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ABSTRACT

Background: Heart failure (HF) and type 2 diabetes mellitus (T2DM) coexist in approximately 30-40% of patients and confer
a substantially worse prognosis than either condition alone. Sodium—glucose cotransporter-2 (SGLT2) inhibitors are now
guideline-recommended across the HF spectrum, yet evidence specific to the dual-diagnosis population is dispersed across trial
subgroups, cardiovascular outcome trials, mechanistic studies and real-world cohorts. Objective: To quantify the efficacy and
safety of SGLT2 inhibitors in adults with coexisting HF and T2DM. Methods: Systematic review and meta-analysis reported
according to PRISMA 2020. Literature published between January 2011 and October 2026 was searched through the Consensus
academic engine (Semantic Scholar, OpenAlex, PubMed) and citation tracking. Randomised controlled trials (RCTs, including
diabetic subgroups of HF trials and HF subgroups of cardiovascular/renal outcome trials), comparative cohort studies and case
series were eligible. Hazard ratios (HRs), risk ratios (RRs) and mean differences (MDs) were pooled with DerSimonian—Laird
random-effects models; risk of bias was appraised with RoB 2, ROBINS-I and the JBI checklist, and certainty of evidence with
GRADE. Results: Twenty-one studies (14 randomised, 6 cohort, 1 case series; ~170,000 participants) were included, 18 of which
contributed to meta-analyses. Among randomised participants with HF and T2DM, SGLT?2 inhibitors reduced the composite of
cardiovascular death or HF hospitalisation (10 estimates, n = 16,111; HR 0.75, 95% CI 0.70-0.80; I* = 0%, 95% prediction
interval 0.69-0.81), first HF hospitalisation (HR 0.68, 0.62—0.75), cardiovascular death (HR 0.83, 0.73—0.94) and all-cause
death (HR 0.82, 0.70-0.96). Effects were consistent across HF phenotype (p-interaction = 0.36), trial setting (p = 0.52) and
individual agents (p = 0.65). Cohort studies corroborated lower HF hospitalisation (HR 0.55, 0.44—0.67) and mortality (HR
0.70, 0.64-0.77). SGLT?2 inhibitors improved Kansas City Cardiomyopathy Questionnaire scores (MD 3.12 points, 1.94—4.30)
and reduced serious adverse events (RR 0.89, 0.85—-0.94), but tripled genital infections (RR 3.02, 1.77-5.13); volume depletion,
severe hypoglycaemia, amputation and kidney events were not significantly increased, and ketoacidosis was rare. No small-study
effects were detected (Egger p = 0.30). Conclusion: In patients with HF and T2DM, SGLT? inhibitors provide a robust, class-
wide 25% relative reduction in cardiovascular death or HF hospitalisation (high-certainty evidence), irrespective of ejection
fraction, with additional reductions in mortality and improved health status, and a favourable safety profile dominated by genital
mycotic infections.
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INTRODUCTION

Heart failure (HF) and type 2 diabetes mellitus (T2DM) are
among the most prevalent and closely interlinked chronic
cardiometabolic disorders worldwide. T2DM is present in
approximately 30-40% of patients with HF, both with reduced
(HFrEF) and preserved ejection fraction (HFpEF), and its
coexistence is associated with a higher risk of HF
hospitalisation (HHF), cardiovascular (CV) death and all-
cause mortality. Conversely, HF is frequently the first
cardiovascular manifestation of T2DM and remains under-
recognised in diabetic populations.'~

Sodium—glucose cotransporter-2 (SGLT2) inhibitors were
originally developed as glucose-lowering agents that block
proximal tubular glucose and sodium reabsorption.
Cardiovascular outcome trials (CVOTs) in T2DM — EMPA-
REG OUTCOME, the CANVAS Program, DECLARE-TIMI
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58 and VERTIS CV — consistently reduced HHF by
approximately 30%, and a meta-analysis of these trials
demonstrated a 23% reduction in CV death or HHF that was
similar in patients with and without a history of HF.**#
Dedicated HF trials subsequently established SGLT2
inhibitors as disease-modifying therapy: dapagliflozin and
empagliflozin reduced CV death or worsening HF in HFrEF
(DAPA-HF, EMPEROR-Reduced) and in HF with mildly
reduced or preserved ejection fraction (DELIVER,
EMPEROR-Preserved), while sotagliflozin reduced total CV
deaths and HF events when initiated around a worsening-HF
hospitalisation in patients with T2DM (SOLOIST-WHF).
Pooled analyses confirmed a 23-26% reduction in CV death
or HHF, and the 2023 European Society of Cardiology (ESC)
guidelines now recommend SGLT?2 inhibitors for all patients
with HF and T2DM, irrespective of ejection fraction. 3916
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Despite this body of evidence, diabetes-specific estimates
remain scattered across prespecified subgroup analyses of HF
trials, HF subgroups of CVOTs, small mechanistic
randomised trials and real-world registries, and diabetes-
specific safety concerns — euglycaemic diabetic ketoacidosis
(DKA), hypoglycaemia during concomitant insulin or
sulfonylurea therapy, genital mycotic infections and
amputation — are concentrated in this population. A
dedicated, contemporary synthesis restricted to patients who
simultaneously have HF and T2DM is therefore warranted.!”
20

A. Objectives of the Study

The general objective was to evaluate the efficacy and safety
of SGLT?2 inhibitors in adults with coexisting HF and T2DM.
The specific objectives were (1) to quantify the effect of
SGLT?2 inhibitors on the composite of CV death or HHF, first
HHF, CV death, all-cause mortality, health status and
natriuretic peptides; (2) to evaluate the consistency of benefit
across HF phenotype, trial setting and individual agents; (3) to
integrate evidence from comparative cohort studies and case
series; and (4) to characterise safety outcomes, using only
studies published within the last 15 years.?!

B. Research Hypothesis

The research hypothesis (Hi) was that, in adults with HF and
T2DM, SGLT?2 inhibitors reduce the risk of the composite of
CV death or HHF compared with placebo or standard care,
whereas the null hypothesis (Ho) stated that no difference
exists. Secondary hypotheses postulated that the benefit is
consistent across ejection-fraction phenotypes and agents and
is not accompanied by an excess of serious adverse events,!*13
C. Significance of the Study

Theoretically, this review provides a quantitative synthesis of
the dual cardiometabolic role of SGLT2 inhibitors restricted
to the dual-diagnosis population, integrating randomised,
observational and case-series evidence. Clinically, it delivers
absolute effect estimates and diabetes-specific safety data that
may support treatment decisions, health-system strategies to
reduce HF hospitalisations and the implementation of
guideline-directed therapy in settings with a rising burden of
both conditions, including Indonesia.>!®

risk. Both HFrEF and HFpEF are common in T2DM, HFpEF
is frequently undiagnosed, and HF therapies that are effective
in the general HF population are equally effective in patients
with T2DM, whereas several glucose-lowering drugs are
neutral or harmful with respect to HF.!*?

B. SGLT2 Inhibitors: Pharmacology and Cardioprotective
Mechanisms

SGLT2 inhibitors (gliflozins) inhibit the high-capacity
sodium—glucose cotransporter in the proximal tubule,
producing  glycosuria and natriuresis.  Sotagliflozin
additionally inhibits intestinal SGLT1. The agents and doses
evaluated in the programmes included in this review are
summarised in Table 1.1

Table 1. SGLT2 Inhibitors Evaluated in Heart Failure and
Type 2 Diabetes Programmes

LITERATURE REVIEW

A. Heart Failure in Type 2 Diabetes Mellitus: Epidemiology
and Pathophysiology

The incremental risk conferred by diabetes is clearly visible in
contemporary HF trials. In EMPEROR-Reduced, placebo-
treated patients with diabetes had an approximately 40%
higher incidence of CV death or HHF than those without
diabetes (24.6 versus 17.6 per 100 patient-years) and an
almost two-fold faster decline in estimated glomerular
filtration rate (eGFR); in EMPEROR-Preserved the
corresponding event rates were 10.25 versus 7.21 per 100
patient-years, and in DELIVER the incidence rose from 6.9
per 100 patient-years in normoglycaemia to 10.1 per 100
patient-years in T2DM.2>

Insulin resistance, myocardial lipotoxicity, accumulation of
advanced glycation end-products, coronary microvascular
dysfunction, interstitial fibrosis, neurohormonal activation
and diabetic kidney disease are thought to underlie this excess
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Doses in Ke Main HF-
Agent included Y related
trials programmes finding
DECLARE- l
10 mg once |TIMI 58, Worsening
Dapagliflozin daily (5 mg |DAPA-HF, HF or CV
in one case | DELIVER, death across
series) REFORM?*%6~ | the EF
28 spectrum
EMPA-REG
OUTCOME, || CV death
10 mg EMPEROR- |or HHF in
Empagliflozin (10/25 mg in | Reduced, HFrEF and
EMPA-REG | EMPEROR- | HFpEF,
OUTCOME) | Preserved, reverse
SUGAR-DM- |remodelling
HF8,22,23,29
100 mg CANVAS | HHF in
Canagliflozin (100/300 mg | Program, T2DM with
in CREDENCE, |high CV
CANVAS) |[CANDLE?**3? |risk or CKD
Ertugliflozin |5/15mg | VERTIS CV® tlofallr %Ia_‘lr;d
| Total CV
deaths and
Sotagliflozin |200 mg, up |SOLOIST- HF events
(SGLT1/2) |to400mg | WHF" after
worsening
HF
|, reduction; CKD, chronic kidney disease; CV,

cardiovascular; EF, ejection fraction; HF, heart failure; HHF,
hospitalisation for heart failure; T2DM, type 2 diabetes
mellitus.

The benefits of SGLT2 inhibition extend well beyond
glycaemic control. Proposed mechanisms include natriuresis
and decongestion with limited neurohormonal activation,
haemoconcentration and stimulation of erythropoiesis,
reduction of preload and afterload, a shift of myocardial
substrate utilisation toward ketone bodies with improved
energetic efficiency, attenuation of inflammation, oxidative
stress and fibrosis, and nephroprotection. Mediation analyses
of CVOTs indicate that changes in haematocrit, haemoglobin,
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Table 2. Summary of Previous Systematic Reviews and

serum urate and albuminuria — rather than glycated
haemoglobin (HbA 1¢) — account for most of the effect on HF
events, 233436

The conceptual framework of this review is summarised in
Figure 1. T2DM and HF share pathophysiological pathways
that culminate in CV death, HHF and impaired health status;
SGLT?2 inhibitors act on several of these pathways, and their
effects on clinical, functional and safety outcomes, together
with potential effect modifiers, were examined.!?*

Dashed boxes: examined in this review; solid boxes: not examined directly

Heart failure
(HFrEF, HFmrEF, HFpEF;

Type 2 diabetes mellitus
(insulin resistance, hyperglycaemia,

obesity, CKD) chronic or worsening)
T S e e e e ]
Shared pathophysiology i SGLT2 inhibitar

+ Lipotoxicity, AGEs (dapagliflozin, empagliflozin,

» Microvascular dysfunction i canaglifiozin, ertuglifiozin,
« Fibrosis, remodelling ‘/«: sotagliflozin) vs placebo/ '
» Neurohormonal activation ! standard care 1
* Congestion, renal dysfunction . ]

4

Mechanisms of benefit
= Natriuresis, decongestion
+ Haemoconcentration
« Ketone-based energetics
* Reverse LV remodelling, |EAT
= Anti-inflammatory, antifibrotic
* Nephroprotection
= Glucose lowering (minor)

Adverse outcomes
* CV death
+ Hospitalisation for HF
+ All-cause mortality senuales
* Poor health status
* Kidney function decline

_______________________________________________________________

Outcomes examined
CV death or HHF (primary) « first HHF = CV death  all-cause death
KCCQ = NT-proBNP = LV structure and function
Safety: genital infection, volume depletion, hypotension, kidney events,
amputation, fracture, hypoglycaemia, DKA

...............................................................

Figure 1: Conceptual framework of the review. Dashed boxes,
examined; solid boxes, not examined directly. AGEs,
advanced glycation end-products; CKD, chronic kidney
disease; DKA, diabetic ketoacidosis;, EAT, epicardial adipose
tissue; KCCQ, Kansas City Cardiomyopathy Questionnaire;
LV, left ventricular; NT-proBNP, N-terminal pro-B-type
natriuretic peptide.

