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Abstract

Despite the currently established treatment for heart failure (HF), HF
remains a growing public healthcare problem with an increasing bur-
den. Therefore, novel therapeutic innovations are needed to overcome
this issue and improve HF prognosis. Sodium-glucose co-transport-
er-2 inhibitors (SGLT2i) are state-of-the-art in type 2 diabetes mel-
litus management. They inhibit the reabsorption of glucose from the
proximal renal tubules, leading to increased glycosuria and decreased
plasma glucose levels. SGLT2i use is growing significantly, especial-
ly after recent clinical trials demonstrating favorable cardiovascular
and renal protective effects independently of blood glucose-lowering.
The mechanisms by which SGLT2i demonstrate their cardio-renal
protective effects remain incompletely understood but are thought
to be related to potential diuretic and natriuretic effects along with
other mechanisms that will be discussed in this article. Over the past
few years, there has been significant research on the safety, efficacy,
and quality of this class of medications. Here, we review the current
guideline-directed medical therapy for HF, focus on SGLT2i mecha-
nism of action and potential role in HF patients, and finally summa-
rize the cardiovascular clinical trials with SGLT2.
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Introduction

Despite the enormous improvement in cardiovascular care
and the emergence of modern therapeutic innovations over
the past several decades, heart failure (HF) continues to repre-
sent a nationwide healthcare problem accounting for 8.5% of
cardiovascular-related deaths, which remains the number one
leading cause of all deaths worldwide, and for about 13.4% of
total United States death causes [1]. In the United States, about
380,000 deaths per year are caused by HF, with an estimated
rate of one in every eight deaths. Currently, about 6.2 million
adults are diagnosed with HF in the United States. The inci-
dence of HF increases with age, with a reported annual inci-
dence of 12 per 1,000 population in patients aged 65 years and
older, and lifetime likelihood of developing HF of about 20%
at all ages above 40 years [2].

HF is considered the primary hospitalization cause in the
elderly population, with re-hospitalization rates exceeding
50% during the 6 months following discharge [3] and 5-year
mortality rates approaching 50%, increasing the burden on
the healthcare system in the United States with an estimate of
$43.6 in 2020 with an estimated total rise of about 127% to
$69.7 billion by 2030 [4].

HF is a pathophysiologic state that occurs in patients with
inherited or acquired cardiac structure/function abnormali-
ties that result in failure in pumping blood at an optimal rate
matching the tissue metabolism, leading to the development of
a constellation of clinical symptoms (dyspnea, fatigue, or chest
pain) and signs (edema, rales, S3 gallop, jagular venous disten-
tion, or hepatomegaly) [5]. HF can be classified using the New
York Heart Association (NYHA) scale or the American Col-
lege of Cardiology/American Heart Association (ACC/AHA)
staging system into four classes or four stages, respectively [6,
7]. Diagnosis is mainly clinical and can be aided by using the
Framingham criteria [5]. HF can also be categorized depend-
ing on the ejection fraction (EF) into preserved EF (EF > 50%;
HFpEF), midrange EF (EF between 40% and 49%; HFmrEF),
and reduced EF (EF < 40%; HFrEF). Recent trends indicate
that HFpEF prevalence is increasing from 41% to 56.2% of
cases, relatively to HFrEF, likely due to lower prevalence of
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coronary artery disease (CAD) and rising hypertension rates
among HF patients [8].

HF risk factors include CAD, cigarette smoking, hyper-
tension, obesity, diabetes, arrhythmias, infections, congenital
heart diseases, valvular heart disease, drug use, idiopathic car-
diomyopathy, infiltrative diseases, anemia, thyroid disorders,
and nutritional deficiencies.

Management of HF depends on the severity and the acu-
ity of the presentation. Non-pharmacologic therapies include
oxygen supply, pain control, fluid restriction, daily weight
measurement, and physical activity. Pharmacologic therapies
include optimal control of comorbidities including hyperten-
sion and arrhythmias, diuretics, beta-blockers, angiotensin-
converting enzyme inhibitors (ACEi), or angiotensin II recep-
tor blockers (ARBs), angiotensin receptor-neprilysin inhibitor
(ARNI), vasodilators and inotropic agents, digoxin, ivabra-
dine, soluble guanylate cyclase stimulators, and anticoagu-
lants. Despite the marked improvement in medical and device
therapy, HF mortality following hospitalization is 10.4% at 30
days, 22% at 1 year, and exceeding 50% at 5 years [9]. Hence,
the crucial need for HF exacerbation prevention in individuals
with risk factors is through optimal control of their comorbidi-
ties, as well as reduction of HF re-hospitalization rates. Here,
we shed light on the role of sodium-glucose co-transporter-2
inhibitors (SGLT2i) in HF patients and their impact on cardio-
vascular outcomes.

