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Background: Heart failure (HF) prognosis without therapy is poor, however introduction of a range of
drugs has improved it. We aimed to perform a systematic review on the effects and safety of sodium-
glucose transporter 2 inhibitors (SGLT2i) in HF patients.
Methods: We carried out a systematic review of randomized controlled trials (RCTs) on SGLT2i compared
to placebo for HF patients. We searched in PubMed, Scopus, Web of Science and EMBASE, with no lan-
guage restriction, from inception to 31 August 2020. We included nine RCTs comprising three arms (em-
pagliflozin, dapagliflozin and placebo). Effects sizes for continuous variables were expressed as mean
differences (MDs) and 95% confidence intervals (CIs). Effects sizes for dichotomous variables were
expresses as risk ratio (RR) and 95% CIs. We used random-effect models with the inverse variance
method. We performed subgroup meta-analyses by intervention drug and follow-up period.
Results: SGLT2i significantly reduced all-cause mortality (RR: 0.88, 95%CI 0.79–0.98, I2 = 0%), cardiovas-
cular mortality (RR: 0.87, 95%CI 0.77–0.99, I2 = 0%), HF hospitalization (RR: 0.73, 95%CI 0.66–0.81, I2 = 0%)
and emergency room visits due to HF (RR: 0.40, 95%CI 0.21–0.76, I2 = 0%), as well as composite outcomes
including the previous ones. Besides, it significantly improved the score of the Kansas City
Cardiomyopathy Questionnaire (KCCQ, MD: 1.70, 95%CI 1.67–1.73, I2 = 54%). SGLT2i reduced any serious
adverse events, blood pressure and weight. However, it increased hematocrit and creatinine. The meta-
analysis of RCTs of > 12 weeks of follow-up showed that SGTL2i significantly reduced NT-proBNP.
Conclusions: SGLT2i showed to improve critical outcomes in HF patients, and it is apparently safe.
� 2020 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Heart failure (HF) prevalence increases with aging [1–3]. More-
over, HF is the main cause of hospitalization in older adults in the
United States, and accounts for 9.3% of total deaths due to cardio-
vascular diseases [4]. It was reported that approximately 6.2 mil-
lion American adults suffered from HF between 2013 and 2016
[4]. HF represents a growing problem for public health and eco-
nomic burden, and studies estimate 8 million cases in 2030 [1].

HF with reduced ejection fraction (HFrEF) is associated with
worse clinical symptoms and frequent hospitalization [5]. The cur-
rent pharmacological management of HFrEF relies on a triple neu-
rohormonal blockade based on angiotensin converting enzyme
inhibitors (ACEis) or angiotensin receptor blockers (ARBs), beta-
blockers and mineralocorticoid receptor antagonists, with recom-
mendations in specific clinical patient’s conditions [6–8].

The prognosis of HF without therapy is poor, however the intro-
duction of a range of pharmacological treatments has improved it
[6,9,10]. New drugs have been studied looking for better outcomes,
such as neprilysin inhibitors and ivabradin, and some of them have
been incorporated in guidelines [9].

Sodium-Glucose Transporter 2 inhibitors (SGLT2i) increase the
urinary excretion of glucose, allowing a reduction of glycaemia,
and are recommended in patients with type 2 diabetes (T2D)
[11]. Currently, some studies have described potential protective
effects against progressive renal events and hospitalization rates
due to HF [12]. Some authors have proposed that SGLT2i promotes
the fasting transcriptional paradigm, and increases ketone bodies,
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which changes the myocardial metabolism and raises antioxidant
and anti-inflammatory effects [13,14].

Randomized controlled trials (RCTs) have evaluated the effects
of SGLT-2i in patients with HF for improving symptoms, mortality,
hospitalization, and biomarkers, however results are heteroge-
neous [15,16]. It is relevant to synthesize the current evidence in
order to improve the evidence-based decision making in clinical
practice. Therefore, we aimed to perform a systematic review on
the effects and safety of SGLT2i in patients with HF.

2. Methods

This systematic review follows the recommendations of the
Preferred Reporting Items for Systematic Reviews and Meta-
analyses (PRISMA) statement [17], and the Cochrane Handbook
for Systematic Reviews of Interventions [18]. The protocol was reg-
istered in PROSPERO (CRD42020206969) and Figshare [19].

2.1. Search strategy

We searched evidence up to 31 August 2020 in the following
databases: PubMed, Scopus, Web of Science and EMBASE. The
search strategies are available in Supplementary material 1. We
did not limit the search by publication date or language.

2.2. Inclusion criteria

We included all RCTs that assessed the effects and safety of any
SGLT2i compared to placebo in adults with HF. We excluded sec-
ondary analyses of RCTs (i.e.: results from a RCT that was originally
performed in patients with diabetes regardless of HF), case reports,
case series, cross-sectional studies, cohorts, case-control studies,
reviews, letters to the editor, congress or conference abstracts, edi-
torials, interviews, comments, and newspaper articles.

2.3. Study selection

One author (D.C.M.) downloaded all references to an EndNote
document to eliminate duplicates. Then, the author exported those

references to the Rayyan QCRI webpage (https://rayyan.qcri.org/).
Two reviewers (D.C.M., A.T.A.) independently screened titles and
abstracts. Those reviewers assessed the full-text version of selected
articles to determine eligibility. This selection was performed using
a pre-piloted Microsoft Excel sheet. Any disagreement was
resolved by consensus with a third author (S.L.G.). The kappa coef-
ficient between the two reviewers was 0.825.

