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Aims Glucose-lowering, glucagon-like peptide-1 (GLP-1) receptor agonists reduce incidence of major cardiovascular
(CV) events in patients with Type 2 diabetes mellitus (DM). However, randomized clinical trials reported inconsist-
ent effects on myocardial infarction (MI) and stroke, and limited data in DM patients without established CV dis-
ease (CVD). Very recently, new relevant evidence was available from additional CV outcome trials (CVOTs) that
also included large subgroups of patients with DM without established CVD. Thus, the aim of this meta-analysis
was to investigate the effects of GLP-1 receptor agonists on major CV events and safety in DM patients with and
without established CVD.

...................................................................................................................................................................................................
Methods
and results

In this trial-level meta-analysis, we analysed data from randomized placebo-controlled CVOTs assessing efficacy
and safety of GLP-1 receptor agonists in adult patients with Type 2 DM. We searched PubMed, Embase, Cochrane,
ISI Web of Science, SCOPUS, and clinicaltrial.gov databases for eligible trials. Of 360 articles identified and
screened for eligibility, seven CVOTs were included, with an overall of 56 004 patients included. The difference in
efficacy with respect to the major adverse cardiovascular events (MACE) primary endpoint (including CV mortality,
non-fatal MI, and non-fatal stroke) between patients with established CVD and patients with CV risk factors only
was not significant [pooled interaction effect, expressed as ratio of hazard ratio (HR) 1.06, 95% confidence interval
(CI) 0.85–1.34]. In the analysis of the whole population of DM patients, GLP-1 receptor agonists showed a signifi-
cant 12% reduction in the hazard of the three-point MACE composite endpoint (HR 0.88, 95% CI 0.80–0.96) and a
significant reduction in the risk of CV mortality (HR 0.88, 95% CI 0.79–0.98), all-cause mortality (HR 0.89, 95% CI
0.81–0.97), fatal and non-fatal stroke (HR 0.84, 95% CI 0.76–0.94), and heart failure (HF) hospitalization (HR 0.92,
95% CI 0.86–0.97). No significant effect was observed for fatal and non-fatal MI (HR 0.91, 95% CI 0.82–1.02), al-
though in a sensitivity analysis, based on a less conservative statistical approach, the pooled HR become statistically
significant (HR 0.91, 95% CI 0.83–1.00; P = 0.039). No excess of hypoglycaemia, pancreatitis, and pancreatic cancer
was observed between GLP-1 receptor agonists and placebo.

...................................................................................................................................................................................................
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Conclusion Glucagon-like peptide-1 receptor agonists significantly reduce MACE, CV and total mortality stroke, and hospital-
ization for HF, with a trend for reduction of MI, in patients with Type 2 DM with and without established CVD.
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Introduction

Type 2 diabetes mellitus (DM) represents a major cardiovascular
(CV) risk factor for ischaemic CV events and heart failure (HF) and is
associated with increased mortality.1 Among new classes of glucose
reducing drugs, glucagon-like peptide-1 (GLP-1) receptor agonists
showed protective CV effects in randomized placebo-controlled car-
diovascular outcome trials (CVOTs).2–10 Thus, a significant 10% re-
duction of the three-point major adverse cardiovascular events
(MACE) composite outcome [including CV mortality, non-fatal myo-
cardial infarction (MI), and non-fatal stroke], a 13% reduction of CV
mortality and a 12% reduction of total mortality were reported in a
previous meta-analysis11 of four CVOTs enrolling 33 457 patients.
However, despite significant reduction of the composite MACE end-
point, effects on single components, and, in particular, on MI and
stroke were inconsistent among trials and did not reach statistical sig-
nificance in meta-analysis.11 Although GLP-1 receptor agonists share
the same mechanism of action for the glucose-lowering effect, this
heterogeneity might reflect different pharmacokinetic/pharmacody-
namic effects as well as different glucose-lowering efficacy among dif-
ferent drugs.12–15 ADA/EASD Guidelines16 as well recent ESC/EASD
guidelines17 recommend use of GLP-1 receptor agonists with proven
CV benefit (i.e. liraglutide, semaglutide, dulaglutide, and albiglutide) or
gliflozins as first line therapy (in naı̈ve patients) or in addition to met-
formin (in patients already treated with metformin) in Type 2 DM
patients at high/very high CV risk but without established CV disease
(CVD). However, the effects of GLP-1 receptor agonists in DM
patients without established CVD were only assessed in subgroups
of patients in five CVOTs,3,5,7,9,10 and no systematic analysis was so
far reported to assess the efficacy of these drugs in this relevant set-
ting of DM patients. Thus, the aim of this meta-analysis was to investi-
gate the efficacy on the three-point composite outcome (including
mortality and CV morbidity) as well safety of GLP-1 receptor ago-
nists in Type 2 DM patients with and without established CVD.

