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Introduction

Heart failure with preserved ejection 
fraction (HFpEF) accounts for a substan-
tial proportion of new HF diagnoses in 
population cohorts, with a growing impact 
on hospitalizations and public health costs 
(CHANG et al., 2018; ROHDE et al., 
2018). Unlike HFrEF, classic therapies have 
not shown a consistent reduction in morbi-
dity and mortality in HFrEF, maintaining 
a therapeutic gap (MASSIE et al., 2008; 
PITT et al., 2014; GRONDA; VANOLI; 
IACOVIELLO, 2020).

Sodium-glucose cotransporter 2 inhi-
bitors (SGLT2i), initially antidiabetic agents, 
exhibit cardiorenal benefits that transcend 
glycemic control (ZELNIKER et al., 2019; 
MATTHEWS et al., 2023). Pivotal trials in 
HFpEF/HFmrEF have demonstrated a ro-
bust reduction in HF hospitalizations and 
the composite of cardiovascular (CV) death/
HF hospitalization, with a consistent effect 
in subgroups, although without a significant 
decrease in isolated CV mortality (ANKER 
et al., 2021; SOLOMON et al., 2022). Re-
cent guidelines recommend dapagliflozin or 
empagliflozin for HFpEF (Class IIa, Level 
B), reflecting the maturation of evidence 
(ROHDE et al., 2018).

In light of this scenario, it is pertinent 
to quantitatively synthesize the magnitude 
of benefit of iSGLT2 in HFpEF, focusing 
on hospitalization for HF, composed of CV 
death/hospitalization for HF and CV mor-
tality, in order to guide clinical decisions 
based on updated evidence (HAMID et al., 
2024).
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Objective

To evaluate, through a systematic re-
view and meta-analysis of randomized cli-
nical trials, the efficacy of sodium-glucose 
cotransporter 2 inhibitors (SGLT2i) in re-
ducing hospitalizations for heart failure in 
adult patients with preserved left ventricular 
ejection fraction (≥50%), compared to pla-
cebo or standard treatment, in addition to 
examining the impact on cardiovascular de-
ath outcomes and the composite outcome 
of cardiovascular death or hospitalization 
for heart failure.

Methodology

This systematic review with meta-a-
nalysis was developed in accordance with 
the PRISMA 2020 recommendations and 
followed the methodological principles of 
the Cochrane Collaboration. 

Data sources and search strategy

A comprehensive search was conduc-
ted in the MEDLINE (via PubMed), Em-
base, Cochrane CENTRAL, Web of Scien-
ce, Scopus, and LILACS databases from 
January 2012 to the end date of data col-
lection, considering the start of clinical use 
of SGLT2 inhibitors in 2012. Ongoing or 
unpublished trials were searched on Clini-
calTrials.gov and ICTRP/WHO. In addi-
tion, reference lists of included articles and 
relevant reviews were manually searched.

Combinations of controlled descrip-
tors (MeSH/Emtree/DeCS) and free terms 
were used, adapted for each database (Table 
1):

PubMed/MEDLINE

(“Sodium-Glucose Transporter 2 Inhibitor-
s”[Mesh] OR “SGLT2 inhibitors” OR em-
pagliflozin OR dapagliflozin OR canagliflo-
zin OR ertugliflozin OR sotagliflozin) 

AND 

(“Heart Failure, Diastolic”[Mesh] OR “he-
art failure with preserved ejection fraction” OR 
HFpEF OR “ejection fraction preserved”) 

AND 

(randomized controlled trial[Publication Type] OR 
randomized[tiab] OR randomised[tiab] OR trial[tiab]) 

AND 

(hospitalization OR hospitalisation 
OR “worsening heart failure”)

Database

(‘sodium glucose cotransporter 2 inhibitor’/exp OR 
‘sglt2 inhibitor’ OR empagliflozin OR dapagliflozin 
OR canagliflozin OR ertugliflozin OR sotagliflozin) 

AND 

(‘diastolic heart failure’/exp OR ‘heart failu-
re with preserved ejection fraction’ OR 
HFpEF OR ‘preserved ejection fraction’) 

AND 

(‘randomized controlled trial’/exp OR randomi-
zed:ti,ab OR randomised:ti,ab OR trial:ti,ab) 

AND 

(hospitalization OR hospitalisation 
OR ‘worsening heart failure’)

CENTRAL (Cochrane Library)

(SGLT2 inhibitors OR empagliflozin OR dapagliflozin 
OR canagliflozin OR ertugliflozin OR sotagliflozin) 

AND 

(“heart failure with preserved ejection fraction” 
OR HFpEF OR “preserved ejection fraction”) 

