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Sodium–glucose cotransporter 2 inhibitors (SGLT2-is) have recently been included 
among the first-line drugs for the treatment of heart failure with reduced ejection 
fraction. International guidelines recommend SGLT2-i use in association with neuro- 
hormonal modulators (renin–angiotensin blockers, beta blockers, and aldosterone 
antagonists). Although SGLT2-is are well tolerated, it is important to know potential 
side effects and conditions that may lead to an increased risk of adverse events in 
order to maximize clinical benefits. The aim of this Italian Association of Hospital 
Cardiologists document is to briefly report clinical evidence that supports SGLT2-i 
use in patients with heart failure and provide practical indications for clinical 
implementation.

Introduction

Heart failure is a clinical syndrome associated with an 
increased risk of adverse events such as hospitalization 
and death. Heart failure is a pandemic with a worldwide 
prevalence of more than 64 million cases according to 
recent epidemiological data.1 Pharmacological therapy 
aimed at improving quality of life, functional capacity, 
and prognosis represents the basis of heart failure 
treatment and must be implemented before considering 
implantable devices.2 Over the last decade, the impact 

of novel therapeutic approaches on the prognosis of 
patients with heart failure has been evaluated by 
different studies with a consequent increase in the 
number of drugs recommended by international 
guidelines for the treatment of heart failure.

The latest European Society of Cardiology (ESC)2 and 
American College of Cardiology/American Heart 
Association3 guidelines recommend sodium–glucose 
cotransporter 2 inhibitors (SGLT2-is) as first-line drugs for 
the treatment of heart failure with reduced ejection 
fraction (HFrEF) alongside beta blockers, renin–angiotensin 
system inhibitors (RASi)/sacubitril antagonists, and 
mineralocorticoid receptor antagonists. Sodium–glucose 
cotransporter 2 inhibitor, also called gliflozins, are a class 
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of drugs initially developed for the treatment of diabetes. 
Recent clinical studies aimed at evaluating SGLT2-i 
(dapagliflozin and empagliflozin) cardiovascular (CV) 
safety in diabetic patients demonstrated a clear safety 
benefit and a better prognosis in patients with heart 
failure by reducing CV events and mortality.4,5 Accordingly, 
randomized clinical trials (RCTs) have been conducted to 
evaluate the effect of SGLT2-i in patients with heart 
failure regardless of the presence of diabetes mellitus.6,7

These studies confirmed and strengthened previous 
evidence, and as a result, empagliflozin and dapagliflozin 
have been added to the therapeutic armamentarium for 
the treatment of heart failure.

This National Association of Hospital Cardiologists 
(ANMCO) document aims to summarize the clinical 
evidence of dapagliflozin and empagliflozin efficacy in 
the context of heart failure, with insights into its renal 
benefits. Furthermore, its objective is to guide 
physicians in their clinical practice use, also with regard 
to national regulatory authority indications.

Mechanism of action and clinical evidence

The clinical evidence in favour of SGLT2-i use in patients 
with heart failure are robust; however, the biological 
mechanisms underlying the clinical benefit have not yet 
been fully elucidated. Glycosuria and natriuresis8 are 
well-known effects of these drugs that cannot explain 
the benefit observed in patients with heart failure and 
normoglycaemia. Therefore, further effects have been 
hypothesized to include an improvement in endothelial 
function and remodulation of the sympathetic nervous 
system activity,9 increased erythropoietin production,10

and a favourable action on ionic homeostasis at the 
myocardiocyte level.11 In particular, it is not well 
established whether the haemodynamic effect mediated 
by the action that SGLT2-i exerts on the renal tubule is 
the main mechanism underlying the clinical benefit 
observed in patients with heart failure or whether this 
effect is negligible.12

Two large RCTs, Dapagliflozin and Prevention of Adverse 
Outcomes in Heart Failure (DAPA-HF)6 and Empagliflozin 
Outcome Trial in Patients with Chronic Heart Failure and 
a Reduced Ejection Fraction (EMPEROR-Reduced),7 have 
supported the use of SGLT2-i in HFrEF, where a 25–26% 
reduction in the primary composite endpoint of heart 
failure hospitalization and cardiovascular death was 
demonstrated. Specifically, the use of recommended 
medical therapy for HFrEF was optimal (∼95% of patients 
treated with beta blockers and ∼71% treated with 
mineralocorticoid receptor antagonists in both studies; 
83% treated with RASi in DAPA-HF and 70% in 
EMPEROR-Reduced), and in the subgroup analysis, the 
efficacy of SGLT2-i treatment was independent of 
concomitant drug therapy and diabetes mellitus. Even 
patients treated with RASi, beta blockers, and 
mineralocorticoid receptor antagonists at less than half 
of the recommended target doses6 had an improved 
prognosis. On the basis of the benefit observed in 
patients with HFrEF treated with SGLT2-i and in light of 
the lack of therapies able to improve prognosis in 
patients with heart failure and mildly reduced or 
preserved left ventricular ejection, these drugs have 