Methods

Search strategy and selection criteria
The meta-analysis was conducted according to PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analysis) reporting
guideline.18 We searched PubMed, Embase, Cochrane, ISI Web of
Science, SCOPUS, and clinicaltrial.gov databases to identify all eligible tri-
als with a primary outcome including three- or four-point MACE, CV
mortality, non-fatal MI and stroke, and HF hospitalizations comparing effi-
cacy and safety of GLP-1 receptor agonists with placebo in patients with
and without established CVD. The terms used for the research, as sug-
gested by an expert medical librarian (A.L.V.) were ‘glucagon-like

peptide-1 receptor agonists’, ‘GLP-1 agonist’, ‘lixisenatide’, ‘liraglutide’,
‘semaglutide’, ‘exenatide’, ‘albiglutide’, ‘dulaglutide’, ‘placebo’, ‘cardiovas-
cular disease’, ‘cardiovascular risk factors’, and ‘randomized controlled tri-
als’. Searches were done up from 17 June 2019 until 16 December 2019.
Study inclusion criteria were Phase 3 randomized and controlled alloca-
tion to GLP-1 receptor agonists vs. placebo, articles published from
January 2012 to December 2019 assessing at least one of following major
CV outcomes: three- or four-point MACE, CV mortality, non-fatal MI
and stroke, and HF hospitalizations in diabetic patients with or without
established CVD. We excluded observational non-randomized studies,
registries, ongoing trials without results, duplicate series, meta-analysis,
abstracts, and oral communications. Articles were screened for fulfilment
of inclusion criteria by five independent reviewers (S.D.A., I.E., L.E., I.I.,
and F.R.). Reviewers compared selected trials and discrepancies were
resolved by four other authors (F.M., S.P., P.G., and C.M.). Corresponding
author was asked to provide full-text articles if those were not available.
Neither ethics approval nor patient consent was required for this analysis.
This meta-analysis was not prospectively registered in PROSPERO.

Data analysis
The primary efficacy outcome was the three-point composite of CV mor-
tality, non-fatal MI, or non-fatal stroke. Secondary efficacy outcomes
were CV mortality, fatal or non-fatal MI, fatal or non-fatal stroke, all-
cause mortality, and hospital admission for HF. When data items were
not available in the original studies for aggregate outcomes (e.g. fatal or
non-fatal MI and fatal or non-fatal stroke), those reported in previous
meta-analysis11 were used. In particular, SUSTAIN-6 trial did not report
in the published analyses the HR’s for those outcomes in the aggregate
form (both fatal and non-fatal) and thus, for this trial, the corresponding
HR’s reported in Ref.11 were considered.

Statistical heterogeneity between studies was assessed using the
Cochrane Q statistic and I2 statistic. Standard thresholds were consid-
ered for judging the percentage of total variability across studies not due
to sampling error (I2): 25% or lower for low heterogeneity, 26–50% for
moderate heterogeneity, and >50% for high heterogeneity.

The random-effects model of DerSimonian and Laird was a-priory
selected to obtain pooled estimates of treatment effect with the 95%
confidence intervals (CIs) for CV outcomes. Due to the small number of
studies, the Hartung and Knapp (HK) adjustment was employed.19

Hartung and Knapp method applies a scale factor to the standard error of
the pooled estimator and uses quantiles from a t(n–1) distribution instead
of a standard normal distribution thus producing wider CIs and higher P-
values. HR was used as summary measure as all primary and secondary
CV efficacy outcomes were defined as time-to-event variables.

