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Background: Heart failure with preserved gjection fraction (HFpEF) is associated with
a high risk of mortality and frequent hospitalization. Sodium-glucose cotransporter 2
(SGLT2) inhibitors have favorable cardiovascular protective effect and could decrease
the risk of mortality and hospitalization in patients with heart failure with reduced ejection
fraction. However, the effect of SGLT2 inhibitors for HFpEF has not been well studied.

Purpose: The aim of this meta-analysis is to systematically assess the effects of SGLT2
inhibitors in patients with HFpEF.

Methods: MEDLINE, EMBASE, Ovid, Cochrane Library, Chinese National Knowledge
Infrastructure Database, VIP database, Chinese Biomedical Database, and Wanfang
Database were searched from inception to November 2021 for randomized controlled
trials (RCTs) of SGLT2 inhibitors for HFpEF. Risk bias was assessed for included
studies according to Cochrane handbook. The primary outcome was the composite
of first hospitalization for heart failure (HHF) or cardiovascular mortality. First HHF,
cardiovascular mortality, total HHF, all-cause mortality, exercise capacity, ventricular
diastolic function, and adverse events were considered as secondary endpoints.
PROSPERQO registration: CRD42021291122.

Results: A total of 12 RCTs including 10,883 patients with HFpEF (SGLT2 inhibitors
group: 5,621; control group: 5,262) were included. All included RCTs were at low risk of
bias. Meta-analysis showed that SGLT2 inhibitors significantly reduced the composite
of first HHF or cardiovascular mortality (HR:0.78, 95% CI: [0.70, 0.87], P< 0.00001,
17 = 0%), first HHF (HR:0.71, 95% Cl: [0.62, 0.83], P < 0.00001, /> = 0%), total HHF
(RR:0.75, 95% ClI: [0.67, 0.84], P<0.00001, /% = 0%), E/e’ (MD: —1.22, 95% ClI: [-2.29, —
0.15], P = 0.03, I° = 59%) and adverse events (RR:0.92, 95% Cl: [0.88, 0.97], P = 0.001,
I = 0%). No statistical differences were found in terms of cardiovascular mortality, all-
cause mortality, NT-proBNP, BNP and 6-min walk test distance.
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Conclusion: SGLT2 inhibitors significantly improve cardiovascular outcomes with a
lower risk of serious adverse events in patients with HFpEF. However, these findings
require careful recommendation due to the small number of RCTs at present. More
multi-center, randomized, double-blind, placebo-controlled trials are needed.

Systematic Review Registration: [https://www.crd.york.ac.Uk/prospero/], identifier
[CRD42021291122].

Keywords: sodium-glucose cotransporter 2 inhibitors, heart failure with preserved ejection fraction, randomized

controlled trials, systematic review, meta-analysis

INTRODUCTION

Heart failure with preserved ejection fraction (HFpEF) has been
recognized as an important phenotype of heart failure based
on the measurement of left ventricular ejection fraction (1).
Currently, the prevalence of HFpEF exceeds 8% in people over
65 years of age, accounting for more than 50% of all patients with
heart failure (2-4), and its prevalence increases as the population

Abbreviations: AEs, adverse events; BNP, B-type natriuretic peptide; CI,
confidence intervals; CONSORT, Consolidated Standards For Reporting Trials;
E/¢€, the ratio of early mitral inflow velocity to mitral annular early diastolic velocity;
ESC, European Society of Cardiology; GRADE, grading of recommendations
assessment, development, and evaluation; HFpEE, heart failure with preserved
ejection fraction; HFrEE, heart failure with reduced ejection fraction; HHE
hospitalization for heart failure; HR, hazard ratios; LV, left ventricular; MD, Mean
Difference; NT-proBNP, N-terminal pro-B-type natriuretic peptide; PRISMA,
Preferred Reporting Items for Systematic reviews and Meta-Analyses; RCTs,
randomized controlled trials; RIS, required information size; RR, Risk Ratio;
SGLT2, sodium-glucose cotransporter 2; 6MWTD, 6-min walk test distance.

ages (5). Studies have shown that HFpEF is associated with a
higher risk of mortality and frequent hospitalization relative
to heart failure with reduced ejection fraction (HFrEF) (6-8).
HFpEF has become a serious public health problem and has
brought a huge economic burden to society (9, 10). However,
in sharp contrast, there is a lack of effective drugs for the
treatment of HFpEF. According to the 2021 ESC guidelines for
the diagnosis and treatment of acute and chronic heart failure (1),
no treatment has been shown to convincingly reduce mortality
and morbidity in patients with HFpEF, though some specific
phenotypes of patients within the overall HFpEF umbrella have
shown improvements. These include angiotensin converting
enzyme inhibitors (11), angiotensin receptor blocker (12, 13),
spironolactone (14), digoxin (15), and sacubitril/valsartan (16).
Studies have shown that patients with type 2 diabetes are
at increased risk of developing HFpEF, and there is a higher
risk of mortality in patients who have both type 2 diabetes
and HFpEF (17-20). Sodium-glucose cotransporter 2 (SGLT2) is
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the main transport protein responsible for the reabsorption of
glucose in the kidneys (21). SGLT2 inhibitors increase urinary
glucose excretion to reduce serum glucose by blocking glucose
reabsorption in the proximal tubules of the kidney (22, 23). In
particular, several large, placebo-controlled clinical studies have
shown that SGLT?2 inhibitors have beneficial cardiovascular and
renal protective effects independent of blood glucose reduction,
and could reduce the risk of death and hospitalization in patients
with HFrEF (24-26). The cardio-renal protective mechanisms
of SGLT2 inhibitors remain incompletely understood, but they
are thought to be related to diuretic and natriuretic effects,
attenuation of cardiac inflammation and fibrosis, reduction
of oxidative stress, reduction of arterial stiffness, improved
endothelial function, blood pressure reductions, and reduction
in left ventricular (LV) preload and afterload (27, 28). Given
its cardiovascular protective effects, SGLT2 inhibitors are
recommended in the latest clinical practice guidelines as a
cornerstone drug for the treatment of HFrEF (1). However,
the effect of SGLT2 inhibitors in patients with HFpEF has
not been well studied. Although several recent large-scale trials
have explored the effect of SGLT2 in the treatment of HFpEF,
unfortunately these results are inconsistent (29, 30). Until now,
there has been no systematic review on the efficacy and safety
of SGLT2 inhibitors for HFpEF. Therefore, the purpose of this
systematic review and meta-analysis is to systematically assess
the efficacy and safety of SGLT2 inhibitors for HFpEF in order
to provide evidence for clinical application.

METHODS

The review protocol was registered with PROSPERO (No:
CRD42021291122)." This study was carried out according to the
Cochrane Handbook for Systematic Reviews of Interventions
(31) and was reported according to the Preferred Reporting Items
for Systematic reviews and Meta-Analyses (PRISMA) (32).

Literature Search

The literature searches were conducted in the following eight
databases: MEDLINE, EMBASE, Ovid, Cochrane Library,
Chinese National Knowledge Infrastructure Database, VIP
information database, Chinese Biomedical Database, and
Wanfang Data Information Site. The publication time was
set from the inception to November 14, 2021. We used the
following MeSH terms in conjunction with free-text terms to
perform search: heart failure, sodium-glucose cotransporter
2 inhibitors, SGLT2 inhibitors, ertugliflozin, canagliflozin,
dapagliflozin,  empagliflozin,  ipragliflozin,  tofogliflozin,
and luseogliflozin. Bibliographies of the retrieved articles
were searched for potential eligible studies. We returned
to search just before the final analyses and further studies
retrieved for inclusion.

Eligibility Criteria
Original literature was included if it met the following inclusion
criteria: (1) Types of studies (S): randomized controlled trials

Uhttps://www.crd.york.ac.Uk/prospero/

(RCTs); (2) Types of participants (P): in patients with HFpEF or
in a subgroup of patients with HFpEF within the trial; (3) Types
of interventions (I): SGLT?2 inhibitors; (4) Types of comparators
(C): placebo, no drug or antidiabetics; (5) Types of outcome
measures (O): reporting at least one of the clinical outcomes
of interest (including cardiovascular events, echocardiographic
measures, adverse events and so on). Exclusion criteria: (1)
duplicate publications; (2) trials whose allocation methods use
date of birth, date of admission, hospital numbers, or alternation;
(3) overlapping patient populations; (4) adopted crossover
design. RCTs of SGLT2 inhibitors in patients with and without
HEpEF were eligible only when they reported specific outcomes
in the HFpEF population.

Data Extraction

Data extraction was performed independently by two reviewers
(Zhou HE Lin Q). The extracted data included: authors, title
of study, year of publication, sample size, treatment duration,
hazard ratios and confidence intervals for the outcomes of
interest and other PICOS details. We defined a composite of
first hospitalization for heart failure (HHF) or cardiovascular
(CV) death as the primary outcome. Secondary endpoints were
first hospitalization for heart failure, cardiovascular death, all-
cause mortality, total hospitalization for heart failure, the ratio
of early mitral inflow velocity to mitral annular early diastolic
velocity (E/€’), N-terminal pro-B-type natriuretic peptide (NT-
proBNP), B-type natriuretic peptide (BNP), and 6-min walk test
distance (6MWTD). Adverse events (AEs) were defined as any
unfavorable or unintended sign, symptom, or disease, including
abnormal laboratory values.

