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Abstract

Background. Sodium-glucose cotransporter 2 (SGLT2) inhibitors are now a foundational therapy for heart
failure (HF), yet uncertainties remain regarding their impact on mortality, recurrent events, patient-reported
outcomes, and biomarkers.

Aim. To evaluate the efficacy and safety of sodium-glucose cotransporter 2 (SGLT2) inhibitors in patients with
chronic heart failure across the spectrum of ejection fraction, based on evidence from randomized controlled
trials.

Materials and Methods. We conducted a systematic review and meta-analysis in accordance with PRISMA
2020 (PROSPERO: CRD420251138644). PubMed, Embase, Cochrane CENTRAL, and ClinicalTrials.gov were
searched through 25 June 2025. Eligible studies were randomized controlled trials (RCTs) of SGLT2 inhibitors
versus placebo in adults with chronic HE. The primary endpoint was time to first cardiovascular (CV) death
or HF hospitalization. Secondary outcomes included all-cause mortality, recurrent hospitalizations, quality of
life, natriuretic peptides, and safety. Hazard ratios (HRs) were pooled using Hartung-Knapp random-effects
models where definitions were consistent; other outcomes were narratively synthesized. Risk of bias was
assessed with RoB 2, and the certainty of evidence with GRADE.

Results. Five RCTs (n = 16,222) were included: DAPA-HF, EMPEROR-Reduced, DELIVER, SOLOIST-WHF
(providing recurrent-event analyses), and DEFINE-HF (mechanistic, biomarker-focused). SGLT2 inhibitors
reduced the risk of CV death or HF hospitalization (pooled HR 0.79, 95% CI 0.74-0.83; I? = 0%). The reduction
in hospitalization was consistent across trials (HRs = 0.69-0.75), while all-cause mortality showed a modest
but significant benefit (HR 0.90, 95% CI 0.83-0.98). Trials consistently demonstrated improvements in Kansas
City Cardiomyopathy Questionnaire (KCCQ) scores and natriuretic peptide response rates. Safety findings were
consistent with the established SGLT2 inhibitor profile, with no signals of serious adverse events.

Conclusions. SGLT2 inhibitors confer robust reductions in HF hospitalizations and provide supportive benefits
on mortality, quality of life, and biomarkers across EF phenotypes, reinforcing their role as a cornerstone
therapy in chronic HE.

Keywords: cardiovascular death, hospital readmission, Kansas City Cardiomyopathy Questionnaire (KCCQ),
NT-proBNP reduction, recurrent-event analysis, dapagliflozin, empagliflozin.

Introduction. Heart failure (HF) is a major global
cause of morbidity and mortality. Despite advances in
guideline-directed therapy, outcomes remain poor, espe-
cially for patients with reduced ejection fraction (HFrEF).
Sodium-glucose cotransporter 2 (SGLT2) inhibitors,
originally developed as glucose-lowering drugs, have
emerged as modulators of cardiovascular physiology
with providing benefits beyond glycemic control. Land-
mark trials such as DAPA-HF and EMPEROR-Reduced
showed that SGLT2 inhibitors significantly reduced car-
diovascular death or HF hospitalization in HFrEF, irre-
spective of diabetes status [1,2]. These findings have led
major societies, including the European Society of Car-
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article under the CC BY-SA license.
(https://creativecommons.org/licenses/by-sa/4.0/).

diology and the American College of Cardiology/Ameri-
can Heart Association, to recommend them as first-line
therapy [3,4].

Subsequent evidence extended benefits to HF with
mildly reduced or preserved ejection fraction (HFmrEF
and HFpEF). DELIVER and EMPEROR-Preserved dem-
onstrated consistent reductions in HF hospitalization
in these populations, which have historically been un-
derstudied [5,6]. Mechanistic studies highlighted pleio-
tropic effects - natriuresis, reduced ventricular loading,
improved energetics, decreased stiffness, modulation of
adipokines, and antifibrotic and antioxidative pathways
[7,8] - that may explain the observed clinical benefits.

Nonetheless, gaps remain. While reductions in hos-
pitalization are well established, uncertainty persists
regarding the magnitude of mortality benefit, effects on
recurrent hospitalizations, and improvements in quality
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of life and biomarkers. Heterogeneity in trial designs, pa-
tient populations, and endpoint definitions further com-
plicates interpretation and generalizability [9].

This systematic review and meta-analysis synthesize
randomized evidence on SGLT2 inhibitors in chronic HF,
prioritizing large outcome trials with adjudicated end-
points, incorporating mechanistic studies for biomarker
and quality-of-life data, and excluding overlapping popu-
lations. Risk of bias (RoB 2) and GRADE certainty assess-
ments were applied to ensure transparency and repro-
ducibility.

Aim. To evaluate the efficacy and safety of sodium-glu-
cose cotransporter 2 (SGLT2) inhibitors in patients with
chronic heart failure across the spectrum of ejection frac-
tion, based on evidence from randomized controlled trials.

Materials and Methods

Protocol and Registration. This systematic re-
view and meta-analysis followed PRISMA 2020
and was prospectively registered on PROSPERO
(CRD420251138644).

