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Abstract 

Background: The cardiovascular outcome trials (CVOTs) have shown that glucagon like peptide-1 receptor agonists 
(GLP1RAs) have varying degrees of cardiovascular (CV) safety in patients with type 2 diabetes mellitus (T2DM.) The 
lack of any head-to-head comparative trials among GLP1RAs urged the need for an indirect comparison of these 
agents. Therefore, this study was conducted to indirectly compare the CV safety and mortality effects among different 
GLP1RAs in patients with T2DM using network meta-analysis (NMA).

Methods: Medline was searched to identify GLP1RA CVOTs to date. The outcomes of interest were CV death, myocar-
dial infarction (IM), stroke, and death from any cause. An NMA with binomial likelihood logit link model was used for 
the binary outcomes. We conducted both fixed effects and random effects models for each outcome, and selected 
the best model based on the deviance information and the average posterior residual deviance. This NMA was 
reported in accordance with the preferred reporting items for systematic reviews and meta-analyses (PRISMA-NMA).

Results: A total of seven GLP1RA CVOTs were included having 56,004 patients. The NMA results showed that oral 
semaglutide was statistically better than exenatide (OR 0.47, 95% CI 0.21–0.99), dulaglutide (OR 0.46, 95% CI 0.20–
0.97), albiglutide (OR 0.45, 95% CI 0.19–0.97), lixisenatide (OR 0.43, 95% CI 0.19–0.92) in reducing CV death events. No 
significant differences were detected between most of the treatments regarding reducing death from any cause, MI 
and stroke events. The ranking results showed that oral semaglutide had the highest probability to be ranked first 
(> 90%) in reducing CV death and death from any cause. Moreover, once weekly semaglutide had the highest prob-
ability to be ranked first in reducing MI and stroke events.

Conclusion: The GLP1RAs have shown significant benefits in terms of CV safety. The indirect comparison and ranking 
probability results have shown that one weekly semaglutide and oral semaglutide seems to be the preferred option 
in patients with T2DM and established or at high risk of CVD. This result can aid health care providers, pharmacy and 
therapeutics committees in hospitals, and insurance companies when deciding which GLP1RA to start or add to their 
formulary.

© The Author(s) 2020. This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, sharing, 
adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and 
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material 
in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material 
is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the 
permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creat iveco 
mmons .org/licen ses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creat iveco mmons .org/publi cdoma in/
zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Open Access

Cardiovascular Diabetology

*Correspondence:  oalmohammed@ksu.edu.sa
2 Department of Clinical Pharmacy, College of Pharmacy, King Saud 
University, Riyadh, Saudi Arabia
Full list of author information is available at the end of the article

http://orcid.org/0000-0002-3792-4106
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12933-020-01070-z&domain=pdf


Page 2 of 14Alfayez et al. Cardiovasc Diabetol           (2020) 19:96 

Background
Diabetes mellitus is a major health condition that affects 
more than 382 million adults worldwide, and this num-
ber is expected to reach 592 million by 2035 [1]. Patients 
with diabetes are at a higher risk of developing cardiovas-
cular (CV) complications, which can be fatal. Cardiopro-
tective effects of some antidiabetic drugs, along with the 
improvement in the provided care, has led to the reduc-
tion in the rate of CV events over the years. However, the 
rate of the CV events remains significantly higher in dia-
betic patients than in the general population [2].

Glucagon like peptide-1 receptor agonist (GLP1RA) 
based therapies have been in use since 2005 and 
GLP1RAs have been extensively studied for the treat-
ment of type 2 diabetes mellitus (T2DM). Most of the 
GLP1RAs, including lixisenatide (short-acting) and dula-
glutide (long-acting), are administered as a subcutaneous 
injection either once daily or weekly [3]. Recently, the 
first oral formulation of a GLP1RA, daily oral semaglu-
tide, was approved by the US food and drug administra-
tion (FDA) [3]. GLP1RAs are classified based on their 
structure as either exendin-4 based (e.g. lixisenatide and 
exenatide) or human GLP-1 analogue (e.g. liraglutide, 
dulaglutide, semaglutide and albiglutide) [3, 4]. GLP1RAs 
act by increasing insulin secretion, decreasing glucagon 
secretion, and improving satiety. They have also been 
shown to have efficacy in reducing body weight and have 
potential antiatherothrombotic effects [3, 5].

In 2008, the US FDA mandated that all novel antidia-
betic drugs must be evaluated by manufacturers to assess 
their CV safety profile [6]. Since then, several GLP1RA 
cardiovascular outcome trials (CVOTs) have been con-
ducted. To date, there are a total of seven GLP1RA 
CVOTs published [7–13], and one trial is ongoing 
[14]. The trials have shown that GLP1RAs have vary-
ing degrees of CV safety and recent meta-analyses have 
shown that this class has a promising CV safety profile 
[15–19]. However, it is still not clear which GLP1RA is 
preferred for CV safety. Furthermore, there is a lack of 
any head-to-head comparative trials among GLP1RAs. 
Therefore, this study was conducted to indirectly com-
pare the CV safety and mortality effects among different 
GLP1RAs in patients with T2DM using network meta-
analysis (NMA).