Risk of Bias Assessment

According to the Cochrane Handbook for Systematic Reviewers
of Interventions version 5.1.0 (31), two reviewers (Zhou HF, Lin
Q) independently assessed the risk of bias for each included
study. The items of risk of bias were consist of random
sequence generation (selection bias), allocation concealment
(selection bias), participant and personnel blinding (performance
bias), outcome assessment blinding (detection bias), incomplete
outcome data (attrition bias), selective reporting (reporting bias),
and baseline data comparability (other bias). Each item was given
a risk of bias rating of low, uncertain, or high. Disagreements
were settled through discussion, with the involvement of a
third review author (Wang X) when necessary. In addition, we
evaluated the quality of included evidences using the GRADE
(grading of recommendations assessment, development, and
evaluation) method (33).

Data Analysis

The primary outcome, first HHF and CV death were compared
using pooled hazard ratios (HR) and 95% confidence intervals
(CI) to preserve time-to-event data from individual studies.
Risk ratio (RR) was used to pool other binary endpoints
and mean differences (MD) were used to pool continuous
outcomes. If a continuous outcome was expressed in the
interquartile range, we performed the analysis using metabin,
metacount and metareg functions of the meta library of
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FIGURE 1 | The flow chart of the study selection process showing how to screen eligible randomized controlled trials.

R 3.51 (R Foundation for Statistical Computing, Vienna,
Austria)® (34, 35). If a continuous outcome was expressed
in mean and standard deviation, we conducted the analyses
using Review Manager 5.1 (Nordic Cochrane center, The
Cochrane Collaboration, Copenhagen, Denmark). The I-squared
statistic and Cochrane’s Q test were used to analyze between-
trial heterogeneity. According to the Cochrane Handbook for
Systematic Reviews of Interventions, the I* scale ranged from
0 to 100%, with values ranging from 0 to 40%, 30 to 60%,
50 to 90%, and 75 to 100% indicating that heterogeneity
might not be important, moderate heterogeneity, substantial

Zhttp://www.r-project.org

heterogeneity, and considerable heterogeneity, respectively (31,
36). We used a random-effects model to evaluate the overall
effect in heterogeneous studies because random-effects models
assess the study’s outcomes based on within-trial and between-
trial variance (37), which providing more cautious conclusions.
The sensitivity analysis was also performed by removing each
study one at a time to evaluate the stability of the results. Because
the results may be influenced by differences in the left ventricular
ejection fraction thresholds used in the diagnosis of HFpEE
subgroup analysis was performed according to various thresholds
of the left ventricular ejection fraction (40, 45, or 50%). The
publication bias was detected by the funnel plot, the Begger’s test
and the Egger’s test (38).
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TABLE 1 | Characteristics of the included RCTs and the detail of PICOS.

Include studies Participants = Sample size Intervention Therapeutic Outcomes Diagnostic Types of
(T/C) course thresholds of studies
T C LVEF
EMPERIAL-Preserved ~ HFpEF 157/1568 Empaglifiozin 10 mg qd ~ Placebo 12 weeks ® LVEF > 40%  HFpEF-specific
2021 trials
EMPEROR- HFpEF 2,997/2,991  Empaglifiozin 10mg aqd  Placebo 26.2 months D@D LVEF > 40%  HFpEF-specific
Preserved trials
2021
SOLOIST-WHF 2021 HFpEF 127/129 Sotagliflozin 200 mg qd  Placebo 9.2 months @ LVEF > 50% Post hoc
studies
VERTIS CV 2020 HFpEF 690/327 Ertuglifiozin 5 mg qd Placebo 3.5 years [OClE) LVEF > 45% Post hoc
studies
MUSCAT-HF 2020 HFpEF 83/82 Luseoglifiozin 2.6 mg  Voglibose 12 weeks (WE)] LVEF > 45%  HFpEF-specific
qd 0.2 mg tid trials
PRESERVED-HF HFpEF 162/162 Dapaglifiozin 10 mg qd ~ Placebo 12 weeks [BlUE)] LVEF > 45%  HFpEF-specific
2021 trials
DECLARE-TIMI 58 HFpEF 399/409 Dapaglifiozin 10 mg gd  Placebo 4.2 years @ LVEF > 45% Post hoc
2019 studies
CANDLE 2020 HFpEF 78/87 Canaglifiozin 100 mg Glimepiride 0.5 24 weeks @60 LVEF > 50% Post hoc
qd mg qd studies
(Continued on next page)
CANONICAL 2021 HFpEF 42/40 Canagliflozin 100 mg Standard 24 weeks @® LVEF > 50%  HFpEF-specific
qd diabetic trials
therapy
Borisov 2021 HFpEF 30/30 Empaglifiozin 10 mg qd ~ Standard 24 weeks ©0O LVEF > 50%  HFpEF-specific
diabetic trials
therapy
Sun 2021 HFpEF 23/23 Dapaglifiozin 10 mg gqd ~ Standard 24 weeks (@C) LVEF > 50%  HFpEF-specific
diabetic trials
therapy
SCORED 2021 HFpEF 843/824 Sotagliflozin 200 mg gqd  Placebo 16 months ©) LVEF > 50% Post hoc
studies

T, treatment; C, control; HFpEF, Heart failure with preserved ejection fraction; LVEF, left ventricular ejection fraction;®, a composite of first hospitalization for heart failure or
cardiovascular death; @, time to first hospitalization for heart failure; ®, cardiovascular death; ®, total number of hospitalization for heart failure; ®, death from any cause;
®, 6-min walk test distance; @, N-terminal pro-B-type natriuretic peptide; ®, B-type natriuretic peptide; ®, the ratio of early mitral inflow velocity to mitral annular early

diastolic velocity.

RESULTS
Study Selection

A total of 9,607 articles were retrieved from the initial search.
After deleting the duplicate literature, 3,369 articles remained.
After reading the title and abstract, 3,283 articles were excluded,
and 86 articles were screened in detail. By reading the full
text of the remaining 86 articles, 74 articles were excluded
(Supplementary Table 1), which did not meet our inclusion
criteria: eight were not RCTs; nine were abstracts of conference
papers; 53 were not in patients with HFpEF; four were overlapped
patient populations. Finally, 12 trials (29, 30, 39-48) were
qualified and included in the meta-analysis. The flow chart of
literature screening is as follows (Figure 1).

Study Characteristics

A total of 10,883 patients with HFpEF from 12 RCTs were
included in this systematic review and meta-analysis, of which
5,621 patients were assigned to the SGLT2 inhibitors group and
5,262 patients were assigned to the control group. The median
follow-up period ranged from 3 to 50.4 months. Five studies

were large-scale clinical trials that were carried out only in
patients with HFpEF: EMPERIAL- Preserved (39), EMPEROR-
Preserved (30), MUSCAT-HF (40), PRESERVED-HF (41), and
CANONICAL (42). Five studies were post hoc and subgroup
analyses of large-scale cardiovascular outcome trials: SCORED
(43), DECLARE-TIMI 58 (44), SOLOIST-WHEF (45), VERTIS CV
(29), and CANDLE (46). In addition, we included two smaller
studies, which were conducted in patients with HFpEF and
conduct in Russia (47) and China (48), respectively. Dapagliflozin
(10 mg per day) was used in three RCTs (41, 44, 48), empagliflozin
(10 mg per day) was used in three RCTs (30, 39, 47), canagliflozin
(100 mg per day) was used in two RCTs (42, 46), sotagliflozin (200
mg per day) was used in two RCTs (43, 45), and ertugliflozin (5
mg per day) (29) and luseogliflozin (2.5 mg per day) (40) were
used in one RCT each. Seven studies were placebo-controlled
trials (29, 30, 39, 41, 43-45), and the other five trials compared
SGLT2 inhibitors with antidiabetics. Five RCTs provided data
for a composite of first hospitalization for heart failure or
cardiovascular death (29, 30, 43-45), three RCTs provided data
for first hospitalization for heart failure (29, 30, 44), three RCTs
provided data for cardiovascular death (29, 30, 44), five RCTs
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FIGURE 2 | Risk of bias summary.

provided data for all-cause mortality (29, 30, 41, 44, 46), and four
RCTs provided data for total hospitalization for heart failure (30,
42, 44, 46). The data of 6MWTD, BNP and E/¢’ were all changes
from baseline to the end of the treatment. 6MWTD was reported
in two RCTs (39, 47), BNP was in 2 RCTs (41, 42), and E/e was
in 2 RCTs (46, 48). The changes of NT-proBNP from baseline to
the end of the treatment were reported in 3 trials (30, 40, 47),
while the NT-proBNP at the end of the treatment were reported
in other 3 trials (41, 46, 48). Of the 12 trials, 7 trials reported
a total of 3,290 AEs (30, 39-42, 47, 48). Two studies using a
left ventricular ejection fraction > 40% as a cut-off point for
HFpEEF (30, 39), and four studies using a left ventricular ejection
fraction > 45% as a cut-off point for HFpEF (29, 40, 41, 44),
while the other trials used a threshold of left ventricular ejection
fraction > 50% (42, 43, 45-48). Characteristics of the trials and
the detail of PICOS are shown in Table 1.

Risk of Bias in Individual Studies

All included trials were at low risk of bias. Randomization,
allocation concealment and blind method had been mentioned
and explicitly described in all studies. The summary
of risk of bias is shown in Figure 2. Supplementary
Table 2 summarized the level of evidence for the studies
included and indicated that the overall quality of the
evidence was high.