SGLT2i Mechanisms

SGLT21, the novel class of oral antidiabetic agents, are cur-
rently recommended as second-line drugs for type 2 diabetes
mellitus (T2DM). Though, they can be used as first-line drugs
[10], and also, off-label, for type 1 diabetes [11]. The first
SGLT2i to be FDA-approved was canagliflozin (invokana, fol-
lowed by dapagliflozin (Farxiga®), then empagliflozin (Jardi-
ance®), and ertugliflozin (Steglatro®)). SGLT2i use is growing
significantly, due to their unique mechanism of action, and
their favorable cardiovascular and renal outcomes, independ-
ent of glycemic control, that have been established in several
large, placebo-controlled clinical trials.

SGLT2i act independently of insulin level, by blocking
the SGLT2 protein responsible for glucose reabsorption in
the proximal renal tubule, promoting glycosuria and thereby
modestly lowering elevated blood glucose levels in patients
with T2DM. Moreover, SGLT2i have pro-diuretic effects;
though the mechanism of action on a cellular level is not well
explained, it has been linked to the filtered load of glucose
leading to synergistic effects if combined with other diuretics.
SGLT2i can also cause natriuresis, at least in the early phase
of treatment, by inhibiting the transport of sodium for every
molecule of unabsorbed glucose, resulting in systemic renin-
angiotensin-aldosterone (RAS) activation as a compensatory
mechanism [12, 13]. Other suggested mechanisms include at-
tenuation of cardiac inflammation and fibrosisoxidative stress
reduction, arterial stiffness reduction, improved endothelial
function, reductions in blood pressure, and other renal protec-
tive effects. These mechanisms lead to cardiovascular benefits
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through reduction in left ventricular (LV) preload and after-
load, leading to improved systolic and diastolic functions and
reduction in LV mass. Also, it can potentially lead to improved
myocardial energy production in the form of cardiac ketones
and increased cardiac output, heart rate, oxygen consumption,
and coronary flow through increased glucagon levels [14, 15].

SGLT2i use has grown significantly, especially after re-
cent clinical trials that demonstrated their favorable cardio-
renal protective effects, with impressive reductions in HF
hospitalization, slow progression of kidney disease, reduced
major adverse cardiovascular events (MACEs) and deaths. In
patients with T2DM and HF, meta-analyses of the three major
cardiovascular outcome trials (CVOTSs) of canagliflozin, dapa-
gliflozin, and empagliflozin with 34,322 patients have shown
salutary effects. SGLT2i compared to placebo have reduced
MACE (86.9 vs. 99.6 events/1,000 patient-years, hazard ra-
tio (HR): 0.89, 95% confidence interval (CI): 0.83 - 0.96; P =
0.0014) with benefit seen in patients who already have estab-
lished atherosclerotic cardiovascular disease (ASCVD) (HR:
0.86, 95% CI: 0.8 - 0.93; P = 0.0501), and a composite out-
come of cardiovascular death or hospitalization for HF (48.2
vs. 65.6 events/1,000 patient-years, HR: 0.77, 95% CI: 0.71
- 0.84; P < 0.0001), regardless of the presence of ASCVD or
HF at baseline [16]. Moreover, the same meta-analyses have
shown that SGLT2i decreased the progression of renal disease
by 45% (HR: 0.55, 95% CI: 0.48 - 0.64; P < 0.0001), regard-
less of ASCVD. The extent of SGLT2i benefits varied with
variations in renal function baseline, with a bigger reduction in
HF hospitalization (P = 0.0073) and lesser reduction in renal
disease progression (P = 0.0258) in patients with more severe
baseline renal disease. Other observational studies reported
similar results [17, 18].

CVOTs

EMPA-REG OUTCOME

The EMPA-REG OUTCOME trial (Empagliflozin, Cardiovas-
cular Outcomes, and Mortality in Type 2 Diabetes) published
in 2015 [19] was conducted among patients (> 18 years) with
T2DM at high risk for cardiovascular events to investigate
whether administering a daily dose of empagliflozin 10 or 25
mg reduces the cardiovascular mortality, nonfatal myocardial
infarction (MI), and nonfatal strokes in comparison to placebo.
A total of 7,020 patients were randomized to a daily dose of
empagliflozin 10 mg (n = 2,345), a daily dose of empagliflo-
zin 25 mg (n = 2,342) and placebo (n = 2,333). The primary
outcome was a composite of cardiovascular death, nonfatal MI
(excluding silent MI), or nonfatal strokes. The empagliflozin
group had a significant reduction in the primary outcome com-
pared to the placebo group (10.5% vs. 12.1%, HR: 0.86, 95%
CI: 0.74 - 0.99; P = 0.04 for superiority and P < 0.001 for non-
inferiority). The secondary outcome consisted of the primary
outcome and unstable angina hospitalization. No significant
difference has been reported (12.8% vs. 14.3%, HR: 0.89, 95%
CI: 0.78 - 1.01; P =0.08 for superiority and P <0.001 for non-
inferiority). As compared to the placebo group, empagliflozin
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resulted in significantly lower risk of cardiovascular death, any
cause death, and HF hospitalization. Adverse events that were
more common in the empagliflozin arm include genital infec-
tions, and urosepsis. The study concluded that empagliflozin
led to lower rates of the primary outcome, and any cause death
compared to placebo. However, the study was criticized be-
cause each individual empagliflozin arm did not reach statisti-
cal significance in outcomes.