2.4. Data extraction

Two reviewers (A.T.A., S.L.G.) independently extracted data of
interest. Any disagreement was resolved by consensus with a third
reviewer (D.C.M.). For dichotomous outcomes, we extracted abso-
lute and relative frequencies. For continuous outcomes, we
extracted baseline and follow-up measurements, as well as the
change between them. The extraction was performed using a
pre-piloted Microsoft Excel sheet.

2.5. Primary and secondary outcomes and subgroup analyses

Composite outcomes including cardiovascular mortality, HF
hospitalization or emergency room visits due to HF (HF urgent
visit); NT-proBNP, the Kansas City Cardiomyopathy Questionnaire
(KCCQ), changes in dyspnea visual analogue, diuretic response,
24-hour urinary volume change, left ventricular end-systolic vol-
ume, and natriuresis were the primary outcomes in this systematic
2

review since they were stated as it in the RCTs. Secondary out-
comes were specific and serious adverse events, discontinuation
due to adverse events, weight, systolic blood pressure (SBP), dias-
tolic blood pressure, hematocrit, glycated hemoglobin, beta-
hydroxybutyrate, estimated glomerular filtration rate (eGFR), crea-
tinine, left ventricular ejection fraction (LVEF), and indexed left
atrial volume.

2.6. Risk of bias

We assessed the risk of bias using the version 2 of the Cochrane
risk-of-bias tool for randomized trials (RoB 2). This tool has five
domains (randomization process, deviations from intended inter-
ventions, missing outcome data, measurement of the outcome,
and selection of the reported results) and the overall score. Each
domain can be judged as follows: low risk of bias, some concerns,
and high risk of bias [18].

2.7. Data synthesis

Meta-analyses were performed using random-effect model
with the inverse variance method. We used the Paule-Mandel esti-
mator and Hartung-Knapp-Sidik-Jonkman method for s2 and 95%
confidence intervals (95% CIs) calculation, respectively [20,21].

For dichotomous outcomes, we used relative risks (RRs) with
their 95% CIs. For continuous outcomes, we calculated the mean
difference (MD) by subtracting the baseline mean from mean at
the last follow-up in a group. Standard deviation (SD) of MD was

calculated as follows: SDc ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
SD2bþ SD2f � ð2xCorrxSDbxSDf Þ

q
,

where SDc, SDb, SDf and Corr are SD change, baseline SD, follow-
up SD, and correlation coefficient, respectively [18]. We assumed
a Corr of 0.5 [22]. If SDb and SDfwere not available, we used the fol-
lowing formula: SDc ¼ SEx

ffiffiffi
n

p
, where SE and n are standard error

and sample size, respectively. SE was calculated as follows:
ðUL� LMÞ=3:92, where UL and LM are the upper and lower limits
of 95% CI [18]. If a continuous outcome was expressed in median
(m) instead of mean (X), we used the following formula:
X ¼ q1þmþq3

3 , where q1 and q3 are first and third quartiles, respec-
tively [18,23]. Then, in case of sample sizes (n) of � 201, we used
the following formula to calculate SD: SD ¼ q3�q1

gðnÞ , whose g(n) val-

ues are reported in a published methodology [23]. In case of larger
sample sizes, we used: SD ¼ q3�q1

2a�1ð0:75n�0:125
nþ0:25 Þ [18,23]. Note that the

denominator converges to 1.34898 as n tends to infinity [23]. Stan-
dardized mean difference (SMD) was calculated if the scale or units
of continuous variables were heterogeneous among studies.

Heterogeneity was described with the I2 statistic [24]. An
I2 < 30%, I2 30–60%, and I2 > 60% defined low, moderate and high
heterogeneity, respectively. We pooled outcomes only if occurring
in at least two studies. If one or more outcomes could not be
extracted from a study, it was removed from the analysis.

We performed subgroup analyses of primary outcomes by
intervention drug and follow-up (�12 weeks and > 12 weeks).
Two-sided p-values � 0.05 were considered statistically significant
for all tests. Meta-regressions could not be performed due to insuf-
ficient number of studies per meta-analysis. We did not assess
publication bias due to the low number of studies [25]. We con-
ducted the analyses using metabin, metacount and metareg func-
tions of the meta library of R 3.5.1 (R Foundation for Statistical

Computing, Vienna, Austria; http://www.r-project.org).

2.8. Recommendations

We used the GRADE approach (Grading of Recommendations
Assessment, Development and Evaluation) to rate the quality of

https://rayyan.qcri.org/
http://www.r-project.org


D. Chambergo-Michilot, A. Tauma-Arrué and S. Loli-Guevara IJC Heart & Vasculature 32 (2021) 100690
evidence of the pooled primary outcomes. The domains of assess-
ment are risk of bias, publication bias, imprecision, inconsistency,
indirectness, and magnitude of effect. The quality ratings are very
low, low, moderate or high [26].
3. Results

3.1. Eligible studies

We identified 1863 publications. After removing duplicates and
screening phase, we selected 26 articles for full-text screening.
Finally, nine RCTs were included in this systematic review
[15,16,27–33] (Fig. 1).
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3.2. Characteristics of studies included in the systematic review

