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Introduction 
 
The sodiumglucose cotransporters2 (SGLT2) inhibitors, 

empagliflozin, and dapagliflozin, have been studied in 8 large 
trials that enrolled a vast array of individuals at high risk for 
adverse events. In brief, the EMPAREG OUTCOME (Em

pagliflozin Cardiovascular Outcome Event Trial in Type 2 Dia
betes Mellitus Patients  Removing Excess Glucose) trial en
rolled patients with type 2 diabetes mellitus (T2DM) and 
showed that empagliflozin reduces the risk of hospitalization 
of heart failure (HF) (HHF) by 35%.1 This benefit was confirmed 
in the DECLARETIMI (Dapagliflozin Effect on Cardiovascular 
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Abstract 
 

Background: The aim of this paper is to assess the impact of sodiumglucose cotransporters2 (SGLT2) inhibitors on all
cause and cardiovascular (CV) death in highrisk patients and compare the efficacy of empagliflozin and dapagliflozin. 
Methods: PubMed was queried from inception to the last week of September 2023 for randomized controlled trials that 
compared SGLT2 inhibitors’ empagliflozin or dapagliflozin with placebo and included patients with heart failure (HF), type 2 
diabetes mellitus (T2DM), or chronic kidney disease (CKD). The outcome of interest was CV death or allcause death. Hazard 
ratios (HR) with 95% confidence intervals (CI) were pooled using a random effect model, and forest plots were created to analyze 
the results visually. A chisquare test was performed to assess subgroup differences between empagliflozin and dapagliflozin.   
Results: Eight trials (N=55,818) were included in our analysis, namely EMPAREG, EMPERORReduced, EMPERORPreserved, 
EMPAKIDNEY, DECLARETIMI, DAPAHF, DELIVER and DAPACKD. Pooled analysis demonstrated that compared to placebo, 
SGLT2 inhibition reduced the risk of CV death (SGLT2i arm = 1405 events, 29,089 total patients; placebo arm = 1515 events, 
26,729 total patients; HR: 0.85; 95%CI: 0.790.93, p<0.001) and allcause death (SGLT2i arm = 2,491 events, 29,062 total 
patients; placebo arm= 2,625 events, 26,729 total patients; HR: 0.86; 95% CI 0.790.95, p=0.002) in highrisk patients 
identified as having either T2DM, HF, or CKD. No differences were observed in the effect of empagliflozin and dapagliflozin 
on CV death (HRempagliflozin: 0.81; 95% CI 0.680.97, HRdapagliflozin: 0.88; 0.820.95, p=0.39) and allcause death (HRempagliflozin: 
0.86; 95% CI 0.731.02, HRdapagliflozin: 0.87; 0.780.97, p=0.94). 
Conclusions: SGLT2 inhibitors reduce the risk of allcause and CV death in highrisk patients. Notably, there were no 
discernible differences in the benefits of empagliflozin and dapagliflozin on these outcomes.

© 2023 The Authors. Global Cardiology published by PAGEPress Publications. 
This is an open access article under the terms of the Creative Commons AttributionNonCommercial International License (CC BYNC 4.0) which permits any noncommercial 
use, distribution, and reproduction in any medium, provided the original author(s) and source are credited.



Events) trial and raised interest in SGLT2 inhibition as a poten
tial therapy in HF.2 The subsequent DAPAHF (Dapagliflozin and 
Prevention of Adverse Outcomes in Heart Failure) and EM
PERORReduced (Empagliflozin Outcome Trial in Patients with 
Chronic Heart Failure and a Reduced Ejection Fraction) trials 
demonstrated that SGLT2 inhibitors improve major HF out
comes in patients with HF with reduced ejection fraction 
(HFrEF).3,4 The EMPERORPreserved (Empagliflozin Outcome 
Trial in Patients with Chronic Heart Failure with Preserved Ejec
tion Fraction) and DELIVER (Dapagliflozin Evaluation to Im
prove the Lives of Patients with Preserved Ejection Fraction 
Heart Failure) trials confirmed this benefit in patients with HF 
with preserved ejection fraction (HFpEF).5,6  The subsequent 
DAPACKD (Dapagliflozin and Prevention of Adverse Outcomes 
in Chronic Kidney Disease) and EMPAKIDNEY (The Study of 
Heart and Kidney Protection With Empagliflozin) trials demon
strated the benefit of dapagliflozin and empagliflozin in pa
tients with chronic kidney disease (CKD), respectively.7,8  

