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ABSTRACT
Background: Glucagon-like peptide-1 receptor agonists (GLP-1 RAs) reduce major adverse
cardiovascular events (MACE) in type 2 diabetes. However, uncertainty regarding some kidney
outcomes and generalizability to exendin 4-based GLP-1 RAs persists.
Methods: PubMed was searched for eligible trials reporting MACE i.e., cardiovascular death,
stroke, or myocardial infarction up to June 9, 2021. A meta-analysis, including new data from
AMPLITUDE-O, was performed using a random-effects model to estimate overall hazard ratios
(HR) for MACE, its components, all-cause mortality, hospital admission for heart failure, kidney
outcomes (Broad: consisting of development of macroalbuminuria, doubling of serum creatinine, or
≥40% decline in estimated glomerular filtration rate (eGFR), kidney replacement therapy, or death
due to kidney disease; Narrow: based on eGFR change) and odds ratios (ORs) for key safety
outcomes (severe hypoglycaemia, retinopathy, pancreatitis, and pancreatic cancer). We also
examined MACE in patient subgroups based on glycated haemoglobin level, trial duration,
treatment dosing interval and structural homology to human GLP-1 or exendin-4.
Findings: Of 90 articles screened, 8 trials comprising 60,080 patients fulfilled the prespecified
criteria and were included. Overall, GLP-1 RAs reduced MACE by 14% (HR 0·86, 95% CI 0·800·93; p<0·001), with no significant heterogeneity across GLP-1 RA structural homology or 8 other
examined subgroups (all interaction p ≥ 0·14). GLP-1 RAs reduced all-cause mortality by 12% (HR
0·88, 0·82-0·94; p<0·001), hospital admission for heart failure by 11% (HR 0·89, 0·82-0·98;
p=0·013) and the broad kidney composite by 21% (HR 0·79, 0·73-0·87; p<0·001), with no increase
in risk of severe hypoglycaemia, retinopathy, or pancreatic adverse effects. In sensitivity analyses
removing the only trial (ELIXA) restricted to patients with an acute coronary syndrome, all benefits
were marginally greater, including the narrower kidney (based on eGFR change) outcome (HR
0·82, 0·69-0·98; p=0·03).
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Interpretation: GLP-1 RAs, regardless of structural homology, reduced the risk of individual
MACE components, all-cause mortality, hospitalization for heart failure, and worsening kidney
function in patients with type 2 diabetes.
Funding: None
Keywords: diabetes, GLP-1 receptor agonists, MACE, heart failure
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Research in context
Evidence before this study
Glucagon-like peptide-1 (GLP-1) receptor agonists are a class of glucose-lowering drugs used in the
treatment of type 2 diabetes. We searched MEDLINE (via PubMed) for eligible placebo-controlled
trials reporting major adverse cardiovascular events (MACE; a composite of cardiovascular death,
stroke, or myocardial infarction) up to June 9, 2021 and supplemented with new data from the
AMPLITDE-O trial. Various drugs in this class with differing structures and durations of action
have been studied in randomised, placebo-controlled, cardiovascular outcome trials of varying size
and with different patient populations, with inconsistent effects on cardiovascular outcomes
reported. Specific uncertainties remained regarding some kidney outcomes, risks for heart failure
hospitalisation and generalizability to exendin 4-based GLP-1 receptor agonists.
Added value of this study
Our systematic review and meta-analysis includes data from eight large-scale cardiovascular
outcome trials, pooling data for lixisenatide, liraglutide, injectable semaglutide, exenatide,
albiglutide, dulaglutide, oral semaglutide, and efpeglenatide making it the largest pooled study of
the effect of GLP-1 receptor agonists on cardiovascular and kidney outcomes in patients with type 2
diabetes. Our results show that treatment with GLP-1 receptor agonists reduced the risk of MACE
and its individual components, as well as all-cause mortality, hospital admission for heart failure,
and a composite kidney outcome of development of new-onset macroalbuminuria, decline in
estimated glomerular filtration rate (or increase in creatinine), progression to end-stage kidney
disease, or death attributable to kidney causes. The addition of AMPLITUDE-O data refined
evidence for cardiovascular benefits, in particular demonstrating reduction in heart failure
hospitalisation, and suggested exendin-4 based compounds lower risks as well as human based
GLP-1 receptor agonists. Furthermore, when we repeated the meta-analysis excluded ELIXA, the
trial conducted with a very short acting GLP-1 receptor agonist and conducted in patients with acute
coronary syndrome, the narrower kidney outcome based predominantly on change in eGFR was
also improved. The effects on MACE appeared consistent across all subgroups tested including
those defined by history of cardiovascular disease, BMI, age, baseline HbA1c, baseline estimated
glomerular filtration rate, trial duration, and treatment dosing interval.
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The incidence of severe hypoglycaemia, pancreatitis, and pancreatic cancer did not differ between
GLP-1 receptor agonist treatment and placebo.
Implications of all the available evidence.
The cardioprotective effects of human and exendin-4 based GLP-1 receptor agonists, including
reductions in the risk of heart failure hospitalisation and worsening kidney function, represent an
important treatment opportunity to reduce morbidity and mortality in patients with type 2 diabetes.
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INTRODUCTION
Two newer classes of anti-hyperglycaemic agents, glucagon-like peptide-1 (GLP-1) receptor
agonists and sodium-glucose co-transporter-2 (SGLT2) inhibitors reduce cardiovascular events in at
risk patients. The GLP-1 receptor agonists decrease glycated haemoglobin (HbA1c), improve blood
pressure and variably lower weight, and do so without an increase in hypoglycaemia risk.1 A prior
meta-analysis showed that GLP-1 receptor agonists reduced 3-component major adverse
cardiovascular events (MACE), its components, all-cause mortality, and urinary albumin excretion
in patients with type 2 diabetes.2 However, whether the GLP-1 receptor agonist effects vary
according to their structural homology to human GLP-1 or exendin-4, and whether they reduce
incident heart failure and “harder” kidney outcomes remains uncertain.
We sought to update this meta-analysis given the availability of new outcome data from a GLP-1
receptor agonists trial (AMPLITUDE-O) conducted with an exendin 4-based GLP-1 receptor
agonist, efpeglenatide.3 This trial adds additional MACE, heart failure and kidney outcomes, in a
population with a high HbA1c that was enriched for chronic kidney disease. It also included more
patients on a background of SGLT2 inhibitors than any prior trial. A systematic review helps
support guideline recommendations on use of glucose lowering therapies to reduce macrovascular
and kidney outcomes in adults with type 2 diabetes.4,5 Such data assume greater importance given
rising levels of diabetes worldwide.6