C. Previous Studies

Previous meta-analyses relevant to this question are
summarised in Table 2. Trial-level analyses of CVOTs
demonstrated a 23% reduction in CV death or HHF
irrespective of HF history, pooled analyses of dedicated HF
trials reported 23-26% reductions irrespective of diabetes
status, and observational meta-analyses confirmed lower HHF
in routine practice. These reviews, however, pooled entire HF
or T2DM populations, were restricted to RCTs or did not pool
diabetes-specific safety outcomes.*!41518-20.37.38
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Meta-Analyses

Evidence base: Main findings; added
Review opulation > | value of the present
pop review
CV death/HHF HR 0.77
. 3 CVOTs; (0.71-0.84), consistent by
ggir;}{ eretal. 34,322 patients; | HF history. Added value:
T2DM + HF HF + T2DM only; adds
HF trials and cohorts
DAPA-HF + CV death/first HHF HR
EMPEROR- 0.74 .(0.68—0.82.),
Zannad et al. Reduced: 8474- consistent by diabetes.
2020 HFEF + > | Added value:
HFmrEF/HFpEF and
T2DM .
worsening HF
) CV death/HHF RR 0.77;
. 7 RCT?’ volume depletion RR
Lietal. 14,113; HF +
20 1.18; SAE RR 0.87.
2021 DM (58.9% X
DM) Added value: diabetes-
specific safety
CV death/HHF HR 0.77
(0.72—-0.82); all-cause
5 HF RCTs;
Vaduganatl};an 21,947 HF + death 0.92 (0.8§—0.99).
et al. 2022 TODM Added value: diabetes-
specific estimates; CVOT
HF subgroups
. 43 HHF HR 0.65 (0.59—
Hlnt?? et al. observational 0.72). Added valu@:
2022 studies: T2DM restricted to established
’ HF
NT-proBNP —136 pg/mL;
18 RCTs;
Chen;t al. 23.953; chronic KCCQ and 6MWD .
2024 HF + TODM improved. Added value:
diabetes-specific KCCQ
CV death/HHF reduced
. by 23%; improved
Yao et al. égos;u(li&%s; remodelling and KCCQ.
2025 TODM Added value: larger
evidence base, cohorts,
GRADE
CV death/HHF HR 0.77
11 RCTs; (0.72-0.82); KCCQ-CSS
Egggg ctal. 13810 HF+  |+4.6. Added value:
T2DM diabetes-restricted with
real-world data

6MWD, 6-minute walk distance; CVOT, cardiovascular
outcome trial; DM, diabetes mellitus;
HFmrEF/HFpEF/HFrEF, heart failure with mildly
reduced/preserved/reduced ejection fraction; KCCQ(-CSS),
Kansas City Cardiomyopathy Questionnaire (clinical
summary score); RCT, randomised controlled trial; RR, risk
ratio; SAE, serious adverse event.

D. Research Gap

Several gaps therefore persist. First, no previous synthesis has
combined diabetic subgroups of dedicated HF trials with HF
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subgroups of CVOTs and renal outcome trials to estimate the
effect specifically in patients with both conditions. Second,
real-world cohorts and case series in HF with T2DM have not
been integrated with randomised evidence. Third, diabetes-
specific ~ safety  outcomes, including ketoacidosis,
hypoglycaemia and genital infection, have not been pooled
within this population, and the consistency of benefit across
agents and ejection-fraction phenotypes remains incompletely
characterised.'>!820

E. Novelty

The novelty of this review lies in its strict restriction to
patients who simultaneously have HF and T2DM, its
integration of randomised subgroup estimates, real-world
cohorts and a prospective case series within a 15-year window,
its pooling of diabetes-specific safety data extracted directly
from full texts and figures, and its translation of relative
effects into absolute benefits and harms using GRADE.2!¥

METHODS

A. Research Design

This study was a systematic review and meta-analysis of
randomised controlled trials (RCTs), comparative cohort
studies and case series, conducted and reported in accordance
with the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) 2020 statement. The PICOS
framework, outcome hierarchy and statistical analysis plan
were prespecified before data extraction; the protocol is to be
registered in PROSPERO (registration number to be
inserted).”!

B. Eligibility Criteria

Eligibility criteria are summarised in Table 3. Adults with HF
of any phenotype and coexisting T2DM were eligible, as were
broader populations if estimates for patients with HF and
T2DM were reported separately. Systematic reviews, meta-
analyses and narrative reviews were excluded from data
synthesis but retained for discussion; case reports, conference
abstracts without a full report, animal studies and publications
before January 2011 were excluded. When several reports
derived from the same dataset, the most comprehensive report
for each outcome was used.?'4

Table 3. Eligibility Criteria According to the PICOS
Framework

Domain

Inclusion criteria (exclusion criteria)

Adults (=18 years) with HF of any phenotype
(HFrEF, HFmrEF, HFpEF; chronic,
worsening or recently hospitalised) and
T2DM (history or HbAlc >6.5%); broader
populations only if HF + T2DM estimates
were reported separately. (Excluded: type 1
diabetes; non-diabetic populations without
diabetes-specific estimates; paediatric
populations.)

Any SGLT2 inhibitor (dapagliflozin,
empagliflozin, canagliflozin, ertugliflozin,
Intervention | sotagliflozin) at licensed doses added to
background therapy. (Excluded: combinations
without a separable SGLT2 inhibitor effect.)

Population
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Domain Inclusion criteria (exclusion criteria)

Placebo, usual care, non-SGLT?2 inhibitor
lucose-lowering therapy (e.g., DPP-4

Comparator ignhibitor, sulfonglurea)pgr(noi—use; none for
case series.
Primary: CV death or HHF/worsening HF
event. Secondary: first HHF, CV death, all-
cause death, KCCQ, NT-proBNP, cardiac

Outcomes structure/function. Safety: SAE, AE-related
discontinuation, volume depletion,
hypotension, kidney AE, genital infection,
UTI, amputation, fracture, severe
hypoglycaemia, DKA.
RCTs (including subgroup analyses),
comparative cohort studies, case series (=5

Study patients).. (Exc}uded from synthesis: . .

design systematic reviews/meta-analyses [discussion
only], narrative reviews, case reports,
editorials, abstracts without full report,
animal or in-vitro studies.)

Time .

frame: Published 1 Janua.ry 2011 to 18 October 2026

language (<15 years); English.

AE, adverse event; DKA, diabetic ketoacidosis; DPP-4,
dipeptidyl peptidase-4; HbAlc, glycated haemoglobin; HHF,
hospitalisation for heart failure; NT-proBNP, N-terminal pro-
B-type natriuretic peptide; SGLT2, sodium-glucose
cotransporter-2; UTIL, urinary tract infection.

C. Information Sources and Search Strategy

The literature was searched through the Consensus academic
search engine, which indexes more than 400 million scholarly
records from Semantic Scholar, OpenAlex and PubMed, using
its medical mode. Twelve structured search runs were
performed, with the last search on 18 October 2026,
supplemented by backward and forward citation tracking,
retrieval of full texts and supplementary material through
PubMed Central, and cross-checking of trial registration
numbers to identify overlapping reports. The queries and an
equivalent Boolean string are reported in Table 4.2!

Table 4. Search Strategy (Consensus Engine, Medical
Mode; Last Search 18 October 2026)

Run Search query — target evidence

dapagliflozin heart failure reduced ejection
1 fraction with and without diabetes DAPA-HF —
diabetic subgroup of DAPA-HF

empagliflozin cardiovascular and renal outcomes
heart failure by baseline diabetes status

2 EMPEROR-Reduced — diabetic subgroups of
EMPEROR trials
dapagliflozin heart failure mildly reduced or

3 preserved ejection fraction by baseline glycaemic

status DELIVER type 2 diabetes — DELIVER
diabetic subgroup

sotagliflozin patients with diabetes and recent
4 worsening heart failure SOLOIST-WHF —
SOLOIST-WHF
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Run Search query — target evidence

canagliflozin cardiovascular outcomes in type 2
diabetes with and without history of heart failure
CANVAS Program — CANVAS/CREDENCE
HF subgroups

dapagliflozin effect on heart failure and mortality
in type 2 diabetes by baseline ejection fraction
DECLARE-TIMI 58 — DECLARE HF
subgroups

ertugliflozin heart failure outcomes in type 2
diabetes and atherosclerotic cardiovascular
disease VERTIS CV history of heart failure —
VERTIS CV HF subgroup

SGLT?2 inhibitor use in patients with heart failure
and type 2 diabetes registry cohort mortality heart
failure hospitalisation propensity score — cohort
studies

randomised trial SGLT2 inhibitor in type 2
diabetes and chronic heart failure NT-proBNP

9 left ventricular mass canagliflozin glimepiride
CANDLE dapagliflozin REFORM —
mechanistic RCTs

dapagliflozin versus placebo left ventricular
remodeling patients with diabetes and heart

10 failure REFORM trial results — remodelling
RCTs
case series euglycemic diabetic ketoacidosis
11 SGLT?2 inhibitor patients with heart failure —

case series and safety

empagliflozin acute heart failure hospitalised
12 patients clinical benefit win ratio diabetes
subgroup EMPULSE — acute HF trials

("sodium-glucose cotransporter 2 inhibitor*" OR
SGLT2* OR gliflozin* OR dapagliflozin OR
empagliflozin OR canagliflozin OR ertugliflozin
OR sotagliflozin) AND ("heart failure"” OR
"cardiac failure" OR HFrEF OR HFpEF OR
HFmrEF OR "ventricular dysfunction") AND
("type 2 diabetes" OR "diabetes mellitus" OR
T2DM OR diabetic); limits: humans,
2011/01/01-2026/10/18 — reproduction in
MEDLINE, Embase, CENTRAL

Queries reproduced verbatim (American spelling as entered).
Up to 20 ranked records per run were screened; records from
citation tracking and PubMed Central full texts were added as
‘other methods’ in the PRISMA flow diagram.

D. Study Selection and Data Extraction

Two reviewers independently screened titles and abstracts and
then full texts against the eligibility criteria; disagreements
were resolved by consensus or by a third reviewer. Data were
extracted with a standardised, piloted form capturing study
identifier, design, country and setting, population, definition
of T2DM, HF phenotype, sample size, SGLT2 inhibitor and
dose, comparator, follow-up, outcome definitions, effect
estimates (HR with 95% CI and event counts), adjustment
methods for observational studies and funding. Diabetes-

Boolean

IJDDT Volume 16 Issue 87s 2026

specific estimates were preferentially extracted from HF trials,
and HF-subgroup estimates from CVOTs and renal trials (in
which all participants had T2DM). HF-subgroup estimates for
CREDENCE were obtained from a secondary tabulation and
were examined in a sensitivity analysis.?>?>2731

E. Outcomes and Operational Definitions

The primary outcome was the time to first CV death or HHF.
Trial-specific definitions were accepted: DAPA-HF and
DELIVER included urgent HF visits requiring intravenous
therapy, and SOLOIST-WHF reported total (first and
recurrent) CV deaths, HHF and urgent HF visits. Operational
definitions of all variables are summarised in Table 5.!32427
Table 5. Operational Definitions of Study Variables

Effect
Variable Definition measure /
scale
SGLT2 Randomised allocation to, .
L o Dichotomous
inhibitor or initiation/use of, any (yes/no)
exposure SGLT?2 inhibitor Y
Trial- or registry-defined .
. HF (NYHA II-1V, EF Nominal
Heart failure o . (phenotype by
criteria, natriuretic EF)
peptides, history of HF)
Type 2 History of T2DM or .
diabetes HbAlc >6.5% at baseline | D1chotomous
CVdeathor | LImeto first CV deathor | pyp e 4o
HHF HF hospitalisation (+ event)
urgent HF visit)
. Time to first
First HHE hospitalisation for HF HR
CV death; all- | Adjudicated or registry- HR
cause death | defined death
Placebo-adjusted change .
KCCQ in KCCQ score MD (points)
Ratio of
NT-proBNP | Change relative to control | geometric
means
Trial-defined SAE, AE-
related discontinuation,
volume depletion,
Safety hypotension, kidney AE, |RR; Peto OR
outcomes genital infection, UTI, (DKA)
amputation, fracture,
severe hypoglycaemia,
DKA

AE, adverse event; EF, ejection fraction; HR, hazard ratio;
MD, mean difference; NYHA, New York Heart Association;
OR, odds ratio; RR, risk ratio; UTI, urinary tract infection.