Methods
Literature search, selection criteria and risk of bias
PubMed was searched from inception to November 2019 
with the aim to identify GLP1RA CVOTs. Published 

randomized double blind placebo-controlled studies 
that have addressed the CV safety of GLP1RA as their 
primary outcomes were targeted. The outcomes of inter-
est were major adverse cardiovascular events (MACE; 
defined as the composite endpoint of CV mortality, 
nonfatal myocardial infarction (MI) and nonfatal stroke 
termed three-point MACE). In addition to MACE, death 
from any cause, stroke, nonfatal stroke, MI, nonfatal MI 
and hospitalizations for heart failure (HF) outcomes were 
included. The search terms used were “glucagon like pep-
tide-1,” “GLP-1 receptor agonist,” “liraglutide,” “semaglu-
tide,” “albiglutide,” “exenatide,” “stroke,” “nonfatal stroke,” 
“myocardial infarction,” “nonfatal myocardial infarction,” 
“heart failure,” “CV death,” and “CV mortality.” Results 
were further limited to randomized controlled trials and 
English language. Published data were extracted from the 
published studies by two authors (OMA and OAA) inde-
pendently, and reviewed by a third one (OSA). The risk of 
bias was assessed using the Cochrane risk of bias assess-
ment tool [20].

Data synthesis and analysis
A Bayesian NMA, using binomial likelihood with logit 
link model and non-informative prior distribution, was 
used for the analysis of dichotomous outcomes. Fixed 
and random effects models were conducted for each out-
come, then the most suitable model based on the devi-
ance information and the average posterior residual 
deviance was selected. We ran inconsistency models to 
assess the consistency using the residuals in inconsist-
ency plots. Analysis was conducted using WinBUGS 
1.4.3 (MRC Biostatistics Unit; Cambridge, United King-
dom) through NetMetaXL 1.6.1 (Canadian Agency for 
Drugs and Technologies in Health; Ottawa, Canada) 
[21]. We evaluated the possible covariates that might 
not be similar between the trials using mate-regression 
analyses which were performed with GeMTC GUI pack-
age [22]. The NMA was reported according to the state-
ment of preferred reporting items for systematic reviews 
and meta-analyses involving network meta-analysis 
(PRISMA-NMA) in Additional file 1: Table S1 [23].

Results
Search results and study characteristics
A total of 79 studies were identified in the systematic 
search, and after title and abstract screening a total of 
seven GLP1RA CVOTs were included, the flowchart of 
included and excluded studies was illustrated in Addi-
tional file 2: Figure S1. The included seven studies were as 
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follow, ELIXA (lixisenatide), LEADER (liraglutide), SUS-
TAIN-6 (semaglutide), EXSCEL (exenatide), Harmony 
outcomes (albiglutide), REWIND (dulaglutide) and PIO-
NEER-6 (oral semaglutide) [7–13]. All the studies have 
compared the CV safety of one of the GLP1RAs to pla-
cebo, both as added on therapy to the standard of care, as 
shown in Table 1. The PIONEER-6 trial was the only trial 
that included an oral formulation that was administered 
once daily (semaglutide), whereas all the remaining trials 
included injectable formulations. In ELIXA and LEADER 
trials, the drugs were administered once daily (i.e. lixi-
senatide and liraglutide) and in the rest, once weekly (i.e. 
semaglutide, albiglutide, exenatide and dulaglutide).

The studies included a total of 56,004 patients with 
T2DM who had either established CVD or risk factors 
for CVD. The sample size in the trials ranged from 3183 
patients in the PIONEER-6 trial to 14,752 patients in the 
EXSCEL trial. The mean age of participants ranged from 
59.9 to 66.2 years, with the REWIND trial including older 
patients. The median follow-up ranged from 1.3  years 
(PIONEER-6) to 5.4  years (REWIND). The ELIXA trial 
included only patients with recent acute coronary syn-
drome. Whereas the remaining trials included varying 
percentages of patients with established CVD, for exam-
ple 31% of patients in the REWIND trial had established 
CVD. The use of sodium glucose cotransporter-2 inhibi-
tors (SGLT2is) varied among the trials; the Harmony out-
comes and PIONEER-6 trials had the highest use. Lastly, 
the use of statins ranged from 66 to 92% of patients in the 
included trials (Table  1). The network plot is presented 
in Additional file 3: Figure S2, the risk of bias assessment 
showed that all the included trials had a low risk of bias 
as presented in Additional file 4: Table S2, and there were 
no signs of inconsistency between the trials in the incon-
sistency plots for fixed models as demonstrated in Addi-
tional file 5: Figure S3.

