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ABSTRACT

Introduction: The impact of reduction of sys-
tolic blood pressure or body weight on reduc-
tion of cardiovascular events during the
treatment with glucagon-like peptide 1 receptor
agonists (GLP-1RAs) or sodium-glucose
cotransporter 2 inhibitors (SGLT2is) for type 2
diabetes is unclear.
Methods: We searched Embase and PubMed.
We performed meta-analysis using hazard ratio
(HR) and 95% confidence interval (CI) as effect

size stratified by drug class on six endpoints of
interest, which were major adverse cardiovas-
cular events (MACE), hospitalization for heart
failure (HHF), cardiovascular death (CVD),
myocardial infarction (MI), stroke, and all-cause
death (ACD). We performed meta-regression to
assess the difference between GLP-1RAs and
SGLT2is, and the impact of reduction of systolic
blood pressure or body weight on reduction of
cardiovascular events.
Results: We included 11 randomized trials.
Compared with placebo, SGLT2is reduced HHF
by 32% (HR 0.68, 95% CI 0.60–0.76) whereas
GLP-1RAs reduced HHF by only 9% (HR 0.91,
95% CI 0.83–0.99). The benefit from SGLT2is on
HHF was significantly greater than that from
GLP-1RAs (Psubgroup = 0.004). GLP-1RAs reduced
stroke by 16% (HR 0.84, 95% CI 0.76–0.93)
whereas SGLT2is did not reduce stroke (HR
0.96, 95% CI 0.82–1.12). GLP-1RAs and SGLT2is

Digital Features To view digital features for this article
go to https://doi.org/10.6084/m9.figshare.12789854.

Electronic supplementary material The online
version of this article (https://doi.org/10.1007/s13300-
020-00912-z) contains supplementary material, which is
available to authorized users.

M. Qiu (&)
Department of General Medicine, Shenzhen
Longhua District Central Hospital, Shenzhen
518110, China
e-mail: 13798214835@sina.cn

L.-L. Ding
Department of Endocrinology, First Affiliated
Hospital of Yangtze University, Jingzhou 434000,
China

M. Zhang
Department of Nephrology, Shenzhen Hospital of
Beijing University of Chinese Medicine, Shenzhen
518116, China

J.-H. Lin
Department of Gastroenterology, Shenzhen
Hospital of Beijing University of Chinese Medicine,
Shenzhen 518116, China

X.-B. Wei
Department of Cardiology, The Second Affiliated
Hospital of Kunming Medical University, Kunming
650000, China

H. Huang
Department of Neurology, Hankou Hospital of
Wuhan City, Wuhan 430312, China

Diabetes Ther (2020) 11:2429–2440

https://doi.org/10.1007/s13300-020-00912-z

http://orcid.org/0000-0001-5013-657X
http://orcid.org/0000-0003-0374-2539
https://doi.org/10.6084/m9.figshare.12789854
https://doi.org/10.1007/s13300-020-00912-z
https://doi.org/10.1007/s13300-020-00912-z
https://doi.org/10.1007/s13300-020-00912-z
https://doi.org/10.1007/s13300-020-00912-z
http://crossmark.crossref.org/dialog/?doi=10.1007/s13300-020-00912-z&amp;domain=pdf
https://doi.org/10.1007/s13300-020-00912-z


similarly reduced MACE by 12%, CVD by 15%,
MI by 9%, and ACD by 13%. The effects of
systolic blood pressure reduction and body
weight reduction on the logarithms of HRs of
GLP-1RAs or SGLT2is vs. placebo as for reducing
six endpoints of interest were not statistically
significant (b ranged from - 0.145 to 0.269, and
P ranged from 0.211 to 0.941).
Conclusions: GLP-1RAs and SGLT2is lead to
similar benefits on MACE, CVD, MI, and ACD in
adults with type 2 diabetes. The benefit from
SGLT2is on HHF is greater than that from GLP-
1RAs, while GLP-1RAs vs. placebo significantly
reduce stroke whereas SGLT2is do not. The two
drug classes reduce cardiovascular events inde-
pendent of reductions of systolic blood pressure
and body weight.

