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Background: Heart failure with preserved ejection fraction (HFpEF) is
becoming the main subtype of heart failure, but lacks proven effective
therapies. Sodium-glucose cotransporter-2 (SGLT-2) inhibitor, a new kind of
oral glucose-lowering agent, shows a great effect on improving cardiovascular
outcomes. Based on the results of current RCTs, we perform this meta-analysis
to illustrate the therapeutic impact of SGLT2i in HFpEF patients.

Methods: We systematically searched the online database and 10 RCTs
were involved. The primary outcome was the prognosis outcome of HFpEF
patients, including a composite outcome of cardiovascular (CV) death and
hospitalization for heart failure (HHF), CV mortality, HHF, and all-cause
mortality. Main secondary outcomes included improvement of KCCQ-TSS
(Kansas City Cardiomyopathy Questionnaire and total symptom score) and
6-Minute Walk Test (6MWT). All pooled results were calculated by the random-
effects model. Statistical heterogeneity was assessed using the chi-squared
test and was quantified using the I-squared statistic.

Results: Ten RCTs comprising 10,334 patients were involved in. Incidence of
composite outcome was reduced in SGLT-2 inhibitor group compared with
placebo (HR: 0.78, 95% CI: 0.69-0.88, p = 0.00). Improvement of KCCQ-TSS
was also more pronounced in the SGLT-2 inhibitor group (MD: 2.74, 95% ClI:
1.30-4.18, p = 0.00). No statistical difference was observed in 6MWT.

Conclusion: Treating HFpEF patients with SGLT-2 inhibitors is associated with
reducing the composite outcome of CV death and HHF and improving health-
related quality of life. Further studies with more evidence are in need to confirm
this conclusion.

sodium-glucose cotransporter-2 inhibitors, heart failure with preserved ejection
fraction, prognosis, health-related quality of life, meta-analysis
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Introduction

Heart failure with preserved ejection fraction (HFpEF),
previously known as diastolic heart failure, is a subtype
of heart failure characterized as left ventricular ejection
fraction (LVEF) >50%. Until now, HFpEF has become the
predominant form of heart failure worldwide, especially in
aged population (I, 2). Despite recognizing the complexity
of the specific clinical syndrome in the recent 20 years, the
pathophysiology of HFpEF has not been illustrated explicitly.
In consideration of the unclear mechanism, nor do people
find a treatment that has a convincing clinical benefit in
reducing mortality or morbidity of HFpEF. Compared with
the recommended quadruple regimen of HFrEE no Ia or
Ib class recommendations were released in the 2021 ESC
guideline (3).

Sodium-glucose cotransporter-2 (SGLT-2) inhibitor is a
new class of oral glucose-lowering agents that can promote
glucosuria and thus reduce serum glucose and lower blood
pressure. A large amount of evidence has emerged that
other than increasing glucosuria excretion in T2DM patients,
SGLT-2 inhibitors can significantly improve cardiovascular
outcomes, including decreasing the incidence of cardiovascular
(CV) death and hospitalization for heart failure (HHF) (4-
6). In the field of heart failure, meta-analysis of several
large-scale RCTs has convinced that SGLT-2 inhibitors can
reduce all-cause and cardiovascular death in HFrEF patients
(7, 8).

As a result of the potential benefits, large-scale RCTs
were also implemented to determine the effect SGLT-2
inhibitors might have on HFpEF. EMPEROR-Preserved
trial, released in 2021, showed that empagliflozin reduced
the combined cardiovascular risk in HFpEF patients, which
made it the first large RCT to achieve a positive endpoint
(9). Therefore, collecting existing RCTs, we performed this
systematic review and meta-analysis to evaluate the prognosis
of HFpEF population treated with SGLT-2 inhibitors. To
understand health-related quality of life (HRQoL) and
exercise capacity in the population, we also evaluated
the improvement of the Kansas City Cardiomyopathy
Questionnaire (KCCQ) score,6-Minute Walk Test (6MWT),
and NT-proBNP levels.

Methods

This systematic review and meta-analysis followed the
recommendations of the Preferred Reporting Items for
Systematic Reviews and Meta-analyses (PRISMA) statement
(10) and the Cochrane Handbook for Systematic Reviews of
Interventions (11). The entire process of our meta-analysis
abides by PICOS criteria.
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Data sources and search methods

(DN.Y. and Y.Z)
independently searched the following online databases:

Two independent investigators
PubMed, Embase, Cochrane Library, ClinicalTrials.gov, and
SinoMed from the establishment of the databases till 5 May
2022. Search terms included MeSH terms “Heart Failure”,
“Heart Failure, Diastolic”, “Sodium-Glucose Transporter 2
Inhibitors” and all relevant entry terms. A detailed searching
strategy is shown in Supplementary materials. To ensure
no relevant publications were overlooked, we also manually
searched for qualifying publications in the reference lists of
eligible articles. Only randomized controlled trials could be
involved. No date limit was put in this meta-analysis.

Endpoints and study selection

The primary outcome of this meta-analysis was the
prognosis outcome of HFpEF patients, including a composite
outcome of CV death and HHE, CV mortality, HHE, and
all-cause mortality. The main secondary outcome was the
improvement of KCCQ-TSS (Kansas City Cardiomyopathy
Questionnaire, Total Symptom Score) and 6MWT. Other
secondary outcomes included improvement of KCCQ-CSS
(Clinical Summary Score), KCCQ-OSS (Overall Summary
Score), KCCQ-PL (Physical Limitation), and NT-proBNP level.

The studies included in our meta-analysis must meet all of
the following criteria: (a) randomized, double-blind, placebo-
controlled trials; (b) involve the HFpEF population, defined
as patients with symptoms and signs of HE with evidence
of structural and/or functional cardiac abnormalities and/or
raised natriuretic peptides (NPs), and with an LVEF > 40%;
(c) compare SGLT-2 inhibitors with another placebo, or add
SGLT-2 inhibitors in a standard diabetic therapy; (d) report any
of the following outcomes: a composite outcome of CV death
and HHE, all-cause mortality, KCCQ score of subscales, 6 MWT,
and NT-proBNP level. Publications were excluded from the
meta-analysis if they were (a) conference reports, reviews, case
reports, or summaries; (b) studies published in a language other
than English or Chinese; and (c) head-to-head studies compared
SGLT-2 inhibitors with other glucose-lowering agents.

Data collection and quality assessment

Two reviewers (DN.Y. and Y.Zh.) independently extracted
data of interest using an electronic data collection form designed
preciously. The extracted data mainly include the following:
(a) Baseline characteristics of included studies: trial name
and trial number, study design, subgroup population, details
of treatments, publication time, and follow-up duration; (b)
Baseline characteristics of patients: gender, age, NYHA class,
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FIGURE 1
PRISMA flowchart of selection.

LVEE, NT-proBNP level, blood pressure, eGFR, and so on;
(c) Study outcomes: A composite outcome of CV death and
HHE, CV mortality, HHE all-cause mortality, KCCQ score of
subscales, SMWT, and NT-proBNP level.

