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Abstract
Heart Failure (HF) is a chronic debilitating condition, which affects 

millions globally. India has recorded the second-highest increase in the 
number of HF cases worldwide, along with the second-highest 1-year 
mortality outcome for HF. Despite significant progress in the management 
of HF, the mortality and morbidity rates remain unacceptably high, 
which indicates unmet needs in HF management. Accumulating evidence 
has established consistent cardiovascular and renoprotective effects of 
sodium–glucose cotransporter 2 inhibitors (SGLT2i), irrespective of 
diabetes status. The overall safety and benefits of SGLT2i in the context 
of HF hospitalization and mortality have been acknowledged by recent 
guidelines. The benefits of SGLT2i have been established for HF persons 
with reduced ejection fraction (HFrEF). Consequently, SGLT2i including 
dapagliflozin and empagliflozin has been positioned among the first-line 
therapy in the treatment algorithm for HFrEF by the European Society 
of Cardiology 2021 guidelines. Recent findings indicate similar benefits 
of SGLT2i in HF persons with preserved ejection fraction (HFpEF). 
Moreover, SGLT2i fulfills the criteria for a potential therapeutic option 
for cardiorenal syndrome. Therefore, SGLT2i is a strong candidate to 
be positioned as a potent disease-modifying therapy for HF with wide 
acceptance by clinicians.
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Abbreviations: ACC: American College of Cardiology; ACEi: 
angiotensin-converting enzyme inhibitors; ADA: American Diabetes 
Association; ARB: Angiotensin II receptor blockers; ARNI: angiotensin 
receptor neprilysin inhibitor; CANVAS: Canagliflozin Cardiovascular 
Assessment Study; CREDENCE: Effects of Canagliflozin on Renal and 
Cardiovascular Outcomes in Participants With Diabetic Nephropathy; CKD: 
chronic kidney disease; CRT-D: Cardiac resynchronization therapy with a 
defibrillator; CRT-P: Cardiac resynchronization therapy with a pacemaker; 
CV: cardiovascular; CVOTs: cardiovascular outcome trials; DAPA-CKD: 
Effect of Dapagliflozin on Renal Outcomes and Cardiovascular Mortality 
in Patients With Chronic Kidney Disease; DAPA-HF: Dapagliflozin 
and Prevention of Adverse Outcomes in Heart Failure; DEFINE-HF: 
Dapagliflozin Effect on Symptoms and Biomarkers in Patients With Heart 
Failure; DECLARE-TIMI 58: Dapagliflozin Effect on Cardiovascular Events; 
EF: ejection fraction; eGFR: estimated glomerular filtration rate; EMPA-REG 
OUTCOME: Empagliflozin Cardiovascular Outcome Event Trial in Type 2 
Diabetes Mellitus Patients; EMPEROR-Reduced: Empagliflozin Outcome 
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Trial in Patients With Chronic Heart Failure With Reduced 
Ejection Fraction; ESC: European Society of Cardiology; 
GDMT: guideline-directed medical therapy; HF: Heart 
failure; HHF: Hospitalization for heart failure; HFimpEF: 
HF with improved EF; HFrEF: HF patients with reduced 
ejection fraction; HFpEF: in HF patients with preserved 
ejection fraction; HR: hazard ratio; ICD: Implantable 
cardioverter-defibrillator; LVEF: Left ventricular ejection 
fraction; MRA: mineralocorticoid receptor antagonists; 
MACE: Major adverse cardiovascular events; NYHA: New 
York Heart Association; QRS: Q, R, and S waves (on a 
12-lead electrocardiogram); SCORED: Effect of 
Sotagliflozin on Cardiovascular and Renal Events in Patients 
with Type 2 Diabetes and Moderate Renal Impairment Who 
Are at Cardiovascular Risk; SOLOIST-WHF: Effect of 
Sotagliflozin on Cardiovascular Events in Patients With Type 
2 Diabetes Post Worsening Heart Failure; SGLT2i: sodium-
glucose cotransporter 2 inhibitors; SR: Sinus rhythm; T1DM: 
Type 1 diabetes mellitus; T2DM: type 2 diabetes mellitus; 
UTIs: urinary tract infections; VERTIS-CV: Evaluation of 
Ertugliflozin Efficacy and Safety Cardiovascular Outcomes 
Trial; c : Nominal p value

Introduction
Chronic heart failure (HF) is a complex syndrome that is 

characterized by the compromised circulatory function of the 
heart resulting from functional and/or structural alterations 
[1] The prevalence and health loss burden associated with 
HF are increasing worldwide, especially in low-to–middle 
sociodemographic index regions and in the older population 
[2]. At present, the global prevalence of HF is 64.34 million [2].