Keywords: Cardiovascular events; GLP-1RAs;
SGLT2is; Type 2 diabetes

Key Summary Points

Why carry out this study?

The impact of reduction of systolic blood
pressure or body weight on reduction of
cardiovascular events during the
treatment with glucagon-like peptide 1
receptor agonists (GLP-1RAs) or sodium-
glucose cotransporter 2 inhibitors
(SGLT2is) for type 2 diabetes is unclear.

What was learned from the study?

GLP-1RAs and SGLT2is reduce
cardiovascular events independent of
reduction of systolic blood pressure.

GLP-1RAs and SGLT2is reduce
cardiovascular events independent of
reduction of body weight.

The benefit from SGLT2is on
hospitalization for heart failure is greater
than that from GLP-1RAs.

GLP-1RAs vs. placebo significantly reduce
stroke whereas SGLT2is do not.

DIGITAL FEATURES

This article is published with digital features to
facilitate understanding of the article. You can
access the digital features on the article’s asso-
ciated Figshare page. To view digital features for
this article go to https://doi.org/10.6084/m9.
figshare.12789854.

INTRODUCTION

As two classes of new antihyperglycemic agents,
glucagon-like peptide 1 receptor agonists (GLP-
1RAs) and sodium-glucose cotransporter 2
inhibitors (SGLT2is) can both produce a glu-
cose-lowering effect and prevent cardiovascular
events and death in adults with type 2 diabetes.
Giugliano et al. [1] reported the impact of
reduction of glycated hemoglobin (HbA1c) level
on reduction of cardiovascular events during
the treatment with GLP-1RAs or SGLT2is for
type 2 diabetes. However, the impact of reduc-
tions of systolic blood pressure and body weight
on reduction of cardiovascular events exhibited
by the two drug classes is unclear.

On the other hand, Zelniker et al.’s meta-
analysis [2] explored the differences between
GLP-1RAs and SGLT2is in reducing different
cardiovascular endpoints. However, that study
failed to include the three large cardiovascular
outcome trials of REWIND [3], PIONEER 6 [4],
and CREDENCE [5], whereas the three trials
provided the new evidences of GLP-1RAs and
SGLT2is as for preventing cardiovascular and
mortality endpoints in patients with type 2
diabetes.

Thus, we included GLP-1RA and SGLT2i
cardiovascular outcome trials including the
REWIND [3], PIONEER 6 [4], and CREDENCE [5]
trials to conduct this meta-analysis, and aimed
to assess the differences between the two drug
classes in preventing different cardiovascular
endpoints and to explore the impact of reduc-
tions of systolic blood pressure and body weight
on reduction of cardiovascular events exhibited
by the two drug classes.
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METHODS

This meta-analysis is reported on the basis of
the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) statement
[6], and Supplementary Appendix 1 provides
the PRISMA checklist for the meta-analysis. This
meta-analysis was previously registered in the
PROSPERO website with the registration num-
ber CRD42020180427.

Search Strategy

We searched the Embase and PubMed databases
on April 16, 2020 for correlative randomized
trials. Predesigned search strategies used in this
meta-analysis are shown in Supplementary
Appendix 2 (p 1).

Inclusion and Exclusion Criteria

We included event-driven and cardiovascular
outcome randomized controlled trials (RCTs)
which compared GLP-1RAs or SGLT2is with
other active drugs or placebo as for preventing
cardiovascular and mortality endpoints in
adults with type 2 diabetes. Six endpoints of
interest were major adverse cardiovascular
events (MACE), hospitalization for heart failure
(HHF), cardiovascular death (CVD), myocardial
infarction (MI), stroke, and all-cause death
(ACD).

