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Abstract
Heart failure (HF) is a common cause of cardiovascular mortality and morbidity. Despite advances in treatment, the prognosis 
remains poor. Sodium-glucose co-transporter 2 (SGLT-2) inhibitors decrease HF events by 27–39% in high-risk patients 
with type 2 diabetes mellitus (T2DM). Moreover, the DAPA-HF and EMPEROR-Reduced studies randomized patients with 
HF with reduced ejection fraction (HFrEF) with or without diabetes mellitus to receive guideline-directed medical therapy 
versus guideline-directed medical therapy plus an SGLT-2 inhibitor. Both studies showed the benefits of SGLT-2 inhibitors. 
In addition, SGLT-2 inhibitors have shown improvement according to the EMPEROR-Preserved study of HF with preserved 
ejection fraction (HFpEF). Therefore, a panel of cardiology experts from the Egyptian Atherosclerosis and Vascular Biol-
ogy Association (EAVA) revised the literature for SGLT-2 inhibitors in HF, along with the recommended indications and 
contraindications, and this article presents their consensus on the topic. The panel concluded that SGLT-2 inhibitors have 
significantly benefited patients with chronic HFrEF, as indicated through the DAPA-HF and EMPEROR-Reduced trials. The 
panel recommended early use of dapagliflozin 10 mg or empagliflozin 10 mg in patients with symptomatic chronic HFrEF, 
whether diabetic or non-diabetic, to ameliorate HF hospitalization rate, mortality, symptoms, and decline in renal function.

Key Points 

Sodium-glucose co-transporter 2 (SGLT-2) inhibitors 
initially investigated for their glucose-lowering capabil-
ity have shown significant benefit in chronic heart failure 
with reduced ejection fraction (HFrEF), as indicated 
through the DAPA-HF and EMPEROR-Reduced trials.

The panel of experts recommends the early use of 
dapagliflozin 10 mg or empagliflozin 10 mg in patients 
with symptomatic chronic HFrEF, whether the patient is 
diabetic or non-diabetic, to ameliorate HF hospitalization 
rate, death, symptoms, and decline in renal function.

1 Introduction

Heart failure (HF) is a common cause of cardiovascular 
(CV) mortality and morbidity [1, 2], and despite advances 
in treatment, the prognosis remains poor [3]. CV diseases 
(CVD) have been the leading cause of premature death in 
Egypt since the 1990s [4], and in 2017, CVD accounted 
for 46.2% of overall mortality from non-communicable dis-
eases in Egypt [5]. HF poses a significant and growing pub-
lic health burden because of the success of the healthcare 
system’s endeavors in improving the survival of those with 
coronary events [6].

Moreover, CVD accounted for 33% of the total daily-
adjusted life-years (DALYs) lost. In line with global efforts, 
there is a rising trend in health care expenditure in Egypt. 
Comprehensive studies evaluating the prevalence, mortal-
ity, and cost-of-illness (COI) of HF are generally lacking 
in the Middle East and Egypt. In Middle Eastern countries, 
with the absence of health insurance claims databases that 
can quantify the national cost of HF, the interview method  * Emad R. Issak 
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indicated that HF is a costly disease, with inpatient admis-
sions being the key cost driver [6].

For decades, diabetes mellitus (DM) medications were 
established solely for their ability to lower the blood glucose 
level; however, little was understood about their long-term 
CV outcomes. Since 2008, it has become mandatory that 
all new antihyperglycemic medications be evaluated for CV 
safety because there have been reports of a CV risk signal 
with particular pharmacological products (tolbutamide, mur-
aglitazar, and rosiglitazone) or in the context of rigorous gly-
cemic management in specific patient groups (the ACCORD 
trial) [7]. Therefore, over the last decade, dipeptidyl pepti-
dase-4 inhibitors (DPP-4i), glucagon-like peptide-1 receptor 
agonists (GLP-1RAs), and sodium-glucose co-transporter 
2 (SGLT-2) inhibitors have been investigated in CV out-
come trials (CVOTs). These CVOTs have shown that some 
of these newer medications are well tolerated in relation to 
CV risk, and improve outcomes. Therefore, a country-spe-
cific (Egypt) task force was gathered to develop an explicit, 
evidence-based consensus for adopting SGLT-2 inhibitors in 
patients with HF with or without DM. This article illustrates 
the recommendations of this expert committee.

