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H I G H L I G H T S  

• This is the largest meta-analysis of placebo-controlled GLP-1RA randomized controlled trials to report cardiovascular and renal outcomes among patients with and 
without diabetes mellitus. 

• GLP-1RAs significantly reduced MACE, all-cause mortality, CV mortality fatal and non-fatal stroke, coronary revascularization, and composite kidney outcome 
among patients with and without diabetes mellitus. 

• GLP-1RA reduced MACE in both sexes. Furthermore, GLP-1RA reduced MACE in patients with and without CVD history, in BMI above or below 30 kg/m2, and in 
patients with an eGFR level of below or above 60 ml/min/1.73m2. 

• The cardiovascular benefits from GLP-1RAs beyond weight loss is clear. 
• Health care professionals should consider prescribing GLP-1RAs to all eligible patients to improve cardiovascular and renal outcomes.  
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A B S T R A C T   

Background: Multiple cardiovascular outcomes trials (CVOTs) have shown the efficacy of GLP-1RAs in reducing 
major adverse cardiovascular events (MACEs) for high-risk patients. However, some CVOTs failed to demonstrate 
cardiovascular benefits. 
Objectives: We analyzed the impact of GLP-1RA on cardiovascular and renal outcomes in patients with or without 
T2DM, with subgroup analysis based on sex, estimated glomerular filtration rate (eGFR), body mass index (BMI), 
and history of cardiovascular disease (CVD). 
Methods: A comprehensive database search for placebo-controlled RCTs on GLP-1RA treatment was conducted 
until April 2024. Data extraction and quality assessment were carried out, employing a robust statistical analysis 
using a random effects model to determine outcomes with log odds ratios and 95 % confidence intervals (CIs). 
Results: A total of 13 CVOTs comprising 83,258 patients were included. GLP-1RAs significantly reduced MACE 
(OR 0.86, 95 % CI: 0.80 to 0.94, p < 0.01) all-cause mortality OR 0.87, 95 % CI: 0.82 to 0.93, p < 0.001, CV 
mortality (OR 0.87, 95 % CI: 0.81 to 0.94, p < 0.001), stroke (fatal: OR 0.74, 95 % CI: 0.56 to 0.96, p = 0.03; non- 
fatal: OR 0.87, 95 % CI: 0.79 to 0.96, p = 0.005), coronary revascularization (OR 0.86, 95 % CI: 0.74 to 0.99, p =
0.023), and composite kidney outcome (OR 0.76, 95 % CI: 0.67 to 0.85, p < 0.001. GLP-1RA significantly 
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reduced MACE in both sexes. Furthermore, GLP-1RA reduced MACE regardless of CVD history, BMI, and eGFR 
level. 
Conclusion: Significant reductions in MACE, overall and CV mortality, stroke, coronary revascularization, and 
composite kidney outcome with GLP-1RA treatment were noted across all subgroups.   

1. Introduction 

In recent years, there has been a paradigm shift in the management 
of diabetes mellitus (DM), with the introduction of glucagon-like pep-
tide-1 receptor agonists (GLP-1RAs) and sodium-glucose cotransporter-2 
inhibitors (SGLT-2is). These antihyperglycemic agents have now been 
proven to reduce cardiovascular (CV) events among patients with and 
without DM [1]. The success of several sizable cardiovascular outcome 
trials (CVOT) utilizing GLP-1RAs has influenced this shift in DM man-
agement. The first CVOT was the ELIXA (Evaluation of Lixisenatide in 
Acute Coronary Syndrome) trial in 2015; however, this trial failed to 
show significant CV benefits among patients with DM and recent acute 
coronary syndrome [2]. However, the subsequent LEADER (Liraglutide 
Effect and Action in Diabetes: Evaluation of Cardiovascular Outcome 
Results) trial, which aimed to determine the CV effect of liraglutide 
marked a turning point and was the first to show a reduction in major 
adverse cardiovascular events (MACE) [3]. Several CVOTs have fol-
lowed since, such as the SUSTAIN-6 [4] (Trial to Evaluate Cardiovas-
cular and Other Long-term Outcomes with Semaglutide in Subjects with 
Type 2 Diabetes), HARMONY [5] (Albiglutide and Cardiovascular 
Outcomes in Patients with Type 2 diabetes and Cardiovascular Disease) 
and REWIND trial [6] (Dulaglutide and Cardiovascular Outcomes in 
Type 2 Diabetes), demonstrating that semaglutide, albiglutide, and 
dulaglutide respectively, reduced MACE among patients with DM and 
high CV risk. The SELECT (Semaglutide and Cardiovascular Outcomes in 
Obesity without Diabetes) trial evaluated semaglutide among patients 
with preexisting CVD who were overweight or obese and demonstrated 
to reduce MACE [7]. The STEP-HFpEF and STEP-HFpEF DM (Semaglu-
tide in Patients with Heart Failure with Preserved Ejection Fraction and 
Obesity and Obesity and Semaglutide in Patients with Obesity-Related 
Heart Failure and Type 2 Diabetes) trial demonstrated that among pa-
tients with heart failure with preserved ejection fraction, obesity treat-
ment with semaglutide led to reduced symptoms, limitations, and 
greater exercise function and weight loss [8,9]. 

