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Lin et al. recently did a network meta-analysis based on cardiovascular (CV) outcome

trials (CVOTs) of sodium-glucose cotransporter 2 inhibitors (SGLT2is) and those of

glucagon-like peptide-1 receptor agonists (GLP1RAs). Due to the absence of CVOTs

directly comparing SGLT2is with GLP1RAs, Lin et al.’s network meta-analysis identified

the indirect evidence that SGLT2is vs. GLP1RAs reduced hospitalization for heart failure

(HHF) but did not reduce CV death and all-cause mortality (ACM) in patients with type 2

diabetes (T2D). We did another meta-analysis incorporating those CV outcome cohort

studies directly comparing SGLT2is with GLP1RAs, and identified that SGLT2is vs.

GLP1RAs were significantly associated with the lower risks of not only HHF but also

CV death and ACM. These findings may suggest that SGLT2is should be considered

over GLP1RAs in terms of preventing CV and all-cause death and HHF in T2D patients.
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INTRODUCTION

We read with great interest Lin et al.’s network meta-analysis (1) recently published in the journal
Diabetologia. By performing network meta-analysis based on 21 placebo-controlled cardiovascular
(CV) outcome trials (CVOTs), Lin et al. (1) yielded the estimators for the relative cardiorenal
efficacy of three new classes of hypoglycemic drugs: sodium-glucose cotransporter 2 inhibitors
(SGLT2is), glucagon-like peptide-1 receptor agonists (GLP1RAs), and dipeptidyl peptidase-4
inhibitors. They identified that SGLT2is vs. GLP1RAs reduced hospitalization for heart failure
(HHF) and composite kidney outcome (CKO), but did not reduce CV death [risk ratio (RR)
0.97, 95% confidence interval (CI) 0.87–1.09] and all-cause mortality (ACM) (RR 0.97, 95% CI
0.88–1.08). Due to in Lin et al.’ article (1) the effect estimators among active drugs deriving
from indirect evidence, the relative efficacy of SGLT2is vs. GLP1RAs revealed by Lin et al. (1)
requires to be confirmed by further studies directly comparing these two classes, as stated in the
last paragraph of Lin et al.’ article (1). Hence, we included CV outcome cohort studies directly
comparing SGLT2is with GLP1RAs, due to the absence of CVOTs directly comparing them, to
conduct another meta-analysis to determine the relative efficacy of SGLT2is vs. GLP1RAs on CV
death and ACM as well as other cardiorenal outcomes.
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METHODS

This meta-analysis was conducted according to the preferred
reporting items for systematic reviews and meta-analyses
(PRISMA) statement (2). Its study protocol had been registered
in PROSPERO (Registration number: CRD42021273721) before
the study selection began. The studies eligible for inclusion were
propensity score-matched (PSM) cohort studies which compared
SGLT2is with GLP1RAs in terms of the effects of cardiorenal
endpoints in patients with type 2 diabetes (T2D). Seven
endpoints of interest were CV death, ACM, HHF, CKO, major
adverse cardiovascular events (MACE), myocardial infarction
(MI), and stroke. Composite kidney outcome and MACE were
defined in detail in study protocol. PubMed and Embase were
searched until August 16th 2021 to identify relevant cohort
studies. The search terms mainly used in this meta-analysis
were: “type 2 diabetes,” “T2D,” “sodium-glucose transporter 2
inhibitors,” “SGLT∗,” “glucagon-like peptide-1 receptor agonists,”
“GLP1∗,” “death,” “mortality,” “cardiovascular,” “CKD,” “renal,”
and “PSM.” Two authors independently assessed included studies
for quality according to the Newcastle-Ottawa Scale (NOS) for
cohort studies (3). Any agreements between themwere addressed
by discussion with a third author. We performed random-
effects meta-analysis with the maximum likelihoodmethod using
hazard ratios (HRs) and 95% CIs derived from included articles.
I2 statistic was calculated to measure heterogeneity. All data
analyses were done in Stata/MP (version 16.0).