The quality of each study was assessed by two
reviewers (DN.Y. and Y.Zh.) separately using the Cochrane
Collaboration’s tool for assessing risk of bias, which includes
the following seven domains: random sequence generation
(selection bias), allocation concealment (selection bias), blinding
of participants and personnel (performance bias), blinding of
outcome assessment (detection bias), incomplete outcome data
(attrition bias), selective reporting (reporting bias), and other
bias (12). All disagreements were resolved with consensus by a

third reviewer (J.Y.)
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Statistical analysis and certainty of the
evidence

This meta-analysis was performed using Statal6.0. For the
composite outcome of CV death and HHE we extracted hazard
ratios (HRs) and corresponding 95% confidence intervals (95%
CIs) to make a pooled estimate. For CV mortality, HHE
and all-cause mortality, we used odd ratios (ORs) to measure
the intervention effects of dichotomous outcomes. For KCCQ
and 6MWT, we extracted adjusted mean differences (MDs)
and 95% CIs from original studies. The level of NT-proBNP
was analyzed using SMD. The random-effects model was used
to calculate the pooled effect, and only when p < 0.05, the
results were considered to be statistically meaningful. Statistical
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heterogeneity was assessed using the chi-squared test (p < 0.10
was considered statistically significant for heterogeneity) and
was quantified using the I-squared statistic (I*> > 50% was
considered substantial heterogeneity). Sensitivity analysis was
performed to examine the robustness of the results and the effect
of potential effect modifiers.

Evidence summaries were prepared for each outcome using
GRADEprofiler (Version 3.6). Certainty of the evidence was
assessed using the GRADE (Grading of Recommendations
Assessment, Development, and Evaluation) system. The
confidence of the estimate effect can be categorized into four
levels: very low, low, moderate, and high, and RCTs are classified
into the highest grade. Reasons for downgrading the evidence
included risk of bias, inconsistency, indirectness, imprecision,

and publication bias (13).

Results

The selection process is shown in Figure 1. We searched
a total of 2,219 literature, and among them, 1,325 studies
were screened based on the abstracts and titles. Finally,
11 studies involving 10 RCTs were included in this meta-
analysis (9, 14-23). It should be mentioned that among them,
the DETERMINE-preserved trial has not been published yet,
whereas we included the results published in ClinicalTrials.gov
(23). About 10,334 patients who met our inclusion criteria
were randomized to either the SGLT-2 inhibitor group or
placebo group. There were four dapagliflozin trials (14, 20,
22, 23) (1,636 patients), two empagliflozin trials (9, 16, 17)
(6,203 participants), two sotagliflozin trials (18, 19) (921
participants), one ertugliflozin trial (15) (1,007 participants), and
one canagliflozin trial (21) (267 participants). The characteristics
of included studies and patients are shown in Table 1.

Quality assessment is shown in Figure 2. Three of the 10
studies had a relatively greater risk of bias because of the possible
mistakes during the trial. Given that no more than 10 studies
were involved in each outcome, no funnel plot was conducted to
detect publication bias.

Cardiovascular mortality and
hospitalization for heart failure

Five studies (9, 14, 15, 18, 19), accessible for their
hazard ratios (HRs) and corresponding 95% confidence
intervals (CIs), were selected to evaluate the effects of
SGLT-2 inhibitors on a composite of CV death and
HHF. Meta-analysis showed that treating with SGLT-2
inhibitors decreased the incidence of the composite outcome
(HR: 0.77, 95% CIL 0.65-0.91, p = 0.00; Figure 3A). No
obvious statistical heterogeneity was observed between the

studies (I = 31.6%, p = 0.211). When eliminating each
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study, the result kept stable. Subgroup analysis illustrated
a consistency no matter whether patients had T2DM
(Supplementary Figure 1).

Combination of three relevant trials (9, 14, 15) indicated
that treatment with SGLT-2 inhibitors could lower incidence
of hospitalization for heart failure (OR: 0.71, 95% CI: 0.61-
0.83, p = 0.00; I* = 0.00%, p = 0.970; Figure 3B). However,
we did not observe significant difference in CV mortality
(9, 14, 15) (OR: 1.02, 95% CI 0.77-1.35, p = 0.888; I> =
35.5%, p = 0.212; Figure 3C) when treating with SGLT2i.
Seven studies (9, 14-16, 20, 22, 23) reported statistics to do
with all-cause mortality. The results indicated that SGLT-2
inhibitors showed no advantage in reducing all-cause mortality
(OR: 0.99, 95% CI: 0.87-1.13, p = 0.936; I’ = 0.00%, p
= 0.973; Figure 3D). In consideration that the follow-up
duration of included studies showed a great difference, we
implemented a subgroup analysis which showed no difference
(Supplementary Figure 2).

Health-related quality of life

Five studies (9, 16, 17, 20, 21, 23) reported the therapeutic
effect of SGLT-2 inhibitors in HFpEF patients using health-
related quality of life outcomes measured by the KCCQ-23
Scale. Given that we set KCCQ-TSS as our main observation
subscale, after estimating, the SGLT2i group showed a greater
improvement in KCCQ-TSS from baseline compared with
placebo (MD:2.74, 95% CI: 1.30-4.18, p = 0.00; Figure 4A).
Statistical heterogeneity between the studies was not present (I*
= 30.9%, p = 0.215). The result remained stabilized when we
eliminated each study one by one.

We also measured other subscales of KCCQ reported in
the incorporated trials, including KCCQ-PL, KCCQ-CSS, and
KCCQ-OSS. Four studies reported statistics of KCCQ-PL. The
mean treatment difference between the two groups was not
significant (MD:1.66, 95% CI: —0.67 to 3.98, p = 0.162; I’ =
64.3%, p = 0.038; Figure 4B). Three studies reported KCCQ-
CSS and KCCQ-OSS. However, meta-analysis also indicated that
SGLT-2 inhibitors did not show significant effects in the two
aspects compared with placebo (KCCQ-CSS: MD: 2.13, 95% CI:
—0.65 to 4.90, p = 0.133; I = 72.6%, p = 0.026; Figure 4C;
KCCQ-0SS: MD:1.66, 95% CI: —0.29 to 3.62, p = 0.096; I* =
51.2%, p = 0.129; Figure 4D).

Exercise capacity outcomes

Three trials (16, 20, 23) worked on 6MWT. However, our
research did not indicate that short-term treatment with SGLT-
2 inhibitors would improve exercise capacity (MD: 6.70, 95%
CIL: —2.31 to 15.71, p = 0.145; Figure 5). Statistical heterogeneity
between the studies was present (p = 0.083, I* = 59.9%). When
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TABLE 1A Basal characteristics of included studies.