F. Risk-of-Bias and Quality Assessment

Randomised evidence was appraised with the revised
Cochrane risk-of-bias tool (RoB 2) across five domains.
Because randomisation in DAPA-HF, EMPEROR-Reduced,
EMPEROR-Preserved and DELIVER was stratified by
diabetes status, diabetic subgroups were considered to
preserve randomisation, whereas HF subgroups of CVOTs,
which were not stratification factors and were often analysed
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post hoc, were rated at least ‘some concerns’ for selective
reporting. Cohort studies were appraised with ROBINS-I
across seven domains, and the case series with the 10-item JBI
critical appraisal checklist.***2

G. Statistical Analysis

For time-to-event outcomes, log-transformed HRs and
standard errors derived from the reported 95% ClIs as
[In(upper limit) — In(lower limit)]/3.92 were pooled with the
inverse-variance method under a DerSimonian—Laird random-
effects model. Dichotomous safety outcomes were pooled as
risk ratios (RRs; 0.5 continuity correction for zero cells), DKA
was summarised with the Peto odds ratio, KCCQ changes as
mean differences (MDs) and NT-proBNP as ratios of
geometric means. Heterogeneity was quantified with
Cochran’s Q (p < 0.10 significant), I* and 7%, and 95%
prediction intervals were calculated; Hartung—Knapp—Sidik—
Jonkman (HKSJ) and fixed-effect models were applied as
sensitivity analyses.!>¥

Prespecified subgroup analyses examined HF phenotype, trial
setting, individual agent and study design using the Q-test for
subgroup differences. The two non-overlapping HF subgroups
of DECLARE-TIMI 58 were entered separately, with a
sensitivity analysis retaining one estimate per trial.
Robustness was examined by leave-one-out and cumulative
meta-analysis and by excluding studies with secondary-source
data, total-event endpoints or a risk of bias other than low.
Small-study effects were explored with contour-enhanced
funnel plots and Egger’s regression test (k > 10),
complemented by Galbraith and L’ Abbé plots. Analyses were
performed in Python 3 (NumPy, SciPy and Matplotlib) using
the standard formulas implemented in Review Manager; a
two-sided p < 0.05 was considered statistically significant.?!*!
H. Certainty of Evidence

The certainty of evidence for each outcome was rated with the
GRADE approach, considering risk of bias, inconsistency,
indirectness, imprecision and publication bias. Randomised
evidence started at high certainty, and observational evidence
assessed with ROBINS-I was integrated according to GRADE
guidance. Absolute effects were estimated by applying the
pooled relative effect to the median control-group risk in the
included diabetic subgroups.3*?

1. Ethical Considerations

Ethical approval was not required because this review
synthesized published, de-identified aggregate data. All
included studies reported approval by their respective ethics
committees and informed consent of participants.?!

RESULTS

A. Study Selection

The search identified 240 records from database runs and 6
records from other methods. After removal of 84 duplicates,
162 records were screened and 109 were excluded on title and
abstract. All 53 full-text reports were retrieved and assessed;
32 were excluded, most commonly because estimates for
patients with HF and T2DM were not extractable (n = 12) or
because the population was non-diabetic or mixed without
diabetes-specific data (n = 6). Twenty-one studies were
included in the systematic review (14 randomised, 6 cohort
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studies and 1 case series), and 18 contributed to at least one
meta-analysis (Figure 2).2!

Records from databases
(Consensus: Semantic Scholar, Recorgjt;?g; E(:;:;er%ethods
£ OpenAlex, PubMed; 12 runs) :
=} ' g =
% (n = 240) PMC full texts) (n = 6)
o
5
=1 Records after merging (n = 246)
Duplicates removed (n = 84)
Records screened > Records excluded
(n=162) (n=109)
Reports sought for retrieval > Reports not retrieved
(n=53) (n=0)
o +
=
§ Reports assessed for
5 eligibility (n = 53) \ Reports excluded (n = 32):
«w + No extractable HF + T2DM
data (n=12)
* Non-diabetic/mixed without
diabetes-specific data (n = 6)
= Conference abstract only (n = 5)
* SRIMA/narrative review (n = 6;
retained for discussion)
+ Single-arm, mixed HF (n = 2)
« Overlapping data (n = 1)
= L
Studies included in review
(n=21)
RCTs/RCT subgroups: 14
T Cohorts: 6 « Case series: 1
3 [
2
= Studies in meta-analysis
(n=18)
12 randomised; 6 observational

Figure 2: PRISMA 2020 flow diagram of study identification,
screening, eligibility and inclusion.

B. Characteristics of Included Studies

The 14 randomised reports comprised four prespecified
diabetic subgroup analyses of dedicated HF trials, one HF trial
restricted to patients with T2DM (SOLOIST-WHF), HF
subgroups of four CVOTs and one renal outcome trial, and
four smaller mechanistic or biomarker trials. Randomised
participants with HF and T2DM numbered 18,533; follow-up
ranged from 12 weeks to a median of 4.2 years, and the
comparator was placebo in 12 trials, glimepiride in one and
usual care in one (Table 6).51322-2426-33.43

The six cohort studies were conducted in Sweden, Japan,
Korea, the United States, Thailand and Denmark and together
included more than 150,000 patients; two used active
comparators (sitagliptin or a dipeptidyl peptidase-4 inhibitor),
and four compared SGLT?2 inhibitor use with non-use using
propensity-score matching or inverse-probability weighting.
The case series was a prospective multicentre series of 58
patients with T2DM and stable HF treated with dapagliflozin

(Table 7). Extracted effect estimates are presented in Table
g 44-50
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Table 6. Characteristics of the Included Randomised
Controlled Trials and RCT Subgroup Analyses (HF +

T2DM)
Design B+ rsenton
Study (trial) | T2DM population; follop rators
N (SGLT2i/control) w-up;
outcomes

Petrie et al.

Phase 3 double-blind
RCT, 410 sites, 20
countries;
prespecified
subgroup. NYHA II-

Dapagliflozin 10
mg vs placebo;
median 18.2 mo.

2020 (DAPA- |1V, LVEF <40%, Composite, HHF,
HF)¥ elevated NT- CV death, ACM,
proBNP; T2DM by | KCCQ-TSS,
history or HbAlc safety
>6.5%. N =
1075/1064
Empagliflozin 10
Double-blind RCT, |mg vs placebo;
Anker ct al 520 ceptres, 20 median 16 mo.
2021 ’ countrlejiv; ] gon/lposit;:{,HF
prespecifie 1rst/tota R
gae lﬁng)gR_ subgroup. NYHA II- | CV death, renal,
IV, LVEF <40%. N | eGFR slope,
=927/929 KCCQ-CSS,
safety

Filippatos et al.
2022
(EMPEROR-
Preserved)®

Multinational
double-blind RCT;
prespecified
subgroup. NYHA II-
IV, LVEF >40%
(mean 53.9%;
HbAlc 7.26%). N =
1466/1472

Empagliflozin 10
mg vs placebo;
median 26.2 mo.
Composite, HHF,
CV death, ACM,
renal, safety

Double-blind RCT,
350 centres, 20

countrlgs; Dapagliflozin 10
. prespecified .
Inzucchi et al. mg vs placebo;
subgroup. Age >40 .
2022 NYHA T-1V median 2.3 y.
(DELIVER)* |¥’ : Worsening HF or
LVEF >40%, CV death
elevated NT-
proBNP. N =3150
(=1:1)
Double-blind RCT, | Sotagliflozin 200
306 sites, 32 mg (to 400 mg) vs
ZB(?; It ctal countries (terminated | placebo; median
(SOLOIST- early). T2DM 9.0 mo. Total CV
WHEF)" hospitalised for death/HHF/urgent
worsening HF, any | visits, CV death,
LVEF. N =608/614 | ACM, safety

Intervention vs

Design; HE + comparator;
Study (trial) T2DM population; follow-up; ’

N (SGLT2i/control) ’

outcomes

CVOT; HF Empagliflozin
Fitchett et al. subgroup. T2DM + | 10/25 mg vs
2016 (EMPA- | established CVD placebo; median
REG with HF at baseline |=3.1y.
OUTCOME)® |(10.1%). N = Composite, HHF,

462/244 CV death, ACM

CVOT, 667 centres, iy

- Canagliflozin

30 countries; HF 100/300 mg vs
Rédholm et al. | subgroup. T2DM at lacebo: moan 188
2018 high CV risk with | P S
(CANVAS)® |history of HF wk. Composite,

(14.4%). N = HHF, CV death,

803/658 ACM, MACE

CVOT; HF

subgroups by EF. Dapagliflozin 10
Kato et al. 2019 | HFrEF (EF <45%; n | mg vs placebo;
(DECLARE- = 671) or HF without | median 4.2 y.
TIMI 58)° known reduced EF | Composite, HHF,

(n=1316). N=1987
(1:1)

CV death, ACM

Cosentino et al.
2020 (VERTIS
Cv)33

CVOT, 567 centres,
34 countries;
prespecified HF
analyses. T2DM +
ASCVD with history
of HF (23.7%). N =
1286/672

Ertugliflozin 5/15
mg vs placebo;
mean 3.5 y. First
HHF

Sarraju et al.
2021
(CREDENCE)*!

Renal outcome trial;
HF subgroup. T2DM
+ albuminuric CKD
with history of HF
(15%). N =329/323

Canagliflozin 100
mg vs placebo;
median 2.6 y.
Composite, HHF,
ACM

Lee et al. 2021

Multicentre double-
blind RCT, UK.
NYHA II-1V, LVEF

Empagliflozin 10
mg vs placebo; 36

(SUGAR-DM- | <40%; T2DM 78.1% | VX- CMR LV
2 ; volumes, GLS,
HF) (remainder
. _ NT-proBNP,

prediabetes). N = KCCQ

105 (1:1)

Double-blind RCT, | Dapagliflozin 10
Singh et al. UK. T2DM + HF mg vs placebo; 1
2020 with LV systolic y. CMR
(REFORM)?® | dysfunction. N =56 |remodelling, BP,

(1:1)

diuretic need

Kusunose et al.
2021
(CANDLE)*?

Multicentre open-
label RCT, Japan
(post hoc). T2DM +
chronic HF (NYHA
I-111; =70% LVEF
>50%). N=113/120

Canagliflozin 100
mg vs glimepiride;
24 wk. NT-
proBNP by
diastolic function
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Intervention vs
comparator;
follow-up;
outcomes

Design; HF +
T2DM population;
N (SGLT2i/control)

Study (trial)

Single-centre open-
label RCT. T2DM +

Empagliflozin 10
mg vs usual care;

Ovchinnikov et | HFpEF (LVEF 6 mo. 6 MWD,
al. 20254 >50%, elevated E/e', LAVI,
filling pressure). N = | cardiac reserves,
35/35 NT-proBNP, sST2
ACM, all-cause mortality; ASCVD, atherosclerotic

cardiovascular disease; BP, blood pressure; CMR, cardiac
magnetic resonance; E/e’, ratio of early mitral inflow to
annular velocity; GLS, global longitudinal strain; KCCQ-
CSS/TSS, KCCQ clinical summary/total symptom score;
LAVI, left atrial volume index; LV(EF), left ventricular
(ejection fraction); MACE, major adverse cardiovascular
events; NYHA, New York Heart Association; sST2, soluble
suppression of tumorigenicity-2.