2  Clinical Background of Heart Failure (HF)

The scientific community classified HF into three catego-
ries: HF with reduced ejection fraction (HFrEF), HF with 
preserved ejection fraction (HFpEF), or HF with mid-range 
ejection fraction (HFmrEF). HFrEF is also known as systolic 
HF, where the heart has a reduced pump function because of 
its inability to contract, and it manifested echographically by 
reduced left ventricular ejection fraction (LVEF) ≤ 40%. On 
the other hand, HFpEF is regularly known as diastolic dys-
function due to impaired relaxation and filling of the cardiac 
chambers, with LVEF of at least 50%. Regardless of the clas-
sification, HF results in fatigue, shortness of breath (SOB), 
and fluid retention. Being a chronic progressive disease, it 
has a pattern of compensation–decompensation cycles with 
periods of stability, followed by acute decompensation with 

all its consequences. Finally, the novel nosographic entity 
HFmrEF represents a group with diverse clinical features 
that mimics HFrEF at times, HFpEF at other times, and a 
distinct phenotype at other times [8].

3  Management of HF: The Current Standard 
of Care

The currently adopted standard of care for people with 
symptomatic HFrEF (stage C: New York Heart Association 
[NYHA] classification of heart failure class I–IV) includes 
both medications and supportive devices [8, 9].

Diuretics remain an essential pillar in the management of 
congestion in HFrEF. The mortality benefits of β-blockers 
and renin-angiotensin-aldosterone system (RAAS) inhibitors 
(including angiotensin-converting enzyme [ACE] inhibi-
tors, angiotensin receptor blockers [ARBs], and direct renin 
inhibitors), as well as mineralocorticoid receptor antago-
nists (MRAs), are significant. More recently, a combina-
tion of sacubitril/valsartan and ivabradine therapy has been 
included in HF guidelines for their capability to lessen mor-
bidity and mortality in specific subgroups of patients [8]. 
Three guidelines, namely the National Institute for Health 
and Care Excellence (NICE), the Canadian Cardiovascular 
Society (CCS) guidelines, and the Scottish Intercollegiate 
Guidelines Network (SIGN) guidelines, included algorithms 
with potential for the use of combination therapy with sacu-
bitril/valsartan and ivabradine in the management of HF 
[10–12]; however, no evidence supported this [13].

Patients with HFpEF comprise about half of the HF popu-
lation. There is a need for therapies that improve mortality 
and morbidity. The main treatment goals are hypertension 
control and relief from symptoms of volume overload by 
diuretics. In a specific subset of patients, MRA therapy may 
be considered to decrease hospitalizations [14]. Moreover, 
angiotensin receptor II blocker–neprilysin inhibitor (ARNI) 
treatment failed to improve survival or reduce hospitaliza-
tion for HF when compared with valsartan in the PARA-
GON-HF trial [15].

Statement 1: We still need new treatments for HF apart from the standard of care. These medications should have a 

shred of solid evidence in helping patients with HF.
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4  Refining the Goals of Therapy

Statement 2: The goals for HF treatment should not be only improve survival and reduce hospitalizations but also to prevent 

the ongoing renal affection, improve quality of life, and at the population level, reduce the burden of the disease. 

5  The Beginning of a New Era for People 
with HF: Insights from the Available 
Literature

5.1  Lessons from Cardiovascular Outcomes Trials 
(CVOTs): Sodium‑Glucose Co‑Transporter 2 
(SGLT‑2) Inhibitors and HF in Diabetes Mellitus 
(DM)

The results of CVOTs have shown that SGLT-2 inhibitors 
are well tolerated in terms of CV risk and can improve 
patients’ CV outcomes. Over the years, many CVOTs have 
been conducted and have studied different molecules. Some 
of these CVOTs are as follows.

• Empagliflozin Cardiovascular Outcome Event Trial in 
Type 2 DM Patients Removing Excess Glucose (EMPA-
REG OUTCOME) [16].