RESULTS

In this meta-analysis we included 9 large PSM cohort studies
(4–12). Each of included studies was assessed as high quality
according to NOS. The detailed characteristics of included
studies are shown in Supplementary Table 1, which also
provides the outcome data extracted from included articles.
Meta-analysis involving 93,710 SGLT2is users and 94,935
GLP1RAs users from seven trials showed that SGLT2is and
GLP1RAs had similar risk of MACE (HR 0.97, 95% CI 0.93–
1.02; P for drug effect=0.24; Figure 1.1). Meta-analysis involving
93,710 SGLT2is users and 94,935 GLP1RAs users from seven
trials showed that SGLT2is and GLP1RAs had similar risk of
MI (HR 0.95, 95% CI 0.88–1.03; P for drug effect = 0.22;
Figure 1.2). Meta-analysis involving 93,710 SGLT2is users and
94,935 GLP1RAs users from seven trials showed that SGLT2is
and GLP1RAs had similar risk of stroke (HR 1.02, 95% CI
0.94–1.11; P for drug effect = 0.65; Figure 1.3). Meta-analysis
involving 62,419 SGLT2is users and 63,644 GLP1RAs users from
three trials showed that SGLT2is vs. GLP1RAs were significantly

Abbreviations: SGLT2is, sodium-glucose cotransporter 2 inhibitors; GLP1RAs,

glucagon-like peptide-1 receptor agonists; CVOTs, cardiovascular outcome trials;

T2D, type 2 diabetes; PSM, propensity score-matched; RR, risk ratio; HR, hazard

ratio; CI, confidence interval; MACE, major adverse cardiovascular events; HHF,

hospitalization for heart failure; CV, cardiovascular; MI, myocardial infarction;

ACM, all-cause mortality; CKO, composite kidney outcome; PRISMA, preferred

reporting items for systematic reviews andmeta-analyses; NOS, Newcastle-Ottawa

Scale; ADA, American Diabetes Association; EASD, European Association for the

Study of Diabetes.

associated with an 18% reduction in risk of CV death (HR 0.82,
95% CI 0.68–0.99; P for drug effect = 0.04; Figure 1.4). Meta-
analysis involving 101,636 SGLT2is users and 97,703 GLP1RAs
users from six trials showed that SGLT2is vs. GLP1RAs were
significantly associated with an 8% reduction in risk of ACM (HR
0.92, 95% CI 0.85–0.99; P for drug effect = 0.03; Figure 1.5).
Meta-analysis involving 107,858 SGLT2is users and 107,563
GLP1RAs users from 8 trials showed that SGLT2is vs. GLP1RAs
were significantly associated with a 20% reduction in risk of
HHF (HR 0.80, 95% CI 0.70–0.92; P for drug effect <0.01;
Figure 1.6). Meta-analysis involving 30,641 SGLT2is users and
33,395 GLP1RAs users from two trials showed that SGLT2is and
GLP1RAs had similar risk of CKO (HR 0.97, 95% CI 0.92–1.02; P
for drug effect= 0.25; Figure 1.7).

DISCUSSION

This meta-analysis is the first one that provided the direct
evidence regarding the relative efficacy of SGLT2is vs. GLP1RAs
on death and cardiorenal endpoints in T2D patients by
incorporating large PSM cohort studies directly comparing
SGLT2is with GLP1RAs. Consistent with the indirect evidence
from Lin et al.’s network meta-analysis (1), the direct evidence
in our meta-analysis showed that SGLT2is vs. GLP1RAs
significantly reduced HHF, but did not significantly affect MACE,
MI, and stroke. On the contrary, the indirect evidence from Lin et
al.’s networkmeta-analysis (1) showed that SGLT2is vs. GLP1RAs
significantly reduced CKO, whereas the direct evidence in our
meta-analysis showed that SGLT2is and GLP1RAs had the
similar risk of CKO. The reason for this probably is that our
meta-analysis was not powered to assess CKO since only two
studies were included in the pooled analysis for this outcome.
Most importantly, Lin et al.’s meta-analysis (1) failed to reveal
the significantly reduced risks of CV death and ACM with
SGLT2is vs. GLP1RAs in T2D patients, whereas our meta-
analysis revealed those. Possible reasons are as follows. First,
Lin et al.’s meta-analysis (1) gave the indirect evidence whereas
ours gave the direct evidence. Second, for these two death
outcomes our meta-analysis was with greater statistical power
since cohort studies included in this meta-analysis had greater
sample sizes than CVOTs. Third, our meta-analysis was based
on HRs, whereas Lin et al.’s meta-analysis (1) was based on RRs.
Compared to RRs, HRs additionally contain the information of
the time when events happen apart from the information of
whether events happen.