Burden of Heart Failure in India
In India, the prevalence of HF is approximately 1%, and 

the mortality rate associated with HF is 0.1–0.16 million 
cases per year [3]. Annually, 1.8 million hospitalizations are 
attributable to HF in India with HF being one of the commonest 
reasons for hospitalization among the older people.[4] India 
has the second-highest 1-year mortality outcome for HF 
(23%) [5] Persons with HF are categorized based on their 
symptoms and ejection fraction (EF); HF with preserved EF 
(HFpEF; EF ≥50%), HF with midrange EF (HFmrEF; EF 
in the range of 40%–49%; the recent recommendation is to 
denote HFmrEF as mildly reduced rather than midrange), 
and HF with reduced EF (HFrEF; EF <40%) [6]. A study 
from India has shown that in persons with HFrEF, the 1-year 
all-cause mortality rate is substantially high (17.6%) [7]. 
Chronic HF, particularly HFrEF, is associated with worse 
prognosis and high hospitalization and mortality rates, 
even in developing countries like India [8]. A new category 
has been introduced by the recent position paper by the 
European Society of Cardiology (ESC), HF with improved 
EF (HFimpEF), defined as an initial EF of 40% or below with 
an improvement by 10 points with a final EF above 40% [9]

Unmet Needs of HF Management
Although over the past three decades significant progress 

has been made in HF management, it continues to be a major 
cause of morbidity and mortality even in developed countries 
causing a significant impact on the economic burden of the 
healthcare system [10]. The therapeutic management of 
HF includes beta-blockers, angiotensin-converting enzyme 
inhibitors (ACEi), and mineralocorticoid receptor antagonists 
(MRA) [11]. Despite such interventions, the high rates of 
HF-related hospitalization and mortality imply that there are 
some unmet needs in the current HF management [11]. One 
of the unmet needs is the requirement of new therapies for 
HF subtypes wherein current therapies potentially relieve 
symptoms but fall short of addressing the disease [12]. 
Although the current interventions are associated with reduced 
mortality in persons with HFrEF, the prognosis remains poor 
[6]. Further, a large portion of persons with HFrEF do not 
receive the guideline-directed medical therapy (GDMT) 
even if there are no contraindications; in cases where they 
receive it, doses may not be as recommended by guidelines 
[6]. Therefore, there is an unmet need for disease-modifying 
therapies in persons with HFrEF, which can positively affect 
the person’s well-being without having dose-limiting side 
effects [6]. The current unmet needs in HF, including HFrEF, 
HFpEF, and cardiorenal syndrome, are presented in Figure 1.

SGLT2i in HF: Transition From Diabetes to HF 
Realm

The glucose-lowering drug, sodium–glucose cotransporter 
2 inhibitors (SGLT2i) acts by blocking the SGLT2 protein in 
the proximal convoluted tubule, which reabsorbs nearly 90% 
of filtered glucose.[13] Recent findings indicate that SGLT2i 
have substantial cardiovascular (CV) risk reduction potential 
[13]. This notion emanated from the recent landmark clinical 
trials, wherein besides improving glycemic control, SGLT2i 
also lowered CV events and hospitalization for HF (HHF) 
in persons with type 2 diabetes mellitus (T2DM). Notably, 
the CV clinical benefits were also consistently observed 

HFpEF: Heart failure with preserved ejection fraction; HFrEF: Heart 
failure with reduced ejection fraction.

Figure 1: Current unmet needs in HF management [6].
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in persons with HF even in the absence of T2DM [13]. 
With such multifaceted effects, SGLT2i have made a 
promising transition from the realm of antidiabetes therapy 
into a new role as a therapeutic intervention for HFrEF [14].

Initial Evidence of Benefits o f SGLT2i i n HF: 
Findings From CVOTs in Persons With T2DM

SGLT2i have demonstrated lowering effects on CV events 
in multiple cardiovascular outcome trials (CVOTs) [13]. In 
terms of CV benefits, SGLT2i have demonstrated consistently 
improved outcomes related to HF. Particularly, the reduction 
in HHF within months of randomization indicated a separate 
cardioprotective mechanism of SGLT2i compared to those of 
other antidiabetic medications, where such CV benefits take 
years to manifest [13]. The first CVOT to demonstrate CV 
benefits of SGLT2i was the EMPA-REG OUTCOME study 
wherein empagliflozin lowered hospitalization for worsening 
HF among persons with T2DM who were at a high risk of 
CV events [14,15]. In subsequent CVOTs involving other 
SGLT2i, that is, canagliflozin in the CANVAS study and 
dapagliflozin in the DECLARE-TIMI 58 study, consistent 
reduction in HHF was observed among persons with T2DM 
managed with SGLT2i [14,16,17].