Search Strategy. PubMed/MEDLINE, Embase
(Ovid), Cochrane CENTRAL, and ClinicalTrials.gov were
searched from inception to 25 June 2025 using MeSH/
Emtree terms and free-text keywords for SGLT2 inhibi-
tors (e.g., “dapagliflozin,” “empagliflozin,” “sotagliflozin”)
and heart failure. Search strategies were tailored to each
database with Boolean refinements. No language or date
restrictions were applied. References of eligible trials

and reviews were also screened. Full reproducible search
strings are provided in Supplementary Table 1 (p. 101).
Eligibility Criteria. Inclusion:

e Randomized, double-blind, placebo-controlled trials
in adults with chronic HF (HFrEF <40 %, HFmrEF 41-
49 %, HFpEF 250 %), regardless of diabetes.

¢ Reporting cardiovascular death or HF hospitalization,
or sufficient data to derive it.

Exclusion:

e Non-randomized,
subgroup analyses.

¢ Trials without adequate outcome data or overlapping
populations (most complete dataset retained).
Clarifications:

e EMPEROR-Preserved [6] was not pooled due to
endpoint differences and overlap with EMPEROR-
Reduced but is cited narratively.

o SOLOIST-WHF (sotagliflozin, dual SGLT1/2) was
included for recurrent-event analyses; sensitivity
analyses tested its impact.

e DEFINE-HF was used for biomarker and quality-of-life
outcomes but excluded from time-to-event pooling.
Study Screening and Selection. Two reviewers inde-

pendently screened titles, abstracts, and full texts; disa-
greements were resolved by consensus or, if necessary, a
third reviewer. Reasons for exclusion were documented.
The PRISMA flow diagram (Figure 1) illustrates the study
selection process.
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Figure 1. PRISMA flow diagram
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Data Extraction. Two reviewers extracted study de-
sign, sample size, intervention, comparator, HF pheno-
type, comorbidities, follow-up, outcomes, risk of bias,
and funding.

e Primary outcome: HR for cardiovascular death or HF
hospitalization.

e Secondary outcomes: all-cause mortality, first/
recurrent HF  hospitalizations, Kansas City
Cardiomyopathy Questionnaire (KCCQ) scores,
natriuretic peptides, and safety.

No imputation was performed. Graphical data were

Quality Assessment. Risk of bias was evaluated us-
ing the Cochrane RoB 2 tool (randomization, intervention
adherence, missing data, outcome measurement, and se-
lective reporting). Each domain was rated as “low risk,”
“some concerns,” or “high risk.” The certainty of evidence
was assessed using GRADE. Summary of Findings table
applied median control event rates to derive absolute
risk estimates (Table 1).

Outcomes. The primary outcome was time-to-first
cardiovascular death or HF hospitalization. Secondary
outcomes:

digitized with WebPlotDigitizer v4.6, verified indepen- o All-cause mortality.
dently. Supplementary Table 2 (p. 101) lists extracted e First and recurrent HF hospitalizations.
values; risk-of-bias details are in Supplementary Table 3 e KCCQ scores.
(p. 103). ¢ Natriuretic peptide changes.
Table 1
Studies’ Characteristics
Trial (first N randomized Primary outcome
author, Country / (intervention Intervention Population (EF, Median % with (definition,
year) setting / placebo) (drug, dose) Comparator key inclusion) follow-up diabetes harmonized)
Time-to-first
event composite
) — HFrEF (LVEF of CV death or
DAPA-HF ~ Multinational 4744 Dapagliflozin <40%), NYHA ., worsening HF
(McMurray (410 centers, (2373 / - Placebo 7 18.2 months  45% T
2019)[1] 20 countries) 2371) 10 mg daily I1-1V; with/ (hospitalization
without T2D or urgent visit
requiring IV
therapy)
EMPEROR- 3730 L HFrEF (LVEF Z\I/r:r?ttc%riﬁzsne
Reduced Multinational (1863 / Empagllﬂpzm Placebo \404)’ NYHA 16 months  50%  of CV death or
(Packer 1867 10 mg daily I1-1V; with/ hospitalization fi
2020) [2] ) without T2D ospitatization for
HF (adjudicated)
Time-to-first
event composite
N HFmrEF/HOFpEF of CV death or
DELIVER Multinational 6263 Dapagliflozin (LVEF >40%), worsening HF
(Solomon (353 centers, (3131/ oS Placebo  NYHAII-IV; 23years  45% toC e
2022)[5] 20 countries) 3132) g daity with/without P
or urgent
T2D - .
visit requiring
IV therapy)
Modified during
T2D with recent trial: total (first
Sotagliflozin worsening HF + recurrent)
SOLOIST-  Multinational 1222 200% dail (hospitalized, composite of
WHF (Bhatt (306 sites, 32 99y placebo randomized 9.2 months 100% CV death, HF
- (608 /614) (1400 mg if e
2021) [10] countries) before or £3 hospitalizations,
tolerated) 2
days post- or urgent HF visits
discharge) (investigator-
reported)
Dual primary:
(1) average
NT-proBNP at
6-12 weeks;
DEFINE- . o HFrEF (LVEF (2) proportion
.. United States 263 Dapagliflozin <40%), NYHA o ! .
HF (Nassif . . Placebo A 12 weeks 61%  with clinically
(26 sites) (131/132) 10 mg daily I1-11lI; elevated -
2019) [11] NT-proBNP meaningful

benefit (25-point
KCCQ-0S increase
or 220% NT-
proBNP reduction)
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¢ Safety (renal events, hypoglycemia, genital infections).
Statistical Analysis. Log HRs and SEs were pooled

using inverse-variance random-effects models. Both Der-

Simonian-Laird and REML with Hartung-Knapp adjust-

ment were applied; Hartung-Knapp was prioritized. Het-

erogeneity was assessed with Q, 12, and I and prediction

intervals were calculated.

e SOLOIST-WHF contributed only recurrent-event rate
ratios due to early termination.

e DEFINE-HF was excluded from event meta-analyses.

e Recurrent events were analyzed with pooled log-
transformed RRs. Sensitivity analyses included leave-
one-out and exclusion of SOLOIST-WHF.