• Canagliflozin Cardiovascular Assessment Study (CAN-
VAS) program, which combined data from two trials 
(CANVAS and CANVAS-R) [17].

• Canagliflozin and Renal Events in Diabetes with Estab-
lished Nephropathy Clinical Evaluation (CREDENCE) 
[18].

• Dapagliflozin Effect on Cardiovascular Events–Throm-
bosis in Myocardial Infarction 58 (DECLARE–TIMI 58) 
[19].

• Evaluation of Ertugliflozin Efficacy and Safety Cardio-
vascular (VERTIS-CV) [20, 21].

As concluded from all these trials, SGLT-2 inhibitors 
have been proven to have beneficial effects in reducing both 
major adverse CV events (MACE) as well as hospitaliza-
tions for HF, and a few of these drugs have also reduced CV 
mortality (i.e., empagliflozin [16] and canagliflozin [18]). In 
trials with SGLT-2 inhibitors (empagliflozin, canagliflozin, 
and dapagliflozin) in patients with type 2 DM (T2DM), a 
reduction in HF hospitalizations is a consistent finding [22]. 
In three CVOTs and a renal outcomes trial, they have been 
shown to decrease HF hospitalizations by 27–39% in high-
risk patients with T2DM [18].

The reduction in the need for hospitalization for HF was 
observed early after randomization, which raised the pos-
sibility of different mechanisms of action [23–27]. SGLT-2 
inhibitors have a diuretic effect with consequent hemody-
namic actions. Moreover, there are other proposed mecha-
nisms for their effect on HF, such as their effects on the 
metabolism of the myocardium, vascular function, ion trans-
port, adipokines, and fibrosis [23–27]. Preservation of renal 
function is an added benefit. All these actions are beneficial 
in HF, including in patients without DM [22, 28].

The results of the SOLOIST-WHF trial, a multicenter, 
double-blind trial in which 1222 patients with T2DM were 
hospitalized for worsening HF, have recently been pub-
lished. The study compared sotagliflozin with placebo for 
their effects on the total number of deaths from CV causes 
and hospitalizations and urgent visits for HF as a primary 
endpoint, which were lower in the sotagliflozin group than 
in the placebo group (51.0 vs. 76.3; hazard ratio [HR] 
0.67, confidence interval [CI] 0.52–0.85; p < 0.001). The 
SOLOIST-WHF trial showed that the initiation of SGLT-2 
inhibitors in the acute stage of HF before or shortly after 
discharge is effective and well tolerated in those with HFrEF 
and HFpEF [29].

5.2  SGLT‑2 Inhibitors for HF in Patients Without DM

The positive results reported in CVOTs encouraged research-
ers to investigate the role of SGLT-2 inhibitors for HF in 
patients without DM. Two randomized studies, namely 
the ‘Dapagliflozin and Prevention of Adverse Outcomes 
in Heart Failure’ (DAPA-HF) trial and the ‘Empagliflozin 
Outcome Trial in Patients with Chronic Heart Failure and 
a Reduced Ejection Fraction’ (EMPEROR-Reduced) study, 
addressed this research topic. These two studies randomized 
patients (4744 patients in DAPA-HF and 3730 patients in 
EMPEROR-Reduced) with HFrEF, with or without DM, to 
receive guideline-directed medical therapy versus guideline-
directed medical therapy plus an SGLT-2 inhibitor [30, 31].

The DAPA-HF trial concluded that among patients with 
HFrEF, the risk of worsening HF or death from CV causes 
was lower among the dapagliflozin group than the placebo 
group, regardless of the presence or absence of DM. After 
the follow-up period, the primary outcome (the composite 
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of CV mortality or worsening of HF) was significantly 
(p < 0.001) lower in the dapagliflozin group (16.3%) than 
in the placebo group (21.2%; HR 0.74, 95% CI 0.65–0.85), 
which was consistent in those with or without DM. Moreo-
ver, fewer symptoms were experienced in the dapagliflozin 
group than in the placebo group between baseline and month 
8, as indicated by the total symptom score on the Kansas 
City Cardiomyopathy Questionnaire. In addition, the inci-
dence of the prespecified renal composite outcome did not 
differ between groups (HR 0.71, 95% CI 0.44–1.16) [30]. 
This resulted in the US FDA approving dapagliflozin in May 
2020 for reducing the risk of CV mortality and hospitaliza-
tion for patients with HFrEF [32].