MACE
The indirect comparison showed a statistically significant 
reduction in MACE following the use of weekly admin-
istered semaglutide compared to lixisenatide [odds ratio 
(OR) 0.71, 95% confidence intervals (CI) 0.52–0.96], 
and albiglutide compared to lixisenatide (OR 0.76, 95% 
CI 0.61–0.93). Moreover, the weekly injections of sema-
glutide, albiglutide, liraglutide  (daily) and dulaglutide 
showed a statistically greater reduction in MACE when 
compared to placebo. The ranking results showed that 
weekly administration of semaglutide had the highest 
probability of being ranked first at 52% followed by oral 
semaglutide at 26% and albiglutide was ranked third at 
20%. The indirect comparison of GLP1RAs is presented 
in Fig. 1, the ranking probability is presented in Fig. 2. 

CV death
The indirect comparison showed that oral semaglu-
tide significantly reduced CV mortality compared with 
exenatide (OR 0.47, 95% CI 0.21–0.99), dulaglutide (OR 
0.46, 95% CI 0.20–0.97), albiglutide (OR 0.45, 95% CI 
0.19–0.97), and lixisenatide (OR 0.43, 95% CI 0.19–0.92). 
Moreover, oral semaglutide had the highest probability of 
being ranked first (> 90%) in reducing CV mortality in the 
rankogram comparison.

Death from any cause
The indirect comparison showed that oral semaglutide 
significantly reduced death from any cause than all the 
GLP1RAs except liraglutide. Therefore, oral semaglutide 
had the highest probability of being ranked first at 96% in 
the rankogram comparison.

Total MI (fatal and nonfatal)
No significant differences were detected regarding total 
MI between the treatments except when albiglutide was 
compared with exenatide and lixisenatide. Albiglutide 
was associated with a significant reduction in MI events 
compared to exenatide (OR 0.76, 95% CI 0.60–0.96) and 
lixisenatide (OR 0.72, 95% CI 0.55–0.93). The ranking 
results showed that weekly administration of semaglutide 
was ranked first at 51%, followed by albiglutide at approx-
imately 40% in the rankogram comparison.

Nonfatal MI
Similar to the results in total MI outcome, albiglutide 
was associated with a significant reduction in nonfatal 
MI compared to exenatide (OR 0.76, 95% CI 0.6–0.97) 
and lixisenatide (OR 0.72, 95% CI 0.55–0.93). However, 
weekly administration of semaglutide had the highest 
probability of being ranked first at approximately 52%, 
followed by albiglutide at 42%.

Total stroke (fatal and nonfatal)
For total stroke events (fatal and nonfatal), no signifi-
cant differences were identified between the treatments, 
except when the weekly administered semaglutide was 
compared to lixisenatide (OR 0.54, 95% CI 0.37–0.97). 
Moreover, ranking probability showed that weekly 
administered semaglutide was ranked first at 59%, fol-
lowed by oral semaglutide at 27%.

Nonfatal stroke
Similar to the results in total stroke outcome, no signifi-
cant difference was identified between the GLP1RAs, 
except when the weekly semaglutide was compared to 
lixisenatide (OR 0.54, 95% CI 0.29–0.98). Furthermore, 
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1- MACE

Semaglutide
(once weekly)

0.93
(0.69 – 1.26)

Albiglutide
(once weekly)

0.91
(0.59 – 1.40)

0.97
(0.67 – 1.42)

Oral 
Semaglutide
(once daily)

0.84
(0.63 – 1.12)

0.90
(0.74 – 1.09)

0.93
(0.64 – 1.33)

Liraglutide
(once daily)

0.82
(0.61 – 1.09)

0.88
(0.72 – 1.06)

0.90
(0.62 – 1.29)

0.97
(0.82 – 1.15)

Dulaglutide
(once weekly)

0.78
(0.59 – 1.03)

0.84
(0.70 – 1.00)

0.86
(0.60 – 1.23)

0.93
(0.80 – 1.09)

0.96
(0.82 – 1.12)

Exenatide
(once weekly)

0.72
(0.56 – 0.93)

0.77
(0.67 – 0.90)

0.79
(0.56 – 1.12)

0.86
(0.76 – 0.97)

0.88
(0.78 – 0.99)

0.92
(0.84 – 1.02) Placebo

0.71
(0.52 – 0.96)

0.76
(0.61 – 0.93)

0.78
(0.53 – 1.13)

0.84
(0.70 – 1.02)

0.87
(0.72 – 1.05)

0.91
(0.76 – 1.08)

0.98
(0.85 – 1.14)

Lixisenatide
(once daily)

2- CV death

Oral 
Semaglutide
(once daily)

