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ABSTRACT

Objective: To evaluate the effect of sodium-glucose cotransporter-2 (SGLT2) inhibitors compared with placebo on cardiovascular mortality in
adults with heart failure using evidence derived exclusively from randomized controlled trials.

Methods: A systematic review and meta-analysis of randomized controlled trials was conducted in accordance with PRISMA 2020 guidelines. Electronic
databases were searched to identify eligible trials enrolling adult patients with heart failure that directly compared an SGLT2 inhibitor with placebo and
reported cardiovascular mortality. Data were extracted from full-text publications, and risk ratios (RRs) with 95% confidence intervals (CIs) were
pooled using an inverse-variance fixed-effect model. Statistical heterogeneity was assessed using Cochran’s Q test and the I? statistic.

Results: Four large, double-blind randomized controlled trials comprising 20,725 participants met the inclusion criteria. Across individual studies,
SGLT2 inhibitor therapy was consistently associated with a lower risk of cardiovascular death compared with placebo. The pooled analysis
demonstrated a statistically significant reduction in cardiovascular mortality with SGLT2 inhibitors (pooled RR = 0.88; 95% CI: 0.81-0.96).
Statistical heterogeneity was negligible (I* = 0%), indicating high consistency across trials.

Conclusion: This meta-analysis demonstrates that SGLT2 inhibitors significantly reduce cardiovascular mortality in adults with heart failure. The
consistency of benefit across heart-failure phenotypes and the low heterogeneity support the robustness of these findings and reinforce the role of

SGLT2 inhibitors as a foundational component of contemporary heart-failure therapy.
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INTRODUCTION

Heart failure remains a major global public health challenge,
affecting more than 64 million individuals worldwide and
accounting for substantial morbidity, mortality, and health-care
expenditure [1]. Despite advances in pharmacological and device-
based therapies, cardiovascular mortality among patients with heart
failure remains unacceptably high, particularly in those with chronic
symptomatic disease [2]. The heterogeneity of heart-failure
phenotypes and the complex interplay of hemodynamic, metabolic,
renal, and neurohormonal pathways contribute to persistent
adverse outcomes, underscoring the need for therapies that provide
consistent prognostic benefit across diverse patient populations.

Sodium-glucose cotransporter-2 (SGLT2) inhibitors were initially
developed as glucose-lowering agents for type 2 diabetes mellitus;
however, accumulating evidence has demonstrated that their
cardiovascular benefits extend well beyond glycaemic control [3].
Experimental and clinical studies suggest that SGLT2 inhibitors
exert pleiotropic effects, including osmotic diuresis, natriuresis,
reduction in preload and afterload, improvement in myocardial
energetics, attenuation of cardiac remodelling, and favourable renal-
cardiac interactions [4, 5]. These mechanisms have positioned
SGLT2 inhibitors as an important therapeutic class in contemporary
heart-failure management, irrespective of diabetic status.

Although multiple large randomized controlled trials have evaluated
SGLT2 inhibitors in patients with heart failure, individual trials were
primarily powered for composite outcomes rather than
cardiovascular mortality alone [6]. Consequently, estimates of
treatment effect on cardiovascular death have varied modestly
across studies and heart-failure phenotypes. In clinical practice,
cardiovascular mortality remains one of the most clinically

meaningful endpoints, directly reflecting disease severity and
therapeutic effectiveness. From a decision-making perspective,
clinicians and guideline developers require precise and consolidated
estimates of mortality benefit to guide therapy selection and
prioritize foundational treatments.

Meta-analysis offers a robust methodological approach to synthesize
evidence across randomized trials, increase statistical power, and
provide more stable estimates of treatment effects. Importantly, when
restricted to large, high-quality randomized controlled trials with
comparable designs and outcome definitions, pooled analyses can clarify
clinically relevant benefits while minimizing bias and heterogeneity [7].
Given the growing incorporation of SGLT2 inhibitors into guideline-
directed medical therapy and their expanding indications across the
heart-failure  spectrum, a focused meta-analysis examining
cardiovascular mortality is both timely and clinically relevant.

Therefore, the present meta-analysis was undertaken to quantitatively
evaluate the effect of SGLT2 inhibitors compared with placebo on
cardiovascular mortality in adults with heart failure using evidence
derived exclusively from randomized controlled trials.

