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ABSTRACT 

 Introduction 

Sodium-glucose cotransporter-2 (SGLT-2) inhibitors represent a 

transformative pharmacological class that has fundamentally 

altered the management of type 2 diabetes mellitus (T2DM). 

Beyond their established antihyperglycemic efficacy, SGLT-2 

inhibitors have demonstrated robust and consistent reductions in 

heart failure (HF) hospitalization and cardiovascular mortality 

across large-scale randomized controlled trials (RCTs). Given the 

substantial global burden of both T2DM and HF, a comprehensive 

synthesis of available evidence is urgently needed to inform 

clinical practice and guideline development. 

Methods 

The study strictly adhered to the Preferred Reporting Items for 

Systematic Review and Meta-Analysis (PRISMA) 2020 

guidelines. Eligible studies included RCTs, pre-specified subgroup 

analyses, and high-quality systematic reviews evaluating SGLT-2  
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inhibitors versus placebo or active comparator in adults with 

T2DM, reporting HF-related outcomes. Methodological quality 

was assessed using the Cochrane Risk of Bias 2 (RoB 2) tool. A 

minimum of 15 primary studies were included. Evidence certainty 

was rated using the GRADE framework. 

Results 

Eighteen primary studies and pooled data ]representing >100,000 

patients were included. SGLT-2 inhibitors demonstrated 

significant reductions in: (1) HF hospitalization (HR 0.68–0.73; 

95% CI 0.61–0.88; HIGH certainty); (2) CV death or HF 

composite (HR 0.77; 95% CI 0.73–0.82); (3) cardiovascular 

mortality (HR 0.85–0.86); (4) all-cause mortality (HR 0.87–0.88); 

(5) MACE (HR 0.89–0.93); (6) renal composite outcomes (HR 

0.62–0.65); (7) incident atrial arrhythmias (OR 0.81); (8) sudden 

cardiac death (OR 0.72); (9) NT-proBNP levels (WMD –136.03 

pg/mL); (10) left ventricular ejection fraction improvement 

(WMD +2.79%). Benefits were consistent across subgroups 

defined by sex, age, HF ejection fraction phenotype, and 

established or absent cardiovascular disease at baseline. The most 

common adverse event was genital mycotic infection; diabetic 

ketoacidosis was rare but clinically significant. 

Discussion 

SGLT-2 inhibitors reduce HF hospitalization risk through multiple 

complementary mechanisms, including natriuresis, ventricular 

preload/afterload reduction, myocardial metabolic optimization, 

anti-inflammatory effects, and activation of nutrient-deprivation 

cytoprotective signaling pathways. The class effect is highly 

consistent across empagliflozin, canagliflozin, and dapagliflozin. 

Benefits extend to patients with established HFrEF and HFpEF, 

regardless of diabetes status. These findings support the  
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integration of SGLT-2 inhibitors as cornerstone therapy for T2DM 

patients at cardiovascular risk. 

Conclusion 

SGLT-2 inhibitors are superior to placebo in reducing the risk of 

heart failure hospitalization and cardiovascular death in patients 

with T2DM. The evidence is of HIGH certainty and supports 

universal consideration of SGLT-2 inhibitors in eligible T2DM 

patients with or at risk for HF. Future research should focus on 

comparative effectiveness of individual agents, optimal patient 

selection, and long-term safety in special populations. 

Keywords 

SGLT-2 inhibitors; sodium-glucose cotransporter-2; heart failure; 

type 2 diabetes mellitus; empagliflozin; canagliflozin; 

dapagliflozin; cardiovascular outcomes; randomized controlled 

trial; systematic review 
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INTRODUCTION 

Background 

Type 2 diabetes mellitus (T2DM) is a major global health crisis, affecting an estimated 537 

million adults worldwide as of 2021, with projections reaching 783 million by 2045. T2DM is a 

potent independent risk factor for cardiovascular disease (CVD), including coronary artery disease, 

peripheral arterial disease, stroke, and notably, heart failure (HF). The coexistence of T2DM and 

HF confers a particularly adverse prognosis; patients with both conditions experience markedly 

elevated rates of hospitalization, functional deterioration, and mortality compared to those with 

either condition alone.1 Heart failure represents one of the most prevalent and clinically devastating 

complications of T2DM. Hyperglycemia-induced myocardial injury—via mechanisms including 

advanced glycation end-products, glucotoxicity, lipotoxicity, oxidative stress, mitochondrial 

dysfunction, and activation of the renin-angiotensin-aldosterone system (RAAS)—contributes to the 

development of diabetic cardiomyopathy even in the absence of ischemic heart disease or 

hypertension.2 

Historically, the pharmacological management of T2DM focused primarily on glycemic 

control, with limited evidence that lowering HbA1c per se translated into meaningful reductions in 

HF risk. Earlier glucose-lowering agents, including insulin secretagogues, thiazolidinediones, and 

certain dipeptidyl peptidase-4 (DPP-4) inhibitors, failed to demonstrate superiority over placebo for 

HF outcomes, with saxagliptin (SAVOR-TIMI 53) actually increasing HF hospitalization risk.3 

The advent of sodium-glucose cotransporter-2 (SGLT-2) inhibitors—a class of oral 

antidiabetic agents that promote urinary glucose and sodium excretion by blocking SGLT-2 in the 

renal proximal tubule—fundamentally transformed this landscape. The landmark EMPA-REG 

OUTCOME trial (2015) demonstrated, for the first time, that an antidiabetic drug (empagliflozin) 

could significantly reduce cardiovascular mortality and HF hospitalization in high-risk T2DM 

patients. This finding was subsequently validated and extended by the CANVAS Program, 

DECLARE-TIMI 58, CREDENCE, DAPA-HF, EMPEROR-Reduced, and EMPEROR-Preserved 
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trials, establishing a robust evidence base for the cardioprotective effects of this drug class.4 Today, 

SGLT-2 inhibitors are recommended by major international guidelines—including those of the 

American Diabetes Association (ADA), the European Society of Cardiology (ESC), and the Heart 

Failure Society of America (HFSA)—as first-line or strongly preferred agents for T2DM patients 

with established CVD, HF, or chronic kidney disease (CKD).5 

Research Gap 

Despite the rapidly expanding evidence base, several critical gaps remain. First, prior 

systematic reviews have predominantly focused on major adverse cardiovascular events (MACE) 

without comprehensive granular analysis of HF-specific outcomes across the full spectrum of HF 

phenotypes (HFrEF vs. HFpEF). Second, the comparative efficacy of individual SGLT-2 inhibitors 

(empagliflozin vs. canagliflozin vs. dapagliflozin vs. ertugliflozin) on HF endpoints remains poorly 

characterized in head-to-head analyses. Third, the mechanistic underpinnings linking SGLT-2 

inhibition to cardiac protection—particularly the roles of natriuresis, cardiac metabolic 

reprogramming, and myocardial autophagy—warrant integrated synthesis alongside clinical trial 

data. Fourth, there is a paucity of systematic reviews that comprehensively evaluate ≥15 outcomes 

with GRADE-rated certainty assessments across diverse patient subgroups.6 

Novelty 

The present systematic review is novel in its: (1) inclusion of ≥15 clinically relevant primary 

and secondary outcomes evaluated using GRADE certainty ratings; (2) comprehensive subgroup 

analyses covering sex, age, ejection fraction phenotype, renal function, and baseline CVD status; 

(3) integration of mechanistic evidence from biomarker and translational studies alongside clinical 

trial data; (4) inclusion of acute HF hospitalization trials (EMPA-RESPONSE-AHF, EMPULSE) 

alongside chronic HF and diabetes outcome trials; and (5) evaluation of both individual drug-level 

and class-level effects.7 

Research Objectives 

The primary objective of this systematic review is to comprehensively evaluate the 

effectiveness of SGLT-2 inhibitors in reducing the risk of heart failure hospitalization, 

cardiovascular mortality, and related clinical outcomes in patients with type 2 diabetes mellitus, 
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based on evidence from randomized controlled trials and primary clinical studies. Secondary 

objectives include characterization of the safety profile, identification of treatment effect modifiers, 

and synthesis of proposed mechanistic pathways. 

Research Benefits 

The findings of this systematic review will provide: (1) evidence-based guidance to 

clinicians prescribing antidiabetic therapy in T2DM patients at cardiovascular risk; (2) a 

comprehensive, up-to-date synthesis to inform national and international clinical guideline 

committees; (3) identification of knowledge gaps to prioritize future research in clinical 

pharmacology, translational medicine, and comparative effectiveness research; and (4) a 

methodologically rigorous reference document for medical educators, policymakers, and healthcare 

system planners. 

Research Hypothesis 

H₀ (Null Hypothesis): SGLT-2 inhibitors do not significantly reduce the risk of heart failure 

hospitalization, cardiovascular death, or related clinical outcomes compared to placebo in patients 

with T2DM. 

H₁ (Alternative Hypothesis): SGLT-2 inhibitors significantly reduce the risk of heart failure 

hospitalization, cardiovascular death, and related cardiorenal outcomes compared to placebo in 

patients with T2DM, with consistent class-level effects across individual agents and across diverse 

patient subgroups. 

METHODS 

Study Design 

This study was conducted as a comprehensive systematic review of published randomized 

controlled trials (RCTs), pre-specified subgroup analyses of major RCTs, and high-quality meta-

analyses/systematic reviews, in accordance with the Preferred Reporting Items for Systematic 

Reviews and Meta-Analyses (PRISMA) 2020 guidelines and the Cochrane Handbook for 

Systematic Reviews of Interventions. 8 

Eligibility Criteria (PICO Framework) 

Population (P): 



 

   Research Article                                                             Volume 48, Issue No. 04. 2026 

   E-ISSN : 3048-1368                                             P-ISSN : 3048-1376 

 

 

7 
The International Journal of Medical Science and Health Research 

 

Downloaded from theInternationalmedicaljournal.org. For personal use only. No other uses without permission.  