Table 7. Characteristics of the Included Comparative
Cohort Studies and Case Series (HF + T2DM)

Design; population; Main findings
Study; setting |\ cfm’ ‘;rl; o O | (adjusted HR,
; comp 95% CI)
Registry cohort, 1:3
Becher et al. prop eqm?y-score CV death/first
44, matching; HF +
2021%; Sweden, ) HHF 0.70 (0.52—
. T2DM (all EF);
Swedish HF 6805 cligible (376 0.95); lower
Registry, 2016 18 ACM and CV
2018 Users); Vs no death
SGLT2i; median 256
days
Propensity-score
Nakai et al. matching (2101 Mortality 0.70

2022%; Japan,
national claims
database, 2014—

pairs); first acute HF
hospitalisation with
T2DM; 2277 vs

(0.56-0.89); HF
readmission 0.52

2019 41,410; vs DPP-4 (0.45-0.61)
inhibitor; 1 y
Park et al. IPTW cohort; T2DM HF readmission
2023%; Korea, |hospitalised for HF; CV death 0.90
HIRA database, |818 vs 28,472; vs no E’é 870 Zas) '
2015-2020 initiation; 1 y ' ’
New-user active-
comparator cohort, | ACM/HHF/urgent
Fu et al. 2023%"; | propensity-score visit 0.72 (0.67—

USA, Medicare, | weighting; age >65y |0.77); ACM 0.70

2013-2019 with HF + T2DM;  [(0.63-0.78); HHF
16,253 vs 43,352; vs | 0.64 (0.58-0.70)
sitagliptin

Kongmalai et al. | Retrospective IPTW

2024%; cohort (SGLT2i >3 |HHF 0.41 (0.28-

Thailand, 2 months); T2DM and |0.61); in-hospital

tertiary HF; 11,758; vs no ACM 0.24 (0.14-

hospitals, 2010— | SGLT2i; median 0.42)

2022 244y

2018% (case
series); Japan, 5
institutions,
20162017

Design; population; Main findings

Study; setting |\ cfm’ ‘;rl; tor O | (adjusted HR,
s comp 95% CI)
Svanstrom et al. | Linked database
49. .

2024%, IPTW cohort; HFrEF ACM in T2DM
Denmark, (20% of users with beroun 0.73
national T2DM); 6776 vs E(‘)l S%f(‘)lgl)‘
registers, 2020— | 14,686; vs no ) ’
2023 SGLT2i
Soga et al. E/e’'9.3—-85(p=

Prospective single-
arm series; T2DM +
stable HF; n = 58;
dapagliflozin; 6 mo

0.020); LAVI
31—-26 mL/m?
LVMI 75.0—67.0
g/m?

DPP-4, dipeptidyl peptidase-4; HIRA, Health Insurance
Review and Assessment Service; IPTW, inverse-probability-
of-treatment weighting; LVMI, left ventricular mass index.

Table 8. Effect Estimates Extracted From Randomised
Studies (Hazard Ratio, 95% CI)

Study ((i:;; th or First Cv Ics;llll-se
(subgroup) HHF HHF death death
0.75 0.76 0.79 0.78
?ﬁgﬂ?{;?l:’ (0.63— | (0.61- | (0.63— | (0.63—
0.90) 0.95) 1.01) 0.97)
EMPEROR- 0.72 0.67 0.92
Reduced, (0.60- | (0.54- | (0.71- NR
T2DM* 0.87) 0.83) 1.20)
EMPEROR- 0.79 0.69 0.99 1.05
Preserved, (0.67- | (0.56— | (0.77— | (0.88—
T2DM? 0.94) 0.85) 1.27) 1.26)
DELIVER 0.81
ToDMZ (0.69- | NR NR NR
0.95)
0.67 0.642 0.84 0.82
f,\?&g}sp 052 | (049 | (0.58- | (0.59-
0.85) 0.83) 1.22) 1.14)
EMPA-REG 0.72 0.75 0.71 0.79
OUTCOME, (0.50- | (0.48- | (0.43— | (0.52-
HF?® 1.04) 1.19) 1.16) 1.20)
0.61 0.51 0.72 0.70
ggngﬁsHF” (0.46- | (0.33— | (0.51- | (0.51-
’ 0.80) 0.78) 1.02) 0.96)
DECLARE- 0.62 0.64 0.55 0.59
TIMI 58, (0.45- | (043— | (0.34— | (0.40-
HFrEF? 0.86) 0.95) 0.90) 0.88)
DECLARE- 0.88
TIMI 58, HF (0.66- | NR NR NR
non-rEF? 1.17)
0.63
EE& TIS €V, NR (0.44- NR NR
0.90)
0.81° 0.76° 0.93b
E};EDENCE’ (0.57- | (0.47- NR (0.61—
1.17) | 1.22) 1.41)
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@ Total (first and recurrent) events. ® From a secondary
tabulation of the CREDENCE HF-subgroup analysis. Event
counts (SGLT2i vs control) for the composite: DAPA-HF
215/1075 vs 271/1064; EMPEROR-Reduced 200/927 vs
265/929; EMPEROR-Preserved 239/1466 vs 291/1472;
EMPA-REG OUTCOME 75/462 vs 49/244; VERTIS CV first
HHF 69/1286 vs 55/672. Other diabetic-subgroup outcomes:
EMPEROR-Reduced renal composite 0.53 (0.31-0.90) and
eGFR slope difference +2.21 mL/min/1.73 m?Yyear;
CANVAS MACE 0.80 (0.61-1.05). NR, not reported.

C. Risk of Bias and Methodological Quality

Among the 14 randomised studies, six (42.9%) were at low
risk of bias, seven (50.0%) raised some concerns and one
(7.1%) was at high risk (Figures 3 and 4; Table 9). Concerns
arose mainly in the domain of selection of the reported result
for post hoc HF subgroups of CVOTs, from the early
termination, changed primary endpoint and investigator-
reported events of SOLOIST-WHEF, and from the open-label

design of two smaller trials,3!3-26:30:41.43
D1 D2 D3

Petrie 2020 (DAPA-HF) o ° ° ° ° °

Anker 2021 (EMPEROR-Reduced) ° ° ° ° ° °
Filippatos 2022 (EMPEROR-Preserved) ° ° ° ° ° °
Inzucchi 2022 (DELIVER) ° o ° ° ° °

Bhatt 2021 (SOLOIST-WHF) 0 ° @ @ @ @
Fitchett 2016 (EMPA-REG) ° e ° ° @ @
Ré&dhalm 2018 (CANVAS) o ° ° ° @ @

Kato 2019 (DECLARE-TIMI 58) o ° ° ° @ @
Cosentino 2020 (VERTIS CV) ° e ° ° ° °
Sarraju 2021 (CREDENCE) ° ° ° ° @ @

Lee 2021 (SUGAR-DM-HF) ° ° ° ° ° °

Singh 2020 (REFORM) o ° @ ° o @

Kusunose 2021 (CANDLE) ° @ ° ° @ @
Owchinnikov 2025 @ @ ° ° ° °

Q@ Low @ High

D4 D5 Overall

© Some concerns

D1 randomisation process; D2 deviations from intended interventions; D3 missing outcome data;
D4 measurement of the outcome; D5 selection of the reported result.

Figure 3: Risk-of-bias traffic-light plot of the randomised
evidence (RoB 2). Green, low risk; yellow, some concerns,
red, high risk.
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owor s O
k T T T T 1
0 20 40 60 80 100
Proportion of studies (%)
. Low Some concerns [l High

Figure 4: Risk-of-bias summary plot (RoB 2): proportion of
randomised studies with each judgement across domains.
Table 9. Risk-of-Bias Judgements for Randomised Studies
(RoB 2)*!

Study D1 |D2 |D3 | D4 | D5 |Overall
Petrie 2020 (DAPA-

HF) LIL|LJ|JL]|L Low
Anker 2021

(EMPEROR- L|{L|L|L|L Low
Reduced)

Filippatos 2022

(EMPEROR- L|{L|L|L|L Low
Preserved)

Inzucchi 2022

(DELIVER) L|IL|L|JL]|L Low
Bhatt 2021

(SOLOIST-WHF) L | L |SC|SC|SC SC
Fitchett 2016 (EMPA-

REGOUTCOME) | = | L | L | L |S¢| SC
Rédholm 2018

(CANVAS) L|{L|L]|L/|SC SC
Kato 2019

(DECLARE-TIMI 58) LpLpLpLysc SC
Cosentino 2020

(VERTIS CV) e e e e e
Sarraju 2021

(CREDENCE) L|{L|L]|L/|SC SC
Lee 2021 (SUGAR-

DM-HF) LIL|LJ|L]|L Low
Singh 2020

(REFORM) L|{L|SC|L|L SC
Kusunose 2021

(CANDLE) L|{SC|L | L|SC SC
Ovchinnikov 2025 SC|SC|{ L | H|L High

DI, randomisation process; D2, deviations from intended
interventions; D3, missing outcome data; D4, measurement of
the outcome; D5, selection of the reported result; L, low risk;
SC, some concerns; H, high risk. Principal reasons: post hoc
HF subgroups of CVOTs/renal trials (D5); SOLOIST-WHF
early termination, changed primary endpoint and investigator-
reported events; small sample/imaging attrition (REFORM);
open-label design (CANDLE, Ovchinnikov 2025) with
unblinded effort-dependent primary outcome (Ovchinnikov
2025).
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Of the six cohort studies, four were at moderate and two at
serious overall risk of bias according to ROBINS-I (Figure 5;
Table 10). Confounding by indication was the dominant
concern; the two studies at serious risk compared users with
non-users, and one required at least three months of exposure,
a potential source of immortal-time bias, and reported in-
hospital mortality. The case series fulfilled 8 of 10 JBI criteria,
with uncertainty regarding consecutive and complete
inclusion.40’42’46’48’50
DI D4 D5 D6

0000000

D7 Overall

Becher 2021

Nakai 2022

Park 2023

Fu 2023

Kongmalai 2024

Svanstrom 2024

0000000
00000000
0000000
00000000
©0000000

2018): 8/10 criteria met (Q4 consecutive and Q5 complete
inclusion unclear) — acceptable quality.

D. Primary Qutcome: Cardiovascular
Hospitalisation for Heart Failure

Ten randomised estimates (16,111 participants) contributed to
the primary outcome. SGLT2 inhibitors reduced the risk of
CV death or HHF by 25% (HR 0.75, 95% CI 0.70-0.80; Z =
8.06, p < 0.001), without heterogeneity (1> = 0.000; x> = 7.13,
df=9, p=0.62; I> = 0%); the 95% prediction interval (0.69—
0.81) lay entirely below unity (Figure 6). Fixed-effect and
HKSJ-adjusted estimates were identical (0.70—0.80). Control-
arm event rates ranged from 19.8% to 28.5%, and the L’ Abbé
plot showed a uniform relative reduction across this range of

Death or

baseline risk (Figure 7).%13:22-24.26.27.30.31
N

. Low

QO Moderate

@ serious

@ Critical

D1 confounding; D2 selection of participants; D3 classification of interventions; D4 deviations

from intended interventions; DS missing data; D6 measurement of outcomes; D7 selection of the
reported result.

D1 Confounding
D2 Selection
D3 Classification
D4 Deviations
DS Missing data
D6 Outcome measurement
D7 Reported result

Overall

L T T T T 1
0 20 40 60 80 100
Proportion of studies (%)

Bl Low

Figure 5: Risk of bias of the observational cohort studies
(ROBINS-1): (A) traffic-light plot and (B) summary plot.
Green, low; yellow, moderate; orange, serious.