Seven studies were parallel-group RCTs, and two studies were
crossover RCTs. One RCT was in phase 2, three RCTs were in phase
2, two RCTs in phase 3, and three RCTs in phase 4. Interventions
consisted on dapagliflozin or empagliflozin. One study presented
five arms: empagliflozin, licogliflozin (2.5 mg, 10 mg, and 50 mg)
and placebo. We found two studies whose sample size were the
largest among the others: McMurray’s RCT (dapagliflozin,
n = 4744) and Packer’s RCT (empagliflozin, n = 3730). Intervention
sample size ranged from 12 to 2373 patients among studies.
Follow-up periods ranged from six weeks to 38 months. Eight RCTs
included adults with stable HF (seven studies: HFrEF), and one RCT
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included only patients with decompensated HF. The cut-off of LVEF
to determine HFrEF was 40% in eight studies, and 50% in one study.
The majority of studies required patients to receive a standard HF
drug or device therapy. Considered primary outcomes were com-
posite outcomes that included cardiovascular death, HF hospital-
ization, and emergency room visits due to HF (two RCTs), NT-
proBNP (four RCTs), KCCQ (one RCT), changes in dyspnea visual
analogue scale (one RCT), diuretic response (one RCT), length of
stay (one RCT), 24-hour urinary volume (one RCT), left ventricular
end-systolic volume (LVESV, one RCT), and natriuresis (one RCT)
(Table 1).
3.3. Characteristics of studies’ population

The mean/median age ranged from 60 to 80 years. In all RCTs,
sex male proportion was higher than 50%. Four studies included
exclusively patients with HF and T2D. NYHA II group was the most
frequent HF classification among studies. Baseline mean/median
NT-proBNP ranged from 399 to 6168 pg/ml. In the majority of
RCTs, the most frequent prior therapies were ACEis, ARBs and loop
diuretics (Table 2).
3.4. Risk of bias assessment

Seven out of nine RCTs had overall low risk of bias. Two studies
presented some concerns in selection of the reported results
(Fig. 2).
3.5. Meta-analyses of primary outcomes

A meta-analysis of five RCTs showed that, compared to placebo,
SGLT2i decreased all-cause mortality (RR: 0.88, 95%CI 0.79–0.98,
I2 = 0%) (Fig. 3A). A similar effect was found in cardiovascular mor-
tality (Fig. 3B). Moreover, meta-analyses showed that SGLT2i
decreased HF hospitalization (RR: 0.73, 95%CI 0.66–0.81, I2 = 0%),
emergency room visits due to HF (RR: 0.40, 95%CI 0.21–0.76,
I2 = 0%), and HF hospitalization or emergency room visits due to
HF (RR: 0.73, 95%CI 0.65–0.81, I2 = 0%) (Fig. 3C-E). Regarding the
composite outcomes, we found that SGLT2i decreased 1) cardio-
vascular mortality or HF hospitalization (RR: 0.78, 95%CI 0.71–
0.85, I2 = 0%) (Fig. 3F), and 2) cardiovascular mortality, HF hospital-
ization or emergency room visits due to HF (RR: 0.78, 95%CI 0.71–
0.85, I2 = 0%) (Fig. 3G). Finally, a meta-analysis of three RCTs
showed that SGLT2i improved the KCCQ score (MD: 1.70, 95%CI
1.67–1.73, I2 = 54%) (Fig. 3I).

We used the empagliflozin and placebo arms of De Boer’s RCT in
order to keep homogeneity in the intervention, furthermore, the
other arms [licogliflozin at different doses (2.5 mg, 10 mg, and
50 mg)] were not included since they are not SGLT2i, but SGLT1/2i.
We did not include results of Damman’s RCT in composite out-
comes because they did not report cardiovascular mortality. We
did not meta-analyze Nassif’s and Griffin’s results due to insuffi-
cient information: lack of baseline means and sample size per
group in the full-text paper, respectively.
3.6. Meta-analyses of secondary outcomes and subgroups

Meta-analyses showed that SGLT2i reduced any serious adverse
events (RR: 0.89, 95%CI 0.84–0.94, I2 = 4%), SBP (MD: �0.70, 95%CI
�0.73 to �0.68, I2 = 48%), and weight (MD: �0.81, 95%CI �0.82 to
�0.80, I2 = 47%). Nevertheless, SGLT2i increased hematocrit (MD:
1.38, 95%CI 0.02–2.74, I2 = 100%) and creatinine (MD: 2.65, 95%CI
2.63–2.67, I2 = 0%) (Supplementary material 2).
4

We performed subgroup meta-analyses by study drug and
follow-up. SGLT2i significantly decreased all-cause mortality, car-
diovascular mortality, and emergency room visits due to HF in
the dapagliflozin group, but not in the empagliflozin group. In
the meta-analysis of RCTs that reported a follow-up > 12 weeks,
SGLT2i was significantly associated with NT-proBNP reduction
(Supplementary material 2).

3.7. Non meta-analyzed results

Damman’s RCT, which assessed patients with decompensated
HF, found no effect of empagliflozin in dyspnea, diuretic response,
length of stay or NT-proBNP. Mordi’s RCT found that empagliflozin
increased 24-hour urinary volume without increasing urinary
sodium. Singh’s RCT was unable to detect and effect on LVESV. Grif-
fin’s RCT, which was the only phase 1 study, found that empagliflo-
zin caused significant natriuresis, especially when it was combined
with loop diuretics (Table 1).

3.8. GRADE summary of findings

Among the pooled primary outcomes, composite outcomes
including cardiovascular mortality, HF hospitalization or emer-
gency room visits due to HF showed high certainty of evidence.
Effect in KCCQ and NT-proBNP had moderate and low certainty,
respectively (Table 3).
4. Discussion

4.1. Main findings

Through this systematic review with meta-analyses, we found
that SGLT2i compared to placebo mainly improved mortality, HF
hospitalization, emergency room visits due to HF, NT-proBNP,
KCCQ, and reduced serious adverse events. Nevertheless, it
increased hematocrit and creatinine. Primary outcomes had high
certainty of evidence, and the majority of trials presented overall
low risk of bias.