Copyright © International Medical Journal Corp. Ltd. All rights reserved  
 

 

Adult patients (age ≥18 years) with confirmed diagnosis of type 2 diabetes mellitus 

(T2DM), with or without established cardiovascular disease (CVD), heart failure (HFrEF or 

HFpEF), or chronic kidney disease (CKD). Studies enrolling patients with T1DM exclusively or 

with <80% T2DM were excluded. 

Intervention (I): 

Any approved SGLT-2 inhibitor administered at recommended therapeutic doses: 

empagliflozin (10 mg or 25 mg/day), canagliflozin (100 mg or 300 mg/day), dapagliflozin (10 

mg/day), ertugliflozin (5 mg or 15 mg/day), or sotagliflozin. 

Comparator (C): 

Placebo with background standard-of-care therapy for diabetes and cardiovascular risk 

management, or active comparator (DPP-4 inhibitor, GLP-1 receptor agonist). 

Outcomes (O): 

Primary outcome: Hospitalization for heart failure (HHF) as a first or recurrent event. 

Secondary outcomes: CV death or HHF composite; cardiovascular mortality; all-cause mortality; 

MACE; renal composite outcomes; incident atrial arrhythmias; sudden cardiac death; NT-proBNP 

changes; LVEF changes; HbA1c; blood pressure; body weight; patient-reported outcomes (KCCQ 

score); and safety endpoints. 

Study Design (S): 

Phase 3 or Phase 4 RCTs; pre-specified secondary/subgroup analyses of eligible RCTs; 

high-quality systematic reviews and meta-analyses of eligible RCTs. Minimum follow-up duration: 

24 weeks. Minimum sample size: n≥50 per arm. Language: English or English-translated 

publications. 

Search Strategy 

The keywords used for this research based PICO :  

PICO Component Keyword 1 Keyword 2 Keyword 3 

P (Population) 
Type 2 Diabetes 

Mellitus 

Type 2 Diabetes 

Patients 
T2DM Adults 
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I (Intervention) SGLT-2 Inhibitors 

Sodium-Glucose 

Cotransporter-2 

Inhibitors 

Empagliflozin / 

Dapagliflozin / 

Canagliflozin 

C (Comparator) Placebo 
Standard-of-Care 

Therapy 
Active Comparator 

O (Outcome) 
Heart Failure 

Hospitalization 

Cardiovascular 

Mortality 

Heart Failure Risk 

Reduction 

The Boolean MeSH keywords inputted on databases for this research are: ("Type 2 Diabetes 

Mellitus" OR "Type 2 Diabetes Patients" OR "T2DM Adults") AND ("SGLT-2 Inhibitors" OR 

"Sodium-Glucose Cotransporter-2 Inhibitors" OR "Empagliflozin" OR "Dapagliflozin" OR 

"Canagliflozin") AND ("Placebo" OR "Standard-of-Care Therapy" OR "Active Comparator") AND 

("Heart Failure Hospitalization" OR "Cardiovascular Mortality" OR "Heart Failure Risk 

Reduction") 

Study Selection Process 

Two independent reviewers (blinded to each other's assessments) screened all retrieved titles 

and abstracts according to the pre-specified eligibility criteria using standardized screening forms. 

Discrepancies were resolved through discussion and, if necessary, adjudication by a third senior 

reviewer. Potentially eligible studies underwent full-text assessment. All screening decisions were 

documented and reasons for exclusion recorded. 

Data Extraction 

Data were extracted independently by two reviewers using a standardized, pilot-tested data 

extraction form. Extracted variables included: study design; country; trial registration number; 

sample size; intervention and comparator agents and doses; follow-up duration; patient 

demographics (age, sex, HbA1c, eGFR, BMI, cardiovascular history); primary and secondary 

endpoints; HR/OR/RR with 95% CI; p-values; and safety outcomes. For meta-analyses, additional 

data on heterogeneity statistics (I²), between-study variance (τ²), and GRADE ratings were 

extracted. 

Risk of Bias Assessment 
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The methodological quality of all primary RCTs was assessed independently by two 

reviewers using the Cochrane Risk of Bias 2 (RoB 2) tool, evaluating five domains: (1) bias from 

the randomization process; (2) bias due to deviations from intended interventions; (3) bias from 

missing outcome data; (4) bias in measurement of the outcome; and (5) bias in selection of the 

reported result. Each domain was rated as 'Low risk,' 'Some concerns,' or 'High risk,' with an overall 

risk of bias judgment derived from these domain ratings. For meta-analyses and systematic reviews, 

methodological quality was assessed using the AMSTAR-2 (A Measurement Tool to Assess 

Systematic Reviews, version 2) checklist. 

Evidence Certainty Assessment 

The overall certainty of evidence for each primary outcome was rated using the Grading of 

Recommendations Assessment, Development and Evaluation (GRADE) approach, which considers 

risk of bias, inconsistency (heterogeneity), indirectness, imprecision, and publication bias. Evidence 

was categorized as: HIGH (very confident the true effect lies close to the estimated effect); 

MODERATE (moderately confident; true effect likely to be close but may be substantially 

different); LOW (limited confidence; true effect may be substantially different); or VERY LOW 

(very little confidence in the effect estimate). 

Statistical Analysis 

For the purposes of this systematic review, quantitative data were synthesized from included 

meta-analyses using pre-reported pooled effect estimates (HR, OR, RR) with corresponding 95% 

confidence intervals, p-values, and heterogeneity statistics (I²). Where multiple meta-analyses 

reported the same outcome using overlapping studies, the most comprehensive and 

methodologically rigorous estimate was used as the primary pooled estimate. Sensitivity analyses 

and subgroup analyses were evaluated as pre-specified or exploratory in source publications. Forest 

plots were not generated de novo; instead, pooled estimates from high-quality, large-scale meta-

analyses published in the New England Journal of Medicine, The Lancet, JAMA, BMJ, and 

Circulation were used. 
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Table 1. Article Search Strategy 

Database Keywords Hits 

Pubmed ("Type 2 Diabetes Mellitus" OR "Type 2 Diabetes Patients" OR 

"T2DM Adults") AND ("SGLT-2 Inhibitors" OR "Sodium-Glucose 

Cotransporter-2 Inhibitors" OR "Empagliflozin" OR "Dapagliflozin" 

OR "Canagliflozin") AND ("Placebo" OR "Standard-of-Care 

Therapy" OR "Active Comparator") AND ("Heart Failure 

Hospitalization" OR "Cardiovascular Mortality" OR "Heart Failure 

Risk Reduction") 

68 

Semantic 

Scholar 

("Type 2 Diabetes Mellitus" OR "Type 2 Diabetes Patients" OR 

"T2DM Adults") AND ("SGLT-2 Inhibitors" OR "Sodium-Glucose 

Cotransporter-2 Inhibitors" OR "Empagliflozin" OR "Dapagliflozin" 

OR "Canagliflozin") AND ("Placebo" OR "Standard-of-Care 

Therapy" OR "Active Comparator") AND ("Heart Failure 

Hospitalization" OR "Cardiovascular Mortality" OR "Heart Failure 

Risk Reduction") 

302 

Cochrane ("Type 2 Diabetes Mellitus" OR "Type 2 Diabetes Patients" OR 

"T2DM Adults") AND ("SGLT-2 Inhibitors" OR "Sodium-Glucose 

Cotransporter-2 Inhibitors" OR "Empagliflozin" OR "Dapagliflozin" 

OR "Canagliflozin") AND ("Placebo" OR "Standard-of-Care 

Therapy" OR "Active Comparator") AND ("Heart Failure 

Hospitalization" OR "Cardiovascular Mortality" OR "Heart Failure 

Risk Reduction") 

89 

Clinicaltri

al.gov 

("Type 2 Diabetes Mellitus" AND "SGLT-2 Inhibitors" OR "Sodium-

Glucose Cotransporter-2 Inhibitors" OR "Empagliflozin" OR 

"Dapagliflozin" OR "Canagliflozin" AND "Heart Failure 

Hospitalization" OR "Cardiovascular Mortality" OR "Heart Failure 

Risk Reduction") 

2,593 

Science-

direct 

("Type 2 Diabetes Mellitus" AND "SGLT-2 Inhibitors" OR "Sodium-

Glucose Cotransporter-2 Inhibitors" OR "Empagliflozin" OR 

"Dapagliflozin" OR "Canagliflozin" AND "Heart Failure 

Hospitalization" OR "Cardiovascular Mortality" OR "Heart Failure 

Risk Reduction") 

2,237 
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Figure 1. Article search flowchart 

Records identified from*: 
PubMed (n = 68) 
Cochrane (n = 89) 
Semantic Scholar (n = 302) 
Clinicaltrial.gov (n = 2,593) 
Sciencedirect (n = 2,237) 
 

Records removed before screening: 
Duplicate records removed  (n = 56) 
Records marked as ineligible by 
automation tools (n= 802) 
 

Records screened 
(n = 4,431) 

Records excluded** 
(n = 1,563) 

Reports sought for retrieval 

(n = 2,868) 
Reports not retrieved 
(n = 1,983) 

Reports assessed for eligibility 
(n = 885) 

Reports excluded: 
Wrong study design (n = 867) 

Studies included in systematic review 
(n = 18) 

Identification of studies via databases and registers 
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RESULTS 

Study Characteristics 

After applying inclusion/exclusion criteria, 18 primary RCTs and pre-specified subgroup 

analyses were included, along with 5 high-quality meta-analyses/network meta-analyses that 

synthesized data from ≥15 individual RCTs. The included primary studies collectively enrolled 

>100,000 patients with T2DM and/or HF across multiple geographic regions and follow-up periods 

ranging from 30 days to 4.2 years.10 

Characteristics of Included Studies 

Table 1 provides a comprehensive overview of the characteristics of all included primary studies. 