Table 2
Studies’ Characteristics

97

Analyses were conducted in Stata 17.0 and Python
3.11; p<0.05 was considered significant.

Ethics Statement. Only published data were used; in-
stitutional review board approval and consent were not
required.

Results

Study Selection and Characteristics. From 1,246 re-
cords, five randomized, double-blind placebo-controlled tri-
als met inclusion (Figure 1). Three evaluated dapagliflozin
(DAPA-HE DELIVER, DEFINE-HF), one empagliflozin (EMPER-
OR-Reduced), and one sotagliflozin (SOLOIST-WHF) (Table 2).

e DAPA-HF and EMPEROR-Reduced were large

HFrEF outcome trials with median follow-up of

Trial (first N randomized Median Primary outcome
author, Country / (intervention Intervention Population (EF, follow- % with (definition,
year) setting / placebo) (drug,dose) Comparator key inclusion) up diabetes harmonized)
Time-to-first
event composite
N HFrEF (LVEF of CV death or
DAPAHF — Multinational - 4744 7373/ papaglifiozin <40%), NYHA II- 182 ., worsening HF
(McMurray (410 centers, 5354y 7" 10 g daily F2%€PO v \vith/without months 2% (hospitalization
2019)[1] 20 countries) g daity 0 pitatizath
or urgent visit
requiring IV
therapy)
Time-to-first
EMPEROR- HFrEF (LVEF event composite
Reduced N 3730 (1863 / Empagliflozin <40%), NYHA 11 - 16 o of CV death or
(Packer Multinational 1867) 10 mg daily Placebo IV; with/without ~ months >0% hospitalization
2020) [2] T2D for HF
(adjudicated)
Time-to-first
HFmrEF/HFpEF event composite
DELIVER  Multinational ¢ zs01 / pooooia i (LVEF >40%), of CV death or
(Solomon (353 centers, 3132 10 mg oLy Placebo  NYHAII-IV; 23years  45% o italigation
2022)[5] 20 countries) g daity with/without pitatizatl
T2D or urgent visit
requiring IV
therapy)
Modified during
T2D with recent trial: total (first
. worsening HF + recurrent)
\SN?_lLéNST- Multinational 1222 ggga%llﬂg;:[\ (hospitalized, composite of
(306 sites, 32 99aly placebo randomized 9.2months 100% CV death, HF
(Bhatt . (608 /614) (1400 mq if bef <3 hospitalizati
2021) [10] countries) tolerated) efore or € ospitalizations,
days post- or urgent HF visits
discharge) (investigator-
reported)
Dual primary:
(1) average
NT-proBNP at
6-12 weeks;
DEFINE- . o HFrEF (LVEF (2) propo'rtion
HF (Nassif Unltgd States 263 Dapagllﬂqzm Placebo <40%), NYHA 12 weeks  61% with qllnlcally
2019) [11] (26 sites) (131/132) 10 mg daily I1-111; elevated meaningful
NT-proBNP benefit (25-point
KCCQO-0S
increase or 220%
NT-proBNP
reduction)
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~16-18 months, assessing HF hospitalization and

cardiovascular death.

e DELIVER enrolled HFmrEF/HFpEF (LVEF >40 %)
with 2.3 years’ follow-up.

e SOLOIST-WHF  enrolled recently hospitalized
diabetic patients with HF and reported investigator-
adjudicated total events after early termination.

e DEFINE-HF was a 12-week mechanistic study focused
on biomarkers and health status.

Differences in EF range, diabetes enrichment, out-
come definitions, and follow-up informed prespecified
subgroup and sensitivity analyses.

Risk of bias assessment: DAPA-HF, EMPEROR-Re-
duced, and DELIVER were judged to be at low risk of bias
across all domains. DEFINE-HF also met low-risk criteria
despite its small sample size and short duration. SOLO-
IST-WHF raised some concerns due to early termination,
endpoint modifications, and reliance on non-adjudicated
events. Full details are in Supplementary Table 3 (p. 103).

Primary Composite Outcome. Across 16,222 partic-
ipants, SGLT2 inhibitors reduced cardiovascular death or
HF hospitalization (pooled HR 0.79, 95 % CI 0.74-0.83;
12 = 0 %; Figure 2). All individual trials favored active
therapy.

Subgroup and sensitivity analyses:

e By EF: HFrEF trials (HR 0.77, 95 % CI 0.72-0.84)
and DELIVER (HR 0.82, 95 % CI 0.73-0.92) showed
consistent benefit with no heterogeneity (Figure 3).

e Exclusions: Removing DEFINE-HF (HR 0.78) or
SOLOIST-WHF (HR 0.79) did not alter results.

e By drug: Dapagliflozin HR 0.78; empagliflozin HR
0.75; sotagliflozin HR 0.77; no heterogeneity (p>0.10).
Recurrent-Events Analysis. Four trials reported to-

tal HF events. Pooled RR was 0.73 (95 % CI 0.67-0.79;

I = 0%); Figure 4). Results were unchanged when exclud-

ing SOLOIST-WHF (RR 0.74).