CANVAS

The CANVAS trial (canagliflozin and cardiovascular and re-
nal events in type 2 diabetes) published in 2017 [20] was con-
ducted among patients (> 30 years) with T2DM at high risk
for cardiovascular events to investigate whether administering
a daily dose of canagliflozin 100 or 300 mg reduces cardio-
vascular mortality, nonfatal MI, or nonfatal strokes. A total of
10,142 patients were randomized in this trial with 96% com-
pletion rate. The primary outcome was a composite cardiovas-
cular deaths, nonfatal MI, or nonfatal strokes. Less patients in
the canagliflozin arm than in the placebo group had a primary
outcome event (26.9% vs. 31.5% events/1,000 patient-years,
HR: 0.86, 95% CI: 0.75 - 0.97; P = 0.02 for superiority and P
< 0.001 for non-inferiority). The secondary outcomes were:
all-cause mortality, cardiovascular mortality, progression of
albuminuria (defined as > 30% increase in albuminuria and a
change from either normoalbuminuria to microalbuminuria or
macroalbuminuria, or from microalbuminuria to macroalbu-
minuria), 40% reduction in estimated glomerular filtration rate
(eGFR), renal replacement therapy or death from renal causes,
any-cause hospitalization, HF hospitalization, and cardiovas-
cular mortality and hospitalization for HF. No significant dif-
ference in all-cause mortality or cardiovascular mortality was
reported. Also, no significant difference in effects for primary
outcome, or exploratory cardiovascular outcomes was reported
between the CANVAS and CANVAS-R groups. As compared
to the placebo group, canagliflozin resulted in significantly
lower rates of progression of albuminuria, with more reduction
in the CANVAS-R group compared to the CANVAS group.
Also, regression of albuminuria was more frequently reported
among the canagliflozin. The composite outcome of sustained
40% reduction in eGFR, renal replacement therapy or renal
death occurred less frequently among the canagliflozin group
(5.5% vs. 9% events/1,000 patient-years, HR: 0.6, 95% CI:
0.47 - 0.77) without significant outcome seen between CAN-
VAS and CANVAS-R groups. Any-cause hospitalization was
less frequent in the canagliflozin group but statistically insig-
nificant (118.7% vs. 131.1% events/1,000 patient-years, HR:
0.94, 95% CI: 0.88 - 1.00). However, HF hospitalization and a
composite of cardiovascular mortality and HF hospitalization
were significantly lower in the canagliflozin group. Adverse
events included genital infections, increased rate of amputa-
tion, and increased bone fracture (statistically insignificant).
The study concluded that canagliflozin led to a lower risk of
cardiovascular events, but a greater risk of amputation, primar-
ily at the level of the toe or metatarsal. However, the study
was criticized because of the few participants with baseline
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chronic kidney disease (CKD) and the few end-stage renal dis-
ease (ESRD) events.

