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Comparative efficacy of 5
 sodium glucose
cotransporter 2 inhibitor and 7 glucagon-like
peptide 1 receptor agonists interventions on
cardiorenal outcomes in type 2 diabetes patients
A network meta-analysis based on cardiovascular or renal
outcome trials
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Abstract
Background: Sodium glucose cotransporter 2 (SGLT2) inhibitors and glucagon-like peptide 1 receptor agonists (GLP-1 RAs)
have been demonstrated to be able to improve the cardiovascular and renal prognosis in patients with type 2 diabetes (T2D).
However, the relative efficacy of various SGLT2 inhibitors and GLP-1 RAs on cardiorenal outcomes is unestablished.

Methods: We searched PubMed and Embase for relevant cardiovascular or renal outcome trials (CVOTs). Endpoints of interest
were major adverse cardiovascular events (MACE), stroke, myocardial infarction (MI), cardiovascular death (CVD), all-cause death
(ACD), kidney function progression (KFP), and hospitalization for heart failure (HHF). Bayesian network meta-analysis was conducted
to produce pooled hazard ratio (HR) and 95% confidence interval (CI). We calculated the probability values of surface under the
cumulative ranking curve to rank active and placebo interventions.

Results: Fourteen COVTs were included in analysis. Sotagliflozin (HR 0.76, 95% CI 0.61–0.94), subcutaneous semaglutide, and
albiglutide lowered MACE versus lixisenatide among others. Sotagliflozin (HR 0.59, 95% CI 0.40–0.89), canagliflozin, and
empagliflozin lowered HHF versus subcutaneous semaglutide among others. Dapagliflozin and empagliflozin lowered KFP versus
exenatide among others. Empagliflozin and oral semaglutide lowered CVD versus dapagliflozin among others. Sotagliflozin (HR 0.65,
95% CI 0.47–0.91) and albiglutide lowered MI versus ertugliflozin among others. Sotagliflozin (HR 0.56, 95% CI 0.37–0.85) and
subcutaneous semaglutide lowered stroke versus empagliflozin among others. Oral semaglutide and empagliflozin lowered ACD
versus subcutaneous semaglutide among others. The maximum surface under the cumulative ranking curve values followed
sotagliflozin, subcutaneous semaglutide, and albiglutide in lowering MACE; sotagliflozin, canagliflozin, and empagliflozin in lowering
HHF; dapagliflozin and empagliflozin in lowering KFP; empagliflozin and oral semaglutide in lowering CVD; sotagliflozin and albiglutide
in lowering MI; sotagliflozin and subcutaneous semaglutide in lowering stroke; and oral semaglutide and empagliflozin in lowering
ACD.

Conclusions: This updated network meta-analysis reproduced the findings in the first network meta-analysis, and moreover
revealed that sotagliflozin was one of the most effective drugs as for lowering MI, stroke, MACE, and HHF, whereas ertugliflozin was
not. These findings will provide the according evidence regarding the usage of specific SGLT2 inhibitors and GLP-1 RAs in T2D
patients for prevention of specific cardiorenal endpoints.

Abbreviations: ACD = all-cause death, CI = confidence interval, CVD = cardiovascular death, CVOTs = cardiovascular or renal
outcome trials, GLP-1 RAs = glucagon-like peptide 1 receptor agonists, HHF = hospitalization for heart failure, HR = hazard ratio,
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1. Introduction

More and more sodium glucose cotransporter 2 (SGLT2)
inhibitors and glucagon-like peptide 1 receptor agonists (GLP-1
RAs) have been demonstrated to be able to improve the
cardiovascular and renal prognosis in patients with type 2 diabetes
(T2D). However, the relative efficacy of various SGLT2 inhibitors
and GLP-1 RAs on cardiorenal outcomes is unestablished. Not
long ago, our group evaluated the relative efficacy of three SGLT2
inhibitors (ie, canagliflozin, dapagliflozin, and empagliflozin) and
seven GLP-1 RAs (ie, lixisenatide, dulaglutide, liraglutide,
albiglutide, exenatide, subcutaneous semaglutide, and oral
semaglutide) on several cardiorenal outcomes among T2D
patients, by conducting a networkmeta-analysis[1] which included
4 cardiovascular or renal outcome trials (CVOTs) of SGLT2
inhibitors[2–5] and7CVOTsofGLP-1RAs.[6–12]Nowadays, 3new
CVOTs [13–15] respectively assessing sotagliflozin[14,15] and
ertugliflozin[13] in T2D patients are available. However, the 2
SGLT2 inhibitors of sotagliflozin and ertugliflozin failed to be
assessed in our first network meta-analysis.[1] Hence, we intended
to implement an updated network meta-analysis by incorporating
all theCVOTsof SGLT2 inhibitors andGLP-1RAs including the 3
new ones,[13–15] to assess the relative cardiorenal effects of five
SGLT2 inhibitor and 7 GLP-1 RA interventions in T2D patients.
2. Methods