4.2. What is known in literature about SGLT2i?

Prior RCTs have evidenced that SGLT2i have beneficial effects on
hospitalization and cardiovascular events, including mortality
[34,35]. Indeed, a meta-analysis of the largest RCTs showed that
SGLT2i reduced by 23% the risk of cardiovascular death or HF hos-
pitalization in patients with diabetes [12]. A sub-analysis suggested
a significant effect of SGLT2i in patients with HF at baseline [36];
besides, a post hoc analysis showed greater benefit in diabetic
patients with very high cardiovascular risk [37]. These findings
encouraged the research of SGLT2i benefits in patients with HF.

SGLT2i mechanism of action in HF patients has not been com-
pletely elucidated. Despite its well-known effect as a glycosuric
agent, there are other proposed explanations for benefits. Some
of them are metabolic changes, such as more ketone body produc-
tion, activation of anti-inflammatory and anti-oxidative pathways,
and reduction of advanced glycation end-products mediated
effects [38–41]. SGLT2i reduces Nod-like receptor protein 3
(NLRP3) inflammasome activation, reducing IL1-b in macrophages,
which is associated with less development of atherosclerotic pla-
ques [42]. Preclinical studies have described an improvement of
cardiac contraction and coronary microvascular function [39,43].
Additionally, SGLT2i inhibit the sodium/hydrogen exchanger 1
and 3, lowering the levels of sodium and calcium in the heart
and kidney, respectively. Those exchangers are associated with
fibrosis, hypertrophy and sodium retention in the heart [38–



Table 1
Characteristics of included studies.

Author Year Study
design

Main inclusion criteria Main exclusion criteria Sample
size (I/
P)

Intervention Dose Comparator Follow-up
period

Primary
outcome

Conclusion

McMurray 2019 Paralell-
group
phase 3
RCT

Adults with HFrEF*, NYHA II-
IV, NT-proBNP � 600 pg/ml,
receiving drug and device
therapies

Recent SGLT2i use or adverse events,
T1D, hypotension, eGFR < 30 ml/min/
1.73 m2

2373/
2371

Dapagliflozin 10 mg
once
daily

Placebo 24 months CV death or HF
hospitalization
or HF urgent
visit for HF

Dapagliflozin reduces the
risk of primary outcome
regardless of diabetes

De Boer 2019 Paralell-
group
phase 2A
RCT

Adults with HFrEF*, NYHA II-
IV, T2D, HbA1c 6.5–10%,
BMI � 22 kg/m2,
eGFR � 45 ml/min/1.73 m2,
NT-proBNP > 300 pg/ml

T1D, monogenic diabetes, secondary
diabetes, DKA, prior MI or CV
intervention, hypotension

Five
arms:
15/16/
31/30/
33

Licogliflozin 2.5 mg
Licogliflozin 10 mg
Licogliflozin 50 mg
Empagliflozin 25 mg
All: once daily.

Placebo 12 weeks NT-proBNP Licogliflozin shows a
potential benefit in
reducing NT-proBNP

Nassif 2019 Paralell-
group
phase 4
RCT

Adults with HFrEF*, NYHA II-
III

Recent HF hospitalization,
eGFR < 30 ml/min/1.73 m2, T1D

131/132 Dapagliflozin 10 mg
once
daily

Placebo 12 weeks NT-proBNP and
KCCQ

Dapagliflozin did not
affect NT-proBNP, but
increases clinically
improvements,
especially in non-
diabetics.

Jensen 2020 Paralell-
group
phase 2
RCT

Adults with HFrEF*, NYHA I-
III, receiving drug therapy

CRT < 90 days, >85 years, dementia, HF
hospitalization < 30 days, hypotension

95/95 Empagliflozin 10 mg
once
daily

Placebo 12 weeks NT-proBNP Empagliflozin did not
reduce NT-proBNP

Packer 2020 Paralell-
group
phase 3
RCT

Adults with HFrEF*, NYHA II-
IV, receiving appropriate
therapy

Diseases or treatments modifying the
clinical course or drug tolerability

1863/
1867

Empagliflozin 10 mg
once
daily

Placebo 38 months CV death or HF
hospitalization

Empagliflozin reduces
the risk of the primary
outcome regardless of
diabetes

Damman 2020 Paralell-
group
phase 2
RCT

Adults with decompensated
HF, NT-proBNP > 1400 pg/ml,
eGFR � 30 ml/min/1.73 m2,
treated with loop diuretics

T1D, dyspnea due to other causes, ACS
or coronary intervention in the 30 days,
DKA, pregnancy

40/39 Empagliflozin 10 mg
once
daily

Placebo 30 days� Changes in
dyspnea VAS,
diuretic
response, length
of stay, NT-
proBNP

Empagliflozin had no
effect on primary
outcomes

Mordi 2020 Crossover-
group
phase 4
RCT

Adults with HFrEFy, NYHA II-
III, T2D, stable dose of loop
diuretic, no hospitalization in
the last 3 months

Hypotension, HbA1c < 6%, eGFR < 45 ml/
min/1.73 m2, taking thiazide, chronic
liver disease or high liver enzymes