GLP-1RAs have evolved from promising antihyperglycemic agents to 
becoming crucial cardiometabolic therapies with significant CV benefit. 
However, further research is still needed to elucidate cardiovascular and 
renal outcomes based on different subgroups. In this meta-analysis, we 
aimed to determine the cardiovascular and renal outcomes among pa-
tients with and without DM on GLP-1RA versus placebo. We also 
analyzed MACE outcomes based on sex, estimated glomerular filtration 
rate (eGFR), body mass index (BMI), and history of CVD. 

2. Methods 

This study was reported under the Preferred Reporting Items for a 
Review and Meta-Analysis (PRISMA) [10,11] and the checklist [11] was 
followed (Figure S1 and Table S1). Certainty of evidence was rated 
using the Grades of Recommendation, Assessment, Development, and 
Evaluation (GRADE) framework [12]. This study was registered in the 
International Prospective Register of Systematic Reviews (PROSPERO) 
[13], with the identification number CRD42022360886. 

2.1. Data sources and searches 

The literature search was performed using PubMed/MEDLINE, 
Ovid/Embase, google scholar, and clinicaltrials.gov from database 
inception until April 2024. Search terms included "glucagon-like 
peptide-1 receptor agonists", "GLP-1 agonist", "GLP-1RA", "semaglutide", 
"dulaglutide", "albiglutide", "exenatide", "liraglutide", “lixisenatide”, 
“efpeglenatide”, “placebo”, “cardiovascular disease”, “cardiovascular 
risk factors”, “renal outcomes” “nephropathy” “randomization”, “clin-
ical trials”, “intervention studies” and synonyms. Citations of selected 
articles and any relevant studies that evaluated GLP-1RA and cardio-
vascular outcomes were reviewed. After removing duplicates, records 
were reviewed at the title and abstract level, followed by the screening 
of full text based on our study criteria. 

2.2. Study selection 

Eligible phase III, double-blind placebo-controlled randomized 
controlled trials (RCTs) comparing treatment with GLP-1RA with pla-
cebo in adult patients aged 18 years and above were included. Moreover, 
the studies must have reported the primary efficacy endpoint which is 
MACE or any of the secondary efficacy endpoints namely, all-cause 
mortality, cardiovascular mortality, hospitalization due to HF, fatal 
and non-fatal myocardial infarction (MI), fatal and non-fatal stroke, 
revascularization, hospitalization due to unstable angina, and renal 
endpoints. Studies were excluded if (1) they did not report a control arm, 
(2) the control arm was not placebo, (3) participants were younger than 
18 years, and (4) studies reporting interim or post hoc analysis. Cross- 
over trials were also excluded due to the nature of the outcomes 
considered. Review articles, case reports, letters to the editor, com-
mentaries, proceedings, laboratory studies, and other non-relevant 
studies were also excluded. 

2.3. Data extraction 

Key participant and intervention characteristics and reported data on 
efficacy outcomes were extracted independently by two investigators 
(JPA and LLC) using standard data extraction templates. Any disagree-
ments were resolved by discussion or, if required, by a third author 
(FBR). Data on the following variables were extracted: first author’s 
name, year of publication, journal, study phase, interventional and 
control treatments, randomization method, analysis tool, number of 
randomized patients, and demographic and clinical data. In case of 
uncertainties regarding the study data, we contacted the authors of the 
specific study for additional information. Quality assessment was per-
formed independently by two review authors using the Revised 
Cochrane risk-of-bias tool for randomized trials. 

Abbreviations 

CVOT Cardiovascular outcome trials 
GLP-1RA Glucagon-like peptide 1 receptor agonists 
MACE major adverse cardiovascular events 
RCTs randomized controlled trials 
MI myocardial infarction 
CVD cardiovascular disease 
ASCVD atherosclerotic cardiovascular disease  
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2.4. Outcome measures 

The primary endpoint of this meta-analysis was major adverse car-
diac events (MACE). MACE was defined as death from cardiovascular 
causes, nonfatal MI, nonfatal stroke, and hospitalization for unstable 
angina. Additionally, subgroup analyses were performed for applicable 
studies on the differences in MACE based on (1) sex, (2) eGFR and (3) 
BMI, and (4) presence of CVD. 

Secondary endpoints included all-cause mortality, cardiovascular 
mortality, hospitalization due to HF, fatal and non-fatal MI, fatal and 
non-fatal stroke, revascularization, hospitalization due to unstable 
angina, and renal endpoints. 

2.5. Bias assessment 

All included studies reported a central randomization process, and 
outcomes were objectively determined. The included studies reported 
all primary and secondary outcomes as pre-specified in their protocols, 
so the risk of bias for selective reporting was judged as low. Three au-
thors (JVM, LLC and JPA) independently assessed the risk of bias based 
on the Cochrane Risk of Bias Tool (Figures S2) for studies that fulfilled 
the inclusion criteria. 