0.54
(0.24 – 1.14)

Liraglutide
(once daily)

0.47
(0.21 – 0.99)

0.88
(0.69 – 1.11)

Exenatide
(once weekly)

0.46
(0.20 – 0.97)

0.85
(0.67 – 1.09)

0.97
(0.78 – 1.21)

Dulaglutide
(once weekly)

0.45
(0.19 – 0.97)

0.83
(0.61 – 1.13)

0.95
(0.71 – 1.27)

0.97
(0.72 – 1.31)

Albiglutide
(once weekly)

0.44
(0.18 – 1.03)

0.81
(0.51 – 1.28)

0.93
(0.59 – 1.45)

0.95
(0.61 – 1.49)

0.98
(0.60 – 1.60)

Semaglutide
(once weekly)

0.43
(0.19 – 0.92)

0.79
(0.59 – 1.06)

0.90
(0.68 – 1.18)

0.93
(0.70 – 1.22)

0.95
(0.68 – 1.33)

0.97
(0.60 – 1.57)

Lixisenatide
(once daily)

0.42
(0.19 – 0.87)

0.78
(0.65 – 0.93)

0.89
(0.76 – 1.03)

0.91
(0.78 – 1.07)

0.94
(0.73 – 1.20)

0.96
(0.63 – 1.46)

0.99
(0.78 – 1.24) Placebo

3- Death from any cause

Oral 
Semaglutide
(once daily)

0.60
(0.34 – 1.00)

Liraglutide
(once daily)

0.58
(0.34 – 0.96)

0.97
(0.81 – 1.17)

Exenatide
(once weekly)

0.56
(0.33 – 0.93)

0.94
(0.78 – 1.14)

0.97
(0.81 – 1.15)

Dulaglutide
(once weekly)

0.53
(0.30 – 0.91)

0.89
(0.70 – 1.14)

0.92
(0.73 – 1.15)

0.95
(0.75 – 1.20)

Lixisenatide
(once daily)

0.52
(0.30 – 0.90)

0.88
(0.69 – 1.13)

0.91
(0.72 – 1.14)

0.94
(0.74 – 1.19)

0.99
(0.75 – 1.31)

Albiglutide
(once weekly)

0.48
(0.25 – 0.90)

0.81
(0.55 – 1.20)

0.83
(0.57 – 1.22)

0.86
(0.59 – 1.27)

0.91
(0.60 – 1.38)

0.92
(0.61 – 1.40)

Semaglutide
(once weekly)

0.50
(0.30 – 0.82)

0.84
(0.73 – 0.97)

0.86
(0.76 – 0.98)

0.89
(0.79 – 1.01)

0.94
(0.78 – 1.15)

0.95
(0.78 – 1.16)

1.04
(0.72 – 1.49) Placebo

Fig. 1 Network meta-analysis results of GLP1RAs and placebo using fixed effect model
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4- MI (fatal and nonfatal)

Albiglutide
(once weekly)

1.02
(0.67 – 1.58)

Semaglutide
(once weekly)

0.87
(0.67 – 1.12)

0.85
(0.56 – 1.29)

Liraglutide
(once daily)

0.77
(0.59 – 1.01)

0.75
(0.49 – 1.15)

0.88
(0.69 – 1.14)

Dulaglutide
(once weekly)

0.76
(0.60 – 0.96)

0.74
(0.49 – 1.10)

0.87
(0.70 – 1.07)

0.98
(0.78 – 1.23)

Exenatide
(once weekly)

0.74
(0.61 – 0.90)

0.73
(0.49 – 1.06)

0.85
(0.73 – 1.00)

0.96
(0.80 – 1.16)

0.98
(0.86 – 1.12) Placebo

0.70
(0.42 – 1.17)

0.69
(0.37 – 1.26)

0.81
(0.49 – 1.33)

0.91
(0.55 – 1.51)

0.93
(0.57 – 1.51)

0.94
(0.59 – 1.51)

Oral 
Semaglutide
(once daily)

0.72
(0.55 – 0.93)

0.70
(0.46 – 1.06)

0.82
(0.65 – 1.05)

0.93
(0.72 – 1.20)

0.95
(0.76 – 1.18)

0.96
(0.81 – 1.15)

1.02
(0.62 – 1.68)

Lixisenatide
(once daily)

5- Nonfatal MI

Albiglutide
(once weekly)

1.02
(0.67 – 1.58)

Semaglutide
(once weekly)

0.85
(0.65 – 1.09)

0.83
(0.54 – 1.25)

Liraglutide
(once daily)

0.77
(0.58 – 1.02)

0.75
(0.49 – 1.15)

0.91
(0.71 – 1.18)

Dulaglutide
(once weekly)

0.76
(0.60 – 0.97)

0.75
(0.49 – 1.12)