CREDENCE

The CREDENCE trial published in 2019 [21] was conducted
among patients (> 30 years) with T2DM and diabetic nephrop-
athy treated with renin-angiotensin system blockade to inves-
tigate whether administering a daily dose of canagliflozin 100
mg reduces the risk of ESRD, serum creatinine baseline dou-
bling, and renal or cardiovascular deaths compared to placebo.
A total of 4,401 patients were randomized to canagliflozin (n
= 2,202), and placebo (n = 2,199). The primary outcome was
a composite of ESRD, serum creatinine baseline doubling, or
renal and cardiovascular deaths. The primary outcome was
significantly lower in the canagliflozin arm in comparison to
placebo (43.2% vs. 61.2%). These effects were also consist-
ent for the components of ESRD (20.4% vs. 29.4%), and dou-
bling of the serum creatinine level (20.7% vs. 33.8%). Other
events including reduced eGFR (< 15 mL/min/1.73 m?), di-
alysis or kidney transplant, and renal mortality were lower in
the canagliflozin, but the clinical significance remains ques-
tionable as the trial did not report their P values. The second-
ary outcomes consisted of cardiovascular death or HF hospi-
talization (31.5% vs. 45.4%), a composite of cardiovascular
death, MI or stroke (38.7% vs. 48.7%), HF hospitalization
(15.7% vs. 25.3%), a composite of ESRD, doubling of serum
creatinine level, or renal death (27% vs. 40.4), cardiovascular
death (19% vs. 24.4%), and finally a composite of death from
cardiovascular causes, MI, stroke, HF hospitalization or un-
stable angina hospitalization (49.4% vs. 66.9%). There were
less significantly fewer events in the canagliflozin group for
most of the secondary outcomes; except for the cardiovascular
death (not statistically significant), and both any-cause death
and the composite of cardiovascular death, M1, stroke, HF hos-
pitalization, or unstable angina hospitalization (P-value was
not reported). The exploratory outcome consisted of dialysis,
kidney transplantation, or renal death, and the study showed
lower events in the canagliflozin group; however, the P-value
was not reported (13.6% vs. 18.6% events/1,000 patient-years,
HR:0.72, 95% CI: 0.54 - 0.97). Adverse events that were more
common in the canagliflozin group include diabetic ketoacido-
sis (DKA). However, the study reported no significant differ-
ence in the risk of amputation and bone fractures. The study
concluded that canagliflozin lowered the risk of cardiovascular
events and kidney failure. However, the study was criticized
primarily because of its early termination; secondly, because
of excluding patients with very advanced kidney disease; third,
the decrease in eGFR (about 6 mL/min/1.73 m?) that was seen
initially after starting the therapy, and finally, because they did
not use statins universally in this trial as they prevent cardio-
vascular disease and may reduce CKD progression.

DECLARE-TIMI 58

The DECLARE-TIMI 58 trial published in 2019 [22] was con-
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ducted among diabetic patients (> 40 years) with cardiovascu-
lar risks to investigate whether administering a daily dose of
dapagliflozin reduces the risk of MACE. The trial randomized
17,160 patients to a daily dose of dapagliflozin 10 mg daily
(n = 8,852), and placebo (n = 8,548). The primary outcomes
were MACE for safety, with MACE and cardiovascular death
or HF hospitalization for efficacy. Dapagliflozin met the non-
inferiority criteria; however, it did not result in a lower rate
of MACE compared to placebo (8.8% vs. 9.4% events/1,000
patient-years, HR: 0.93, 95% CI: 0.84 - 1.03; P = 0.17). But
for efficacy, dapagliflozin lowered the rates of cardiovascu-
lar death or HF hospitalization compared to placebo (4.9% vs.
5.8%). It is worth noting that the lower rate of the efficacy
outcome was due to a lower rate of HF. The secondary out-
comes for efficacy were renal composite outcome (sustained
decrease of 40% or more in eGFR to less than 60 mL/min/1.73
m?, new ESRD, or death from renal or cardiovascular causes),
and any-cause death. The renal composite efficacy outcome
occurred less frequently in the dapagliflozin group (4.3% vs.
5.6%). Also, any-cause death occurred less frequently in the
dapagliflozin group but was clinically insignificant (6.2% vs.
6.6% events/1,000 patient-years, HR: 0.76, 95% CI: 0.82 -
1.04). Adverse events included genital infections and DKA.
The study concluded that adding dapagliflozin led to signifi-
cantly lower rates of cardiovascular death or HF hospitaliza-
tion reflecting a lower rate of HF hospitalization, but did not
result in a significant change in MACE. However, the study
was criticized due to a potential bias (early discontinuation),
a potential conflict of interest (funded by the manufacturer of
dapagliflozin), and because it did not meet its primary out-
come of MACE improvement. Also, the addition of HF hospi-
talization might have been an afterthought to improve the trial
outcomes. Moreover, using other glucose-lowering drugs than
SGLT?2i in the trial might have impacted the results since this
was not constant throughout the study.

VERTIS-CV

The VERTIS-CV trial published in 2020 [23] was conducted
among diabetic patients (> 40 years) with ASCVD to assess er-
tugliflozin cardiovascular safety. A total of 8,238 patients were
randomized to ertugliflozin 5 mg (n = 2,752), ertugliflozin 15
mg (n = 2,747), and placebo (n = 2,747). The primary outcome
for the study was MACE. It did not meet the statistical signifi-
cance in ertugliflozin group in comparison to placebo (3.9%
vs. 4% events/1,000 patient-years, HR: 0.97, 95% CI: 0.85 -
1.11; P<0.001 for non-inferiority), even with further analyses
of the subgroups. The secondary outcomes were a composite of
death from cardiovascular causes or HF hospitalization (2.3%
vs. 2.7%), death from cardiovascular causes (1.8% vs. 1.9%),
and a composite death from renal causes, renal replacement
therapy, or doubling of serum creatinine level (0.9% vs. 1.2%),
which all were statistically insignificant. However, ertugliflo-
zin showed statistically significant reduction in HF hospitali-
zation compared to placebo (0.7% vs. 1.1% events/1,000 pa-
tient-years, HR: 0.7, 95% CI: 0.54 - 0.90; P = 0.006). Adverse
events reported in the trial were genital infections and urinary
tract infection (UTI) (statistically significant), with more DKA
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and amputation events in the ertugliflozin arms. The study
concluded that ertugliflozin was non-inferior to placebo with
respect to MACE among patients with T2DM and ASCVD.
However, the study was criticized because it fell outside its
primary and secondary end-points.