The primary aim was to assess the efficacy on the three-point compos-
ite outcome of GLP-1 receptor agonists in Type 2 DM patients with and
without established CVD. For each CVOT, a within interaction effect
was first computed, as the ratio of the reported HRs in CVD and CV risk
factors subgroups. Standard errors of these ratios were then derived, on
a log scale, as the square root of the sum of the variance of the two log
HRs. These trial specific effects (ratios of HR’s) were then pooled using a
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..random-effect model adjusted by the Knapp–Hartung method. The ana-
lysis was repeated twice as LEADER trial reported separate results for
established CVD patients without previous MI or stroke and established
CVD patients with previous MI or stroke.

Additional analysis was performed to estimate the effects of GLP-1 re-
ceptor agonists in the whole population with respect to the primary and
secondary efficacy CV outcomes. Numbers needed to treat (NNTs)
were computed according to the method of Altman and Andersen,20

using one minus the cumulative proportions of patients experiencing
each of the CV outcome as survival probabilities.

Sensitivity analyses to test the robustness of the findings included
standard D-L random-effect meta-analysis without HK adjustment.

A random-effect model, with HK adjustment, was further applied to
obtain pooled estimates of odds ratio (OR) with the corresponding 95%
CI for the main safety outcomes, i.e. severe hypoglycaemia, acute pan-
creatitis, and pancreatic cancer.

Statistical analysis was performed using the R statistical programming
environment, Version 3.5.2 (http://www.r-project.org). Package meta21

was used for all the meta-analysis elaborations.

Quality appraisal
The methodological quality of the selected trials was assessed using the
Cochrane Collaboration’s tool for assessing risk of bias, with respect to
the following items: (i) sequence generation, (ii) allocation concealment,
(iii) blinding, (iv) incomplete outcome data, (v) selective outcome report-
ing, and (vi) other sources of bias. Risk of bias was graded as unclear, high,
or low and presented in Table 1.

Results

Of 360 articles evaluated for eligibility, seven CVOTs (including
56 004 patients) were eligible and included in the meta-analysis
(Figure 1). ELIXA (The Evaluation of Lixisenatide in Acute Coronary
Syndrome) compared lixisenatide to placebo in 6068 patients with

Type 2 DM who had suffered a recent acute coronary event, fol-
lowed up for a median period of 2.1 years. LEADER (Liraglutide
Effect and Action in Diabetes: Evaluation of CV Outcome Results)
compared liraglutide to placebo in 9340 patients with Type 2 DM
and known CVD (6775 patients) or CV risk factors only (2565
patients), followed up for a median of 3.8 years. SUSTAIN-6 (Trial to
Evaluate CV and Other Long-term Outcomes with Semaglutide in
Subjects with Type 2 Diabetes) compared semaglutide to placebo in
3297 Type 2 diabetic patients and established CVD (2533 patients)
or CV risk factors only (764 patients), followed up for a median of
2.1 years. EXSCEL (Exenatide Study of CV Event Lowering Trial)
compared extended-release exenatide to placebo in 14 752 patients
with Type 2 DM and established CVD (10 782 patients) or CV risk
factors only (3970 patients), followed up for a median of 3.2 years.
Harmony Outcomes (Albiglutide and CV outcomes in patients with
Type 2 diabetes and CVD) compared albiglutide to placebo in 9463
Type 2 diabetic patients and known CVD, followed up for a median
of 1.5 years. REWIND (Researching CV Events With a Weekly
Incretin in Diabetes) compared dulaglutide to placebo in 9901
patients with Type 2 DM and previous CV event (3114 patients) or
CV risk factors only (6221 patients), followed for a median of
5.4 years. PIONEER 6 (Peptide Innovation for Early Diabetes
Treatment 6) compared oral semaglutide to placebo in 3183 patients
with Type 2 DM and established CVD (2695 patients) or CV risk fac-
tors only (488 patients), followed for a median of 1.3 years.2,3,5,7–10