0.90
(0.73 – 1.12)

0.99
(0.78 – 1.26)

Exenatide
(once weekly)

0.74
(0.61 – 0.90)

0.73
(0.49 – 1.06)

0.88
(0.75 – 1.04)

0.97
(0.79 – 1.17)

0.97
(0.85 – 1.11) Placebo

0.72
(0.55 – 0.93)

0.70
(0.46 – 1.06)

0.85
(0.66 – 1.08)

0.93
(0.71 – 1.21)

0.94
(0.75 – 1.17)

0.96
(0.81 – 1.15)

Lixisenatide
(once daily)

0.62
(0.37 – 1.05)

0.61
(0.32 – 1.12)

0.73
(0.44 – 1.23)

0.81
(0.48 – 1.36)

0.81
(0.49 – 1.34)

0.83
(0.51 – 1.35)

0.87
(0.52 – 1.45)

Oral 
Semaglutide
(once daily)

6- Stroke (fatal and nonfatal)

Semaglutide 
(once weekly)

0.79
(0.46 – 1.33)

Dulaglutide
(once weekly)

0.80
(0.33 – 1.94)

1.00
(0.47 – 2.20)

Oral 
Semaglutide 
(once daily)

0.70
(0.41 – 1.18)

0.89
(0.66 – 1.19)

0.88
(0.41 – 1.88)

Exenatide 
(once weekly)

0.70
(0.41 – 1.18)

0.88
(0.66 – 1.19)

0.88
(0.40 – 1.87)

0.99
(0.75 – 1.32)

Liraglutide 
(once daily)

0.70
(0.39 – 1.21)

0.88
(0.62 – 1.25)

0.87
(0.39 – 1.90)

0.99
(0.70 – 1.39)

1.00
(0.70 – 1.41)

Albiglutide 
(once weekly)

0.60
(0.37 – 0.97)

0.76
(0.62 – 0.94)

0.76
(0.36 – 1.58)

0.86
(0.70 – 1.05)

0.86
(0.70 – 1.06)

0.87
(0.66 – 1.15) Placebo

0.54
(0.29 – 0.98)

0.68
(0.45 – 1.03)

0.68
(0.29 – 1.52)

0.77
(0.51 – 1.15)

0.77
(0.51 – 1.16)

0.77
(0.49 – 1.21)

0.89
(0.62 – 1.27)

Lixisenatide 
(once daily)

Fig. 1 continued
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weekly semaglutide had the highest probability of being 
ranked first in reducing nonfatal stroke events at 58%, 
followed by oral semaglutide at 29%.

Hospitalizations for HF
The indirect comparison did not show any significant 
difference among the GLP1RAs and placebo in reducing 
HF related hospitalizations. The ranking results showed 
that oral semaglutide had the highest probability of being 
ranked first, followed by albiglutide.

Meta-regression analyses
The results from meta-regression analyses of the 
effect of potential covariates did not suggest any asso-
ciation between the covariates and the relative effect of 

GLP1RAs. The 95% CrI of the interaction coefficients for 
the included covariates crossed the null value (0). These 
findings were presented in Additional file 6: Table S3.

Discussion
The study was conducted to indirectly compare the CV 
safety and mortality effects among different GLP1RAs 
in patients with T2DM using network meta-analysis 
(NMA), to identify the likely preferred agent with respect 
to CV safety. The study did not find any significant dif-
ference between GLP1RAs in reducing death from any 
cause, MI and stroke events. However, the ranking results 
showed that oral semaglutide had the highest probability 
to be ranked first (> 90%) in reducing CV death and death 
from any cause, while once weekly semaglutide had the 

7- Nonfatal stroke

Semaglutide 
(once weekly)

0.79
(0.46 – 1.34)

Dulaglutide 
(once weekly)

0.81
(0.33 – 2.02)

1.03
(0.47 – 2.31)

Oral 
Semaglutide 
(once daily)

0.70
(0.39 – 1.21)

0.88
(0.61 – 1.27)

0.86
(0.37 – 1.92)

Albiglutide 
(once weekly)

0.69
(0.40 – 1.16)

0.87
(0.64 – 1.19)

0.85
(0.38 – 1.86)

0.99
(0.70 – 1.40)

Exenatide 
(once weekly)

0.68
(0.39 – 1.14)

0.86
(0.62 – 1.17)

0.83
(0.37 – 1.82)

0.97
(0.68 – 1.38)

0.98
(0.73 – 1.33)

Liraglutide 
(once daily)

0.61
(0.37 – 0.97)

0.77
(0.61 – 0.96)

0.74
(0.34 – 1.58)

0.87
(0.66 – 1.15)

0.88
(0.71 – 1.08)

0.89
(0.72 – 1.11) Placebo

0.54
(0.29 – 0.98)

0.68
(0.45 – 1.04)

