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Abstract: Background: Cardiovascular disease is the leading cause of death in patients with type 2 

diabetes. 

Objective: To assess the impact of glucagon-like peptide-1 receptor agonist (GLP1RA) therapy, com-

pared to placebo, on clinically relevant outcomes including all-cause mortality, cardiovascular mortal-

ity, nonfatal myocardial infarction (MI), nonfatal stroke, and hospitalizations for heart failure, in pa-

tients with type 2 diabetes. 

Methods: EMBASE, MEDLINE, and CENTRAL were searched (inception to September 2016) for 

randomized, double-blind, placebo-controlled trials of at least one year in duration that compared any 

GLP1RA to placebo in patients with type 2 diabetes. Both authors independently completed the litera-

ture search, data extraction, and risk of bias assessment. For each outcome, a Risk Ratio (RR) and 95% 

Confidence Interval (CI) were calculated using a Mantel-Haenszel random effects model. 

Results: Eight trials (three albiglutide, two lixisenatide, two liraglutide, one semaglutide) consisting of 

21,135 patients were included. Most patients had, or were at high risk for, cardiovascular disease. Fol-

low-up ranged from 1-3.8 years. Trials contributing the majority of data were deemed to have a low 

risk of bias. The risk of all-cause mortality was lowered by 11% in patients receiving a GLP1RA (RR 

0.89, 95% CI 0.81-0.99). There was no statistically significant difference between groups with respect 

to cardiovascular death, nonfatal MI, nonfatal stroke, or hospitalizations for heart failure. 

Conclusion: GLP1RA therapy when compared to placebo reduced all-cause mortality in high cardio-

vascular risk patients with type 2 diabetes. They did not impact cardiovascular mortality, nonfatal MI, 

nonfatal stroke, or heart failure hospitalizations. 

Keywords: Glucagon-like peptide-1 receptor agonists, incretins, hypoglycemic agents, liraglutide, cardiovascular diseases, 
type 2 diabetes mellitus. 

1. INTRODUCTION 

Glucagon-like peptide-1 receptor agonists (GLP-1 RAs) 
are antihyperglycemic agents indicated in the treatment of 
type 2 diabetes mellitus [1]. These agents increase glucose-
dependent insulin secretion, decrease glucagon secretion, 
delay gastric emptying, increase satiety, and are administered 
daily or weekly via a subcutaneous injection. GLP-1 RAs 
currently approved by the United States Food and Drug Ad-
ministration (FDA) include albiglutide, dulaglutide, ex-
enatide, liraglutide, and lixisenatide

 
[2]. GLP-1 RAs have 

been demonstrated to lower glycosylated hemoglobin (A1c) 
by approximately 1% [3]. In addition, these agents promote 
weight loss (ranging from one to four kilograms) and carry a 
low risk of hypoglycemia. However, gastrointestinal adverse 
effects, such as nausea, vomiting, and diarrhea, limit their  
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tolerability. Data on clinically relevant outcomes, such as 
long-term survival and cardiovascular (CV) events, are lack-
ing. 

Cardiovascular disease (CVD) is the leading cause of 
death in patients with type 2 diabetes mellitus [4, 5]. In re-
sponse to the increase in myocardial infarction (MI) ob-
served with rosiglitazone, in 2008 the FDA published a 
guidance document for manufacturers of new antidiabetic 
therapies [6]. This document mandated industry to conduct 
large non-inferiority trials to assess CV outcomes to ensure 
that new antidiabetic agents do not cause an unacceptable 
increase in CV risk. 

Several meta-analyses of the effect of GLP-1 RA on CV 
events have previously been published [7-10]. These analy-
ses did not detect any statistically significant effect of GLP-1 
RA on mortality and major adverse CV events in diabetics. 
However, these publications were limited by the studies in-
cluded. These studies were of short duration and designed to 
assess outcomes related to glucose control, which limits the 
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ability to detect relevant CV events, as they occurred infre-
quently and may have been reported inaccurately. Following 
the aforementioned FDA mandate, further data has become 
available since these meta-analyses were conducted and fur-
ther analysis is warranted. The objective of this systematic 
review and meta-analysis was to assess the effect of GLP-1 
RAs on clinically relevant CV endpoints and mortality.