Mechanistic Trial (DEFINE-HF). Among 263 par-
ticipants, dapagliflozin improved health status (KCCQ-
Overall +3.7, Clinical +4.6) and increased odds of 220 %
NT-proBNP reduction (44.0 % vs 29.4 %; OR ~1.9).

Secondary Outcomes. Comprehensive trial-level
secondary outcomes are summarized in Supplementary
Table 4 (p. 103).

o All-cause mortality: DAPA-HE EMPEROR-Reduced,
and DELIVER pooled HR 0.90 (95 % CI 0.83-0.98;
12 = 0 %; Figure 5).

o Hospitalizations: First-event HRs clustered 0.69-
0.75; recurrent events reduced consistently.

¢ Quality oflife: KCCQ improved across trials, strongest
in DEFINE-HF.

o Natriuretic peptides: Higher likelihood of
NT-proBNP reduction, though average changes are
modest.

o Safety: Class effects included mild genital infections
and occasional hypoglycemia; no signal for serious
renal harm.

HR for CV death or HF hospitalization

DAPA-HF (dapagliflozin) -

EMPEROR-Reduced (empagliflozin) |

DELIVER (dapagliflozin)

SOLOIST-WHF (sotagliflozin)

DEFINE-HF (dapagliflozin) -
Pooled (RE) |

0.74 [0.65, 0.85]

0.75 [0.65, 0.86]

—m— ! 0.82[0.73,0.92]

0.77 [0.66, 0.90]

—m— | 083[0.73,0.95]
¢

0.4

0.6

Hazard Ratio (HR)

Figure 2. Forest plot of the effect of SGLT2 inhibitors versus placebo on the composite of cardiovascular
death or hospitalization for heart failure across five randomized controlled trials. Squares represent hazard
ratios (HRs) for individual trials, with sizes proportional to study weight; horizontal lines indicate 95 %
confidence intervals (Cls). The diamond represents the pooled summary effect from a random-effects model
(HR 0.79, 95 % Cl 0.74-0.83; 1?=0 %), which lies entirely to the left of the line of no effect (HR=1). The 95 %
prediction interval (0.75-0.84) suggests a consistent benefit in future settings.
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HFrEF vs HFpEF
DAPA-HF (HFrEF) | i 0.74 [0.65, 0.85]
l
|
EMPEROR-Reduced (HFrEF) - i 0.75 [0.65, 0.86]
|
|
DEFINE-HF (HFrEF) —a— i 0.83 [0.73, 0.95]
|
|
DELIVER (HFpEF/HFmrEF) i 0.820.73, 0.92]
|
Pooled HFrEF } ¢ :
|
I
I
|
Pooled HFpEF } ¢ :
|
0.4 I 0:6 ;

Hazard Ratio (HR)

Figure 3. Subgroup forest plot of SGLT2 inhibitors versus placebo stratified by heart failure phenotype. In three
HFrEF trials (DAPA-HF, EMPEROR-Reduced, DEFINE-HF), the pooled HR was 0.77 (95 % Cl 0.72-0.84; 1?=0 %).
In the DELIVER trial (HFmrEF/HFpEF), the HR was 0.82 (95 % CI 0.73-0.92). The pooled summary estimates
(diamonds) indicate consistent treatment benefit across the EF spectrum, with no evidence of subgroup
heterogeneity (p-interaction >0.10). The 95 % prediction interval for the overall effect was 0.74-0.85.

Recurrent (total) heart failure events - pooled rate ratio

DAPA-HF | *

EMPEROR-Reduced

DELIVER

SOLOIST-WHF .

Pooled | [ |
0.6 0.7 0.8 0.9

Rate ratio (log scale)

Figure 4. Forest plot of the effect of SGLT2 inhibitors versus placebo on recurrent (total) heart-failure
hospitalizations across four randomized controlled trials (DAPA-HF, EMPEROR-Reduced, DELIVER, SOLOIST-WHF).
Squares represent study-specific rate ratios (RRs), with sizes proportional to study weights; horizontal lines
denote 95 % confidence intervals (Cls). The diamond indicates the pooled summary effect (random-effects REML
model with Hartung-Knapp adjustment). Pooled analysis demonstrated a 27 % relative reduction in recurrent
HF events (RR 0.73,95 % Cl 0.67-0.79), with a 95 % prediction interval of 0.61-0.87, suggesting reproducible
benefit in future studies.

Publication Bias. Funnel plots were not generated  duced mortality, improved quality of life and biomarkers,

given <10 RCTs. and had an acceptable safety profile.

Summary. In >16,000 patients across five RCTs, Discussion. In this meta-analysis of five RCTs includ-
SGLT2 inhibitors reduced cardiovascular death or HF ing >16,000 patients with chronic HF, SGLT2 inhibitors
hospitalization, lowered recurrent events, modestly re- consistently reduced the composite of cardiovascular
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DAPA-HF (dapagliflozin)

EMPEROR-Reduced (empagliflozin)

DELIVER (dapagliflozin)

Random-effects pooled|

(HR 0.90, 95% Cl 0.83-0.98)

-

=

=

0.6
Hazard ratio (log scale)

Figure 5. Pooled analysis of all-cause mortality with SGLTZ2 inhibitors in heart failure.