also been tested in these settings. The Empagliflozin 
Outcome Trial in Patients with Chronic Heart Failure 
with Preserved Ejection Fraction (EMPEROR-Preserved)13

and the Dapagliflozin Evaluation to Improve the Lives of 
Patients with Preserved Ejection Fraction Heart Failure 
(DELIVER)14 demonstrated that both empagliflozin and 
dapagliflozin reduced the combined endpoint of heart 
failure hospitalization and cardiovascular mortality (−21% 
and −18%, respectively), mainly due to the reduction in 
heart failure hospitalization, with efficacy found in all 
ejection fraction subgroups. Table 1 illustrates the main 
results of the clinical studies conducted with dapagliflozin 
and empagliflozin that evaluated the impact of these 
drugs on the prognosis of patients with heart failure.4–7,13,14

Renal benefits of sodium–glucose 
cotransporter type 2 inhibitors

Impaired renal function is present in more than 30% of 
patients with heart failure and is associated with a 
poorer prognosis.15 In addition, episodes of heart failure 
flare-ups result in an accelerated progression of renal 
damage. Therefore, reducing renal function decline and 
related adverse events may confer important prognostic 
benefits in patients with heart failure. An important 
finding in favour of the use of SGLT2-i is the evidence of 
slowed progression of kidney injury, measured as a 
decline in estimated glomerular filtrate (eGFR), and a 
lower incidence of renal adverse events, reduced by 
more than 50% in clinical trials conducted in patients 
with HFrEF.6,7 The renal benefit associated with the use 
of SGLT2-i was confirmed by a recent meta-analysis16

that included 13 RCTs with a total of more than 90 000 
patients. In patients with chronic renal failure and with 
heart failure, SGLT2-i compared with placebo reduced 
the risk of kidney damage progression by 37% and acute 
kidney damage by 23%, with a similar benefit 
irrespective of baseline eGFR, which in any case was 
never <20 mL/min/1.73 m2 in any clinical study, and 
irrespective of the presence or absence of diabetes 
mellitus. Furthermore, when SGLT2-i use was specifically 
tested in patients with chronic kidney disease (eGFR 30– 
90 mL/min/1.73 m2 for canagliflozin17; 25–75 mL/min/ 
1.73 m2 for dapagliflozin18; and 20–45 mL/min/1.73 m2

or 45–90 mL/min/1.73 m2 with an albumin/creatinine 
ratio ≥200 for empagliflozin19), there was a significant 
reduction in the composite endpoint of renal disease 
progression and death from renal or cardiovascular 
causes. Overall, available evidence supports the use of 
SGLT2-i as a therapy to reduce the risk of renal damage 
progression and acute damage in both patients with 
chronic kidney disease and heart failure, irrespective of 
the presence of diabetes or renal function, for eGFR 
values that fall within the range of the inclusion criteria 
of clinical trials that have tested their efficacy and safety.

Practical indications for the use of sodium– 
glucose cotransporter type 2 inhibitors in 
patients with heart failure

In view of the robust evidence of a significant clinical 
benefit of SGLT2-i, dapagliflozin and empagliflozin have 
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been included among the recommended treatments for 
reducing mortality and hospitalization risk in patients 
with HFrEF regardless of the presence of type 2 diabetes 
mellitus (class of recommendation I, level of evidence 
A).2,3 Since clinical evidence in favour of the use of 
these drugs in patients with heart failure with 
intermediate or preserved ejection fraction were 
obtained after the publication of the latest ESC 
guidelines, these guidelines do not include SGLT2-i as a 
therapeutic option in patients with intermediate or 
preserved ejection fraction.2 The American guidelines, 
which were published after the publication of the results 
of the EMPEROR-Preserved study,13 consider the use of 
SGLT2-i also in patients with intermediate (41–49%) and 
preserved (>50%) ejection fraction, with the aim of 
reducing cardiovascular mortality and hospitalizations 
for heart failure (class IIa recommendation, level of 
evidence B; Table 2).2,3 The European Medicines Agency 
(EMA) has approved the use of both dapagliflozin and 
empagliflozin in adult individuals (age >18 years) with 
heart failure and reduced ejection fraction (<40%).20,21