12/11 Empagliflozin 25 mg
once
daily

Placebo 6 weeks 24-hour urinary
volume

Empagliflozin increases
urinary volume without
increasing urinary
sodium

Singh 2020 Paralell-
group
phase 4
RCT

Adults with HFrEF*, T2D,
eGFR of� 45 ml/min/1.73 m2,
receiving drug therapy

Severe hepatic disease, CKD > 3b,
hypotension, life-threatening diseases

28/28 Dapagliflozin 10 mg
once
daily

Placebo 12 months LVESV Unable to detect effect
on LV remodelling

Griffin 2020 Crossover-
group
phase 1
RCT

Adults with HF, T2D, no
hospitalization in the last
60 days, stable HF
medication, eGFR of � 45 ml/
min/1.73 m2

Medication titration, DKA,
hypoglycemia, use of another SGLT2i or
adverse events, use of non-loop
diuretics, prior heart transplant,
valvular or congenital heart diseases

20 Empagliflozin 10 mg
once
daily

Placebo 4 weeks§ Natriuretic
effect

Empagliflozin causes
significant natriuresis,
particularly when
combined with loop
diuretics

RCT: randomized controlled trial. HF: heart failure. HFrEF: HF with reduced ejection fraction. NYHA: New York Heart Association. I/P: intervention/placebo. NR: not reported. SGLT2i: sodium-glucose cotransporter-2 inhibitors.
T1D: type 1 diabetes mellitus. T2D: type 2 diabetes mellitus. eGFR: estimated glomerular filtration rate. HbA1c: glycated hemoglobin. LV: left ventricle. LVEF: left ventricular ejection fraction. LVESV: left ventricular end-systolic
volume. BMI: body mass index. DKA: diabetic ketoacidosis. MI: myocardial infarction. CV: cardiovascular: CVD: cardiovascular disease. ACS: acute coronary syndrome. VAS: visual analogue scale. KCCQ: Kansas City Car-
diomyopathy Questionnaire.
y In this study, HFrEF was defined as LVEF < 50%.
� In this study, primary outcome were assessed at the day 4.
§ Outcomes were assessed at 2 weeks.

* HFrEF was defined as LVEF < 40%.
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Table 2
Characteristics of population of included studies.

Author Year Study
groups

Age Male
(%)

NYHA Diabetes
(%)

CAD
(%)

CKD
(%)

History
of HF
hospitalization
(%)

Baseline
LVEF (%)

Baseline NT-
proBNP pg/ml

Baseline eGFR ml/
min/1.73 m2

Prior
pharmacological
therapy

Device
therapy

McMurray 2019 Dapagliflozin 66.2 (11) 76.2 II: 67.7%
III: 31.5%
IV: 0.8%

41.8 55.5 NR 47.4 31.2 (6.7) 1428 (857–2655) y 66.0 (19.6) ACEi: 56.1%
ARB: 28.4%
ARNI: 10.5%
MRA: 71.5%
Diuretics: 93.4%
Biguanide: 50.8%
Insulin: 27.6%

ICD: 26.2%
CRT: 8.0%

Placebo 66.5
(10.8)

77 II: 67.4%
III: 31.7%
IV: 1.0%

41.8 57.3 NR 47.5 30.9 (6.9) 1446 (857–2641) y 65.5 (19.3) ACEi: 56.1%
ARB: 26.7%
ARNI: 10.9%
MRA: 70.6%
Diuretics: 93.5%
Biguanide: 51.7%
Insulin: 26.9%

ICD: 26.1%
CRT: 6.9%

De Boer 2019 Empagliflozin
25 mg

68.5 (62–
74) y

66.7 II: 73.3%
III: 26.7%
IV: 0%

100 20 6.7 NR 53.9 (45.4–
63.7) y

978.5 (649–1292) y 63.5 (56.9–73.1) y ACEi: 0%
ARB: 3.3%
Diuretics: 0%
ARNI: 0%
Metformin: 6.7%
Insuline: NR

NR

Placebo 71 (59–
74) y

57.6 II:75.8%
III: 24.2%
IV: 0%

100 12.1 6.1 NR 55.4 (43.4–
61.8) y

894 (477–1447) 66.5 (55.5–78.8) y ACEi: 0%
ARB: 0%
Diuretics: 3.3%
ARNI: 3.3%
Metformin: 21.2%
Insuline: NR

NR

Nassif 2019 Dapagliflozin
10 mg

62.2 (11) 72.5 II: 69.5%
III: 30.5%

61.8 53.4 NR 77.1 27.2 (8) 1136 (668–2465) y 66.9 (21.1) ACEI or ARB: 58%
ARNI: 35.9%
MRA: 58.0%
Loop diuretics: 87.0%
Insulin: 51.9%
Metformin: 35.8%

ICD: 67.2%
CRT: 32.8%

Placebo 60.4 (12) 74.2 II: 62.1%
III: 37.9%

64.4 52.3 NR 81.8 25.7 (8.2) 1136 (545–2049) y 71.2 (23.1) ACEI or ARB: 60.6%
ARNI: 28.8%
MRA: 63.6%
Loop diuretics: 84.1%
Insulin: 52.9%
Metformin: 38.8%

ICD: 56.8%
CRT: 18.9%

Jensen 2020 Empagliflozin
10 mg

64 (57–
73) y

83 I: 5.3%
II: 76%
III: 19%

20 53 Stage 3:
12

52 30 (25–35) 582 (304–1020) y 73 (57–89) y ACE or ARB or ARNI:
95%
ARNI: 33%
MRA: 65%
Loop diuretics: 65%
Insulin: 46%
Metformin: 91%

ICD: 47%

CRT: 19%

Placebo 63 (55–
72) y

87 I: 7.4%

II: 81%
III: 12%

15 56 13 53 30 (25–35) y 605 (322–1070) y 74 (60–89) y ACE or ARB or ARNI:
97%

ARNI: 28%
MRA: 66%
Loop diuretics: 62%
Insulin: 23%
Metformin: 54%

ICD: 48%

CRT: 19%

Packer 2020 Empagliflozin
10 mg

67.2
(10.8)