METHODS
Search strategy and study selection: This meta-analysis was registered on PROSPERO
#CRD42021259711. We searched for published randomised placebo-controlled trials (RCTs)
testing either injectable or oral GLP-1 receptor agonists in patients with type 2 diabetes. We
restricted the search to trials of > 500 patients with a primary outcome that included cardiovascular
death, non-fatal myocardial infarction and non-fatal stroke. Medline (via PubMed) (up to June 9th,
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2021 was searched with the search terms including “glucagon-like peptide-1 receptor agonist”,
“albiglutide”, “dulaglutide”, “efpeglenatide”, “exenatide”, “liraglutide”, “lixisenatide”,
“semaglutide”, “randomized clinical trial”, “death”, “myocardial infarction”, “stroke”, “heart
failure” and “kidney” (see Appendix for more details). Included trials (table 1, appendix table 1)7–16
were assessed for bias using the Cochrane risk of bias tool (appendix table 2).17 A Preferred
Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) flow chart detailing the
selection process is presented in Fig. 1.
Data extraction and bias assessment: Data extraction and trial bias were conducted independently
by SLK and MMYL, with conflicts over study inclusion resolved by consensus.
Selection of outcomes:
Cardiovascular and total mortality: Cardiovascular outcomes of interest were 3-point major
adverse cardiovascular events (MACE) (a composite outcome comprised of cardiovascular death,
nonfatal myocardial infarction and nonfatal stroke), although one trial also included unstable
angina. In addition, we examined each of the components of this MACE outcome, death from any
cause and hospital admission for heart failure.
Kidney outcomes: Two kidney outcomes were examined, as reported previously:2 a broader
“composite kidney outcome” consisted of development of macroalbuminuria, doubling of serum
creatinine or ≥40% decline in estimated glomerular filtration rate (eGFR), kidney replacement
therapy or death due to kidney disease, and a narrower “worsening of kidney function” outcome
defined as either doubling of serum creatinine or ≥40% decline in eGFR (appendix table 3).
Safety: The four key safety outcomes of interest were severe hypoglycaemia, retinopathy,
pancreatitis and pancreatic cancer (appendix table 4). In all eight trials, local investigators were
encouraged to manage participants in accordance with local guidelines (and could use most nonstudy glucose lowering treatments as desired).
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Interactions: We compared treatment effect in the following subgroups: primary vs secondary
prevention, low, medium and high cardiovascular risk categories based on placebo event rates,
higher vs lower baseline HbA1c concentration (see footnote to Fig. 3 for details), shorter vs longer
duration of follow-up, drug-dosing daily vs weekly, human GLP-1 homology vs exendin-4 based,
body mass index <30 vs ≥30 kg/m2, age <65 years vs ≥65 years, and baseline eGFR <60 vs ≥60
mL/min per 1·73 m2.
Sensitivity analysis: One of the exendin-4 trials (ELIXA) was excluded in a sensitivity analysis
because it differed in two important ways from the other trials. First, the patients studied were
different than in the other trials. All had an acute coronary syndrome which is associated with a
very high early risk of death and recurrent coronary events. Second, lixisenatide is a very shortacting agent (estimated plasma half-life 3 hours) and it was administered only once daily, raising
the concern that patients did not have sustained inhibition of GLP-1, as compared to the other drugs
studied.
Data analysis: Summary statistics from the individual trials included were used, as individual level
data were not available. HRs and 95% CIs from the trial papers, supplementary appendix or
secondary publications were used; patient-level data were not used for this analysis. Estimates from
each study were combined by use of inverse variance-weighted averages of logarithmic hazard
ratios (HR) in random-effects analysis. Inter-study heterogeneity was assessed using the I2 index
and Cochran´s Q test. I2 index values lower than 25% indicated low, 26-50% moderate, and more
than 50% high degree of heterogeneity, and Cochran´s Q statistic p<0·05 were considered
indicators for significant heterogeneity. Number needed to treat (NNT) was calculated using the
method of Altman and Andersen, and median duration of follow-up was estimated by a weighted
average.18,19 Interactions between treatment and subgroups were examined using a test for
heterogeneity, using p<0·05 as significant. We assessed quality of evidence for each trial using
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Grading of Recommendations, Assessment, Development and Evaluation (GRADE) criteria,20
using the same scoring method used recently by others.21 All analyses were performed using Stata
version 16 (Stata Corp. College Station, Texas, USA).

Role of the funding source: The study was planned and conducted by members of the Executive
Committee of the AMPLITUDE-O trial supplemented by colleagues from the University of
Glasgow, and the Department of Cardiology, Rigshospitalet University Hospital, Copenhagen
(SLK) using institutional funds. No external funds were involved in the study. The corresponding
author had full access to all the data in the study and had final responsibility for the decision to
submit for publication.

RESULTS
Of 90 articles screened for eligibility, 8 trials with 60,080 patients were included in the metaanalysis (Figure 1). In order of reporting, these were: ELIXA, LEADER, SUSTAIN-6, EXSCEL,
Harmony Outcomes, REWIND, PIONEER 6, and AMPLITUDE-O.7–16 All outcomes were
adjudicated except for severe hypoglycaemia, and event definitions for each trial are listed in the
appendix (Appendix Table 4).
Trial characteristics: All included trials were assessed for bias using the Cochrane risk-of-bias tool.
The trials were assessed as high quality with a low risk of bias (Appendix Table 2). The key trial
and patient characteristics at baseline are presented in Tables 1 and Appendix Table 1. All trials
were of substantial size (>3000 patients). ELIXA enrolled patients with a recent acute coronary
syndrome whereas all other trials included patients with stable cardiovascular disease,
cardiovascular risk factors or both. All trials, except ELIXA, had 3-point MACE as the primary
endpoint; in ELIXA the primary endpoint was an expanded 4-point composite including
hospitalization for unstable angina. Treatment was administered by subcutaneous injection except in
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one trial (PIONEER 6) where an oral formulation of semaglutide was given. Lixisenatide (ELIXA),
liraglutide (LEADER), and oral semaglutide (PIONEER 6) were each administered daily, whereas
the remaining GLP-1 receptor agonists (including subcutaneous semaglutide in SUSTAIN-6) were
administered once weekly.
Baseline characteristics: Mean age at baseline ranged from 60 years in ELIXA to 66 years in
PIONEER 6 and REWIND. The highest proportion of enrolled women was in REWIND (46%
compared with between 31% and 39% in the remaining trials). The proportion of patients with
established cardiovascular disease at baseline ranged from 100% in ELIXA and Harmony
Outcomes to 31% of those in REWIND (Table 1). Kidney function was similar across trials
(median/mean estimated glomerular filtration rate ranged from 72 to 80 mL/min per 1·73 m2).
Mean HbA1c was lowest in REWIND and ELIXA (7·2% and 7·7%, respectively) and highest in
AMPLITUDE-O at 8·9%. REWIND had the lowest proportional use of insulin at baseline (24%
compared with 39-63% in remaining trials). The median length of follow-up ranged from 1·3 years
in PIONEER 6 to 5·4 years in REWIND (Appendix Table 1). Treatment discontinuation and loss to
follow-up are summarised in Appendix Table 5.
MACE and component outcomes: In the pooled analysis, treatment with a GLP-1 receptor agonist
led to a 14% relative risk reduction in 3-point MACE (HR 0·86, 95% CI 0·80-0·93; p<0·001; Fig.
2). The NNT was 65 (95% CI 45-130) over a weighted average median follow-up of 3·0 years.
When assessing the components of the composite MACE endpoint separately, GLP-1 receptor
agonist use led to a reduction in risk of death from cardiovascular causes (HR 0·87, 95% CI 0·800·94; p=0·001), fatal or non-fatal myocardial infarction (HR 0·90, 0·83-0·98; p=0·02) and fatal or
non-fatal stroke (HR 0·83, 0·76-0·92; p<0·001; Fig. 2).
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Interactions: In subgroup analyses (Fig. 3), there was no statistical heterogeneity between the effect
of a GLP-1 receptor agonist in at-risk “primary prevention” patients (those without established
cardiovascular disease) and those with cardiovascular disease at baseline: HR 0·94 (95% CI 0·831·06) and 0·85 (0·78-0·92), respectively, p for interaction=0·18. Nor was there any interaction
(p=0·94) when trials were grouped in to higher, intermediate, and lower risk on basis of placebo
group MACE event rates (%/year). Similarly, we found no heterogeneity for the effect of GLP-1
receptor agonist therapy when examined by baseline HbA1c (“low” vs “high” median HbA1c),
shorter compared with longer trial follow-up (<3 years vs ≥3 years median follow-up), or drug
dosing interval (daily vs weekly dosing), reflecting duration of drug action. We also did not see an
interaction (p=0·39) in the comparison of exendin 4-based compounds (lixisenatide, exenatide and
efpeglenatide) and agents more homologous with human GLP-1 (liraglutide, semaglutide,
dulaglutide and albiglutide).
Compared with placebo, treatment with a GLP-1 receptor agonist reduced the risk of death from
any cause by 12% (HR 0·88, 95% CI 0·82-0·94; p<0·001), with a NNT of 114 (76-228; Fig. 4).
The risk of HF hospitalization was also reduced in GLP-1 receptor agonist treated patients, by 11%
(HR 0·89, 95% CI 0·82-0·98; p=0·013), with a NNT of 258 (158-1422; Fig. 4).
Kidney outcomes: Kidney events were not available for Harmony Outcomes or PIONEER 6
(Appendix Table 6). Treatment with a GLP-1 receptor agonist for the 5 remaining studies reduced
the broader composite kidney outcome of worsening kidney function, end-stage kidney disease and
kidney death, including development of macroalbuminuria, by 21% (HR 0·79, 95% CI 0·73-0·87)
with a NNT of 47 (37-77).
GRADE assessment: The evidence of benefit for all outcomes was classified as high (≥4 points) by
GRADE criteria other than for kidney outcomes and for MACE when ELIXA was included
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(Appendix Table 7). However, when ELIXA was removed, the MACE heterogeneity reduced
leading evidence for this outcome to also be classified as high. For kidney outcomes, the evidence
was considered to be moderate quality (3 points) for all calculations others than the narrower kidney
outcome when ELIXA was removed.
Safety outcomes: The incidence of severe hypoglycaemia, retinopathy, pancreatitis and pancreatic
cancer did not differ between GLP-1 receptor agonist treatment and placebo (Appendix Fig. 1).
Thyroid cancers, for which numbers are low, are reported in Appendix Table 8.
Sensitivity analyses removing ELIXA
With removal of ELIXA and repeating the main analyses, the HRs for all outcomes were generally
stronger (Appendix Fig’s 2-3). GLP-1 receptor agonists reduced MACE by 15% (10-20%),
cardiovascular death by 15% (7 to 22%), fatal or non-fatal myocardial infarction by 12% (4 to 19%)
and fatal or non-fatal stroke by 19% (10 to 26%) (Appendix Fig. 2). There were likewise slight
improvements in the reduction in all-cause mortality, hospital admission for heart failure and the
composite kidney outcomes including macroalbuminuria (Appendix Fig. 3). Notably, the HR for
the narrower worsening kidney function outcome based predominantly on eGFR change was now
nominally significant such that GLP-1 receptor agonists lessened risks by 18% (2 to 31%, p=0·03).