This network meta-analysis is reported according to the PRISMA
extension statement for network meta-analyses.[16] The PRISMA
checklist for this article is provided in Table S1 (Supplemental
Digital Content, which shows the PRISMA checklist, http://links.
lww.com/MD/G228).
2.1. Inclusion and exclusion criteria

The databases of PubMed and Embase were searched for relevant
randomized trials from the start date of databases to March 15th,
2021. The according search strategies for the 2 databases are
provided in Table S2 (SupplementalDigital Content,which presents
the whole search strategies, http://links.lww.com/MD/G228).
Studies eligible to be included in analysis were CVOTs comparing
any SGLT2 inhibitor orGLP-1RAwith placebo in adult individuals
with T2D. Seven critical endpoints of interest for this study were
major adverse cardiovascular events (MACE), fatal or nonfatal
stroke, fatal or nonfatal myocardial infarction (MI), cardiovascular
death (CVD), all-cause death (ACD), kidney function progression
(KFP), and hospitalization for heart failure (HHF).

2.2. Study selection and risk of bias assessment

Two authors separately performed study selection and data
extraction. The pre-specified data to be extracted from included
studies included study name and publication year, type of
interventions and comparators, and study outcomes. According
to the Cochrane risk of bias tool,[17] included trials were assessed
for risk of bias in terms of the following 7 types of risks: risk of
2

selection bias (concerning random sequence generation), risk of
detection bias (concerning blinding of outcomeassessment), risk of
performance bias (concerning blinding of participants and
personnel), risk of selection bias (concerning allocation conceal-
ment), risk of attrition bias (concerning incomplete outcome data),
risk of reporting bias (concerning selective reporting), and risk of
other bias. Any disagreements between the 2 authors occurring in
study selection, data extraction, and risk of bias assessment were
addressed by discussion or the involvement of a third author.
2.3. Statistical analysis

Using the trial-level data of hazard ratios (HRs) and 95%
confidence intervals (CIs) extracted from included studies, we
performed Bayesian network meta-analysis with a fixed-effects
model. Statistical heterogeneity across studies wasmeasured by I2

statistic. In this networkmeta-analysis, we included only placebo-
controlled trials, and therefore there was only indirect evidence
between various active interventions. Thus, it was not necessary
to perform test for the inconsistency between direct and indirect
evidence. The probability values of surface under the cumulative
ranking curve (SUCRA) were calculated to rank active and
placebo interventions in terms of various cardiorenal endpoints,
and a radar plot was drawn to present these SUCRA values. We
implemented network meta-analysis in the R (version 3.6.0) and
JAGS (version 4.3.0) software, whereas wemade the radar plot in
the Stata/SE (version 15.1) software.
2.4. Ethical statement

The data analyzed in this study were extracted from previously
published studies, and therefore ethical approval was not
necessary.
3. Results

After study selection (Figure S1, Supplemental Digital Content,
http://links.lww.com/MD/G312 which shows the process of
study selection), we included 14 placebo-controlled CVOTs[2–15]

in quantitative synthesis. Included trials consisted of 7 ones of
SGLT2 inhibitors[2–5,13–15] and 7 ones of GLP-1 RAs,[6–12] all of
which were with low risk of bias (Figure S2, Supplemental Digital
Content, http://links.lww.com/MD/G313 which presents the
result of risk of bias assessment). A total of five SGLT2 inhibitor
interventions (ie, sotagliflozin, ertugliflozin, canagliflozin, dapa-
gliflozin, and empagliflozin) and 7 GLP-1 RA interventions (ie,
lixisenatide, dulaglutide, liraglutide, albiglutide, exenatide,
subcutaneous semaglutide, and oral semaglutide) were assessed
in this network meta-analysis.
3.1. Network meta-analyses

Sotagliflozin (HR 0.76, 95% CI 0.61–0.94), subcutaneous
semaglutide (HR 0.73, 95% CI 0.55–0.96), and albiglutide
(HR 0.77, 95% CI 0.63–0.93) lowered the risk of MACE versus

http://links.lww.com/MD/G228
http://links.lww.com/MD/G228
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http://links.lww.com/MD/G312
http://links.lww.com/MD/G313
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lixisenatide among others. The detailed results regarding MACE
are shown in Table 1. Sotagliflozin (HR 0.59, 95% CI 0.40–
0.89), canagliflozin (HR 0.58, 95% CI 0.38–0.87), and
empagliflozin (HR 0.59, 95% CI 0.37–0.92) lowered the risk
of HHF versus subcutaneous semaglutide among others. The
detailed results regarding HHF are shown in Table 2. Dapagli-
flozin (HR 0.60, 95%CI 0.47–0.78) and empagliflozin (HR 0.61,
95% CI 0.43–0.87) lowered the risk of KFP versus exenatide
among others. The detailed results regarding KFP are shown in
Table 3. Empagliflozin (HR 0.63, 95% CI 0.47–0.84) and oral
semaglutide (HR 0.50, 95% CI 0.26–0.94) lowered the risk of
CVD versus dapagliflozin among others. The detailed results
regarding CVD are shown in Table 4. Sotagliflozin (HR 0.65,
95% CI 0.47–0.91) and albiglutide (HR 0.72, 95% CI 0.55–
0.95) lowered the risk of MI versus ertugliflozin among others.
The detailed results regarding MI are shown in Table 5.
Sotagliflozin (HR 0.56, 95% CI 0.37–0.85) and subcutaneous
semaglutide (HR 0.55, 95% CI 0.32–0.94) lowered the risk of
stroke versus empagliflozin among others. The detailed results
regarding stroke are shown in Table 6. Oral semaglutide (HR
0.49, 95% CI 0.27–0.89) and empagliflozin (HR 0.65, 95% CI
0.43–0.96) lowered the risk of ACD versus subcutaneous
semaglutide among others. The detailed results regarding ACD
are shown in Table 7.
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3.2. Rankings according to SUCRA values