Table 10. Risk-of-Bias Judgements for Cohort Studies
(ROBINS-I)*

Moderate W Serious

Study D1 (D2 |D3 |D4 |D5 |D6 | D7 |Overall
Becher2021 {M | M| L |M|M | L | L |Moderate
Nakai 2022 M|{M|L|M|L | M| L |Moderate
Park 2023 SIM|L|M|L|M|L/| Serious
Fu 2023 M|L|L|M|L|L|L |Moderate
Kongmalai .
2024 SIS M|{M|M|M| L | Serious
Svanstrom
2024 M|L|L|M|L|L|L |Moderate
D1, confounding; D2, selection of participants; D3,

classification of interventions; D4, deviations from intended
interventions; D5, missing data; D6, measurement of
outcomes; D7, selection of the reported result; L, low; M,
moderate; S, serious. JBI appraisal of the case series (Soga
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Study or subgroup ! HR [95% CI] Weight
DAPA-HF (Petrie 2020) 2,139 + 0.75[0.63,0.90] 15.6%
EMPEROR-R (Anker 2021) 1,856 i 0.72[0.60,0.87] 14.4%
EMPEROR-P (Filippatos 2022) 2,938 —I.— 0.79[0.67,0.94] 17.4%
DELIVER (Inzucchi 2022) 3,150 -- 0.81[0.69,0.95]  19.5%
SOLOIST-WHF (Bhatt 2021)2 1,222 —— 0.67 [0.52, 0.86] 8.2%
EMPA-REG HF (Fitchett 2016) 706 0.72[0.50, 1.04] 3.7%
CANVAS HF (Réadholm 2018) 1,461 — 0.61 [0.46, 0.80] 6.5%
DECLARE HFTEF (Kato 2019) 671 —_ 0.62[0.45,0.86]  4.7%
DECLARE non-rEF (Kato 2019) 1,316 — - 0.88[0.66, 1.17] 6.1%
CREDENCE HF (Sarraju 2021)° 652 ——— 0.81[0.57, 1.16] 3.8%
Overall (random effects) ’ 0.75[0.70,0.80]  100%
Heterogeneity: 12 = 0.000; I = 0%; P = 0.62 |
Overall effect: Z = 8.06 (P < 0.001)

95% prediction interval -5- [0.69, 0.81]
i

0.25 0.5 1 2
Favours SGLT2i Favours control

Figure 6: Forest plot of the composite of cardiovascular death
or hospitalisation for heart failure in randomised participants
with HF and T2DM (random-effects model). Squares are
proportional to study weight; the red diamond and dashed line
show the pooled estimate, and the red bar the 95% prediction
interval. N, participants with HF and T2DM. * Total (first and
recurrent) events (SOLOIST-WHF). ® HF-subgroup estimates
from a secondary tabulation (CREDENCE).
35

— No effect
--- Pooled HR 0.75
30 -
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Event rate, control (%)
Figure 7: L’Abbe plot of the composite outcome in trials
reporting event counts, bubble size proportional to sample
size, dashed red curve, pooled HR 0.75.
E. Hospitalisation for Heart Failure
Nine randomised estimates (13,603 participants) reported first
HHF. SGLT2 inhibitors reduced HHF by 32% (HR 0.68, 95%
CI 0.62-0.75; p < 0.001; 1> = 0%, %> = 3.58, p = 0.89; 95%
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prediction interval 0.60-0.76), with every point estimate
favouring treatment (Figure 8). The effect was unchanged
after exclusion of SOLOIST-WHF and CREDENCE (HR
068, 0.61—0.76).8’13’22’23’26’27’30’31’33

Study or subgroup N i HR [95% CI] Weight
DAPA-HF (Petrie 2020) 2,139 — = 0.76 [0.61,0.95]  18.8%
EMPEROR-R (Anker 2021) 1,856 + 0.67 [0.54,0.83]  20.0%
EMPEROR-P (Filippatos 2022) 2,938 —:.— 0.69[0.56, 0.85]  21.2%
SOLOIST-WHF (Bhatt 2021)2 1,222 —— 0.64[0.49,0.83] 13.3%
EMPA-REG HF (Fitchett 2016) 706 L 0.75[0.48, 1.18] 4.5%
CANVAS HF (Radholm 2018) 1,461 —a—— 0.51[0.33, 0.78] 5.0%
DECLARE HFTEF (Kato 2019) 671 0.64 [0.43, 0.95] 5.9%
VERTIS HF (Cosentino 2020) 1,958 —a— 0.63 [0.44, 0.90] 7.2%
CREDENCE HF (Sarraju 2021)° 652 L 0.76 [0.47, 1.22] 4.1%
Overall (random effects) L 2 0.68[0.62,0.75]  100%
Heterogeneity: 12 = 0.000; 12 = 0%; P = 0.89
Overall effect: Z = 7.89 (P < 0.001)

95% prediction interval = [0.60, 0.76]

0.25 05 1

. 2
Figure 8: Forest plot of first hospitalisation for heart failure
in randomised participants with HF and T2DM (random-
effects model).  Total (first and recurrent) events (SOLOIST-
WHEF). * HF-subgroup estimates from a secondary tabulation
(CREDENCE).
F. Cardiovascular Death
Seven randomised estimates (10,993 participants) reported
CV death. SGLT2 inhibitors reduced CV death by 17% (HR
0.83, 95% C1 0.73-0.94; p = 0.002) with low heterogeneity (1
=0.002; I =7%; p = 0.38); the HKSJ-adjusted interval (0.71—
0.96) remained significant, whereas the prediction interval
(0.68-1.01) marginally crossed unity (Figure 9). The largest
effect was observed in DECLARE-TIMI 58 patients with
HFrEF (HR 0.55) and the smallest in EMPEROR-Preserved
(HR 0'99)'8,13,22,23,26,27,30

Study or subgroup N i HR [95% CI] Weight
DAPA-HF (Petrie 2020) 2,139 — 0.79[0.62,1.00]  24.0%
EMPEROR-R (Anker 2021) 1,856 i 0.92[0.71,1.20]  19.9%
EMPEROR-P (Filippatos 2022) 2,938 I 0.99 [0.77,1.27] 21.6%
SOLOIST-WHF (Bhatt 2021) 1,222 —II—— 0.84[0.58,1.22] 10.4%
EMPA-REG HF (Fitchett 2016) 706 L 0.71[0.43,1.17] 6.0%
CANVAS HF (Radholm 2018) 1,461 —— 0.72[0.51,1.02]  11.9%
DECLARE HFTEF (Kato 2019) 671 —a— 0.55 [0.34, 0.89] 6.2%
Overall (random effects) ‘ 0.83[0.73,0.94] 100%
Heterogeneity: ™ = 0.002; I = 7%; P = 0.38
Overall effect: Z = 3.03 (P = 0.002) i
95% prediction interval — [0.68, 1.01]

1

0.25 0.5 1 2
Favours SGLT2i Favours control

Figure 9: Forest plot of cardiovascular death in randomised
participants with HF and T2DM (random-effects model).

G. All-Cause Mortality

Seven randomised estimates (9,789 participants) reported all-
cause death. SGLT?2 inhibitors reduced all-cause mortality by
18% (HR 0.82, 95% CI1 0.70-0.96; p = 0.01; HKSJ 0.69-0.98)
with moderate heterogeneity (1 = 0.019; y>=11.02, p = 0.09;
I = 46%; prediction interval 0.55-1.23) (Figure 10).
Heterogeneity was attributable to the neutral EMPEROR-
Preserved estimate (HR 1.05); its exclusion yielded HR 0.76
(0.67-0.87) with 1> = 0%. Pooled efficacy estimates are
summarised in Figure 11 and Table 11.313.23.26.27.30.31
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Study or subgroup N : HR [95% CI] Weight
DAPA-HF (Petrie 2020) 2,139 | 0.78[0.63,0.97]  20.2%
EMPEROR-P (Filippatos 2022) 2,938 i—.— 1.05[0.88,1.26] 23.0%
SOLOIST-WHF (Bhatt 2021) 1,222 —*—— 0.82[0.59, 1.14]  13.2%
EMPA-REG HF (Fitchett 2016) 706 H:—— 0.79 [0.52, 1.20] 9.7%
CANVAS HF (Réadholm 2018) 1,461 — 0.70[0.51,0.96] 13.9%
DECLARE HFrEF (Kato 2019) 671 —I—iv- 0.59 [0.40,0.88]  10.5%
CREDENCE HF (Sarraju 2021)° 652 + 0.93[0.61, 1.41] 9.6%
Overall (random effects) ’ 0.82 [0.70, 0.96] 100%
Heterogeneity: 12 = 0.019; 12 = 46%; P = 0.09
Overall effect: Z = 2.54 (P = 0.01)

95% prediction interval [0.55, 1.23]

1

0.25 05 1 2

Favours SGLT2i Favours control

Figure 10: Forest plot of all-cause mortality in randomised
participants with HF and T2DM (random-effects model). ®
HF-subgroup estimates from a secondary tabulation
(CREDENCE).

CV death or HHF (RCT) —— 0.75[0.70, 0.80]; I 0%

First HHF (RCT) 0.68[0.62, 0.75]; I 0%
CV death (RCT) 0.83[0.73,0.94]; 12 7%
All-cause death (RCT) 0.82[0.70, 0.96]; 12 46%
Composite HF outcome (cohorts) 0.78[0.65, 0.95; 12 94%

HHE (cohorts) 0.55[0.44, 0.67]; 2 77%

All-cause death (cohorts) 0.62[0.48, 0.79; 2 79%

03 05 0.75 1 125
Pooled hazard ratio (95% CI)

Figure 11: Summary of pooled efficacy estimates from
randomised (blue) and observational (brown) evidence, with
number of estimates (k) and I°.
Table 11. Summary of Pooled Estimates for All Meta-
Analysed Efficacy Outcomes

Pooled , o
QOutcome k (n) estimate z"/ ) ?,i %
(95% CI) °
CV death or HHF 10 HR075 | | 0.69-
(RCT) (16,111) | (0.70-0.80) 0.81
. HR 0.68 0.60—
First HHF (RCT) | 9 (13.603) | (6> 075, | © | .76
HR 0.83 0.68—
CV death (RCT) | 7(10,993) | 23 504y | 7 | 101
All-cause death HR 0.82 0.55-
(RCT) TOT8) 1 0.70-0.96) | 40 | 123
Composite HF
HR 0.78 0.08—
outcome 3 (95,700) N 94
(cohorts) (0.65-0.95) 7.91
3 HR 0.55 0.05-
HHEF (cohorts) 1 115 050) | (0.44-0.67) | 77 | 6.11
All-cause death 4 HR 0.62 79 0.21-
(cohorts) (>115,050) | (0.48-0.79) 1.81
éghc‘iltlsse cxl. (>1033 292) (01{614{1—()67707) 0| %%
hospital) ’ ’ ) ’
HHF (RCT + 12 HR 0.63 34 0.51-
cohorts) (128,653) | (0.57-0.69) 0.78
KCCQ change MD 3.12
®CT), points | > 108 1 1oaa30)| O | —
NT-proBNP
(RCT), ratio of | 2(338) 08? (0%)67_ 56 | —
means ]
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All pooled estimates except NT-proBNP were statistically
significant (p < 0.01). HKSJ-adjusted 95% Cls: CV death or
HHF 0.70-0.80; first HHF 0.63-0.73; CV death 0.71-0.96;
all-cause death 0.69-0.98. HKSJ, Hartung—Knapp—Sidik—
Jonkman; k, number of estimates; MD, mean difference; PI,
prediction interval (not calculable for k < 3).

H. Subgroup Analyses

The relative reduction in CV death or HHF was consistent
across HF phenotypes — HFrEF (HR 0.72, 0.64-0.81),
HFmrEF/HFpEF (HR 0.80, 0.71-0.90) and mixed or
unspecified ejection fraction (HR 0.72, 0.63-0.82; x> = 2.06,
df = 2, p = 0.36) (Figure 12). Estimates from dedicated HF
trials (HR 0.76, 0.70—0.82) and HF subgroups of CVOT/renal
trials (HR 0.72, 0.62—0.83) were similar (p = 0.52) (Figure 13),
as were estimates for dapagliflozin (HR 0.78), empagliflozin
(HR 0.75), canagliflozin (HR 0.69) and sotagliflozin (HR
0.67) (p = 0.65), supporting a class effect (Figure 14).!32*

24,26,27,30,31

Study or subgroup N : HR [95% CI] Weight
HFrEF i
DAPA-HF (Petrie 2020) 2,139 - 0.75[0.63,0.90] 15.6%
EMPEROR-R (Anker 2021) 1,856 —I— 0.72 [0.60, 0.87] 14.4%
DECLARE HFIEF (Kalo 2019) 671 —_— 0.62[0.45,0.86]  4.7%
Subtotal (random effects) Q 0.72 [0.64, 0.81]
Heterogeneity: 12 = 0.000; I? = 0%; P = 0.60 ‘:
HFMrEFIHFPEF
EMPEROR-P (Filippatos 2022) 2,938 ~i 0.79[0.67,0.94]  17.4%
DELIVER (Inzucchi 2022) 3,150 - 0.81[0.69,0.95] 19.5%
Subtotal (random effects) @ 0.80 [0.71, 0.90]
Heterogeneity; 12 = 0.000; 1 = 0%; P = 0.83 4:
Mixed/unspecified EF ]
SOLOIST-WHF (Bhatt 2021)2 1222 —I-— 0.67 [0.52, 0.86] 8.2%
EMPA-REG HF (Fitchett 2016) 706 —t 0.72[0.50,1.04] 3.7%
CANVAS HF (Ré&dholm 2018) 1,461 —a 0.61[0.46,0.80]  6.5%
DECLARE non-rEF (Kato 2019) 1,316 P 0.88 [0.66,1.17]  6.1%
CREDEMNCE HF (Sarraju 2021)t 652 — 0.81[0.57,1.16]  3.8%
Subtotal (random effects) ‘ 0.72 [0.63, 0.82]
Heterogeneity: @ = 0.000; 1 = 0%; P = 0.40 '
Overall (random effects) . 0.75[0.70, 0.80] 100%
Heterogeneity: 7 = 0.000; I = 0%; P = 0.62 1
Overall effect: Z = 8.06 (P < 0.001)
95% prediction interval - [0.69, 0.81)
Subgroup differences: X2 = 2.06, df = 2 (P = 0.36)
—

0.25 05 1 2
Favours SGLT2i  Favours control

Figure 12: Subgroup forest plot of the composite outcome by
heart-failure phenotype. * Total (first and recurrent) events
(SOLOIST-WHF). ® HF-subgroup estimates from a secondary
tabulation (CREDENCE).