From 2015 to 2021, published are eight CVOTs (13–20)
targeting the relative efficacy of GLP1RAs vs. placebo on
cardiorenal outcomes in T2D patients. Although most of these
CVOTs demonstrated the obvious benefits of GLP1RAs vs.
placebo on CV composite and/or renal composite outcomes,
none of them was powered enough to assess individual critical
endpoints such as CV death and ACM. Therefore, several
meta-analyses (21–23) based on the CVOTs of GLP1RAs were
conducted to have confirmed the relative benefits of GLP1RAs
compared to placebo on various cardiorenal outcomes including
the above two death endpoints in T2D patients. Similar with
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FIGURE 1 | Forest plots of the efficacy of SGLT2is vs. GLP1RAs on seven (1.1, Major adverse cardiovascular events; 1.2, myocardial infarction; 1.3, stroke; 1.4,

cardiovascular death; 1.5, all-cause mortality; 1.6, hospitalization for heart failure; 1.7, composite kidney outcome) cardiorenal and death endpoints in patients with

type 2 diabetes. SGLT2is, sodium-glucose cotransporter 2 inhibitors; GLP1RAs, glucagon-like peptide-1 receptor agonists; CI, confidence interval; REML, maximum

likelihood method.

GLP1RAs, SGLT2is were confirmed, by relevant meta-analyses
(24–26) based on their CVOTs, with the distinct benefits on
multiple cardiorenal and mortality endpoints compared to
placebo in T2D patients. Accordingly, the latest international
consensus report (27) by the American Diabetes Association
(ADA) and the European Association for the Study of Diabetes
(EASD) recommends that both SGLT2is and GLP1RAs should
be used in T2D patients with established CV or renal disease
and in those at high cardiorenal risk to prevent cardiorenal
events and deaths. It is worth mentioning that the cardiorenal

benefits of SGLT2is have extended from T2D patients to renal
failure patients and heart failure patients including those with
heart failure and a reduced ejection fraction and those with
heart failure and a preserved ejection fraction. On the contrary,
the cardiorenal benefits of GLP1RAs are only limited to T2D
patients, and their cardiorenal benefits have not been observed
in patients with renal or heart failure without T2D until now.

Due to the absence of CVOTs comparing GLP1RAs and
SGLT2is, the relative efficacy of these two drug classes on
cardiorenal endpoints is not given in the ADA and EASD
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consensus report (27). Thus, several network meta-analyses (1,
28, 29) including Lin et al.’s network meta-analysis (1) tried
to derive the estimators of their relative cardiorenal efficacy
by incorporating the indirect evidence from placebo-controlled
CVOTs of GLP1RAs and those of SGLT2is. However, the
different characteristics of those CVOTs included in the network
meta-analyses (1, 28, 29) considerably weakened the credibility of
the indirect evidence regarding the relative cardiorenal efficacy of
GLP1RAs and SGLT2is. In contrast, more reliable is the direct
evidence regarding their relative cardiorenal efficacy deriving
from this present meta-analysis based on large PSM cohort
studies directly comparing SGLT2is with GLP1RAs in terms of
cardiorenal endpoints. Different from Lin et al.’s findings (1)
that SGLT2is vs. GLP1RAs reduced HHF and CKO, but did not
reduce CV death and ACM in T2D patients, our findings are
that SGLT2is vs. GLP1RAs were significantly associated with the
lower risks of not only HHF but also CV death and ACM. These
findings may suggest that SGLT2is should be considered over
GLP1RAs in terms of preventing CV and all-cause death and
HHF in T2D patients.