 

2. MATERIALS AND METHODS 

2.1. Search Strategy and Selection Criteria 

The following databases were searched using the OVID 
platform: MEDLINE (1946 to September 2016), EMBASE 
(1974 to September 2016) and CENTRAL (to August 2016). 
The following keywords were utilized: glucagon-like pep-
tide-1, albiglutide, dulaglutide, exenatide, liraglutide, lixis-
enatide, and semaglutide. The search was limited to phase 2 
or 3 randomized controlled trials conducted in humans with 
type 2 diabetes mellitus. No language restrictions were ap-
plied. Included were prospective, double-blind, randomized 
trials that compared any GLP-1 RA to placebo and reported 
at least one outcome of interest, defined as all-cause mortal-
ity, CV death, nonfatal MI, nonfatal stroke, or hospitalization 
due to heart failure. If data for one or more endpoints was 
not available in the published article or appendices, the cor-
responding author was contacted via email to request this 
information. As the aim of this meta-analysis was to assess 
long-term effects, only trials of one year in duration or 
longer were included. 

2.2. Study Selection and Data Extraction 

Two investigators (SCP and ARB) independently per-
formed the systematic search, study selection, data extrac-
tion, and assessment of internal validity of each trial using 
the Cochrane Collaboration’s tool for assessing risk of bias 
in randomized controlled trials [11]. Discrepancies in study 
selection, risk of bias assessment, and data extraction were 
resolved by consensus. Publication bias was assessed using a 
funnel plot if the search identified 10 or more randomized 
controlled trials. 

2.3. Statistical Analysis 

Outcome data were entered into Review Manager (version 
5.3, Cochrane Collaboration, London, England). For each out-
come of interest, a risk ratio (RR) and 95% confidence interval 
(CI) were calculated using a Mantel-Haenszel random effects 
model, which was selected to account for potential heteroge-
neous effects of different GLP-1 RAs. Heterogeneity was 
quantified using the �

2 
and I

2
 statistic, and assessed graphi-

cally using a forest plot. Heterogeneity was pre-defined as 
p<0.1 for the �

2
 test. If heterogeneity was detected by the �

2
 

test, the degree of heterogeneity was defined as low (I
2
 

�25%), moderate (I
2
 �50%) and high (I

2
 �75%) [12]. No pre-

specified subgroup or sensitivity analyses were planned. 

3. RESULTS 

The search identified 647 citations, and 359 non-
duplicate records were reviewed based on title and/or ab-
stract. Of those, 10 studies were identified and reviewed in 
full. Two trials were excluded, as they were conducted in 
non-diabetic patients. Thus, a total of eight randomized con-
trolled trials consisting of 21,135 patients were included [13-
20]. Fig. (1) depicts the flow diagram of included trials. 
Study characteristics are described in Table 1. All random-
ized controlled trials included patients with type 2 diabetes 
mellitus—four trials included patients with inadequate gly-
cemic control on first- or second-line therapy [13-16], three 
trials included patients with established, or at high risk of, 
CVD [18-20], and one trial included overweight patients 
[17]. In all trials, the majority of patients continued their pre-
existing antidiabetic agents while receiving the intervention 
(GLP-1 RA) or control (placebo). Three trials assessed al-
biglutide [14-16], two trials each assessed lixisenatide [13, 
18] and liraglutide [17, 19], and one trial investigated sema-
glutide [20]. Only four trials reported all of the outcomes of 
interest [17-20]. Data for CV endpoints was not available in 
four trials, and attempts to obtain this information by contact-
ing the corresponding authors via email went unanswered. 
Risk of publication bias was not assessed, as there were less 
than 10 studies included in the quantitative analysis. 

 
Fig. (1). Study flow diagram. 
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Table 1. Summary of included trials. 