SGLT2i in HF: Possible Mechanisms of Action
The probable mechanisms of action of SGLT2i have been 

enlisted below:

• Diuretic and antihypertensive effects: SGLT2i exert
antihypertensive effects by lowering plasma volume
and improving endothelial function, which leads to the
reduction in blood pressure and afterload [13]. However,
these effects of SGLT2i are nonsignificant and possibly
are not related to their CV benefits [18]. Endocardial
blood flow is improved by the reduction of cardiac
afterload [19,20]. Furthermore, through its diuretic
effects, SGLT2i cause a reduction in ventricular preload,
which improves ventricular loading conditions [13]. As
opposed to conventional diuretics that selectively reduce
the intravascular volume, SGLT2i reduce extravascular
volume preferentially, thus minimizing the chances of
postural hypotension or prerenal failure.

• Weight reduction and improved glycemic control:
SGLT2i cause weight loss through increased
glucagon:insulin ratio that increases lipid mobilization
and is accountable for lowered HF mortality effect
associated with SGLT2i [13,20-22].

• Increase in hematocrit: SGLT2i have been associated
with an increase in red blood cell mass, renal erythropoietin 
production, and hematocrit, which lead to improved CV
outcomes [13,23]. Besides directly increasing myocardial
tissue oxygen delivery, an increase in erythropoietin
production favorably influences cardiomyocyte cell

proliferation, mitochondrial function, angiogenesis, and 
inflammation [18].

• Direct cardiac effects: In HF, inflammation, fibrosis,
and cardiac hypertrophy are the causes of adverse cardiac
remodeling that increases the severity of the condition. It
has been proposed that SGLT2i have a role in reversing
the adverse cardiac remodeling, thereby improving HF
outcomes [13,22].

• Improved cardiac metabolism and myocardial
energetics: Due to increased urinary glucose excretion,
there is increased production of ketone bodies, which
provide a fuel source alternative to glucose and fatty
acids, leading to increased ATP production and improved
cardiac efficiency and output [13,21,23,24].

• Improved myocardial ionic homeostasis: SGLT2i
improve cardiac contractility by reversing calcium
overload through inhibition of SGLT1 and sodium
hydrogen exchanger 1 expression, which lowers
intracytosolic sodium content [13].

• Autophagy: Autophagy induction has favorable effects
on HF. It has been postulated that SGLT2i induces
autophagy through periods of increased catabolism
resulting from constant glucosuria [13].

• Altered adipokine regulation: Altered adipokine
regulation results in an epicardial fat deposition that leads to 
the development of HF. SGLT2i imparts cardioprotective
effects through increased serum adiponectin and lowered
leptin concentrations [13]. SGLT2i restores the balance
between inflammatory and anti-inflammatory adipokines,
thereby regulating cardiac inflammation and fibrosis [24].

• Left ventricular remodeling: Left ventricular (LV)
remodeling is a key contributor to HF. SGLT2i may
have beneficial effects on multiple pathways involved
in LV remodeling, such as inflammation, hypertrophy,
cardiomyocyte cell death, and increased production of
extracellular matrix [19,20].

Benefits of SGLT2i in HFrEF
The recent CVOTs demonstrated that SGLT2i contributed 

to improved CV outcomes in persons with T2DM and 
reduced the risk of HHF by 30%–35% [13,25]. Subsequently, 
the DAPA-HF, the SOLOIST-WHF, and the EMPEROR-
Reduced trials were conducted in persons who were primarily 
diagnosed with HF, either with or without T2DM [26–28]. 
Consistent CV outcomes were noted in EMPEROR-Reduced 
and DAPA-HF studies, which involved persons with HFrEF 
[26,28]. A meta-analysis of these two trials demonstrated 
that SGLT2i were associated with a 25% decrease in the 
composite of recurrent HHF or CV death (p<0·0001), and 
a reduction in the combined risk of first HHF or CV related 
death by 26% (p<0·0001) [29]. According to a post hoc 
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analysis of the DAPA-HF trial, when added to conventional 
therapies, such as diuretics, ACEi, angiotensin receptor-
neprilysin inhibitors (ARNI), ARB, beta-blockers, or MRA, 
dapagliflozin lowered the risk of cardiac arrest, sudden death, 
or any serious ventricular arrhythmia in persons with HFrEF 
[30]. A meta-analysis on the efficacy and safety of SGLT2i in 
16,820 persons with HF (including three trials related to HF-
SOLOIST-WHF, EMPEROR-Reduced, and DAPA-HF, —
and four CVOTs—CANVAS, DECLARE-TIMI 58, EMPA-
REG OUTCOME, and the VERTIS-CV) revealed that 
SGLT2i significantly reduced the risk of HF hospitalization 
in persons with HF [15–17,26–28,31,32]. Further, a 
beneficial trend was observed in persons with HFpEF for the 
composite of CV death and HHF [31]. The findings remained 
consistent even in persons with HFrEF, both with or without 
the presence of T2DM [31]. These findings implied that all 
persons with HF might benefit from SGLT2i, irrespective 
of diabetes status [31]. In another meta-analysis involving 
seven studies with 14,113 persons with HF (including 58.9% 
persons with co-existing T2DM), a subgroup analysis of 
persons with HF without T2DM revealed favorable CV and 
HHF outcomes of SGLT2i as compared to placebo. These 
findings affirmed that the HF benefits of SGLT2i were 
independent of its antidiabetic effects.[25] The key trials of 
SGLT2i are summarized in Table 1.