MATERIALS AND METHODS
Research question

The present study was designed to address the following research
question using the PICO framework: In adults with heart failure
(Population), does treatment with sodium-glucose cotransporter-2
(SGLT2) inhibitors (Intervention), compared with placebo
(Comparator), reduce cardiovascular mortality (Outcome)? This
focused question was formulated to ensure clinical relevance and
methodological clarity, with an emphasis on a hard clinical endpoint
that is directly meaningful to patients and clinicians.
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Study design and reporting standards

This investigation was conducted as a systematic review and meta-
analysis of randomized controlled trials. The study methodology and
reporting were developed in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) 2020 statement to ensure transparency, reproducibility,
and completeness of reporting [8]. The overall analytical approach
followed established recommendations outlined in the Cochrane
Handbook for Systematic Reviews of Interventions (version 6.4),
particularly with respect to study selection, data synthesis, and
assessment of heterogeneity [7].

Eligibility criteria

Eligible studies were selected based on predefined inclusion and
exclusion criteria structured around the PICO framework.
Randomized controlled trials enrolling adult participants (218 y)
with a clinical diagnosis of heart failure were considered eligible.
Trials were required to directly compare an SGLT2 inhibitor with
placebo in addition to standard background therapy. Only studies
reporting cardiovascular mortality as an outcome and those
published as full-text articles in peer-reviewed journals in English
language were included to ensure methodological quality and data
completeness. To maintain methodological rigor and comparability,
observational studies, non-randomized trials, post hoc analyses,
subgroup analyses, conference abstracts, editorials, and review
articles were excluded. No restrictions were applied with respect to
sex, geographic location, or duration of follow-up, provided that
outcome data were available.

Search strategy

A comprehensive literature search was performed using electronic
databases including PubMed, Scopus, and Google Scholar. The search
strategy combined Medical Subject Headings (MeSH) terms and free-
text keywords related to heart failure, SGLT2 inhibitors, and
randomized trials. The following Boolean search string was used for
PubMed:

(“heart failure” or “cardiac failure” or “heart failure with reduced
ejection fraction” or “heart failure with preserved ejection fraction”)
and (“SGLT2 inhibitor” or “dapagliflozin” or “empagliflozin”) and
(“randomized controlled trial” or “randomised controlled trial”) and
(“cardiovascular mortality” or “cardiovascular death”).

Searches were limited to full-text articles published in English and
involving human participants. Reference lists of relevant reviews
and guidelines were also manually screened to identify additional
eligible studies. The final search was completed prior to data
extraction.

Study selection process

All records identified through the electronic search were initially
screened by title and abstract to exclude clearly irrelevant studies.
Full-text versions of potentially eligible articles were then retrieved
and independently assessed for inclusion based on the predefined
eligibility criteria. The study selection process was conducted
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systematically by two independent reviewers, and only trials
meeting all eligibility requirements were included in the final
analysis. Discrepancies during the study selection process were
resolved through discussion and consensus with a third independent
reviewer. The overall study selection process followed a structured,
stepwise approach consistent with PRISMA recommendations [9].

Data extraction process

Data extraction was performed using a standardized data collection
form developed a priori. Extracted variables included study
characteristics (first author, year of publication, study design),
patient population details, intervention and comparator
characteristics, duration of follow-up, and cardiovascular mortality
outcomes. Event counts and total sample sizes for each treatment
arm were recorded to allow calculation of risk ratios. Data extraction
was cross-checked to ensure accuracy and consistency with
published trial reports. Only outcome data reported in the primary
publications were used.

Statistical analysis

Statistical analyses were conducted using standard meta-analytic
techniques as recommended by the Cochrane Handbook [8].
Cardiovascular mortality was treated as a dichotomous outcome,
and treatment effects were expressed as risk ratios (RRs) with
corresponding 95% confidence intervals (Cls). Log-transformed RRs
were pooled using an inverse-variance fixed-effect model. This
model was selected a priori due to the inclusion of a small number of
large, high-quality randomized trials with similar study designs and
minimal clinical and methodological heterogeneity. Statistical
heterogeneity was assessed using Cochran’s Q statistic and
quantified with the I? statistic. In accordance with established
convention, negative 1? values were truncated to zero, reflecting
negligible heterogeneity [8]. Sensitivity analyses and publication
bias assessments, including funnel plot visualization and Egger’s
regression test, were not performed because fewer than ten studies
were included, a threshold below which such analyses are
considered unreliable and potentially misleading [8]. All calculations
were performed using a predefined Excel-based analytical
framework consistent with standard meta-analysis methodology.