Large Randomized Trials in Patients With HF
EMPA-HEART

In 2019, Verma et al published the EMPA-HEART trial [24].
The aim of this study was to evaluate the impact of empagli-
flozin on cardiac function, structure and cardiac biomarkers
in patients with T2DM with or without a history of HF. In this
randomized, parallel assignment, double masked trial, a total of
97 enrollees were randomized to receive a daily dose of either
empagliflozin 10 mg (n = 49) or placebo (n = 48). These pa-
tients were then followed for 6 months. The primary outcomes
consisted of the delta in left ventricular mass index as noted on
cardiac magnetic resonance imaging (MRI) in patients receiv-
ing empagliflozin vs. placebo of -2.6 g/m? in empagliflozin
group vs. -0.0.01 g/m? in the placebo group with P value of
0.01. Of note, the most significant benefit was seen amongst
patients with a left ventricular mass index greater than 60 g/
m?. The secondary outcomes were as follows: change in ejec-
tion fraction 0.72% vs. -1.0% (P = 0.08), change in left ventric-
ular end-systolic volume index -1.0 vs. 0.04 mL/m? (P = 0.36),
change in hematocrit 2.4% vs. 0.4% (P = 0.006), and change
in systolic blood pressure -7.9 vs. -0.7 mm Hg (P = 0.003).
The aforementioned results show that empagliflozin did in fact
have a beneficial effect on cardiac remodeling; however, it is
important to note that this benefit could not be ascertained in
patients with a reduced ejection fraction as only 6% of patients
in this study had a prior known ejection fraction.

DEFINE-HF

Nassif et al also published a trial in 2019 called the DEFINE-
HEF trial to evaluate the effects of dapagliflozin in patients with
reduced ejection fraction with or without T2DM [25]. This tri-
al was a multi-center, investigator-initiated, randomized trial
which included patients with an ejection fraction of < 40%,
NYHA class II-1II, eGFR > 30 mL/min/1.73 m? and elevated
B-type natriuretic peptide (BNP). The study randomized 263
patients to receive 10 mg of dapagliflozin or placebo daily for
a total of 12 weeks. The primary outcomes of this trial were
as follows: difference in N-terminal pro-BNP (NT-proBNP)
at 6 and 12 weeks in dapagliflozin vs. placebo (1,133 pg/dL
vs. 1,191 pg/dL, P = 0.43), improvement of > 5 points in the
Kansas City Cardiomyopathy Questionnaire (KCCQ) or a >
20% decrease in NT-proBNP, 61.5% of patients treated with
dapagliflozin met the end-point as compared to 50.4% treated
with placebo (P = 0.039), these results were similar across
groups regardless of T2DM. Results of this trial highlight that
although there was no statistically significant improvement in
the mean natriuretic peptide levels, there was an increase in the
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number of patients experiencing improvement in health status
regardless of diabetic status.

PRESERVED-HF

To assess the benefits of dapagliflozin in patients with HF-
pEF, the PRESERVED-HF trial is currently underway [26] to
assess the effects of dapagliflozin in patients with preserved
ejection fraction pertinent to cardiac biomarkers, symptoms
and impact on the overall quality of life. It is designed as a 12-
week, randomized, double-blinded, placebo-controlled trial in
which patients received either 10 mg dapagliflozin or placebo.
Primary end-points included symptomatic and physical limita-
tions as measured by the KCCQ. Secondary outcomes includ-
ed change in NT-proBNP, BNP, 6-min walk test, hemoglobin
Alc, weight, and systolic blood pressures at 6 and 12 weeks.
The results of this study were estimated to be complete in June
2021 and will provide further direction as to the potential use
of dapagliflozin in patients with HFpEF.