Table 1. Characteristics of Included Studies 

Study (Author, 

Year) 
Intervention Population N Follow-up 

Key HF 

Outcomes 

EMPA-REG 

OUTCOME 

(Zinman et al., 

2015) 

Empagliflozin 

10/25mg vs 

Placebo 

T2DM + 

established 

CVD 

7,020 3.1 yrs 

HR 0.66 (0.55-

0.79) CV 

death/HHF 

HHF: HR 0.65 

(0.50-0.85) 

CANVAS 

Program (Neal 

et al., 2017) 

Canagliflozin 

100/300mg vs 

Placebo 

T2DM + high 

CV risk 
10,142 3.6 yrs 

HHF: HR 0.67 

(0.52-0.87) CV 

death/HHF: HR 

0.78 (0.67-0.91) 

DECLARE-

TIMI 58 

(Wiviott et al., 

2019) 

Dapagliflozin 

10mg vs 

Placebo 

T2DM ± 

established 

CVD 

17,160 4.2 yrs 

CV death/HHF: 

HR 0.83 (0.73-

0.95) HHF: HR 

0.73 (0.61-0.88) 

CREDENCE 

(Perkovic et 

Canagliflozin 

100mg vs 

T2DM + CKD 

+ albuminuria 
4,401 2.6 yrs 

HHF: HR 0.61 

(0.47-0.80) 
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Study (Author, 

Year) 
Intervention Population N Follow-up 

Key HF 

Outcomes 

al., 2019) Placebo 

DAPA-HF 

(McMurray et 

al., 2019) 

Dapagliflozin 

10mg vs 

Placebo 

HFrEF ± T2DM 4,744 1.5 yrs 

Composite CV 

death/wHF: HR 

0.74 (0.65-0.85) 

EMPEROR-

Reduced 

(Packer et al., 

2020) 

Empagliflozin 

10mg vs 

Placebo 

HFrEF ± T2DM 3,730 1.3 yrs 

CV death/HHF: 

HR 0.75 (0.65-

0.86) 

EMPEROR-

Preserved 

(Anker et al., 

2021) 

Empagliflozin 

10mg vs 

Placebo 

HFpEF ± 

T2DM 
5,988 2.2 yrs 

CV death/HHF: 

HR 0.79 (0.69-

0.90) 

EMPA-

RESPONSE-

AHF 

(Damman et 

al., 2020) 

Empagliflozin 

10mg vs 

Placebo 

Acute 

decompensated 

HF ± T2DM 

80 30 days 

Composite 

wHF/reHHF/de

ath: 10% vs 

33%, P=0.014 

EMPULSE 

Trial (Tromp 

et al., 

2021/2022) 

Empagliflozin 

10mg vs 

Placebo 

Acute HF ± 

T2DM 
530 90 days 

Clinical benefit 

win ratio 1.36 

(1.09-1.68) 

Fitchett et al., 

2016 (EMPA-

REG HF Sub) 

Empagliflozin 

pooled vs 

Placebo 

T2DM + CVD 

± baseline HF 
7,020 3.1 yrs 

HHF or CV 

death: HR 0.66 

(0.55-0.79) 

Rådholm et al., Canagliflozin vs T2DM + history 10,142 3.6 yrs HHF alone: HR 



 

   Research Article                                                             Volume 48, Issue No. 04. 2026 

   E-ISSN : 3048-1368                                             P-ISSN : 3048-1376 

 

 

14 
The International Journal of Medical Science and Health Research 

 

Downloaded from theInternationalmedicaljournal.org. For personal use only. No other uses without permission.  

Copyright © International Medical Journal Corp. Ltd. All rights reserved  
 

 

Study (Author, 

Year) 
Intervention Population N Follow-up 

Key HF 

Outcomes 

2018 

(CANVAS HF 

Sub) 

Placebo of HF at 

baseline 

0.67 (0.52-0.87) 

Furtado et al., 

2019 

(DECLARE 

prev MI Sub) 

Dapagliflozin 

vs Placebo 

T2DM + 

previous MI 
3,584 4.2 yrs 

MACE: HR 

0.84 (0.72-0.99) 

CV death/HHF: 

HR 0.81 (0.65-

1.00) 

Zelniker et al., 

2019 (Lancet ) 

SGLT2i vs 

Placebo (3 

CVOTs) 

T2DM + high 

CV risk 
34,322 Pooled 

CV death/HHF: 

HR 0.77 (0.71-

0.84) 

McGuire et al., 

2020 (JAMA 

Cardiology ) 

All 4 SGLT2i 

vs Placebo 

T2DM (6 major 

RCTs) 
46,969 Pooled 

HHF: HR 0.68 

(0.61-0.76) 

Kidney: HR 

0.62 (0.56-0.70) 

Giugliano et 

al., 2021 (11 

CVOT ) 

5 SGLT2i vs 

Placebo 

T2DM and/or 

HF/CKD 
77,541 Pooled 

CV death/HHF: 

HR 0.77 (0.73-

0.82) HHF 

alone: HR 0.68 

Palmer et al., 

2021 (BMJ 

Network ) 

SGLT2i vs 

GLP-1RA vs 

Placebo 

T2DM broad 

spectrum 
421,346 Pooled NMA 

SGLT2i 

superior for 

HHF vs GLP-

1RA 

Shi et al., 2023 

(BMJ Network 

13 drug classes 

vs Placebo 

T2DM broad 

spectrum 
471,038 Pooled NMA 

SGLT2i: OR 

0.88 (0.83-0.94) 
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Study (Author, 

Year) 
Intervention Population N Follow-up 

Key HF 

Outcomes 

) all-cause death 

Baigent et al., 

2022 (Lancet 

Collaborative) 

SGLT2i across 

13 trials 

T2DM, HF, 

CKD 
90,413 Pooled 

CV death/HHF: 

RR 0.77 (0.74-

0.81) 

Abbreviations: T2DM = type 2 diabetes mellitus; CVD = cardiovascular disease; HFrEF = heart 

failure with reduced ejection fraction; HFpEF = heart failure with preserved ejection fraction; 

HHF = hospitalization for heart failure; CV = cardiovascular; NMA = network meta-analysis; 

CVOT = cardiovascular outcome trial; HR = hazard ratio; CI = confidence interval; N = total 

sample size; RCT = randomized controlled trial. 

Risk of Bias Assessment 

Table 2 presents the risk of bias assessment for all included primary RCTs and meta-

analyses using the Cochrane RoB 2 tool. 

Table 2. Risk of Bias Assessment (Cochrane RoB 2 Tool) 

 

Study 

Random 

Sequence 

Generation 

Allocation 

Concealme

nt 

Blinding of 

Participant

s 

Blinding of 

Outcome 

Assessment 

Incomplete 

Outcome 

Data 

Selective 

Reporting 

Overall 

Risk of 

Bias 

EMPA-

REG 

OUTCOM

E 

Low Low Low Low Low Low LOW 

CANVAS 

Program 
Low Low Low Low Low 

Some 

concerns* 
LOW 

DECLARE

-TIMI 58 
Low Low Low Low Low Low LOW 
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Study 

Random 

Sequence 

Generation 

Allocation 

Concealme

nt 

Blinding of 

Participant

s 

Blinding of 

Outcome 

Assessment 

Incomplete 

Outcome 

Data 

Selective 

Reporting 

Overall 

Risk of 

Bias 

CREDENC

E 
Low Low Low Low Low Low LOW 

DAPA-HF Low Low Low Low Low Low LOW 

EMPERO

R-Reduced 
Low Low Low Low Low Low LOW 

EMPERO

R-

Preserved 

Low Low Low Low Low Low LOW 

EMPA-

RESPONS

E-AHF 

Low Low Low Low Low Low LOW 

EMPULSE Low Low Low Low Low Low LOW 

Zelniker 

2019 () 
Low N/A N/A Low Low Low LOW 

McGuire 

2020 () 
Low N/A N/A Low Low Low LOW 

Palmer 

2021 

(NMA) 

Low N/A N/A Low Low Low LOW 

Giugliano 

2021 () 
Low N/A N/A Low Low Low LOW 

Baigent 

2022 () 
Low N/A N/A Low Low Low LOW 

Shi 2023 Low N/A N/A Low Low Low LOW 
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Study 

Random 

Sequence 

Generation 

Allocation 

Concealme

nt 

Blinding of 

Participant

s 

Blinding of 

Outcome 

Assessment 

Incomplete 

Outcome 

Data 

Selective 

Reporting 

Overall 

Risk of 

Bias 

(NMA) 

*The CANVAS Program received 'Some concerns' for selective reporting owing to the 

unanticipated signal for lower limb amputation, which was not a pre-specified primary endpoint 

and was subsequently the subject of additional investigation. This signal was not confirmed in 

subsequent trials. Color coding: Green = Low risk; Yellow = Some concerns. N/A = Not applicable 

(meta-analyses assessed with AMSTAR-2; all rated as high methodological quality). 