2.6. Statistical analysis 

We pooled all estimates using a random effects model based on the 
restricted maximum likelihood (REML) model. Effect sizes were 
expressed using log odds ratio with 95 % confidence intervals (CIs). For 
all outcomes, the significance level was set at a p-value of <0.05 or 95 % 
CI not including 1. Funnel plot and Egger test were used for estimation of 
publication bias. Both Cochran’s Q and Higgins and Thompson’s I2 
statistics were generated to describe the heterogeneities among the 
studies. We calculated the I2 statistics (0–100 %) to explain the between- 
study heterogeneity, with I2≤25 % suggesting acceptable homogeneity, 
25 % < I2≤75 % suggesting moderate heterogeneity, and I2>75 % 
suggesting high heterogeneity. Forest plots were used to plot the effect 
size, either for each study or overall. Publication bias was evaluated by 
graphical inspection of funnel plot; estimation of publication bias was 
quantified by means of Egger linear regression and nonparametric rank 
correlation (Begg) tests. (Table S2) Prespecified subgroup analyses for 
MACE were performed according to (1) Sex, (2) eGFR, and (3) BMI, and 
(4) presence of CVD. Stata version 14 (StataCorp, College Station, TX) was 
used to conduct the included studies’ meta-analyses. 

3. Results 

A literature search through April 2024, yielded 4178 potentially 
relevant references on GLP-1RA. (Figure S1). Of these, 1156 duplicates 
were removed. A total of 1.221 studies with unrelated interventions, 
outcomes, populations, non-original data (e.g., meta-analysis or re-
view), descriptive or observational study design, and study protocols 
were excluded. A total of 679 studies were left, and 667 articles were 
removed for not meeting the eligibility criteria. One article was obtained 
from google scholar after it was simultaneously published during trial 
presentation in the American College of Cardiology conference. The 
remaining 13 related studies were retrieved as full-text publications for 
detailed evaluation. Overall, 13 studies were included in the final meta- 
analysis. From the 13 studies, 83,258 eligible individuals were included 
for analysis. There were 29,967 (36 %) females overall. The study 
characteristics are shown in Table 1. Majority of the RCTs were multi-
national and sponsored by drug companies. 

Ten RCTs [2,4-7,14-18] reported MACE as the primary outcome, 
with eight [3-7,15,17,18] of them using a three-point MACE, which 
comprises death from cardiovascular causes, nonfatal MI, and nonfatal 
stroke, with some studies including death from undetermined cause. The 
other two (2) [2,14] RCTs that reported MACE as the primary outcome 

used a four-point MACE, which included the three-point MACE plus 
hospitalization for unstable angina. Two studies [8,9] used two primary 
outcomes: change from baseline in the Kansas City Cardiomyopathy 
Questionnaire clinical summary score (KCCQ-CSS) and change in body 
weight. Notable secondary outcomes shared by the RCTs include the 
individual MACE components, death from any cause, hospitalization for 
heart failure, hospitalization for unstable angina, coronary revasculari-
zation, microvascular complications of diabetes, composite renal 
outcome and its individual components (sustained worsening kidney 
function, macroalbuminuria, increase in urinary albumin to creatinine 
ratio, persistent need for continuous renal replacement therapy, death 
from renal causes), HbA1c, body weight, and lipids. Studies that 
recruited patients with HF also assessed functional status based on 
changes in the 6-minute walk test, changes in cardiac structure and 
function. 

Nine RCTs [2,4-6,9,14-18] were done exclusively on patients with 
T2DM, and two [7,8] studies excluded patients with T2DM. Among the 
13 RCTs in this study, four of them had a population exclusively of 
patients with baseline or established atherosclerotic cardiovascular 
disease (ASCVD). The nine remaining RCTs included patients with 
baseline ASCVD but included those with CV risk factors but without 
baseline ASCVD. No study excluded patients with ASCVD. According to 
the tool of Cochrane Collaboration for assessing risk of bias, there was no 
major risk of bias all the studies included. 

3.1. Outcomes 

As for the primary efficacy endpoint, 10 RCTs explored MACE as 
primary or secondary outcome. GLP-1RA significantly reduced MACE, 
(OR 0.86, 95 % CI: 0.80 to 0.94, p < 0.01), I2=53.6 %, compared to 
placebo. (Fig. 1) Subgroup analyses showed that GLP-1RA significantly 
reduced MACE in both sexes (females OR 0.83, 95 % CI: 0.76 to 0.91, p <
0.001), males OR 0.85, 95 % CI: 0.80 to 0.90, p < 0.001) and the 
treatment effect was not significantly different (p interaction NS) 
(Fig. 2). Furthermore, GLP-1RA reduced MACE regardless of CVD his-
tory (with history of CVD OR 0.84, 95 % CI: 0.77 to 0.92, p < 0.001), no 
history of CVD OR 0.89, 95 % CI: 0.81 to 0.97, p = 0.011), (p interaction 
NS), (Fig. 3) BMI (BMI <30 OR 0.76, 95 % CI: 0.63 to 0.92, p = 0.004), 
BMI of 30 and above (OR 0.86, 95 % CI: 0.79 to 0.93, p < 0.001) (p 
interaction NS), (Fig. 4) and eGFR level (eGFR <60 OR 0.80, 95 % CI: 
0.68 to 0.94, p = 0.008), eGFR greater than or equal to 60 (OR 0.86, 95 
% CI: 0.80 to 0.93), p < 0.001) (p interaction NS) (Fig. 5). 