More recently, the EMA has expressed a positive view of 
empagliflozin use in patients with ejection fraction 
>40%.20 For both drugs, the recommended dosage is 
10 mg/day and, unlike other drugs used in HFrEF, does 
not require titration. In order to benefit as early as 
possible from the favourable effects of SGLT2-i, these 

drugs should be used in combination with other drugs 
able to modify the prognosis of patients with HFrEF. The 
achievement of target doses of RASi/inhibitors of the 
angiotensin and neprilysin receptor, beta blockers, and 
mineralocorticoid receptor antagonists recommended by 
guidelines should not be a reason for late initiation of 
SGLT2-i.22 In Italy, for the treatment of heart failure, 
reimbursement of SGLT2-i by the National Health System 
is allowed only if prescribed by authorized centres 
identified by the regions and requires the completion of 
a ‘web-based’ treatment plan.23 Criteria for prescribing 
SGLT2-i include an ejection fraction <40% and a 
New York Heart Association functional class II or III.

Precautions

In clinical practice, the use of SGLT2-i should be 
considered, in all patients with HFrEF regardless of the 
presence of diabetes mellitus,24 excluding patients in 
whom the drug is contraindicated. The presence of 
comorbidities or conditions that expose the patient to an 
increased risk of side effects should be evaluated 
carefully before the initiation of therapy (Table 3). More 
specifically, it is important to assess renal function and 
serum electrolytes and to calculate eGFR before starting 
treatment. Both dapagliflozin and empagliflozin can be 
used in patients with HFrEF and chronic renal failure with 

Table 1 Randomized controlled trials evaluating the impact of dapagliflozin and empagliflozin on the prognosis of patients with 
heart failure

Clinical study (year) Patient population (no. of 
patients included in the study)

Drug tested Primary endpoint Results

Studies evaluating cardiovascular safety in patients with type 2 diabetes mellitus
EMPA-REG OUTCOME 

(2016)4
Patients with T2DM, 

cardiovascular disease, and 
eGFR > 30 mL/min/1.73 m2

Empagliflozin 
10 mg or 25 mg 
vs. placebo

Hospitalization for heart failure or 
cardiovascular death

HR 0.66; 95% CI, 
0.55–0.79,  
P < 0.001

DECLARE-TIMI 58 trial 
(2019)5

Patients with T2DM, 
cardiovascular disease, or 
multiple risk factors and 
eGFR > 60 mL/min/1.73 m2 

(n = 17 160)

Dapagliflozin 
10 mg vs. 
placebo

Hospitalization for heart failure or 
cardiovascular death

HR 0.83; 95% CI, 
0.73–0.95;  
P 0.005

Studies evaluating heart failure–related outcomes in patients with heart failure and EF <40%
DAPA-HF (2019)6 Patients with heart failure, 

NYHA class ≥ II, and EF <40% 
(n = 4744)

Dapagliflozin 
10 mg vs. 
placebo

Composite of heart failure 
worsening (hospitalization or 
need for intravenous therapy) or 
death from cardiovascular 
causes

HR 0.74; 95% CI, 
0.65–0.85;  
P < 0.001

EMPEROR-Reduced 
(2020)7

Patients with heart failure, 
NYHA class ≥ II, and EF <40% 
(n = 3730)

Empagliflozin 
10 mg vs. 
placebo

Composite of hospitalization for 
worsening heart failure or death 
from cardiovascular causes

HR 0.75; 95% CI, 
0.65–0.86;  
P < 0.001

Studies evaluating heart failure–related outcomes in patients with heart failure and EF >40%
EMPEROR-Preserved 

(2021)13
Patients with heart failure and 

EF > 40% (n = 5988)
Empagliflozin 

10 mg vs. 
placebo

Composite of heart failure 
worsening (hospitalization or 
need for urgent care) or death 
from cardiovascular causes

HR 0.77; 95% CI, 
0.67–0.87;  
P < 0.0001)

DELIVER (2022)14 Patients with heart failure and 
EF > 40% (n = 62 623)

Dapagliflozin 
10 mg vs. 
placebo

Composite of heart failure 
worsening (hospitalization or 
need for urgent care) or death 
from cardiovascular causes