Primary Outcome: Hospitalization for Heart Failure (HHF) 

SGLT-2 inhibitors demonstrated consistent, statistically significant, and clinically 

meaningful reductions in HHF across all major RCTs. In the landmark EMPA-REG OUTCOME 

trial, empagliflozin reduced the risk of HHF by 35% compared to placebo (HR 0.65; 95% CI 0.50–

0.85; P<0.001), corresponding to a number-needed-to-treat (NNT) of approximately 71 over 3.1 

years.11 This benefit was observed consistently in patients with and without baseline HF, across all 

categories of HF risk, and was independent of background cardiovascular risk factor control.12 

The CANVAS Program demonstrated that canagliflozin reduced HHF by 33% (HR 0.67; 95% CI 

0.52–0.87; P<0.001), with evidence suggesting potentially greater benefit in those with established 

HF at baseline (HR 0.61; 95% CI 0.46–0.80; P-interaction=0.021).13 The DECLARE-TIMI 58 trial, 

which enrolled the largest proportion of patients without established CVD (59.4%), demonstrated 

that dapagliflozin reduced the composite of CV death or HHF by 17% (HR 0.83; 95% CI 0.73–

0.95; P=0.005), driven primarily by a 27% reduction in HHF (HR 0.73; 95% CI 0.61–0.88), without 

a significant effect on cardiovascular death in isolation.14 

Pooled data from the McGuire et al. meta-analysis (2020, JAMA Cardiology), 

encompassing six major RCTs and 46,969 patients with T2DM, confirmed a consistent 32% 

relative risk reduction in HHF across the SGLT-2 inhibitor class (HR 0.68; 95% CI 0.61–0.76; 

I²=0.0%), with no significant heterogeneity across individual agents, underscoring a robust class 

effect.15 
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Table 3. HHF Outcomes by Individual SGLT-2 Inhibitor and Major Trial 

SGLT2 

Inhibitor 
Major Trial N 

HHF HR (95% 

CI) 

HHF Absolute 

Risk Reduction 
NNT 

Empagliflozin 
EMPA-REG 

OUTCOME 
7,020 

0.65 (0.50–

0.85) 

1.4% over 3.1 

yrs 
~71 

Canagliflozin 
CANVAS 

Program 
10,142 

0.67 (0.52–

0.87) 

1.4 per 1000 pt-

yrs 
~85 

Dapagliflozin 
DECLARE-

TIMI 58 
17,160 

0.73 (0.61–

0.88) 

0.6% over 4.2 

yrs 
~167 

Canagliflozin CREDENCE 4,401 
0.61 (0.47–

0.80) 

~2.4% over 2.6 

yrs 
~42 

Dapagliflozin DAPA-HF 4,744 
0.70 (0.59–

0.83) 

4.9% over 1.5 

yrs 
~20 

Empagliflozin 
EMPEROR-

Reduced 
3,730 

0.69 (0.59–

0.81) 

5.0% over 1.3 

yrs 
~20 

Empagliflozin 
EMPEROR-

Preserved 
5,988 

0.71 (0.60–

0.83) 

3.3% over 2.2 

yrs 
~30 

Class Effect 

(Pooled) 

McGuire 2020 

Meta-analysis 
46,969 

0.68 (0.61–

0.76) 

Consistent 

across class 
~50–100 

Abbreviations: HHF = hospitalization for heart failure; HR = hazard ratio; CI = confidence 

interval; NNT = number needed to treat; pt-yrs = patient-years. *DAPA-HF enrolled patients with 

established HFrEF regardless of diabetes status. 

Secondary Outcomes: Summary of All ≥15 Outcomes 

Table 4. Comprehensive Summary of Clinical Outcomes — SGLT-2 Inhibitors vs. Placebo in 

T2DM 
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Outcome 
Studies 

Reporting 

Pooled HR / 

OR / RR (95% 

CI) 

I² 

Heterogeneity 

GRADE 

Certainty 

Direction of 

Effect 

1. 

Hospitalization 

for Heart 

Failure (HHF) 

≥15 RCTs 
HR 0.68–0.73 

(0.61–0.88) 
Low (I²<25%) HIGH 

Significantly 

Reduced ↓ 27–

32% 

2. CV Death or 

HHF 

(Composite) 

≥15 RCTs 
HR 0.77 (0.73–

0.82) 
Low (I²=26%) HIGH 

Significantly 

Reduced ↓ 23% 

3. 

Cardiovascular 

Mortality 

≥12 RCTs 
HR 0.85–0.86 

(0.81–0.92) 

Moderate 

(I²=40–64%) 
HIGH 

Significantly 

Reduced ↓ 14–

16% 

4. All-Cause 

Mortality 
≥10 RCTs 

HR 0.87–0.88 

(0.82–0.93) 
Low–Moderate HIGH 

Significantly 

Reduced ↓ 12–

13% 

5. Major 

Adverse CV 

Events 

(MACE) 

≥12 RCTs 
HR 0.89–0.93 

(0.83–1.03) 
Low (I²=21%) HIGH 

Modest 

Reduction ↓ 7–

11% 

6. Renal 

Composite 

Outcome 

≥10 RCTs 
HR 0.62–0.65 

(0.56–0.75) 
Low HIGH 

Significantly 

Reduced ↓ 35–

38% 

7. Non-fatal 

Myocardial 

Infarction 

≥10 RCTs 
HR 0.87–0.89 

(0.74–1.09) 
Low MODERATE 

Trend toward 

Reduction 

8. Incident ≥5 Meta-OR 0.73–0.81 Low–Moderate MODERATE Significantly 
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Outcome 
Studies 

Reporting 

Pooled HR / 

OR / RR (95% 

CI) 

I² 

Heterogeneity 

GRADE 

Certainty 

Direction of 

Effect 

Atrial 

Arrhythmias 

analyses (0.68–0.95) Reduced ↓ 19–

27% 

9. Sudden 

Cardiac Death 

≥5 Meta-

analyses 

OR 0.72 (0.54–

0.97) 
Low MODERATE 

Significantly 

Reduced ↓ 28% 

10. HbA1c 

Reduction 
≥15 RCTs 

WMD –0.54 to 

–0.75% 
Moderate HIGH 

Significantly 

Reduced 

11. Systolic 

Blood Pressure 
≥12 RCTs 

WMD –2.4 to –

3.8 mmHg 
Low HIGH 

Significantly 

Reduced 

12. Body 

Weight 
≥12 RCTs 

WMD –1.8 to –

2.4 kg 
Low HIGH 

Significantly 

Reduced 

13. NT-

proBNP 

Reduction 

≥8 RCTs 

WMD –136.03 

pg/mL (–253 to 

–19) 

Moderate MODERATE 
Significantly 

Reduced 

14. LVEF 

Improvement 
≥6 RCTs 

WMD +2.79% 

(0.18–5.39) 
Moderate MODERATE 

Significantly 

Improved 

15. Acute 

Kidney Injury 
≥8 RCTs 

RR 0.77 (0.70–

0.84) 
Low HIGH 

Significantly 

Reduced ↓ 23% 

Abbreviations: HR = hazard ratio; OR = odds ratio; RR = relative risk; WMD = weighted mean 

difference; NT-proBNP = N-terminal pro-B-type natriuretic peptide; LVEF = left ventricular 

ejection fraction; MACE = major adverse cardiovascular events; GRADE = Grading of 

Recommendations, Assessment, Development and Evaluation. 

Cardiovascular Death and All-Cause Mortality 

SGLT-2 inhibitors demonstrated a significant, consistent reduction in cardiovascular 

mortality. In the EMPA-REG OUTCOME trial, empagliflozin reduced CV death by 38% (HR 0.62; 
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95% CI 0.49–0.77; P<0.001), representing the most striking mortality benefit observed in a 

cardiovascular outcome trial to that date.11 The Giugliano et al. (2021) meta-analysis of 11 CVOTs 

(n=77,541) confirmed a 16% reduction in CV mortality (HR 0.84; 95% CI 0.79–0.90), a 13% 

reduction in all-cause mortality (HR 0.87; 95% CI 0.83–0.91), and a 32% reduction in HHF alone 

(HR 0.68) with SGLT-2 inhibitor therapy.16 

The Baigent et al. (2022) Lancet collaborative meta-analysis, including 13 large placebo-

controlled RCTs across 90,413 patients with T2DM, HF, or CKD, demonstrated a 14% reduction in 

CV death (RR 0.86; 95% CI 0.81–0.92) and a combined 23% reduction in CV death or HHF (RR 

0.77; 95% CI 0.74–0.81), with remarkably consistent effects in patients with and without diabetes.17 

MACE and Atherosclerotic Cardiovascular Events 

SGLT-2 inhibitors produced a modest but statistically significant 11% relative risk reduction 

in MACE (composite of CV death, non-fatal MI, non-fatal stroke) in pooled analyses (HR 0.89; 

95% CI 0.83–0.96; P=0.0014), with benefit predominantly confined to patients with established 

atherosclerotic cardiovascular disease.18 In contrast, in patients without established ASCVD 

(primary prevention population, predominantly from DECLARE-TIMI 58), there was no significant 

reduction in MACE (HR 1.00; 95% CI 0.87–1.16), underscoring that MACE benefits may be 

restricted to secondary prevention. The reduction in HHF, however, was observed consistently 

regardless of baseline ASCVD status.19 

Renal Outcomes 

SGLT-2 inhibitors conferred remarkable renoprotective benefits, reducing the composite 

renal outcome (≥40% decline in eGFR, ESKD, or renal death) by 37–45% across studies (HR 0.62; 

95% CI 0.56–0.70).17 Dapagliflozin in DECLARE-TIMI 58 reduced the renal-specific composite by 

47% (HR 0.53; 95% CI 0.43–0.66; P<0.0001) and risk of end-stage renal disease or renal death by 

59% (HR 0.41; 95% CI 0.20–0.82; P=0.012).20 The CREDENCE trial, specifically designed to 

evaluate canagliflozin in T2DM with CKD, achieved the primary composite endpoint with a 30% 

risk reduction. 

Cardiac Biomarkers and Structural Outcomes 
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SGLT-2 inhibitors significantly reduced circulating NT-proBNP, a key marker of 

ventricular wall stress and congestion. Meta-analysis of 18 RCTs encompassing 23,953 participants 

demonstrated a statistically significant reduction in NT-proBNP by 136.03 pg/mL (95% CI –253.36 

to –18.70; P=0.02), alongside a significant improvement in LVEF by 2.79% (95% CI 0.18–5.39%; 

P=0.036).21 SGLT-2 inhibitors also improved Kansas City Cardiomyopathy Questionnaire (KCCQ) 

clinical summary scores (WMD +1.7 points; P<0.00001) and 6-minute walk distance (WMD 

+23.98 m; P=0.003), reflecting meaningful improvements in functional capacity and symptom 

burden.21 

Cardiac Arrhythmias and Sudden Cardiac Death 

Fernandes et al. (2021, Heart Rhythm), incorporating 34 RCTs with 63,166 patients, 

demonstrated that SGLT-2 inhibitors were associated with a significant 19% reduction in incident 

atrial arrhythmias (OR 0.81; 95% CI 0.69–0.95; P=0.008) and a 28% reduction in sudden cardiac 

death (OR 0.72; 95% CI 0.54–0.97; P=0.03).22 Similarly, dapagliflozin in DECLARE-TIMI 58 

reduced the incidence of atrial fibrillation/flutter events by 19% (HR 0.81; 95% CI 0.68–0.95; 

P=0.009), consistently regardless of baseline HF, atrial fibrillation history, or atherosclerotic CVD 

status.23 

Subgroup Analyses 

A comprehensive synthesis of pre-specified and post-hoc subgroup analyses is presented in Table 5. 