Does SGLT2i Provide Mortality Benefit?
The CVOT data for SGLT2i demonstrated an 

unanticipated improvement in CV endpoints. Subsequently, 
the DAPA-HF trial showed that SGLT2i reduced all-cause 
mortality in patients with HFrEF (dapagliflozin vs. placebo: 
11.6% vs. 13.9% hazard ratio [HR]: 0.83; 95% confidence 
interval [CI]: 0.71–0.97), which is comparable to that of the 
standard guideline-recommended HFrEF medical therapies 
[26,34]. Notably, death from CV causes was significantly 
lower in dapagliflozin group compared to placebo (9.6% vs 
11.5%; HR: 0.82; 95% CI, 0.69 to 0.98; p<0.001) [26]. The 
DAPA-HF data showed significant cardiovascular mortality 
benefit with dapagliflozin (18% reduction; HR: 0.82; 95% 
CI, 0.69 to 0.98), compared to the findings of the EMPEROR-
Reduced trial with empagliflozin (8% reduction; HR: 0.92; 
95% CI, 0.75 to 1.12; statistically not significant) [28]. 
Further, a 17% reduction in all-cause mortality (7.9 versus 
9.5 events per 100 patient-years compared to placebo; 
HR:0.83; 95% CI, 0.71 to 0.97; p<0.022c) was also reported 
in the DAPA-HF trial [34]. In the DAPA-CKD trial, there 
was a 31% absolute risk reduction in all-cause mortality 
with dapagliflozin vs. placebo (HR: 0.69; 95% CI: 0.53–
0.88; p=0.004) [35].

Study name No. of 
participants Study design Persons with HF

Mean eGFR 
(mL/min/ 
1.73 m2)

Follow-up 
(mean/median) Study outcomes

EMPA-REG 
(Empagliflozin) [15 ] 7020

Empagliflozin 10 
mg, 25 mg vs. 

placebo 

HF (unspecified): 
706 (10.1%) 74 3.1 years

Higher reduction in CV 
mortality, nonfatal MI, or 

nonfatal stroke compared to 
placebo (10.5% vs. 12.1%)

CANVAS 
(Canagliflozin) [16] 10142

Canagliflozin 100 
mg, 300 mg vs. 

placebo

HF (unspecified): 
1461 (14.4%) 76.5 188 weeks Lower risk of CV events 

compared to placebo 

DECLARE-TIMI 
(Dapagliflozin) [17] 17160 Dapagliflozin 10 

mg vs. placebo

HFrEF: 671 (3.9%) 
HFpEF: 1316 

(7.7%)
85.2 4.2 years

Decreased risk of MACE 
(8.8% vs. 9.4%), CV death 
and HHF (4.9% vs. 5.8%) 

compared to placebo 
VERTIS-CV 

(Ertugliflozin) [32] 8246 Ertugliflozin 5 mg, 
15 mg vs. placebo

HF (unspecified): 
23.4% 76 3.5 years Noninferior to placebo in 

terms of MACE

DAPA-HF 
(Dapagliflozin) [26] 4744 Dapagliflozin 10 

mg vs. placebo
HFrEF: 4744 

(100%) 65.8 18.2 months

Reduced risk of worsening 
HF or death from CV 

causes; outcomes similar 
in persons with or without 

T2DM

EMPEROR-Reduced 
(Empagliflozin) [28] 3730 Empagliflozin 10 

mg vs. placebo
HFrEF: 3730 

(100%) 62 16 months
Reduced composite of CV 
death or HHF; irrespective 

of diabetes status

SOLOIST-WHF 
(Sotagliflozin) [27] 1222

Sotagliflozin 200 
mg (increased up 

to 400 mg) vs. 
placebo

1222 (100%) 49.7 
(median) 9 months

Reduced rate of death from 
CV causes (10.6 vs. 12.5) 

and rate of death from 
any cause (13.5 vs 16.3) 

compared to placebo
CV: Cardiovascular; HHF: Hospitalization for heart failure; HF: Heart failure; HFpEF: Heart failure with preserved ejection fraction; HFrEF: 