Trial 
Year of 

publication 
Population N Intervention Comparator Duration 

GetGoal-F1 [13] 2014 T2DM and A1c 7-10% on metformin 466 Lixisenatide 20 mcg SC daily Placebo 52 weeks 

HARMONY 1 [14] 2014 T2DM and A1c 7-10% on pioglitazone 310 Albiglutide 30 mg SC weekly Placebo 52 weeks 

HARMONY 3 [15] 2014 T2DM and A1c 7-10% on metformin 403 Albiglutide 30 mg SC weekly Placebo 104 weeks 

HARMONY 5 [16] 2015 
T2DM and A1c 7-10% on metformin 

and sulfonylurea 
386 Albiglutide 30 mg SC weekly Placebo 52 weeks 

SCALE [17] 2015 T2DM and BMI �27 kg/m2 844 Liraglutide 1.8 mg SC daily Placebo 56 weeks 

ELIXA [18] 2015 T2DM and MI or UA within 180 days 6068 
Lixisenatide up to 20 mcg SC 

daily 
Placebo 25 months 

LEADER [19] 2016 
T2DM and age >50 years with CVD or 

age >60 years with �1 CV risk factor 
9340 Liraglutide 1.8 mg SC daily Placebo 3.8 years 

SUSTAIN-6 [20] 2016 

T2DM and age >50 years with CVD, 

CHF or CKD or age >60 years with �1 

CV risk factor 

3297 
Semaglutide 0.5 mg or 

1 mg SC weekly 
Placebo 109 weeks 

Abbreviations: A1c=Glycosylated Hemoglobin; BMI=Body Mass Index; CHF=Congestive Heart Failure; CKD=Chronic Kidney Disease; CV=Cardiovascular; CVD=Cardiovascular 
Disease; MI=Myocardial Infarction; SC=Subcutaneously; T2DM=Type 2 Diabetes Mellitus; UA=Unstable Angina. 

 

3.1. Risk of Bias Assessment 

The risk of bias assessment of the included studies is 
summarized in Fig. (2). All trials were double-blind and pla-
cebo-controlled. Four larger trials that reported on all out-
comes of interest were deemed to be at low risk of bias [17-
20], while the remaining smaller trials had a more variable 
risk of bias [13-16]. Only three trials adequately described 
allocation concealment [17, 18, 20], and outcome assessment 
may not have been blinded in three trials [13, 15, 16]. There 
was no evidence of selective outcome reporting in any of the 
trials, yet two trials did not report outcome data for all par-
ticipants [13, 16]. One trial excluded non-adherent patients 
and reported that some patients were terminated by the spon-
sor or investigators without providing rationale—this trial 
was deemed to be at high risk of selection bias [15]. 

3.2. All-cause Mortality 

All eight included trials reported all-cause mortality. 
Aside from the LEADER trial, there was no statistically 
significant difference in mortality between GLP-1 RA ther-
apy and placebo. The LEADER trial reported a statistically 
significant reduction in all-cause mortality in patients re-
ceiving liraglutide [19]. In the pooled analysis, all-cause 
mortality was significantly reduced in patients receiving  
a GLP-1 RA compared to placebo by a relative 11%  
(RR 0.89, 95% CI 0.81-0.99, p=0.03). (Fig. 3) There was  
no significant heterogeneity among the included data  
(�

2 
=4.38, p=0.63). 

3.3 Cardiovascular Death 

Four of the eight trials reported CV death, and the out-
come definitions were similar across the trials [17-20]. The 
LEADER trial [19] demonstrated a significant reduction in 
CV death with liraglutide; however, the pooled data did not 

 

Fig. (2). Risk of bias assessment. 
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show a statistically significant reduction in CV death with 
GLP-1 RAs versus placebo (RR 0.88, 95% CI 0.75-1.03, 
p=0.12). (Fig. 4) There was no significant heterogeneity 
among the included data (�

2 
=2.79, p=0.25).  

3.4. Nonfatal MI 

Four of the eight trials reported nonfatal MI, and the out-
come definitions were approximately consistent across the 
trials [17-20]. There was no statistically significant reduction 
in nonfatal MI with GLP-1 RA therapy over placebo ob-
served in any of the individual trials, which was consistent 
with the pooled analysis (RR 0.92, 95% CI 0.80-1.06, 

p=0.24) with no significant heterogeneity in the data (�
2 

=3.86, p=0.28) (Fig. 5). 

3.5. Nonfatal Stroke 

Four of the eight trials reported nonfatal stroke with a 
consistent definition across the trials [17-20]. Only the SUS-
TAIN-6 trial demonstrated a statistically significant reduc-
tion in nonfatal stroke with semaglutide [20]. However, the 
pooled data did not show a statistically significant reduction 
in nonfatal stroke with GLP-1 RAs versus placebo (RR 0.89, 
95% CI 0.72-1.09, p=0.26) (Fig. 6). There was no significant 
heterogeneity among the data included (�

2 
=3.57, p=0.31). 