DISCUSSION
The present comprehensive and updated meta-analysis of GLP-1 receptor agonist outcome trials,
including the recently published AMPLITUDE-O trial, the fifth to report superiority for MACE
outcomes from the eight conducted using agents in this class, has several important findings. First,
the results further reinforce the evidence that GLP-1 receptor agonists reduce MACE and each of its
individual components. Importantly, the benefit of GLP-1 receptor agonists injected weekly was
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also demonstrated to be the same of that of agents injected daily. Second, the data from
AMPLITUDE-O data resolve the uncertainty about the effect of GLP-1 receptor agonists on
hospitalisation for heart failure, with the updated meta-analysis demonstrating an 11% (2 to 18%)
reduction in incident heart failure hospitalisation. Third, these new results show convincingly that
MACE benefits are independent of the structural basis of the GLP-1 receptor analogue, assuaging
concerns that exendin 4-based agonists are less effective than human GLP-1 based molecules.
Finally, excluding ELIXA from the meta-analysis modestly augmented the overall cardiovascular
benefits of GLP-1 receptor agonists and enhanced the effect on creatinine change-based kidney
outcomes (HR 0.82 [0·69 to 0·98]). This latter finding, albeit in a sensitivity analysis, strengthens
the suggestion that agents in this class might have meaningful kidney benefits. Using GRADE
criteria, most of the evidence for benefits was rated as high other than for MACE with ELIXA
included and for the kidney outcomes, when the evidence was generally considered to be of
moderate quality. Overall, these results bolster using GLP1-receptor agonists in patients with type 2
diabetes with established cardiovascular disease, or at high risk of cardiovascular disease.

Our updated meta-analysis confirms the benefits of GLP-1 receptor agonists on cardiovascular
outcomes, with the greatest relative risk reductions on fatal or non-fatal stroke (17%), followed by
cardiovascular death (13%), and fatal and non-fatal MI (10%). As a result, the overall NNT to
prevent one MACE outcome over a weighted mean follow-up of 3·0 years was 65 patients. The
benefit of these agents was consistent across all subgroups examined, including in the elderly and
those with kidney disease, the number of which was increased substantially by AMPLITUDE-O
which included patients with an eGFR as low as 25 mL/min per 1·73 m2.
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The explanation for the apparently greater benefit of these agents on stroke compared with
myocardial infarction, if real, is uncertain. A recent meta-analysis22 did not find any reduction in
atrial fibrillation (and, therefore, potential reductions in cerebral embolism) although such an effect
has not been intensively investigated using extended electrocardiogram monitoring. There is some
evidence that GLP-1 receptor agonists reduce platelet aggregation, but it is not clear why this would
reduce the risk of stroke more than the risk of coronary events.23 Whatever the mechanism, the
effect on stroke may have additional significance as there is evidence to suggest that GLP-1
receptor agonists may lessen cognitive decline that may be mediated by stroke in many patients.24,25
This effect of GLP-1 receptor agonists also clearly differentiates them from SGLT2 inhibitors
which, as shown in a recent meta-analysis, do not reduce the risk of stroke.26

Our findings resolve the uncertainty about the effect of GLP-1 receptor agonists on heart failure
hospitalisation. Previously, only the Harmony-Outcomes trial convincingly demonstrated a
reduction in hospital admission for heart failure with albiglutide.11 This benefit has now been
supported by AMPLITUDE-O,7 increasing the credibility of the overall finding of the meta-analysis
for this outcome. The mechanism for the beneficial effect on heart failure hospitalisation remains
uncertain but, notably, Harmony-Outcomes and AMPLITUDE-O also demonstrated the greatest
reductions in myocardial infarction among the GLP-1 receptor agonist trials. This raises the
possibility that GLP-1 receptor agonists reduce the risk of heart failure by reducing the risk of
myocardial damage by either preventing coronary occlusion, by a salutary effect on myocardial
small vessel disease, and/or by reducing myocardial muscle damage due to inflammation or other
processes. If correct, this is quite different from the almost immediate effect of SGLT2 inhibitors on
heart failure, through quite distinct mechanisms, including immediate diuretic and haemodynamic
actions.27,28 The complementary profile of cardiovascular benefit and different mechanisms of
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action support the combined use of GLP-1 receptor agonists and SGLT2 inhibitors in people with
type 2 diabetes.

On the important question of the relevance of structural homology, our prior meta-analysis did not
identify a clear interaction between structural basis and effect on cardiovascular outcomes (p=0·06).
However, it supported the hypothesis suggested by observational studies20 that human GLP-1 based
agonists had greater cardiovascular benefits than over exendin 4-based agents.2 An alternative
possibility was that the findings might have been unduly influenced by factors unique to the two
exendin-4 trials. One of the exendin-4 trials (ELIXA) tested a very short-acting agent, which was
administered only once daily, and it recruited patients with recent acute coronary syndrome which
differed from patients recruited into all the other GLP-1 RA trials. Results for the other exendin-4
trial (EXSCEL) may have been influenced by the fact that 40% of patients permanently
discontinued treatment, which would have compromised its ability to detect a salutary effect of the
drug. The inclusion of AMPLITUDE-O trial data in this meta-analysis substantially increases the
number of person-years of exposure to exendin 4-based agents, and clearly demonstrates that
human and exendin-4-based agents have similar effects on cardiovascular outcomes (interaction
p=0·39 in the main analysis and p=1·0 with ELIXA removed). Indeed, in the sensitivity analysis
that excluded ELIXA, the hazard ratio for MACE was identical for exendin 4-based and human
GLP-1 based agonists. This finding should be reassuring for future GLP-1 receptor development,
including biosimilar drugs.

With regards to kidney outcomes, the potential benefit of the GLP-1 receptor agonists on creatininedefined kidney outcomes, nominally significant in the sensitivity analyses excluding ELIXA, gives
additional support to the value of ongoing trials specifically testing the kidney benefits of this class
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e.g., FLOW.29 The mechanism for such benefit is unclear but could be, at least in part, due to a
combination of GLP-1 receptor agonist-induced weight loss, and blood pressure and glycaemia
improvements. Finally, the previous conclusions about safety remains unchanged, where GLP-1a
had no increase in risk of severe hypoglycaemia, retinopathy, pancreatitis, or pancreatic cancer.

We accept some limitations of the present analysis. Whilst a sensitivity analysis without ELIXA
could be controversial, most researchers and trialists would accept that an acute coronary syndrome
population tested in ELIXA8 is quite distinct from the stable populations tested in all other trials.30
In addition, lixisenatide is much shorter acting GLP-1 receptor agonist (half-life 2–3 h) than other
drugs in this class tested in outcomes trials, and exposure to lixisenatide might have been rather low
in view of the once-daily dosing.30 As only AMPLITUDE-O had sufficient patient numbers taking
SGLT2 inhibitors at baseline to make meaningful comparisons, we were unable to meta-analyse
whether GLP-1 receptor agonists work as well or incrementally on the background of SGLT2
inhibitors. We did not assess for publication bias but as major outcome trials using GLP-1 receptor
agonists are well known, chances of such bias are negligible. We also did not assess gastrointestinal
side effects which are universally increased with the use of GLP-1 receptor agonists, especially
when starting such therapies.31 We caution that the GLP-1 receptor agonist benefits on risk for heart
failure hospitalisation should not be taken as evidence for benefits of such agents in people with
severe heart failure. Also, we did not have patient-level data, and so we were restricted in subgroup
analyses to the primary three-component MACE outcome, and in our ability to examine only the
secondary endpoints and adverse events of special interest reported by the investigators of the
included trials.
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In conclusion, the results of our up-to-date meta-analysis show that, in patients with type 2 diabetes
and increased CV risk or with established CV disease, GLP-1 receptor agonists, reduced 3component MACE regardless of structural homology to human GLP-1, and all its individual
components (stroke myocardial infarction, and cardiovascular death). Our analysis also
demonstrated reduced all-cause mortality, greater evidence of reduced risk of heart failure
hospitalization, perhaps linked to atherosclerotic benefits, and benefits on kidney function
(including a predominantly eGFR based kidney outcome). These benefits were obtained without an
increase in risk of severe hypoglycaemia, retinopathy or pancreatic adverse effects.
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Table Legends
Table 1: Baseline characteristics and use of glucose lowering agents across trials

Numerical data are mean (SD) or n (%), unless otherwise specified. BMI=body mass index. CVD=cardiovascular
disease. eGFR=estimated glomerular filtration rate. NR=not reported. DPP-4=dipeptidyl peptidase-4. SGLT2=sodiumglucose co-transporter-2. *eGFR data are median (IQR) for SUSTAIN-6 and EXSCEL.
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Figure Legends
Fig. 1: PRISMA flow diagram of included trials.