Heart failure with reduced ejection fraction; MACE: Major adverse cardiovascular events; T2DM: Type 2 diabetes mellitus; 

Table 1: Summary of key trials of SGLT2i33
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Sequencing of Therapies in HFrEF
Based on the encouraging findings of SGLT2i for persons 

with HFrEF as seen in the DAPA-HF and EMPEROR-
Reduced trials, there has been mounting enthusiasm regarding 
the incorporation of SGLT2i into the guideline-recommended 
management therapy for HFrEF [36]. While assessing the 
benefits of SGLT2i in persons with HFrEF, it is important 
to note that in the HF trials, DAPA-HF and EMPEROR-
Reduced, participants had been receiving guideline-
recommended therapy, which included ACEi/ARB, ARNI, 
beta-blockers, and MRA. The HF benefits of SGLT2i were 
seen regardless of the use of such therapies [36]. Further, the 
benefits of SGLT2i on CV outcomes are comparable to those 
of ARNI therapy, and the combination of both therapies leads 
to even better CV protective effects [36,37]. These data imply 
that SGLT2i, such as dapagliflozin or empagliflozin, can be 
reasonably used in combination with ARNI, ACEi, or ARB 
therapy in persons with HFrEF [36]. Therefore, it becomes 
imperative to appropriately position or sequence SGLT2i 
for therapy in this group of persons with HF. Currently, 
physicians are asked to initiate therapy with ACEi or ARB, 
followed by beta-blockers, MRA, ARNI, and finally SGLT2i. 
However, this approach is associated with some important 
limitations. Each class of therapy is supposed to be titrated 
to reach the target dose, before proceeding to the next class 
of drugs in the therapy sequence, which might require 6 
months to prescribe all recommended therapies. Thus, such 
a treatment algorithm requires adjustment of treatment doses 
at majority of the visits, which is rarely met in routine clinical 
practice. Therefore, a significant number of individuals do 
not receive the targeted doses of all recommended therapies 
[38]. It has been proposed that initiation of quadruple therapy 

(either simultaneous or rapid sequencing) involving ARNI, 
MRA, beta-blockers, and SGLT2i may lower the risk of death 
by 73% over 2 years and may improve adherence, tolerance, 
and persistence to therapy. The tolerability of each of these 
drugs could be enhanced by initiating therapy at lower doses. 
Thus, the proposed quadruple therapy with simultaneous 
or rapid sequencing intends to overcome clinical inertia 
and treat persons with HFrEF   with the required urgency 
[39].The timeline, strategy, and clinical benefits related to 
simultaneous initiation of quadruple therapy in persons with 
HFrEF are presented in Table 2 [39]. Regarding sequencing of 
therapy, a new evidence-based treatment algorithm has been 
proposed for persons with HFrEF (Table 2). This algorithm 
should be individualized for special circumstances, such as 
persons hospitalized with decompensated HF, or individuals 
hospitalized on intravenous therapy. This algorithm can help 
achieve treatment with all four classes of foundational HF 
treatments within 4 weeks. Thereafter, the uptitration of 
target doses should be done. This sequencing algorithm has 
been proposed to help achieve highly effective therapy along 
with rapid prevention of HHF and deaths, with improved 
tolerability of concurrent or subsequently prescribed therapies 
[38].

A recent consensus by the Heart Failure Association of the 
ESC has suggested a personalized approach to help achieve 
a better and more comprehensive therapy as compared to 
the traditional, forced titration of every class of drug before 
treatment initiation with the next. Based on parameters such 
as heart rate (<60 bpm or ≥70 bpm), estimated glomerular 
filtration rate (<30 mL/min/1.73 m2 or >30 mL/min/1.73 m2), 
symptomatic low blood pressure, presence of atrial fibrillation, 
or hyperkalemia, persons with HF were categorized into nine 

Day(s) ARNI Beta-blocker MRA SGLT2i
1 Initiate at low dose Initiate

45121 Continue Titrate as 
tolerated Continue

14-28 Titrate as tolerated Continue

21-42 Titrate as tolerated Continue

After Day 42

• Maintenance or additional titration as
necessary 

• Consider electrophysiological therapies
or transcatheter mitral valve repair

• If refractory, consider add-on therapy or
advanced therapies 

• Manage comorbidity
Sequencing Step 1 Step 2 Step 3 Step 4 Step 5

Conventional (uptitration at each step 
requires ≥6 months) ACEi/ARB Beta-blocker MRA ARNI SGLT2i

Proposed (achieve all 3 steps within 4 
weeks; then uptitrate to target dose) Beta-blocker + SGLT2i ARNI MRA

ACEi: Angiotensin-converting enzyme inhibitors; ARB: Angiotensin II receptor blockers; ARNI: angiotensin receptor neprilysin inhibitor; MRA: 
Mineralocorticoid receptor agonist; SGLT2i: Sodium-glucose cotransporter 2 inhibitor.