IJDDT Volume 16 Issue 87s 2026

Study or subgroup N HR [95% CI] Weight
Dedicated HF trial |

DAPA-HF (Petrie 2020) 2,139 - 0.75[0.63, 0.90]  15.6%
EMPEROR-R (Anker 2021) 1,856 _-_ 0.72 [0.60, 0.87]  14.4%
EMPEROR-P (Filippatos 2022) 2,938 —:.— 0.79[0.67,0.94] 17.4%
DELIVER (Inzucchi 2022) 3,150 -.— 0.81[0.69, 0.95] 19.5%
SOLOIST-WHF (Bhatt 2021) 1,222 + 0.67 [0.52, 0.86]  8.2%
Subtotal (random effects) ’ 0.76 [0.70, 0.82]
Heterogeneity: ™ = 0.000; IF = 0%; P = 0.71

CVOT/renal trial HF subgroup

EMPA-REG HF (Fitchett 2016) 706 0.72[0.50, 1.04] 3.7%
CANVAS HF (Radholm 2018) 1,461 —- 0.61[0.46,0.80]  6.5%
DECLARE HFTEF (Kato 2019) 671 —a— 0.62 [0.45, 0.86] 4.7%
DECLARE non-rEF (Kato 2019) 1,316 — 0.88 [0.66, 1.17] 6.1%
CREDENCE HF (Sarraju 2021) 652 = 0.81[0.57,1.16]  3.8%
Subtotal (random effects) L 3 0.72 [0.62, 0.83]
Heterogeneity: 12 = 0.003; 12 = 11%;: P = 0.34 |

i

Overall (random effects) 0 0.75 [0.70, 0.80] 100%
Heterogeneity: ¥ = 0.000; I = 0%, P = 0.62 i

Overall effect; 7 = 8.06 (P < 0.001) i

95% prediction interval + [0.69, 0.81]

Subgroup differences: y* = 0.42, di = 1 (P = 0.52) |

—
0.25 0.5 1

&
Favours SGLT2i Favours control
Figure 13: Subgroup forest plot of the composite outcome by
trial setting (dedicated HF trials versus HF subgroups of
cardiovascular or renal outcome trials). * Total (first and
recurrent) events (SOLOIST-WHF). ®* HF-subgroup estimates
from a secondary tabulation (CREDENCE).

Study or subgroup N : HR [95% CI] Weight
Dapagliffozin
DAPA-HF (Petrie 2020) 2,139 - 0.75[0.63,0.90] 15.6%
DELIVER (Inzucchi 2022) 3,150 -I.- 0.81[0.69, 0.95] 19.5%
DECLARE HFrEF (Kato 2019) 671 —I—-— 0.62 [0.45, 0.86) 4.7%
DECLARE nen-rEF (Kato 2019) 1,316 —I-— 0.88 [0.66, 1.17) 6.1%
Subtotal (random effects) & 0.78 [0.70, 0.86]
Heterogeneity: 1 = 0.000; 12 = 0%; P = 0.39 i
Empagliflozin
EMPEROR-R (Anker 2021) 1,856 —.— 0.72[0.60, 0.87] 14.4%
EMPEROR-P (Filippatos 2022) 2,938 e 0.79[0.67,0.94] 17.4%
EMPA-REG HF (Fitchett 2016) 06 + 0.72 [0.50, 1.04] 3.7%
Subtotal (random effects) @ 0.75 [0.67, 0.85]
Heterogeneity: 1% = 0.000; i* = 0%; P = 0.74 i
Canagliflozin
CANVAS HF [Radholm 2018) 1,461 —a— 0.61 [0.46, 0.80] 6.5%
CREDENCE HF (Sarraju 2021)° 652 ‘_:.,4 0.81 [0.57, 1.16) 3.8%
Subtotal (random effects) e 0.69 [0.52, 0.90]
Heterogeneity: 7 = 0.013; I = 33%; P = 0,22 H
Sotaglifiozin
SOLOIST-WHF (Bhatt 2021)® 1,222 '—lv— 0.67 [0.52, 0.86) 8.2%
Owverall (random effects) . 0.75[0.70,0.80] 100%
Heterogeneity: 19 = 0.000; ¥ = 0%; P = 0.62 ;
Overall effect: Z = 8.06 (P < 0.001) E
95% prediction interval -.- [0.69, 0.81)
Subgroup differences: x* = 1.63, df = 3 (P = 0.65) E
T
0.25 05 i §

. 2
Favours SGLT2I  Favours control

Figure 14: Subgroup forest plot of the composite outcome by
individual SGLT2 inhibitor. * Total (first and recurrent)
events (SOLOIST-WHF). * HF-subgroup estimates from a
secondary tabulation (CREDENCE).

1. Evidence From Observational Cohort Studies

In real-world cohorts, SGLT2 inhibitor use was associated
with lower risks of the composite HF outcome (HR 0.78,
0.65-0.95; 1> = 94%), HHF or readmission (HR 0.55, 0.44—
0.67; 1> = 77%) and all-cause mortality (HR 0.62, 0.48-0.79;
I2 = 79%) (Figure 15). After exclusion of the in-hospital
mortality  estimate, the mortality association was
homogeneous (HR 0.70, 0.64-0.77; I* = 0%). When
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randomised and observational HHF estimates were combined
(k = 12), the pooled HR was 0.63 (0.57-0.69; I> = 34%);
observational estimates tended to be larger than randomised
estimates (HR 0.55 vs 0.68; p for subgroup difference = 0.06),
consistent with residual confounding (Figure 16).444°

Study or subgroup N HR [95% CI] Weight
Composite HF outcome?

Becher 2021 (Sweden) 6805 —— 0.70 [0.52,0.95] 20.5%
Fu 2023 (USA) 59,605 [ | 0.72[0.67,0.77] 39.0%
Park 2023 (Korea) 29,290 m 090[087,093 40.6%
Subtotal (random effects) E = 0.78 [0.65, 0.95] 100%

Heterogeneity: ¥ = 0.023; I* = 94%; P < 0.001

HF hospitalisation/readmission®
Fu 2023 (USA) 59,605 ] 0.64[0.58,0.70] 43.5%
Nakai 2022 (Japan) 43,687 = 0.52 [0.45,0.61] 38.2%
Kongmalai 2024 (Thailand) 11,758 — 0.41[0.28,0.61] 18.2%
Subtotal (random effects) L2 0.55[0.44, 0.67] 100%
Heterogeneity. 12 = 0.024; ¥ = 77%; P = 0.01
All-cause mortality
Fu 2023 (USA) 59,605 = 0.70[0.63,0.78]  32.8%
Nakai 2022 (Japan) 43,687 - 0.70 [0.56,0.88]  26.9%
Svanstrém 2024 (Denmark)d NR - 0.73[0.58,0.91] 27.2%
Kongmalai 2024 (Thailand)® 11,758 —@— 0.24[0.14,0.42] 13.0%
Subtotal (random effects) = 0.62[0.48,0.79]  100%

Heterogeneity: 1 = 0.047; I = 79%; P = 0.002

u Dﬁﬁumféﬁ&rm IFE:Ems control
Figure 15: Forest plot of adjusted hazard ratios from
observational cohort studies of patients with HF and T2DM,
stratified by outcome (random-effects model within outcome).
@ Becher: CV death/HHF; Fu: all-cause death/HHF/urgent
visit; Park: HF readmission/CV death. » Nakai: HF
readmission. ¢ In-hospital mortality (excluded in sensitivity
analysis). * T2DM subgroup of an HFrEF cohort. NR, not

reported.

Study or subgroup N HR [95% CI] Weight
Randomised controlled trials
DAPA-HF (Petrie 2020) 2,139 0.76 [0.61,0.95] 10.2%
EMPEROR-R (Anker 2021) 1,856 0.67 [0.54,0.83] 10.5%
EMPEROR-P (Filippatos 2022) 2,938 0.69 [0.56, 0.85] 10.9%
SOLOIST-WHF (Bhatt 2021)& 1,222 0.64 [0.49, 0.83] 8.0%
EMPA-REG HF (Fitchett 2016) 706 0.75[0.48,1.18]  3.3%
CANVAS HF (Rédholm 2018) 1.461 0.51 [0.33, 0.78] 3.7%
DECLARE HFTEF (Kato 2019) 671 0.64 [0.43, 0.95] 4.2%
VERTIS HF (Cosentino 2020) 1,958 0.63 [0.44, 0.90] 5.09%
CREDENCE HF (Sarraju 2021) 652 0.76 [0.47, 1.22]  3.0%

Subtotal (random effects)
Heterogeneity: 1% = 0.000; 17 = 0%; P = 0.89

0.68 [0.62, 0.75]

Observational cohort studies
Fu 2023 (USA)
Nakai 2022 (Japan)

58,605
43,687

0.64 [0.58,0.70] 2L.4%
0.52[0.45,0.61] 15.4%

Kongmalai 2024 (Thailand) 11,758 0.41 [0.28, 0.61] 4.3%
Subtotal (random effects) 0.55 [0.44, 0.67]
Heterogeneity: T = 0.024; I = 77%; P = 0.01

Overall (random effects) 0.63 [0.57,0.69] 100%
Heterageneity; ¥ = 0.007; I = 34%; P = 0.11

Overall effect: Z = 10.35 (P < 0.001)
958 prediction interval [0.51, 0.78]

Subgroup differences: = 343, df = 1 (P = 0.06)

et b

—

0.25 05 1 15
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Figure 16: Forest plot of hospitalisation for heart failure
stratified by study design (randomised controlled trials versus
observational cohorts). ¢ Total (first and recurrent) events
(SOLOIST-WHF). ® HF-subgroup estimates from a secondary
tabulation (CREDENCE).
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J. Health Status, Natriuretic Peptides and Cardiac Structure
Three randomised estimates (5,108 participants) reported
placebo-adjusted changes in KCCQ scores; SGLT2 inhibitors
improved health status by 3.12 points (95% CI 1.94-4.30; p <
0.001; I = 0%) (Figure 17). SGLT2 inhibitors reduced NT-
proBNP by 28% relative to placebo in SUGAR-DM-HF and
non-significantly relative to glimepiride in CANDLE; the
pooled ratio of geometric means was 0.85 (0.67-1.08; I =
56%) (Flgure 18).22’27’29’32’51

Study or subgroup MD [95% CI] Weight

DAPA-HF (Petrie 2020) 350[1.59,5.41] 38.2%
EMPEROR-R (Anker 2021) —— 241[0.65,4.17] 44.7%
SOLOIST-WHF (Bhatt 2024) — 410[1.25,6.95] 17.1%

Overall (random effects) ‘
1
Heterogeneity: 12 = 0.000; I2 = 0%; P = 0.54

3.12[1.94,4.30] 100%

Overall effect: Z = 5.18 (P < 0.001)

2 0 4 8
Favours control Favours SGLT2i

Figure 17: Forest plot of placebo-adjusted change in Kansas
City Cardiomyopathy Questionnaire scores (mean difference,
points). Instruments: KCCQ-TSS at 8 months (DAPA-HF),
KCCQ-CSS at 52 weeks (EMPEROR-Reduced) and KCCQ-
12 at 4 months (SOLOIST-WHF). ¢ Derived from group-
specific mean changes and 95% Cls.