DAPA-HF

DAPA-HF was conducted in patients with HFTEF to evaluate
the effect of a daily dose of dapagliflozin 10 mg in comparison
to placebo, in addition to standard care [26]. The study rand-
omized 4,744 HFrEF patients and an eGFR > 30 mL/min/1.73
m? to dapagliflozin 10 mg daily (n = 2,373) or a placebo (n =
2,371), irrespective of T2DM status for 18.2 months follow-
up. The mean age was 66 years, 24% were females and 42%
were diabetic. The primary outcome consisted of deaths from
cardiovascular causes, HF hospitalization, or urgent HF visit,
which were significantly lower in dapagliflozin group (16.3%
vs. 21.2%) with P < 0.001. The secondary outcomes were car-
diovascular death, HF hospitalization, and worsening of renal
function, which all were lower in dapagliflozin group. In con-
clusion, this trial showed that dapagliflozin lowered the risk of
death and HF hospitalization in patients with HFrEF, compared
to placebo, regardless of the presence or absence of diabetes.

EMPEROR-REDUCED

The aim of the EMPEROR-REDUCED trial was to determine
the impact of an SGLT2 inhibitor called empagliflozin on lower-
ing the chances of hospitalization for HFrEF in patients with or
without diabetes [27]. The study randomized 3,730 patients with
class II, 111, or IV HFTEF to a daily dose of empagliflozin 10 mg
or placebo. The composite primary outcome consisted of cardio-
vascular death or HF hospitalization. The primary outcome was
significantly less in the empagliflozin group (19.4% vs. 24.7%
with P value < 0.001). Secondary outcomes consisted of total
number of HF hospitalization, which was also significantly lower
in the empagliflozin group (388 events vs. 553 events). Also, the
rate of eGFR decline was significantly lower in the empagliflo-
zin group during the study time. Adverse events included genital
tract infection. Overall, the study concluded that empagliflozin
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was associated with a lower risk of cardiovascular death and HF
hospitalization with a slower progressive decline in renal func-
tion in patients with HFTEF, regardless of T2DM status.

EMPEROR-PRESERVED

The aim of the EMPEROR-PRESERVED was to evaluate the
effects of the SGLT2 inhibitor empagliflozin in patients with
HFpEF, regardless of T2DM status [28]. The trial enrolled
5,750 patients with HFpEF with or without T2DM. Patients
were randomized to a daily dose of empagliflozin 10 mg or a
placebo. The primary was the time-to-first-event analysis of
the combined risk for cardiovascular death and HF hospitali-
zation. Secondary outcomes were HF hospitalization, reduc-
tion of eGFR, dialysis or renal transplant occurrence, time to
cardiovascular death, time to all-cause mortality, and time to
onset of T2DM. The results of this study were estimated to be
complete in April 2021 and will assess the impact of empagli-
flozin use in patients with HFpEF (with or without DM) on
morbidity and mortality.

EMBRACE-HF

The EMBRACE-HF trial is a 12-week randomized trial that
was conducted to explore the effects of a daily dose of em-
pagliflozin 10 mg on pulmonary artery (PA) pressures in pa-
tients with HF, regardless of EF status, who already have a
CardioMEMSs device implanted for non-study-related clinical
reasons [29]. The study randomized 60 patients. The primary
end-point was the delta change in pulmonary artery pressure
from baseline to end of treatment. Secondary endpoints were
the delta change from baseline in pulmonary artery diastolic
pressure (PADP) at each interim time point, delta change from
baseline to follow-up in HF-related quality of life between em-
pagliflozin and placebo, using KCCQ score, change in 6-min
walk test from baseline to follow-up (defined as average of
measurements at 6 and 12 weeks) between empagliflozin and
placebo. Empagliflozin significantly reduced PADP, with ef-
fects beginning at week 1, and amplified over time; average
PADP (weeks 8 - 12) was 1.5 mm Hg lower (95% CI: 0.2 - 2.8;
P =0.02); and at week 12, PADP was 1.7 mm Hg lower (95%
CI: 0.3 - 3.2; P=0.02) with empagliflozin vs. placebo. Results
were consistent for PA systolic and PA mean pressures. There
was no difference in mean loop diuretic management (daily
furosemide equivalents) between treatment groups. No signifi-
cant differences between treatment groups were observed in
KCCQ, natriuretic peptide levels and 6-min walking distance.
Although empagliflozin showed significant reduction in PADP
(P = 0.02), the study does not reflect mortality or morbidity
rates. Furthermore, only 60 participants were included in the
study which potentially reflects low study power.