76.5 II: 75.1%

III: 24.4%
IV: 0.5%

49.8 52.8 NR 31 27.7 (6) 1887 (1077–3429) y 61.8 (21.7) ACEi or ARB without:
70.5%

ACEi or ARA with
ARNI: 18.3%
MRA: 70.1%

ICD: 31%

CRT: 11.8%
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Table 2 (continued)

Author Year Study
groups

Age Male
(%)

NYHA Diabetes
(%)

CAD
(%)

CKD
(%)

History
of HF
hospitalization
(%)

Baseline
LVEF (%)

Baseline NT-
proBNP pg/ml

Baseline eGFR ml/
min/1.73 m2

Prior
pharmacological
therapy

Device
therapy

Placebo 66.5
(11.2)

75.6 II: 75%

III: 24.4%
IV: 0.6%

49.8 50.7 NR 30.7 27.2 (6.1) 1926 (1153–3525) y 62.2 (21.5) ACEi or ARB without:
68.9%

ACEi or ARB with
ARNI: 20.7%
MRA: 72.6%

ICD: 31.8%

CRT: 11.9%

Damman 2020 Empagliflozin
10 mg

79 (73–
83) y

60 III/IV: 92% 38 Myocardial
infarction: 30%

NR NR 36 (17) 4406 (2873–6979) y 55 (18) ACEI: 40%

ARB: 5%
ARNI: 5%
Loop diuretics: 100%
Insulin: NR
Metformin: NR

ICD: 8%

CRT:15%

Placebo 73 (61–
83) y

74 III/IV: 97% 28 Myocardial
infarction: 38%

NR NR 37 (14) 6168 (3180–10489)
y

55 (18) ACEI: 47%

ARB: 3%
ARNI: 3%
MRA: 45%
Loop diuretics: 100%
Insulin: NR
Metformin: NR

ICD: 23%

CRT:13%

Mordi 2020 Empagliflozin
25 mg

69.8 (5.7)
*

73.9* NR 100 43.5* Stage 3a:
26.1*

NR NR 2381 (1472–7434)*,
y

NR ACEi: 39.1%

ARB: 34.8%
MRA: 47.8%
ARNI: 13%
Loop diuretic: 100%
Insulin: 21.7%
Metformin: 69.6%*

NR

Placebo NR 100 NR NR NR NR

Singh 2020 Dapagliflozin
10 mg

66.9 (7) 64.3 I: 42.9%

II: 46.4%
III: 10.7%

100 53.6 NR NR 44.5 (12.4) NR 67.7 (16.4) ACEi or ARB: 89.3%

MRA: 46.4%
Metformin: 60.7%
Insulin: 21.4%

NR

Placebo 67.4 (6.8) 67.9 I: 46.4%

II: 39.3%
III: 14.3%

100 53.6 NR NR 46.5 (11.7) NR 76.2 (21) ACEi or ARB: 89.3%

MRA: 35.7%
Metformin: 50%
Insulin: 35.7%

NR

Griffin 2020 Empagliflozin
10 mg

60 (12)* 75* I-II: 70*
III: 30*

100* 60* NR* NR* 42.9 (15)* 399 (139–2000)*, y 69.1 (19)* ACEi or ARB or ARNI:
85%

MRA: 50%
Loop diuretic: 95%

Metformin: 60%
Insulin: 40%*

ICD: 50%

CRT: 10%*Placebo

NYHA: New York Heart Association. CAD: coronary artery disease. CKD: chronic kidney disease. HF: heart failure. LVEF: left ventricular ejection fraction. eGFR: estimated glomerular filtration rate. NR: not reported. ACEi:
angiotensin-converting-enzyme inhibitors. ARB: angiotensin II receptor blockers. CRT: cardiac resynchronization therapy. ICD: implantable cardioverter defibrillator. MRA: mineralocorticoid receptor antagonist. ARNI: angiotensin
receptor neprilysin inhibitor.
y Interquartile range.

* Reported for the whole cohort.
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Fig. 2. Risk of bias assessment of included trials.
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41,44]. Other cardiorenal benefit pathways are reduction in sys-
temic blood pressure and plasma uric acid, and increase in natri-
uresis and hematocrit [41].

In 2019, the American Diabetes Association updated the 2018
consensus on hyperglycemia, mainly recommending SGLT2i in
patients with diabetes and HFrEF [45]. However, since the last year,
many trials on HF patients in absence of diabetes have been
published.

The DAPA-HF was a placebo-controlled RCT that randomly
assigned NYHA II-IV HFrEF patients to dapagliflozin, a SGLT2i, or
placebo. Authors concluded that dapagliflozin significantly
reduced the risk of the composite outcome (cardiovascular death,
HF hospitalization, and emergency room visits due to HF) [15].
Recently, the EMPEROR-Reduced was published. It was a
placebo-controlled RCT that randomly assigned NYHA II-IV HFrEF
patients to empagliflozin or placebo, concluding that the interven-
tion significantly reduced cardiovascular death or HF hospitaliza-
tion in absence of diabetes [29]. Other trials in HFrEF patients
have shown important results. The DEFINE-HF trial reported that
patients randomized to dapagliflozin showed superior clinical
improvement, which was measured with the Kansas City Car-
diomyopathy Questionnaire (KCCQ), than those in placebo group
[16]. De Boer et al [27] published a phase 2 RCT, comparing three
doses of licogliflozin, which is a SGLT1/2 inhibitor, empagliflozin
and placebo. They observed greater reduce of SBP in the empagli-
flozin group compared to placebo.
8