The primary outcome for LEADER, SUSTAIN-6, EXSCEL, Harmony
Outcomes, REWIND, and PIONEER 6 was a three-point MACE,
whereas ELIXA used a four-point MACE, including also hospital ad-
mission for unstable angina. Characteristics of trials and patients are
reported, respectively, in Tables 1 and 2. Mean age of patients was
63.8 ± 2.2 years, 36 ± 5% were female, with a mean body mass index
of 32.1± 0.9 kg/m2. Mean DM duration was 12.6± 2.1 years, with a

Figure 1 Study selection.
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mean baseline HbA1c of 8.2 ± 0.6%. The median duration of follow-
up ranged from 1.3 to 5.4 years.

Effects of glucagon-like peptide-1
receptor agonists on major adverse
cardiovascular events in patients with
and without established cardiovascular
disease
Of seven CVOTs included in the meta-analysis, five enrolled sub-
groups of DM patients with established CVD and CV risk factors
only (n = 14 008). No difference for the three-point MACE compos-
ite outcome was observed between the two groups, indicating con-
sistent protective effects also in patients without established CVD. In
particular, the pooled ratio of the HR estimated in the cardiovascular
risk factor patients vs. that observed in the CVD subgroup was 1.06
(95% CI 0.85–1.34; P = 0.495) in the analysis including LEADER with
CVD group without prior MI or stroke, with low heterogeneity
among trials (I2 = 9%), and 1.08 (95% CI 0.79–1.46; P = 0.550) in the
analysis including LEADER with CVD group with prior MI or stroke,
with a moderate degree of heterogeneity among trials (I2 = 33%)
(Figure 2). Thus, lack of statistical significance (95% CI 0.85–1.34;
P = 0.495) therefore indicates no effect differences between patients
with CV risk factors only and those with established CVD.

Effects of glucagon-like peptide-1
receptor agonists in the whole
population
In the overall population of 56 004 DM patients enrolled in the seven
CVOTs, GLP-1 receptor agonists significantly reduced the risk of the

three-point MACE compared to placebo (HR 0.88, 95% CI 0.80–
0.96; P = 0.011), with a moderate degree of heterogeneity among tri-
als (I2 = 39%) (Figure 3).

There was a significant reduction, with respect to placebo, in the
risk of CV mortality (HR 0.88, 95% CI 0.79–0.98; P = 0.025) and
all-cause mortality (HR 0.89, 95% CI 0.81–0.97; P = 0.019), with low
heterogeneity among trials for both outcomes (I2 = 8% and I2 = 18%,
respectively) (Figure 3).

Glucagon-like peptide-1 receptor agonists reduced, although non
significantly, the risk of fatal and non-fatal MI compared to placebo
(HR 0.91, 95% CI 0.82–1.02; P = 0.082) and was associated with a sig-
nificant reduction in the risk of fatal and non-fatal stroke (HR 0.84,
95% CI 0.76–0.94; P = 0.008), and of hospitalization for HF (HR 0.92,
95% CI 0.86–0.97; P = 0.014) with a moderate heterogeneity among
trials for fatal and non-fatal MI (I2 = 31%) and no observed heterogen-
eity for fatal and non-fatal stroke and for hospitalization for HF
(I2=0% for both) (Figure 4).

Safety analysis showed no significant effect of GLP-1 receptor ago-
nists on severe hypoglycaemia (OR 0.90, 95% CI 0.65–1.25;
P = 0.474), although with high heterogeneity among trials (I2 = 71%);
also no significant effect of GLP-1 receptor agonists compared to pla-
cebo were seen on pancreatitis (OR 1.06, 95% CI 0.74–1.52;
P = 0.708), and pancreatic cancer (OR 1.06, 95% CI 0.48–2.37;
P = 0.856), with no observed heterogeneity among trials for pancrea-
titis (I2 = 0%), and moderate heterogeneity for pancreatic cancer
(I2 = 45%) (Figure 5).