Overall Results of Meta-Analysis

Composite of First Hospitalization for Heart Failure or
Cardiovascular Death

As shown in Figure 3, pooled result of the 5 trials (29, 30,
43-45) revealed that SGLT2 inhibitors significantly reduced
the composite of first hospitalization for heart failure or
cardiovascular death compared to placebo in patients with
HEFpEF (HR:0.78, 95% CIL: [0.70, 0.87], P<0.00001, 2 = 0%).
According to various thresholds of left ventricular ejection
fraction (40, 45, or 50%) used in the diagnosis of HFpEE the
subgroup analysis revealed that when using a left ventricular
ejection fraction > 50% as the cut-off point for HFpEE, SGLT2
inhibitors also significantly reduced the composite endpoint
of the first hospitalization for heart failure or cardiovascular
death in patients with HFpEF (HR: 0.78, 95% CI: [0.68, 0.90],
P = 0.0006, I> = 22%) (as shown in Figure 4). In the 5 trials,
one trials was HFpEF-specific trial and four were post hoc
analyses of cardiovascular/renal outcome studies. The findings
of the HFpEF-specific trials (HR: 0.79, 95% CI: [0.69, 0.90],
P = 0.0005) and the post hoc studies (HR: 0.75, 95% CI: [0.62,
0.91], P = 0.003, I> = 11%) were consistent (as shown in
Figure 5).

First Hospitalization for Heart Failure

The result of the Meta-analysis of three studies (29, 30, 44)
demonstrated that SGLT2 inhibitors significantly reduced the
number of first hospitalization for heart failure in patients with
HFpEF compared to placebo (HR: 0.71, 95% CI: [0.62, 0.83], P <
0.00001, I* = 0%). The result is shown in Figure 6.

Cardiovascular Death

As shown in Figure 7, the pooled result of three RCTs (29, 30, 44)
revealed that there was no significant difference between SGLT2
inhibitors and placebo in terms of cardiovascular death (HR: 0.96,
95% CI: [0.82, 1.13], P = 0.65, I* = 24%).

Total Hospitalization for Heart Failure

In terms of the total hospitalization for heart failure, which
included first and recurrent number of hospitalization for heart
failure, the result of meta-analysis of four studies (30, 42, 44,
46) demonstrated that SGLT2 inhibitors significantly reduced
the total hospitalization for heart failure in patients with HFpEF
compared to placebo (RR:0.75, 95% CI: [0.67, 0.84], P<0.00001,
I? = 0%). The result is shown in Figure 8.

All-Cause Mortality
Five RCTs provided data for all-cause mortality (29, 30,
41, 44, 46) and pooled result shown that no statistical
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SGLT2 inhibitors Placebo
Study or Subgroup log[Hazard Ratio] SE Total Total Weight IV, Fixed, 95% CI

DECLARE-TIMI 58 2019 -0.2307 0.1791 399 409
EMPEROR-Preserved 2021 -0.2357 0.0678 2997 2991
SCORED 2021 -0.3285 0.1643 843 824
SOLOIST-WHF 2021 -0.734 0.2955 127 129
VERTIS CV 2020 -0.0834 0.2101 680 327
Total (95% CI) 5046 4680

Heterogeneity: Chi? = 3.59, df = 4 (P = 0.46); I2=0%
Test for overall effect: Z =4.53 (P < 0.00001)

FIGURE 3 | Forest plot displaying the effects of SGLT2 inhibitors vs. placebo for composite of cardiovascular death or first hospitalization arises from heart failure in

HFpEF patients.
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FIGURE 4 | Forest plot displaying the results of subgroup analysis by various thresholds of ejection fraction used in the diagnosis of HFpEF.
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FIGURE 5 | Forest plot displaying the results of subgroup analysis by types of studies.
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difference was found between SGLT2 inhibitors and placebo
in terms of the all-cause mortality (RR: 0.99, 95% CI:
(0.88, 1.11], P = 0.86, I* = 0%). The result is shown in
Figure 9.

E/e’

The ratio of early mitral inflow velocity to mitral annular early
diastolic velocity was expressed in mean and standard deviation
in two trials (46, 48). Pooled result demonstrated that SGLT2
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FIGURE 6 | Forest plot displaying the effects of SGLT2 inhibitors vs. placebo for first hospitalization for heart failure in HFpEF patients.
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FIGURE 7 | Forest plot displaying the effects of SGLT2 inhibitors vs. placebo for cardiovascular death in HFpEF patients.
SGLT2 inhibitors Control Risk Ratio Risk Ratio
—Study or Subgroup Events Total Events Total Weight M-H. Fixed, 95% Cl| M-H, Fixed, 95% Cl
CANDLE 2020 0 78 1 87 02% 0.37 [0.02, 8.98]
CANONICAL 2021 1 42 1 40 02% 0.95[0.08, 14.72]
DECLARE-TIMI 58 2019 37 399 49 409 8.2% 0.77 [0.52, 1.16] 3
EMPEROR-Preserved 2021 407 2997 541 2991 91.4% 0.75[0.67, 0.85] .
Total (95% CI) 3516 3527 100.0% 0.75 [0.67, 0.84] ¢
Total events 445 592
i Chi2 = = - - 12 = O° I + t {
e I
est for overall effect: Z = 4.93 ( # ) Favours [SGLT2 inhibitor] Favours [control]
FIGURE 8 | Forest plot displaying the effects of SGLT2 inhibitors vs. placebo for total hospitalization for heart failure in HFpEF patients.
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FIGURE 9 | Forest plot displaying the effects of SGLT2 inhibitors vs. placebo for all-cause mortality in HFpEF patients.
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FIGURE 10 | Forest plot displaying the effects of SGLT2 inhibitors vs. placebo for E/e’ in HFpEF patients.
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FIGURE 11 | Forest plot displaying the effects of SGLT2 inhibitors vs. placebo for adverse events in HFpEF patients.
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inhibitors significantly reduced the E/¢” in patients with HFpEF
compared to control (MD: -1.22,95% CI: [-2.29, -0.15], P = 0.03,
I? = 59%). The result is shown in Figure 10.

N-Terminal Pro-B-Type Natriuretic Peptide

The changes of NT-proBNP from baseline to the end of the
treatment were reported in 3 trials (30, 40, 47), while the NT-
proBNP at the end of the treatment were reported in other 3 trials
(41, 46, 48). The results of these two forms were pooled separately
and both showed that no difference were found between groups
(MD: -26.60, 95% CI: [-61.20, 7.99], P = 0.13, I> = 98%; MD:
-8.51, 95% CI: [-33.19, 16.16], P = 0.50, I* = 0%; respectively)
(Supplementary Table 3).

B-Type Natriuretic Peptide

In terms of BNP, the pooled result of the two trials (41, 42)
revealed that no statistical difference was found between groups
(MD: -21.04, 95% CI: [-75.69, 33.62], P = 045, I> = 72%)
(Supplementary Table 3).

6-Min Walk Test Distance

Meta-analysis of 2 studies (39, 47) showed that no statistically
significant difference was found between groups in terms of
6MWTD (MD: 14.99, 95% CI: [-4.60, 34.60], P = 0.13, I* = 87%)
(Supplementary Table 3).

Adverse Events

Pooled result of the seven trials (30, 39-42, 47, 48) revealed that
the incidence of adverse events in SGLT2 inhibitors group was
significantly lower than that in control group (RR: 0.92, 95% CI:
[0.88,0.97], P = 0.001, I> = 0%). The result is shown in Figure 11.

Sensitivity Analysis

Sensitivity analysis was performed by removing trials from the
analysis one at a time to see how they affected the results. The
results showed that when a single trial was excluded from the
analysis, the cumulative effects of SGLT2 inhibitors on HFpEF
did not vary significantly (Supplementary Figure 1).

Publication Bias
Figure 12 is a funnel diagram of the impact of SGLT?2 inhibitors
on heart failure with preserved ejection fraction, suggesting that
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FIGURE 12 | Funnel plot of the included trials with composite of
cardiovascular death or first hospitalization for heart failure data.

there was no evidence of publication bias. The results of the
Beggs and Egger’s tests were z = 0.24 (P = 0.806) and t = -
0.82 (P = 0.473), respectively, showing that there was also no
publication bias in statistics.

DISCUSSION

In this meta-analysis, 12 RCTs with a total of 10,883 patients
were included to assess the effect of SGLT?2 inhibitors in patients
with HFpEF. It showed that SGLT?2 inhibitors could significantly
reduce the composite of first hospitalization for heart failure or
cardiovascular death, total hospitalization for heart failure, and
first hospitalization for heart failure in patients with HFpEF.
However, no statistical differences were found between SGLT2
inhibitors and placebo in terms of cardiovascular death or
all-cause mortality. In addition, SGLT2 inhibitors could improve
ventricular diastolic function by lower the ratio of early mitral
inflow velocity to mitral annular early diastolic velocity, but no
improvements were found in NT-proBNP, BNP and 6MWTD. In
terms of AEs, the SGLT2 inhibitors could reduce the incidence
of adverse events. SGLT2 inhibitors may be safe and effective in
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the treatment of HFpEF and have great potential as a new option
for HFpEF therapy. However, these findings should be considered
exploratory rather than definitive due to the availability of scarce
data. There is currently a large RCT underway, the DELIVER trial
(Dapagliflozin Evaluation to Improve the Lives of Patients with
Preserved Ejection Fraction Heart Failure; NCT03619213), which
may provide further evidence of the efficacy of SGLT2 inhibitors
in the treatment of HFpEF.