 

Fig. (3). Forest plot of all-cause mortality. 

 

 
Fig. (4). Forest plot of cardiovascular death. 

 

 
Fig. (5). Forest plot of nonfatal myocardial infarction. 

 

 
Fig. (6). Forest plot of nonfatal stroke. 
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3.6. Hospitalizations for Heart Failure 

Four of the eight trials reported hospitalizations for heart 
failure

 
[17-20]; however, the outcome definitions used in 

these trials were variable. No individual trial demonstrated a 
statistically significant reduction in hospitalizations for heart 
failure with GLP-1 RA therapy compared to placebo. This 
was also observed with the pooled data (RR 0.93, 95% CI 
0.81-1.06, p=0.29) with no significant heterogeneity 
(�

2
=1.21, p=0.75) (Fig. 7). 

3.7. Sensitivity Analysis 

A sensitivity analysis was performed using only the data 
from the three largest trials: LEADER, SUSTAIN-6, and 
ELIXA [18-20]. The results of the sensitivity analysis were 
consistent with our primary results for all outcomes, includ-
ing all-cause mortality (RR 0.89, 95% CI 0.80-0.98, p=0.03). 
Combining the results with a fixed effects model gave con-
sistent results for all-cause mortality, nonfatal MI, nonfatal 
stroke, and hospitalizations for heart failure, but demon-
strated a significant difference in CV death, which was lower 
in patients receiving GLP-1 RA therapy (RR 0.86, 95% CI 
0.75-0.99, p=0.03).  

4. DISCUSSION 

The results of this meta-analysis suggest that GLP-1 
RAs, as compared to placebo, reduce all-cause mortality in 
patients with type 2 diabetes mellitus, but do not influence 
CV death or clinically relevant CV outcomes including non-
fatal MI, nonfatal stroke, or hospitalizations for heart failure. 
The majority of the data was derived from large, well-
designed randomized controlled trials that were deemed to 
be at low risk of bias using the Cochrane Collaboration tool. 
Pooling of the data from each individual trial was deemed to 
be appropriate, as there was no statistical heterogeneity in 
any of the analyses. 

This is the first meta-analysis of GLP-1 RAs to demon-
strate a reduction in all-cause mortality. The findings differ 
from previous meta-analyses, as it is the first to include the 
recently published large, randomized control trials assessing 
the impact of GLP-1 RA on all-cause mortality and CV 
events. Otherwise, this analysis is methodologically similar 
to previous analyses [7-9].

 

It is interesting that the reduction in all-cause mortality 
was not accompanied by a reduction in CV mortality in our 
primary analysis. This finding may be explained by a lack of 
power to detect a statistically significant reduction in CV 
death, lack of accurate reporting of CV events, or that GLP-1 
RAs prolong survival by a non-CV mechanism. The exact 

mechanism by which GLP-1 RAs may reduce mortality is 
otherwise unclear, as CV events are the primary cause of 
death in patients with type 2 diabetes mellitus. In the 
LEADER and ELIXA trials, there was no significant differ-
ence in non-CV mortality [18, 19]. The observed reduction 
in all-cause mortality does not appear to be related to cancer. 
While there were significantly fewer patients with prostate 
cancer or leukemia in the liraglutide group of the LEADER 
trial, there was a numerically higher (though not statistically 
significant) incidence of total neoplasms with liraglutide 
compared to placebo [19]. As well, in the ELIXA and SUS-
TAIN-6 trials, there was a numerically higher rate of neo-
plasm with lixisenatide and semaglutide, respectively, com-
pared to placebo [18, 20]. In contrast to the primary analysis, 
a statistically significant reduction in CV mortality was ob-
served in the sensitivity analysis using a fixed effects model. 
Given these findings, further long-term studies are required 
to clearly establish the effect of GLP-1 RAs on CV mortal-
ity. 