0.66
(0.28 – 1.53)

0.78
(0.49 – 1.21)

0.78
(0.52 – 1.18)

0.80
(0.53 – 1.21)

0.89
(0.62 – 1.27)

Lixisenatide 
(once daily)

8- Heart failure hospitalizations

Albiglutide
(once weekly)

0.98
(0.75 – 1.29)

Liraglutide
(once daily)

0.98
(0.52 – 1.85)

1.00
(0.54 – 1.88)

Oral 
Semaglutide
(once daily)

0.91
(0.69 – 1.20)

0.93
(0.71 – 1.21)

0.93
(0.49 – 1.73)

Dulaglutide
(once weekly)

0.90
(0.68 – 1.18)

0.92
(0.70 – 1.20)

0.92
(0.49 – 1.71)

0.99
(0.76 – 1.29)

Exenatide
(once weekly)

0.89
(0.65 – 1.23)

0.91
(0.66 – 1.25)

0.91
(0.47 – 1.73)

0.98
(0.71 – 1.35)

0.99
(0.72 – 1.36)

Lixisenatide
(once daily)

0.86
(0.70 – 1.05)

0.87
(0.72 – 1.05)

0.87
(0.48 – 1.58)

0.94
(0.78 – 1.14)

0.95
(0.79 – 1.15)

0.96
(0.75 – 1.24) Placebo

0.78
(0.51 – 1.20)

0.80
(0.52 – 1.21)

0.80
(0.39 – 1.60)

0.86
(0.56 – 1.31)

0.87
(0.57 – 1.32)

0.87
(0.56 – 1.38)

0.91
(0.63 – 1.33)

Semaglutide
(once weekly)

Fig. 1 continued
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Fig. 2 Ranking probability of GLP1RAs (Fixed Effects Rankogram)
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6- Stroke (fatal and nonfatal)
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daily)
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4- MI (fatal and nonfatal)

Oral Semaglu�de (once daily)

Liraglu�de (once dail)

Lixisena�de(once daily)

Dulaglu�de (once weekly)

Albiglu�de (once weekly)

Exena�de (once weekly)

Semaglu�de (once weekly)

Placebo

Best Worse

Fig. 2 continued
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highest probability to be ranked first in reducing MI and 
stroke events.

Several meta-analyses were performed to compare 
the CV safety of GLP1RAs. Furthermore, NMA was 
also performed to explore the CV safety of GLP1RAs 
in comparison with other hypoglycemic drugs such as 
SGLT2is [24–26]. Five meta-analyses were conducted 
including data from all seven GLP1RAs CVOTs pub-
lished to date, Kristensen et  al. [15], Giugliano et  al. 
[16], Mannucci et al. [17], Marsico et al. [18], and Zhu 
et  al. [19]. The results from these five meta-analyses 
were summarized in Additional file 7: Table S4. In the 
Kristensen et  al. meta-analysis, GLP1RAs was associ-
ated with a 12% reduction in the three-point MACE 

(hazard ratio (HR) 0.88, 95% CI 0.82–0.94) with mod-
erate heterogeneity reported [15]; the results from 
the other four meta-analyses were very similar to that 
of Kristensen et  al. [16–19]. Prior to the addition of 
REWIND and PIONEER-6 trials data, the reduction 
ranged between 10% (HR 0.90, 95% CI 0.82–0.99) and 
13% (OR 0.87, 95% CI 0.82–0.93) as reported by Bethel 
et  al. and Fei et  al. meta-analyses [27, 28]. The sub-
group analysis in the meta-analysis by Kristensen et al. 
showed that the reduction in MACE associated with 
GLP1RAs was regardless of the median follow-up of 
the studies, body mass index, and HbA1c at baseline. 
However, no significant reduction in MACE was seen 
with daily medications, patients with no established 
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daily)
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8- Heart failure hospitaliza�ons

Oral Semaglu�de (once daily)

Liraglu�de (once dail)

Lixisena�de(once daily)

Dulaglu�de (once weekly)

Albiglu�de (once weekly)

Exena�de (once weekly)

Semaglu�de (once weekly)

Placebo

Best Worse
Fig. 2 continued
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CVD (primary prevention), or with exendin-4 based 
GLP1RAs. When considering the individual CVOTs, 
MACE was significantly reduced in the LEADER (lira-
glutide) [8], SUSTAIN-6 (semaglutide once weekly) [9], 
Harmony outcomes (albiglutide) [11], and REWIND 
(dulaglutide) trials [12]. In the current NMA, the indi-
rect comparisons did not show any significant differ-
ences between these drugs when indirectly compared to 
each other with respect to the MACE outcome. How-
ever, weekly administration of semaglutide was associ-
ated with a 29% reduction in MACE events compared 
to lixisenatide (OR 0.71, 95% CI 0.52–0.96), and albi-
glutide was associated with a 24% reduction in MACE 
events compared to lixisenatide (OR 0.76, 95% CI 
0.61–0.93). These results have the potential to support 
the case that human based GLP1RAs are more likely 
to be associated with a significant reduction in MACE 
compared to exendin-4 based GLP1RAs. However, it is 
important to note that, in the subgroup analysis previ-
ously reported by Kristensen et al. the exendin-4 based 
drugs showed significant heterogeneity, which might 
suggest the existence of differences in the trial’s popu-
lations and design, more than the chemical structure. 
Nevertheless, in our analysis, the weekly semaglutide 
was the preferred agent among all of the GLP1RAs 
based on ranking probability results.