Clinical trial Publication Study design Intervention Follow-up LVEF T2DM,% Total amount End points*

time duration inclusion

criteria

DECLARE-TIMI 58 2019 Randomized Dapagliflozin/10 mg qd 4.2 years LVEF > 45% 100% 808 1,2,3,4
NCT01730534 Controlled Trial placebo
VERTIS CV 2020 Randomized Ertugliflozin/5 mg qd or 3.5 years LVEF > 45% 100% 1,007 1,2,3,4
NCT01986881 Controlled Trial 15 mg qd placebo
EMPERIAL-Preserved 2020 Randomized Empagliflflozin/10 mg qd 12 weeks LVEF > 40% 51.10% 315 4,5,6,7
NCT03448406 Controlled Trial placebo
EMPEROR-Preserved 2021 Randomized Empagliflozin/10 mg qd 26.2 months LVEF > 40% 49.10% 5,988 1,2,3,4,5
NCT03057951 Controlled Trial placebo
SOLOIST-WHF 2021 Randomized Sotagliflozin/200 mg qd 9 months LVEF > 50% 100% 256 1
NCT03521934 Controlled Trial placebo
SCORED 2021 Randomized Sotagliflozin/200 mg qd 16 months LVEF > 50% 100% 665 1
NCT03315143 Controlled Trial placebo
PRESERVED-HF 2021 Randomized Dapagliflozin/10 mg qd 12 weeks LVEF > 45% 55.90% 324 4,5,6,7
NCT03030235 Controlled Trial placebo
TANG Xiaodi, FAN Ying, 2021 Randomized Dapagliflozin/10 mg qd 24 weeks LVEF > 50% 100% 200 4,7
etc. Controlled Trial conventional treatment
CHIEF-HF 2022 Randomized Canagliflozin/100 mg qd 12 weeks LVEF > 45% Not 100%, NA 267 5
NCT04252287 Controlled Trial placebo
DETERMINE-preserved No publication Randomized Dapagliflozin/10 mg qd 16 weeks LVEF > 40% Not 100%, NA 504 4,5,6
NCT03877224 Controlled Trial placebo

LVEE left ventricular ejection fraction; T2DM, type 2 diabetes mellitus.
*Endpoints: 1. CV death and HHF; 2. hospitalization for heart failure; 3. cardiovascular mortality; 4. all-cause mortality; 5. KCCQ; 6. 6MWT; 7. NT-proBNP level.
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TABLE 1B Basal characteristics of included studies.

Clinical trial Intervention Patient  Age,y Male, %  Bodymass LVEE % NYHA Heart Systolic Median
size index, rate, bpm pressure, NT-
kg/m? mmHg proBNP
concentration,
pg/mL
I 11 m I
DECLARE-TIMI 58 Dapagliflozin 399 NA NA NA NA NA NA NA NA NA NA NA
Placebo 409 NA NA NA NA NA NA NA NA NA NA NA
VERTIS CV Ertugliflozin 680 63.8+8.3 65.6 32653 NA 225 671 7.1 0.1 NA NA NA
Placebo 327 64.7 £ 8.2 63.3 329453 NA 25.7 676 4.6 0 NA NA NA
EMPERIAL-Preserved Empagliflflozin 157 73.6 £ 8.2 55.4 303 +5.8 51.94£9.7 0.7 745 248 0 70.6 + 12.7 127.6 £ 18.7 966 (572,
1,653)
Placebo 158 74.6 £9.7 58.2 293450 526 £9.7 0 797 203 0 70.4 +12.7 132.1 £ 187 843 (407,
1,913)
EMPEROR-Preserved Empagliflozin 2997 71.84+9.3 55.4 29.8+5.8 543+ 8.8 0.1 811 184 03 70.4 +12.0 131.8 £ 156 994 (501,
1,740)
Placebo 2991 719+ 9.6 55.3 29.9+59 543+ 8.8 <0.1 819 178 03 703+ 11.8 1319+ 157 946 (498,
1,725)
SOLOIST-WHF Sotagliflozin 127 NA NA NA NA NA NA NA NA NA NA NA
Placebo 129 NA NA NA NA NA NA NA NA NA NA NA
SCORED Sotagliflozin NA NA NA NA NA NA NA NA NA NA NA NA
Placebo NA NA NA NA NA NA NA NA NA NA NA NA
PRESERVED-HF Dapagliflozin 162 70.1£9.7 432 35.8 £ 8.5 60.0 £ 7.5 59.3 40.1 0.6 69.3 £12.0 1354 £23.9 641 (373,
1,210)
Placebo 162 70.6 £ 11.2 432 34.9 £ 8.0 59.6 + 8.2 55.6 444 0 68.4+9.7 132.7 £224 710 (329,
1,449)
TANG Xiaodi,etc. Dapagliflozin 100 63.4+11.0 61 250432 NA 0 620 380 0 NA NA 938 (469,
1,407)
Conventional 100 63.6 +14.8 60 254+3.1 NA 0 690 310 0 NA NA 932 (466,
treatment 1,398)
CHIEE-HF Canagliflozin 132 NA NA NA NA NA NA NA NA NA NA NA
placebo 135 NA NA NA NA NA NA NA NA NA NA NA
DETERMINE-preserved Dapagliflozin 253 72.0+09.1 64 NA NA NA NA NA NA NA NA NA
Placebo 251 717 £9.7 62 NA NA NA NA NA NA NA NA NA

Data reported as mean & SD or median (interquartile range).

LVEE left ventricular ejection fraction; NYHA, New York Heart Association; bpm, beats/minute.
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(A) Risk of bias graph. (B) Risk of bias summary.

we excluded the PRESERVED-HF trial, the overall MD was
2.58m (95% CI —3.16 to 8.31, p = 0.379) and there was no
significant heterogeneity (p = 0.687, I = 0%).

Serum NT-proBNP level

Three trials (16, 20, 22) provided accessible statistics
associated with serum NT-proBNP levels. We could not observe
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a significantly statistical difference in SGLT2i therapy group
compared with other treatments (SMD: —0.09, 95% CI: —0.30
t0 0.12, p = 0.388; I = 55.5%, p = 0.106; Figure 6).

Certainty of evidence

Certainty of evidence, as shown in Table 2, was evaluated by
GRADE methodology. All studies included were RCTs and thus
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A CV Death and HHF

Hazard Ratio %
study (year) (95% CI) Weight
1
DECLARE-TIMI 58 (2019) —:—0—— 0.88 (0.66, 1.17) 22.17
VERTIS CV (2020) —_— 0.92(0.61, 1.39) 13.08
SOLOIST-WHF (2021) +- r 0.48 (0.27, 0.86) 7.36
1
EMPEROR-Preserved (2021) - 0.79 (0.69, 0.90) 45.23
SCORED (2021) _— 0.58 (0.38, 0.90) 12.15
Overall, DL (I°=31.6%, p = 0.211) <> 0.77 (0.65, 0.91) 100.00
I T
.25 1 4
Favours SGLT2| -« -3 Favours Placebo
B Hospitalization for Heart Failure
SGLT2i placebo Odds Ratio %
study (year) niN niN (95% Cl) Weight
DECLARE-TIMI 58 (2019) 37/399 49/409 -t 075(048, 1.18) 1152
VERTIS CV (2020) 281680 191327 - 070(038,1.27) 655
EMPEROR-Preserved (2021) 25912997 35212991 —— 071(060,0.84) 81.93

Overall, DL 32414076 42013727 B 0.71(061,0.83) 100.00

(#=0.0%, p = 0.970)