AND 

(hospitalization OR “worsening heart failure”)

Web of Science / Scopus
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TS=(“SGLT2 inhibitors” OR empagli-
flozin OR dapagliflozin OR canagliflo-
zin OR ertugliflozin OR sotagliflozin) 

AND 

TS=(“heart failure with preserved ejection fraction” 
OR HFpEF OR “preserved ejection fraction”) 

AND 

TS=(randomized OR trial OR hospitali-
zation OR “worsening heart failure”)

LILACS

(tw:(“SGLT2 inhibitors” OR empagliflo-
zin OR dapagliflozin OR canagliflozin 
OR ertugliflozin OR sotagliflozin)) 

AND 

(tw:(“heart failure with preserved ejection fraction” 
OR HFpEF OR “preserved ejection fraction”)) 

AND 

(tw:(hospitalization OR “heart failu-
re decompensation”)) 

Eligibility criteria

Randomized controlled trials (RCTs) 
evaluating SGLT2i (empagliflozin, dapagli-
flozin, canagliflozin, ertugliflozin, or sota-
gliflozin) in adult patients with heart failure 
and ejection fraction ≥50% were included. 
Trials that included patients with an ejection 
fraction of 40–49% were considered only if 
they presented specific analyses for HFpEF. 
The accepted comparator was placebo or 
standard treatment. The primary endpoint 
was hospitalization for heart failure (first 
event or total). Secondary endpoints inclu-
ded the composite of cardiovascular death 
or hospitalization for HF, cardiovascular 
mortality, all-cause mortality, quality of life 
(Kansas City Cardiomyopathy Question-
naire), and serious adverse events. Adjusted 
observational studies were eligible only in 
sensitivity analyses.

Studies with patients exclusively with 
ejection fraction <40%, trials without com-
parator, case reports, case series, narrative 
reviews, editorials, and conference abstracts 
without complete data were excluded.

Study selection

Screening was performed in two stages 
by two independent reviewers (A.M.B. and 
V.Z.F.) using the Rayyan QCRI platform. 
First, titles and abstracts were evaluated; 
then, the full texts of potentially eligible 
articles were analyzed. Conflicts were resol-
ved by consensus or arbitration by a third 
reviewer. The reasons for exclusion in the 
full text were documented and presented in 
a PRISMA 2020 flowchart.

Data extraction

Extraction was performed indepen-
dently and duplicated in a structured spre-
adsheet compatible with RevMan 5.4. The 
following were collected: author/year, cou-
ntry, design, diagnostic criteria for HFpEF, 
number of participants, baseline characteris-
tics, intervention (drug and dose), compa-
rator, follow-up time, outcomes, and effect 
measures (HR, RR, or OR, with 95% CI).

Statistical synthesis

The analyses were performed using the 
DerSimonian-Laird random effects model. 
Hazard ratios (HR) were used for time-to-
-event outcomes; relative risk (RR) for di-
chotomous outcomes; and mean difference 
(MD/SMD) for continuous outcomes, all 
with 95% CI. Heterogeneity was quanti-
fied using Cochran’s Q test and the I² index. 
Publication bias was assessed using funnel 
plots and Egger’s test (when ≥10 studies).



DOI https://doi.org/10.22533/at.ed.1595322522106

A
rt

ic
le

 6
Im

pa
ct

 o
f S

G
LT

2 
in

hi
bi

to
rs

 o
n 

re
du

ci
ng

 h
os

pi
ta

liz
at

io
ns

 fo
r h

ea
rt

 fa
ilu

re
 in

 p
at

ie
nt

s w
ith

 p
re

se
rv

ed
 e

je
ct

io
n 

fr
ac

tio
n:

 sy
st

em
at

ic
 re

vi
ew

 a
nd

 m
et

a-
an

al
ys

is

5

Sensitivity analyses (exclusion of stu-
dies at high risk of bias, comparison with fi-
xed effects, exclusion of HFmrEF) and sub-
group analyses (ejection fraction 50–59% 
vs. ≥60%, diabetes, sex, age, NYHA class, 
baseline NT-proBNP, and use of aldostero-
ne antagonists) were prespecified. Whene-
ver possible (≥10 studies), exploratory me-
ta-regression would be performed to assess 
the influence of continuous covariates. Sta-
tistical analyses were conducted in RevMan 
5.4 and, complementarily, in R (metafor 
package).

Results

Figure 1: PRISMA 2020 flowchart of the process 
of identification, screening, eligibility, and inclu-

sion of studies.

Flowchart representing the selection 
steps of the studies included in the systema-
tic review and meta-analysis on the impact 
of sodium-glucose cotransporter 2 (SGLT2) 
inhibitors on reducing hospitalizations for 

heart failure in patients with preserved ejec-
tion fraction (HFpEF).