Fig. 2: Risk of MACE and each of its components

In addition to primary cardiovascular outcome results papers, data were extracted from additional sources.2,32
AMPLITUDE-O data provided by authors. Three-component MACE consisted of cardiovascular death, myocardial
infarction, and stroke. NNTs are calculated over a weighted average median follow-up of 3.0 years. p values for
superiority. MACE=major adverse cardiovascular events. GLP-1=glucagon-like peptide-1. NNT=number needed to
treat.

Fig. 3: Subgroup analyses for risk of three-component MACE

In addition to primary cardiovascular outcome results papers, data were extracted from additional sources 2.
AMPLITUDE-O data provided by authors. Three-component MACE consisted of cardiovascular death, myocardial
infarction, and stroke. Subgroup denominators are participants with available data. Subgroup analyses for ELIXA were
based on four component MACE (including unstable angina, except for eGFR <60 vs ≥60 mL/min per 1.73 m2.
MACE=major adverse cardiovascular events. GLP-1=glucagon-like peptide-1. eGFR=estimated glomerular filtration
rate. *MACE incidence rate in placebo group was defined as high (>5%/y), middle (4-5%/y) and low (<4%/y); in
descending order: 6.3 in ELIXA, 5.9 in Harmony Outcomes, 5.3 in AMPLITUDE-O, 4.4 in SUSTAIN-6, 4.0 in
EXSCEL, 3.9 in LEADER, 3.7 in PIONEER 6, and 2.7 in REWIND. †High baseline HbA1c was defined as ≥7.5% in
ELIXA, >8.3% in LEADER, >8.5% in SUSTAIN-6, ≥8.0% in EXSCEL, ≥8.0% in Harmony Outcomes, ≥7.2% in
REWIND,>8.5% in PIONEER 6, and ≥ 8% in AMPLITUDE-O. ‡Median follow-up (years) was 2.1 in ELIXA, 3.8 in
LEADER, 2.1 in SUSTAIN-6, 3.2 in EXSCEL, 1.6 in Harmony Outcomes, 5.4 in REWIND, 1.3 in PIONEER 6 and 1.8
in AMPLITUDE-O. §The BMI categories used were <32 kg/m2 and ≥32 kg/m2 in REWIND, and < median 31.9 kg/m2
and ≥ median 31.9 kg/m2 in AMPLITUDE-O. ‖The age groups categories used were < 60 and ≥60 years in LEADER,
<66 and ≥66 years in REWIND.

Fig. 4: All-cause mortality, hospital admission for heart failure, and kidney outcomes
In addition to primary cardiovascular outcome results papers, data were extracted from additional sources. 2,14,33
AMPLITUDE-O data provided by authors. Data on kidney outcomes were not available in Harmony Outcomes and
PIONEER 6. The broader “composite kidney outcome” consisted of development of macroalbuminuria, doubling of
serum creatinine or ≥40% decline in eGFR, development of end-stage kidney disease or death due to kidney disease; for
ELIXA, data are for new-onset macroalbuminuria alone. The narrower “worsening of kidney function” outcome was
defined as either doubling of serum creatinine or ≥40% decline in eGFR; for EXSCEL, the narrower worsening of
kidney function outcome included development of end-stage kidney disease or death due to kidney disease. Exact
definitions of kidney outcomes are detailed in appendix table 3. NNTs are calculated over a weighted average median
follow-up of 3.0 years (or 3.4 years for composite kidney outcome including macroalbuminuria and worsening of
kidney function).. NNT=number needed to treat. *Not regarded as significant due to hierarchical statistical testing plan.
†Negative value indicates a number needed to harm.
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Identification

Search strategy (PubMed)
Search terms: ((“glucagon-like peptide-1
receptor agonist” OR “albiglutide” OR
“dulaglutide” OR “efpeglenatide” OR “exenatide”
OR “liraglutide” OR “lixisenatide” OR
semaglutide”) AND (“trial” OR “clinical trial” OR
“randomized controlled trial” OR “meta-analysis”)
AND (“death” OR “mortality” OR “myocardial
infarction” OR “stroke” OR “heart failure” OR
“renal” OR “kidney”))

194 records identified through database search

194 records screened by title and abstract

Eligibility

Screening

Dates published: up to June 09, 2021

106 records excluded
90 not reporting cardiovascular or renal outcomes
4 not type 2 diabetes
4 sample size <500
4 commentary, editorial or review
3 not randomized placebo-controlled trial
1 not glucagon-like peptide-1 receptor agonist

90 full-text articles assessed for eligibility

Included

76 full-text articles excluded
38 systematic review or meta-analysis
20 secondary analysis
18 baseline characteristics or design manuscripts

14 reports (with data from 8 studies) included in qualitative analysis

8 studies included in quantitative analysis (meta-analysis)

Risk of MACE and each of its components
Trial

GLP-1 receptor Placebo
agonist n/N (%) n/N (%)

Hazard
ratio (95% CI)

Three-component MACE
ELIXA
400/3034 (13%) 392/3034 (13%)
LEADER
608/4668 (13%) 694/4672 (15%)
SUSTAIN-6
108/1648 (7%) 146/1649 (9%)
EXSCEL
839/7356 (11%) 905/7396 (12%)
Harmony Outcomes 338/4731 (7%) 428/4732 (9%)
REWIND
594/4949 (12%) 663/4952 (13%)
PIONEER 6
61/1591 (4%)
76/1592 (5%)
AMPLITUDE-O
189/2717 (7%) 125/1359 (9%)
Subtotal (I-squared = 44.5%, p = 0.082)
.
Cardiovascular death
ELIXA
156/3034 (5%) 158/3034 (5%)
LEADER
219/4668 (5%) 278/4672 (6%)
SUSTAIN-6
44/1648 (3%)
46/1649 (3%)
EXSCEL
340/7356 (5%) 383/7396 (5%)
Harmony Outcomes 122/4731 (3%) 130/4732 (3%)
REWIND
317/4949 (6%) 346/4952 (7%)
PIONEER 6
15/1591 (1%)
30/1592 (2%)
AMPLITUDE-O
75/2717 (3%)
50/1359 (4%)
Subtotal (I-squared = 13.4%, p = 0.325)
.
Fatal or non-fatal myocardial infarction
ELIXA
270/3034 (9%) 261/3034 (9%)
LEADER
292/4668 (6%) 339/4672 (7%)
SUSTAIN-6
54/1648 (3%)
67/1649 (4%)
EXSCEL
483/7356 (7%) 493/7396 (7%)
Harmony Outcomes 181/4731 (4%) 240/4732 (5%)
REWIND
223/4949 (5%) 231/4952 (5%)
PIONEER 6
37/1591 (2%)
35/1592 (2%)
AMPLITUDE-O
91/2717 (3%)
58/1359 (4%)
Subtotal (I-squared = 26.9%, p = 0.214)
.
Fatal or non-fatal stroke
ELIXA
67/3034 (2%)
60/3034 (2%)
LEADER
173/4668 (4%) 199/4672 (4%)
SUSTAIN-6
30/1648 (2%)
46/1649 (3%)
EXSCEL
187/7356 (3%) 218/7396 (3%)
Harmony Outcomes 94/4731 (2%)
108/4732 (2%)
REWIND
158/4949 (3%) 205/4952 (4%)
PIONEER 6
13/1591 (1%)
17/1592 (1%)
AMPLITUDE-O
47/2717 (2%)
31/1359 (2%)
Subtotal (I-squared = 0.0%, p = 0.639)
.
NOTE: Weights are from random effects analysis

p
NNT (95% CI) value

1.02 (0.89, 1.17)
0.87 (0.78, 0.97)
0.74 (0.58, 0.95)
0.91 (0.83, 1.00)
0.78 (0.68, 0.90)
0.88 (0.79, 0.99)
0.79 (0.57, 1.11)
0.73 (0.58, 0.92)
0.86 (0.80, 0.93) 65 (45-130)