Furthermore, the non-significant improvement of renal 
outcomes seen in the DAPA-HF trial is not indicative of 
a less renal protective effect of dapagliflozin, as this has, 
without a doubt, been demonstrated in the ‘Dapagliflozin in 
Patients with Chronic Kidney Disease’ (DAPA-CKD) study 
[33]. The DAPA-CKD study concluded that among patients 
with CKD, regardless of the presence or absence of DM, 
the combined endpoint of decline in the estimated glomeru-
lar filtration rate (eGFR) of at least 50%, end-stage kidney 
disease, or death from renal or CV causes was significantly 
lower with dapagliflozin than placebo [33].

The EMPEROR-Reduced trial compared empagliflozin 
with placebo for the treatment of patients with HFrEF with 
or without DM. The results of this trial solidified the role of 
SGLT-2 inhibitors in HFrEF for patients without DM. The 
study concluded that, among HF patients, those in the empa-
gliflozin group had a lower risk of CV mortality or hospitali-
zation due to HF than those in the placebo group, regardless 
of whether they had DM or not. The primary composite out-
come of CV mortality or hospitalization for HF was signifi-
cantly (p < 0.001) reduced in the empagliflozin group (HR 
0.75, 95% CI 0.65–0.86). This effect was consistent across 
the prespecified subgroups, including those with or without 
DM. In addition, the decline in the eGFR was significantly 
(p < 0.001) slower in the empagliflozin group than in the 
placebo group [31]. The CV mortality and all-cause death 
rates, which were not met in the EMPEROR-Reduced trial, 
are not of concern as the EMPA-REG trial has shown a sig-
nificant benefit in both endpoints using empagliflozin [16].

Thus, it can be concluded from the DAPA-HF and 
EMPEROR-Reduced trials that dapaglif lozin and 

empagliflozin showed a significant reduction in HF failure 
hospitalizations (both trials), CV mortality (dapagliflozin 
trial), all-cause mortality (dapagliflozin trial), improvement 
of symptoms (both trials), renal protection (empagliflozin 
trial), and can be safely administered in both diabetic and 
non-diabetic patients (both trials).

All of this led the Heart Failure Association of the Euro-
pean Society of Cardiology (ESC-HFA) to update their 
guidelines on SGLT-2 inhibitors in HF, with a recommen-
dation to use dapagliflozin or empagliflozin to lessen the 
combined risk of HF hospitalizations and CV mortality in 
symptomatic patients with HFrEF regardless of the pres-
ence of DM [34]. More recently, this recommendation was 
surpassed by the ESC-HFA guideline recommendation for 
the addition of SGLT-2 inhibitors, namely dapagliflozin and 
empagliflozin for all patients with HFrEF already receiving 
an ACE inhibitor/ARNI, β-blocker, or MRA, regardless of 
whether or not they have DM [35].

5.3  SGLT‑2 Inhibitors for HF with Preserved Ejection 
Fraction (HFpEF)

Both the DAPA-HF and EMPEROR-Reduced trials enrolled 
patients with HFrEF, but research studies are underway to 
determine whether SGLT-2 inhibitors can play a much-
needed role in patients with HFpEF. A subgroup analysis 
of the CANVAS program suggested that canagliflozin may 
reduce HFpEF hospitalizations or mortality (HR 0.83, 95% 
CI 0.55–1.25). Nevertheless, the results were not statistically 
significant because the study was not designed to investigate 
that difference [17]. Another subgroup analysis of HFpEF 
patients in the DECLARE-TIMI 58 study also found a sig-
nal for reduced risk of HF hospitalizations (HR 0.74, 95% 
CI 0.48–1.14) but not for CV mortality (HR 1.44, 95% CI 
0.83–2.49). These results should be reported with caution 
as the study was not powered to detect that difference from 
the start [19, 22]. The DELIVER trial (NCT03619213) with 
dapagliflozin is studying similar outcomes as the DAPA-HF 
trial but in patients with HFpEF rather than HFrEF [36]. 
Additionally, the EMPEROR-Preserved trial, which com-
pared empagliflozin with placebo in patients with HFpEF, 
showed a significant reduction in the combined primary 
endpoint of HF hospitalizations and CV mortality [37, 38].