Study Selection, Data Extraction,
and Quality Assessment

Study selection after literature search, data
extraction from included studies, and risk of
bias assessment for original studies according to
the Cochrane risk of bias tool [7] were inde-
pendently completed by two authors. When
controversy existed between the two authors, a
third author was involved in discussion to come
to a consensus. The data extracted from inclu-
ded studies contained type of study, baseline
systolic blood pressure and body weight, type
and name of intervention and comparator,
outcome data, and excess reductions of

intervention group in systolic blood pressure
and body weight as compared with placebo.
Excess reduction in systolic blood pressure was
equal to the reduction of systolic blood pressure
in the intervention group minus the reduction
of systolic blood pressure in the comparator
group, and excess reduction in body weight was
equal to the reduction of body weight in the
intervention group minus the reduction of body
weight in the comparator group.

Statistical Analysis

We conducted meta-analysis stratified by drug
class (GLP-1RAs or SGLT2is) using a random-
effects model to calculate the estimated values
of pooled hazard ratios (HRs) and 95% confi-
dence intervals (CIs). I2 statistic [8] was com-
puted to measure statistical heterogeneity, and
a value greater than 50% represents substantial
heterogeneity. We conducted meta-regression
analysis using a random-effects model to eval-
uate the differences between two drug classes
and to evaluate the effects of excess reductions
in systolic blood pressure and body weight on
the logarithms of HRs of intervention vs. com-
parator as for reducing six outcomes of interest.
Funnel plots were drawn and Egger test was
performed to examine publication bias [9].
P values less than 0.05 indicate statistical sig-
nificance. All statistical analyses were done
using Stata (version 15.1).

Compliance with Ethics Guidelines

This article is based on previously conducted
studies and does not contain any studies with
human participants or animals performed by
any of the authors.

RESULTS

Characteristics of Included Trials

At first we found 1492 records. After primary
and secondary screening, we finally included 11
articles [3–5, 10–17] which reported 11 ran-
domized trials (Fig. S1 in Supplementary

Diabetes Ther (2020) 11:2429–2440 2431



Appendix 2). Among the included trials, seven
[3, 4, 10–14] compared GLP-1RAs with placebo
and four [5, 15–17] compared SGLT2is with
placebo. All of the 11 trials had low risk of bias
(Fig. S2 in Supplementary Appendix 2) and had
a total of 94,727 participants which experienced
10,080 MACE in total. Supplementary
Appendix 3 provides the data analyzed in this
meta-analysis.

Meta-Analyses

Figures 1–6 show the forest plots of meta-anal-
ysis of GLP-1RAs and SGLT2is on the outcomes
of MACE (Fig. 1), HHF (Fig. 2), CVD (Fig. 3), MI
(Fig. 4), stroke (Fig. 5), and ACD (Fig. 6).

Compared with placebo, GLP-1RAs signifi-
cantly reduced the risk of MACE (HR 0.88, 95%

CI 0.82–0.94, I2 40.9%), CVD (HR 0.88, 95% CI
0.81–0.96, I2 13.5%), MI (HR 0.92, 95% CI
0.84–1.00, I2 33.6%), and ACD (HR 0.88, 95% CI
0.83–0.95, I2 16.5%), while SGLT2is signifi-
cantly reduced that of MACE (HR 0.88, 95% CI
0.82–0.94, I2 0%), CVD (HR 0.81, 95% CI
0.67–0.98, I2 70.7%), MI (HR 0.88, 95% CI
0.80–0.97, I2 0%), and ACD (HR 0.83, 95% CI
0.73–0.95, I2 63.1%). The benefits from the two
drug classes on the outcomes of MACE, CVD,
MI, and ACD were similar (Psubgroup 0.934,
0.489, 0.523, and 0.493, respectively). Overall,
the two drug classes vs. placebo reduced MACE
by 12% (HR 0.88, 95% CI 0.84–0.92, I2 20.9%),
CVD by 15% (HR 0.85, 95% CI 0.78–0.93, I2

44.2%), MI by 9% (HR 0.91, 95% CI 0.86–0.96,
I2 0%), and ACD by 13% (HR 0.87, 95% CI
0.81–0.92, I2 37.2%).