Table 5. Subgroup Analysis — HHF or CV Death Composite Outcomes by Key Patient 

Characteristics 

Subgroup N (approx.) 
HHF/CV Death 

HR (95% CI) 
P-interaction 

Clinical 

Implication 

With established 

CVD 
~20,000 0.74 (0.68–0.81) >0.05 (NS) 

Greater absolute 

benefit 

Without 

established CVD 
~15,000 0.84 (0.72–0.98) >0.05 (NS) 

Benefit present in 

primary prevention 

With prior HF at ~5,000 0.64 (0.55–0.74) 0.021 Greater relative & 
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Subgroup N (approx.) 
HHF/CV Death 

HR (95% CI) 
P-interaction 

Clinical 

Implication 

baseline absolute benefit 

Without prior HF 

at baseline 
~30,000 0.82 (0.72–0.93) 0.021 

Benefit evident in 

HF prevention 

eGFR <60 

mL/min/1.73m² 
~7,000 0.67 (0.55–0.83) 0.007 

Greater HHF 

benefit with CKD 

eGFR ≥60 

mL/min/1.73m² 
~35,000 0.80 (0.73–0.87) 0.007 Consistent benefit 

HbA1c <7.5% ~8,000 0.83 (0.71–0.97) >0.05 (NS) 

Benefit 

independent of 

glycemic control 

HbA1c ≥7.5% ~25,000 0.80 (0.72–0.90) >0.05 (NS) Consistent benefit 

Age <65 years ~15,000 0.78 (0.67–0.91) >0.05 (NS) Consistent benefit 

Age ≥65 years ~20,000 0.76 (0.68–0.85) >0.05 (NS) 
Consistent benefit 

in elderly 

Female sex ~15,000 0.82 (0.68–0.99) >0.05 (NS) 
No sex-based effect 

modification 

Male sex ~30,000 0.78 (0.71–0.85) >0.05 (NS) Consistent benefit 

HFrEF (EF 

<40%) 
~8,500 0.71 (0.63–0.81) N/A 

Robust benefit 

confirmed 

HFpEF (EF 

≥50%) 
~6,000 0.79 (0.69–0.90) N/A 

Significant benefit 

confirmed 

NS = not significant (P-interaction >0.05). Subgroup data synthesized from EMPA-REG 

OUTCOME, CANVAS Program, DECLARE-TIMI 58, DAPA-HF, EMPEROR-Reduced, 

EMPEROR-Preserved, and pooled meta-analyses. HFrEF = HF with reduced ejection fraction (EF 

<40%); HFpEF = HF with preserved ejection fraction (EF ≥50%). 
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Safety Outcomes 

Table 6 provides a comprehensive summary of safety outcomes across all included studies. 

Table 6. Safety Profile of SGLT-2 Inhibitors vs. Placebo — Systematic Review Summary 

Adverse Event SGLT2i Rate Placebo Rate 
HR / OR / RR 

(95% CI) 
P-value 

Clinical 

Significance 

Genital 

mycotic 

infection 

~7–8% ~2–3% 
OR 3.5–4.0 

(2.8–5.2) 
<0.001 

Significant 

increase; mostly 

mild/treatable 

Urinary tract 

infection 
~8–9% ~8–9% 

RR 1.07 (1.02–

1.13) 
0.01 

Small, 

borderline 

increase 

Diabetic 

ketoacidosis 
0.3–0.6% 0.1–0.2% 

OR 2.2–3.0 

(1.2–5.8) 
0.02 

Rare but 

clinically 

serious 

Volume 

depletion 
~2–4% ~2–3% 

RR 1.16 (0.99–

1.36) 
0.07 

Borderline; 

monitor in 

elderly/diuretics 

Lower limb 

amputation 
6.3/1000 pt-yrs 3.4/1000 pt-yrs 

HR 1.97 (1.41–

2.75)* 
<0.001 

*CANVAS 

only; not 

confirmed in 

other RCTs 

Acute kidney 

injury 
~3.5% ~4.5% 

RR 0.77 (0.70–

0.84) 
<0.001 

Significantly 

REDUCED 

with SGLT2i 

Hypoglycemia 

(severe) 
~0.3% ~0.5% 

RR 0.87 (0.79–

0.97) 
0.01 

Significantly 

reduced (no 

insulin effect) 
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Adverse Event SGLT2i Rate Placebo Rate 
HR / OR / RR 

(95% CI) 
P-value 

Clinical 

Significance 

Bone fracture ~4% ~4% 
HR 1.26 (0.99–

1.59) 
0.07 

Signal in 

CANVAS; not 

confirmed 

overall 

Symptomatic 

hypotension 
~1.5% ~1.5% 

HR 0.98 (0.78–

1.24) 
0.87 

No significant 

difference 

Cancer (all 

types) 
~7% ~7% 

HR 0.99 (0.88–

1.12) 
0.88 

No significant 

association 

*Amputation signal was confined to the CANVAS Program and was not confirmed in CREDENCE, 

DECLARE-TIMI 58, or subsequent meta-analyses. Current consensus attributes this to trial-

specific factors rather than a class effect of canagliflozin. All data represent pooled or 

representative estimates from major RCTs and meta-analyses. 

DISCUSSION 

Overview of Principal Findings 

This systematic review provides a comprehensive, multi-outcome synthesis of the clinical 

evidence supporting the use of SGLT-2 inhibitors for the prevention and treatment of heart failure 

in patients with type 2 diabetes mellitus. The principal findings confirm, with HIGH certainty of 

evidence, that SGLT-2 inhibitors significantly reduce the risk of hospitalization for heart failure 

(27–35% relative risk reduction), the composite of cardiovascular death or HHF (23% relative risk 

reduction), cardiovascular mortality (14–38% relative risk reduction), all-cause mortality (12–13% 

relative risk reduction), and renal disease progression (35–45% relative risk reduction), while also 

demonstrating benefits on biomarkers of cardiac stress, arrhythmia burden, and patient-reported 

quality of life.15 

The consistency of these findings across multiple large-scale RCTs—conducted in diverse 

geographic regions, enrolling patients with varying degrees of cardiovascular risk, and evaluating 
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three distinct SGLT-2 inhibitor molecules—strongly supports a genuine class effect rather than a 

molecule-specific or trial-specific phenomenon. The high consistency in HHF reduction (I²=0.0% in 

the McGuire et al. 2020 ) is particularly compelling and ranks among the most reproducible 

findings in the modern cardiovascular outcomes trial literature.15 

Mechanisms of Cardiovascular and Cardiac Protective Effects 

The mechanistic basis for the cardioprotective effects of SGLT-2 inhibitors has been 

extensively investigated and is now understood to be multifactorial, extending far beyond their 

antihyperglycemic properties. The primary proposed mechanisms can be organized into 

hemodynamic, metabolic, and cellular/molecular pathways.24 

Hemodynamic Mechanisms 

SGLT-2 inhibition promotes substantial natriuresis and osmotic diuresis through renal 

proximal tubular glucose and sodium blockade. This results in reductions in plasma volume, cardiac 

preload, and afterload—effects analogous to, but mechanistically distinct from, loop diuretics. A 

unique feature of SGLT-2 inhibitor-induced natriuresis is its reliance on the tubuloglomerular 

feedback mechanism, which restores intraglomerular hypertension through afferent arteriolar 

vasoconstriction, providing simultaneous renoprotection. SGLT-2 inhibitors also reduce systolic 

blood pressure by approximately 2.4–3.8 mmHg and body weight by 1.8–2.4 kg, collectively 

contributing to favorable ventricular loading conditions.25 

Metabolic Reprogramming and Myocardial Energetics 

The failing heart operates under profound metabolic stress, shifting from efficient fatty acid 

oxidation toward less efficient glucose metabolism. SGLT-2 inhibitors promote a metabolic shift in 

cardiac myocytes toward ketone body utilization, which generates more ATP per unit oxygen 

consumed compared to glucose or fatty acids—a phenomenon analogous to the 'super-fuel' concept. 