5 1 2
C CV Mortality
SGLT2i placebo Odds Ratio %
study (year) niN niN (95% Cl) Weight
DECLARE-TIMI 58 (2019) 31/399 221409 : <% 148(0.84, 2.61) 19.15
VERTIS CV (2020) 471680 211327 e 1.08(064, 1.84) 20.94
EMPEROR-Preserved (2021) 21912997 24412991 —_—— 0.89(0.73, 1.07) 59.91
Overall, DL 297/4076 28713727 <:>-— 102(0.77,1.35) 100.00
(1?=355%, p=0.212)
| I
5 1 2
D All-cause Mortality
SGLT2i placebo Odds Ratio %
study (year) niN niN (95% CI) Weight
DECLARE-TIMI 58 (2019) 49/399 47/409 R N— 1.08 (0.70, 1.65) 9.37
VERTIS CV (2020) 63/680 30327 B c— 1.01(0.64, 1.60) 818
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FIGURE 3
Effect of SGLT-2 inhibitors vs. placebo on the primary outcome of (A) cardiovascular death and hospitalization for heart failure; (B)
hospitalization for heart failure; (C) cardiovascular mortality; (D) all-cause mortality.

were originally classified into the highest grade. After evaluation Discussion
of primary and main secondary outcomes, exercise capacity was
degraded to moderate evidence as a result of the presentation This meta-analysis, covering over 10,300 HFpEF patients in

of heterogeneity. 10 prospective studies, explicitly demonstrated that treatment

Frontiers in Cardiovascular Medicine 08 frontiersin.org


https://doi.org/10.3389/fcvm.2022.942125
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org

Yang et al.

10.3389/fcvm.2022.942125

A Mean Difference of KCCQ-TSS Mean Difference %
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DETERMINE-preserved (No publication) —_——— 3.16 (0.36, 6.01) 18.36
Overall, DL (I = 30.9%, p = 0.215) < 2.74(1.30,4.18) 100.00
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B Mean Difference of KCCQ-PL

Mean Difference %
study (year) (95% Cl) Weight
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DETERMINE-preserved (No publication) ~—f—0— 3.12(-0.09, 5.37) 26.65
Overall, DL (I* = 64.3%, p = 0.038) <<> 1.66 (-0.67, 3.98) 100.00

T T
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C Mean Difference of KCCQ-CSS )

Mean Difference %
study (year) (95% ClI) Weight
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1
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Overall, DL (I’ = 72.6%, p = 0.026) <<> 2.13 (-0.65, 4.90) 100.00
I I
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D Mean Difference of KCCQ-OSS

Mean Difference %
study (year) (95% Cl) Weight
EMPERIAL-Preserved (2020) — 0.27 (-3.09, 3.64) 21.74
EMPEROR-Preserved (2021) = 1.10(0.40, 1.81) 56.39

1
PRESERVED-HF (2021) g 4.50(1.10, 7.80) 21.87
Overall, DL (I’ = 51.2%, p = 0.129) 1.66 (-0.29, 3.62) 100.00
I I I
-10 0 10
Favours Placebo €————— ——> Favours SGLT2i
FIGURE 4
Effect of SGLT-2 inhibitors vs. placebo on KCCQ Subscales: (A) KCCQ-TSS; (B) KCCQ-PL; (C) KCCQ-CSS; (D) KCCQ-OSS.

with SGLT-2 inhibitors could lower the incidence of a
composite outcome including CV death and HHF in the HFpEF
population. In addition, SGLT-2 inhibitors showed a beneficial
impact on decreasing events for HHF separately. We also
made an analysis to illustrate the amelioration in health-related
quality of life after SGLT2i therapy, which specified significant
excellence in improving symptom-relevant KCCQ score.

For a long time, it was discouraged when referred to
therapeutic medications dealing with HFpEF. It is now

widely believed that originated from various risk factors
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such as overweight, hypertension, and diabetes mellitus
(24), complicated physiology and molecular processes are
involved in the onset and development of HFpEFE, including
systematic inflammation, LV structural remodeling, and
abnormal hemodynamics (1, 25). Large-scale trials with
several medications, including RAAS inhibitors, aldosterone
antagonists (MRAs), and angiotensin receptor/neprilysin
inhibitors (ARNIs), which had confirmed notable benefits
to improve the prognosis of HFrEF patients, did not show
superiority for their primary efficacy endpoints in HFpEF
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Mean Difference of BMWT .

Mean Difference %
study (year) (95% Cl) Weight
EMPERIAL-Preserved (2020) — = 4.00 (-5.00, 13.00) 36.23
PRESERVED-HF (2021) ' - 20.10 (5.60, 34.70) 22.88

1
DETERMINE-preserved (No publication) —_— 1.60 (-5.90, 9.00) 40.88
Overall, DL (I* = 59.9%, p = 0.083) <<> 6.70 (-2.31, 15.71) 100.00
| I
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FIGURE 5
Effect of SGLT-2 inhibitors vs. placebo on 6-Minute Walking Test.
NT-proBNP
%
study (year) SMD (95% Cl) Weight
EMPERIAL-Preserved (2020) r - 0.06 (-0.16, 0.29) 35.39
PRESERVED-HF (2021) e -0.06 (-0.28, 0.16) 35.99
TANG Xiaodi,FAN Ying,etc. (2021) + : -0.32 (-0.60, -0.04) 28.62
Overall, DL (I° = 55.5%, p = 0.106) <:> -0.09 (-0.30, 0.12) 100.00
| I
-5 D
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FIGURE 6
Effect of SGLT-2 inhibitors vs. placebo on NT-proBNP.

(26-28). Despite there existed studies showing merits in some
aspects of HFpEF treatment, for example, lowering NT-proBNP
levels (29, 30), and improving LV diastolic function (31), these
data had not been widely endorsed by international guidelines
(32). However, the situation seemed to start changing when the
EMPEROR-Preserved group announced their results in 2021.
A 21% lower relative risk on the primary outcome compared
with placebo group made empagliflozin the first and only drug
therapy significantly improving prognosis outcomes of HFpEF,
no matter whether T2DM existed (9). In a post-hoc analysis
of the EMPA-REG OUTCOME trial, empagliflozin similarly
reduced the risk of HHF or CV mortality in predicted HFpEF
patients with T2DM (33). Compared with some earlier subgroup
analyses that proved ineffective in improving prognosis, the
efficacy of SGLT-2 inhibitors seemed to be conflicted and
needed further exploration. This meta-analysis, making a
pooled estimate of several clinical trials related to HFpEE,
indicated that (a) intervening with SGLT-2 inhibitors could
decrease 23% relative risk of the composite outcome including
cardiovascular death and hospitalization for heart failure;
(b) the results of primary outcome remained consistent no
matter T2DM existed; and (c) the incidence of hospitalization
for heart failure was also reduced, whereas CV mortality and
all-cause mortality remained unchanged. The strength of
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SGLT-2 inhibitors in improving prognosis outcomes in HFpEF
patients was confirmed in our study, and this could provide
direct evidence for the following therapeutic options.
Health-related quality of life (HRQoL) can also be
improved in HFpEF patients after treatment with SGLT-2
inhibitors. Patient-reported HRQoL is considered standardized
information reflecting a patient’s current health status
and prognostic implications. Poor HRQoL not only means
aggravation of heart failure symptoms and emergency of adverse
events but also gives an implication of all-cause death and the
composite of death or HF hospitalization, especially in HF
patients with a preserved fraction (34, 35). Thus, we evaluated
the improvement of HRQoL by making a pooled estimate of
KCCQ-23, which has been qualified by the U.S. Food and Drug
Administration as a patient-reported clinical assessment tool
in heart failure (36). KCCQ Scale, comprising seven domains
and 23 items, gives different manifestations of heart failure,
including symptoms, functional limitation, and quality of life,
by dividing different domains into four subscales—KCCQ-TSS,
KCCQ-PL, KCCQ-CSS, and KCCQ-OSS (36). Our meta-
analysis put KCCQ-TSS as a main observe indicator as we were
more interested in patient-reported improvement in symptoms.
In this meta-analysis, treating with SGLT-2 inhibitors could lead
to significant 2.74 points higher KCCQ-TSS than the placebo
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TABLE 2 Summary of findings.