Table 2: Simultaneous or rapid sequence initiation of quadruple therapy in persons with HFrEF (upper panel); conventional and new sequencing 
of therapy for persons with HFrEF (lower panel) (Adapted from [38,39 ])
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profiles relevant for persons with HFrEF. Since persons 
with HF may have varying presentations in terms of kidney 
function, hemodynamic status, and congestion, prioritizing 
or adjusting drugs as per the individual profile might be a 
reasonable way to provide the individualized benefit of 
GDMT to every individual [40].

Cardiorenal Syndrome in HF
Renal dysfunction is one of the important comorbidities 

in persons with HF. While decreased estimated glomerular 
filtration rate (eGFR) is a potential predictor of CV 
complications and mortality, worsening HF can hasten the 
worsening of renal function [41]. This implies that disorders 
occurring in any of the two systems mostly involve the other 
system. Thus, both CV and renal disorders often progress 
in a continuous manner, which is termed the cardiorenal 
continuum. Usage of any therapeutic approach that disrupts 
any step of this vicious cascade can ensure CV and/or renal 
protection [42]. However, the outcomes of persons with 
cardiorenal syndrome have remained poor due to the lack of 
therapies capable of providing both CV and renal protection 
[6]. The REVEAL-CKD study was a multinational initiative 
for evaluating undiagnosed CKD. The findings of the 
study showed that 62.4% (95% CI: 62.2–62.6) of persons 
with stage 3 CKD in the United States were undiagnosed, 
thereby suggesting an unmet need for a more proactive CKD 
diagnosis at early stages and monitoring [43].

Implications of Renal Impairment in the 
Management of HFrEF

Studies have shown that the prevalence of chronic kidney 
disease (CKD) in persons with HF  ranges from 20% to 67% 
[6]. The risk of mortality in these individuals is 25%–30% 
higher compared to individuals with HF alone [6]. The 
pathophysiology of cardiorenal syndrome is complex. Low 
cardiac output and increased venous pressure in persons 
with HF can lead to CKD; renal dysfunction can also worsen 
HF through accelerated atherosclerosis, inflammation, 
neurohormonal activation, increased sodium and fluid 
retention, uremic toxins, and anemia.[6] The management of 
HF in persons with renal dysfunction can also be challenging 
owing to drug-induced creatinine and electrolyte changes, 
device therapy-induced infections, and resistance to diuretics 
[6, 44]. Besides ARNI and ivabradine, recently, SGLT2i have 
shown promising results in improving HHF and CV-related 
deaths among persons with HFrEF and CKD stages 1, 2, and 
3 [44].

SGLT2i in the Management of Cardiorenal 
Syndrome

Although the initial design of the CVOTs was to assess 
the CV safety of SGLT2i, the secondary endpoints and 
prespecified renal outcomes of these trials provided extensive 

Study name
HHF outcomes 
compared to 

placebo

Renal outcomes 
compared to 

placebo
EMPA-REG OUTCOME15 −35% −46%

CANVAS16 −33% −40%

DECLARE-TIMI 5817 −27% −47%

VERTIS-CV32 −30% −46%

CREDENCE48 −39% −34%

DAPA-HF26 −30% −50%

EMPEROR-Reduced28 −31% −50%

DAPA-CKD35* −29% −44%
*DAPA-CKD presented a combined endpoint of HHF + CV mortality.
HHF: Hospitalization for heart failure.

data on the renal effects of SGLT2i [42]. The subanalysis of 
these trials established the renal benefits of SGLT2i in persons 
with T2DM at high CV risk or established atherosclerotic 
CV disease [45-47]. Data from new trials, including the 
CREDENCE, DAPA-HF, EMPEROR-Reduced, the DAPA-
CKD, and the SCORED trials, have affirmed the consistent 
CV protective and renoprotective benefits of SGLT2i 
[26,28,35,48,49]. In the DAPA-CKD study, the HR for the 
composite of HHF or death from CV causes was 0.71 (95% 
CI: 0.55–0.92; p=0.009) [35]. Therefore, accumulating 
evidence has shown that SGLT2i lowers HHF across different 
stages of the CV continuum, independent of baseline kidney 
function or dysfunction stage (Table 3). In parallel, SGLT2i 
delays the progress of renal dysfunction, end-stage kidney 
disease, and albuminuria across various stages of the renal 
continuum. Thus, the cardioprotective and renoprotective 
effects of SGLT2i are two sides of the same coin, and SGLT2i 
can potentially disrupt the series of pathophysiological events 
that lead to cardiorenal syndrome, irrespective of diabetes 
status [42].