RESULTS
Study selection and sample characteristics

The systematic literature search yielded a total of 154 records from
electronic databases. After removal of duplicate 91 records, the
remaining articles were screened based on titles and abstracts. Full-
text articles were retrieved for studies that met the predefined
eligibility criteria. Following detailed full-text evaluation, four
randomized controlled trials (RCTs), with n = 20725 participants,
fulfilled all inclusion criteria and were included in both qualitative
and quantitative synthesis. These trials provided outcome data
suitable for pooled analysis of cardiovascular mortality and formed
the final evidence base for this meta-analysis [9-12]. PRISMA flow
diagram summarizing the study selection process is presented in
table 1.

Table 1: PRISMA summary table

Stage

Frequency (n)

Records identified through database searching
Duplicates removed

Records screened

Records excluded

Full-text articles assessed for eligibility

Full-text articles excluded

Studies included in qualitative and quantitative synthesis

154

Study characteristics

The four included randomized controlled trials were large,
multicenter, double-blind studies enrolling adult patients with chronic
heart failure across the spectrum of left ventricular ejection fraction.
Two trials primarily enrolled patients with heart failure with reduced

ejection fraction, while the remaining trials included patients with
mildly reduced or preserved ejection fraction. All trials compared an
SGLT2 inhibitor with matching placebo on top of guideline-directed
medical therapy and reported cardiovascular mortality as a
prespecified outcome [9-12]. Details of study attributes which were
included in this meta-analysis are depicted in table 2.
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Table 2: Attributes of the included randomized controlled trials (RCTs)

Study ID  First Study Population Interv  Compar Interve  Compara Primary Percentage of Percentage of Durati
author design entio ator ntion tor dose outcome patients patients on
(Year) n dose achieving target achieving (weeks
outcome target outcome )
(Intervention)* (Comparator)*
Dapa-HF ~ McMurr Double- Chronic HFrEF Dapagl  Placebo 10 mg Matching Cardiovas 227/2373 273/2371 79
ay blind (LVEF <40%) iflozin 0D placebo cular (9.6%) (11.5%)
(2019) RCT death
[9]
Emperor  Packer Double- Chronic HFrEF Empag  Placebo 10 mg Matching Cardiovas 187/1863 202/1867 69
- (2020) blind (LVEF <40%) liflozin oD placebo cular (10.0%) (10.8%)
Reduced [10] RCT death
Emperor  Anker Double- Chronic HFpEF ~ Empag  Placebo 10 mg Matching Cardiovas 219/2997 244/2991 114
- (2021) blind (LVEF>40%) liflozin 0D placebo cular (7.3%) (8.9%)
Preserve [11] RCT death
d
Deliver Solomo Double- HFmrEF/HFpE  Dapagl Placebo 10 mg Matching Cardiovas 231/3131 261/3132 120
n blind F (LVEF>40%) iflozin 0D placebo cular (7.4%) (8.3%)
(2022) RCT death
[12]

*Percentage of patients achieving target outcome (cardiovascular death) in intervention group = Sample size of intervention group showing the
desired outcome/Total sample size of intervention group. **Percentage of patients achieving target outcome (cardiovascular death) in Comparator
group = Sample size of comparator group showing the desired outcome/Total sample size of comparator group.

Meta-analysis findings

All four trials demonstrated a numerically lower risk of cardiovascular
death in patients treated with SGLT2 inhibitors compared with
placebo. When pooled using an inverse-variance fixed-effect model,
treatment with an SGLT2 inhibitor was associated with a statistically
significant reduction in cardiovascular mortality. The pooled risk ratio

(pooled RR) was 0.88, corresponding to a 12% relative reduction in
mortality, with a 95% confidence interval (CI) ranging from 0.81 to
0.96 (statistically significant). The effect estimates of the meta-analysis
are summarised below in table 3. The pooled risk ratio indicated a
consistent benefit across studies, with narrow confidence intervals
reflecting the large sample size and precision of the included trials [9-
12].

Table 3: Summary of effect estimates of the meta-analysis

Study ID RR SE Lower 95% CI Upper 95% CI Pooled SE of pooled Lower 95% CI Upper 95% CI
(Individual study)  (Individual study) RR Log(RR) (Meta-analysis) (Meta-analysis)
DAPA-HF 0.83 0.085 0.70 0.98 0.88 0.04 0.81 0.96
Emperor- 093 0.096 0.77 1.12
reduced
Emperor- 090 0.089 0.75 1.07
preserved
Deliver 0.88  0.087 0.75 1.05
RR: Risk Ratio; SE: Standard Error; CI: Confidence Interval.
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Fig. 1: Forest plot
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Forest plot