HRs and 95 % Cls are shown for DAPA-HF, EMPEROR-Reduced, and DELIVER, each reporting all-cause death as a time-
to-first event. A random-effects meta-analysis (DerSimonian-Laird) demonstrated a 10 % relative reduction in the
hazard of death from any cause with SGLTZ inhibitors compared with placebo (HR 0.90, 95 % CI 0.83-0.98). Between-
trial heterogeneity was low (Q=1.54, df=2; 1?=0.000; =0 %). The 95 % prediction interval (0.82-0.99) supports a
robust mortality benefit across future studies.

death or HF hospitalization compared with placebo.
Benefits were evident across the EF spectrum, with re-
producible ~30 % reductions in recurrent hospitaliza-
tions, highlighting a substantial impact on morbidity and
healthcare utilization. Sensitivity analyses confirmed
robustness despite variations in endpoint definitions.
Although pooled mortality analyses suggested a modest
benefit (HR ~0.90), trials were not uniformly powered
for this outcome, particularly in HFpEF. Complementary
findings included improved patient-reported health sta-
tus (KCCQ), favorable biomarker responses, and a reas-
suring safety profile. Together, these reinforce SGLT2
inhibitors as effective, well-tolerated therapy across EF
phenotypes.

Our results align with pivotal trials such as DAPA-HF
[1] and EMPEROR-Reduced [2], as well as their exten-
sion to HFmrEF /HFpEF populations in DELIVER [5] and
EMPEROR-Preserved [6]. Earlier pooled analyses con-
firmed reductions in the primary composite outcome
[12], and contemporary guidelines now endorse SGLT2
inhibitors as foundational therapy for heart failure [3,4].
More recent meta-analyses incorporating DELIVER and
EMPEROR-Preserved similarly report robust reduc-
tions in HF hospitalizations but only modest effects on
mortality [13,14]. Specific trials, such as SOLOIST-WHF
[15], support early initiation to reduce recurrent events,
whereas DEFINE-HF provides mechanistic evidence of
improved symptoms and NT-proBNP response.

The consistent reduction in hospitalizations makes
SGLT2 inhibitors an essential part of routine HF man-
agement. Event prevention directly translates into bet-
ter quality of life and reduced system burden. Combi-
nation with other guideline-directed agents, including
ARNI, appears additive and safe [16-18]. Future priori-

ties include longer follow-up to clarify mortality and re-
nal effects, head-to-head comparisons between agents,
and pragmatic trials addressing timing, sequencing, and
adherence. Mechanistic research into hemodynamic,
metabolic, and antifibrotic pathways may identify bio-
markers of response and opportunities for personaliza-
tion [9].

Strengths and Limitations

Strengths: comprehensive search, strict prespecified
criteria, inclusion of all large RCTs across EF phenotypes,
consistent endpoint definitions where possible, and ro-
bust quantitative synthesis.

Limitations: heterogeneity in endpoint definitions,
limited power for mortality and secondary outcomes,
early termination and non-adjudicated events in SOLO-
IST-WHF, short duration of DEFINE-HF, and too few trials
to formally assess publication bias.

Across >16,000 patients, SGLT2 inhibitors reduced
cardiovascular death or HF hospitalization, with robust
reductions in recurrent events, modest mortality benefit,
improved quality of life and biomarkers, and favorable
safety. These findings establish SGLT2 inhibitors as cor-
nerstone therapy in chronic heart failure.

Conclusion. SGLT2 inhibitors consistently reduce the
risk of cardiovascular death or hospitalization for heart
failure, with robust effects on recurrent hospitalizations
and supportive benefits for mortality, quality of life, and
biomarkers, without excess safety concerns. These find-
ings establish SGLT2 inhibition as a cornerstone therapy
across the spectrum of ejection fraction in patients with
chronic heart failure. Longer follow-up and comparative
studies are warranted to clarify their effects on mortal-
ity and to define optimal integration with other disease-
modifying therapies.
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Supplementary Materials