As is shown in Figure 1, the maximum SUCRA values followed
sotagliflozin, subcutaneous semaglutide, and albiglutide in
lowering MACE; followed sotagliflozin, canagliflozin, and
empagliflozin in lowering HHF; followed dapagliflozin and
empagliflozin in lowering KFP; followed empagliflozin and oral
semaglutide in lowering CVD; followed sotagliflozin and
albiglutide in lowering MI; followed sotagliflozin and subcuta-
neous semaglutide in lowering stroke; and followed oral
semaglutide and empagliflozin in lowering ACD.

4. Discussion

This updated network meta-analysis revealed that different
members of the two new classes of hypoglycemic agents (ie,
SGLT2 inhibitors and GLP-1 RAs) have different benefits on
specific cardiorenal outcomes in T2D patients. To be more
specific, sotagliflozin, subcutaneous semaglutide and albiglutide
had the greatest effect in lowering MACE; sotagliflozin,
canagliflozin, and empagliflozin had the greatest effect in
lowering HHF; dapagliflozin and empagliflozin had the greatest
effect in lowering KFP; empagliflozin and oral semaglutide had
the greatest effect in lowering CVD; sotagliflozin and albiglutide
had the greatest effect in lowering MI; sotagliflozin and
subcutaneous semaglutide had the greatest effect in lowering
stroke; and oral semaglutide and empagliflozin had the greatest
effect in lowering ACD.
Compared to our first network meta-analysis[1] that failed to

assess sotagliflozin and ertugliflozin, this updated network meta-
analysis additionally revealed the fact that sotagliflozin was one
of the most effective drugs as for lowering MI, stroke, MACE,
and HHF, whereas ertugliflozin was not one of the most effective
drugs as for lowering any cardiorenal endpoint. A previous
network meta-analysis[18] assessed the relative efficacy of
different GLP-1 RAs on cardiorenal endpoints but failed to
assess different SGLT2 inhibitors, whereas one other network
3
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Figure 1. Radar plot of SUCRA values of 12 drug interventions for preventing 7
cardiorenal outcomes in T2D patients. ACD = all-cause death, CVD =
cardiovascular death, HHF = hospitalization for heart failure, MI = myocardial
infarction, KFP = kidney function progression, MACE = major adverse
cardiovascular events, SUCRA = surface under the cumulative ranking curve,
T2D = type 2 diabetes.

Duan et al. Medicine (2021) 100:30 www.md-journal.com
meta-analysis[19] assessed the relative efficacy of different SGLT2
inhibitors on cardiorenal endpoints but failed to assess different
GLP-1 RAs. Moreover, another network meta-analysis[20]

assessed the relative efficacy of several different GLP-1 RAs
and SGLT2 inhibitors on the only endpoint of MACE, but failed
to consider the heart failure, renal failure, and individual death
endpoints. Therefore, the present network meta-analysis provid-
ed the most comprehensive analysis regarding the relative efficacy
of different SGLT2 inhibitors and GLP-1 RAs on various
cardiorenal endpoints in T2D patients.
The greatest strength of this network meta-analysis is that all

the included studies had low risk of bias. Oppositely, this
network meta-analysis has the 2 main weaknesses as follows.
First, all the included studies were placebo-controlled trials and
therefore all network meta-analyses conducted in this study were
based on indirect comparisons. Thus, active-controlled trials
comparing different SGLT2 inhibitors and GLP-1 RAs are
urgently needed to validate the estimators of the comparative
efficacy produced in this network meta-analysis. Second, we
failed to find out the possible mechanisms for different SGLT2is
with the different efficacy on various cardiorenal outcomes. This
needs to be further researched.
In conclusion, this updated network meta-analysis reproduced

the findings in the first network meta-analysis, and moreover
revealed that sotagliflozin was one of the most effective drugs as
for lowering MI, stroke, MACE, and HHF, whereas ertugliflozin
was not. These findings will provide the according evidence
regarding the usage of specific SGLT2 inhibitors and GLP-1 RAs
in T2D patients for prevention of specific cardiorenal endpoints.
7
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