0.776
0.01
0.016
0.061
0.0006
0.026
0.17
0.0069

0.98 (0.78, 1.22)
0.78 (0.66, 0.93)
0.98 (0.65, 1.48)
0.88 (0.76, 1.02)
0.93 (0.73, 1.19)
0.91 (0.78, 1.06)
0.49 (0.27, 0.92)
0.72 (0.50, 1.03)
0.87 (0.80, 0.94) 163 (103-353)

0.85
0.007
0.92
0.096
0.58
0.21
0.021
0.07

1.03 (0.87, 1.22)
0.86 (0.73, 1.00)
0.81 (0.57, 1.16)
0.97 (0.85, 1.10)
0.75 (0.61, 0.90)
0.96 (0.79, 1.15)
1.04 (0.66, 1.66)
0.75 (0.54, 1.05)
0.90 (0.83, 0.98) 175 (103-878)

1.12 (0.79, 1.58)
0.86 (0.71, 1.06)
0.65 (0.41, 1.03)
0.85 (0.70, 1.03)
0.86 (0.66, 1.14)
0.76 (0.62, 0.94)
0.76 (0.37, 1.56)
0.74 (0.47, 1.17)
0.83 (0.76, 0.92) 198 (140-421)

.5
Favours GLP-1RA

1

1.5
Favours placebo

<0.001

0.001
0.71
0.046
0.26
0.62
0.003
0.63
0.49
0.09

0.02
0.54
0.16
0.066
0.095
0.30
0.01
0.43
0.19

<0.001

Subgroup analyses for risk of three-component MACE
Subgroup

GLP-1 receptor
agonist n/N (%)

Placebo n/N (%)

MACE incidence rate in placebo group*
Higher
927/10482 (9%)
945/9125 (10%)
Intermediate
947/9004 (11%)
1051/9045 (12%)
Lower
1263/11208 (11%)
1433/11216 (13%)
Subtotal (I-squared = 0.0%, p = 0.938)
.
Established cardiovascular disease
Yes
2608/23673 (11%)
2877/22432 (13%)
No
492/6725 (7%)
521/6684 (8%)
Subtotal (I-squared = 44.1%, p = 0.181)
.
Baseline HbA1c†
High
1777/16361 (11%)
1955/15237 (13%)
Low
1357/14270 (10%)
1477/14081 (10%)
Subtotal (I-squared = 55.3%, p = 0.135)
.
Median duration of follow-up‡
<3 years
1096/13721 (8%)
1167/12366 (9%)
≥3 years
2041/16973 (12%)
2262/17020 (13%)
Subtotal (I-squared = 5.5%, p = 0.304)
.
Drug dosing
Daily
1069/9293 (12%)
1162/9298 (12%)
Weekly
2068/21401 (10%)
2267/20088 (11%)
Subtotal (I-squared = 19.9%, p = 0.264)
.
Human GLP-1 homology
Yes
1709/17587 (10%)
2007/17597 (11%)
No
1428/13107 (11%)
1422/11789 (12%)
Subtotal (I-squared = 0.0%, p = 0.392)
.
BMI, kg/m^2§
<30
1341/13076 (10%)
1476/12606 (12%)
≥30
1781/17506 (10%)
1944/16668 (12%)
Subtotal (I-squared = 0.0%, p = 0.528)
.
Age, Years‖
<65
1335/15476 (9%)
1403/14621 (10%)
≥65
1808/15218 (12%)
2033/14765 (14%)
Subtotal (I-squared = 0.0%, p = 0.779)
.
Baseline eGFR, mL/min per m^2
<60
850/6204 (14%)
909/5856 (16%)
≥60
1686/19507 (9%)
1854/18531 (10%)
Subtotal (I-squared = 0.0%, p = 0.518)
.
NOTE: Weights are from random effects analysis

.5

1
Favours GLP-1RA

1.5
Favours placebo

Hazard
ratio (95% CI)

p
interaction

0.84 (0.68, 1.04)
0.85 (0.70, 1.03)
0.87 (0.81, 0.94)
0.86 (0.81, 0.92)

0.94

0.85 (0.78, 0.92)
0.94 (0.83, 1.06)
0.88 (0.80, 0.97)

0.18

0.83 (0.77, 0.90)
0.90 (0.84, 0.97)
0.87 (0.80, 0.94)

0.14

0.82 (0.71, 0.95)
0.89 (0.84, 0.94)
0.88 (0.83, 0.93)

0.30

0.92 (0.80, 1.05)
0.84 (0.77, 0.91)
0.86 (0.80, 0.94)

0.26

0.84 (0.79, 0.90)
0.90 (0.78, 1.04)
0.85 (0.80, 0.90)

0.39

0.83 (0.73, 0.95)
0.87 (0.81, 0.92)
0.86 (0.81, 0.91)

0.53

0.84 (0.72, 0.97)
0.86 (0.80, 0.92)
0.86 (0.80, 0.91)

0.78

0.88 (0.77, 1.01)
0.83 (0.74, 0.93)
0.85 (0.78, 0.93)

0.52

All-cause mortality, hospital admission for heart failure, and kidney outcomes
Trial

GLP-1 receptor Placebo
agonist n/N (%) n/N (%)

Hazard
ratio (95% CI)

All-cause mortality
ELIXA
211/3034 (7%) 223/3034 (7%)
LEADER
381/4668 (8%) 447/4672 (10%)
SUSTAIN-6
62/1648 (4%)
60/1649 (4%)
EXSCEL
507/7356 (7%) 584/7396 (8%)
Harmony Outcomes 196/4731 (4%) 205/4732 (4%)
REWIND
536/4949 (11%) 592/4952 (12%)
PIONEER 6
23/1591 (1%)
45/1592 (3%)
AMPLITUDE-O
111/2717 (4%) 69/1359 (5%)
Subtotal (I-squared = 10.1%, p = 0.351)
.
Hospital admission for heart failure
ELIXA
122/3034 (4%) 127/3034 (4%)
LEADER
218/4668 (5%) 248/4672 (5%)
SUSTAIN-6
59/1648 (4%)
54/1649 (3%)
EXSCEL
219/7356 (3%) 231/7396 (3%)
Harmony Outcomes 79/4731 (2%)
111/4732 (2%)
REWIND
213/4949 (4%) 226/4952 (5%)
PIONEER 6
21/1591 (1%)
24/1592 (2%)
AMPLITUDE-O
40/2717 (1%)
31/1359 (2%)
Subtotal (I-squared = 3.0%, p = 0.407)
.
Composite kidney outcome including macroalbuminuria
ELIXA
172/2647 (6%) 203/2639 (8%)
LEADER
268/4668 (6%) 337/4672 (7%)
SUSTAIN-6
62/1648 (4%)
100/1649 (6%)
EXSCEL
366/6256 (6%) 407/6222 (7%)
REWIND
848/4949 (17%) 970/4952 (20%)
AMPLITUDE-O
353/2717 (13%) 250/1359 (18%)
Subtotal (I-squared = 47.5%, p = 0.090)
.
Worsening of kidney function
ELIXA
41/3031 (1%)
35/3032 (1%)
LEADER
87/4668 (2%)
97/4672 (2%)
SUSTAIN-6
18/1648 (1%)
14/1649 (1%)
EXSCEL
246/6456 (4%) 273/6458 (4%)
REWIND
169/4949 (3%) 237/4952 (5%)
AMPLITUDE-O
7/2717 (0%)
7/1359 (1%)
Subtotal (I-squared = 43.0%, p = 0.119)
.
NOTE: Weights are from random effects analysis

p
NNT (95% CI) value

0.94 (0.78, 1.13)
0.85 (0.74, 0.97)
1.05 (0.74, 1.50)
0.86 (0.77, 0.97)
0.95 (0.79, 1.16)
0.90 (0.80, 1.01)
0.51 (0.31, 0.84)
0.78 (0.58, 1.06)
0.88 (0.82, 0.94) 114 (76 to 228)