The forest plot demonstrates a consistent trend toward reduced
cardiovascular mortality with SGLTZ2 inhibitor therapy compared
with placebo across all included randomized controlled trials.
Although the confidence intervals of individual studies vary in width
and, in some cases, cross the line of no effect (EMPEROR-Reduced,
EMPEROR-Preserved and DELIVER trials), the direction of effect
uniformly favours SGLT2 inhibition. The pooled estimate,
represented by the diamond along with the line of confidence
interval (CI), lies entirely to the left of unity, indicating a statistically
significant overall reduction in cardiovascular mortality. The
relatively narrow pooled confidence interval reflects improved
precision achieved through aggregation of large, well-conducted
trials. Collectively, the visual alignment of individual study estimates
with the pooled effect supports the robustness of the overall finding
and suggests minimal between-study heterogeneity.
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Risk of bias assessment

Risk of bias assessment was conducted using the Cochrane Risk of
Bias tool [13]. All included trials employed appropriate random
sequence generation, allocation concealment, and double-blinding of
participants and personnel. Outcome assessment was adjudicated by
blinded clinical events committees. Attrition rates were low and
balanced between groups, and all trials reported prespecified
outcomes. Overall, the risk of bias was judged to be low across all
domains for each included study [9-12].

Heterogeneity assessment

Statistical heterogeneity among the included studies was minimal.
Cochran’s Q statistic was lower than the degrees of freedom, and the
I? statistic was calculated as 0% after truncation of negative values,
indicating negligible between-study variability.

Table 4: Risk of bias (RoB) assessment for the included RCTs

Study ID Randomization  Allocation Blinding of Blinding of Incomplete Selective Overall
process concealment participants and outcome outcome reporting risk of
personnel assessment  data bias
DAPA-HF Low Low Low Low Low Low Low
EMPEROR-Reduced Low Low Low Low Low Low Low
EMPEROR-Preserved Low Low Low Low Low Low Low
DELIVER Low Low Low Low Low Low Low
Table 5: Heterogeneity assessment of included studies
Study ID ((Log RR-Pooled log RR)"2)*weight Cochran's Q statistic Degrees of freedom (df) 12 statistic
DAPA-HF 0.48 2.77 3 0%

EMPEROR-Reduced 0.28
EMPEROR-Preserved 0.03
DELIVER 1.97

GRADE assessment

Using the GRADE framework, the certainty of evidence for
cardiovascular mortality was rated as high. This rating was
supported by the inclusion of multiple large, well-conducted
randomized controlled trials with low risk of bias, directness of
evidence, consistency of findings, and precise effect estimates.

Table 6: GRADE assessment of the meta-analysis

Domain Assessment
Risk of bias Not serious
Inconsistency Not serious
Indirectness Not serious
Imprecision Not serious
Publication bias Undetected
Overall certainty of evidence High
DISCUSSION

This meta-analysis provides a comprehensive and methodologically
robust synthesis of randomized evidence evaluating the impact of
SGLT2 inhibitors on cardiovascular mortality in adults with heart
failure. By restricting inclusion to large, contemporary randomized
controlled trials and focusing on cardiovascular death as a definitive
endpoint, the present study addresses a critical evidence gap in
heart-failure therapeutics. The pooled findings demonstrate a
statistically significant and clinically meaningful reduction in
cardiovascular mortality, reinforcing the role of SGLT2 inhibitors as
a foundational therapy across the heart-failure spectrum.

Despite major advances in neurohormonal modulation and device
therapy, heart failure remains associated with high residual
cardiovascular mortality, even under optimal guideline-directed

medical therapy [1, 2]. The present meta-analysis demonstrates that
SGLT2 inhibitors confer a survival benefit that is additive to
established therapies. While individual trials were not uniformly
powered to detect cardiovascular mortality differences as isolated
endpoints, the consistent direction of effect across trials and the
statistically significant pooled estimate strongly support a true
mortality benefit.

Importantly, the observed reduction in cardiovascular death was
evident across heterogeneous patient populations, including those
with reduced, mildly reduced, and preserved ejection fraction. This
finding challenges the traditional paradigm that effective mortality-
reducing therapies in heart failure are limited primarily to reduced
ejection fraction and highlights the evolving understanding of heart
failure as a systemic cardiometabolic disorder rather than a purely
hemodynamic condition.