Sensitivity analysis
By applying D-L random-effect models without the HK correction to
the primary and secondary CV outcomes, the only relevant

Figure 2 Interaction analysis for the three-point major adverse cardiovascular events outcome between previous cardiovascular disease and car-
diovascular risk factors only subgroups. LEADER trial is included twice since the study reported separate analysis for established cardiovascular dis-
ease patients without previous myocardial infarction or stroke (LEADER I) and established cardiovascular disease patients with previous myocardial
infarction or stroke (LEADER II). CVD, cardiovascular disease; CRF, cardiovascular risk factors; GLP-1, glucagon-like peptide-1.
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Figure 3 Cardiovascular primary outcome of three-point major adverse cardiovascular events (A), mortality outcomes cardiovascular mortality
(B), and all-cause mortality (C). Three-point major adverse cardiovascular event is a composite of cardiovascular mortality, non-fatal myocardial in-
farction, and non-fatal stroke. GLP-1, glucagon-like peptide-1; MACE, major adverse cardiovascular events; NNT, numbers needed to treat.
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Figure 4 Cardiovascular secondary outcomes. (A) Fatal and non-fatal myocardial infarction. (B) Fatal and non-fatal stroke. (C) Heart failure hospi-
talization. GLP-1, glucagon-like peptide-1; NNT, numbers needed to treat.
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Figure 5 Safety outcomes. (A) Severe hypoglycaemia. (B) Pancreatitis. (C) Pancreatic cancer. GLP-1, glucagon-like peptide-1.
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difference refers to the fatal and non-fatal MI outcome where
emerged a significant protective effect of GLP-1 receptor agonists
with respect to placebo (HR 0.91, 95% CI 0.83–1.00; P = 0.039)
(Supplementary material online).

Discussion

The results of the current meta-analysis, that included 56 004 Type 2
DM patients, 14 008 of whom without established CVD, demon-
strate that GLP-1 receptor agonists significantly reduce MACE in DM
patients with and without established CVD (Take home figure). The
three-point MACE composite endpoint (including CV death, non-
fatal MI, and non-fatal stroke) was reduced by 12%, with an NNT to
prevent one MACE event of 73 (95% CI 45–212). GLP-1 receptor
agonists also reduce total mortality by 11%, with an NNT to prevent
one death of 118 (95% CI 69–494), CV mortality by 12%, with an
NNT to prevent one death due to CVD of 170 (95% CI 98–908),
stroke by 16%, with an NNT to prevent one stroke of 211 (95% CI
136–549), and hospitalization for HF by 8%, with an NNT to prevent
one admission due to HF of 300 (95% CI 181–1004). No excess of
adverse events compared to placebo were observed for GLP-1 re-
ceptor agonists administration.

In a previous trial-data meta-analysis of four CVOTs studies com-
paring GLP-1 receptor agonists to placebo in 33 457 diabetic patients,
Bethel et al.,11 reported a significant 10% reduction of MACE, 13% re-
duction of CV mortality, and a 12% reduction of total mortality but

were unable to show a statistically significant effect on stroke, MI, and
hospitalization for HF, although a favourable trend was observed. In
fact, among the four analysed studies, only two (LEADER and
SUSTAIN-6) reported a significant reduction of MACE, although
SUSTAIN-6 was designed for non-inferiority, whereas no study
showed a significant reduction of stroke or admission for HF, and
only the LEADER trial3 reported a borderline significant reduction of
MI. Besides, no previous studies investigated whether the effects of
GLP-1 receptor agonists are similar in DM patients with and without
established CVD. Yet, recent ESC/EASD guidelines17 strongly rec-
ommend use of GLP-1 receptor agonists or gliflozins as first line
classes of drug in naı̈ve patients or in addition to metformin in DM
patients at high/very high CV risk but without established CVD,
assuming a favourable protective effect of these classes of drugs at
earlier stages of the CVD in diabetic patients. Quite consistent and
supportive of this new perspective and recommendation of guide-
lines, our interaction analysis, collecting all subgroups of DM patients
without established CVD enrolled in CVOT studies, demonstrate
that similar favourable effects of GLP-1 receptor agonists are
observed in patients with and without established CVD.