In this meta-analysis, SGLT2 inhibitors were not found to
be superior to placebo in terms of cardiovascular death and
all-cause mortality, which is similar to the findings of another
potential treatment for HFpEF called Sacubitril/Valsartan (16,
49). Neither SGLT2 inhibitors nor Sacubitril/Valsartan could
significantly reduce the all-cause mortality and cardiovascular
mortality in patients with HFpEF. The reasons for these
results are not yet clear. Current studies have found that
both SGLT2 inhibitors and Sacubitril/Valsartan can inhibit the
renin-angiotensin-aldosterone system (RAAS), causing dilation
of afferent glomerular arteriole and efferent arteriole, resulting in
a decrease in renal arterial pressure, causing a decrease in renal
perfusion and thus a decrease in glomerular filtration rate (GFR)
and ultimately in renal function (50-52). This effect is generally
considered deleterious, as data from large epidemiological studies
and meta-analyses suggest that even a slight decrease in eGFR
is associated with an increased risk of adverse clinical outcomes
(53-55). In HFpEEF, inhibition of the RAAS system is associated
with a 50% increased risk of renal dysfunction (52). Decreased
renal function can lead to increased mortality, which counteracts
the positive effect of SGLT2 inhibitors and Sacubitril/Valsartan
in reducing cardiovascular mortality or all-cause mortality, and
may result in no significant difference in reducing cardiovascular
or all-cause death compared with placebo. On the other hand,
the EMPEROR-Preserved study showed a high proportion of
patients discontinuing treatment for reasons other than death,
which may have tipped the effect size toward the null hypothesis
(30). In this meta-analysis, no significant improvements in NT-
proBNP, BNP, and 6MWTD were found, which may be related
to the following factors. First, the majority of patients who were
enrolled in the included studies had low levels of NT-proBNP,
BNP, and NYHA classification, which may diminish the effect
of SGLT2 inhibitors in this study. Furthermore, these results
may be related to the shorter follow-up period of the included
studies. Several recent studies in HFrEF patients also found
that the application of SGLT2 inhibitors treatment for 12 weeks
improved the clinical outcomes, but did not affect the level of NT-
proBNP (39). These conflicting findings should be interpreted
as suggesting that there may be a disconnect between short-
term changes in NT-proBNP levels and clinical outcomes (25,
46, 56). Moreover, studies have shown that cardiac performance
was not related to exercise capacity (39, 56, 57); therefore, it
was not unexpected that this meta-analysis did not show an
improvement in the endpoint of exercise capacity as measured
by the SMWTD (39).

The mechanisms by which SGLT2 inhibitors improve
cardiovascular prognosis remain less clear. Diuretic and
natriuretic effects may play an important role in the treatment
of HFpEF by SGLT2 inhibitors (58), which is similar to that seen

with SGLT2 inhibitors in patients with HFrEF (59). Because the
resorption of glucose and sodium in the proximal convoluted
tubule is coupled (60), SGLT2 inhibitors can cause natriuresis
by inhibiting the transport of sodium for every molecule of
unabsorbed glucose, leading to the reduction in plasma volume
and blood pressure, which improves cardiac afterload (61, 62).
However, some studies have also found that the natriuretic effect
is typically mild and short-lived due to activation of systemic
renin-angiotensin-aldosterone as a compensatory mechanism,
leading to subsequent recovery of urine output (58, 63-65).
Excessive sympathetic nerve activity plays an important role
in the progression of HFpEF (66). Diastolic dysfunction is a
characteristic manifestation of HFpEF (67), and the more severe
the diastolic dysfunction is, the worse the prognosis of HFpEF
becomes (68). Several studies have found that sympathetic
nervous overactivity may lead to the development of diastolic
dysfunction (69). Impaired myocardial sympathetic innervation,
which reflects sympathetic overactivity, is associated with
the severity of diastolic dysfunction in patients with HFpEF
(70). Preclinical studies have shown that elevated sympathetic
activity simulated by isoproterenol administration leads to
diastolic dysfunction, with myocardial stiffness, fibrosis, and left
ventricular hypertrophy (71). Excessive sympathetic stimulation
causes desensitization and downregulation of B-adrenergic
receptors, leading to cardiac remodeling as well as worsening
of HFpEF (72). It was found that the SGLT2 inhibitors could
improve diastolic function by reducing sympathetic tone (73).
Inflammation and oxidative stress have been implicated in
the pathogenesis of HFpEF (74, 75). Oxidative stress and
inflammation can lead to expanded epicardial adipose tissue
mass, microvascular endothelial dysfunction, increased arterial
wall stiffness, and fibrosis of the underlying myocardium,
normal to mildly increased left ventricular volumes and systolic
blood pressures, which can result in HFpEF (76, 77). Studies
have shown that SGLT2 inhibitors could reduce inflammatory
reaction and oxidative stress in HFpEF, thereby improving
microcirculatory  dysfunction, reducing vascular = stiffness,
and systemic blood pressure (78, 79). Furthermore, SGLT2
inhibitors may reduce epicardial adipose tissue, which could
ultimately lead to improved distensibility (80). Several studies
have also shown that SGLT2 inhibitors could reduce excessive
diastolic tension and decrease LV mass, improving cardiac
preload (81, 82). Moreover, SGLT2 inhibitors may ameliorate
symptoms of HFpEF in part due to their interference with
metabolic pathways (83). SGLT2 inhibitors induce ketogenic
metabolism, which results in utilization of energy-eflicient
ketones over less efficient fatty acid and glucose oxidation to
generate myocardial energy, thereby improving efficiency and
function of both myocardium and the kidneys (81, 84, 85).
Additional mechanisms of SGLT2 inhibitors that might be
beneficial include increased hematocrit level (86), inhibition
of the Nat/H™-exchanger (87), prevention of adverse cardiac
remodeling (88), prevention of ischemia/reperfusion injury
(89), reduced serum uric acid level (90), reduced glomerular
hyperfiltration and albuminuria (51), and inhibition of the
sympathetic nervous system (50). Whether the efficacy of SGLT2
inhibitors in the treatment of heart failure with preserved
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ejection fraction can be explained by these mechanisms remains
to be fully explored.

In terms of the risk of bias, the main risk of bias may lie
in the definition of HFpEF varied across trials. Through the
subgroup analysis we found that SGLT2 inhibitors significantly
reduced the composite endpoint of the first hospitalization for
heart failure or cardiovascular death in patients with HFpEF
no matter using a left ventricular ejection fraction > 50%,
or > 40% as the cut-off point for HFpEF. However, two
trials revealed that SGLT2 inhibitors were not superior to
control when using a left ventricular ejection fraction > 45%
as a cut-off point for HFpEF. Due to these differences, a
sensitivity analysis by removing the studies corresponding to
the same diagnostic criteria separately was conducted, and
the results were stable. Although sensitivity analysis showed
stable results, considering the differences between different
diagnostic criteria, it may lead to selection bias by improper
selection of subjects making the study results deviate from
the true picture.

Comparison With Previous Studies

Previous meta-analyses have focused mainly on the effects of
SGLT2 inhibitors on heart failure or HFrEEF, but there was
no HFpEF-specific meta-analysis, or only described that in
the subgroup analysis. Also, the only outcome studied for the
subgroup analyses was the composite of cardiovascular death and
hospitalizations for heart failure, but the individual endpoints of
all-cause mortality, cardiovascular mortality, and hospitalization
for heart failure in HFpEF were not analyzed. Our meta-
analysis has several advantages over previous meta-analyses.
First, we included several recently published and well-conducted
trials in our meta-analysis. Second, in the meta-analysis, we
performed subgroup analyses on different aspects, which made
the results more stable.

The result of our meta-analysis is similar to that of previous
meta-analyses regarding the composite of cardiovascular death
and HF hospitalizations. Additionally, we newly found that
SGLT2 inhibitors significantly reduced hospitalization for
heart failure and improved ventricular diastolic function as
measured by the ratio of early mitral inflow velocity to
mitral annular early diastolic velocity. Furthermore, regardless
of the threshold of left ventricular ejection fraction (40 or
50%) used in the diagnosis of HFpEF in included trials,
SGLT2 inhibitors could improve the cardiovascular outcomes
in patients with HFpEFE, further strengthening the efficacy of
SGLT2 inhibitors.

Limitation

There are several limitations to this meta-analysis. First, not
all studies have published the necessary subgroup data for all
endpoints. Therefore, some of these studies were not included
in the analysis of individual endpoints. Second, we pooled the
outcomes of all SGLT2 inhibitors under the same intervention
group, and did not perform a subgroup analysis by drug
categories due to the small number of included studies. Whether
there are differences in outcomes between different drugs could
not be assessed in our study. Furthermore, the definition of

HEFpEF varies from trial to trial, and it may lead to selection
bias due to different subject selection, skewing the study results
from the true picture. Moreover, five of the included studies
were post hoc subgroup analyses of large-scale studies and
did not provide detailed descriptions of baseline patient-level
characteristics for the subgroup of HFpEEF, so it was not possible
to perform subgroup analyses by age, sex, race, renal function,
and presence of diabetes, and therefore possible differences
in outcomes arising from these subgroup factors could not
be assessed. Additionally, in the post hoc subgroup analyses,
differences in baseline patient-level characteristics between the
SGLT?2 inhibitors and placebo groups may limit interpretation.
Also, the pooled number of events could not be reported due
to the lack of patient-level data. Instead, we calculated and
reported hazard ratios. In addition, there were differences in
study design, subject characteristics, sample size, and follow-up
time among the 12 RCTS, which may result in selection bias
and measurement bias, leading to inaccurate results. Finally,
we admit that using funnel plots to identify publication bias
is less reliable when the meta-analysis contains less than 10
trials in total.