Across these trials, the impact of SGLT2 inhibitors on 
allcause or cardiovascular (CV) death was inconsistent. Taking 
the results of these trials together may represent an opportu
nity to define the effect of SGLT2 inhibition on allcause and 
CV death in a highrisk population where adverse outcomes 
are of particular concern. Additionally, it remains to be seen 
whether empagliflozin and dapagliflozin offer similar effects. 
This knowledge gap could lead to underprescription of these 
lifesaving medications when either drug is unavailable in spe
cific clinical settings.  

 
 

Materials and Methods 
 
This systematic review and metaanalysis are reported in 

conformity with the PRISMA (Preferred Reporting Items for 
Systematic Review and MetaAnalyses) guidelines.9 Approval 
from the institutional review board was not required as pub
licly available aggregate data was used. 

 
 

Objectives, eligibility criteria, and outcomes  
 
Randomized controlled trials were considered eligible for 

inclusion if they: i) compared SGLT2 inhibitors’ empagliflozin 
or dapagliflozin with placebo; ii) included patients with HF, 
T2DM, or/and CKD; and iii) reported CV or allcause death. 
Only reports of trials with >1000 participants were considered 
to ensure the inclusion of wellconducted studies with out
come adjudication and sufficient treatment duration. To re
duce heterogeneity, we used outcomes with empagliflozin in 
HFpEF using DELIVERlike endpoint definitions.10  

 
 

Data sources and search 
 
PubMed was queried from inception to the last week of 

September 2023. No language restrictions were placed. We 

also searched clinicaltrials.gov and scrutinized the reference 
list of eligible review papers to assess for relevant articles. The 
articles obtained from the systematic search were exported to 
EndNote Reference Library software for duplicate screening 
and removal. Two independent reviewers (JB and TJS) carefully 
evaluated the remaining articles and selected trials that met 
the predefined criteria. Initially, trials were shortlisted based 
on their title and abstract, and then the full texts were re
viewed to confirm relevance. Discrepancies were resolved by 
discussion until consensus.  

 
 

Data extraction and risk of bias assessment  
 
Trial characteristics, baseline demographics, and outcomes 

were extracted onto a predesigned Excel spreadsheet. T.J.S 
and J.B. conducted the quality assessment using the Cochrane 
Risk of Bias tool (version 1.0) to assess the risk of bias in the 
included trials.  

 
 

Statistical analysis 
 
RevMan (version 5.3; Copenhagen: The Nordic Cochrane 

Centre, The Cochrane Collaboration, 2014) was used for all sta
tistical analyses. The trial results were presented as hazard ra
tios (HRs) with 95% confidence intervals (CIs) and pooled using 
a random effects model. Forest plots were created to assess 
visually the results of pooling. A chisquare test was performed 
to evaluate for differences between the subgroups. Hetero
geneity among the studies was assessed using Higgins I2.11 
Begg’s test was performed to evaluate publication bias. A sig
nificance level of less than 0.05 was used in all cases. 

 
 

Results 
 

Study and participant characteristics  
 
Results from the literature search and study selection 

process are summarized in Figure 1. We included eight RCTs 
enrolling 55,818 participants with a mean age of 65.7 years, 
with a median followup of 2.25 years (interquartile range: 
1.752.75), Table 1. All included studies achieved a “high” qual
ity rating, as shown in Supplementary Figure 1.  

 
 

Results of meta‐analysis  
 

Cardiovascular death 
 
Eight studies reported data on CV death (SGLT2 inhibitors, 

29,089 patients; placebo, 26,729 patients). The pooled analy
sis demonstrates that SGLT2 inhibitors significantly reduce the 
risk for CV death compared with placebo (HR: 0.85; 95% CI 
0.790.93), Figure 2A. The difference between the em
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pagliflozin (HR: 0.81; 95% CI 0.680.97) and dapagliflozin (HR: 
0.88; 0.820.95) groups was statistically nonsignificant 
(p=0.39).  