This metabolic reprogramming, mediated by upregulation of PPAR-α, ACADM, and ketolytic 

enzymes, enhances myocardial energy efficiency and preserves contractile function.26 Santos-

Gallego et al. (2019, JACC) demonstrated this mechanism in a porcine non-diabetic HF model, 

showing empagliflozin-induced myocardial metabolic shift from glucose toward ketone bodies, free 
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fatty acids, and branched-chain amino acids, accompanied by improved LV systolic function and 

amelioration of adverse remodeling.27 

Cellular Protective Signaling — Autophagy and Nutrient Deprivation Pathways 

Groundbreaking work by Packer (2020, 2022, 2023) has proposed that SGLT-2 inhibitors 

produce a cellular state of 'perceived nutrient deprivation,' activating AMPK, SIRT1, SIRT3, 

SIRT6, and PGC1-α while suppressing mTOR. This upregulates autophagic flux—a lysosome-

mediated cellular housekeeping process that removes dysfunctional mitochondria, toxic metabolic 

by-products, and misfolded proteins. The net result is reduced oxidative stress, mitochondrial 

renewal, and preservation of cardiomyocyte integrity. These effects occur in cells not expressing 

SGLT-2, including cardiomyocytes, and are independent of glucose-lowering or natriuretic effects, 

explaining the heart failure benefits observed in non-diabetic patients.28 

Anti-inflammatory and Anti-fibrotic Effects 

SGLT-2 inhibitors significantly reduce circulating inflammatory markers, including 

interleukin-6, tumor necrosis factor-α, fibronectin-1, and matrix metalloproteinase-7. Dapagliflozin 

has been shown to directly inhibit macrophage-mediated cardiac inflammation independent of 

SGLT-2 expression, via suppression of C-C chemokine receptor type 2-positive macrophage 

infiltration into the myocardium, thereby attenuating cardiac fibrosis and adverse remodeling.29 

Empagliflozin reduces cardiac fibrosis through normalization of natriuretic peptide expression 

(NPPA, NPPB), TNF-α, and PPAR-α, as demonstrated in spontaneously hypertensive rat models of 

non-diabetic HF.30 

Sodium-Hydrogen Exchange Inhibition 

A clinically important mechanism is the direct inhibition of the cardiac sodium-hydrogen 

exchanger (NHE1) by SGLT-2 inhibitors. NHE1 overactivation in HF leads to intracellular sodium 

and calcium overload, promoting mitochondrial dysfunction and arrhythmogenesis. By inhibiting 

NHE1, SGLT-2 inhibitors reduce intracellular calcium overload, improve mitochondrial calcium 

handling, and potentially reduce arrhythmia susceptibility—consistent with the observed reductions 

in atrial fibrillation and sudden cardiac death in clinical trials.31 

Interpretation of Outcomes by Heart Failure Phenotype 
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A major advance in the evidence base has been the demonstration that SGLT-2 inhibitor 

benefits extend across the full spectrum of HF phenotypes. While initial CVOTs enrolled primarily 

patients without HF or with asymptomatic HF, the dedicated DAPA-HF (dapagliflozin, HFrEF, HR 

0.74; 95% CI 0.65–0.85) and EMPEROR-Reduced (empagliflozin, HFrEF, HR 0.75; 95% CI 0.65–

0.86) trials demonstrated robust benefits in established HFrEF regardless of diabetes status, leading 

to guideline expansion of indications beyond T2DM.7 

Crucially, the EMPEROR-Preserved trial demonstrated that empagliflozin also significantly 

reduced CV death or HHF in HFpEF patients (HR 0.79; 95% CI 0.69–0.90; P<0.001)—a milestone 

achievement, as HFpEF had historically lacked effective pharmacological therapies. This was 

accompanied by meaningful improvements in KCCQ scores and functional capacity, as 

corroborated by the Nassif et al. (2021, Nature Medicine) PRESERVED-HF trial.32 

Comparative Efficacy of Individual SGLT-2 Inhibitors 

Täger et al. (2020, Heart Failure Reviews), incorporating 64 trials and 74,874 patients, 

demonstrated that empagliflozin and canagliflozin improved all-cause mortality, cardiovascular 

mortality, and worsening HF, whereas dapagliflozin improved worsening HF only. Empagliflozin 

was superior to other SGLT-2 inhibitors for all-cause and cardiovascular mortality reduction. 

Notably, ertugliflozin had no significant effect on any mortality or HF endpoint, which may reflect 

its different cardiovascular outcome trial (VERTIS-CV) population characteristics or a true drug-

specific limitation.33 However, the class-level pooled analysis by McGuire et al. (2020) 

demonstrated I²=0.0% for HHF reduction, supporting a consistent class effect for this endpoint 

specifically, regardless of individual agent differences for mortality outcomes.15 

Benefits in the Primary Prevention Population 

The DECLARE-TIMI 58 trial uniquely enrolled 59.4% of patients without established 

atherosclerotic CVD (primary prevention population), demonstrating that dapagliflozin reduced 

HHF by 36% (HR 0.64; 95% CI 0.46–0.88) even in this lower-risk group.34 This extends the 

potential application of SGLT-2 inhibitors to a substantially larger population of T2DM patients 

who have not yet developed overt CVD or HF, consistent with a prevention paradigm rather than 

purely a treatment strategy. 
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Safety Profile and Clinical Implications 

The safety profile of SGLT-2 inhibitors is well-characterized and generally favorable. 

Genital mycotic infections (predominantly Candida) are the most common drug-related adverse 

event, occurring in approximately 5–8% of treated patients and predominantly in women and 

uncircumcised men. These are typically mild, responsive to antifungal therapy, and rarely 

necessitate treatment discontinuation.35 

Diabetic ketoacidosis (DKA) is a rare but potentially life-threatening adverse event, 

occurring at an approximate frequency of 0.3–0.6% with SGLT-2 inhibitors versus 0.1–0.2% with 

placebo. Risk factors include insulin omission, caloric restriction, alcohol use, surgery, and type 1 

DM (for which SGLT-2 inhibitors are not indicated). Routine monitoring for symptoms of DKA 

and patient education are essential.35 

The initial amputation signal from the CANVAS Program (HR 1.97; 95% CI 1.41–2.75) is 

not considered a confirmed class effect of canagliflozin. The subsequent CREDENCE trial 

(canagliflozin in CKD) and all trials with dapagliflozin and empagliflozin have not reproduced this 

signal. Current guidelines do not restrict canagliflozin use based solely on this finding, while 

advocating for foot care monitoring. Importantly, acute kidney injury was significantly reduced 

with SGLT-2 inhibitor use (RR 0.77; 95% CI 0.70–0.84), allaying initial concerns about 

hypovolemia-related renal complications.36 

Comparison with GLP-1 Receptor Agonists and Other Agents 

Palmer et al. (2021, BMJ), encompassing 764 trials and 421,346 patients, demonstrated that 

SGLT-2 inhibitors reduced HHF to a significantly greater degree than GLP-1 receptor agonists, 

which appeared to have no significant effect on HHF in this analysis. Conversely, GLP-1 receptor 

agonists were superior for the reduction of non-fatal stroke—an outcome where SGLT-2 inhibitors 

appeared neutral.37 These complementary profiles suggest a potential rationale for combination 

therapy, with the additive cardiovascular benefits of SGLT-2 inhibitors and GLP-1 receptor 

agonists being explored in ongoing trials. 

Implications for Clinical Practice and Guidelines 
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The accumulated evidence from this systematic review provides compelling support for the 

routine clinical integration of SGLT-2 inhibitors in T2DM management at multiple levels: (1) as 

second-line antidiabetic agents (after metformin, or as first-line where metformin is contraindicated) 

in T2DM patients with established CVD, HF, or CKD; (2) as heart failure-specific therapy 

(dapagliflozin, empagliflozin) in HFrEF and HFpEF regardless of diabetes status; (3) as 

renoprotective agents in diabetic kidney disease with albuminuria; and (4) for primary prevention of 

HF in high-risk T2DM patients without established CVD. The choice between individual agents 

should be informed by individual patient cardiovascular and renal risk profiles, tolerability, cost, 

and availability.39 

CONCLUSIONS AND RECOMMENDATIONS 

Principal Conclusions 

This systematic review provides robust, HIGH-certainty evidence that sodium-glucose 

cotransporter-2 (SGLT-2) inhibitors are highly effective in reducing the risk of heart failure 

hospitalization, cardiovascular death, and a broad spectrum of cardiorenal outcomes in patients with 

type 2 diabetes mellitus. The magnitude of benefit is clinically significant and consistent across 

multiple large-scale RCTs, meta-analyses encompassing >100,000 patients, and diverse patient 

subgroups—including those with and without established cardiovascular disease, with HFrEF and 

HFpEF, across all categories of renal function, and regardless of sex, age, or baseline glycemic 

control. 

The key cardioprotective mechanisms of SGLT-2 inhibitors—including natriuresis-mediated 

ventricular unloading, myocardial metabolic reprogramming toward ketone utilization, activation of 

cellular autophagy and nutrient-deprivation signaling, NHE1 inhibition, anti-inflammatory and anti-

fibrotic effects, and erythropoiesis-mediated cardioprotection—collectively explain benefits that 

extend beyond those achievable through glycemic control alone. 

Recommendations 

For Clinical Practice: 
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1. SGLT-2 inhibitors (preferably empagliflozin or dapagliflozin) should be strongly considered as 

cornerstone pharmacotherapy for all T2DM patients with established CVD, HF (HFrEF or HFpEF), 

or CKD, independent of HbA1c level or background glucose-lowering therapy. 

2. In T2DM patients without established CVD but with multiple cardiovascular risk factors, SGLT-

2 inhibitors should be offered for primary HF prevention based on the DECLARE-TIMI 58 

evidence. 

3. For patients with established HFrEF or HFpEF—with or without T2DM—dapagliflozin or 

empagliflozin should be initiated as part of guideline-directed medical therapy, in conjunction with 

beta-blockers, RAAS inhibitors/sacubitril-valsartan, and mineralocorticoid receptor antagonists 

where indicated. 

4. Routine monitoring for genital infections, urinary symptoms, and signs of diabetic ketoacidosis is 

recommended. Patients should be educated on sick-day rules (temporary cessation during acute 

illness, surgery, or extreme caloric restriction) to minimize DKA risk. 

For Future Research: 

1. Head-to-head comparative RCTs of individual SGLT-2 inhibitors (empagliflozin vs. 

dapagliflozin vs. canagliflozin) powered for HF endpoints are needed to guide agent selection. 

2. Long-term (>5 years) safety and efficacy data—particularly for bone health, cancer, and limb 

outcomes—require ongoing investigation in large observational cohorts. 

3. Mechanistic RCTs using comprehensive cardiac imaging (cardiac MRI, echocardiography-

derived strain analyses) and biomarker profiling (NT-proBNP, hsTnT, sST2, GDF-15) are 

warranted to delineate the relative contributions of individual mechanisms to clinical benefit. 

4. Studies in under-represented populations—including Asian, African, and South American 

patients, elderly patients (age >75 years), and patients with advanced CKD (eGFR 15–30)—are 

needed to optimize clinical guidance in these groups. 

5. The potential synergistic effects of combining SGLT-2 inhibitors with GLP-1 receptor agonists, 

finerenone, or novel agents (e.g., tirzepatide) on HF outcomes represent a high-priority research 

agenda. 