As for secondary endpoints, GLP-1RA significantly reduced all-cause 
mortality compared to placebo (OR 0.87, 95 % CI: 0.82 to 0.93, p <
0.001). I2=12.4 %. (Fig. 6) Furthermore, GLP-1RA reduced CV mortality 
(OR 0.87, 95 % CI: 0.81 to 0.94, p < 0.001) (I2=0.0 %) (Fig. 7) and fatal 
(OR 0.74, 95 % CI: 0.56 to 0.96, p = 0.03) and non-fatal (OR 0.87, 95 % 
CI: 0.79 to 0.96, p = 0.005) stroke. (I2=0.0 %) (Fig. 8) Our meta-analysis 
shows statistically insignificant reduction in HF hospitalization among 
patients who received GLP-1 RA compared to placebo (OR 0.90, 95 % CI: 
0.80 to 1.01, p = 0.092). (I2=33.8 %) (Fig. 9) Moreover, GLP-1RA 
reduced coronary revascularization (OR 0.86, 95 % CI: 0.74 to 0.99, p 
= 0.023). (I2=71.6 %) (Fig. 10) Finally, GLP-1RA reduced the odds of 
the broad composite kidney outcome (OR 0.76, 95 % CI: 0.67 to 0.85, p 
< 0.001). (I2=51.5 %) (Fig. 11) On the contrary, GLP-1RA did not 
reduce fatal (OR 0.88, 95 % CI: 0.61 to 1.27, p = 0.50), and non-fatal 
(OR 0.91, 95 % CI, 0.82 to 1.02, p = 0.07) MI (I2=43.6 %) (Fig. 12), 
and hospitalization due to UA (OR 0.97, 95 % CI: 0.84 to 1.12, p = 0.69). 
(I2=0.0 %) (Fig. 13). 

4. Discussion 

Our study comprehensively assessed the impact of GLP-1RAs on 
cardiovascular and renal outcomes across a spectrum of parameters. 
(See Fig. 14 for Central Illustration) While previous meta-analyses done 
by Kristensen et al. (2019) [19] and Giugliano et al. (2021) [20] 
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Table 1 
Characteristics of included studies.  

Author (year) / 
Name of Trial 

Population No. of 
patients 

Follow- 
up 

Age, 
years 
(mean) 

Female, 
n (%) 

Drug Participants 
with 
established 
ASCVD, n (%) 

Participants 
with 
established or 
history of HF, n 
(%) 

Participants 
with eGFR <
60 ml/min per 
1.73 m2 (n,%) 

Primary 
endpoint 

Kosiborod 
et al. (2024)/ 
STEP-HFpEF 
DM Trial 
Kosiborod 
et al. (2023)/ 
STEP-HFpEF 
Trial 

Patients with 
HFpEF, BMI of 30 or 
higher and T2DM 
Patients with 
HFpEF and a BMI of 
30 or higher 

616 
529 

52 
weeks 
52 
weeks 

69 
69 

274 
(44.3) 
296 
(56.1) 

Semaglutide 
Semaglutide 

148 (24) 
98 (18) 

616 (100) 
529 (100) 

- 
- 

Change 
from 
baseline in 
the KCCQ- 
CSS scores 
Change 
from 
baseline in 
the KCCQ- 
CSS scores 

Lincoff et al. 
(2023)/ 
SELECT Trial 

Patients who had 
preexisting CVD 
and a BMI of 27 or 
greater but no 
history of diabetes 

17,604 39.8 
months 

61.6 4872 
(27.7) 

Semaglutide 14,452 (82) 4286 (24) – MACE 

Ruff et al. 
(2022) 

Patients with T2DM 
with, or at risk for 
ASCVD 

4156 1.3 
years 

63 1525 
(36.7 %) 

Exenatide 
(ITCA 650) 

3389 (82) 668 (16) – MACE 

Gerstein et al. 
(2021)/ 
AMPLITUDE- 
O Trial 

Persons with T2DM 
and a had a history 
of CVD and had 
kidney disease and 
at least one 
additional CV risk 
factor 

4076 1.81 
years 

64.5 1344 
(33.0) 

Efpeglenatide 3650 (89.6) 737 (18.1) – MACE 

Marso et al. 
(2020) / 
LEADER trial 

Patients with T2DM 
age >/=50 years 
with either 
established CVD or 
CKD, or age >/=60 
years with >/=1 
CV risk factor. 

9, 340 3.8 
years 

64.3 3337 
(35.7) 

Liraglutide 6764 (72.4) 1667 (17.8) 2158 (23.1) MACE 

Gerstein et al. 
(2019)/ 
REWIND 
Trial 

Patients with T2DM 
who had either a 
previous CV event 
or CV risk factors 

9901 5⋅4 
years 

66⋅2 
years 

4589 
(46.3) 

Dulaglutide 3109 (31.4) 853 (8.6) 2199 (22.2) MACE 

Husain et al. 
(2019)/ 
PIONEER 6 
Trial 

Patients with T2DM 
and had established 
CVD or CKD, or if 
they were 60 years 
of age or older and 
had CV risk factors 
only 

3183 15.9 
months 

66 1007 
(31.6) 