REFORM

The REFORM trial published in 2020 [30] was conducted
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amongst 56 T2DM patients with HF and LV systolic dysfunc-
tion. Patients were randomized to a daily dose of dapagliflozin
10 mg daily (n = 28) versus placebo for 1 year (n = 28). The
study was designed specifically to test the safety and efficacy
of the SLGT2 inhibitor, dapagliflozin, on diabetic patients
with known HF. The primary end-point was the difference in
LV end-systolic volume (LVESV) using cardiac MRI. After
1 year of medication therapy, the primary end-point was not
met. The secondary outcomes were investigated: changes in
LV mass index (2.5 g/m? (-3.95 to 8.95), P = 0.440), left ven-
tricular ejection fraction (0.96% (-3.32 to 4.69), P=0.732), LV
stroke volume (1.86 mL (-1.52 to 5.24), P=0.273), indexed left
atrial volume (-2.6 mL/m? (-9.97 to 4.48), P = 0.464), weight
(-1.36 kg (-4.14 to 1.42), P =0.329), HbAlc (-1.49 mmol/mol
(-6.95 to 3.97), P =0.586) and GFR (1.96 (-4.78 to 8.70), P =
0.563). However, they remained statistically insignificant. The
secondary outcomes that were statistically significant includ-
ed patients on dapagliflozin who required less loop diuretic
therapy. Further evidence demonstrated dapagliflozin signifi-
cantly reduced diastolic blood pressure, without a difference in
systolic BP or heart rate. Dapagliflozin significantly increased
hemoglobin, hematocrit, and fasting ketone bodies. Adverse
events included decline in renal function, which was transient
and resolved after reduction of loop diuretic dose without da-
pagliflozin dose change. Overall, the study concluded that da-
pagliflozin therapy did not reverse LV remodeling after 1 year.
However, there was a significant difference in loop diuretic
requirements, systolic blood pressure, hematocrit, and fasting
ketone levels between groups. Limitations of the study include
a patient population with mild severity of HF on a modest dose
of diuretic (max. 80 mg or equivalent), thus only evaluating
the function of dapagliflozin in patients with lesser severity
of the disease. Additionally, the small sample size of the trial
does not allow sufficient conclusions to be drawn and the trial
should have been done on a larger scale to improve the power
of the study. Lastly, loop diuretic dose adjustments may have
led to ventricular changes, resulting in confounding results.

EMPA

The EMPA trial is a randomized trial with a crossover design
published in 2020 [31]. It was conducted amongst 20 people
with HF and T2DM. Patients were randomized to a daily dose
of empagliflozin 10 mg or placebo for 14 days followed by a
2-week washout period and crossover to 14 days of treatment
with an alternate agent. The goal of the study was to identify
the acute and intermediate effects of SGLT?2 inhibitors on so-
dium elimination, patient’s volume status, and neurohormo-
nal activation in HF patients within 14 days of therapy. The
primary outcome was to determine if empagliflozin would
improve the loop diuretic’s natriuretic effect. Empagliflozin
was associated with a statistically significant 27-fold increase
in glycosuria and natruresis (1.240.7% vs. 0.7£0.4%), with a
synergistic effect in combination with bumetanide (5.8+2.5%
vs. 3.9£1.9%). Secondary outcomes included determining the
effect of SGLT?2 inhibition on blood volume after 14 days. At
this period mark, there was a statistically significant reduction
in blood volume and plasma volume. However, there was no
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significant RAAS or sympathetic nervous system activation
with empagliflozin. Additionally, there was no serious elec-
trolyte abnormality observed amongst the two groups. There
were no adverse events documented or reported in the trial.
Overall, the study concluded that empagliflozin had a statisti-
cally and clinically significant natriuretic effect when used as
monotherapy and a synergistic effect when combined with a
loop diuretic. Limitations of the trial included its small sample
size and mechanistic design, which consequently does not al-
low further information such as adverse events to be observed.
Additionally, the generalizability of the study was questioned
as only patients with stable HF and T2DM were studied.

SOLOIST-WHF

The SOLOIST-WHEF trial (Effect of Sotagliflozin on Cardio-
vascular Events in Patients With Type 2 Diabetes Post Wors-
ening Heart Failure published in 2020 [32] was conducted
amongst 1,222 patients (> 18 years) with T2DM who were
recently hospitalized for HF exacerbation. The trial was con-
ducted to investigate sotagliflozin safety and efficacy on re-
ducing the cardiovascular events in T2DM patients with re-
cent HF admission. The study randomized 1,222 patients to
either sotagliflozin group (n = 608) or placebo (n = 614) group.
The primary outcome consisted of the combined death of car-
diovascular causes, HF hospitalizations, and urgent HF visits.
Both primary end-point events were significantly lower in the
sotagliflozin group (51.0 vs. 76.3) than the placebo group.
The secondary outcomes for the study included the total car-
diovascular death and HF hospitalizations, first cardiovascular
death and HF hospitalization, cardiovascular death, change
in KCCQ, and change in eGFR. There was a significant dif-
ference in the secondary outcome between the sotagliflozin
group and the placebo group, except for cardiovascular death
and changes in eGFR. Adverse events reported in the study
were diarrhea, genital fungal infections, and severe hypogly-
cemia. The study concluded that T2DM patients with recent
worsening HF who received sotagliflozin therapy right before
or shortly after discharge events had reduced risks of a com-
posite of cardiovascular death, HF hospitalization, or urgent
HF visit for HF vs. placebo. The trial was criticized for its
shortened duration and loss of power as it was ended because
of COVID-19 pandemic.