 



 

   Research Article                                                             Volume 48, Issue No. 04. 2026 

   E-ISSN : 3048-1368                                             P-ISSN : 3048-1376 

 

 

32 
The International Journal of Medical Science and Health Research 

 

Downloaded from theInternationalmedicaljournal.org. For personal use only. No other uses without permission.  

Copyright © International Medical Journal Corp. Ltd. All rights reserved  
 

 

REFERENCES 

1. Palmer SC, Tendal B, Mustafa RA, et al. Sodium-glucose cotransporter protein-2 (SGLT-2) 

inhibitors and glucagon-like peptide-1 (GLP-1) receptor agonists for type 2 diabetes: systematic 

review and network meta-analysis of randomised controlled trials. BMJ. 2021;372:m4573. 

doi:10.1136/bmj.m4573. Available at: 

https://consensus.app/papers/details/37c5f26b72eb579495d84d4f97e1fdc0/ 

2. Lopaschuk GD, Karwi QG, Tian R, Wende AR, Abel ED. Mechanisms of cardiovascular benefits 

of sodium glucose co-transporter 2 (SGLT2) inhibitors. JACC Basic Transl Sci. 2020;5(6):632-

646. doi:10.1016/j.jacbts.2020.02.004. Available at: 

https://consensus.app/papers/details/3d3cfd9c95bd15719907b2b9a3358b681/ 

3. Kramer CK, Zinman B, Gross JL, et al. Comparison of new glucose-lowering drugs on risk of 

heart failure in type 2 diabetes: a network meta-analysis. JACC Heart Fail. 2018;6(10):823-830. 

doi:10.1016/j.jchf.2018.06.007. Available at: 

https://consensus.app/papers/details/1b540836bf9c5a229e2de168e44998ad/ 

4. Fitchett D, Zinman B, Wanner C, et al. Heart failure outcomes with empagliflozin in patients 

with type 2 diabetes at high cardiovascular risk: results of the EMPA-REG OUTCOME® trial. 

Eur Heart J. 2016;37(19):1526-1534. doi:10.1093/eurheartj/ehv728. Available at: 

https://consensus.app/papers/details/c3a323c4c412567bb73f3221c32f0dc3/ 

5. Fitchett D, Butler J, van de Borne P, et al. Effects of empagliflozin on risk for cardiovascular 

death and heart failure hospitalization across the spectrum of heart failure risk in the EMPA-

REG OUTCOME® trial. Eur Heart J. 2018;39(5):363-370. doi:10.1093/eurheartj/ehx511. 

Available at: https://consensus.app/papers/details/d99df6f045c454eea91862d13835fff2/ 

6. Teo YH, Teo YN, Syn NL, et al. Effects of sodium/glucose cotransporter 2 (SGLT2) inhibitors 

on cardiovascular and metabolic outcomes in patients without diabetes mellitus: a systematic 

review and meta-analysis of randomised-controlled trials. J Am Heart Assoc. 

2021;10(5):e019374. Available at: 

https://consensus.app/papers/details/6cecbd80f642575e932da43423821b9f/ 



 

   Research Article                                                             Volume 48, Issue No. 04. 2026 

   E-ISSN : 3048-1368                                             P-ISSN : 3048-1376 

 

 

33 
The International Journal of Medical Science and Health Research 

 

Downloaded from theInternationalmedicaljournal.org. For personal use only. No other uses without permission.  

Copyright © International Medical Journal Corp. Ltd. All rights reserved  
 

 

7. Lu Y, Feng B, Shen Q, et al. Effect of SGLT-2 inhibitors on cardiovascular outcomes in heart 

failure patients: a meta-analysis of randomized controlled trials. Eur J Intern Med. 2021;93:68-

75. doi:10.1016/j.ejim.2021.05.033. Available at: 

https://consensus.app/papers/details/9f736cdb8ce45301a633a11b119d9618/ 

8. McMurray JJV, Solomon SD, Inzucchi SE, et al. Dapagliflozin and prevention of adverse-

outcomes in heart failure (DAPA-HF): rationale and design. Eur J Heart Fail. 2019;21(5):665-

675. doi:10.1002/ejhf.1432. Available at: 

https://consensus.app/papers/details/cf114017de17532cba8596027f7807a0/ 

9. Staplin N, Roddick AJ, Emberson J, et al. Net effects of sodium-glucose co-transporter-2 

inhibition in different patient groups: a meta-analysis of large placebo-controlled randomized 

trials. EClinicalMedicine. 2021;41:101163. Available at: 

https://consensus.app/papers/details/6a3c9db70a535e70a18eec33da94c5b9/ 

10. Yazdanfard P, Møller MF, Jakobsen L, et al. Type 2 diabetes, sodium-glucose cotransporter-2 

inhibitors and cardiovascular outcomes: real world evidence versus a randomised clinical trial. 

Cardiovasc Diabetol. 2025;24(1):21. Available at: 

https://consensus.app/papers/details/d57583a82d725f01ad1253a6d9d36cc8/ 

11. Fitchett D, Zinman B, Wanner C, et al. Heart failure outcomes with empagliflozin in patients 

with type 2 diabetes at high cardiovascular risk: results of the EMPA-REG OUTCOME® trial. 

Eur Heart J. 2016;37(19):1526-1534. Available at: 

https://consensus.app/papers/details/c3a323c4c412567bb73f3221c32f0dc3/ 

12. Fitchett D, Butler J, van de Borne P, et al. Empagliflozin reduced mortality and hospitalization 

for heart failure across the spectrum of cardiovascular risk in the EMPA-REG OUTCOME trial. 

Circulation. 2018;138(15):1608-1617. Available at: 

https://consensus.app/papers/details/65e12f906bc65199a38fb196720a10ab/ 

13. Rådholm K, Figtree G, Perkovic V, et al. Canagliflozin and heart failure in type 2 diabetes 

mellitus. Circulation. 2018;138(5):458-468. doi:10.1161/CIRCULATIONAHA.118.034222. 

Available at: https://consensus.app/papers/details/7c375bbcba535f14acbcaed4c8d20069/ 



 

   Research Article                                                             Volume 48, Issue No. 04. 2026 

   E-ISSN : 3048-1368                                             P-ISSN : 3048-1376 

 

 

34 
The International Journal of Medical Science and Health Research 

 

Downloaded from theInternationalmedicaljournal.org. For personal use only. No other uses without permission.  

Copyright © International Medical Journal Corp. Ltd. All rights reserved  
 

 

14. Wiviott SD, Raz I, Bonaca MP, et al. Dapagliflozin and cardiovascular outcomes in type 2 

diabetes. N Engl J Med. 2019;380(4):347-357. doi:10.1056/NEJMoa1812389. Available at: 

https://consensus.app/papers/details/d88be15cd7e25ef49d527bc3441cd876/ 

15. McGuire DK, Shih WJ, Cosentino F, et al. Association of SGLT2 inhibitors with cardiovascular 

and kidney outcomes in patients with type 2 diabetes. JAMA Cardiol. 2021;6(2):148-158. 

doi:10.1001/jamacardio.2020.4511. Available at: 

https://consensus.app/papers/details/8bb34d798479535296894a2ae842108a/ 

16. Giugliano D, Longo M, Caruso P, et al. SGLT-2 inhibitors and cardiorenal outcomes in patients 

with or without type 2 diabetes: a meta-analysis of 11 CVOTs. Cardiovasc Diabetol. 

2021;20(1):236. Available at: 

https://consensus.app/papers/details/42ffa448b40b5f9c887d14efe8148b7d/ 

17. Baigent C, Emberson JR, Haynes R, et al. Impact of diabetes on the effects of sodium glucose 

co-transporter-2 inhibitors on kidney outcomes: collaborative meta-analysis of large placebo-

controlled trials. Lancet. 2022;400(10365):1788-1801. doi:10.1016/S0140-6736(22)02074-8. 

Available at: https://consensus.app/papers/details/3b2de1017d1b556c97969ed240212bf5/ 

18. Zelniker TA, Wiviott SD, Raz I, et al. SGLT2 inhibitors for primary and secondary prevention 

of cardiovascular and renal outcomes in type 2 diabetes: a systematic review and meta-analysis 

of cardiovascular outcome trials. Lancet. 2019;393(10166):31-39. doi:10.1016/S0140-

6736(18)32590-X. Available at: 

https://consensus.app/papers/details/d6fe8753ba6e5cbc9705735e18d33ab5/ 

19. Cahn A, Wiviott SD, Mosenzon O, et al. Cardiovascular, renal, and metabolic outcomes of 

dapagliflozin versus placebo in a primary cardiovascular prevention cohort: analyses from 

DECLARE-TIMI 58. Diabetes Care. 2021;44(5):1159-1167. Available at: 

https://consensus.app/papers/details/0f1e0e40613c55f994deb2d2ab15ec83/ 

20. Mosenzon O, Wiviott SD, Cahn A, et al. Effects of dapagliflozin on development and 

progression of kidney disease in patients with type 2 diabetes: an analysis from the DECLARE-

TIMI 58 randomised trial. Lancet Diabetes Endocrinol. 2019;7(8):606-617. Available at: 

https://consensus.app/papers/details/e69ea72e39905a5f948feefb77b64b75/ 



 

   Research Article                                                             Volume 48, Issue No. 04. 2026 

   E-ISSN : 3048-1368                                             P-ISSN : 3048-1376 

 

 

35 
The International Journal of Medical Science and Health Research 

 

Downloaded from theInternationalmedicaljournal.org. For personal use only. No other uses without permission.  

Copyright © International Medical Journal Corp. Ltd. All rights reserved  
 

 

21. Chen J, Wang Z, Dong Y, et al. Effects of SGLT2 inhibitors on cardiac function and health 

status in chronic heart failure: a systematic review and meta-analysis. Cardiovasc Diabetol. 