Semaglutide 2695 (84.7) 388 (12.2) 856 (26.9) MACE 

Hernandez 
et al. (2018) / 
HARMONY 
Outcomes 
Trial 

Patients with T2DM 
and established 
ASCVD 

9463 1.6 
years 

64.1 2894 
(30.6) 

Albiglutide 9463 (100) 1922 (20.3) 2222 (23.5) MACE 

Margulies et al. 
(2016)/ 
FIGHT Trial 

Patients with 
established 
diagnosis of HF and 
a LVEF of 40 % or 
lower during the 
preceding 3 months 

300  61 64 
(21.3) 

Liraglutide 246 (82) 300 (100) – Global 
rank score 

Holman et al. 
(2017)/ 
EXCEL trial 

Adults with T2DM 14,752 3.2 
years 

62.0 5603 
(38.0) 

Exenatide 10,782 (73.1) 2389 3191 (21.7) MACE 

Marso et al. 
(2016)/ 
SUSTAIN-6 
Trial) 

Adults with T2DM 3297 3.1 
years 

64.6 1295 
(39.3) 

Semaglutide 2735 (83) 777 (23.6) 939 (28.5) MACE 

Pfeffer et al. 
(2015)/ 
ELIXA trial 

Patients with T2DM 
who had a MI or 
who had been 
hospitalized for UA 
within the previous 
180 days 

6068 25 
months 

60.3 2894 
(30.7) 

Lixisenatide 6068 (100) 1922 (20.3) 1407 (23.2) MACE 

Abbreviations: ASCVD=atherosclerotic cardiovascular disease; BMI=body mass index; CKD=chronic kidney disease; CMR=cardiac magnetic resonance; CV=car-
diovascular; CVD=cardiovascular disease; eGFR=estimated glomerular filtration rate; HF=heart failure; HFpEF=heart failure with preserved ejection fraction; KCCQ- 
CSS=Kansas City Cardiomyopathy Questionnaire Clinical Summary Score; LVEF=left ventricular ejection fraction; MACE=major adverse cardiovascular events; 
MI=myocardial infarction; PCI=percutaneous coronary intervention; STEMI=ST-segment elevation myocardial infarction; T2DM=Type 2 diabetes mellitus; 
UA=unstable angina. 
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Fig. 1. Random effects meta-analysis on the effects of GLP-1RA on MACE. GLP-1RA=glucagon-like peptide 1receptor agonist; MACE=Major adverse cardiovas-
cular events. 

Fig. 2. Random effects meta-analysis on the effects of GLP-1RA on MACE, subgroup analysis based on sex. GLP-1RA=glucagon-like peptide 1 receptor agonist, 
MACE=Major adverse cardiovascular events. 
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Fig. 3. Random effects meta-analysis on the effects of GLP-1RA on MACE, subgroup analysis based on CVD history. CVD=cardiovascular disease; GLP-1RA=glu-
cagon-like peptide 1 receptor agonist, MACE=Major adverse cardiovascular events. 

Fig. 4. Random effects meta-analysis on the effects of GLP-1RA on MACE, subgroup analysis based on BMI. BMI=body mass index; GLP-1RA=glucagon-like peptide 
1 receptor agonist, MACE=Major adverse cardiovascular events. 
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Fig. 5. Random effects meta-analysis on the effects of GLP-1RA on MACE, subgroup analysis based on eGFR. eGFR=estimated glomerular filtration rate; GLP- 
1RA=glucagon-like peptide 1 receptor agonist, MACE=Major adverse cardiovascular events. 

Fig. 6. Random effects meta-analysis on the effects of GLP-1RA on all-cause mortality. GLP-1RA=glucagon-like peptide 1 receptor agonist.  
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Fig. 7. Random effects meta-analysis on the effects of GLP-1RA on CV mortality. CV=cardiovascular; GLP-1RA=glucagon-like peptide 1 receptor agonist.  

Fig. 8. Random effects meta-analysis on the effects of GLP-1RA on fatal and non-fatal stroke. GLP-1RA=glucagon-like peptide 1 receptor agonist.  
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evaluated such outcomes of GLP-1RAs, the study population of the RCTs 
included consisted entirely of adult patients with T2DM, with subgroups 
consisting merely of the presence and absence of preexisting cardio-
vascular disease. Similarly, a network meta-analysis that evaluated RCTs 
of patients on SGLT2i or GLP-1RAs, and a meta-analysis of real-world 
studies of patients on GLP-1RA, only included patients with T2DM 

[21,22]. Meanwhile, our meta-analysis included placebo-controlled 
trials consisting of adult patients without T2DM (STEP-HFpEF and 
SELECT), as well as trials done on patients with HF. Our study evaluated 
the efficacy of patients across different subgroups of previous ASCVD, 
BMI, sex, and eGFR level, thereby highlighting the consistency of 
GLP-1RA efficacy across diverse patient characteristics. 

Fig. 9. Random effects meta-analysis on the effects of GLP-1RA on heart failure hospitalization. GLP-1RA=glucagon-like peptide 1 receptor agonist.  

Fig. 10. Random effects meta-analysis on the effects of GLP-1RA on coronary revascularization. GLP-1RA=glucagon-like peptide 1 receptor agonist.  
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Fig. 11. Random effects meta-analysis on the effects of GLP-1RA on composite renal outcome. GLP-1RA=glucagon-like peptide 1 receptor agonist.  