Implications for Research

The systematic review and meta-analysis provide a certain
amount of evidence for SGLT2 inhibitors in improving
the prognosis of patients with HFpEF. The reduction in
hospitalization endpoints indicates that SGLT2 inhibitors should
be considered as part of standard care in patients with HFpEF.
For future studies, the definition of HFpEF should use a threshold
of left ventricular ejection fraction > 50%. Furthermore,
outcome measures should include not only the number of
cardiovascular events, but also parameters of ventricular diastolic
function assessed by echocardiography to evaluate the efficacy
of SGLT2 on HFpEF more comprehensively. Moreover, since
HFpEF may fluctuate in a long course, continuous follow-up is
important to determine the true efficacy and long-term effect of
SGLT2 inhibitors. In addition, existing studies have not found
that SGLT2 inhibitors can significantly reduce cardiovascular
mortality in patients with HFpEF. Therefore, exploring the effect
of SGLT2 inhibitors on cardiovascular mortality in patients
with HFpEF is another problem we will face in the future.
Finally, in future studies, it should be assessed whether there
are differences in cardiovascular prognosis between different
SGLT?2 inhibitors.

CONCLUSION

SGLT?2 inhibitors significantly improve cardiovascular outcomes
including hospitalization for heart failure and ventricular
diastolic function with a decreased risk of serious adverse
events in patients with HFpEF. However, due to the limited
number of RCTs available at this time, these findings require
careful recommendation. There is a need for more multi-center,
randomized, double-blind, placebo-controlled studies that meet
the CONSORT 2010 guidelines.

Frontiers in Cardiovascular Medicine | www.frontiersin.org

May 2022 | Volume 9 | Article 875327


https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/
https://www.frontiersin.org/journals/cardiovascular-medicine#articles

Zhou et al.

SGLT2 Inhibitors and HFpEF

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included
in the article/Supplementary Material, further inquiries can be
directed to the corresponding author/s.

AUTHOR CONTRIBUTIONS

HZ and YZ conceived, drafted this systematic review, and
registered the protocol at PROSPERO. HZ and QL developed
the search strategy and conducted the literature research, study
selection, data extraction, and risk of raise assessment. YW, BW,
YD, GP, and WP interpreted the evidence from methodological
and clinical perspective. HZ and FL contributed to the drafting

REFERENCES

1. McDonagh TA, Metra M, Adamo M, Gardner RS, Baumbach A, Bohm M,
etal. 2021 ESC Guidelines for the diagnosis and treatment of acute and chronic
heart failure. Eur Heart J. (2021) 42:3599-726.

2. Conrad N, Judge A, Tran ], Mohseni H, Hedgecott D, Crespillo AP, et al.
Temporal trends and patterns in heart failure incidence: a population-based
study of 4 million individuals. Lancet. (2018) 391:572-80. doi: 10.1016/S0140-
6736(17)32520-5

3. Steinberg BA, Zhao X, Heidenreich PA, Peterson ED, Bhatt DL, Cannon CP,
et al. Trends in patients hospitalized with heart failure and preserved left
ventricular ejection fraction: prevalence, therapies, and outcomes. Circulation.
(2012) 126:65-75. doi: 10.1161/CIRCULATIONAHA.111.080770

4. Dunlay SM, Roger VL, Redfield MM. Epidemiology of heart failure with
preserved ejection fraction. Nat Rev Cardiol. (2017) 14:591-602. doi: 10.1038/
nrcardio.2017.65

5. Pfeffer MA, Shah AM, Borlaug BA. Heart failure with preserved ejection
fraction in perspective. Circ Res. (2019) 124:1598-617.

6. McHugh K, DeVore AD, Wu ], Matsouaka RA, Fonarow GC, Heidenreich
PA, et al. Heart failure with preserved ejection fraction and diabetes: JACC
State-of-the-Art review. ] Am Coll Cardiol. (2019) 73:602-11. doi: 10.1016/j.
jacc.2018.11.033

7. Marwick TH, Ritchie R, Shaw JE, Kaye D. Implications of underlying
mechanisms for the recognition and management of diabetic cardiomyopathy.
J Am Coll Cardiol. (2018) 71:339-51. doi: 10.1016/j.jacc.2017.11.019

8. Bui AL, Horwich TB, Fonarow GC. Epidemiology and risk profile of heart
failure. Nat Rev Cardiol. (2011) 8:30-41. doi: 10.1038/nrcardio.2010.165

9. Clark H, Rana R, Gow J, Pearson M, van der Touw T, Smart N. Hospitalisation
costs associated with heart failure with preserved ejection fraction (HFpEF): a
systematic review. Heart Fail Rev. (2021) 27:559-72. doi: 10.1007/s10741-021-
10097-7

10. Toth PP, Gauthier D. Heart failure with preserved ejection fraction: disease
burden for patients, caregivers, and the health-care system. Postgrad Med.
(2021) 133:140-5. doi: 10.1080/00325481.2020.1842621

11. Cleland JG, Tendera M, Adamus J, Freemantle N, Polonski L, Taylor J. The
perindopril in elderly people with chronic heart failure (PEP-CHF) study. Eur
Heart J. (2006) 27:2338-45. doi: 10.1093/eurheartj/ehl250

12. Massie BM, Carson PE, McMurray JJ, Komajda M, McKelvie R, Zile MR, et al.
Irbesartan in patients with heart failure and preserved ejection fraction. N Engl
J Med. (2008) 359:2456-67. doi: 10.1056/NEJM0a0805450

13. Yusuf S, Pfeffer MA, Swedberg K, Granger CB, Held P, McMurray JJ, et al.
Effects of candesartan in patients with chronic heart failure and preserved
left-ventricular ejection fraction: the CHARM-Preserved Trial. Lancet. (2003)
362:777-81. doi: 10.1016/S0140-6736(03)14285-7

14. Morawietz H, Bornstein SR. Spironolactone for heart failure with preserved
ejection fraction. N Engl ] Med. (2014) 371:181. doi: 10.1056/NEJMc1405715

15. Ahmed A, Rich MW, Fleg JL, Zile MR, Young JB, Kitzman DW, et al. Effects
of digoxin on morbidity and mortality in diastolic heart failure: the ancillary

of manuscript. XW oversaw the conduct of the study. All authors
have read, critically reviewed, and approved the final manuscript.

FUNDING

The research was supported by the National Natural Science
Foundation of China (82074263 and 81774058).

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fcvm.
2022.875327/full#supplementary- material

digitalis investingation group trial. Circulation. (2006) 114:397-403. doi: 10.
1161/CIRCULATIONAHA.106.628347

16. Solomon SD, McMurray JJV, Anand IS, Ge ], Lam CSP, Maggioni AP, et al.
Angiotensin-Neprilysin inhibition in heart failure with preserved ejection
fraction. N Engl ] Med. (2019) 381:1609-20. doi: 10.1056/NEJMo0al908655

17. Palaguachi GI, Frishman W. A review of the role of Type 2 diabetes and SGLT2
inhibitors in heart failure with preserved ejection fraction. Cardiol Rev. (2021):
[Epub ahead of print]. doi: 10.1097/CRD.0000000000000399

18. Nagai T, Yoshikawa T, Saito Y, Takeishi Y, Yamamoto K, Ogawa H, et al.
Clinical characteristics, management, and outcomes of japanese patients
hospitalized for heart failure with preserved ejection Fraction-A report from
the Japanese Heart Failure Syndrome With Preserved Ejection Fraction
(JASPER) registry. Circ J. (2018) 82:1534-45. doi: 10.1253/circj.CJ-18-0073

19. Cavender MA, Steg PG, Smith SC Jr., Eagle K, Ohman EM, Goto S, et al.
Impact of diabetes mellitus on hospitalization for heart failure, cardiovascular
events, and death: outcomes at 4 years from the reduction of atherothrombosis
for continued health (REACH) registry. Circulation. (2015) 132:923-31. doi:
10.1161/CIRCULATIONAHA.114.014796

20. Shah AD, Langenberg C, Rapsomaniki E, Denaxas S, Pujades-Rodriguez M,
Gale CP, et al. Type 2 diabetes and incidence of cardiovascular diseases:
a cohort study in 1-9 million people. Lancet Diabetes Endocrinol. (2015)
3:105-13.

21. Chao EC, Henry RR. SGLT2 inhibition-a novel strategy for diabetes treatment.
Nat Rev Drug Discov. (2010) 9:551-9. doi: 10.1038/nrd3180

22. Hsia DS, Grove O, Cefalu WT. An update on sodium-glucose co-transporter-
2 inhibitors for the treatment of diabetes mellitus. Curr Opin Endocrinol
Diabetes Obes. (2017) 24:73-9. doi: 10.1097/MED.0000000000000311

23. Siamashvili M, Davis SN. Sodium-glucose cotransporter 2 inhibitors for the
management of type 2 diabetes. Expert Opin Pharmacother. (2021) 22:2181—
98. doi: 10.1080/14656566.2021.1967320

24. Perkovic V, Jardine M]J, Neal B, Bompoint S, Heerspink HJL, Charytan DM,
et al. Canagliflozin and renal outcomes in Type 2 diabetes and nephropathy. N
Engl ] Med. (2019) 380:2295-306.

25. McMurray JJV, Solomon SD, Inzucchi SE, Keber L, Kosiborod MN, Martinez
FA, et al. Dapagliflozin in patients with heart failure and reduced ejection
fraction. N Engl ] Med. (2019) 381:1995-2008. doi: 10.1056/NEJM0al1911303

26. Packer M, Anker SD, Butler J, Filippatos G, Pocock SJ, Carson P, et al.
Cardiovascular and renal outcomes with empagliflozin in heart failure. N Engl
J Med. (2020) 383:1413-24.