Outcome Quality assessment Effect Quality
No of Design Risk of Inconsistency Indirectness Imprecision Other Relative (95% CI)  Absolute
studies bias considerations
CV Death and HHF 5 randomised no serious no serious no serious no serious none HR 0.78 (0.69 to 0.88) 22 fewer per 1000 DD DD
trials risk of bias inconsistency indirectness imprecision (from 12 fewer to HIGH?
31 fewer)
HHF 3 randomised no serious no serious no serious no serious none OR 0.71 (0.61 to 0.83) 30 fewer per 1000 S D PP
trials risk of bias inconsistency indirectness imprecision (from 17 fewer to HIGH?
41 fewer)
CV Mortality 3 randomised no serious no serious no serious no serious none RR 1.02 (0.77 to 1.35) 2 more per 1000 D D DD
trials risk of bias inconsistency indirectness imprecision (from 18 fewer to HIGH?
27 more)
All-cause Mortality 7 randomised no serious no serious no serious no serious none OR 0.99 (0.87 to 1.13) 1 fewer per 1000 DD DD
trials risk of bias inconsistency indirectness imprecision (from 14 fewer to HIGH?
13 more)
KCCQ-TSS 5 randomised no serious no serious no serious no serious none MD 2.74(1.30 to 4.18) MD 2.74 higher DD PP
trials risk of bias inconsistency indirectness imprecision (1.3t0 4.18 HIGH?
higher)
6-Minute Walking Test 3 randomised no serious serious! no serious no serious none MD 6.70(-2.31 to 15.71) MD 6.70 higher DD D
trials risk of bias indirectness imprecision (2.01 lower to MODERATE?

15.71 higher)

CV, Cardiovascular; HHE Hospitalization for heart failure; KCCQ, the Kansas City Cardiomyopathy Questionnaire; TSS, Total symptom score; HR, Hazard ratio; OR, Odd ratio; MD, Mean Difference.

I Statistical heterogeneity showed P<0.1, I*>50%.

2High quality means further research is very unlikely to change our confidence in the estimate of effect, and moderate quality means further research is likely to have an important impact on our confidence in the estimate of effect and may change the
estimate.
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group in total and that means patients are more likely to get
remission for heart failure symptoms, such as fatigue, dyspnea,
and edema after a same course of treatment. Given that the
follow-up duration of the involved studies is relatively short
(12 weeks in four trials and 16 weeks in one trial), we can
probably infer that short-term treatment with SGLT-2 inhibitors
can still improve health status. Another publication of the
EMPEROR-Preserved trial revealed Weeks 32 and 52 results
of KCCQ score, and a significant increase was observed across
all domains of the KCCQ Scale except physical limitation (17).
Earlier studies of other medications showed limited evidence
in promoting health-related quality of life of HFpEF patients;
therefore, our findings of SGLT2i demonstrated the ability
on remitting patient-reported HF symptoms. KCCQ-CSS and
KCCQ-OSS, with relatively greater heterogeneity, did not
show significant differences in our study. The lack of relevant
literature and statistics may account for the results. Ongoing
clinical trials may provide us with more evidence to clarify the
improvement of KCCQ Scales in the coming days.

As
meaningful results were observed. It is generally believed
that performance in 6MWT is associated with the health
status and prognosis of HF patients (37). Several explanations

for exercise capacity outcomes, no statistically

may explicate the controversial result. First, studies related
to 6MWT were limited. The involved patient size was small,
and the follow-up duration was relatively short. Second,
the heterogeneity between groups was great, and the initial
NYHA class was unbalanced. More than 55% of patients in
PRESERVED-HF were initially divided into class I, which
could explain the greater improvement in the PRESERVED-HF
trial. Third, there may be a dissociation between exercise
capacity and heart failure, as it can also be influenced by
respiratory and musculoskeletal systems (38). Assessing peak
oxygen consumption (peak VO;) during cardiopulmonary
exercise testing (CPET), recommended in recent years, provides
more precise information on functional capacity from a
cardiovascular intervention compared with 6MWT (39). In the
field of HFrEF, there have been studies assessing the effective
parameter (40). Regretfully, clinical trials relevant to HFpEF
and SGLT2i have yet involved the parameter, and it may be
another direction to clarify the functional capacity effect. We
did not observe a significant disparity in NT-proBNP levels
compared to SGLT-2 inhibitors with placebo as well. In the
EMPEROR-Preserved trial, mean differences emerged after a
follow-up period of 52 weeks (9). Taking follow-up duration
into account, we did not enroll in this trial as other trials had
a relatively short duration time. However, SGLT-2 inhibitors
did not show a better effect in lowering NT-proBNP levels
in our meta-analysis. Trials with shorter-term or longer-term
duration time are in need to make clear the effect on new-onset
or chronic HFpEF.

Our finding shows the prospect of SGLT2i in the
management of HFpEF. Previous studies and reviews of the
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SGLT-2 inhibitors in HF models illustrated some potential
mechanisms of the cardioprotective effects which might help
us understand how it works (41). First, SGLT-2 inhibitors show
unique diuretic and natriuretic effects without neurohormonal
activation or electrolyte disturbance (42, 43). This offers
advantages in the management of volume status in patients
with heart failure. Second, after treatment with SGLT2i, a
metabolic switch occurs through reducing cardiac glucose
oxidation and increasing utilization of ketone bodies and fatty
acids (44, 45). Improvement of myocardial metabolism brings
more efficient supply of energy and less accumulation of toxic
products. An improved mitochondrial function may also be
involved in the process (46). Third, LV diastolic function can
be significantly ameliorated on account of reducing interstitial
myocardial fibrosis and decreasing cardiomyocytes’ stiffness
(47). Besides, inhibition of myocardial Na+/H+ exchanger
(NHE) and reduction of epicardial adipose can also make sense
in the process (41). However, it is becoming more and more
widely believed that rather than a simple glucose-lowering
effect, the cardioprotective effect of SGLT2i is a combined
pathophysiological process involving heart, kidney, vasculature,
and even the whole body (48).