0.96 (0.75, 1.23)
0.87 (0.73, 1.05)
1.11 (0.77, 1.61)
0.94 (0.78, 1.13)
0.71 (0.53, 0.94)
0.93 (0.77, 1.12)
0.86 (0.48, 1.55)
0.61 (0.38, 0.98)
0.89 (0.82, 0.98)

0.84 (0.68, 1.02)
0.78 (0.67, 0.92)
0.64 (0.46, 0.88)
0.88 (0.76, 1.01)
0.85 (0.77, 0.93)
0.68 (0.57, 0.79)
0.79 (0.73, 0.87)

Favours GLP-1RA

1

1.5
Favours placebo

<0.001
0.75
0.14
0.57
0.485
0.019
0.46
0.59
0.04

258 (158 to 1422)

0.013
0.083
0.003
0.005
0.065
0.0004
<0.0001

47 (37 to 77)

1.16 (0.74, 1.83)
0.89 (0.67, 1.19)
1.28 (0.64, 2.58)
0.88 (0.74, 1.05)
0.70 (0.57, 0.85)
0.35 (0.10, 1.27)
0.86 (0.72, 1.02) 241 (120 to -1694)†

.5

0.50
0.02
0.79
0.016*
0.64
0.067
0.008
0.11

<0.001
0.513
0.43
0.48
0.164
0.0004
0.11

0.089
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Appendix Table 1: Study inclusion criteria, glycaemia management, and outcomes
ELIXA
(n=6068)

LEADER
(n=9340)

SUSTAIN-6
(n=3297)

EXSCEL
(n=14752)

Drug studied
Key inclusion
criteria

Lixisenatide
HbA1c 5.5-11.0%,
ACS within 180
days, age ≥30
years

Liraglutide
HbA1c ≥7.0%, age
≥50 years with
CVD/HF/CKD or
age ≥60 years with
≥1 CVD risk factor

Semaglutide
HbA1c ≥7.0%, age
≥50 years with
CVD/HF/CKD or
age ≥60 years with
≥1 CVD risk factor

Exenatide
HbA1c 6.5-10.0%,
established CVD
and primary
prevention, age
≥18 years

Key safety
exclusion criteria

Unexplained
pancreatitis,
multiple endocrine
neoplasia
syndrome

Multiple endocrine
neoplasia
syndrome,
calcitonin ≥50
ng/L

If screening
HbA1c <8.5%
down-titration of
insulin or
sulfonylurea, DPP4i prohibited
Simultaneous
assessment of noninferiority and
superiority

If screening
HbA1c <8.0%
down-titration of
insulin, DPP-4i
prohibited

Chronic or acute
pancreatitis,
multiple endocrine
neoplasia
syndrome,
calcitonin ≥40
ng/L
At physicians’
discretion
according to
guidelines, DPP-4i
allowed

eGFR <30 mL/min
per 1.73 m2,
pancreatitis,
multiple endocrine
neoplasia
syndrome

Glycaemic
management

Chronic or acute
pancreatitis,
multiple endocrine
neoplasia
syndrome,
calcitonin ≥50
ng/L
If screening
HbA1c <8.0%
down-titration of
insulin, DPP-4i
prohibited

Non-inferiority;
hierarchical testing
for superiority,
secondary CV
endpoints

Non-inferiority;
superiority testing
was not
prespecified

Non-inferiority;
hierarchical testing
for superiority,
secondary CV
endpoints

3.8

2.1

3.2

Statistical analysis

Median follow-up
(years)

2.1

Harmony
Outcomes
(n=9463)
Albiglutide
HbA1c ≥7.0%, age
≥40 years,
established CVD

REWIND
(n=9901)

PIONEER 6
(n=3183)

AMPLITUDE-O
(n=4076)

Semaglutide (oral)
Age ≥50 years with
CVD/HF/CKD or
age ≥60 years with
≥1 CVD risk factor

Efpeglenatide
HbA1c>7%, age
≥18 years with
prior CVD or ≥50
years with eGFR
25-59.9 mL/min
per 1.73 m2
with ≥1 CVD risk
factor
Gastroparesis,
uncontrolled
reflux, nausea or
vomiting, severe
retinal disease,
pancreatitis

At physicians’
discretion
according to local
guidelines

Dulaglutide
HbA1c ≤9.5%, ≤2
antidiabetic drugs
± basal insulin,
age ≥50/55/60
years with
CVD/subclinical
vascular/risk
factors
eGFR <15 mL/min
per 1.73 m2, liver
disease,
pancreatitis,
multiple endocrine
neoplasia
syndrome
At physicians’
discretion
according to local
guidelines

Non-inferiority,
then secondary
testing for
superiority,
secondary CV
endpoints
1.6

Superiority,
secondary
outcomes CV
endpoints and
microvascular
composite
5.4

Non-inferiority,
then secondary
testing for
superiority,
secondary CV
endpoints
1.3

eGFR <30 mL/min
per 1.73 m2,
pancreatitis,
multiple endocrine
neoplasia
syndrome
At physicians’
discretion
according to local
guidelines,
DPP-4i prohibited

If screening
HbA1c <7.5%
down-titration of
insulin or
sulfonylurea, DPP4i prohibited
Non-inferiority,
then secondary
testing for
superiority,
secondary CV
endpoints
1.8

2

Primary outcome

MACE-4 (noninferiority and
superiority)
792*

MACE-3 (noninferiority)

MACE-3 (noninferiority)

MACE-3 (noninferiority)

MACE-3 (noninferiority)

MACE-3
(superiority)

MACE-3 (noninferiority)

MACE-3 (noninferiority)

Participants with a
1302
254
1744
766
1257
137
primary outcome*
Event rate per 100
6.3/6.2
3.4/3.9
3.2/4.4
3.7/4.0
4.6/5.9
2.4/2.7
2.9/3.7
person-years
(active/placebo)
ACS=acute coronary syndrome. CVD=cardiovascular disease. HF=heart failure. CKD=chronic kidney disease. eGFR=estimated glomerular filtration rate. GLP-1

314
3.9/5.3

RA=glucagon-like peptide-1 receptor agonist. DPP-4i=dipeptidyl peptidase-4 inhibitors. MACE=major adverse cardiac events. CV=cardiovascular. *For ELIXA, we
used a three-component MACE outcome (without hospital admission for unstable angina) similar to the other trials in our analysis.
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Appendix Table 2: Assessment of bias among trials included in meta-analysis using version 2 of the Cochrane risk of bias tool for
randomised trials

Risk of bias plot created with robvis.
McGuinness, LA, Higgins, JPT. Risk-of-bias VISualization (robvis): An R package and Shiny web app for visualizing risk-of-bias
assessments. Res Syn Meth. 2020; 1- 7.
Sterne JAC, Savović J, Page MJ, Elbers RG, Blencowe NS, Boutron I, Cates CJ, Cheng HY, Corbett MS, Eldridge SM, Emberson JR,
Hernán MA, Hopewell S, Hróbjartsson A, Junqueira DR, Jüni P, Kirkham JJ, Lasserson T, Li T, McAleenan A, Reeves BC, Shepperd S,
Shrier I, Stewart LA, Tilling K, White IR, Whiting PF, Higgins JPT. RoB 2: a revised tool for assessing risk of bias in randomised trials.
BMJ. 2019 Aug 28;366:l4898.
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Appendix Table 3: Definition of kidney outcomes by trial
Worsening kidney function (narrow outcome)

Composite kidney outcome
including macroalbuminuria
(broad outcome)

ELIXA

Doubling of serum creatinine

New-onset macroalbuminuria

LEADER

Doubling of serum creatinine

New-onset macroalbuminuria,
doubling of serum creatinine (CrCl
per MDRD <45 mL/min per 1.73 m2),
renal replacement therapy, death due
to kidney disease

SUSTAIN-6

Doubling of serum creatinine and CrCl per
MDRD < 45 mL/min per 1.73 m2

New-onset macroalbuminuria,
doubling of serum creatinine (CrCl
per MDRD <45 mL/min per 1.73 m2),
renal replacement therapy, death due
to kidney disease

EXSCEL

≥40% worsening of eGFR, renal replacement
therapy, death due to kidney disease

≥40% worsening of eGFR, renal
replacement therapy, death due to
kidney disease, new-onset persistent
macroalbuminuria

Harmony Outcomes

No outcomes reported

No outcomes reported

REWIND

≥40% worsening of eGFR

New-onset macroalbuminuria, ≥30%
worsening of eGFR, renal
replacement therapy

PIONEER 6

No outcomes reported

No outcomes reported

AMPLITUDE-O

≥40% worsening of eGFR (≥30 days)