Study or subgroup N Ratio [95% CI] Weight
SUGAR-DM-HF (Lee 2021) 105 —_— 0.72[0.53,0.98]  34.3%
CANDLE (Kusunose 2021)P 233 ! 0.93[0.82,1.05] 65.7%

Overall (random effects)
Heterogeneity: 12 = 0.018; I2 = 56%; P = 0.13

0.85[0.67,1.08] 100%

Overall effect: Z = 1.32 (P = 0.19)

05 075 1 15
Favours SGLT2i Favours control

Figure 18: Forest plot of the effect of SGLT2 inhibitors on NT-
proBNP (ratio of geometric means, exploratory analysis). *
Glimepiride comparator (24 weeks); SUGAR-DM-HF
placebo-controlled (36 weeks).

Mechanistic findings are summarised in Table 12.
Empagliflozin reduced left ventricular end-systolic and end-
diastolic volume indices by 6.0 and 8.2 mL/m? in HFrEF with
T2DM or prediabetes, improved exercise capacity, diastolic
function and left atrial and chronotropic reserves in HFpEF
with T2DM, and dapagliflozin improved E/e’, left atrial
volume and left ventricular mass in the prospective case series,
whereas REFORM did not demonstrate an effect on left
ventricular volumes,?3-29:32:43:50.52

Table 12. Functional, Structural and Biomarker Findings
From Mechanistic RCTs and the Case Series

Design; Key findings (SGLT2

Study popula’tion inhibitor vs control or
baseline)

RCT- LVESVi—6.0 mL/m? (-10.8
Lee et al. HFrE’F n to —1.2); LVEDVi —8.2
2021 ToDM/ mL/m? (—13.7 to —2.6); NT-
(SUGAR- rediabetes: proBNP —28% (—2% to
DM-HF)® 13’ swh " |=47%); no difference in GLS,

w KCCQ-TSS or 6MWD

RCT; No effect on LVESV or other
Singh et al. TZDM + C.MR ipdices; reduced o
2020 HF “;l.th LV dlastpllc BP apd loop:idluretlc

»s | Systolic requirement; increase

(REFORM) dysfunction; | haemoglobin, haematocrit and

ly ketones
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Design; Key findings (SGLT2
Study popula’tion inhibitor vs control or
baseline)
Kusunose et Open-label |NT-proBNP ratio 0.93 (0.82—
al. 2021 RCT Vs 1.05); .trend to greater
( C ANDLE)® glimepiride; |reduction when septal e’ <4.7
24 wk cm/s (0.83, 0.66—1.04)
Open-label Increased 6MWD; reduced
RCT: LAVI and E/e’ at rest and
Ovchinnikov T2D1’\/I N exercise; improved diastolic,
etal. 2025% HFpEF: 6 LA and chronotropic
mop ’ reserves; lower NT-proBNP
and sST2 (all p <0.05)
Soga et al Hrospective E/e’ 9.3—8.5 (p = 0.020);
2018: Taﬁaka single-arm; |LAVI31—26 mL/m?* LVMI
ot al ’ T2DM + 75.0—67.0 g/m* GLS
202650,52 stable HF; 6 | 15.5%—16.9% (p < 0.01),
mo greatest in HFpEF

LA, left atrial; LVEDVi/LVESVi, left ventricular end-
diastolic/end-systolic volume index.

K. Safety

Safety data from the diabetic subgroups of DAPA-HF,
EMPEROR-Reduced and EMPEROR-Preserved (up to 6,925
participants) are shown in Figures 19 and 20 and Table 13.
SGLT2 inhibitors reduced serious adverse events by 11% (RR
0.89, 0.85-0.94) and did not increase discontinuation due to
adverse events (RR 0.98). Genital infections were tripled (RR
3.02, 1.77-5.13), whereas volume depletion (RR 1.14, 0.99—
1.33) and hypotension (RR 1.18, 0.98-1.41) showed non-
significant trends. Kidney adverse events, urinary tract
infections, amputation, fracture and severe hypoglycaemia
were not increased. DKA occurred in 3 of 2,000 patients
receiving an SGLT2 inhibitor versus none of 1,989 controls
(Peto OR 7.33, 0.76-70.58), and severe hypoglycaemia was
more frequent with sotagliflozin in SOLOIST-WHF (1.5% vs
03%) 13,22,23,27
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Study or subgroup

Serious adverse events
DAPA-HF
EMPEROR-Reduced
EMPEROR-Preserved
Subtotal (random effects) {
Heterogeneity: ¥ = 0.000; I = 0%; P = 0.45

RR[95%CI]  Weight
0.86 [0.79, 0.95) 26.7%
0.87 [D 79, D.QE] 24.2%
0.92 [0.86, 0.99] 49.1%
0.89 [0.85, 0.94] 100%

AE-related discontinuation

DAPA-HF —= 0.75[0.51, 1.10] B.6%
EMPEROR-Reduced 0.99[0.82, 1.20]  35.0%
EMPEROR-Preserved : 1.01[0.87,1.17] 56.4%
Subtotal (random effects) [ 0.98 [0.87, 1.10] 100%

Heterogeneity: 12 = 0.000, I* = 4%; P = 0.35

Volume depletion

DAPA-HF

EMPEROR-Reduced
EMPEROR-Preserved

Subtotal (random effects)
Heterogeneity: 17 = 0.000; I* = 0%; P = 0.57

1.00[0.75,1.34] 25.3%
1.22[0.93,1.61] 28.7%
1.18[0.95, 1.46] 46.0%
1.14[0.99,1.33]  100%

0.‘.’*

Hypotension
EMPEROR-Reduced
EMPEROR-Preserved
Subtotal (random effects)
Heterogeneity: 1 = 0.000; I = 0%; P = 0.56

1.26[0.94,1.70] 38.4%
1.13[0.89,1.42] 61.6%
1.18[0.98,1.41]  100%

Kidney AE / acute renal failure
DAPA-HF
EMPEROR-Reduced
EMPEROR-Preserved
Subtotal (random effects)
Heterogeneity: T = 0.000; I = 0%; P = 0.93

0.98[0.74,1.29] 21.0%
1.00[0.77,1.30] 23.0%
1.04[0.88,1.23] 56.0%
1.02 [0.90, 1.16] 100%

- *HY

Genital infection

EMPEROR-Reduced —— 4.50[1.53,13.23] 24.2%
EMPEROR-Preserved —— 2.65([1.44,4.89) 75.8%
Subtotal (random effects) B 3.02[1.77,5.13] 100%
Heterogeneity; T = 0.000; I = 0%; P = 0.40
Urinary tract infection

EMPEROR-Reduced
EMPEROR-Preserved
Subtotal (random effects)

Heterogeneity: 17 = 0.000; I = 0%; P = 0.76

1.06[0.73, 1.55]  25.8%
1.13[0.91,1.42] 74.2%
111[0.92,1.35] 100%

*u¥

Lower-limb amputation
DAPA-HF
EMPEROR-Reduced
EMPEROR-Preserved
Subtotal (random effects)
Heterogeneity: 1 = 0.000; I = 0%; P = 0.40

1.32[0.56, 3.12] 27.0%
1.33[0.56, 3.15]  27.0%
0.72[0.37,1.39]  46.0%
1.00 [0.64, 1.56]  100%

Fracture
DAPA-HF
EMPEROR-Reduced
Subtotal (random effects)
Heterogeneity: 1 = 0.000; ¥ = 0%; P =0.76

0.87 [0.49, 1.54) 50.8%
0.77[0.43,1.37)  49.2%
0.82[0.55,1.23]  100%

Severe/major hypoglycaemia
DAPA-HF
EMPEROR-Reduced
Subtotal (random effects)
Heterogeneity: 1 = 0.000; I* = 0%; P = 0.87

0.99[0.25,3.95] 38.2%
0.86[0.29,254]  61.8%
0.91[0.39,2.13]  100%

E3
S
=

—t—
0.1 05 1 2 10
Lower risk with SGLT2I  Higher risk

Figure 19: Forest plot of safety outcomes in diabetic HF
subgroups (risk ratio, random-effects model within outcome).
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Serious adverse events -
AE-related discontinuation |
Volume depletion -
Hypotension -
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Genital infection 4

Urinary tract infection |
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-
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>
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Diabetic ketoacidosis (Peto OR) -

*

0.89 [0.85, 0.94]
0.98[0.87, 1.10]
114 (0.9, 1.33]
1.18(0.98, 1.41]
1.02[0.90, 1.16]
3.02[1.77,5.13]
111[0.92,1.35]
1.00 [0.64, 1.56]
082055, 1.23]

0.91(0.39, 2.13]

7.33[0.76, 70.58]

0.1

05 1 2

5 20

Pooled risk ratio (95% Cl), log scale
Figure 20: Summary of pooled safety estimates; green,
significantly reduced risk; red, significantly increased risk
with SGLT?2 inhibitors.
Table 13. Pooled Safety Outcomes in Patients With HF and

Safety SGLT2i |Control RRo &
outcome k n/N n/N (95% (%)
Ch; p
0.91
Severe/major |, | 105000 | 1171089 | 0397 | ¢
hypoglycaemia 2.13);
0.82
Peto OR
. . 7.33
Eéf:;cti‘fbsis 24| 3/2000 | 0/1989 | (0.76- | —
70.58);
0.09

T2DM
Safety SGLT2i |Control RRo &
outcome n/N n/N (95% (%)
Ch;p
0.89
Serious (0.85—
adverse cvents 1576/3465 | 1768/3460 0.94); 0
<0.001
0.98
AE-related (0.87—
discontinuation S08/3465 | 521/3460 1.10); 4
0.71
1.14
Volume (0.99-
depletion 348/3465 | 304/3460 1.33); 0
0.07
1.18
. (0.98-
Hypotension 228/2392 | 194/2397 1.41); 0
0.08
Kidney AE / (é gg_
acute renal 419/3465 | 412/3460 ) '1 6): 0
failure 0.79
3.02
Genital 1.77-
infection 55/2392 | 18/2397 5.13); 0
<0.001
1.11
Urinary tract (0.92—
infection 200/2392 | 180/2397 1.35); 0
0.27
1.00
Lower-limb (0.64—
amputation 39/3465 | 39/3460 1.56): 0
1.00
0.82
(0.55-
Fracture 42/2000 | 51/1989 1.23); 0
0.33
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@ One study estimable (zero events in both arms of
EMPEROR-Reduced). Data from diabetic subgroups of
DAPA-HF, EMPEROR-Reduced and EMPEROR-Preserved
(safety populations). AE, adverse event; OR, odds ratio; RR,
risk ratio.