Fig. 12. Random effects meta-analysis on the effects of GLP-1RA on fatal and non-fatal MI. GLP-1RA=glucagon-like peptide 1 receptor agonist; 
MI=myocardial infarction. 
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The results of our meta-analysis demonstrate that patients who 
received GLP-1RA have statistically significant reduction in overall 
mortality by 13 % compared to controls. Importantly, 63,572 of the 
83,258 (76 %) patients included in our study had established ASCVD at 
baseline, which could potentially explain the concordance of these re-
sults. In order to explain the observed benefit of GLP-1RA use in mor-
tality reduction, it is important to note the major contributors of 
mortality for these patients. Of major concern is the occurrence of 
MACE. Ten studies reported this outcome: eight RCTs used three-point 
MACE, which comprises death from cardiovascular causes, nonfatal 
MI, and nonfatal stroke. The other two RCTs used a four-point MACE, 
which included the three-point MACE plus hospitalization for unstable 
angina. 

Overall, patients who received GLP-1 RA had experienced 14 % 
reduction in MACE compared to patients who received placebo. The 
heterogeneity can be explained by the differences in the comorbidities of 
the patients, including the presence of T2DM. Giugliano, et al. (2021) 
[20] cited in a meta-analysis that patients with diabetes experienced 
greater reduction in MACE compared to non-diabetics, which is similar 
to our findings. It is also important to note that Pfeffer, et al. (2015) [2] 
reported a trend toward, however minimal, increased odds of MACE 
among those who received GLP-1 RA; however, this study involved 
patients with history of recent MI or unstable angina within the last 180 

days, which could independently increase their baseline risk of MACE. 
Most studies that reported nonsignificant MACE reduction tended to 
have shorter follow-up time, suggesting greater effect on MACE reduc-
tion over time. Bethel et al. (2017) [23], in a previous meta-analysis, 
reported similar findings, and postulated that GLP-1 RAs decrease car-
diovascular risk over time through anti-atherogenic mechanisms, 
including its impact on usual cardiovascular risk factors such as blood 
pressure lowering, anti-inflammatory pathways, effects on cardiac 
output, and effects in endothelium including ischemic conditioning. 

Compared to previous meta-analyses, our meta-analysis captured 
more females, comprising 29,967 out of the 83,258 patients included 
(36 %). Our study found that GLP-1RAs significantly reduce the risk of 
MACE in both males and females with no significant difference in effect 
between the two subgroups (Qb(1) = 0.14, p = 0.71). These results are 
consistent with previous meta-analyses, which also found similar 
reduction in MACE in both sexes [24,25]. Although it is well-known that 
the risk of developing CVD is higher in women with type 2 DM than in 
men, GLP-1RAs remain effective in improving CV outcomes regardless 
of sex [26]. Regardless, women remain underrepresented in CVOTs 
[27-29] and those with T2DM present with worse metabolic control, 
hence the need for guidelines and policies to optimize DM therapy 
specific to both male and female sex [30]. 

There is no significant difference in odds reduction for MACE among 
those with ASCVD history compared to those without history of CVD. It 
is important to note that at baseline, 63,572 of the 83,258 (76 %) pa-
tients included in our study had established ASCVD. Significant het-
erogeneity may be brought about by various factors in this large, pooled 
population. Among these, differences in age, length of follow-up pe-
riods, comorbidity profile, intake of medications and number of years of 
diabetes could have ultimately resulted in this nonsignificant finding. 

The odds reduction in MACE brought about by the use of GLP-1 RA 
do not significantly differ between patients with eGFR <60 ml/min and 
those with eGFR ≥ 60 ml/min. Our findings are consistent with Sattar 
et al. (2019) [31], in their meta-analysis that reported similar cardio-
vascular benefit among those who were given GLP-1 RA who had 
reduced eGFR (<60 ml/min) (HR 0.88, 95 % CI: 0.77 to 1.01) and 

Fig. 13. Random effects meta-analysis on the effects of GLP-1RA on hospitalization due to unstable angina. GLP-1RA=glucagon-like peptide 1 receptor agonist.  

Fig. 14. Central illustration.  
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preserved eGFR (HR 0.83, 95 % CI: 0.74 to 0.93) as compared to pla-
cebo, with nonsignificant interaction (p = 0.52). Combination therapy 
with GLP-1 and SGLT2 inhibitor for improvement of MACE and micro-
albuminuria has been explored but is yet to be formally studied. 

The odds reduction in MACE with GLP-1 RAs do not significantly 
differ between those with BMI<30 or BMI>30. The protective effect of 
GLP-1 can be due to its direct effect in GLP-1 receptors in the heart, 
independent of its ability to decrease body weight [32] and improve 
lipid metabolism which are acted upon by GLP-1 receptors in the brain 
and adipose tissues [33]. 