27. Cowie MR, Fisher M. SGLT2 inhibitors: mechanisms of cardiovascular benefit
beyond glycaemic control. Nat Rev Cardiol. (2020) 17:761-72. doi: 10.1038/
541569-020-0406-8

28. Abdelmasih R, Thakker R, Faluk M, Ali A, Alsamman MM, Hasan SM.
Update on the cardiovascular benefits of Sodium-Glucose Co-Transporter-2
inhibitors: mechanism of action, available agents and comprehensive review
of literature. Cardiol Res. (2021) 12:210-8. doi: 10.14740/cr1268

29. Cosentino F, Cannon CP, Cherney DZI, Masiukiewicz U, Pratley R, Dagogo-
Jack S, et al. Efficacy of ertugliflozin on heart failure-related events in patients

Frontiers in Cardiovascular Medicine | www.frontiersin.org

May 2022 | Volume 9 | Article 875327


https://www.frontiersin.org/articles/10.3389/fcvm.2022.875327/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fcvm.2022.875327/full#supplementary-material
https://doi.org/10.1016/S0140-6736(17)32520-5
https://doi.org/10.1016/S0140-6736(17)32520-5
https://doi.org/10.1161/CIRCULATIONAHA.111.080770
https://doi.org/10.1038/nrcardio.2017.65
https://doi.org/10.1038/nrcardio.2017.65
https://doi.org/10.1016/j.jacc.2018.11.033
https://doi.org/10.1016/j.jacc.2018.11.033
https://doi.org/10.1016/j.jacc.2017.11.019
https://doi.org/10.1038/nrcardio.2010.165
https://doi.org/10.1007/s10741-021-10097-7
https://doi.org/10.1007/s10741-021-10097-7
https://doi.org/10.1080/00325481.2020.1842621
https://doi.org/10.1093/eurheartj/ehl250
https://doi.org/10.1056/NEJMoa0805450
https://doi.org/10.1016/S0140-6736(03)14285-7
https://doi.org/10.1056/NEJMc1405715
https://doi.org/10.1161/CIRCULATIONAHA.106.628347
https://doi.org/10.1161/CIRCULATIONAHA.106.628347
https://doi.org/10.1056/NEJMoa1908655
https://doi.org/10.1097/CRD.0000000000000399
https://doi.org/10.1253/circj.CJ-18-0073
https://doi.org/10.1161/CIRCULATIONAHA.114.014796
https://doi.org/10.1161/CIRCULATIONAHA.114.014796
https://doi.org/10.1038/nrd3180
https://doi.org/10.1097/MED.0000000000000311
https://doi.org/10.1080/14656566.2021.1967320
https://doi.org/10.1056/NEJMoa1911303
https://doi.org/10.1038/s41569-020-0406-8
https://doi.org/10.1038/s41569-020-0406-8
https://doi.org/10.14740/cr1268
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/
https://www.frontiersin.org/journals/cardiovascular-medicine#articles

Zhou et al.

SGLT2 Inhibitors and HFpEF

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

with Type 2 diabetes mellitus and established atherosclerotic cardiovascular
disease: results of the VERTIS CV trial. Circulation. (2020) 142:2205-15. doi:
10.1161/CIRCULATIONAHA.120.050255

Anker SD, Butler J, Filippatos G, Ferreira JP, Bocchi E, Bohm M, et al.
Empagliflozin in heart failure with a preserved ejection fraction. N Engl ] Med.
(2021) 385:1451-61.

Higgins JPT, Green S. Cochrane Handbook for Systematic Reviews of
Interventions Version 5.1.0. New Jersey, NY: Wiley Blackwell (2011). p. 649
Liberati A, Altman DG, Tetzlaff ], Mulrow C, Gatzsche PC, Ioannidis JP, et al.
The PRISMA statement for reporting systematic reviews and meta-analyses
of studies that evaluate healthcare interventions: explanation and elaboration.
BM]J. (2009) 339:b2700. doi: 10.1136/bmj.b2700

Guyatt GH, Oxman AD, Vist GE, Kunz R, Falck-Ytter Y, Alonso-Coello P, et al.
GRADE: an emerging consensus on rating quality of evidence and strength
of recommendations. BM]J. (2008) 336:924-6. doi: 10.1136/bm;j.39489.470347.
AD

McGrath S, Zhao X, Qin ZZ, Steele R, Benedetti A. One-sample aggregate data
meta-analysis of medians. Stat Med. (2019) 38:969-84. doi: 10.1002/sim.8013
R Core Team. R: A Language and Environment for Statistical Computing.
Vienna: R Foundation for Statistical Computing (2012).

Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency in
meta-analyses. BMJ. (2003) 327:557-60. doi: 10.1136/bmj.327.7414.557

Laird NM, Mosteller F. Some statistical methods for combining experimental
results. Int ] Technol Assess Health Care. (1990) 6:5-30. doi: 10.1017/
50266462300008916

Egger M, Davey SG, Schneider M, Minder C. Bias in meta-analysis detected by
a simple graphical test. BMJ. (1997) 315:629-34. doi: 10.1136/bm;j.315.7109.
629

Abraham WT, Lindenfeld ], Ponikowski P, Agostoni P, Butler ], Desai AS,
et al. Effect of empagliflozin on exercise ability and symptoms in heart failure
patients with reduced and preserved ejection fraction, with and without type 2
diabetes. Eur Heart J. (2021) 42:700-10. doi: 10.1093/eurheartj/ehaa943

Ejiri K, Miyoshi T, Kihara H, Hata Y, Nagano T, Takaishi A, et al. Effect of
luseogliflozin on heart failure with preserved ejection fraction in patients with
diabetes mellitus. ] Am Heart Assoc. (2020) 9:¢015103. doi: 10.1161/JAHA.119.
015103

Nassif ME, Windsor SL, Borlaug BA, Kitzman DW, Shah §J, Tang E et al.
The SGLT2 inhibitor dapagliflozin in heart failure with preserved ejection
fraction: a multicenter randomized trial. Nat Med. (2021) 27:1954-60. doi:
10.1038/541591-021-01536-x

Ueda T, Kasama S, Yamamoto M, Nakano T, Ueshima K, Morikawa Y, et al.
Effect of the Sodium-Glucose Cotransporter 2 inhibitor canagliflozin for heart
failure with preserved ejection fraction in patients with Type 2 diabetes. Circ
Rep. (2021) 3:440-8. doi: 10.1253/circrep.CR-21-0030

Bhatt DL, Szarek M, Pitt B, Cannon CP, Leiter LA, McGuire DK, et al.
Sotagliflozin in patients with diabetes and chronic kidney disease. N Engl |
Med. (2021) 384:129-39. doi: 10.1056/NEJM0a2030186

Wiviott SD, Raz I, Bonaca MP, Mosenzon O, Kato ET, Cahn A, et al.
Dapagliflozin and cardiovascular outcomes in Type 2 diabetes. N Engl ] Med.
(2019) 380:347-57. doi: 10.1056/NEJMoal812389

Bhatt DL, Szarek M, Steg PG, Cannon CP, Leiter LA, McGuire DK, et al.
Sotagliflozin in patients with diabetes and recent worsening heart failure. N
Engl ] Med. (2021) 384:117-28. NEJM0a2030183 doi: 10.1056/

Tanaka A, Hisauchi I, Taguchi I, Sezai A, Toyoda S, Tomiyama H, et al.
Effects of canagliflozin in patients with type 2 diabetes and chronic heart
failure: a randomized trial (CANDLE). ESC Heart Fail. (2020) 7:1585-94.
doi: 10.1002/ehf2.12707

Ovchinnikov AG, Borisov AA, Zherebchikova KY, Ryabtseva OYU, Gvozdeva
AD, Masenko VP, et al. Effects of empagliflozin on exercise tolerance and
left ventricular diastolic function in patients with heart failure with preserved
ejection fraction and type 2 diabetes: a prospective single-center study. Russian
J Cardiol. (2021) 26:137-51. doi: 10.15829/1560-4071-2021-4304

Sun H. Effects of Dapagliflozin on Preserved Ejection Fraction Heart Failure
with Type 2diabetes. Master’s thesis. Nanchang: Nanchang University (2021).
Tumasyan LL, Adamyan K, Chilingaryan A, Tunyan L, Mkrtchyan V.
Comparative efficacy of renin-angiotensin aldesteron system modulators and
angiotensin receptor neprilyzin inhibitor in chronic heart failure with mid-
ranged and preserved ejection fraction. Eur ] Heart Fail. (2019) 21:140.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

Sano M. Sodium glucose cotransporter (SGLT)-2 inhibitors alleviate the renal
stress responsible for sympathetic activation. Ther Adv Cardiovasc Dis. (2020)
14:1753944720939383. doi: 10.1177/1753944720939383

Bae JH, Park EG, Kim S, Kim SG, Hahn S, Kim NH. Effects of Sodium-Glucose
Cotransporter 2 inhibitors on renal outcomes in patients with Type 2 diabetes:
a systematic review and meta-analysis of randomized controlled trials. Sci Rep.
(2019) 9:13009. doi: 10.1038/541598-019-49525-y