When examining the individual components of MACE, 
a significant reduction in CV mortality (12–13%) and 
stroke (16–17%) was consistently reported for GLP1RAs, 
with no heterogeneity, in the five aforementioned meta-
analyses. However, the reduction in the MI events (8–9%) 
was not as robust as the results for the CV mortality or 
the stroke outcomes, as this was only significant in three 
of the five meta-analyses [15–19]. Moreover, the reduc-
tion in MI events was significant in two CVOTs, namely 
the LEADER (liraglutide) and Harmony outcomes (albi-
glutide) trials. However, the remaining trials did not 
show a significant reduction. The CV mortality result 
was largely driven by the significant reduction that was 
seen in the LEADER (liraglutide) and PIONEER-6 (oral 
semaglutide) trials. Avgerinos et al. found oral semaglu-
tide to be superior to placebo in term of CV mortality 
(OR 0.55, 95% CI 0.31–0.98), but that was not significant 
when oral semaglutide was compared to other antidia-
betic agents, including liraglutide [29]. In our analysis, 
the indirect comparison showed that oral semaglutide 
was associated with a greater reduction in CV mortality 
events compared with exenatide, lixisenatide, albiglutide 
and dulaglutide, but not when compared with liraglutide 
or once weekly semaglutide. However, the ranking results 
showed that oral semaglutide was the preferred GLP1RA 
by more than 90% probability. Furthermore, the indi-
rect comparison did not provide significant differences 

in relation to MI and stroke reduction between the 
GLP1RAs. Although, weekly semaglutide had the highest 
probability of being ranked first for both outcomes.

Death from any cause was also reported to be sig-
nificantly reduced by GLP1RAs. The reduction ranged 
between 10 and 12% in four of the five meta-analyses, 
with no significant heterogeneity reported [15–18], and 
the last meta-analysis did not evaluate this outcome 
[19]. Such reduction was largely driven by the PIO-
NEER-6 (oral semaglutide) trial, and that was previously 
reflected in the Avgerinos et al. meta-analysis when they 
compared oral semaglutide to placebo (OR 0.58, 95% CI 
0.37–0.92) [29]. In our analysis, oral semaglutide signifi-
cantly reduced the deaths from any cause when indirectly 
compared with all other GLP1RAs, except liraglutide 
which was also reported by the Avgerinos et  al. meta-
analysis [29]. Moreover, oral semaglutide was ranked first 
in comparison with other GLP1RAs with a probability of 
more than 90%. This result is very promising for the first 
oral GLP1RAs. Although, it cannot be entirely explained 
given the lack of heterogeneity. PIONEER-6 was the 
shortest trial in terms of duration and included patients 
with a longer duration of T2DM at baseline (14.9 years) 
and had the highest use of SGLT2is at 9%. Although CV 
mortality and all-cause mortality events were signifi-
cantly reduced in the PIONEER-6 trial, the reduction in 
MACE did not reach statistical significance [13].

For the HF related hospitalization, the use of SGLT2is 
was previously found to be associated with the most 
cardioprotective effect in patients with HF, or even at 
risk of having HF, compared to all other antidiabetic 
classes, including GLP1RA [28, 30]. However, unlike 
previously reported meta-analyses, Kristensen et  al., 
Giugliano et  al., and Fei et  al. were the first to report 
a significant reduction in the rate of HF related hospi-
talizations, and later on Marsico et  al. and Zhu et  al. 
reported the same finding in their most recent meta-
analyses. GLP1RAs were associated with 8–13% reduc-
tion in the rate of HF related hospitalizations, with no 
heterogeneity [15, 16, 18, 19, 28]. The Harmony out-
comes (albiglutide) trial was the only trial to show sta-
tistical significance regarding reduction in HF related 
hospitalizations. In our analysis, no significant differ-
ence was found among the GLP1RAs, including albi-
glutide. However, it is important to note that albiglutide 
is no longer available in the market, as per the deci-
sion made by GlaxoSmithKline in 2017 [31]. Regard-
less of the modest clinical significance of this result 
to patients with established or at risk of HF, knowing 
that GLP1RAs may have a modest positive effect is very 
assuring for the use of GLP1RAs for combined drug 
therapy with SGLT2is or as an alternative to SGLT2is 
in patients with T2DM and established or at risk of HF. 
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The Fei et  al. meta-analysis [28] indicated the superi-
ority of GLP1RAs over dipeptidyl peptidase-4 inhibi-
tors (DPP-4i) in term of HF related hospitalization, 
this finding negated data from an observational cohort 
study that was previously conducted by Dawwas et  al. 
[32] using real world data. Therefore, more research 
is needed to assess the superiority of GLP1RAs and 
SGLT2is over other classes of antidiabetic agents in 
real-world practice.