To sum up, treatment with SGLT-2 inhibitors makes a
positive impact on prognosis outcomes in the HFpEF population
and that may arise from the decrease of HHF. Although the
incidence of CV death and all-cause death has not been proven
to have a reduction, fewer events of rehospitalization indicate
better quality of life and greater healthy status. Our finding
of improvement in KCCQ-TSS conveys similar information.
A higher score of KCCQ-TSS illustrated a present relief, at
least symptomatically, after a short period of remedy of SGLT-
2 inhibitors. What we mentioned above is consistent with
the present therapeutic goal of reducing symptoms in HFpEF
patients (3).

Based on the available results, SGLT-2 inhibitors could
become a preferred choice in the following days when it comes
to medications for HFpEF. In the 2022 AHA Guideline for
the management of heart failure, the application of SGLT-
2 inhibitors in HFpEF patients was first put forward and
given a 2a class recommendation (49). As yet, there are still
many ongoing or unpublished trials committing to clarifying
the therapeutic effect of SGLT2i in the HFpEF population,
and among them, the most compelling one may be the
DELIVER trial, which is the largest and broadest trial in
patients with HFmrEF or HFpEF intervening with SGLT2i
(50). According to an internal announcement released by
AstraZeneca, DELIVER confirmed that dapagliflozin reached a
statistically significant and clinically meaningful reduction in
the primary composite endpoint of CV death or worsening HF,
and this is consistent with our conclusion. Complete results
of DELIVER will be published in 2022 ESC Congress, and
the efficacy of SGLT-2 inhibitors in HFpEF population will be
further confirmed.
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The limitations of this meta-analysis are as follows. First,
the follow-up duration of included studies was diverse, from
12 weeks to 4.2 years, and that led to some selection when
discussing certain outcomes to eliminate heterogeneity. Second,
the LVEF cutoffs of included studies were variable. 2021 ESC
Guideline and 2022 AHA Guideline all set LVEF > 50% as
a diagnostic criterion for HFpEE but the number of studies
completely met this standard was limited as LVEF > 40% or
LVEF > 45% was thought general inclusion criteria in previous
studies. Third, included statistics of reported outcomes were
restricted because of the finite amount of original studies.
Further subgroup analysis or regression analysis was not
performed in this meta-analysis as well. Fourth, the majority
of patients involved in our meta-analysis had diabetes. More
evidence is needed to confirm the therapeutic effect in HFpEF
patients without diabetes.

Conclusion

As far as we know, our meta-analysis first illustrates
remission of symptoms and improvement of prognosis at
the same time in HFpEF patients using SGLT-2 inhibitors.
Significant improvement in cardiovascular outcomes and
health-related quality of life in HFpEF patients are explicated
after the pooled estimate, and our results may provide support
in therapeutic options and guideline development of HFpEF in
the coming day.

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

DY: methodology, statistical analysis, quality assessment,
and write and polish the draft. YZ: study selection, data

References

1. Pfeffer MA, Shah AM, Borlaug BA. Heart failure with
preserved ejection fraction in perspective. Circ Res. (2019) 124:1598-
617. doi: 10.1161/CIRCRESAHA.119.313572

2. Borlaug BA. Evaluation and management of heart failure
with preserved ejection fraction. Nat Rev Cardiol. (2020) 17:559-

73. doi: 10.1038/s41569-020-0363-2

3. McDonagh TA, Metra M, Adamo M, Gardner RS, Baumbach A, Bohm
M, et al. 2021 Esc guidelines for the diagnosis and treatment of acute and
chronic heart failure. Eur Heart J. (2021) 42:3599-726. doi: 10.1093/eurheartj/
ehab368

Frontiers in Cardiovascular Medicine

13

10.3389/fcvm.2022.942125

collection, bias assessment, and write the draft. JY and ML:
data visualization and consultation. FA: review and edit the
manuscript. All authors reviewed the manuscript, gave their
final approval, and agreed to be accountable for all aspects of
the work ensuring integrity and accuracy.

Funding

This study was supported by the National
Natural Science Foundation of China (Nos.
81670325 and 81970368) and the Key Research
and  Development Project of Shandong Provence

(No. 2019GSF108124).

Conflict of interest

The authors declare that the research was conducted in
the absence of any commercial or financial relationships
that could be
of interest.

construed as a potential conflict

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.

Supplementary material

The Supplementary Material for this article can be
found online at: https://www.frontiersin.org/articles/10.3389/
fcvm.2022.942125/full#supplementary-material

4. Cowie MR, Fisher M. Sglt2 inhibitors: mechanisms of cardiovascular
benefit beyond glycaemic control. Nat Rev Cardiol. (2020) 17:761-
72. doi: 10.1038/s41569-020-0406-8

5. Vallon V, Verma S. Effects of Sglt2
and cardiovascular  function. Annu Rev  Physiol.
28. doi: 10.1146/annurev-physiol-031620-095920

6. McGuire DK, Shih WJ, Cosentino F, Charbonnel B, Cherney DZI, Dagogo-
Jack S, et al. Association of Sglt2 inhibitors with cardiovascular and kidney
outcomes in patients with type 2 diabetes: a meta-analysis. JAMA Cardiol. (2021)
6:148-58. doi: 10.1001/jamacardio.2020.4511

inhibitors on
(2021)

kidney
83:503-

frontiersin.org


https://doi.org/10.3389/fcvm.2022.942125
https://www.frontiersin.org/articles/10.3389/fcvm.2022.942125/full#supplementary-material
https://doi.org/10.1161/CIRCRESAHA.119.313572
https://doi.org/10.1038/s41569-020-0363-2
https://doi.org/10.1093/eurheartj/ehab368
https://doi.org/10.1038/s41569-020-0406-8
https://doi.org/10.1146/annurev-physiol-031620-095920
https://doi.org/10.1001/jamacardio.2020.4511
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org

Yang et al.

7. Zelniker TA, Wiviott SD, Raz I, Im K, Goodrich EL, Bonaca
MP, et al. Sglt2 inhibitors for primary and secondary prevention of
cardiovascular and renal outcomes in type 2 diabetes: a systematic
review and meta-analysis of cardiovascular outcome trials. Lancet. (2019)
393:31-9. doi: 10.1016/S0140-6736(18)32590-X

8. Zannad F, Ferreira JP, Pocock SJ, Anker SD, Butler ], Filippatos G, et al.
Sglt2 inhibitors in patients with heart failure with reduced ejection fraction: a
meta-analysis of the emperor-reduced and Dapa-Hf trials. Lancet. (2020) 396:819—
29. doi: 10.1016/S0140-6736(20)31824-9

9. Anker SD, Butler J, Filippatos G, Ferreira JP, Bocchi E, BsShm M, et al.
Empagliflozin in heart failure with a preserved ejection fraction. N Engl ] Med.
(2021) 385:1451-61. doi: 10.1056/NEJMo0a2107038

10. Page M]J, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD,
et al. The Prisma 2020 Statement: an updated guideline for reporting systematic
reviews. BMJ. (2021) 372:n71. doi: 10.1136/bmj.n71

11. Higgins JPTT], Chandler J, Cumpston M, Li T, Page MJ, Welch VA. Cochrane
Handbook for Systematic Reviews of Interventions Version 6.3. (2022). Available
online at: http://www.training.cochrane.org/handbook (accessed February 01,
2022).