Fig. 1 Forest plot of meta-analysis on major adverse cardiovascular events stratified by drug class
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Compared with placebo, GLP-1RAs signifi-
cantly reduced the risk of HHF (HR 0.91, 95% CI
0.83–0.99, I2 0%), while SGLT2is significantly
reduced that of HHF (HR 0.68, 95% CI
0.60–0.76, I2 0%). The benefit from SGLT2is on
this outcome was significantly greater than that
from GLP-1RAs (Psubgroup = 0.004). GLP-1RAs vs.
placebo significantly reduced the risk of stroke
(HR 0.84, 95% CI 0.76–0.93, I2 0%), whereas
SGLT2is did not significantly reduce that of
stroke (HR 0.96, 95% CI 0.82–1.12, I2 37.1%).

Meta-Regression Analyses

Figures S3–S26 (Supplementary Appendix 2)
show the results of meta-regression analyses.

The effects of systolic blood pressure reduc-
tion on the logarithms of HRs of GLP-1RAs vs.
placebo as for reducing MACE, HHF, CVD, MI,
stroke, and ACD (Figs. S3–S8) were not statisti-
cally significant (b ranged from - 0.069 to
0.048, and P ranged from 0.211 to 0.683).

The effects of body weight reduction on the
logarithms of HRs of GLP-1RAs vs. placebo as for
reducing MACE, HHF, CVD, MI, stroke, and
ACD (Figs. S9–S14) were not statistically signif-
icant (b ranged from - 0.053 to 0.059, and
P ranged from 0.241 to 0.846).

The effects of systolic blood pressure reduc-
tion on the logarithms of HRs of SGLT2is vs.
placebo as for reducing MACE, HHF, CVD, MI,
stroke, and ACD (Figs. S15–S20) were not

Fig. 2 Forest plot of meta-analysis on hospitalization for heart failure stratified by drug class
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statistically significant (b ranged from - 0.145
to 0.116, and P ranged from 0.609 to 0.941).

The effects of body weight reduction on the
logarithms of HRs of SGLT2is vs. placebo as for
reducing MACE, HHF, CVD, MI, stroke, and
ACD (Figs. S21–S26) were not statistically sig-
nificant (b ranged from 0.032 to 0.269, and
P ranged from 0.284 to 0.876).

Publication Bias Detection

The results of funnel plots and Egger test for the
six outcomes of interest did not suggest obvious
publication bias (Figs. S27–S32 in Supplemen-
tary Appendix 2).

DISCUSSION

Main Findings and Comparisons
with Prior Studies

In this study, we evaluated the efficacy of GLP-
1RAs and SGLT2is on six endpoints of interest
(i.e., MACE, HHF, CVD, MI, stroke, and ACD) in
adults with type 2 diabetes and assessed the
effects of systolic blood pressure reduction and
body weight reduction on these six endpoints
reduced by GLP-1RAs and SGLT2is. Thus, we
produced the key findings as follows.

First, the benefits from GLP-1RAs and
SGLT2is on the outcomes of MACE, CVD, MI,
and ACD were similar. Overall, the two drug
classes vs. placebo reduced MACE by 12%, CVD

Fig. 3 Forest plot of meta-analysis on cardiovascular death stratified by drug class
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by 15%, MI by 9%, and ACD by 13%. Similarly,
the benefits from GLP-1RAs and SGLT2is on
these cardiovascular and mortality endpoints
were also observed in meta-analyses [18–20] of
GLP-1RA trials and those [21, 22] of SGLT2is
trials.

Second, the benefit from SGLT2is on HHF
was significantly greater than that from GLP-
1RAs. SGLT2is vs. placebo reduced HHF by 32%
whereas GLP-1RAs reduced HHF by only 9%.
Two conventional meta-analyses [18, 21] pro-
vided the similar estimated values for the
treatment effects of GLP-1RAs [18] and SGLT2is
[21] in reducing HHF. Besides, a network meta-
analysis [23] validated the superiority of
SGLT2is (HR 0.79, 95% CI 0.69–0.90) over GLP-
1RAs in reducing HHF.