 
Allcause death 

 
All studies reported the effects of SGLT2 inhibitors on all

cause death (SGLT2 inhibitors, 29,062 patients; placebo, 
26,729 patients). SGLT2 inhibition was associated with signifi
cantly reducing the risk of allcause death compared to 
placebo (HR: 0.86; 95% CI 0.790.95), Figure 2B. The difference 
between the empagliflozin (HR: 0.86; 95% CI 0.731.02) and 
dapagliflozin (HR: 0.87; 0.780.97) groups was statistically non
significant (p=0.94).  

 

Discussion 
 
We present several noteworthy findings in this pooled 

analysis involving over 55,000 highrisk patients identified as 
having either T2DM, HFrEF, HFpEF, or CKD. SGLT2 inhibitors re
duced the risk of CV and allcause death by 15% and 14%, re
spectively. Moreover, our analysis found no discernible 
difference in the benefits of empagliflozin and dapagliflozin on 
these outcomes.  

Differences in the impact of SGLT2 inhibitors on CV and 
overall mortality across the individual trials may be due to vari
ations in the baseline characteristics of the enrolled partici
pants or inclusion criteria. In DECLARETIME, no effect was 
observed for dapagliflozin on CV or allcause death. In con
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Figure 1. PRISMA flowchart summarizing the study selection process.



trast, in EMPAREG, empagliflozin reduced the risk 
of CV and allcause death by 38% and 32% in pa
tients with T2DM, respectively. This was true despite 
EMPAREG enrolling sicker patients having a higher 
frequency of comorbidities such as a history of coro
nary artery disease (75% vs. 32%), stroke (23% vs. 
8%), peripheral artery disease (21% vs. 6%) and 
worse renal functions (eGFR 74 vs. 85 ml/min/1.73 
m2). In DELIVER, dapagliflozin reduced the risk of CV 
death by 12% in patients with HFpEF. A similar ben
efit was observed for empagliflozin in EMPERORPre
served. These two trials differed in their inclusion 
criteria concerning Nterminal proBtype natriuretic 
peptide (NTproBNP) levels. Indeed, in the EM
PERORReduced trial, the NTproBNP criteria for pa
tients with LVEF ≥3140% were unusually high 
compared to those patients with LVEF ≤30%. Of 
note, variation in treatment response according to 
baseline NTproBNP has been well reported.12,13 In 
DAPACKD, dapagliflozin reduced the risk of allcause 
death by 31% in patients with CKD. EMPACKD 
showed a similar, but nonsignificant, effect of em
pagliflozin on allcause death. In EMPACKD, patients 
were generally healthier with a lower frequency of 
comorbidities such as cardiovascular disease (27% 
vs. 37%) and T2DM (44% vs. 67%), due to which 
there may have been lesser room for improvement 
observed with empagliflozin. 

 Perhaps the most important key message of our 
analysis was that despite there being a moderate dif
ference between dapagliflozin and empagliflozin by 
their SGLT2i selectivity, the clinical outcome and 
benefit seem identical and homogenous. These find
ings are consistent with realworld experiences. Data 
from the Korean National Insurance Service data
base that included >100,00 patients with T2DM 
showed that the risk of allcause mortality was sim
ilar between the dapagliflozin and empagliflozin 
users.14 Similarly, a propensityscore matching analy
sis of 921 patients treated with dapagliflozin and an 
equal number of patients treated with empagliflozin 
showed no significant difference in reduction of risk 
of cardiovascular death between dapagliflozin and 
empagliflozin cohorts.15 A recent analysis also 
demonstrated that empagliflozin and dapagliflozin 
have comparable value in improving outcomes in pa
tients with HFrEF.16 

 

 

Conclusions 
 
The findings from the present analyses should be 

interpreted considering some limitations. This was a 
studylevel analysis, as individual patient data was 
not available. There were some variations in the def
inition of the endpoint across the included studies.  
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In conclusion, SGLT2 inhibition was associated with a sig
nificant reduction in the risk of allcause and cardiovascular 
death. Importantly, no differences were observed in the ben
efit of empagliflozin and dapagliflozin on these outcomes.  
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