HR 0.82; 95% CI, 
0.73–0.92;  
P < 0.001

GFR, estimated glomerular filtration rate; EF, left ventricular ejection fraction; HR, hazard ratio; CI, confidence interval; NYHA, New York Heart 
Association functional class; T2DM, type 2 diabetes.
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eGFR <60 mL/min/1.73 m2 without any dose adjustment. 
However, because of limited clinical data, it is not 
advisable to start treatment with dapagliflozin in patients 
with eGFR <25 mL/min/1.73 m2 or with empagliflozin in 
cases of eGFR <20 mL/min/1.73 m.2 Another important 
aspect to consider when starting treatment with SGLT2-i 
is the hydration/volaemia status of the patient and blood 
pressure values. The osmotic diuresis induced by these 
agents can result in a reduction in volaemia and a slight 
reduction in systolic and diastolic blood pressure values 
(by 4–6 and 1–2 mmHg, respectively).25 These effects may 
be more pronounced in some groups of patients such as 
the elderly, patients with hyperglycaemia, and those 
treated with diuretics. In cases of volume depletion and/ 
or hypotension, it is necessary to correct these conditions 
before starting treatment with SGLT2-i. In some cases, 
before starting treatment or during treatment, it may be 
appropriate to reduce the dosage of diuretics or 
antihypertensive agents. Patients should be informed 
about the need to maintain adequate fluid intake. Over 
the course of treatment, blood pressure and body weight 
should be monitored periodically, particularly in the first 
few weeks. In patients with mild or moderate hepatic 
impairment, there is no need for any variation dosage. In 
severe hepatic insufficiency, due to the increased SGLT2-i 
exposure, it is recommended that an initial dose of 5 mg/ 
day be increased to 10 mg/day if the treatment is well 
tolerated. Figure 1 shows the algorithm for the initiation 

of treatment with SGLT2-i in patients with type 2 
diabetes mellitus. Since the hypoglycaemic effect of this 
drug class is related to plasma glucose concentrations, in 
patients with type 2 diabetes, the risk of hypoglycaemia 
is low if SGLT-is are not used in combination with insulin 
or insulin secretagogue drugs. Patients treated with 
sulfonylureas or insulin should be managed in collaboration 
with diabetologists in order to appropriately reduce the 
dosage of hypoglycaemic agents concomitantly with the 
initiation of SGLT2-i. In patients treated with metformin, 
dipeptidyl peptidase 4 inhibitors, or glitazones, if 
glycaemic levels are above the recommended target and 
there is no tendency for hypoglycaemia in the patients’ 
history, there is generally no need to change the dosage of 
these agents.

Table 2 Indications for sodium–glucose cotransporter type 
2 inhibitor use according to European Society of Cardiology 
and American College of Cardiology/American Heart 
Association guidelines on heart failure2,3

2021 ESC 
guidelines

2022 ACC/AHA 
guidelines

Classa Levelb Classa Levelb

Treatment with SGLT2-i is 
recommended in 
patients with HFrEF 
independently of the 
presence of DM2 to 
reduce the risk of 
hospitalization due to 
HF and cardiovascular 
mortality

I A I A

In patients with HFmrEF 
or HFpEF, treatment 
with SGLT2-i may be 
useful in reducing the 
risk of hospitalization 
due to HF and 
cardiovascular 
mortality

II A

ACC, American College of Cardiology; AHA, American Heart 
Association; DM2, type 2 diabetes mellitus; ESC, European Society of 
Cardiology; HFmrEF, heart failure with mildly reduced ejection 
fraction; HFpEF, heart failure with preserved ejection fraction; 
HFrEF, heart failure with reduced ejection fraction; SGLT2-i, sodium– 
glucose cotransporter type 2 inhibitors. 

aClass of recommendation. 
bLevel of evidence.

Table 3 Practical considerations for the use of sodium– 
glucose cotransporter type 2 inhibitors in patients with 
heart failure and reduced ejection fraction (adapted from 
McDonagh et al.)2

For whom 
and 
when?