Initially, 3,206 records were identi-
fied in the PubMed/MEDLINE, Embase, 
Web of Science, Cochrane CENTRAL, 
and LILACS databases. After removing du-
plicates (n = 2,022), 1,184 unique studies 
were screened by title and abstract. Of the-
se, 1,071 were excluded because they did 
not meet the eligibility criteria. 113 articles 
were evaluated in full text, resulting in the 
exclusion of 99 studies due to ineligible po-
pulation, absence of outcomes of interest, 
or high methodological bias. In the end, 10 
randomized clinical trials were included in 
the quantitative synthesis (meta-analysis), 
totaling 15,588 participants (7,788 in the 
SGLT2i group and 7,800 in the control 
group).

Hospitalization for HF (first event) 

Ten randomized clinical trials were in-
cluded, involving a total of 15,588 partici-
pants (7,788 treated with SGLT2 inhibitors 
and 7,800 in the control group).

The meta-analysis, conducted using 
the Mantel–Haenszel random effects model, 
demonstrated that SGLT2 inhibitors signi-
ficantly reduced the risk of hospitalization 
for heart failure in patients with preserved 
ejection fraction, with a relative risk (RR) of 
0.76 (95% CI 0.69–0.83; p < 0.001).

No statistically significant heterogenei-
ty was identified (I² = 0%; Cochran’s Q, p 
= 0.83), indicating consistency of findings 
across studies and robustness of the effect 
estimate. The prediction interval corrobo-
rated the applicability of the results to dif-
ferent populations, reinforcing the external 
validity and clinical generalizability of the 
evidence.
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Forest plot of the meta-analysis of ran-
domized clinical trials evaluating the impact 
of SGLT2 inhibitors on hospitalization for 
heart failure in patients with preserved ejec-
tion fraction. Each square represents the 
point estimate of the relative risk (RR) for 
each individual study, with the size propor-
tional to the weight assigned in the analysis. 
The horizontal lines correspond to the 95% 
confidence intervals. The black diamond re-
presents the combined estimate by the ran-
dom effects model (RR 0.76; 95% CI 0.69–
0.83), indicating a significant reduction in 
the risk of hospitalization. No statistically 

significant heterogeneity was observed (I² = 
0%).

The funnel plot does not suggest the 
presence of publication bias, since the stu-
dies are distributed symmetrically around 
the effect line. Egger’s test also showed no 
statistically significant evidence of asymme-
try (intercept = –0.64; 95% CI: –1.25 to 
–0.04; t = –2.079; p = 0.071). These findin-
gs indicate a low probability of publication 
bias, reinforcing the reliability of the results.

Figure 2: Forest plot of randomized clinical trials evaluating SGLT2 inhibitors in hospitalization for 
heart failure in patients with preserved ejection fraction.

Figure 3: Funnel plot for assessing publication bias in studies included in the analysis of hospitaliza-
tion for heart failure. 
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Funnel plot for assessing publication 
bias in studies included in the analysis of 
hospitalization for heart failure. Each point 
represents a randomized clinical trial, plot-
ted according to standard error (y-axis) and 
relative risk (x-axis). The vertical red line 
indicates the combined effect, while the 
diagonal lines delimit the expected 95% re-
gion in the absence of bias. The symmetrical 
distribution of studies and Egger’s test (p = 
0.071) do not suggest evidence of publica-
tion bias.

Cardiovascular Mortality

Ten randomized clinical trials were in-
cluded, totaling 15,588 participants (7,788 
in the SGLT2i group and 7,800 in the con-
trol group).

The meta-analysis conducted using 
the Mantel–Haenszel random effects model 
showed no statistically significant difference 
between the groups in terms of cardiovas-
cular mortality (RR = 0.92; 95% CI 0.81–
1.04; p = 0.17).

No heterogeneity was observed be-
tween studies (I² = 0%; Cochran’s Q, p = 
0.999), suggesting consistency of results 
across different population settings and 
interventions.

These findings indicate that, although 
SGLT2 inhibitors reduce hospitalizations 
for heart failure, the benefit in terms of re-
ducing cardiovascular mortality was not sta-
tistically confirmed in this analysis.

Each square represents the point esti-
mate of the relative risk (RR) for each in-
dividual study, with the size proportional 
to the weight in the analysis. The horizon-
tal lines correspond to the 95% confidence 
intervals. The black diamond represents the 
combined estimate by the Mantel–Haens-
zel random effects model (RR 0.92; 95% 
CI 0.81–1.04; p = 0.17), indicating no sig-
nificant effect of SGLT2 inhibitors on car-
diovascular mortality. No heterogeneity was 
observed between studies (I² = 0%).