Renal transplant OR renal
replacement therapy (≥90 days), OR
sustained eGFR <15 mL/min per 1.73
m2 (≥30 days), OR sustained eGFR
decrease ≥40% from baseline (≥30
days) OR new macroalbuminuria with
ACR increase ≥30% from baseline

CrCl=creatinine clearance. MDRD=Modification of Diet in Renal Disease. eGFR=estimated glomerular filtration rate.
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Appendix Table 4: Definition of safety outcomes
ELIXA

LEADER

SUSTAIN-6

EXSCEL

Harmony
Outcomes

REWIND

PIONEER 6

AMPLITUDE-O

Clinical symptoms
requiring assistance
from another
person + BG <36
mg/dL or recovery
after intake of
glucose/glucagon

Clinical symptoms
requiring assistance
from another
person

Clinical symptoms
requiring assistance
from another
person
or symptomatic
hypoglycaemia as
confirmed on
plasma glucose
testing (<3.1
mmol/L [56
mg/dL])

Clinical symptoms
requiring assistance
from another
person

Clinical symptoms
requiring assistance
from another
person + prompt
recovery after
intake of
glucose/glucagon

Clinical symptoms
requiring assistance
from another
person

Clinical symptoms
requiring assistance
from another
person

Clinical symptoms
requiring assistance
from another
person, or one of
the 4 symptoms (ie,
coma, seizure, loss
of consciousness
and confusion)

Retinopathy

No data on
retinopathy

Need for retinal
photocoagulation or
treatment with
intravitreal agents,
vitreous
haemorrhage, or the
onset of diabetesrelated blindness

Need for retinal
photocoagulation or
treatment with
intravitreal agents,
vitreous
haemorrhage, or the
onset of diabetesrelated blindness

Blindness due to
diabetes, other
diabetic eye disease

New diabetesrelated blindness
and procedures
(laser
photocoagulation or
anti-VEGF
treatment or
vitrectomy for
diabetic
retinopathy/eye
disease)

Photocoagulation,
anti-VEGF therapy,
or vitrectomy

A mix of MedDRA
terms and others;
trial included
scheduled eye
examinations

All reported AEs
suspected to be
diabetic retinopathy
reviewed by an
independent
ophthalmologist
blinded to treatment
arm.

Pancreatitis

Adjudicated by
pancreatic safety
committee; no
formal criteria

Two of the
following:
abdominal pain,
elevated
lipase/amylase x3
upper reference
limit, imaging

Two of the
following:
abdominal pain,
elevated
lipase/amylase x3
upper reference
limit, imaging

Abdominal pain +
elevated
lipase/amylase x3
upper reference
limit (x2 if prior
pancreatitis),

Adjudicated by
pancreatic safety
committee; no
formal criteria

Two of the
following:
abdominal pain,
elevated
lipase/amylase x3
upper reference
limit, imaging

Not described in
detail

Two of the
following:
abdominal pain,
elevated
lipase/amylase x3
upper reference
limit, imaging

Severe
hypoglycaemia

6

findings (US, CT,
MRI)
Neoplasms

findings (US, CT,
MRI)

imaging findings
(US, CT, MRI)

findings (US, CT,
MRI)

Only pancreatic
All neoplasms
All neoplasms
All neoplasms
All neoplasms
All neoplasms
Not described in
neoplasms
captured; medullary captured; medullary
adjudicated; no
captured; if
captured; specific
detail
adjudicated; no
thyroid cancer
thyroid cancer
formal criteria for
calcitonin >100
algorithm for
formal criteria for
according to
according to
pancreatic or
ng/L referral to
monitoring changes
pancreatic or
pathology
pathology
thyroid cancer
thyroid
in calcitonin levels
thyroid cancer
investigation
BG=blood glucose. VEGF=vascular endothelial growth factor. US=ultrasound. CT=computed tomography. MRI=magnetic resonance imaging.

findings (US, CT,
MRI)
All neoplasms
adjudicated; no
formal criteria for
pancreatic or
thyroid cancer
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Appendix Table 5: Treatment adherence/persistence by trial
GLP-1 RA

GLP-1 RA

GLP-1 RA

LTFU

Withdrawal of
consent

Vital status
unknown

Permanent
discontinuations*

2.1

11 (0.4%)

88 (2.9%)

29 (1%)

833 (27%)

LEADER

3.8

8 (0.2%)

4 (0.1%)

12 (0.3%)

444 (10%)†

SUSTAIN-6

2.1

18 (1.1%)

7 (0.4%)

6 (0.4%)

350 (21%)

EXSCEL

3.2

39 (0.5%)

44 (0.6%)

83 (1.1%)

2936 (40%)

Harmony Outcomes

1.6

51 (1.1%)

43 (0.9%)

30 (0.6%)

1140 (24%)

REWIND

5.4

5 (0.1%)

5 (0.1%)

17 (0.3%)

1328 (27%)

PIONEER 6

1.3

2 (0.1%)

3 (0.2%)

0 (0%)

184 (12%)*

AMPLITUDE-O

1.8

2 (0.1%)

82 (3.0%)

2 (0.1%)

522 (19%)

Median
follow-up
(years)

GLP-1 RA

ELIXA

GLP-1 RA=glucagon-like peptide-1 receptor agonist. LTFU=lost to follow-up. *Discontinuations for reasons other than death. †Discontinuations due to adverse
events.
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Appendix Table 6: Components of reported kidney outcomes
Composite renal outcome

(New-onset)
macroalbuminuria
Active
Placebo

Doubling of serum creatinine
or decrease in eGFR
Active
Placebo

Renal replacement therapy

172/2647
203/2639
HR 0.84 (0.68-1.02; p=0.083)

172/2647
203/2639
HR 0.84 (0.68-1.02; p=0.083)

41/3031
35/3032
HR 1.16 (0.74-1.83; p=0.51)

3/2702*
7/2793*
No HR or p value reported

LEADER

268/4668
337/4672
HR 0.78 (0.67-0.92; p=0.003)

161/4668
215/4672
HR 0.74 (0.60-0.91; p=0.004)

87/4668
97/4672
HR 0.89 (0.67-1.19; p=0.43)

56/4668
64/4672
HR 0.87 (0.61-1.24; p=0.44)

SUSTAIN-6

62/1648
100/1649
HR 0.64 (0.46-0.88; p=0.005)

44/1648
81/1649
HR 0.54 (0.37-0.77; p=0.001)

18/1648†
14/1649†
HR 1.28 (0.64-2.58; p=0.48)

11/1648
12/1649
HR 0.91 (0.40-2.07; p=0.83)

366/6256
407/6222
HR 0.88 (0.76-1.01; p=0.065)
··
··

143/6456
173/6458
HR not reported; p=0.19
··
··

246/6456‡
273/6458‡
HR 0.88 (0.74-1.05; p=0.16)
··
··

55/7344§
65/7389§
No HR or p value reported
··
··

5/7356
5/7396
No HR or p value reported
··
··

··

··

··

··

··

848/4949
970/4952
HR 0.85 (0.77-0.93; p=0.0004)

441/4949
561/4952
HR 0.77 (0.68-0.87; p<0.0001)

169/4949
237/4952
HR 0.70 (0.57-0.85; p=0.0004)

16/4949
21/4952
HR 0.75 (0.39-1.44; p=0.39)

Active

ELIXA

EXSCEL
Harmony
Outcomes
REWIND

PIONEER 6

Placebo

··

··

··

··

AMPLITUDE-O

353/2717

··

··

··
250/1359

HR 0.68 (0.57-0.79)

348/2717

··

Active

··

··
244/1359

HR 0.68 (0.58-0.80)

7/2717

Placebo

··
··

7/1359

HR 0.35 (0.10-1.27)

..

Death due to kidney
disease
Active
Placebo
··

··
··

8/4668
5/4672
HR 1.59 (0.52-4.87; p=0.41)
··

··
··

··

··
··

··

··
··

..
..