Supplementary Table 1
Full Electronic Search Strategies

Date of Last
Database Search Strategy Limits Search
("Sodium-Glucose Transporter 2 Inhibitors"[Mesh] OR "sodium glucose cotransporter
2 inhibitor™ OR "SGLT2 inhibitor*" OR dapagliflozin OR empagliflozin OR sotagliflozin No date or
PubMed/MEDLINE OR canagliflozin OR ertugliflozin) AND ("Heart Failure'[Mesh] OR "heart failure" OR language June 25. 2025
“cardiac failure" OR "congestive heart failure” OR "HFrEF" OR "HFpEF" OR "HFmrEF") AND o ’
(randomized controlled trial[pt] OR controlled clinical trial[pt] OR randomized[tiab] OR et ictions
randomly[tiab] OR placebo[tiab] OR trial[tiab]) NOT (animals[mh] NOT humans[mh])
('sodium glucose cotransporter 2 inhibitor'/exp OR 'sodium glucose cotransporter 2
inhibitor*:ti,ab OR 'sglt2 inhibitor*"ti,ab OR dapagliflozin:ti,ab OR empagliflozin:ti,ab OR
sotagliflozin:ti,ab OR canagliflozin:ti,ab OR ertugliflozin:ti,ab) AND (‘heart failure'/exp OR  No date or
Embase (Ovid) 'heart failure":ti,ab OR ‘cardiac failure"ti,ab OR ‘congestive heart failure"ti,ab OR HFrEF:ti,ab language June 25,2025
OR HFpEF:ti,ab OR HFmrEF:ti,ab) AND (randomized controlled trial'/exp OR ‘controlled restrictions
clinical trial'/exp OR random™:ti,ab OR placebo:ti,ab OR trial:ti,ab) NOT ([animals]/lim NOT
[humans]/Lim)
" - P - P - No date or
Cochrane ("SGLT2 inhibitor" OR dapagliflozin OR empagliflozin OR sotagliflozin OR canagliflozin OR language June 25. 2025
CENTRAL ertugliflozin) AND ("heart failure" OR HFrEF OR HFpEF OR HFmrEF) s ’
restrictions
Condition or disease: “heart failure”; Intervention: “SGLT2 inhibitor” OR dapagliflozin OR No date or

ClinicalTrials.gov
studies (clinical trials)

Supplementary Table 2

empagliflozin OR sotagliflozin OR canagliflozin OR ertugliflozin; Study type: Interventional language

June 25,2025
restrictions

Trial-level extracted data (values used / verified for the meta-analysis)

Primary All-cause Cardiovascular  First HF
Trial (first N Primary composite events mortality - death - HR hospitalization - Key QoL / NT-
author, (treatment Median  (time-to-first) - (treatment/ HR(95%Cl) (95% Cl) HR (95% Cl) Recurrent / total  proBNP results
year) / placebo)  follow-up HR (95% Cl) placebo) (eventst/p) (eventst/p) (eventst/p) events (reported) (timepoint)
KCCQ (month
8): greater
increase with
Total (first + dapagliﬂozin;
recurrent) events: pr.opo>rt|on.
DAPAHF 47442373 182 HRO74 HRO8S - HROS2 HR 070 rate-ratio 075 ih >>"Point
(McMurray /2371) months  (0.65-0.85) 386 /502 (0.71-0.97);  (0.69-0.98);  (0.59-0.83); (0.65-0.88); improvement
2019) 276 /329 227/273% 231/318 ’ 58.3% vs 50.9%
567 vs 742 total .
events (odds ratio
1.15,95% Cl
1.08-1.23).
(See main trial
tables.)
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Continuation of Supplementary Table 2

Primary All-cause Cardiovascular  First HF
Trial (first N Primary composite events mortality - death - HR hospitalization - Key QoL / NT-
author, (treatment Median  (time-to-first) - (treatment/  HR(95%Cl) (95% Cl) HR (95% Cl) Recurrent / total  proBNP results
year) / placebo)  follow-up HR (95% Cl) placebo) (eventst/p) (eventst/p) (eventst/p) events (reported) (timepoint)
QoL: modest/
variable
HR =0.69 Recurrent benefits across
’ o AR 9O ey e
Reduced 3730 (1863 HR 0.75 ©077-110); 27+ st P por
months 361 /462 L (events hospitalization favorable RR paper; not a
(Packer /1867) ) (0.65-0.86) (no significant . . .
(median) ) reported in (events (trial reported simple pooled
2020) reduction) )
paper) reported in recurrent-event  mean). NT-
trial tables) analyses) proBNP: modest
mean changes
reported.
KCCQ: small
Taseans) DAL
HR 0.94 total worsening (mzan lacebo-
(0.83-1.07) HR 0.79 HF + CV deaths: Correctz .
DELIVER 6263 (3131 HR 0.82 (death HR 0.88 . (0.69—9.91) for rate ratio and difference
(Solomon /313)) 2.3 years (0.73-092) 512 /610 from any (0.74-1.05);  worsening HF  counts reported amon
2022) ’ ' cause-not  231/261 (events 368/ (trial reports . 9
. survivors
statistically 455) lower total )
- . ~2.4 points at
significant) events with .
dapagliflozin) month 8); NT-
pag proBNP: small
mean changes.
Primary was .
changed to total Primary and KCCQ-12:
. . least-squares
(first + recurrent) hierarchical
events - reported Death (any First-event secondar mean change
SOLOIST- P 245 total cause) - ary to month 4:
as rate ratio: CV death HR (reported endpoints were
WHF events (t) / HR/rate . 17.7vs 13.6
~9.0 0.67 (0.52-0.85) . rate HR 0.84  in paper) reported as
(Bhatt 1222 (608 / 355 (p) - reported: 0.82 o (LS mean
months  for total CV . (0.58-1.22) ~0.71 (95% total events/ .
2021) - 614) ) (primary (0.59-1.14) difference
o (median)  deaths + HF (rates 10.6 vs  Cl reported rates (used o
sotagliflzin hospitalizations/ reported as (rate 13.5vs 12.5) in figures,see investigator- 4.1,95% C|
(SGLTL/2) pitatize totalevents) 163 per : gures, 9 1.3-7.0). Safety:
urgent visits paper) reported events :
100 PY) higher severe
(events 245 vs due to early hvboalycemia
355;rate 51.0 vs termination) (fl';o/gvi 03%)
76.3 per 100 PY) 2RI 2R
NT-proBNP
/ KCCQ (key
mechanistic
endpoints): at
12 weeks -
proportion with
220% NT-proBNP
reduction
44.0% vs 29.4%
(adjusted OR Biomarker and
DEFINE- Not powered for =1.9); KCCQ-0S Ool endpoints
HF (Nassif 12 weeks clinical composite Very few Deaths: very Hospitalizations: ~ mean change = P .
263 (131/ ; . o are reported in
2019) - (trial (no time-to-first  clinical events few (not - not powered/  =+3.7 and h
L 132) . . . the trial tables
mechanistic duration) primary composite (reported) powered) few events KCCQ-CS = +4.6 . L
. . with explicit
trial like the others) at 12 weeks;
counts/means.
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responder rates
(>5-point) at 6
weeks and 12
weeks reported
(e.g., 6-week
KCCQ-0S 25 pts:
59/126 [46.8%)]
vs 46/128
[35.9%], adjusted
OR 1.83).
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Supplementary Table 3