2024;23(1):14. Available at: 

https://consensus.app/papers/details/1cd7f8e3b4b95b75950ac2a68f47f8c4/ 

22. Fernandes GC, Fernandes A, Cardoso R, et al. Association of SGLT2 inhibitors with 

arrhythmias and sudden cardiac death in patients with type 2 diabetes or heart failure: a meta-

analysis of 34 randomized controlled trials. Heart Rhythm. 2021;18(7):1098-1105. Available at: 

https://consensus.app/papers/details/39572d24e8575387be6f8d7f04b8bb95/ 

23. Zelniker TA, Bonaca MP, Furtado RHM, et al. Effect of dapagliflozin on atrial fibrillation in 

patients with type 2 diabetes mellitus. Circulation. 2020;141(15):1227-1234. Available at: 

https://consensus.app/papers/details/a8b4f97e85045b1f84864f96e6aa8721/ 

24. Verma S, McMurray JJV. SGLT2 inhibitors and mechanisms of cardiovascular benefit: a state-

of-the-art review. Diabetologia. 2018;61(10):2108-2117. doi:10.1007/s00125-018-4670-7. 

Available at: https://consensus.app/papers/details/1e0349315336505e942ac89d17b43e6b/ 

25. Preda A, Montecucco F, Carbone F, et al. SGLT2 inhibitors: from glucose-lowering to 

cardiovascular benefits. Cardiovasc Res. 2024;120(5):443-460. Available at: 

https://consensus.app/papers/details/73d346b0d50556ba864da7cf2e2daa3b/ 

26. Salvatore T, Galiero R, Caturano A, et al. An overview of the cardiorenal protective 

mechanisms of SGLT2 inhibitors. Int J Mol Sci. 2022;23(6):3651. Available at: 

https://consensus.app/papers/details/f5289ed6ac305d3a9a4b55f831c003e3/ 

27. Santos-Gallego CG, Requena-Ibanez JA, San Antonio R, et al. Empagliflozin ameliorates 

adverse left ventricular remodeling in nondiabetic heart failure by enhancing myocardial 

energetics. J Am Coll Cardiol. 2019;73(15):1931-1944. Available at: 

https://consensus.app/papers/details/5167ce07749656348a24862afb02a369/ 

28. Packer M. Critical reanalysis of the mechanisms underlying the cardiorenal benefits of SGLT2 

inhibitors and reaffirmation of the nutrient deprivation signaling/autophagy hypothesis. 

Circulation. 2022;146(18):1383-1405. Available at: 

https://consensus.app/papers/details/99dcca40d0205701b8df04ef6052f207/ 



 

   Research Article                                                             Volume 48, Issue No. 04. 2026 

   E-ISSN : 3048-1368                                             P-ISSN : 3048-1376 

 

 

36 
The International Journal of Medical Science and Health Research 

 

Downloaded from theInternationalmedicaljournal.org. For personal use only. No other uses without permission.  

Copyright © International Medical Journal Corp. Ltd. All rights reserved  
 

 

29. Wu Q, Liu Z, Li B, et al. Dapagliflozin protects against chronic heart failure in mice by 

inhibiting macrophage-mediated inflammation, independent of SGLT2. Cell Rep Med. 

2023;4(7):101120. Available at: 

https://consensus.app/papers/details/ea85839f277354a595a32e98380d00e8/ 

30. Lee HC, Shiou YL, Jhuo SJ, et al. The sodium-glucose co-transporter 2 inhibitor empagliflozin 

attenuates cardiac fibrosis and improves ventricular hemodynamics in hypertensive heart failure 

rats. Cardiovasc Diabetol. 2019;18(1):45. Available at: 

https://consensus.app/papers/details/392c703ea0e45e38ac1a76a845b2b6ac/ 

31. Jiang K, Xu Y, Wang D, et al. Cardioprotective mechanism of SGLT2 inhibitor against 

myocardial infarction is through reduction of autosis. Protein Cell. 2021;13(5):336-359. 

Available at: https://consensus.app/papers/details/38ce723866c95d6bade71ce2cf25952c/ 

32. Nassif ME, Windsor SL, Borlaug BA, et al. The SGLT2 inhibitor dapagliflozin in heart failure 

with preserved ejection fraction: a multicenter randomized trial. Nat Med. 2021;27(11):1954-

1960. Available at: https://consensus.app/papers/details/99d343b497e75be4a00a733d07b91efa/ 

33. Täger T, Atar D, Agewall S, et al. Comparative efficacy of sodium-glucose cotransporter-2 

inhibitors (SGLT2i) for cardiovascular outcomes in type 2 diabetes: a systematic review and 

network meta-analysis of randomised controlled trials. Heart Fail Rev. 2021;26(6):1421-1435. 

Available at: https://consensus.app/papers/details/290cb6957a2257cb93c55c22c2fdc478/ 

34. Cahn A, Wiviott SD, Mosenzon O, et al. Cardiovascular, renal, and metabolic outcomes of 

dapagliflozin versus placebo in a primary cardiovascular prevention cohort. Diabetes Care. 

2021;44(5):1159-1167. Available at: 

https://consensus.app/papers/details/0f1e0e40613c55f994deb2d2ab15ec83/ 

35. Shi Q, Nong K, Vandvik PO, et al. Benefits and harms of drug treatment for type 2 diabetes: 

systematic review and network meta-analysis of randomised controlled trials. BMJ. 

2023;381:e074068. Available at: 

https://consensus.app/papers/details/12a2f0628de95371bd0851f37cd39920/ 



 

   Research Article                                                             Volume 48, Issue No. 04. 2026 

   E-ISSN : 3048-1368                                             P-ISSN : 3048-1376 

 

 

37 
The International Journal of Medical Science and Health Research 

 

Downloaded from theInternationalmedicaljournal.org. For personal use only. No other uses without permission.  

Copyright © International Medical Journal Corp. Ltd. All rights reserved  
 

 

36. Neal B, Perkovic V, Mahaffey KW, et al. Canagliflozin and cardiovascular and renal events in 

type 2 diabetes. N Engl J Med. 2017;377(7):644-657. Available at: 

https://consensus.app/papers/details/08dc1a90553a5517bdd8eed81a750cb0/ 

37. Palmer SC, Tendal B, Mustafa RA, et al. Sodium-glucose cotransporter protein-2 (SGLT-2) 

inhibitors and glucagon-like peptide-1 (GLP-1) receptor agonists: systematic review and 

network meta-analysis. BMJ. 2021;372:m4573. Available at: 

https://consensus.app/papers/details/37c5f26b72eb579495d84d4f97e1fdc0/ 

38. Hinton W, McGovern A, Coyle R, et al. Sodium-glucose co-transporter-2 (SGLT2) inhibitors in 

type 2 diabetes: are clinical trial benefits for heart failure reflected in real-world clinical 

practice? Diabetes Obes Metab. 2022;24(12):2340-2350. Available at: 

https://consensus.app/papers/details/1de0e6c0b7c25cbf948ac4d7a5abb78d/ 

39. Banerjee M, Legard C, Pandey A, et al. Mineralocorticoid receptor antagonists with sodium-

glucose co-transporter-2 inhibitors in heart failure: a meta-analysis. Eur Heart J. 

2023;44(44):4727-4740. Available at: 

https://consensus.app/papers/details/7cdab10cb8045a7181616750a328f0e6/ 

40. Saad M, Mahmoud AN, Elgendy IY, et al. Cardiovascular outcomes with sodium-glucose 

cotransporter-2 inhibitors in patients with type II diabetes mellitus. Int J Cardiol. 2017;228:352-

358. Available at: https://consensus.app/papers/details/67bab693eedb577f994d67fa8062b0e3/ 

41. Tromp J, Ponikowski P, Salsali A, et al. Sodium-glucose co-transporter 2 inhibition in patients 

hospitalized for acute decompensated heart failure: rationale for and design of the EMPULSE 

trial. Eur J Heart Fail. 2021;23(5):826-834. Available at: 

https://consensus.app/papers/details/3e576bea5de85090a0311dd320e0a79c/ 

42. Damman K, Beusekamp JC, Boorsma EM, et al. Randomized, double-blind, placebo-controlled, 

multicentre pilot study on the effects of empagliflozin on clinical outcomes in patients with 

acute decompensated heart failure (EMPA-RESPONSE-AHF). Eur J Heart Fail. 

2020;22(4):713-722. Available at: 

https://consensus.app/papers/details/116e573d30fb555db8d6143daeed8510/ 



 

   Research Article                                                             Volume 48, Issue No. 04. 2026 

   E-ISSN : 3048-1368                                             P-ISSN : 3048-1376 

 

 

38 
The International Journal of Medical Science and Health Research 

 

Downloaded from theInternationalmedicaljournal.org. For personal use only. No other uses without permission.  

Copyright © International Medical Journal Corp. Ltd. All rights reserved  
 

 

43. Salah HM, Savarese G, Rosano GMC, et al. Efficacy and safety of sodium-glucose 

cotransporter 2 inhibitors initiation in patients with acute heart failure, with and without type 2 

diabetes: a systematic review and meta-analysis. Cardiovasc Diabetol. 2022;21(1):20. Available 

at: https://consensus.app/papers/details/98c7261f5e6c53eb8d7310c626e20dea/ 

44. Furtado RHM, Bonaca MP, Raz I, et al. Dapagliflozin and cardiovascular outcomes in patients 

with type 2 diabetes mellitus and previous myocardial infarction. Circulation. 

2019;139(22):2516-2527. Available at: 

https://consensus.app/papers/details/ae02575f184c59049ed83913bdf8fc58/ 

45. Xu Y, Sundström J, Hedström E, et al. Risk of heart failure hospitalization for GLP-1 receptor 

agonists versus DPP-4 inhibitors or SGLT-2 inhibitors in patients with type 2 diabetes: a target 

trial emulation. Circulation. 2026;153(3):199-211. Available at: 

https://consensus.app/papers/details/c4b7e9a1e4d851819e24eaab0695c3a9/ 

 

 

 

 

 

 

 

 

 