The recent position paper from the ESC acknowledges 
a lower risk of HHF or CV death with dapagliflozin and 
empagliflozin therapy in persons with HFrEF. Further, the 
effect of sotagliflozin in lowering the risk of HHF and CV 
death in persons with T2DM recently hospitalized for HF has 
also been highlighted [12].

Safety of SGLT2i
Findings from several trials of SGLT2i in persons with 

T2DM suggest that overall, this pharmacological class is 
well tolerated. During early treatment exposure, incidences 
of genital mycotic infections and urinary tract infections 
(UTIs) are common. Although UTIs with SGLT2i are mild to 
moderate and easily manageable, genital mycotic infections 
are relatively more frequent. Genital infections associated 
with SGLT2i are generally mild and can be easily managed  
[50]. SGLT2i has also been associated with diabetic 

Table 3: Comparing the effects of SGLT2i on HHF and renal 
outcomes (Adapted from [42])
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ketoacidosis, although such incidences are very rare and are 
mainly observed in persons on insulin therapy or in persons 
associated with acute serious clinical conditions, such as 
surgery or septicemia [50]. However, it is recommended 
to discontinue SGLT2i treatment if symptoms of diabetic 
ketoacidosis appear [6]. In the CANVAS trial, the risk of lower 
limb amputation was higher with canagliflozin as compared 
to placebo. However, no such increase in the incidence of 
amputation was observed in the EMPA-REG OUTCOME 
and DECLARE-TIMI 58 trials [51]. Therefore, the influence 
of SGLT2i on the risk of amputations and fractures needs to 
be evaluated further [6]. A recent meta-analysis assessed the 
major safety outcomes associated with SGLT2i treatment 
in persons with HF based on data from seven randomized 
controlled trials [25,52]. The study reported that SGLT2i 
was generally safe with a lower incidence of serious 
adverse events. In the subgroup of persons with HF without 
diabetes, SGLT2i did not significantly increase the risk of 
UTI, hypoglycemia, amputation, bone fracture, or volume 
depletion. Notably, volume depletion risk was higher in the 
overall persons with HF treated with SGLT2i. Therefore, a 
combination of SGLT2i with diuretics should be used with 
caution. Overall, based on the safety profile, SGLT2i can 
be used as a potential therapeutic agent in persons with HF 
[25].

Guidance on the Use of SGLT2i
The 2021 guidelines of the ESC have included SGLT2i in 

the treatment algorithm for HFrEF among other conventional 
medications with class I indication for mortality reduction, 
either CV or all-cause mortality. Dapagliflozin and 
empagliflozin have received the strongest recommendation 
and highest evidence (class IA) and have been positioned 
as the first-line therapy in HFrEF (Figure 2). The guideline 
emphasizes the early administration of the four major classes 
of drugs: ACE/ARNI, beta-blockers, MRA, and SGLT2i. 
For the first time, dapagliflozin and empagliflozin have been 
recommended for managing persons with HFrEF to lower 
HHF and mortality (class IA). For persons with T2DM at high 
risk of CV events, empagliflozin, dapagliflozin, canagliflozin, 
ertugliflozin, and sotagliflozin are recommended, whereas, 
for persons with T2DM with HFrEF, empagliflozin, 
dapagliflozin, and sotagliflozin are recommended to reduce 
the risk of HHF and CV death.[12] In persons with T2DM 
with HFrEF, SGLT2i replaces metformin as the first-line 
therapy.

ACE-I: Angiotensin-converting enzyme inhibitor; ARNI: 
Angiotensin receptor-neprilysin inhibitor; CRT-D: Cardiac 
resynchronization therapy with a defibrillator; CRT-P: 
Cardiac resynchronization therapy with a pacemaker; HFrEF: 
Heart failure with reduced ejection fraction; ICD: Implantable 
cardioverter-defibrillator; LVEF: Left ventricular ejection 
fraction; MRA: Mineralocorticoid receptor antagonists; 
QRS: Q, R, and S waves (on a 12-lead electrocardiogram); 

Figure 2: Treatment algorithm for persons with HFrEF recommended 
by the European Society of Cardiology 2021 guidelines on HF 
(Adapted from [12]).