The risk of CVD, CV mortality, and death from any 
cause varies among patients with T2DM based on age, 
HbA1c level, history of CVD, and the duration of dia-
betes [33–35]. The use of GLP1RA, such as once weekly 
semaglutide in the SUSTAIN 6 trial, was found to be an 
independent predictor for the reduction in the rate of 
MACE, CV mortality, nonfatal MI, and nonfatal stroke 
[36]. This was supported by the findings from the meta-
regression in the current study, as all the CV benefits 
were independent of age, duration of diabetes, mean 
HbA1c level, and the existence of CVD at baseline. This 
indicates that the CV protective effect for GLP1RA 
can be seen in most patients with T2DM; therefore, all 
patients that have established or at high risk of CVD 
would benefit from being initiated on GLP1RA regard-
less of their age, duration of diabetes, and HbA1c level. 
Moreover, when using one of the GLP1RAs, the addi-
tion of another agent with CV protective effect, such 
as one of the SGLT2i, can contribute to even better CV 
outcomes in these patients [37]. Therefore, in patients 
with established or at high risk of CVD when additional 
therapy is needed for better control of diabetes, agents 
with CV protective effect should be considered.

In light of the recent results of CVOTs, the diabe-
tes guidelines have changed their recommendations 
regarding T2DM treatment. This change was heavily 
influenced by the CV effect of drugs regardless of the 
glycemic effect. The most recent American Diabetes 
Association (ADA) guidelines of 2020 recommend the 
use of GLP1RAs as an add-on to metformin or as a first 
line therapy for selected patients who cannot tolerate 
metformin [3]. Moreover, the use of the long-acting 
GLP1RAs is recommended prior to the addition of basal 
insulin. For patients with established or at high risk of 
CVD, administration of GLP1RAs and SGLT2is—that 
have demonstrated CVD benefit—should be under-
taken regardless of glycemic control. For those with 
HF (especially with reduced ejection fraction), the use 
of SGLT2is is preferred over other drug classes since 
canagliflozin, dapagliflozin, and empagliflozin demon-
strated HF benefit. The ADA guidelines recommend 
the use of GLP1RAs as an alternative to those who can-
not tolerate SGLT2is [3]. This recommendation is con-
sistent with the recent meta-analyses that has shown a 

statistically significant reduction in HF hospitalizations 
with GLP1RAs [15, 16, 18, 19, 28].

Limitations
In this paper, other safety issues were not addressed, such 
as retinopathy. However, recent meta-analysis did not 
show significant increase in retinopathy events with the 
use of GLP1RAs [15]. There are differences in terms of 
populations among the trials that cannot be controlled 
by the NMA design. However, we explored key vari-
ables in the baseline characteristics of patients included 
in the trials using the meta-regression methods that did 
not suggest major variations between these populations. 
Moreover, the included trials used a composite primary 
endpoint (MACE) to achieve sufficient power but some 
components of MACE that drive the event number may 
differ from study to another. Therefore, the results should 
be interpreted cautiously. For stroke events, some trials 
reported either nonfatal events only or total stroke events 
only. Although albiglutide is no longer available in the 
market, given that albiglutide was included in previously 
reported meta-analyses, albiglutide data was included in 
this NMA. Given that the researchers are very familiar 
with the most recent work that were done and published 
in this field, an extensive literature search on multiple 
databases was not deemed necessary, and therefore was 
not conducted. Lastly, when relying on the findings from 
this research the reader should acknowledge that this 
study did not focus on some other important decision-
making parameters, such as cost of medications, weight 
reduction, glycemic control and other safety issues. 
Therefore, these aspects would need to be reviewed from 
other research, and if this information are not available 
then it would be an area for future research.

Conclusion
The GLP1RAs have shown significant benefits in terms of 
CV safety. While utilizing data from the CVOTs to date, 
the indirect comparison and ranking probability results 
have shown that one weekly semaglutide and oral sema-
glutide seems to be the preferred option in patients with 
T2DM and established or at high risk of CVD. This result 
can aid health care providers, pharmacies and therapeu-
tics committees in hospitals, and insurance companies 
when deciding which GLP1RA to start or add to their 
formulary.
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