Statement 3: SGLT-2 inhibitors can be used effectively and safely as a treatment for HF in addition to the standard 

of care in those with or without DM. Their role is evidenced in HFrEF and has shown improvement in HFpEF 

according to one recent trial. 
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In 2020, the European Society of Cardiology (ESC), with 
a contribution from the Heart Failure Association (HFA), 
developed a position paper on the role of SGLT-2 inhibi-
tors in the treatment of HF. They stated that SGLT-2 inhibi-
tors should be used as soon as possible for all patients with 
HFrEF, in conjunction with or in addition to β-blockers, 
ACE inhibitors/ARBs, and MRAs, and sacubitril/valsartan. 
In addition, the significant impact on CV and overall mor-
tality, plus the significant reduction in hospitalizations for 
HF, suggest dapagliflozin is the SGLT-2 inhibitor of choice 
in patients with HFrEF. Therefore, its initiation should be 
pursued in all cases, regardless of background therapy, at 
any stage of the disease timeline (the earlier the better), as 
suggested by the 2021 ESC-HFA guidelines [34, 35, 39].

6.1  Check for Renal Status

Several trials have shown the beneficial renal outcomes asso-
ciated with the administration of SGLT-2 inhibitors, how-
ever we should adhere to the evidence. The DAPA-HF trial 
excluded patients with eGFR below 30 mL/min/1.73  m2, 

Statement 4: SGLT-2 inhibitors can be used at any point of the timeline of HFrEF regardless of the treatments, and the 

earlier the better (Fig. 1). Thus, these can be used as first-line therapy.

Statement 5: At present, it is reasonable to favor dapagliflozin based on DAPA-HF or empagliflozin based on 

EMPEROR-reduced. Both have shown benefits when given in the 10 mg dose at any time point in the timeline of HF 

in cases with HFrEF. 

6  Practical Considerations for the Use 
of SGLT‑2 Inhibitors in HF

while the EMPEROR-Reduced trial had a cut-off point of 
20 mL/min/1.73m2. It should be noted that that there is an 
initial reduction in the eGFR, but the long-term benefits out-
weigh this phenomenon.

6.2  Adjustment of Other Medications

When managing HFrEF, polypharmacy is always a barrier 
to patient compliance and sometimes induces drug–drug 
interactions. For stable patients with HFrEF, the need to 
adjust background loop diuretics should be individualized 
based on evaluating the congestive symptoms. DAPA-HF 
had no routine protocolized adjustment of loop diuretics 
when initiating study therapy, and only ≈ 7% of subjects 

experienced volume depletion, with no significant difference 
versus placebo. We propose that HFrEF patients in the out-
patient setting who receive a daily dose of more than 40 mg 

of frusemide or equivalent from other loop diuretics should 
be followed-up more vigilantly for volume depletion, as seen 
from the subgroup analysis in DAPA-HF. In addition, the 
benefit of SGLT-2 inhibitors has been demonstrated to be 
independent of MRA [40–42], and also independent of and 
in addition to sacubutril-valsartan [40, 43], as shown in the 
DAPA-HF and the EMPEROR-Reduced trials [30, 31].