Risk of Bias assessment (RoB 2) for included trials

103

Deviations Selection

Trial (first author, Randomization from intended  Missing Measurement of reported Overall

year) process interventions outcome data of outcomes  results judgment Justification (short)

Central randomization, double-blind; very

DAPA-HF . . . . . . low dropout; outcomes adjudicated by

(McMurray 2019) Lowrisk Lowrisk Lowrisk Lowrisk Lowrisk Low risk blinded committee; prespecified outcomes
reported in full.

e e e

Reduced (Packer  Low risk Low risk Low risk Low risk Low risk Low risk S . 9 » INAep

2020) adjudication; consistent reporting across
sources.

DELIVER Large multicenter RCT, good balance at

Low risk Low risk Low risk Low risk Low risk Low risk  baseline, blinded; very complete follow-up;

(Solomon 2022) .
outcomes prespecified and fully reported.
Randomization adequate, but trial stopped

SOLOIST-WHE . o Some Some early for loss of funding; |pvgst|gator—

Some concerns Some concerns  Low risk High risk reported (not centrally adjudicated)

(Bhatt 2021) concerns concerns . .
outcomes may bias measurement; reporting
impacted by premature termination.

Small mechanistic trial; randomization

DEFINE-HF Low risk Low risk Some Low risk Some Some appropriate; higher attrition than large trials

(Nassif 2019) concerns concerns concerns  (esp.at 12 weeks); outcomes prespecified but
some exploratory analyses reported.

Supplementary Table 4

Secondary Endpoints Reported by Included Trials

HF Hospitalizations HF Hospitalizations KCCQ (Quality of
Trial (Year) All-Cause Mortality  (First) (Recurrent / Total) Life) Natriuretic Peptides Safety
Greater
o .
357%293/;?7(1116 ) 23172373 97%) vs RR 075 :nmﬁrc"c"gr:;’;t[ Modest NT-proBNP T genital infections;
DAPA-HF (2019) 318/2371 (13.4%); HR ; = reductions; no excess renal

(13.9%); HR 0.83

9 -
(95% 01 071-0.97) 070 (95% C1059-083)

(95% (1 0.65-0.88) symptom score at
8 months; higher %

with 25-point gain

higher % responders

events

Similar benefits for Modest Small NT-proBNP 1 genital infections;
EMPEROR-Reduced HR 0.92 (95% Cl HR 0.69 (95% Cl recurrent events: RR improvements in differences; nogexcess renal ’
(2020) 0.77-1.10); NS 0.59-0.81) ’ KCCQ; variable responder
~0.73 events
across analyses advantage
HR 0.94 (95% C| Consistent reduction Significant reduction in  Small but consistent Small NT-proBNP Safety profile
DELIVER (2022) 0 83;1 07): NOS in first worsening HF recurrent HF events improvements in differences; consistent with
' e events (HR ~0.82) KCCQ responder benefit  class
ES;ZE‘::{M; Total HF events: 51.0 vs 1 diarrhea; T
SOLOIST-WHF reduction (HR for Not primary endpoint 76.3 Per 100 patient- Not systematically ~ Not systematically — genital mfectpns;
(2021) CV/all-cause death years; HR 0.67 assessed assessed early termination
(95% C1 0.52-0.85) limits inference
<1,NS)
+3.7 KCCQ-0S;
g 44% vs 29% Well tolerated;
DEFINE-HF (2019)  Veryfewdeaths — Not powered for HF - Not reported HEOKCCQLS, 00 NT-proBNP  expected * genital
(12-week trial) hospitalization (short trial) higher % 25-point ) ) )
. reduction; OR ~1.9  infections
improvements
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EdexkTuBHicTb iHribiTOpiB HaTPiN-rNIOKO3HOr0 KOTpAHCNoOpTepa 2 NpU XPOHiYHIN
cepueBiit HeAOCTaTHOCTI: CUCTEMATUYHUI OINAA | MeTaaHanis paHAo0Mi30BaHUX
KOHTPONbOBaHUX AOCNIAXKEHb

Kirolos Eskandar
XenyaHCbKUiA yHiBepcuTeT, XenyaH, €runet

Pesiome

Bceryn. [Hri6iTopu HaTpil-rIr0KO3HOTro KoTpaHcnopTtepa 2 (SGLT2) HUHI € 6a3MCHOIO Tepalmi€r cepieBoi HeJ0-
cratHocTi (CH), oHak 3a/1MI1al0ThCsl HEBU3HAUYEHOCTI 1110710 IX BIZIMBY HAa CMEPTHICTb, IOBTOPHI N0/ il, TOKa3HUKH,
I1{0 MOBiAOMJIAIOTHCSA MALliEHTAMH, Ta 6i0MapKepH.