L. Small-Study Effects and Sensitivity Analyses

The contour-enhanced funnel plot of the primary outcome was
symmetrical, and Egger’s test showed no evidence of small-
study effects (intercept —1.08, SE 0.96; p = 0.30) (Figure 21).
All estimates lay within the +2 band of the Galbraith plot
(Figure 22). In leave-one-out analyses the pooled HR ranged
from 0.73 to 0.76 with 2 = 0% throughout (Figure 23), and
cumulative meta-analysis showed that the benefit became
statistically significant once the CANVAS HF subgroup was
added in 2018 and has remained stable since (Figure 24).
Other sensitivity analyses did not materially change the results
(Table 14).13,26,30,31

0.00
i)
K
I \
’ L )
£
I AY
I A
i \
/ \
0.05 / X
’ A
') A
IJ ‘\

4 I \

T

o ! ®

o ! ® \

S 010 / L 5\

o C i \

<] / \

5 ‘l \‘

e 'i' e \

@ \

° ; @ \

5§ 015 s b ‘\

C2 P <0.01 ® %
0.01<P<0.05 \
0055P<0.10 ol © \

x
P20.10 \
020 1 -~ Ppseudo-95% CI %
— Pooled HR 0.75 L]
@ Study Egger intercept -1.08 (SE 0.96); P = 0.30
T ' ' {
05 0.75 i 15 2

Hazard ratio (log scale)
Figure 21: Contour-enhanced funnel plot of the composite
outcome with Egger’s regression test.
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2 - - —— Pooled slope (HR 0.75) . POOled HR I2
Begi -- +2 band Analys1s k (950/0 CI) (%)
) =
g B One estimate per trial 9 0'73 é%f o~ 0
- DEC.L--n‘r‘ETf'\.‘_ -
£ - @CREDERCE Leave-one-out (range) 9 | 0.73-0.76 0
o MPA-REG e,
2 2] . First HHF excluding
E T prover == oo SOLOIST-WHF and 7 0'63 (7%)6 o
2 T SRS CREDENCE '
(7] ey .
-4 Ry All-cause death excluding 6 0.80 (0.68— 54
&5 4 s CREDENCE 0.96)
. | % All-cause death excluding 6 0.76 (0.67- 0
. . T T T T T T EMPEROR-Preserved 0.87)
0 2 4 6 8 10 12 14
Precision (1/SE) Cobhort all-cause death 3 0.70 (0.64— 0
Figure 22: Galbraith (radial) plot of the composite outcome; excluding Kongmalai 2024 0.77)

Hartung—Knapp—Sidik—Jonkman; k, number of

Certainty of evidence was high for CV death or HHF, first
HHF and serious adverse events; moderate for CV death, all-
cause death, KCCQ, genital infection and volume depletion;
and low for observational outcomes and for DKA (Table 15).
Applying the pooled effects to median control-group risks,
treatment of 1000 patients with HF and T2DM would prevent

all studies lie within the +2 band. HKSJ,
Omitting DAPA-HF (Petrie 2020) — 0.75[0.69, 0.81] e Stimates .
Omitting EMPEROR-R (Anker 2021) —_—— 0.75[0.70,0.81] . .
Omitiing EMPEROR-P (Filippatos 2022) —_—— 0.74[0.68, 0.80] M Certalnty ofEVIden ce
Omitting DELIVER (Inzucchi 2022) —_— 0.73[0.68, 0.79]
Omitting SOLOIST-WHF (Bhatt 2021) —_—— 0.76[0.70, 0.81]
Omiting EMPA-REG HF (Fitchett 2016) _— 0.75[0.70,0.81]
Omitiing CANVAS HF (Rédholm 2018) —_— 0.76[0.71,0.82]
Omitting DECLARE HFTEF (Kato 2019) —_— 0.76[0.70, 0.81]
Onmitting DECLARE non-EF (Kato 2019) —_— 0.74[0.69, 0.80]
Omitting CREDENCE HF (Sarraju 2021) { === All studies: HR 0.75 —g 0.75[0.69, 0.80]
0s0 065 070 075 om0  0ss 0% 095 1.00

Pooled HR (95% Cl)

Figure 23: Leave-one-out sensitivity analysis of the composite

approximately 52 CV deaths or HF hospitalisations (number
needed to treat =19), 44 first HF hospitalisations and 26 deaths
over trial follow-up, at the cost of approximately 15 additional

outcome.
+ EMPA-REG HF (Fitchett 2016) 0.72[0.50, 1.04] genital infections.22’23’27’39
+ CANVAS HF (Rédholm 2018) —_— 0:65]0:52;0.81) Table 15. GRADE Summary Of Findings: SGLT2
R - pralose oo Inhibitors Versus Placebo or Standard Care in Adults
wm—— T U With HF and T20M
+ CREDENCE HF (Sarraju 2021) —_— 0.73[0.65,0.81] Per 1000
+ EMPEROR-R (Anker 2021) _— 0.73[0.66, 0.80] . Relative (COIltl‘Ol i .
+ SOLOIST-WHF (Bhatt 2021) —— z:i [0 ::z;z] g)utcome (k’ effect SGLTZi); ((iilz;ts::::;y
I i g oo (95% CI) | absolute
0.4 0'5 0.‘6 0T7 OIS 0.‘9 10 1.'1 effect
Cumulative pooled HR (95% CI) .
Figure 24: Cumulative random-effects meta-analysis of the CV deathor | HRO0.75 228 — 176; e larlas]as)
. . HHF (10; (0.70— 52 fewer (41— | .
composite outcome ordered by year of publication. 16111 0.80 62 £ High
Table 14. Sensitivity Analyses 111) -80) ewer)
. HR 0.68 |146 — 102;
) Pooled HR |IZ First HHF (9; | ODDD
Analysis k ’ _ _
y O5%CDH (%) 13,603) 80'7652) ;“3‘ 2325(34 High
Primary: CV death or HHF 10 0.75 (0.70- 0 :
(random effects) 0.80) CV death (7; HR0.83 |116-97;19 | @®®O
0.75 (0.70— 10,993) > 1(0.73— fewer (7-30 Moderate
Fixed-effect model 10 ’ 0.8 0') 0 ’ 0.94) fewer) (imprecision)
HKSJ adjustment 10 ‘ 0 80') — death (7; (0.70- 26 fewer (6— | Moderate
- 9,789 0.96 44 fi i i
Excluding CREDENCE o | 075060 | ) ) ewer) (inconsistency)
(secondary data) 0.80) KCCQ score MD 3.12 a0
Excluding SOLOIST-WHF | o | 076070 | (3:5108) | E’fgﬁﬁ‘%‘)@r M"dqemte
(total events) 0.81) i ’ (indirectness)
o 0.77 (0.71- HHF, HR 0.55 ©®00
Low risk-of-bias trials only 4 ) 0.8 4) 0 observational | (0.44— — Low
- (3; 115,050) |0.67) (observational)
Dedicated HF trials only 5 0'78 g;; 0- 0
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Per 1000
. |Relative | (control — .
g)“tc"me (5 |effect  |SGLT2i); ((;gtsi‘:)ty
(95% CI) | absolute
effect
Serious
RR0.89 |511 — 455;
adverse 1 (0.85- |56 fewer (31— | DOOD
events (3; | g4y 77 fewer) | Tigh
6,925) ’
Genital RR3.02 |8—23;15 PO
infection (2; |(1.77- more (6-31 Moderate
4,789) 5.13) more) (imprecision)
Volume RR 1.14 88 — 100; 12 YY1 @)
. more (1

depletion (3; |(0.99— Moderate
6,925) 1.33) fewer—29 . .

, . more) (imprecision)
Diabetic Peto OR - _ 00
K S 7.33 0 — =L.5; =1- | Low (very

etoacidosis .
(2: 3,989) (0.76— 2 more serious

> 70.58) imprecision)

Control risks are median event proportions in the control arms
of the included diabetic subgroups over trial follow-up

(median 1.5-4.2 years). GRADE: @D DD high; DD
moderate; @D OO low.

DISCUSSION

This systematic review and meta-analysis integrated 21
studies published within the last 15 years, including 18,533
randomised participants with coexisting HF and T2DM, real-
world cohorts with more than 150,000 patients and a
prospective case series. SGLT2 inhibitors reduced CV death
or HHF by 25%, HHF by 32%, CV death by 17% and all-cause
death by 18%, with high-certainty evidence for the primary
outcome and a prediction interval entirely below unity. The
benefit was consistent across HF phenotypes, trial settings and
five different agents, observational evidence corroborated the
randomised findings, and the safety profile was
favourable, 322242747

These findings are consistent with, and extend, previous meta-
analyses (Table 2). The near-identical relative effect in this
high-risk population (HR 0.75) compared with overall HF
populations (HR 0.74-0.77) confirms that diabetes neither
attenuates nor substantially amplifies the relative benefit of
SGLT?2 inhibition, while the present review adds diabetes-
restricted estimates from five CVOT/renal trials, real-world
cohorts and diabetes-specific safety data.*!#!519-38

Because relative effects are similar, the absolute benefit is
driven by baseline risk, which is consistently higher in patients
with diabetes; the median control-group risk of CV death or
HHF was 22.8%, translating into a number needed to treat of
approximately 19 over trial follow-up. Benefit was
independent of baseline HbAlc, background glucose-
lowering therapy including metformin and insulin, diabetes
duration and concomitant glucagon-like peptide-1 receptor
agonist therapy, and empagliflozin reduced the need for new
insulin initiation. SGLT2 inhibitors should therefore be

IJDDT Volume 16 Issue 87s 2026

prioritised in patients with T2DM and HF regardless of
glycaemic status.?223-27:33-57

The magnitude of benefit was numerically larger in HFrEF
(HR 0.72) than in HFmrEF/HFpEF (HR 0.80), without
statistical interaction, in line with patient-level pooling of
DAPA-HF and DELIVER, which showed no modification of
effect by ejection fraction, and with post hoc VERTIS CV
analyses suggesting greater reductions in total HHF at lower
pre-trial ejection fraction. The mortality effect was weaker in
HFpEF, as illustrated by the neutral EMPEROR-Preserved
estimate, whereas the largest reduction was observed in
DECLARE-TIMI 58 patients with HFrEF,!323:26:58.59
SOLOIST-WHEF, which exclusively enrolled patients with
T2DM, demonstrated a 33% reduction in total CV deaths and
HF events when sotagliflozin was initiated before or shortly
after discharge, with early benefit within 30 and 90 days.
These results are complemented by the EMPULSE and
EMPA-RESPONSE-AHF trials in acute HF and by
nationwide cohorts from Korea and Japan showing lower
readmission and mortality when SGLT2 inhibitors were
started during or after an HF hospitalisation, supporting in-
hospital initiation in patients with T2DM, !3:43:46.60-62
Mechanistic studies in diabetic HF provide biological
plausibility. Empagliflozin induced reverse remodelling in
HFrEF with T2DM or prediabetes, dapagliflozin reduced left
ventricular mass and epicardial adipose tissue in T2DM with
stage B/C HF, and empagliflozin improved diastolic and
chronotropic reserves in HFpEF with T2DM, although
REFORM was neutral. Comparable remodelling occurs in
non-diabetic HFrEF and is confirmed by meta-analysis,
together with early decongestion not explained by diuresis
alone, indicating that the benefits reflect direct
haemodynamic, metabolic and structural effects rather than
glucose lowering,28:29:43:5052:63-69

The absence of heterogeneity among dapagliflozin,
empagliflozin, canagliflozin, sotagliflozin and ertugliflozin
supports a class effect, reinforced by the Medicare cohort
showing similar associations for all agents studied and for
both HFTEF and HFpEF. Sotagliflozin additionally inhibits
intestinal SGLT1, which may contribute to its effects in
SCORED but at the cost of more diarrhoea and
hypoglycaemia. In the absence of head-to-head trials, drug
selection should be guided by licensing, kidney function, cost
and availability.30-3347.70

The 3.1-point improvement in KCCQ observed in diabetic
patients is similar to that reported in the overall EMPEROR-
Reduced, EMPULSE and CHIEF-HF populations and in
DEFINE-HF. Kidney adverse events were not increased
despite the expected early eGFR dip, which does not predict
adverse outcomes and should not prompt discontinuation, and
long-term eGFR decline was attenuated more markedly in
diabetic patients — an important dual cardiorenal benefit in a
population with a high prevalence of diabetic kidney
disease.”7®

Genital mycotic infections were the principal and predictable
adverse effect (=15 additional infections per 1000 patients),
usually mild and manageable with hygiene measures and
topical therapy. The CANVAS amputation signal was not
reproduced, and severe hypoglycaemia was not increased with
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dapagliflozin or empagliflozin. Ketoacidosis was very rare but
clinically important: case series in T2DM with HF,
perioperative series and reports in non-diabetic patients
identify reduced oral intake, acute illness, surgery and
excessive insulin dose reduction as precipitants, while a recent
cohort suggests that prolonged perioperative discontinuation
may increase cardiac complications; patient education on sick-
day rules and individualised peri-procedural management are
therefore essential 1779783

Observational studies corroborated the direction of benefit;
the most rigorous new-user, active-comparator and trial-
emulation designs produced effects close to randomised
estimates, whereas comparisons of users with non-users
yielded implausibly large associations, highlighting residual
confounding and immortal-time bias. Despite strong evidence,
real-world uptake remains suboptimal, with discharge
prescription rates of approximately 20-37% in contemporary
registries, even though SGLT2 inhibitors are cost-
effective 4447:49.84-88

2. Initiation should be accompanied by counselling on genital
hygiene, sick-day rules and peri-procedural management to
minimise genital infection and ketoacidosis, without abrupt
withdrawal of insulin.!7-83

3. Health systems should implement audit- and checklist-
based strategies to improve uptake of SGLT2 inhibitors at
hospital discharge and in outpatient diabetes and heart-failure
clinics.®¢87

4. Further research should prioritise head-to-head trials,
mortality outcomes in HFpEF with T2DM, advanced kidney
disease and implementation in Indonesian and other low- and
middle-income settings.'*’
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