Hazard ratios (HRs) are reported with 95% CIs. eGFR=estimated glomerular filtration rate. *In ELIXA, defined as eGFR<15 mL/min per 1.73 m2. †In SUSTAIN-6,
patients required doubling of creatinine and eGFR <45 mL/min per 1.73 m2. ‡In EXSCEL, composite of 40% eGFR decline, renal replacement and death caused by
kidney disease. §In EXSCEL, end-stage renal failure needing chronic peritoneal/haemodialysis (including creation of fistula or other vascular access for
haemodialysis) or renal transplantation.
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Appendix Table 7: The GRADE scoring system used for clinical evidence reviews, adapted from resources prepared by the GRADE
Working Group*
Main analysis

Analysis excluding ELIXA

Three-component MACE

3†

4

Cardiovascular death

4

4

Fatal or non-fatal myocardial
infarction

4

4

Fatal or non-fatal stroke

4

4

All-cause mortality

4

4

Hospital admission for heart failure

4

4

Composite kidney outcome
including macroalbuminuria

3†

3†

Worsening of kidney function

3†

4

The GRADE approach was used to rate the certainty of evidence: HIGH (≥4 points overall), MODERATE (3 points), LOW (2 points), or VERY LOW (≤1 point).
GRADE=Grading of Recommendations Assessment, Development and Evaluation. MACE=major adverse cardiovascular events.
*Ryan R, Hill S. How to GRADE the quality of the evidence. CCCG http://cccrg.cochrane.org/author-resources. La Trobe University, Melbourne. Published December
1st 2016. Version 3.0. Approved (S. Hill) December 1 st 2016. Accessed [June 26th 2021].
GRADE criteria:
Study design: All studies were randomised controlled clinical trials and therefore each outcome starts with 4 points.
Reasons to downgrade the evidence quality:
Risk of Bias: No serious risk of bias.
Inconsistency: †A few outcomes downgraded by one point due to moderate heterogeneity (I2 >40%).
Indirectness: No downgrades.
Imprecision: No downgrades.
Publication bias: Not formally examined but likely to be negligible as all major CVOTs in this area are well known
Reasons to upgrade the evidence quality: None.
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Appendix Table 8: Medullary and papillary thyroid cancer events
ELIXA

LEADER

SUSTAIN-6

EXSCEL

Harmony
Outcomes

REWIND

PIONEER 6

AMPLITUDE-O

Active

Placebo

Active

Placebo

Active

Placebo

Active

Placebo

Active

Placebo

Active

Placebo

Active

Placebo

Active

Placebo

(n=3034)

(n=3034)

(n=4668)

(n=4672)

(n=1648)

(n=1649)

(n=7356)

(n=7396)

(n=4731)

(n=4732)

(n=4949)

(n=4952)

(n=1591)

(n=1592)

(n=2717)

(n=1359)

Medullary
thyroid
carcinoma
(%)

0

0

0

1
(0.02%)

0

0

2
(0.03%)

1
(0.01%)

0

0

0

0

1
(0.1%)

0

0

0

Papillary
thyroid
carcinoma
(%)

1
(0.03%)

1
(0.03%)

NR*

NR*

1
(0.06%)

2
(0.1%)

10
(0.1%)

4
(0.05%)

0

0

NR†

NR†

NR‡

0

2
(0.07%)

0

NR=not reported.
*In LEADER, unspecified thyroid cancer was reported in 5 patients (0.1%) in the liraglutide arm, and 3 patients (0.06%) in the placebo arm. It was specifically stated
that medullary thyroid carcinoma occurred in no patient in the liraglutide arm and in 1 in the placebo group.
†In REWIND, unspecified thyroid cancer was reported in 7 patients (0.1%) in the dulaglutide arm, and 3 patients (0.06%) in the placebo arm. It was specifically stated
that no patients had medullary thyroid carcinoma.
‡In PIONEER 6, malignant thyroid neoplasms were reported in 2 patients (0.1%) in the semaglutide arm, of whom 1 was medullary thyroid carcinoma and 1 were
unspecified.
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Appendix Figure 1: Safety outcomes

AMPLITUDE-O data provided by authors. For definitions of safety outcomes, see Appendix Table 4. The definition of
severe hypoglycaemia in all trials included clinical symptoms and the need for help from another person for treatment;
SUSTAIN-6 also included symptomatic hypoglycaemia as confirmed on plasma glucose testing (<3.1 mmol/L [56
mg/dL]). p values are from chi-squared test and are not adjusted.
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Appendix Figure 2: Sensitivity analyses removing ELIXA: Risk of MACE and each of its
components

In addition to primary cardiovascular outcome results papers, data were extracted from additional sources. 2,26
AMPLITUDE-O data provided by authors. Three-component MACE consisted of cardiovascular death, myocardial
infarction, and stroke. NNTs are calculated over a weighted average median follow-up of 3.1 years. p values for
superiority. MACE=major adverse cardiovascular events. GLP-1=glucagon-like peptide-1. NNT=number needed to
treat.
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Appendix Figure 3: Sensitivity analyses removing ELIXA: All-cause mortality, hospital
admission for heart failure, and kidney outcomes

In addition to primary cardiovascular outcome results papers, data were extracted from additional sources. 2,14,27
AMPLITUDE-O data provided by authors. Data on renal outcomes were not available in Harmony Outcomes and
PIONEER 6. The broader “composite renal outcome” consisted of development of macroalbuminuria, doubling of
serum creatinine or ≥40% decline in eGFR, development of end-stage renal disease or death due to renal disease. The
narrower “worsening of renal function” outcome was defined as either doubling of serum creatinine or ≥40% decline in
eGFR; for EXSCEL, the narrower worsening of kidney function outcome included development of end-stage kidney
disease or death due to kidney disease. Exact definitions of renal outcomes are detailed in appendix table 3. NNTs are
calculated over a weighted average median follow-up of 3.1 years (or 3.6 years for composite kidney outcome including
macroalbuminuria and worsening of kidney function). NNT=number needed to treat. *Not regarded as significant due
to hierarchical statistical testing plan. †Negative value indicates a number needed to harm.
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Appendix Figure 4: Sensitivity analyses removing ELIXA: Subgroup analyses for risk of
three-component MACE

In addition to primary cardiovascular outcome results papers, data were extracted from additional sources 2.
AMPLITUDE-O data provided by authors. Three-component MACE consisted of cardiovascular death, myocardial
infarction, and stroke. Subgroup denominators are participants with available data. MACE=major adverse
cardiovascular events. GLP-1=glucagon-like peptide-1. eGFR=estimated glomerular filtration rate. *MACE incidence
rate in placebo group was defined as high (>5%/y), middle (4-5%/y) and low (<4%/y); in descending order: 5.9 in
Harmony Outcomes, 5.3 in AMPLITUDE-O, 4.4 in SUSTAIN-6, 4.0 in EXSCEL, 3.9 in LEADER, 3.7 in PIONEER 6,
and 2.7 in REWIND. †High baseline HbA1c was defined as >8.3% in LEADER, >8.5% in SUSTAIN-6, ≥8.0% in
EXSCEL, ≥8.0% in Harmony Outcomes, ≥7.2% in REWIND, >8.5% in PIONEER 6, and ≥8% in AMPLITUDE-O.
‡Median follow-up (years) was 3.8 in LEADER, 2.1 in SUSTAIN-6, 3.2 in EXSCEL, 1.6 in Harmony Outcomes, 5.4 in
REWIND, 1.3 in PIONEER 6 and 1.8 in AMPLITUDE-O. §The BMI categories used were <32 kg/m2 and ≥32 kg/m2 in
REWIND, and < median 31.9 kg/m2 and ≥ median 31.9 kg/m2 in AMPLITUDE-O. ‖The age groups categories used
were < 60 and ≥60 years in LEADER, <66 and ≥66 years in REWIND.
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Appendix: Search strategy
Dates published: up to June 09, 2021
Search terms
1. Population
2. Exposure / Intervention: (“glucagon-like peptide-1 receptor agonist” OR “albiglutide” OR “dulaglutide” OR
“efpeglenatide” OR “exenatide” OR “liraglutide” OR “lixisenatide” OR “semaglutide”)
3. Comparator
4. Study type: (“trial” OR “clinical trial” OR “randomized controlled trial” OR “meta-analysis”)
5. Outcome: (“death” OR “mortality” OR “myocardial infarction” OR “stroke” OR “heart failure” OR “renal” OR
“kidney”)

Example: PubMed
(“glucagon-like peptide-1 receptor agonist” OR “albiglutide” OR “dulaglutide” OR “efpeglenatide” OR “exenatide” OR
“liraglutide” OR “lixisenatide” OR semaglutide”)
AND
(“trial” OR “clinical trial” OR “randomized controlled trial” OR “meta-analysis”)

AND
(“death” OR “mortality” OR “myocardial infarction” OR “stroke” OR “heart failure” OR “renal” OR “kidney”)
Filters: Clinical Trial, Meta-Analysis, Randomized Controlled Trial, Humans, from 1000/1/1 – 2021/6/9
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