Third, GLP-1RAs vs. placebo reduced stroke
by 16% (HR 0.84, 95% CI 0.76–0.93) whereas
SGLT2is did not reduce stroke (HR 0.96, 95% CI
0.82–1.12). Consistent with the results, a meta-
analysis [18] demonstrated the benefit of GLP-
1RAs on stroke in type 2 diabetes, whereas one
other meta-analysis [21] revealed the neutral
effect of SGLT2is on stroke.

Fourth, the effects of systolic blood pressure
reduction and body weight reduction on the
logarithms of HRs of GLP-1RAs or SGLT2is vs.
placebo as for reducing the six endpoints of
interest were not statistically significant (b ran-
ged from - 0.145 to 0.269, and P ranged from
0.211 to 0.941). This finding suggests that GLP-
1RAs and SGLT2is reduce cardiovascular and
mortality endpoints independent of reductions
of systolic blood pressure and body weight.

Fig. 4 Forest plot of meta-analysis on myocardial infarction stratified by drug class
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In this study we directly revealed the car-
diovascular benefits of GLP-1RAs and SGLT2is
in patients with type 2 diabetes. Meanwhile, the
mechanisms by which the two drug classes
exert cardiac protective effects are summarized
in two recent review articles [24, 25]. Among all
mechanisms mentioned in the two articles
[24, 25], an important mechanism is that the
two drug classes are able to reduce cardiac
afterload [26, 27] and preload [28–30] by various
means.

Giugliano et al. [1] reported the relation
between reduction of HbA1c and risk of MACE
during the treatment with GLP-1RAs or SGLT2is
for type 2 diabetes, and Hu et al. [31] revealed
the relation between weight reduction and
blood pressure reduction. However, our study
explored the relation between reductions of

systolic blood pressure and body weight and
reduction of cardiovascular events during the
GLP-1RA treatment and the SGLT2i treatment
for type 2 diabetes.

The latest consensus report [32] recommends
that GLP-1RAs and SGLT2is should be consid-
ered in patients with type 2 diabetes to prevent
cardiovascular events independently of baseline
HbA1c and individualized HbA1c target. How-
ever, that report fails to recommend whether
reductions of systolic blood pressure and body
weight should be considered when the two drug
classes are prescribed for type 2 diabetes. Thus,
the fourth finding in our study fills this
knowledge gap. It is worth mentioning that
other antihyperglycemic agents should be
appropriately adjusted when GLP-1RAs and
SGLT2is are considered to be used in diabetic

Fig. 5 Forest plot of meta-analysis on stroke stratified by drug class
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patients, especially when HbA1c is the target
prior to initiation of the two drug classes.

Strengths and Limitations

This study has two main strengths. First, we
performed meta-analysis stratified by drug class,
and found the differences between the two drug
classes in reducing different endpoints: the
benefit from SGLT2is on HHF was significantly
greater than that from GLP-1RAs, while GLP-
1RAs reduced stroke by 16% whereas SGLT2is
did not reduce stroke compared with placebo.
Second, all the included RCTs in this meta-
analysis had low risk of bias and there was not
obvious publication bias found for all endpoints
of interest.

This study has two main limitations. First,
the relative efficacy of GLP-1RAs and SGLT2is in
reducing different cardiovascular outcomes
must be assessed in head-to-head trials com-
paring GLP-1RAs with SGLT2is. Second, we
observed substantial heterogeneity in few anal-
yses, which needs to be further investigated.

CONCLUSIONS

GLP-1RAs and SGLT2is lead to similar benefits
on MACE, CVD, MI, and ACD in adults with
type 2 diabetes. The benefit from SGLT2is on
HHF is greater than that from GLP-1RAs, while
GLP-1RAs vs. placebo significantly reduce stroke
whereas SGLT2is do not. The two drug classes

Fig. 6 Forest plot of meta-analysis on all-cause death stratified by drug class
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reduce cardiovascular events independent of
reductions of systolic blood pressure and body
weight.
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