanies heart failure with reduced ejection 
fraction and these agents may be of particular value in 

Fig. 1  Figure summarizing the biological effects of SGLT2 inhibitors
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such a clinical scenario. Trials are underway to answer 
whether SGLT2 inhibitors are also useful in patients 
with heart failure and preserved ejection fraction. One 
of them, the Emperor Preserved trial has already been 
published and the result shows that empagliflozin sig-
nificantly reduces the combined primary endpoint 
of heart failure hospitalization and CV mortality in 
patients with heart failure and preserved ejection frac-
tion regardless of whether T2DM was present or not 
[49].

Currently, SGLT2 inhibitors (empagliflozin, canagli-
flozin, dapagliflozin, ertugliflozin) are recommended to 
reduce the risk of HF hospitalization in T2DM patients 
with either established cardiovascular disease or at high 
cardiovascular risk Moreover, the recently published 
European Cardiology Society (ESC) 2021 guidelines 
have given a Class I recommendation for dapagliflozin 
and empagliflozin for the treatment of HFrEF, with or 
without T2DM [50]. Further large-scale clinical trials 
will provide the role of other SGLT2 inhibitors in the 
treatment of heart failure.
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