The mortality benefit observed with SGLT2 inhibitors is supported
by substantial mechanistic plausibility. Beyond their glucose-
lowering effects, SGLT2 inhibitors induce osmotic diuresis and
natriuresis, resulting in reductions in interstitial fluid volume and
ventricular wall stress without the neurohormonal activation
commonly seen with conventional diuretics [3, 4]. These effects may
translate into improved cardiac efficiency and reduced myocardial
oxygen demand.

At the myocardial level, SGLT2 inhibitors have been shown to alter
cardiac metabolism by promoting ketone body utilization, which
may enhance myocardial energy efficiency under conditions of
chronic stress [4, 14]. Experimental data further suggest reductions
in myocardial fibrosis, inflammation, and oxidative stress, processes
that are central to adverse ventricular remodelling and progressive
heart-failure deterioration [5, 15].

Renal protection represents another critical mechanism linking
SGLT2 inhibition to improved cardiovascular outcomes. Chronic
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kidney disease is a powerful predictor of mortality in heart failure,
and stabilization of renal function may interrupt the deleterious
cardiorenal cycle that accelerates disease progression [5, 16]. The
integration of cardiac and renal protective effects likely contributes
to the consistent mortality benefit observed across diverse patient
populations.

Several prior meta-analyses have demonstrated reductions in heart-
failure hospitalization and composite cardiovascular outcomes with
SGLT2 inhibitors [3, 6]. However, many of these analyses pooled
heterogeneous endpoints or included observational data, limiting
their ability to provide definitive conclusions regarding
cardiovascular mortality. By contrast, the present meta-analysis
isolates cardiovascular death and restricts inclusion to randomized
controlled trials, thereby enhancing internal validity and clinical
relevance.

The findings are highly concordant with contemporary international
guidelines, which now recommend SGLT2 inhibitors as core therapy
for heart failure irrespective of diabetic status [6]. Importantly, this
analysis provides quantitative mortality data that strengthen the
evidentiary foundation underlying these recommendations and may
facilitate broader clinical adoption.

This study has several notable strengths. First, the exclusive
inclusion of large, double-blind randomized controlled trials
minimizes selection bias and confounding. Second, the focus on
cardiovascular mortality ensures clinical relevance and avoids
ambiguity associated with composite endpoints. Third, the low
degree of statistical heterogeneity supports the validity of the pooled
estimate and justifies the use of a fixed-effect model. Fourth,
adherence to PRISMA 2020 reporting standards and Cochrane
methodological guidance enhances transparency and reproducibility
[7, 8]. Finally, the use of contemporary trials reflecting modern
background therapy improves the generalizability of the findings to
current clinical practice.

Several limitations warrant consideration. The analysis was
conducted using trial-level data, which precluded patient-level
subgroup analyses based on age, sex, renal function, or comorbidity
burden. The small number of included trials limited the feasibility of
formal sensitivity analyses and publication-bias assessment.
Differences in follow-up duration and background therapy may have
influenced absolute event rates, although relative treatment effects
remained consistent across trials.

From a clinical standpoint, the findings of this meta-analysis have
immediate implications. The demonstrated reduction in
cardiovascular mortality supports early initiation of SGLT2 inhibitors
as part of foundational therapy in heart-failure management. Given
their favourable safety profile, oral administration, and compatibility
with existing therapies, SGLT2 inhibitors represent a practical and
impactful intervention capable of improving survival in a broad
patient population. These findings may also inform shared decision-
making and reinforce clinician confidence in prioritizing SGLT2
inhibitors early in the treatment algorithm.

Future research should prioritize individual patient-level meta-
analyses to identify subgroups that derive the greatest mortality
benefit. Longer follow-up studies are needed to evaluate the
durability of benefit and potential late effects. Additionally,
mechanistic studies integrating cardiac imaging, biomarker
profiling, and metabolic assessment may further elucidate pathways
of benefit and guide precision-based therapeutic strategies. Finally,
pragmatic and implementation-focused studies will be essential to
translate trial efficacy into real-world effectiveness at the population
level.

CONCLUSION

This meta-analysis demonstrates that treatment with SGLT2
inhibitors is associated with a significant reduction in cardiovascular
mortality among adults with heart failure. By synthesizing evidence
exclusively from large, high-quality randomized controlled trials, the
present study provides a precise and clinically meaningful estimate
of mortality benefit across a broad spectrum of heart-failure
phenotypes. The consistency of findings, coupled with minimal
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statistical heterogeneity, supports the robustness of the pooled
effect. These results reinforce the role of SGLT2 inhibitors as a
foundational component of guideline-directed medical therapy and
highlight their importance in improving long-term cardiovascular
outcomes in patients with heart failure.
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