Conclusions

HF is a leading cause of morbidity and mortality. Based on
the results of many clinical trials, SGLT2 inhibitors have not
only shown substantial cardiovascular benefits (reduction in
the risk of HFTEF hospitalizations or composite cardiovascular
deaths), but also reduction of kidney diseases regardless of di-
abetes status (Table 1). So far, no effective treatment improves
the morbidity and mortality in patients with HFpEF, but, with
the promising result from EMPRISE trial, we are optimistic
that the ongoing trials EMPERIAL-PRESERVED and EMPE-
RIAL-REDUCED on exercise ability including 6-min walking
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Table 1. A Summary for SGLT2 Inhibitors Clinical Trials Including the Studied Drug, Primary Outcome, NNT for the Primary Out-
come, and the Reported Adverse Events in Each Trial

Trial name SGLT2 inhibitor Primary outcome measure Nl\.IT for the Adverse events
primary outcome
1. EMPA-REG Empagliflozin A composite of cardiovascular NNT =63/3.1 Genital infections, and urosepsis
OUTCOME 10 and 25 mg death, nonfatal MI (excluding years or NNT without an increase in the
silent MI), or nonfatal strokes =195/1 year overall rate of UTI, complicated
UTI or pyelonephritis)
2. CANVAS Canagliflozin A composite cardiovascular deaths, NNT =220/1 year  Genital infections, increased rate
100 and 300 mg  nonfatal MI, or nonfatal strokes of amputation, and increased bone
fracture (statistically insignificant)
3. CREDENCE Canagliflozin A composite of ESRD, serum NNT =22/2.5 DKA
100 mg creatinine baseline doubling, or years
renal and cardiovascular deaths
4. DECLARE- Dapagliflozin MACE for safety; MACE and Not superior for Genital infections and DKA
TIMI 58 10 mg cardiovascular death or HF safety, however,
hospitalization for efficacy NNT = 112/4.2
years or NNT
=470/1 year
for efficacy
5. VERTIS-CV Ertugliflozin MACE N/A as there was  Genital infections and UTI
5and 15 mg no difference in (statistically significant), with
risk reduction more DKA and amputation
events in the ertugliflozin arms
6. EMPA- Empagliflozin The delta in left ventricular mass N/A N/A
HEART 10 mg index as noted on cardiac MRI
7. DEFINE-HF Dapagliflozin Difference in mean NT-proBNP; N/A N/A
10 mg improvement of > 5 points in the KCCQ
or a>20% decrease in NT-proBNP
8. PRESERVED- Dapagliflozin Symptomatic and physical limitations N/A N/A
HF 10 mg as measured by the KCCQ
9. DAPA-HF Dapagliflozin Deaths from cardiovascular causes, HF NNT =20.4/18 No statistically significant
10 mg hospitalization, or urgent HF visit months difference in adverse events
10. EMPEROR-  Empagliflozin Cardiovascular death or NNT=19/1.3 Uncomplicated genital
REDUCED 10 mg HF hospitalization years tract infection
11. EMPEROR-  Empagliflozin Time-to-first-event analysis of the Study is not Study is not completed yet
PRESERVED 10 mg combined risk for cardiovascular completed yet
death and HF hospitalization
12. EMBRACE-  Empagliflozin The delta change in pulmonary artery N/A N/A
HF 10 mg pressure from baseline to end of treatment
13. REFORM Dapagliflozin The difference in LVESV N/A Decline in renal function, which
10 mg using cardiac MRI was transient and resolved after
reduction of loop diuretic dose
without dapagliflozin dose change
14. EMPA Empagliflozin Determining if empagliflozin N/A Not reported
10 mg would improve the loop
diuretic’s natriuretic effect
15. SOLOIST- Sotagliflozin Cardiovascular death, HF NNT = 7/9 months Diarrhea, genital fungal infections,
WHF 400 mg titrated hospitalizations, and urgent HF visits and severe hypoglycemia
from 200 mg if

no side effects

SGLT2: sodium-glucose co-transporter-2; NNT: number needed to treat; MI: myocardial infarction; UTI: urinary tract infection; ESRD: end-stage renal
disease; DKA: diabetic ketoacidosis; MACE: major adverse cardiovascular event; HF: heart failure; MRI: magnetic resonance imaging; NT-proBNP:
N-terminal pro-B-type natriuretic peptide; KCCQ: Kansas City Cardiomyopathy Questionnaire; LVESV: left ventricular end-systolic volume.
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test in each respective HF phenotype will further guide broader
use of SGLT2i in HF treatment.
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