We were able to establish that patients who received GLP-1 RA had 
insignificant, but with a trend toward, reduction of odds of myocardial 
infarction for both fatal and non-fatal MI. The odds of getting hospi-
talized for unstable angina, among patients taking GLP-1 RA was also 
not statistically different from those who were taking placebo. These 
results illustrate the multifactorial nature of MI and UA, where various 
factors contribute to the development and progression of these condi-
tions. While GLP-1RAs exhibit positive effects on broader cardiovascular 
outcomes, they may not be the primary driver for reducing the odds of 
having and/or dying from myocardial infarctions and incurring hospi-
talizations due to UA. 

The use of GLP-1 RA in our meta-analysis has shown to avoid the 
need for coronary revascularization. However, on closer inspection, the 
significant heterogeneity of our result may be because only Lincoff, et al. 
(2023) and Marso (2016) had significant results. These two studies had 
longer follow-up periods compared to the others, presumably due to 
greater protective effect of GLP-1 RA with longer therapy [23]. 

Interestingly, reduction in the odds of stroke with GLP-1RAs appears 
to be more significant compared to myocardial infarction, both fatal 
stroke and nonfatal stroke. Lin et al. (2021) [34] in their meta-analyses 
concluded that only GLP-1 RAs reduce the risk of stroke as compared to 
novel antidiabetic agents like Dipeptidylpeptidase 4 inhibitor (DPP-4i) 
and Sodium Glucose Transporter 2 inhibitor therapy (SGLT2i). In 
another meta-analysis by Wei et al. (2022) [35], they specified that this 
effect is only significant for ischemic stroke in T2DM patients (RR 0.83, 
95 % CI: 0.73 to 0.95, p = 0.008) and is not significant for risk reduction 
for hemorrhagic stroke (RR 1.54, 95 % CI: 0.74 to 3.23, p = 0.25). 
Among the potential mechanisms cited include potential antiathero-
sclerotic and vasculoprotective properties of GLP-1 RAs like inhibition of 
oxidative stress and inflammation in endothelial cells that enhances clot 
stability; reduction in cytokine production; and an independent neuro-
protective effect. 

Of the 83,258 patients included in studies that have included HF 
cohorts, a total of 17,054 patients (20 %) were identified. Two studies, 
Kosiborod, et al. (2023) [8,9] and Margulies et al. (2016) [36], had all 
participants (100 %) with established HF; but their results were noted to 
be conflicting. Our meta-analysis shows statistically insignificant, with 
trend toward reduction in HF hospitalization among patients who 
received GLP-1 RA compared to placebo. Other than Kosiborod et al. 
(2023) [8] (2024) [9], none of the studies were able to demonstrate 
statistically significant benefit. Zelnicker, et al. (2019) [1] demonstrated 
that GLP-1 RA paled in comparison to SGLT2-inhibitors in demon-
strating benefit in reducing hospitalizations in heart failure, which is 
currently one of the standards of care in HF management (HR GLP-1 
RA= 0.93, 95 % CI: 0.83 to 1.04) vs HR SGLT2i = 0.69, 95 % CI: 0.61 
to 0.79). However, Sattar et al. (2021) [31] argues that by using a 
different mechanism of action like preventing coronary occlusion or 
salutary effect on myocardial small vessels, combined use of GLP-1 RA 
and SGLT2 inhibitor may be beneficial in reducing hospitalization for 
diabetic patients with HF. 

Composite renal outcome, being a surrogate marker for renal disease 
progression we used for our meta-analysis, compasses a range of out-
comes related to kidney health, especially highlighting kidney disease 
progression and complications with parameters such as increased uri-
nary albumin:creatinine ratio, new-onset macroalbuminuria, sustained 
decline in eGFR, sustained increase in serum creatinine, need of 

continuous renal replacement therapy, and death due to renal disease. 
This finding is particularly significant considering the increasing 
recognition of the interplay between diabetes, cardiovascular disease, 
and renal complications. Our meta-analysis was able to identify 9781 
patients (17.5 %) with eGFR of <60 ml/min, out of the 56,006 patients 
included in 7 component studies that measured this parameter. Pooled 
analysis of 5 studies revealed a protective effect of GLP-1 RA use 
compared to placebo versus occurrence of adverse composite renal 
outcomes. There was moderate heterogeneity observed (I2 = 50.3 %) 
however, all component studies demonstrated statistically significant 
benefit in favor of GLP-1 RA use compared to placebo. Our result is 
similar to the study of Zelniker, et al. (2019) [1], reporting a net benefit 
in composite renal outcomes among T2DM patients who were given 
GLP-1RA compared to placebo. However, this effect pales in comparison 
to SGLT2i which achieved superior results in renal outcomes vs GLP-1 
RA and is currently the standard of care for reduction of adverse com-
posite renal outcomes in this population. Mann, et al. (2017) [37], in his 
study on GLP-1 RA (Liraglutide) among those who have established type 
2 DM, dissected the composite renal outcomes to identify which among 
new onset persistent macroalbuminuria, increase (doubling) of serum 
creatinine, need for renal replacement therapy and deaths due to renal 
disease do GLP-1 RA significantly exert its beneficial effect. GLP-1 RA 
was able to achieve a significant reduction in composite renal outcome 
(HR 0.78, 95 % CI: 0.67 to 0.92, p = 0.03), and this effect was signifi-
cantly achieved mainly through reduction new-onset persistent macro-
albuminuria (HR 0.74, 95 % CI: 0.60 to 0.91, p = 0.004). This effect is 
significant, even in terms of reduction of renal risk among those who 
have baseline microalbuminuria or macroalbuminuria (HR 0.81 95 % 
CI: 0.68 to 0.96). Among those with eGFR between 30 and 60 ml/min, 
significant reduction in eGFR decline compared to placebo was observed 
after 12 months in patients randomized to GLP1-RA. 