12. Higgins JP, Altman DG, Getzsche PC, Jiini P, Moher D, Oxman AD, et al. The
cochrane collaboration’s tool for assessing risk of bias in randomised trials. BMJ.
(2011) 343:d5928. doi: 10.1136/bmj.d5928

13. Brozek JL, Akl EA, Alonso-Coello P, Lang D, Jaeschke R, Williams
JW, et al. Grading quality of evidence and strength of recommendations in
clinical practice guidelines. Part 1 of 3 an overview of the grade approach
and grading quality of evidence about interventions. Allergy. (2009) 64:669—
77. doi: 10.1111/j.1398-9995.2009.01973.x

14. Kato ET, Silverman MG, Mosenzon O, Zelniker TA, Cahn
A, Furtado RHM, et al. Effect of dapagliflozin on heart failure and
mortality in type 2 diabetes mellitus. Circulation. (2019) 139:2528-
36. doi: 10.1161/CIRCULATIONAHA.119.040130

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

16. Abraham WT, Lindenfeld J, Ponikowski P, Agostoni P, Butler J, 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

17. Butler J, Filippatos G, Jamal Siddiqi T, Brueckmann M, B6hm M, Chopra VK,
et al. Empagliflozin, health status, and quality of life in patients with heart failure
and preserved ejection fraction: the emperor-preserved trial. Circulation. (2022)
145:184-93. doi: 10.1161/CIRCULATIONAHA.121.057812

18. 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. doi: 10.1056/NEJM0a2030183

19. 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

20. 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/s41591-021-01536-x

21. Spertus JA, Birmingham MC, Nassif M, Damaraju CV, Abbate A,
Butler J, et al. The Sglt2 inhibitor canagliflozin in heart failure: the chief-
Hf remote, patient-centered randomized trial. Nat Med. (2022) 28:809-
13. doi: 10.1038/s41591-022-01703-8

22. Tomasoni D, Fonarow GC, Adamo M, Anker SD, Butler J, Coats AJ. A study
of sodium-glucose co-transporter inhibitor in improving the prognosis of type 2
diabetes with heart failure with preserved ejection fraction patients. J Clin Cardiol.
(2021) 37:68-72. doi: 10.13201/j.issn.1001-1439.2021.01.014

23. ClinicalTrials.gov. Determine-Preserved - Dapagliflozin Effect on Exercise
Capacity Using a 6-Minute Walk Test in Patients with Heart Failure with Preserved
Ejection Fraction. (2022). Available online at: https://www.clinicaltrials.gov/ct2/
show/NCT038772242term=DETERMINE- preserved&draw=2&rank=1

24. Lam CS, Donal E, Kraigher-Krainer E, Vasan RS. Epidemiology and clinical
course of heart failure with preserved ejection fraction. Eur ] Heart Fail. (2011)
13:18-28. doi: 10.1093/eurjhf/hfq121

25. 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

Frontiers in Cardiovascular Medicine

10.3389/fcvm.2022.942125

26. 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 ] Med. (2008) 359:2456-67. doi: 10.1056/NEJMo0a0805450

27. Pitt B, Pfeffer MA, Assmann SE, Boineau R, Anand IS, Claggett B, et al.
Spironolactone for heart failure with preserved ejection fraction. N Engl ] Med.
(2014) 370:1383-92. doi: 10.1056/NEJMoal313731

28. 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/NEJMo0a1908655

29. Solomon SD, Zile M, Pieske B, Voors A, Shah A, Kraigher-Krainer E,
et al. The angiotensin receptor neprilysin inhibitor Lcz696 in heart failure with
preserved ejection fraction: a phase 2 double-blind randomised controlled trial.
Lancet. (2012) 380:1387-95. doi: 10.1016/S0140-6736(12)61227-6

30. Pieske B, Wachter R, Shah SJ, Baldridge A, Szeczoedy P, Ibram G, et al.
Effect of sacubitril/valsartan vs standard medical therapies on plasma Nt-probnp
concentration and submaximal exercise capacity in patients with heart failure
and preserved ejection fraction: the parallax randomized clinical trial. JAMA.
(2021) 326:1919-29. doi: 10.1001/jama.2021.18463

31. Edelmann F, Wachter R, Schmidt AG, Kraigher-Krainer E, Colantonio
C, Kamke W, et al. Effect of spironolactone on diastolic function and
exercise capacity in patients with heart failure with preserved ejection
fraction: the Aldo-Dhf randomized controlled trial. JAMA. (2013) 309:781-
91. doi: 10.1001/jama.2013.905

32.Bhatt DL, Verma S, Pitt B. Emperor-preserved: a promise fulfilled. Cell Metab.
(2021) 33:2099-103. doi: 10.1016/j.cmet.2021.10.011

33. Savarese G, Uijl A, Lund LH, Anker SD, Asselbergs F Fitchett D, et al.
Empagliflozin in heart failure with predicted preserved versus reduced ejection
fraction: data from the Empa-reg outcome trial. J Card Fail. (2021) 27:888-
95. doi: 10.1016/j.cardfail.2021.05.012

34. Pokharel Y, Khariton Y, Tang Y, Nassif ME, Chan PS, Arnold SV, et al.
Association of serial Kansas City cardiomyopathy questionnaire assessments with
death and hospitalization in patients with heart failure with preserved and reduced
ejection fraction: a secondary analysis of 2 randomized clinical trials. JAMA
Cardiol. (2017) 2:1315-21. doi: 10.1001/jamacardio.2017.3983

35. Johansson I, Joseph P, Balasubramanian K, McMurray JJV, Lund LH,
Ezekowitz JA, et al. Health-related quality of life and mortality in heart failure: the
global congestive heart failure study of 23 000 patients from 40 countries.
Circulation.  (2021) 143:2129-42. doi: 10.1161/CIRCULATIONAHA.120.
050850

36. Spertus JA, Jones PG, Sandhu AT, Arnold SV. Interpreting the
Kansas City cardiomyopathy questionnaire in clinical trials and clinical
care: JACC state-of-the-art review. | Am Coll Cardiol. (2020) 76:2379-
90. doi: 10.1016/j.jacc.2020.09.542

37. Del Buono MG, Arena R, Borlaug BA, Carbone S, Canada JM, Kirkman
DL, et al. exercise intolerance in patients with heart failure: JACC state-of-the-art
review. ] Am Coll Cardiol. (2019) 73:2209-25. doi: 10.1016/j.jacc.2019.01.072

38. Kennel PJ, Mancini DM, Schulze PC. Skeletal muscle changes
in chronic cardiac disease and failure. Compr  Physiol. (2015)
5:1947-69. doi: 10.1002/cphy.c110003

39. Malhotra R, Bakken K, D’Elia E, Lewis GD. Cardiopulmonary exercise testing
in heart failure. JACC Heart Fail. (2016) 4:607-16. doi: 10.1016/j.jchf.2016.03.022

40. Santos-Gallego CG, Vargas-Delgado AP, Requena-Ibanez JA, Garcia-Ropero
A, Mancini D, Pinney S, et al. Randomized trial of empagliflozin in nondiabetic
patients with heart failure and reduced ejection fraction. ] Am Coll Cardiol. (2021)
77:243-55. doi: 10.1016/j.jacc.2020.11.008