Despite the quantity of new published RCTs, DAPA-HF and
EMPEROR-Reduced are the most significant trials for SGLT2i in
HF due to its large sample size, which are higher than 3000
patients each one. In this context, Zannad et al [46] meta-
analyzed those trials, however they did not perform a systematic
review of more trials. They pooled data of 8474 patients, and
reported that SGLT2i significantly decreased the risk of all-cause
and cardiovascular death, and two composite outcomes (cardio-
vascular death or HF hospitalization, and cardiovascular death or
recurrent hospitalizations), and reduced renal adverse events.
Additionally, they showed that the effect was consistent in several
subgroups (age, sex, diabetes, treatment with angiotensin receptor
neprilysin inhibitor, and baseline eGFR), but it was considerably
different in NYHA II patients compared to NYHA III-IV.

A recent systematic review included RCTs and subgroup analy-
ses enrolling HFrEF patients randomized to a SGLT2i [47]. How-
ever, there are some debatable issues and differences with our
review. Authors included six trials, and two of them were included
in our review: DAPA-HF and DEFINE-HF [15,16], where all patients
had HFrEF. However, HF prevalence in the other four trials
were<15%. This situation is important for interpretation of results,
because meta-analyzing data of trials with heterogeneous popula-
tions may reduce the value of global estimates. In our systematic
review, we included RCTs with HF prevalence of 100%, therefore,
compared to the cited review, our results are more homogenous
regarding the population.



A. All-cause mortality B. Cardiovascular mortality

C. HF hospitaliza�on D. HF urgent visit 

E. .FtisivtnegruFHronoitazilatipsohFH Cardiovascular mortality or HF hospitaliza�on

G. .HtisivtnegruFHronoitazilatipsohFH,ytilatromralucsavoidraC KCCQ

I. NT-proBNP 

SGLT2i: sodium/glucose cotransporter-2 inhibitors. CI: confidence interval. RR: risk ra�o. MD: mean difference. SD: standard devia�on. HF: heart failure. KCCQ: Kansas City Cardiomyopathy Ques�onnaire.

Fig. 3. Effect of SGLT2i on primary and other outcomes. SGLT2i: sodium/glucose cotransporter-2 inhibitors. CI: confidence interval. RR: risk ratio. MD: mean difference. SD:
standard deviation. HF: heart failure. KCCQ: Kansas City Cardiomyopathy Questionnaire.
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Table 3
GRADE summary of findings (primary pooled outcomes).

Outcomes Anticipated absolute effects (95% CI) Relative effect
(95% CI)

№ of participants
(studies)

Certainty of the
evidence
(GRADE)

Risk with placebo Risk with SGLT2i

All-cause mortality 136 per 1000 120 per 1000
(107 to 133)

RR 0.88
(0.79 to 0.98)

8872
(5 RCTSs)

����HIGH

Cardiovascular mortality 109 per 1000 95 per 1000
(84 to 108)

RR 0.87
(0.77 to 0.99)

8737
(3 RCTs)

����
HIGH

HF hospitalization 148 per 1000 108 per 1000
(98 to 120)

RR 0.73
(0.66 to 0.81)

9085
(7 RCTs)

����
HIGH

HF urgent visit 13 per 1000 5 per 1000
(3 to 10)

RR 0.40
(0.21 to 0.76)

5086
(3 RCTs)

����
HIGH

HF hospitalization or HF urgent visit 153 per 1000 112 per 1000
(99 to 124)

RR 0.73
(0.65 to 0.81)

9029
(6 RCTs)

����
HIGH

Cardiovascular mortality or HF hospitalization 220 per 1000 172 per 1000
(156 to 187)

RR 0.78
(0.71 to 0.85)

8766
(5 RCTs)

����
HIGH

Cardiovascular mortality, HF hospitalization
or HF urgent visit

222 per 1000 173 per 1000
(158 to 189)

RR 0.78
(0.71 to 0.85)

8687
4 RCTs)

����
HIGH

NT-proBNP – MD 151.25 pg/ml lower
(308.13 lower to 5.63 higher)

– 8687
(4 RCTs)

��◯◯
LOW a,b

KCCQ – MD 1.7 points higher
(1.67 higher to 1.73 higher)

– 8664
(3 RCTs)

���◯
MODERATE a

CI: confidence interval. RR: risk ratio. MD: mean difference. RCT: randomized controlled trial. HF: heart failure. KCCQ: Kansas City Cardiomyopathy Questionnaire. GRADE:
Grading of Recommendations Assessment, Development and Evaluation.
GRADE Working Group grades of evidence.
High certainty: We are very confident that the true effect lies close to that of the estimate of the effect
Moderate certainty: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different
Low certainty: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect
Very low certainty: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect
a. The I2 was higher than 40%.
b. Confidence interval crosses the non-effect value.

� To our knowledge, this is the first systematic review of randomized controlled trials that assessed the effects and safety of sodium-glu-
cose transporter 2 inhibitors (SGLT2i) compared to placebo in patients with heart failure regardless of diabetes.

� Compared to placebo, SGLT2i reduced mortality, hospitalization, urgent visits, and improved quality of life (Kansas City Cardiomyopathy
Questionnaire).

� SGLT2i showed to improve critical outcomes in patients with heart failure, and it is apparently safe.
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4.3. What our study adds to literature?