Statement 6: We recommend using SGLT-2 inhibitors in those with HFrEf  (LVEF) ≤ 40%, with  NYHA class II-IV 

with eGFR > 20  mL/min/1.73m2, with or without DM, and if possible with maximization of RAAS.  If the eGFR is < 

50 mL/min/1.73m2 , SGLT-2 inhibitors could be used with or without MRA (DAPA-HF).  On using SGLT-2 inhibitors, 

lowering the dose of diuretics to avoid adverse effects in chronic therapy can be achieved. 
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6.3  A Multidisciplinary Approach

The multidisciplinary approach to care is a disease man-
agement program encompassing a wide range of organ-
ized treatment regimens and interventions for patients with 
chronic diseases. Because HF causes multisystem malfunc-
tion, it appears logical to use a multidisciplinary approach, 
recognizing this complexity and allowing different aspects 
to be handled by the most qualified healthcare experts, such 
as diabetologists and nephrologists, and therefore enabling 
patients to receive the appropriate care from the appropriate 
person at the appropriate time [44].

6.4  Following‑Up of Patients for Safety Issues 
Related to SGLT‑2 Inhibitors

The serious but uncommon hazards of diabetic ketoaci-
dosis (DKA) and necrotizing fasciitis of the perineum are 

Fig. 1  SGLT-2 inhibitors added to the standard of care for heart failure. ACE angiotensin-converting enzyme, ARB angiotensin-receptor blocker, 
MRAs mineralocorticoid receptor antagonists, ARNI angiotensin receptor–neprilysin inhibitor, SGLT-2 sodium glucose co-tranporter-2

Statement 7: We recommend the inclusion of diabetologists and nephrologists whenever required for the follow-up of 

HFrEF patients, especially if the patient is suffering from DM or has CKD. 

some of the possible concerns of SGLT-2 inhibitors, while 
volume depletion and genitourinary infection are two addi-
tional concerns. The DAPA-HF trial [29] showed that there 
was no risk for hypoglycemia. Patients should be taught to 
cease taking SGLT-2 inhibitors temporarily if they are sick 
and have reduced oral intake, and to decrease the risk of 
DKA and acute renal damage. SGLT-2 inhibitors should 
also not be administered to patients who are hypovolemic 

or hypotensive. Furthermore, if SGLT-2 inhibitors are taken, 
loop and/or thiazide diuretic doses may need to be reduced 
[45].
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Statement 8: We recommend follow up the eGFR within one week and then one month after initiation of SGLT-2 

inhibitors. Regular blood pressure check and weight measurement within a month are needed.  The panel 

recommend patient counseling on genital hygiene, good hydration (> 1.5 liters/day, with diligent observation for 

volume overload), orthostatic hypotension, foot examination, symptoms of DKA, alcohol consumption, and 

avoidance of ketogenic diets.  Moreover, SGLT-2 inhibitors are not recommended in pregnancy, lactation, or age > 

80 years. 

6.5  SGLT‑2 Inhibitor Eligibility and Generalizability 
in HF with Reduced Ejection Fraction in the Real 
World

The results of the Get With the Guidelines-Heart Failure 
(GWTG-HF) registry (2014–2019) in the United States 
showed that four of five patients with HFrEF (with or with-
out T2DM) would be candidates for dapagliflozin treatment, 
indicating its broad applicability [46]. According to the main 
criteria of the DAPA-HF trial, about half of the HFrEF group 
would be eligible for dapagliflozin, as shown in other real-
world research. An eGFR of <30 mL/min/1.73  m2 was the 
primary cause for ineligibility [47]. A recent real-world 
study found that 45% of HFrEF patients would be candidates 
for SGLT-2 inhibitor treatment, demonstrating the drug’s 
broad generalizability in clinical practice [48].

7  Future Directions

We look forward to upcoming trials for SGLT-2 inhibitors 
in the management of acute HF and post-myocardial infarc-
tion. In addition, a real-world local study is recommended.

8  Conclusions

SGLT-2 inhibitors initially investigated for their glucose-
lowering capability have shown a significant benefit in 
chronic HFrEF, as indicated through the DAPA-HF and 
EMPEROR-Reduced trials. We recommend early use of 
dapagliflozin 10 mg or empagliflozin 10 mg in patients with 
symptomatic chronic HFrEF, whether the patient is diabetic 
or non-diabetic, to reduce the heart failure hospitalization 
rate, deaths, symptoms, and decline in renal function (see 

Fig. 1). In addition, according to the EMPEROR-Preserved 
trial, SGLT-2 inhibitors may be considered for HFpEF.
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