Beldhuis IE, Streng KW, Ter Maaten JM, Voors AA, van der Meer P, Rossignol
P, et al. Renin-angiotensin system inhibition, worsening renal function, and
outcome in heart failure patients with reduced and preserved ejection fraction:
a meta-analysis of published study data. Circ Heart Fail. (2017) 10:e003588.
doi: 10.1161/CIRCHEARTFAILURE.116.003588

Damman K, Valente MA, Voors AA, O’Connor CM, van Veldhuisen D],
Hillege HL. Renal impairment, worsening renal function, and outcome in
patients with heart failure: an updated meta-analysis. Eur Heart J. (2014)
35:455-69. doi: 10.1093/eurheartj/eht386

Damman K, Perez AC, Anand IS, Komajda M, McKelvie RS, Zile MR, et al.
Worsening renal function and outcome in heart failure patients with preserved
ejection fraction and the impact of angiotensin receptor blocker treatment. J
Am Coll Cardiol. (2014) 64:1106-13. doi: 10.1016/j.jacc.2014.01.087

Vardeny O, Wu DH, Desai A, Rossignol P, Zannad F, Pitt B, et al. Influence of
baseline and worsening renal function on efficacy of spironolactone in patients
With severe heart failure: insights from RALES (Randomized Aldactone
Evaluation Study). J Am Coll Cardiol. (2012) 60:2082-9. doi: 10.1016/j.jacc.
2012.07.048

Nassif ME, Windsor SL, Tang F, Khariton Y, Husain M, Inzucchi SE, et al.
Dapagliflozin effects on biomarkers, symptoms, and functional status in
patients with heart failure with reduced ejection fraction: the DEFINE-HF
trial. Circulation. (2019) 140:1463-76. doi: 10.1161/CIRCULATIONAHA.119.
042929

Zizola C, Schulze PC. Metabolic and structural impairment of skeletal muscle
in heart failure. Heart Fail Rev. (2013) 18:623-30. doi: 10.1007/s10741-012-
9353-8

Packer M, Butler ], Zannad F, Filippatos G, Ferreira JP, Pocock ], et al. Effect of
empagliflozin on worsening heart failure events in patients with heart failure
and preserved ejection fraction: emperor-preserved trial. Circulation. (2021)
144:1284-94. doi: 10.1161/CIRCULATIONAHA.121.056824

Packer M, Anker SD, Butler J, Filippatos G, Ferreira JP, Pocock ], et al. Effect
of empagliflozin on the clinical stability of patients with heart failure and a
reduced ejection fraction: the EMPEROR-reduced trial. Circulation. (2021)
143:326-36. doi: 10.1161/CIRCULATIONAHA.120.051783

Lambers Heerspink HJ, de Zeeuw D, Wie L, Leslie B, List J. Dapagliflozin
a glucose-regulating drug with diuretic properties in subjects with type 2
diabetes. Diabetes Obes Metab. (2013) 15:853-62. doi: 10.1111/dom.12127
Borges-Junior FA, Silva Dos Santos D, Benetti A, Polidoro JZ, Wisnivesky ACT,
Crajoinas RO, et al. Empagliflozin inhibits proximal tubule NHE3 activity,
preserves GFR, and restores euvolemia in nondiabetic rats with induced heart
failure. ] Am Soc Nephrol. (2021) 32:1616-29. doi: 10.1681/ASN.2020071029
Tanaka H, Takano K, Iijima H, Kubo H, Maruyama N, Hashimoto T, et al.
Factors affecting canagliflozin-induced transient urine volume increase in
patients with Type 2 diabetes mellitus. Adv Ther. (2017) 34:436-51. doi: 10.
1007/s12325-016-0457-8

Ohara K, Masuda T, Murakami T, Imai T, Yoshizawa H, Nakagawa S, et al.
Effects of the sodium-glucose cotransporter 2 inhibitor dapagliflozin on fluid
distribution: a comparison study with furosemide and tolvaptan. Nephrology
(Carlton). (2019) 24:904-11. doi: 10.1111/nep.13552

Yasui A, Lee G, Hirase T, Kaneko T, Kaspers S, von Eynatten M, et al.
Empagliflozin induces transient diuresis without changing long-term overall
fluid balance in Japanese patients with Type 2 diabetes. Diabetes Ther. (2018)
9:863-71. doi: 10.1007/s13300-018-0385-5

Cherney DZ, Perkins BA, Soleymanlou N, Maione M, Lai V, Lee A, et al.
Renal hemodynamic effect of sodium-glucose cotransporter 2 inhibition in
patients with type 1 diabetes mellitus. Circulation. (2014) 129:587-97. doi:
10.1161/CIRCULATIONAHA.113.005081

Aikawa T, Naya M, Obara M, Manabe O, Tomiyama Y,
Magota K, et al. Impaired myocardial sympathetic innervation
is associated with diastolic dysfunction in heart failure with
preserved  ejection  fraction:  11C-Hydroxyephedrine PET  study.

Frontiers in Cardiovascular Medicine | www.frontiersin.org

May 2022 | Volume 9 | Article 875327


https://doi.org/10.1161/CIRCULATIONAHA.120.050255
https://doi.org/10.1161/CIRCULATIONAHA.120.050255
https://doi.org/10.1136/bmj.b2700
https://doi.org/10.1136/bmj.39489.470347.AD
https://doi.org/10.1136/bmj.39489.470347.AD
https://doi.org/10.1002/sim.8013
https://doi.org/10.1136/bmj.327.7414.557
https://doi.org/10.1017/s0266462300008916
https://doi.org/10.1017/s0266462300008916
https://doi.org/10.1136/bmj.315.7109.629
https://doi.org/10.1136/bmj.315.7109.629
https://doi.org/10.1093/eurheartj/ehaa943
https://doi.org/10.1161/JAHA.119.015103
https://doi.org/10.1161/JAHA.119.015103
https://doi.org/10.1038/s41591-021-01536-x
https://doi.org/10.1038/s41591-021-01536-x
https://doi.org/10.1253/circrep.CR-21-0030
https://doi.org/10.1056/NEJMoa2030186
https://doi.org/10.1056/NEJMoa1812389
https://doi.org/10.1056/
https://doi.org/10.1002/ehf2.12707
https://doi.org/10.15829/1560-4071-2021-4304
https://doi.org/10.1177/1753944720939383
https://doi.org/10.1038/s41598-019-49525-y
https://doi.org/10.1161/CIRCHEARTFAILURE.116.003588
https://doi.org/10.1093/eurheartj/eht386
https://doi.org/10.1016/j.jacc.2014.01.087
https://doi.org/10.1016/j.jacc.2012.07.048
https://doi.org/10.1016/j.jacc.2012.07.048
https://doi.org/10.1161/CIRCULATIONAHA.119.042929
https://doi.org/10.1161/CIRCULATIONAHA.119.042929
https://doi.org/10.1007/s10741-012-9353-8
https://doi.org/10.1007/s10741-012-9353-8
https://doi.org/10.1161/CIRCULATIONAHA.121.056824
https://doi.org/10.1161/CIRCULATIONAHA.120.051783
https://doi.org/10.1111/dom.12127
https://doi.org/10.1681/ASN.2020071029
https://doi.org/10.1007/s12325-016-0457-8
https://doi.org/10.1007/s12325-016-0457-8
https://doi.org/10.1111/nep.13552
https://doi.org/10.1007/s13300-018-0385-5
https://doi.org/10.1161/CIRCULATIONAHA.113.005081
https://doi.org/10.1161/CIRCULATIONAHA.113.005081
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/
https://www.frontiersin.org/journals/cardiovascular-medicine#articles

Zhou et al.

SGLT2 Inhibitors and HFpEF

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

J  Nucl Med. doi:
8558

Zile MR, Baicu CF, Gaasch WH. Diastolic heart failure-abnormalities in active
relaxation and passive stiffness of the left ventricle. N Engl ] Med. (2004)
350:1953-9. doi: 10.1056/NEJMo0a032566

Ohtani T, Mohammed SE, Yamamoto K, Dunlay SM, Weston SA, Sakata Y.
Diastolic stiffness as assessed by diastolic wall strain is associated with adverse
remodelling and poor outcomes in heart failure with preserved ejection
fraction. Eur Heart J. (2012) 33:1742-9. doi: 10.1093/eurheartj/ehs135
Kasama S, Toyama T, Kumakura H, Takayama Y, Ichikawa S, Suzuki T.
Effects of candesartan on cardiac sympathetic nerve activity in patients with
congestive heart failure and preserved left ventricular ejection fraction. ] Am
Coll Cardiol. (2005) 45:661-7. doi: 10.1016/j.jacc.2004.11.038

Sugiura M, Yamamoto K, Takeda Y, Takeda Y, Dohmori T, Ogata M, et al.
The relationship between variables of 123-I-metaiodobenzylguanidine cardiac
imaging and clinical status of the patients with diastolic heart failure. Int J
Cardiol. (2006) 113:223-8. doi: 10.1016/j.ijcard.2005.11.017

Verloop WL, Beeftink MM, Santema BT, Bots ML, Blankestijn PJ, Cramer MJ.
A systematic review concerning the relation between the sympathetic nervous
system and heart failure with preserved left ventricular ejection fraction. PLoS
One. (2015) 10:e0117332. doi: 10.1371/journal.pone.0117332

Haider N, Baliga RR, Chandrashekhar Y, Narula J. Adrenergic excess, hNET1
down-regulation, and compromised mIBG uptake in heart failure poverty in
the presence of plenty. JACC Cardiovasc Imaging. (2010) 3:71-5. doi: 10.1016/
j.jcmg.2009.11.002