Despite the incongruent findings regarding CV mortality, 
a reduction in all-cause mortality is perhaps the most robust 
and meaningful clinical outcome. This is because it is a high 
priority for almost all patients with diabetes, and the out-
come definition cannot vary between trials. Few antidiabetic 
agents have been shown to reduce all-cause mortality. For-
merly, metformin was the only antidiabetic agent to reduce 
all-cause mortality in patients with type 2 diabetics mellitus 
[21]. However, a recently published randomized controlled 
trial demonstrated a reduction in all-cause mortality in pa-
tients at high CV risk with the sodium-glucose transport pro-
tein 2 inhibitor empagliflozin [22]. This trial also found a 
statistically significant reduction in death from CV causes in 
the patients receiving empagliflozin.  

Given the current body of evidence for treatment of type 
2 diabetes mellitus and the results of this analysis, it is rea-
sonable to consider GLP-1 RAs in addition to first-line ther-
apy, particularly for patients at high CV risk. However, as 
the long-term safety of these agents has yet to be clearly es-
tablished, further pharmacovigilance data is required before 
the agents can be considered first-line. 

GLP-1 RA therapy was not found to effect nonfatal MI, 
nonfatal stroke, or hospitalizations for heart failure. One 
could consider these findings reassuring given the concern 
about the CV safety of other incretin agents, specifically 
dipeptidyl peptidase-4 inhibitors and the risk of hospitaliza-
tions heart failure [23]. In the present meta-analysis, heart 
failure hospitalizations were neither decreased nor increased. 
It should be noted that although the definitions for heart fail-
ure hospitalizations were different among the four included 

 
Fig. (7). Forest plot of hospitalizations for heart failure. 
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trials, they were deemed to be similar enough to allow for a 
combined quantitative analysis. 

There are several limitations to this meta-analysis that 
warrant discussion. First, only four of the eight included 
trials reported CV outcomes. Attempts were made to obtain 
this data from the other four trials, but were unsuccessful. 
However, our analysis included over 21,000 patients and 
1730 cardiovascular events. Furthermore, all of the in-
cluded trials were well-designed, and our outcomes of in-
terest were clinically significant with a low risk of inappro-
priate or missing adjudication. Second, the trial populations 
included in this meta-analysis were heterogeneous with 
respect to their CV risk, though the majority of patients had 
established, or were at high risk for, CVD. It is not unrea-
sonable to extrapolate these results to younger, healthier 
patients with type 2 diabetes mellitus acknowledging that 
the absolute risk reduction in all-cause mortality would 
likely be lower due to their lower baseline risk. Third, this 
meta-analysis assumes that GLP-1 RAs as a class have a 
consistent impact on the outcomes of interest, despite the 
variability in the pharmacokinetics and pharmacodynamics 
of these agents. However, the lack of heterogeneity ob-
served among the outcomes supports this assumption. 
Fourth, the trials varied in size. The LEADER and ELIXA 
trials included 9340 and 6068 patients, respectively, which 
far exceeded any of the other included trials. For this  
reason, the results of this meta-analysis were largely driven 
by the results of these two trials. We also acknowledge  
that the short duration of the included trials (1-4 years) lim-
its our ability to appreciate the long-term effects of GLP-1 
RA agonist therapy on CV events and mortality. Finally, 
this meta-analysis does not address the non-CV safety of 
GLP-1 RAs, which have been associated with adverse pan-
creatic and thyroid conditions [24]. These outcomes were 
not investigated to avoid performing multiple statistical 
analyses, which would have increased the risk of a chance 
finding. 

There are currently two randomized, placebo-controlled 
trials underway investigating the CV safety of once weekly 
GLP-1 RA therapy in patients with type 2 diabetes melli-
tus. The EXSCEL trial (NCT01144338) is investigating 
exenatide [25], and the REWIND trial (NCT01394952) is 
investigating dulaglutide [26]. The primary outcome of 
both trials is a composite of CV death, nonfatal MI, and 
nonfatal stroke. Both trials are estimated to be completed in 
2018. 

CONCLUSION 

This analysis supports that GLP-1 RAs reduce all-cause 
mortality in patients with type 2 diabetes at high CV risk,  
as compared to placebo. However, they did not reduce the 
rates of CV death, nonfatal stroke, nonfatal MI, or hospitali-
zations for heart failure. Further long-term studies are re-
quired to clearly establish the effect of GLP-1 RA on CV 
endpoints. 
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