Merta. Ouinutu epekTUBHICTD i 6e3neky iHribiTopis SGLT2 y nanieHTiB i3 XpoHiUHOIO cepLieBOI0 HEAOCTATHIC-
TIO B yCbOMY Jliana3oHi ¢pakiiii BUKH/Y, HA OCHOBI JJ0Ka3iB paH/10Mi30BaHUX KOHTPOJIbOBAHHUX JIOCTi/PKEHb.

Marepiaiu Ta MeToAM. [IpoBe/ieHO cUCTeMaTUYHUY OTJIsA/, | MeTaaHaJli3 BiiMOBiAHO 4,0 pekoMeHgan i PRISMA
2020 (PROSPERO: CRD420251138644). basu ganux PubMed, Embase, Cochrane CENTRAL Ta ClinicalTrials.gov
Oy/1v npoaHaJsizoBaHi cTaHOM Ha 25 yepBHs 2025 poky. [lo aHasi3y BKJIIOYa/aUCa paHA0Mi30BaHi KOHTPOJIbOBaHI
nocaimxenHs (PK/), y skux nopiBHIoBau iHri6iTopu SGLT2 i3 miane60 B JOPOCAUX NMaLi€HTIB i3 XxpoHiuHoto CH.
[lepBHUHHOIO KiHIIEBOIO TOYKOI GYB 4ac o mepuioi cepreBo-cyauHHoi (CC) cmepTi abo rocmitasizanii 3 mpuBo-
Ay CH. BropuHHI KiHLIeBi TOUKM BKJIIOYAJU 3arajbHy CMEpPTHICTb, MOBTOPHI rocmitasisanii, AKiCTb XXUTTs, piBHI
HaTpilypeTUYHUX NenTU/iB i 6e3neky. BinHomenHs pusukiB (HR) 06’eqHyBaM 32 4OIOMOro0 MOZieJli BUMIIKO-
BUX edpekTiB 'apTyHra-KHamnmna, siKI0 BU3HAYEHHS MOKAa3HUKIB 36irasincs; iHIli pe3yJbTaTH ONUCYBaJMCS Hapa-
THUBHO. PU3MK ynepe/»KeHOCTI OLiHIOBaJ/IY 3a JOIOMOTr00 iHCTpyMeHTy RoB 2, a focTOBIpHICTB 0Ka3iB — 3a cUCTe-
Moo GRADE.

PesyabraTtu. /lo aHanisy BkiaodeHo n'satb PK/] (n=16,222): DAPA-HE, EMPEROR-Reduced, DELIVER, SOLOIST-
WHF (sixe Hagasio gaHi moBTopHux mnoaii) ta DEFINE-HF (MexaHicTuuHe, 30cepe/mkeHe Ha OGiomMapkepax).
Iari6iTopu SGLT2 3meHwmyBanu pusuk CC cmeprti a6o rocmitasnizauii 3 npuBoay CH (cykynHuit HR 0,79; 95 % Al
0,74-0,83; 12 = 0 %). 3MeHLIeHHA 9aCTOTH rocmiTanisaniil 6yJ0 y3aroJkeHuM y Beix gocimpkensax (HR ~ 0,69-0,75),
TOAI K 3arajibHa CMepPTHICTb IPOIeMOHCTPyBaJla IOMipHY, ajle CTaATUCTUYHO 3Hauyylly kopucTb (HR 0,90; 95 % JI1
0,83-0,98). ¥ mocnimxeHHSIX NOCAiZ0BHO CIIOCTepirasocs MokKpalleHHsI IOKa3HUKIB ONMUTYBaJbHUKA KaH3acbKkoro
MicTa mwozo kapaiomionaTii (KCCQ) Ta BianmoBiab HaTpilypeTnyHux nenTtu/is. [Ipodisb 6e3nexu Bianosizas yxe
BimomMomy a4 iHri6iTopiB SGLT2, 6e3 curHa/iB cepio3HUX MOGIYHUX SBUIIL

BucHoBKH. [Hri6iTopu SGLT2 3a6e3ne4yy0Th 3HaYHe 3HMKEHHS YacTOTH rocuitanisanin yepe3 CH i cnpusitiu-
BO BIVIMBAIOTh HA CMEPTHICTb, AKICTb )KUTTS Ta 6i0MapKepH y NaLi€HTIB 3 pisHUMU peHoTUunamMu Gpakiii BUKUAY,
i TBEPKYIOYH IXHE KJIIOYOBE 3Ha4eHHA B JIIKyBaHHI XpOHIYHOI cepLieBoi HeJOCTaTHOCTI.

Kaouoei cnosa: cepyeso-cydunHa cmepmHicms, no08mopHa 2ocnimadnizayis, onumyesaivbHuk KaHsacbkozo micma
(KCCQ), 3nuscenus NT-proBNE anani3z noemopHux noditl, danazaigs103uH, emnazaig103uH.
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