41. Varadhan A, Stephan K, Gupta R, Vyas AV, Ranchal P, Aronow WS,
et al. Growing role of Sglt2i in heart failure: evidence from clinical trials.
Expert Rev Clin Pharmacol. (2022) 15:147-59. doi: 10.1080/17512433.2022.
2051480

42. Griffin M, Rao VS, Ivey-Miranda J, Fleming J, Mahoney D, Maulion C, et al.
Empagliflozin in heart failure: diuretic and cardiorenal effects. Circulation. (2020)
142:1028-39. doi: 10.1161/CIRCULATIONAHA.120.045691

43. Mordi NA, Mordi IR, Singh JS, McCrimmon R]J, Struthers
AD, Lang CC. Renal and cardiovascular effects of Sglt2 inhibition
in combination with loop diuretics in patients with type 2 diabetes
and chronic heart failure: the recede-Chf trial. Circulation. (2020)
142:1713-24. doi: 10.1161/CIRCULATIONAHA.120.048739

44. Santos-Gallego CG, Requena-Ibanez JA, San Antonio R, Ishikawa
K, Watanabe S, Picatoste B, et al. Empagliflozin ameliorates adverse
left ventricular remodeling in nondiabetic heart failure by enhancing myocardial
energetics. ] Am Coll Cardiol. (2019) 73:1931-44. doi: 10.1016/j.jacc.2019.
01.056

frontiersin.org


https://doi.org/10.3389/fcvm.2022.942125
https://doi.org/10.1016/S0140-6736(18)32590-X
https://doi.org/10.1016/S0140-6736(20)31824-9
https://doi.org/10.1056/NEJMoa2107038
https://doi.org/10.1136/bmj.n71
http://www.training.cochrane.org/handbook
https://doi.org/10.1136/bmj.d5928
https://doi.org/10.1111/j.1398-9995.2009.01973.x
https://doi.org/10.1161/CIRCULATIONAHA.119.040130
https://doi.org/10.1161/CIRCULATIONAHA.120.050255
https://doi.org/10.1093/eurheartj/ehaa943
https://doi.org/10.1161/CIRCULATIONAHA.121.057812
https://doi.org/10.1056/NEJMoa2030183
https://doi.org/10.1056/NEJMoa2030186
https://doi.org/10.1038/s41591-021-01536-x
https://doi.org/10.1038/s41591-022-01703-8
https://doi.org/10.13201/j.issn.1001-1439.2021.01.014
https://ClinicalTrials.gov
https://www.clinicaltrials.gov/ct2/show/NCT03877224?term=DETERMINE-preserved&draw=2&rank=1
https://www.clinicaltrials.gov/ct2/show/NCT03877224?term=DETERMINE-preserved&draw=2&rank=1
https://doi.org/10.1093/eurjhf/hfq121
https://doi.org/10.1038/nrcardio.2017.65
https://doi.org/10.1056/NEJMoa0805450
https://doi.org/10.1056/NEJMoa1313731
https://doi.org/10.1056/NEJMoa1908655
https://doi.org/10.1016/S0140-6736(12)61227-6
https://doi.org/10.1001/jama.2021.18463
https://doi.org/10.1001/jama.2013.905
https://doi.org/10.1016/j.cmet.2021.10.011
https://doi.org/10.1016/j.cardfail.2021.05.012
https://doi.org/10.1001/jamacardio.2017.3983
https://doi.org/10.1161/CIRCULATIONAHA.120.050850
https://doi.org/10.1016/j.jacc.2020.09.542
https://doi.org/10.1016/j.jacc.2019.01.072
https://doi.org/10.1002/cphy.c110003
https://doi.org/10.1016/j.jchf.2016.03.022
https://doi.org/10.1016/j.jacc.2020.11.008
https://doi.org/10.1080/17512433.2022.2051480
https://doi.org/10.1161/CIRCULATIONAHA.120.045691
https://doi.org/10.1161/CIRCULATIONAHA.120.048739
https://doi.org/10.1016/j.jacc.2019.01.056
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org

Yang et al.

45. Garcia-Ropero A, Vargas-Delgado AP, Santos-Gallego CG, Badimon JJ.
Inhibition of sodium glucose cotransporters improves cardiac performance. Int J
Mol Sci. (2019) 20:1-13. doi: 10.3390/ijms20133289

46. Croteau D, Luptak I, Chambers JM, Hobai I, Panagia M, Pimentel DR,
et al. Effects of sodium-glucose linked transporter 2 inhibition with ertugliflozin
on mitochondrial function, energetics, and metabolic gene expression in the
presence and absence of diabetes mellitus in mice. ] Am Heart Assoc. (2021)
10:¢019995. doi: 10.1161/JAHA.120.019995

47. Santos-Gallego CG, Requena-Ibanez JA, San Antonio R, Garcia-Ropero A,
Ishikawa K, Watanabe S, et al. Empagliflozin ameliorates diastolic dysfunction
and left ventricular fibrosis/stiffness in nondiabetic heart failure: a multimodality
study. JACC Cardiovasc Imaging. (2021) 14:393-407. doi: 10.1016/j.jcmg.2020.
07.042

Frontiers in Cardiovascular Medicine

15

10.3389/fcvm.2022.942125

48. 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

49. Heidenreich PA, Bozkurt B, Aguilar D, Allen LA, Byun JJ, Colvin MM,
et al. 2022 Aha/Acc/Hfsa Guideline for the Management of Heart Failure: A
Report of the American College of Cardiology/American Heart Association Joint
Committee on Clinical Practice Guidelines. Circulation. (2022) 145:e895-e1032.
doi: 10.1161/¢ir.0000000000001063

50. Solomon SD, de Boer RA, DeMets D, Hernandez AF, Inzucchi SE, Kosiborod
MN, et al. Dapagliflozin in heart failure with preserved and mildly reduced
ejection fraction: rationale and design of the deliver trial. Eur ] Heart Fail. (2021)
23:1217-25. doi: 10.1002/ejhf.2249

frontiersin.org


https://doi.org/10.3389/fcvm.2022.942125
https://doi.org/10.3390/ijms20133289
https://doi.org/10.1161/JAHA.120.019995
https://doi.org/10.1016/j.jcmg.2020.07.042
https://doi.org/10.1016/j.jacbts.2020.02.004
https://doi.org/10.1161/cir.0000000000001063
https://doi.org/10.1002/ejhf.2249~
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org

	SGLT-2 inhibitors on prognosis and health-related quality of life in patients with heart failure and preserved ejection fraction: A systematic review and meta-analysis
	Introduction
	Methods
	Data sources and search methods
	Endpoints and study selection
	Data collection and quality assessment
	Statistical analysis and certainty of the evidence

	Results
	Cardiovascular mortality and hospitalization for heart failure
	Health-related quality of life
	Exercise capacity outcomes
	Serum NT-proBNP level
	Certainty of evidence

	Discussion
	Conclusion
	Data availability statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	Supplementary material
	References