Compound (CV death + 
hospitalization for HF)

Ten randomized clinical trials were in-
cluded, totaling 15,588 patients (7,788 in 
the SGLT2 inhibitor group and 7,800 in 
the control group).

The meta-analysis, conducted using 
the Mantel–Haenszel random effects mo-
del, demonstrated that SGLT2 inhibitors 
significantly reduced the risk of the compo-
site outcome of cardiovascular death or hos-
pitalization for heart failure, with a relative 
risk (RR) of 0.80 (95% CI 0.73–0.87; p < 
0.001).

Figure 4: Forest plot of randomized clinical trials evaluating SGLT2 inhibitors on cardiovascular mor-
tality in patients with heart failure and preserved ejection fraction.
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No statistically significant heteroge-
neity was observed (I² = 0%; Cochran’s Q, 
p = 0.99), indicating that the results were 
consistent across different studies and popu-
lation settings. These findings confirm the 
clinical benefit of SGLT2 inhibitors in re-
ducing major cardiorenal events in patients 
with heart failure and preserved ejection 
fraction.

Each square represents the point esti-
mate of the relative risk (RR) for each in-
dividual study, with the size proportional 
to the weight assigned in the analysis. The 
horizontal lines correspond to the 95% con-
fidence intervals. The black diamond repre-
sents the combined estimate by the Mantel–
Haenszel random effects model (RR 0.80; 
95% CI 0.73–0.87; p < 0.001), demons-
trating a significant reduction in the risk of 
the composite outcome in the group treated 
with SGLT2 inhibitors. No heterogeneity 
was observed between studies (I² = 0%).

Discussion 

This meta-analysis, including 10 ran-
domized clinical trials and 15,588 patients 
(7,788 treated with SGLT2 inhibitors and 
7,800 controls), demonstrated that SGL-
T2i significantly reduced the risk of hospi-

talization for heart failure in patients with 
preserved ejection fraction (RR 0.76; 95% 
CI 0.69–0.83; p < 0.001), corresponding 
to a relative reduction of 24%. The effect 
was consistent for the composite outcome 
of cardiovascular death or hospitalization 
for HF (RR 0.80; 95% CI 0.73–0.87; p < 
0.001). On the other hand, there was no 
statistically significant reduction in isolated 
cardiovascular mortality (RR 0.92; 95% CI 
0.81–1.04; p = 0.17).

The absence of statistical heterogeneity 
in all outcomes (I² = 0%) confirms the con-
sistency of results across studies, which ran-
ged from large multicenter trials (EMPE-
ROR-Preserved, n = 5,988; DELIVER, n = 
6,263) to smaller trials (e.g., EMPULSE, n 
= 530; PRESERVED-HF, n = 323; MUS-
CAT-HF, n = 172). Egger’s test did not indi-
cate publication bias (intercept –0.64; 95% 
CI –1.25 to –0.04; p = 0.071).

The results reinforce that the main 
clinical benefit of SGLT2i in HFpEF is the 
reduction in HF hospitalizations, an out-
come responsible for >70% of the primary 
composite events in pivotal trials. The lack 
of a significant impact on cardiovascular 
mortality likely reflects the lower baseline 
death rate in this population (approxima-
tely 5–7% in 2 years, versus 15–20% in 

Figure 5: Forest plot of randomized clinical trials evaluating the impact of SGLT2 inhibitors on the 
composite endpoint of cardiovascular death or hospitalization for heart failure in patients with preser-

ved ejection fraction.
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HFrEF), reducing the statistical power to 
detect absolute differences.

Limitations include the clinical hete-
rogeneity of the populations included (e.g., 
mean ejection fraction ranging from 53% 
to 58%, prevalence of diabetes between 40–
60%) and the low incidence of fatal events 
in smaller studies.

Conclusion

In this meta-analysis of 10 randomized 
clinical trials involving 15,588 patients with 
heart failure and preserved ejection fraction, 
SGLT2 inhibitors significantly reduced the 
risk of hospitalization for heart failure (RR 
0.76; 95% CI 0.69–0.83; p < 0.001) and 
the composite endpoint of cardiovascular 
death or hospitalization for HF (RR 0.80; 
95% CI 0.73–0.87; p < 0.001), with no 
significant impact on isolated cardiovascu-
lar mortality (RR 0.92; 95% CI 0.81–1.04; 
p = 0.17). The results were consistent (I² = 
0%) and indicate that SGLT2i should be 
incorporated as first-line therapy to reduce 
clinical decompensation in patients with 
HFpEF.
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