Dos Don’ts

Early initiation of SGLT2i in eligible 
individuals

Use of SGLT2i in 
persons with low eGFR 
(<20 mL/min/1.73 m2 
for empagliflozin and 
<30 mL/min/1.73 m2 for 
dapagliflozin due to limited 
data)

Should be considered for first-line 
therapy along with ARNI (or ACEi/
ARB), beta-blockers, and MRA

Contraindications: persons 
with critical limb ischemia, 
allergy, or intolerance 
to SGLT2i; persons with 
T1DM; and pregnant or 
lactating women

Dapagliflozin or empagliflozin should 
be used in persons with HFrEF for 
lowering the risk of CV mortality and/
or HHF, irrespective of diabetes 
status

Caution: volume depletion, 
active genital mycotic 
infections, hypotension 
(systolic blood pressure 
<95 mmHg), prior critical 
limb ischemia, diabetic 
ketoacidosis, history of 
severe hypoglycemia (for 
persons with diabetes)

Dapagliflozin is to be used in persons 
with albuminuric renal disease, 
irrespective of diabetes status, to 
reduce HHF and progression of renal 
disease

Genetic mycotic infections 
can be managed with 
antifungal drugs; hence, 
do not discontinue therapy 
with SGLT2i in case of 
such infections

Careful monitoring of volume status is 
required while using SGLT2i

ACEi: Angiotensin-converting enzyme inhibitors; ARB: Angiotensin 
II receptor blockers; ARNI: Angiotensin receptor neprilysin inhibitor; 
CV: Cardiovascular; eGFR: Estimated glomerular filtration rate; HHF: 
Hospitalization for heart failure; HFrEF: Heart failure with reduced 
ejection fraction; MRA: Mineralocorticoid receptor antagonists; 
SGLT2i: Sodium–glucose cotransporter-2 inhibitors; T1DM: Type 1 
diabetes mellitus.

Table 4: Practical guidance on the use of SGLT2i [55–57]. 
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SR: Sinus rhythm. aAs a replacement for ACE-I. bWhere 
appropriate. Class I = Green. Class IIa = Yellow.

The 2021 American College of Cardiology (ACC) 
consensus on HF treatment recommends the use of SGLT2i 
in persons with HFrEF with New York Heart Association 
(NYHA) class III–IV HF, irrespective of diabetes status. 
However, SGLT2i should be administered in conjunction 
with a guideline-directed medical therapy for HF [53]. 
The ACC 2021 guidelines on HF recommend ARNI as the 
preferential renin–angiotensin–aldosterone system blockade 
to initiate therapy. The 2021 guidelines of the American 
Diabetes Association (ADA) recommend the use of SGLT2i 
with demonstrated CV benefit in persons with T2DM at 
high CV risk, or with established CV disease [54]. The 2021 
Canadian Cardiovascular Society Heart Failure guidelines 
have placed a higher value on combination therapy involving 
evidence-based therapeutic classes, which includes SGLT2i. 
Dapagliflozin and empagliflozin are strongly recommended 
for persons with HFrEF to lower HHF and/or CV mortality 
and to improve symptoms and quality of life. Further, for 
eligible individuals, it is recommended to start early therapy 
with SGLT2i [55].

Practical Guidance on the Use of SGLT2i: The 
Dos and Don’ts

Practical guidance on the clinical use of SGLT2i in 
persons with HFrEF, summarized based on recent evidence 
and guideline updates has been enumerated in Table 4.

Future Directions
There is substantial evidence supporting the benefit of 

SGLT2i in HFrEF, irrespective of diabetes status. High-
level outcome data showing HF treatment effects of SGLT2i 
comparable to those of current GDMT agents for HFrEF are 
available for dapagliflozin from the DAPA-HF trial. Recent 
data from the EMPEROR-Preserved trial have elucidated 
that SGLT2i can reduce the combined risk of HHF or CV 
death in persons with HFpEF, irrespective of diabetes status 
(HR: 0.79; 95% CI: 0.69–0.90; p<0.001). Further, the risk 
and severity of a broad range of worsening HF events were 
also reduced [58]. According to the outcomes noted in the 
EMBRACE-HF trial, empagliflozin therapy in persons with 
HFpEF or HFrEF was associated with a rapid reduction in 
pulmonary artery pressure [59]. Dapagliflozin therapy was 
associated with improvements in natriuretic peptide levels 
and HF-related health status among persons with HFrEF 
in the DEFINE-HF trial; these benefits were also noted in 
persons without T2DM [52]. Further, the PRESERVED-HF 
trial outcomes suggest that dapagliflozin improves the quality 
of life in persons with HFpEF [60]. Emerging evidence from 
the ongoing trials will further reinforce the candidature of 
SGLT2i as a potent disease-modifying therapy in persons 
with HFrEF [34].

Conclusion
Incorporating SGLT2i as first-line therapy in the HFrEF 

treatment algorithm as per the ESC 2021 guidelines is likely 
to improve adherence to guideline-recommended dosage and 
sequencing. In addition, SGLT2i might potentially address a 
few of the current unmet needs in HF management, including 
persons with HFpEF. Nevertheless, further understanding of 
the underlying mechanism of HF benefits of SGLT2i might 
open new avenues to aid early diagnosis of HF, identify 
biomarkers for early identification, and develop novel 
targeted therapies for this group of vulnerable individuals. 
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