At variance with previous analysis11 and due to the much larger
number of patients included, we demonstrated a significant reduction
of stroke and confirmed a trend for a reduction of MI (reaching statis-
tical significance when the same statistical model of that previous
meta-analysis was used; see Supplementary material online) that lend
support to the hypothesized antiatherogenic effects of these drugs
and, a small but significant reduction of hospital admission for HF.
Although these observations are consistent with the observed direct
and indirect effects of GLP-1 receptor agonists on conventional CV
risk factors,22–27 mechanisms of the cardioprotective effects of
GLP-1 receptor agonists can only be assessed in mechanistic studies.
Our analysis also confirmed the safety of GLP-1 receptor agonists,
showing no differences, compared to placebo, for the incidence of se-
vere hypoglycaemia, pancreatitis, and pancreatic cancer, with signifi-
cant heterogeneity among trials only for hypoglycaemia. We did not
further investigate thyroid C cell cancer, due to no-events in
Harmony Outcomes, REWIND, and PIONEER 6 trials, and, there-
fore, no-new information could be provided compared to the previ-
ous analysis.11

Statistical heterogeneity among trials was found moderate for the
three-point MACE. EXSCEL, ELIXA, and PIONEER 6 trials did not
demonstrate a significant superiority of study drug compared to pla-
cebo. While the EXSCEL and PIONEER six trials showed a trend
[almost significant in EXSCEL for the three-point MACE (95% CI
0.83–1.00; P = 0.06)], the only trial showing a neutral effect was
ELIXA. This could be explained by both use of a shorter-acting GLP-
1 receptor agonist (lixisenatide) and by the characteristics of enrolled
population. In fact, ELIXA enrolled patients within 6 months from an
acute coronary syndrome, at variance with all other studies including
chronic coronary artery disease patients and/or patients without
CVD. This resulted in a selection of higher risk patients [as reflected
by the large number of events observed (400 vs. 393)] who were fol-
lowed up for only 2.1 years. In the EXSCEL trial,7 the level of discon-
tinuation of study drug was the highest among all GLP-1 CVOTs
(43%; Table 2), potentially blunting the effect of exenatide, whereas
the PIONEER 6 study,10 that enrolled the smallest number of
patients, reported a non-significant 21% reduction of the three-point

Take home figure Summary of GLP-1 receptor agonists ef-
fect. CV, cardiovascular; DM, diabetes mellitus; GLP-1, glucagon-like
peptide-1.
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..MACE in patients treated with semaglutide. However, although we
collected CVOTs testing drugs that share a common mechanism of
action, different GLP-1 receptor agonists do not have similar pharma-
cokinetics effects and glucose-lowering efficacy12–15 and, therefore,
the current analysis is not intended to investigate differences in the
effects on CV outcomes among GLP-1 receptor agonists that can
only be assessed in head-to-head comparative studies.

Limitations
As in previous studies, the current is a meta-analysis of trial data, and
we acknowledge the superiority of patient-level meta-analysis. Use of
aggregate data limits the possibility to investigate subgroups of
patients or to fully understand the implications of any missing data.
Our findings are also limited by the relatively short follow-up of the
included CVOT, although REWIND study9 has a median follow-up
of 5.4 years.

We acknowledge that HRs for MI and stroke of the SUSTAIN-6
trial5 were obtained from previously published meta-analysis,11 as
they were not reported in the original study. Moreover, due to the
small number of studies included in this meta-analysis, no attempt
was made to formally evaluate potential publication bias. Finally, this
meta-analysis was not prospectively registered in PROSPERO.

Conclusions

Glucagon-like peptide-1 receptor agonists significantly reduce the
three-point MACE (including CV death, fatal and non-fatal MI, and
fatal and non-fatal stroke) in DM patients with and without estab-
lished CVD. They also significantly reduce total and CV mortality,
stroke, and hospitalization for HF, with a trend for reduction of MI,
with no excess of serious adverse events compared to placebo.
These findings are consistent and supportive of ESC/EASD
Guidelines17 recommending GLP-1 receptor agonists (and gliflozins)
in Type 2 DM patients with or at high/very high risk of CVD.

Supplementary material

Supplementary material is available at European Heart Journal online.
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