The result of our study illustrates the substantial cardiovascular and 
renal effects of GLP-1RAs. Unlike earlier meta-analyses, our meta- 
analysis covered studies with diverse populations, not only patients 
with type 2 diabetes, but also those with HF and analyzed various 
subgroups. The reduction in critical cardiovascular outcomes including 
MACE, CV death, coronary revascularization, renal disease progression 
and overall mortality across diverse populations indicates that GLP- 
1RAs can be used as cornerstones in therapy to prevent ASCVD. 

Both the American College of Cardiology (ACC) and the European 
Society of Cardiology (ESC) recommend (class I, level of evidence A) the 
use of GLP-1RAs for patients with T2DM and chronic coronary syn-
drome/disease (CCS/CCD) in order to reduce MACE [38,39]. While 
there were no recommendations from the ACC regarding the usage of 
GLP-1RAs for patients with STEMI and NSTE-ACS, the newly published 
2023 ESC guidelines for the management of ACS mentioned that SGLT2 
inhibitors (SGLT2i) and GLP-1RAs reduce the risk of new ACS events, 
HF, and renal impairment, and the reduction is independent of baseline 
HbA1c levels [40]. 

Furthermore, several key recommendations were made in the recent 
2023 ESC Guidelines on Diabetes and Cardiovascular Diseases: GLP- 
1RAs such as liraglutide, semaglutide, or dulaglutide were recom-
mended (class I, level of evidence A) among patients with T2DM and 
ASCVD to reduce CV risk, independent of baseline or target HbA1c [41]. 
These three medications may be considered (class IIb, level of evidence 
C) among patients with T2DM without ASCVD or severe target organ 
damage but with a calculated 10-year CVD risk >/= 10 % to reduce 
ASCVD risk. Liraglutide and semaglutide should be considered (class IIa, 
level of evidence B) among patients with DM and eGFR > 30 
mL/min/1.73 m2 for reduction of renal endpoints. Along with the three 
aforementioned GLP-1RAs, lixisenatide, exenatide ER, and efpeglena-
tide should be considered (class IIa, level of evidence A) for patients with 
T2DM at risk of, or with HF, for glucose-lowering treatment since they 
have a neutral effect on HF hospitalization [41]. This is in contrast with 
the earlier ESC heart failure guidelines in 2021, as it did not recommend 
GLP-1RAs for the prevention of HF events, basing the recommendation 

F.B. Rivera et al.                                                                                                                                                                                                                                



American Journal of Preventive Cardiology 18 (2024) 100679

13

on two trials that used liraglutide on patients with heart failure with 
reduced left ventricular ejection fraction [42]. Conversely, the 2022 
ACC HF guidelines did not mention the use of GLP-1RAs for patients 
with HF. An earlier 2021 ESC guideline on CVD prevention recom-
mended both SGLT2i and GLP-1RAs for patients with T2DM and ASCVD 
to reduce cardiovascular and cardiorenal outcomes (class I, level of 
evidence A), but recommended SGLT2i only (class I, level of evidence A) 
for patients with T2DM and CKD, and T2DM and HF for these outcomes 
[43]; the latter two recommendations were different from the more 
recent 2023 ESC guidelines for patients with T2DM and eGFR > 30 
mL/min/1.73 m2, and T2DM and HF [41]. In addition, both SGLT2i and 
GLP-1RAs may be considered (class IIb, level of evidence B) for patients 
with T2DM and target organ damage to reduce future CVD and total 
mortality, and both should be considered (class IIa, level of evidence B) 
for patients with T2DM without ASCVD, HF, or CKD based on estimated 
future risks (e.g. using the ADVANCE risk score or DIAL model) for 
adverse cardiovascular or cardiorenal outcomes [43]. Interestingly, no 
guideline mentioned the use of GLP-1RA among patients without T2DM 
to reduce MACE. 

5. Strength and limitations 

To our knowledge, this is the first meta-analysis to comprehensively 
report on cardiorenal outcomes in participants receiving GLP-RA across 
diverse populations and different subgroups. This is a study-level meta- 
analysis, and we could not access individual patient data. Other limi-
tations include heterogeneity in GLP-1RA studies. Publication bias may 
be present, the extent of which cannot fully be quantified due to a lack of 
tools for evaluating this in studies with continuous outcomes. However, 
we did our best to limit as much bias as possible by utilizing a robust 
analytical approach to adjust for potential moderators by doing a sub-
group analysis. 

6. Conclusion 

The use of GLP-1RA results in significant MACE reduction in both 
males and females, with and without CVD history, and on both spectrum 
of eGFR and BMI. GLP-1RA also reduced the odds of all-cause and CV 
mortality, fatal and non-fatal stroke, coronary revascularization, and 
composite kidney outcomes. Thus, our data support the use of GLP-1RA 
in eligible patients. 
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