We assessed more RCTs and outcomes than the two previous
meta-analyses. We did not repeat meta-analyses that were already
done in Zannad’s meta-analysis, such as subgroup analyses by
baseline variables (i.e.: sex, age and diabetes) [46]. But we
extended the pooled outcomes if new RCTs added information.
Our meta-analyses are consistent with Zannad’s meta-analyses.
Regarding quality of life, which was measured with the KCCQ,
SGLT2i showed a statistically significant benefit, but it was not
clinically significant; possibly, because patients had compensated
HF. Additionally, we performed subgroup analyses by intervention
drug and follow-up period. Our results suggest that there might be
slight differences in benefit between dapagliflozin and empagliflo-
zin, and assessing outcomes at a longer follow-up showed a benefit
in NT-proBNP. Our GRADE approach might be useful when evalu-
ating SGLT2i in future clinical practice guidelines.

Both dapagliflozin and empagliflozin differ in their pharmacoki-
netics. It could partially explain the differences found in our meta-
analyses. Empagliflozin at 10 mg reaches its concentration peak
between 1 and 1.5 h in both healthy and diabetic patients, with
an a half-life of 9.88 h in healthy subjects, 7.61 h in diabetic young,
and 8.8 to 11.9 h in diabetic adults [48–52]. While dapagliflozin,
using the same dose, reaches its maximum concentration faster,
between 1.0 and 1.3 h, and its half-life is 12.1 h in healthy subjects
[53,54].

In relation to safety outcomes, we could not meta-analyze dia-
betic ketoacidosis (DKA) or acute kidney injury (AKI) due to lack of
data. A previous meta-analysis showed a risk two times higher of
10
DKA in patients assigned to SGLT2i compared with the placebo
group, however the incidence rate was low [12]. Regarding AKI, a
meta-analysis reported that SGLT2i was associated with a reduc-
tion of 34% in AKI risk [55]. Furthermore, our results evidenced that
SGLT2i increased creatinine and hematocrit. A previous systematic
review found that SGLT2i compared to placebo was associated
with initial increase of creatinine, but followed by return to base-
line levels in patients with renal impairment [56]. We collected
information on baseline eGFR, and several RCTs reported values
surrounding the cut-off of impaired function (<60 ml/min/1.73 mi
n2), therefore clinicians should consider monitoring renal function
in HF patients taking SGLT2i, especially in chronic kidney disease.
We found that SGLT2i was associated with increased hematocrit.
Despite this event may contribute to better cardiovascular out-
comes and previous reviews support beneficial effects [41,57],
other reviews suggest that hemoconcentration may increase the
risk of thrombosis [58], besides, large cohorts have evidenced an
independent associated between high hematocrit, incidence of
stroke, and early post-stroke mortality [59,60].

In this way, we recommend that future phase 4 trials must state
specific adverse events as primary outcomes. Moreover, Zannad’s
meta-analyses suggest that there could be better benefit in NYHA
II [46], however non-planned baseline differences in groups (NYHA
II vs. III-IV) may be increased, leading to statistically significant dif-
ferences. Therefore we do encourage future trials on NYHA II to
confirm those results.

Aside from clinical trials, some studies have estimated the
impact of SGLT2i in the real-world setting [61–64]. Arnold et al
[61] evaluated patients of the Diabetes Collaborative Registry,
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and described that 26.2% of patients met the inclusion criteria for
taking SGLT2i, but only 5.2% did it, causing more death and hospi-
talization rates. Cardiovascular benefits of SGLT2i over other
glycosuric-agents has been proven in the real-world setting
[65,66]. The largest study included 40 thousand patients from
three different countries, reporting that dapagliflozin was associ-
ated with 21% lower risk of major adverse cardiovascular events
and 38% lower risk of HF hospitalization compared with DPP-4
inhibitors [67]. Another multinational cohort also described that
SGLT2i was associated with a significant reduction in new HF
events and death compared to other oral hypoglycemic agents
[63]. Bassi et al [64] projected that around 69% of patients with
HFrEF in the United States will be candidates for using SGTL2i,
and this implementation will considerably prevent the number of
deaths per year.

A multinational analysis based on DAPA-HF trial evaluated
dapagliflozin as an additional treatment for HF, and a positive
incremental cost-effectiveness ratio was described [68]. Moreover,
a gaining in life-years and quality-adjusted life-years with the
implementation of dapagliflozin was also identified [68]. In this
way, other analyses based on studies in patients with diabetes
found that this drug is cost-effective [69,70]. Canagliflozin has
been demonstrated to reduce the cost of HF hospitalization and
total healthcare costs in patients with diabetes and established
cardiovascular disease [71].

4.4. Limitations

Our study has several limitations. First, despite there are several
SGLT2i, we found evidence on only two SGLT2i (dapagliflozin and
empagliflozin) that were compared with placebo. Then, only two
studies (McMurray’s and Packer’s RCTs) mainly contributed to
meta-analyses due to its large sample size. Nevertheless, we found
low heterogeneity in the majority of analyses. Only two studies
had safety outcomes (24-hour urinary volume and natriuretic
effect) as primary outcomes, besides, they could not be meta-
analyzed. Seven out of nine RCTs included only patients with
HFrEF, therefore our results should not be applicable for HF with
preserved ejection fraction. Finally, due to the low number of stud-
ies in each meta-analysis, we could not explore meta-regression
between prognostic variables, such as coronary artery disease
and diabetes, and RRs.

4.5. Conclusions

To our knowledge, this is the first systematic review of RCTs
comparing SGLT2i with placebo in patients with HF. Our meta-
analyses demonstrate multiple positive effects and acceptable
safety of SGLT2i in critical outcomes in HF.
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