SGLT2is and GLP1RAs exert their glycemic control effects
via different mechanisms of actions: SGLT2is promote urinary
glucose excretion (30), while GLP1RAs enhance insulin secretion
and suppress glucagon secretion. Moreover, both of these two
drug classes have favorable effects on some cardiometabolic
risk factors such as blood pressure and body weight. More
importantly, the long-term cardiorenal benefits exhibited by
them are almost independent of their hypoglycemic effects.
SGLT2is exert the long-term cardiorenal benefits mainly by
improving mitochondrial function and myocardial efficiency,
and reducing oxidative stress, inflammation, fibrosis, and
sympathetic nervous system activation (31); while GLP1RAs
exert these benefits mainly by improving endothelial function,
reducing oxidative stress and vascular inflammation, and
producing a natriuretic and vasodilator effect (32, 33). Besides,
the benefits of these two drug classes on cardiometabolic risk
factors also contribute to their benefits on long-term cardiorenal
endpoints. Among the mechanisms of improving long-term
cardiorenal prognosis, there are some similar mechanisms
for these two drug classes, whereas there are more different
mechanisms for them. Since those different mechanisms
for SGLT2is and GLP1RAs might be complementary, the
combination therapy of SGLT2is and GLP1RAsmight yield more
cardiorenal benefits than SGLT2is or GLP1RAs monotherapy.
Future randomized CVOTs assessing this kind of combination
therapy will be clinically meaningful.

Compared to previous network meta-analyses (1, 28, 29)
based on those placebo-controlled CVOTs of SGLT2is and
GLP1RAs, our meta-analysis is the first one that provided the
direct evidence regarding the relative cardiorenal efficacy of
SGLT2is vs. GLP1RAs. Compared to the eligible cohort studies
included in our meta-analysis, this meta-analysis study has the
following two strengths. First, included cohort studies produced
many inconsistent findings. For example, some of the included
cohort studies showed the significant association of SGLT2is with
lower risks of HHF and MACE compared to GLP1RAs, whereas
others showed that these two drug classes had similar risks of

HHF and MACE. In contrast, this meta-analysis study addressed
these controversies. Second, none of the included cohort studies
revealed the significant association of SGLT2is with lower risks
of CV death and ACM compared to GLP1RAs, which suggested
the limited statistical power for these two death endpoints
among included cohort studies. In contrast, this meta-analysis
study, with the sufficient statistical power, revealed SGLT2is with
significantly lower risks of CV death and ACM.

Although this meta-analysis provided the direct evidence
regarding the relative cardiorenal efficacy of SGLT2is vs.
GLP1RAs, the evidence derived from cohort studies, which
involve more risks of biases than randomized trials do. Although
the cohort studies included in this meta-analysis performed
PSM analysis to adjusted lots of confounding factors, there
were probably some omissive factors. Thus, there is a need for
CVOTs comparing SGLT2is with GLP1RAs in T2D patients, to
further confirm the direct evidence revealed in thismeta-analysis.
Although no substantial heterogeneity was observed in the meta-
analyses on most of the endpoints assessed in this study, the
substantial heterogeneity (I2 = 71.47%) was observed in the
meta-analysis on HHF. Although we utilized the random-effects
model to derive the conservative pooled results, it would be
beneficial that future studies could perform relevant subgroup
analyses for this outcome to explore the sources of heterogeneity.

CONCLUSION

Lin et al. (1) revealed that SGLT2is vs. GLP1RAs significantly
reduced HHF and CKO, but did not reduce CV death and ACM
in T2D patients, whereas we further revealed that SGLT2is vs.
GLP1RAs were significantly associated with the lower risks of
not only HHF but also CV death and ACM. These findings
may suggest that SGLT2is should be considered over GLP1RAs
in terms of preventing CV and all-cause death and HHF in
T2D patients, although further validation by CVOTs directly
comparing SGLT2is with GLP1RAs in T2D patients would
be beneficial.
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