Zhang N, Feng B, Ma X, Sun K, Xu G, Zhou Y. Dapagliflozin improves left
ventricular remodeling and aorta sympathetic tone in a pig model of heart
failure with preserved ejection fraction. Cardiovasc Diabetol. (2019) 18:107.
doi: 10.1186/512933-019-0914-1

Packer M, Lam CSP, Lund LH, Maurer MS, Borlaug BA. Characterization
of the inflammatory-metabolic phenotype of heart failure with a preserved
ejection fraction: a hypothesis to explain influence of sex on the evolution
and potential treatment of the disease. Eur | Heart Fail. (2020) 22:1551-67.
doi: 10.1002/ejhf.1902

Hage C, Lofgren L, Michopoulos E Nilsson R, Davidsson P, Kumar C, et al.
Metabolomic profile in HFpEF vs HFrEF patients. ] Card Fail. (2020) 26:1050-
9. doi: 10.1016/j.cardfail.2020.07.010

Shah §J, Borlaug BA, Kitzman DW, McCulloch AD, Blaxall BC, Agarwal R,
et al. Research priorities for heart failure with preserved ejection fraction:
national heart, lung, and blood institute working group summary. Circulation.
(2020) 141:1001-26. doi: 10.1161/CIRCULATIONAHA.119.041886

Packer M. Drugs that ameliorate epicardial adipose tissue inflammation may
have discordant effects in heart failure with a preserved ejection fraction as
compared with a reduced ejection fraction. J Card Fail. (2019) 25:986-1003.
doi: 10.1016/j.cardfail.2019.09.002

Lopaschuk GD, Verma S. Mechanisms of cardiovascular benefits of sodium
glucose co-transporter 2 (SGLT2) inhibitors: a state-of-the-art review. JACC
Basic Transl Sci. (2020) 5:632-44. doi: 10.1016/j.jacbts.2020.02.004

Kolijn D, Pabel S, Tian Y, L6di M, Herwig M, Carrizzo A, et al. Empagliflozin
improves endothelial and cardiomyocyte function in human heart failure with
preserved ejection fraction via reduced pro-inflammatory-oxidative pathways
and protein kinase Ga oxidation. Cardiovasc Res. (2021) 117:495-507. doi:
10.1093/cvr/cvaal23

Anker SD, Khan MS, Shahid I, Filippatos G, Coats AJS, Butler J. Sodium-
glucose co-transporter 2 inhibitors in heart failure with preserved ejection
fraction: reasons for optimism. Eur | Heart Fail. (2021) 23:1250-5. doi: 10.
1002/ejhf.2279

(2017)  58:784-90. 10.2967/jnumed.116.17

81. Hammoudi N, Jeong D, Singh R, Farhat A, Komajda M, Mayoux E, et al.
Empagliflozin improves left ventricular diastolic dysfunction in a genetic
model of Type 2 diabetes. Cardiovasc Drugs Ther. (2017) 31:233-46. -1 doi:
10.1007/s10557-017-6734

Connelly KA, Zhang Y, Visram A, Advani A, Batchu SN, Desjardins JF, et al.
Empagliflozin improves diastolic function in a nondiabetic rodent model of
heart failure with preserved ejection fraction. JACC Basic Transl Sci. (2019)
4:27-37. doi: 10.1016/j.jacbts.2018.11.010

Joshi SS, Singh T, Newby DE, Singh J. Sodium-glucose co-transporter 2
inhibitor therapy: mechanisms of action in heart failure. Heart. (2021)
107:1032-8. doi: 10.1136/heartjnl-2020-318060

Ferrannini E, Muscelli E, Frascerra S, Baldi S, Mari A, Heise T, et al. Metabolic
response to sodium-glucose cotransporter 2 inhibition in type 2 diabetic
patients. J Clin Invest. (2014) 124:499-508. doi: 10.1172/JCI72227

Ferrannini E, Baldi S, Frascerra S, Astiarraga B, Heise T, Bizzotto R, et al. Shift
to fatty substrate utilization in response to Sodium-Glucose Cotransporter
2 inhibition in subjects without diabetes and patients with Type 2 diabetes.
Diabetes. (2016) 65:1190-5. doi: 10.2337/db15-1356

Mazer CD, Hare GMT, Connelly PW, Gilbert RE, Shehata N, Quan A, et al.
Effect of empagliflozin on erythropoietin levels, iron stores, and red blood
cell morphology in patients with type 2 diabetes mellitus and coronary artery
disease. Circulation. (2020) 141:704-7. doi: 10.1161/CIRCULATIONAHA.
119.044235

Uthman L, Baartscheer A, Bleijlevens B, Schumacher CA, Fiolet JWT,
Koeman A, et al. Class effects of SGLT2 inhibitors in mouse cardiomyocytes
and hearts: inhibition of Na*/H™T exchanger, lowering of cytosolic Na*
and vasodilation. Diabetolgia. (2018) 61:722-6. doi: 10.1007/s00125-017-
4509-7

Bode D, Semmler L, Wakula P, Hegemann N, Primessnig U, Beindorftf N,
et al. Dual SGLT-1 and SGLT-2 inhibition improves left atrial dysfunction in
HFpEF. Cardiovasc Diabetol. (2021) 20:7. doi: 10.1186/s12933-020-01208-z
Lim VG, Bell RM, Arjun S, Kolatsi-Joannou M, Long DA, Yellon DM. SGLT2
inhibitor, canagliflozin, attenuates myocardial infarction in the diabetic and
nondiabetic heart. JACC Basic Transl Sci. (2019) 4:15-26. doi: 10.1016/j.jacbts.
2018.10.002

Inzucchi SE, Zinman B, Fitchett D, Wanner C, Ferrannini E, Schumacher M,
et al. How does empagliflozin reduce cardiovascular mortality? Insights from a
mediation analysis of the EMPA-REG OUTCOME trial. Diabetes Care. (2018)
41:356-63. doi: 10.2337/dc17-1096

82.

83.

84.

85.

86.

87.

88.

89.

90.

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Zhou, Peng, Li, Wang, Wang, Ding, Lin, Zhao, Pan and Wang.
This is an open-access article distributed under the terms of the Creative Commons
Attribution License (CC BY). The use, distribution or reproduction in other forums
is permitted, provided the original author(s) and the copyright owner(s) are credited
and that the original publication in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduction is permitted which does not
comply with these terms.

Frontiers in Cardiovascular Medicine | www.frontiersin.org

14

May 2022 | Volume 9 | Article 875327


https://doi.org/10.2967/jnumed.116.178558
https://doi.org/10.2967/jnumed.116.178558
https://doi.org/10.1056/NEJMoa032566
https://doi.org/10.1093/eurheartj/ehs135
https://doi.org/10.1016/j.jacc.2004.11.038
https://doi.org/10.1016/j.ijcard.2005.11.017
https://doi.org/10.1371/journal.pone.0117332
https://doi.org/10.1016/j.jcmg.2009.11.002
https://doi.org/10.1016/j.jcmg.2009.11.002
https://doi.org/10.1186/s12933-019-0914-1
https://doi.org/10.1002/ejhf.1902
https://doi.org/10.1016/j.cardfail.2020.07.010
https://doi.org/10.1161/CIRCULATIONAHA.119.041886
https://doi.org/10.1016/j.cardfail.2019.09.002
https://doi.org/10.1016/j.jacbts.2020.02.004
https://doi.org/10.1093/cvr/cvaa123
https://doi.org/10.1093/cvr/cvaa123
https://doi.org/10.1002/ejhf.2279
https://doi.org/10.1002/ejhf.2279
https://doi.org/10.1007/s10557-017-6734
https://doi.org/10.1007/s10557-017-6734
https://doi.org/10.1016/j.jacbts.2018.11.010
https://doi.org/10.1136/heartjnl-2020-318060
https://doi.org/10.1172/JCI72227
https://doi.org/10.2337/db15-1356
https://doi.org/10.1161/CIRCULATIONAHA.119.044235
https://doi.org/10.1161/CIRCULATIONAHA.119.044235
https://doi.org/10.1007/s00125-017-4509-7
https://doi.org/10.1007/s00125-017-4509-7
https://doi.org/10.1186/s12933-020-01208-z
https://doi.org/10.1016/j.jacbts.2018.10.002
https://doi.org/10.1016/j.jacbts.2018.10.002
https://doi.org/10.2337/dc17-1096
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/
https://www.frontiersin.org/journals/cardiovascular-medicine#articles

	Effect of Sodium-Glucose Cotransporter 2 Inhibitors for Heart Failure With Preserved Ejection Fraction: A Systematic Review and Meta-Analysis of Randomized Clinical Trials
	Introduction
	Methods
	Literature Search
	Eligibility Criteria
	Data Extraction
	Risk of Bias Assessment
	Data Analysis

	Results
	Study Selection
	Study Characteristics
	Risk of Bias in Individual Studies
	Overall Results of Meta-Analysis
	Composite of First Hospitalization for Heart Failure or Cardiovascular Death
	First Hospitalization for Heart Failure
	Cardiovascular Death
	Total Hospitalization for Heart Failure
	All-Cause Mortality
	E/e'
	N-Terminal Pro-B-Type Natriuretic Peptide
	B-Type Natriuretic Peptide
	6-Min Walk Test Distance
	Adverse Events

	Sensitivity Analysis
	Publication Bias

	Discussion
	Comparison With Previous Studies
	Limitation
	Implications for Research

	Conclusion
	Data Availability Statement
	Author Contributions
	Funding
	Supplementary Material
	References