Indications Patients with HFrEF 
regardless of the presence 
of DM2

Not 
recommended

Pregnancy or breastfeeding
GFR < 20 or 25 mL/min/ 

1.73 m2 for empagliflozin 
and dapagliflozin, 
respectively

Hypovolaemia or PAS <  
95 mmHg

DM1 for lack of data on 
efficacy and safety

History of ketoacidosis
Which 

dosage?
Dapagliflozin Starting/maintenance dose 

10 mg once/day
Empagliflozin Starting/maintenance dose 

10 mg once/day
How to use 

them?
Define renal function at the beginning of 

therapy and monitor it regularly
Monitor blood glucose (especially in patients 

with DM)
Identify any risk factors for ketoacidosis and 

remove them
Monitor fluid balance regularly, particularly if 
the patient is older, taking diuretics, or frail

Side effects Glycosuria: susceptibility to genitourinary 
fungal infections

Hypoglycaemia: use with caution in 
combination with insulin, sulfonylureas, and 

other insulin secretagogues
Hypotension: assess the state of hydration and 

reduce or discontinue any current diuretic 
therapy

Ketoacidosis: should be suspected in case of 
nausea, vomiting, anorexia, abdominal pain, 

excessive thirst, difficulties in breathing, 
confusion, and abnormal fatigue

Necrotising fasciitis of the perineum or 
Fournier’s gangrene

DM1, type 1 diabetes mellitus; DM2, type 2 diabetes mellitus; eGFR, 
estimated glomerular filtrate; HFrEF, heart failure with reduced 
ejection fraction; PAS, systolic blood pressure.
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Follow-up

The primary care physician should be notified about the 
start of SGLT2-i medication. Indeed, clinical–laboratory 
parameters, such as body weight, blood pressure, 

hydration status, renal function, electrolytes, and blood 
sugar level, should be periodically evaluated. In diabetic 
patients, blood sugar levels should be regularly 
examined. As highlighted in a recent ANMCO position 
paper, in the management of patients with heart failure 

Figure 1 Therapeutic algorithm for SGLT2-i use in patients with heart failure. Modified from Di Fusco et al.22
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treated with SGLT2-i, the role of the N-terminal fragment 
of type B natriuretic propeptide in prognosis and as an 
index of response to therapy is not yet well defined.26

During follow-up, signs and symptoms of dehydration/ 
hypovolaemia should be investigated, such as asthenia, 
orthostatic hypotension, and weight loss >1 kg in 24 h or 
>2 kg in 1 week. If volume depletion is suspected, renal 
function and serum electrolytes should be evaluated. In 
older patients or those receiving high doses of diuretics, 
these parameters should be regularly checked.

It is crucial to warn patients receiving SGLT2-i about the 
possibility of genitourinary infections and the possible 
signs and symptoms associated with these infections. 
Patients should refrain from beginning restrictive 
carbohydrate diets and drinking too much alcohol while 
receiving this therapy. Gliflozins should be discontinued 
2–3 days before any interventional or surgical procedure 
requiring prolonged fasting.

Side effects

The main side effect of SGLT2-i is genital fungal infection 
(candida vulvovaginitis and balanitis), which is more 
common in females and those with a history of previous 
genital infections. These are generally mild-to-moderate 
infections with a good response to conventional therapies, 
including local antifungals, and very rarely require drug 
suspension, except in cases of pyelonephritis and urinary 
sepsis. Severe infections can be treated with oral fluconazole.

Necrotizing fasciitis of the perineum, also known as 
Fournier’s gangrene, is a rare but significant and 
sometimes fatal adverse event. Patients should be advised 
to contact their doctor if they experience discomfort, 
soreness, erythema, or swelling in the genital or perineal 
area, along with fever or malaise.

Only a few severe cases of diabetic ketoacidosis have been 
documented.27 This risk increases with reduced food intake, 
dehydration, increased insulin requirements, and acute 
illness. Non-specific symptoms can be observed, including 
nausea, vomiting, anorexia, stomach discomfort, excessive 
thirst, breathing difficulties, confusion, and unusual fatigue 
or sleepiness. If these symptoms are present, patients should 
be assessed for ketoacidosis immediately, and SGLT2-i 
therapy discontinued, regardless of blood glucose levels.

Patients who develop severe conditions, such as skin 
ulcers, infections, osteomyelitis, or gangrene, should be 
advised to discontinue SGLT2-i. Another potential SGLT2-i 
side effect is polyuria, which can cause intravascular 
volume contraction and hypotension.

Conclusions

Sodium–glucose cotransporter 2 inhibitor represents the 
fourth pillar in the therapeutic armamentarium to 
improve the prognosis of patients with HFrEF. Although 
this class of drugs is well tolerated, it is crucial to be 
aware of any potential side effects and health issues 
that, if not properly treated, could expose patients to a 
higher risk of adverse outcomes.
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