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Effect of GLP-1 receptor agonists on cardiovascular events in overweight or obese adults without diabetes: a meta-analysis of placebo-controlled randomized trials

Aims:

To study the effect of GLP-1 RA on the risk of any cardiovascular event in adults with overweight or obesity and without diabetes.

Materials and Methods:

We conducted a random-effects meta-analysis of placebocontrolled randomized controlled trials.

Results: Nine trials were eligible and a total of 11430 patients were included, of which 7702 (67%) were submitted to treatment with GLP-1 RA. During follow-up, 673 participants receiving GLP-1 RA treatment (8.7%) and 416 participants receiving placebo (11.2%) had a cardiovascular event. Treatment with GLP-1 RA versus placebo resulted in a reduction in the risk of any cardiovascular event (RR=0.81, CI 0.70-0.92; p=0.001).

Conclusions:

In overweight or obese adults without diabetes, treatment with GLP-1 RA reduces the risk of cardiovascular events. Our findings support the use of GLP-1 RA for reducing the cardiovascular risk of these patients.

Background

Obesity is a major public health issue affecting approximately 39% of the adult population worldwide, and is associated with an increased risk of cardiovascular events [START_REF] O'neil | Efficacy and safety of semaglutide compared with liraglutide and placebo for weight loss in patients with obesity: a randomised, double-blind, placebo and active controlled, dose-ranging, phase 2 trial[END_REF] .

Glucagon-like peptide-1 receptor agonists (GLP-1 RA) have been shown to reduce body weight, as adjuncts to lifestyle intervention. In people with type 2 diabetes (T2D), GLP-1 RA reduced the risk of major adverse cardiovascular events (MACE) [START_REF] Kristensen | Cardiovascular, mortality, and kidney outcomes with GLP-1 receptor agonists in patients with type 2 diabetes: a systematic review and meta-analysis of cardiovascular outcome trials[END_REF] . Still, the potential cardiovascular benefits of GLP-1 RA in obese people without T2D remains to be established, mainly because GLP-1 RA trials in obese populations were small or with a short follow-up time; thus, the individual trials were underpowered to test the effect of GLP-1 RA on cardiovascular events among overweight or obese people without T2D.

Our aim was to assess the effect of GLP-1 RA on the risk of cardiovascular events in overweight or obese adults without T2D.

Methods

Study design

We conducted a meta-analysis of randomized controlled trials (RCTs) in which treatment with GLP-1 RA in people with overweight or obesity and without T2D was evaluated.

This meta-analysis is in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) reporting guideline [START_REF] Page | The PRISMA 2020 statement: an updated guideline for reporting systematic reviews[END_REF] .

Search strategy and selection criteria

We performed a search of literature in PubMed and ClinicalTrials.gov, from inception to January 2022. The search used terms related to overweight and obesity, GLP-1 RA and RCTs (Supplementary Appendix, Appendix 2).

Eligible RCTs had to fulfil the following criteria: 1) enrolled adult participants (over 18 years old) with overweight or obesity (body mass index (BMI) ≥27 kg/m 2 with at least 1 weight-related comorbidity or BMI ≥30 kg/m 2 ) and without type 1 or type 2 diabetes, in which 2) GLP-1 RA were the active treatment (controls had to be treated with placebo).

For studies that evaluated multiple doses or different GLP-1 RA drugs, all groups treated with GLP-1 RA were combined and compared with the control group. Two independent reviewers (A. R. L and A. A. G) evaluated trial eligibility and extracted data on study identifiers, study design and setting, participant characteristics at baseline, reported outcomes and adverse events.

Outcomes

The primary outcome was the occurrence of any cardiovascular event during the followup. The cardiovascular events included in the primary outcome are depicted in the Supplementary Appendix, Table S1. The secondary outcomes included 1) MACE, including cardiovascular death, nonfatal stroke or nonfatal myocardial infarction; and 2) events of myocardial ischemia, defined as the occurrence of an acute coronary syndrome, or the need for percutaneous coronary intervention or surgical revascularization. For both primary and secondary outcomes, only the first event was considered.

Statistical analysis

We performed a random-effects meta-analysis. The heterogeneity was assessed using the Cochran Q test statistic and Higgins and Thompson I 2 and was considered as low, moderate, or high if I 2 was <25%, 25-75%, or >75%, respectively. The results of the meta-analysis are presented as risk ratios (RR) with 95% confidence intervals (CI).

Only when 3 or more articles were available, did we undertake subgroup analysis based on the drug and dosage (semaglutide 2.4 mg and liraglutide 3.0 mg). We assessed publication bias by visual inspection of funnel plots, with the ascertainment for potential asymmetry of published results by Egger's regression test and Duval and Tweedie's trim-and-fill method. The statistical analyses were performed using Stata ® (StataCorp. 

Results

Of the 847 articles identified, 801 were excluded at first screening because they did not meet the eligibility criteria. After full-text analysis, 30 articles were further excluded, leading to the final inclusion of 9 studies (Supplementary Appendix, Figure S1) [START_REF] O'neil | Efficacy and safety of semaglutide compared with liraglutide and placebo for weight loss in patients with obesity: a randomised, double-blind, placebo and active controlled, dose-ranging, phase 2 trial[END_REF][START_REF] Rubino | Effect of Weekly Subcutaneous Semaglutide vs Daily Liraglutide on Body Weight in Adults With Overweight or Obesity Without Diabetes: The STEP 8 Randomized Clinical Trial[END_REF][START_REF] Rubino | Effect of Continued Weekly Subcutaneous Semaglutide vs Placebo on Weight Loss Maintenance in Adults With Overweight or Obesity: The STEP 4 Randomized Clinical Trial[END_REF][START_REF] Wadden | Effect of Subcutaneous Semaglutide vs Placebo as an Adjunct to Intensive Behavioral Therapy on Body Weight in Adults With Overweight or Obesity: The STEP 3 Randomized Clinical Trial[END_REF][START_REF] Wilding | Once-Weekly Semaglutide in Adults with Overweight or Obesity[END_REF][START_REF] Le Roux | 3 years of liraglutide versus placebo for type 2 diabetes risk reduction and weight management in individuals with prediabetes: a randomised, double-blind trial[END_REF][START_REF] Blackman | Effect of liraglutide 3.0 mg in individuals with obesity and moderate or severe obstructive sleep apnea: the SCALE Sleep Apnea randomized clinical trial[END_REF][START_REF] Pi-Sunyer | A Randomized, Controlled Trial of 3.0 mg of Liraglutide in Weight Management[END_REF][START_REF] Wadden | Weight maintenance and additional weight loss with liraglutide after low-calorie-diet-induced weight loss: The SCALE Maintenance randomized study[END_REF] .

The baseline characteristics of the participants from the eligible RCTs are depicted in Table 1. A total of 11430 patients were included, of which 7702 (67%) were submitted to treatment with GLP-1 RA (liraglutide or semaglutide). The duration of follow-up ranged from 32 to 160 weeks. The mean age of all trial participants was 46 years, 75% were women and the mean BMI was 38.1 kg/m 2 .

The number of participants with any cardiovascular event (primary outcome), MACE and myocardial ischemia event (secondary outcomes) are presented in the Supplementary Appendix, Table S2.

During follow-up, 673 participants receiving GLP-1 RA treatment (8.7%) and 416 participants receiving placebo (11.2%) had a cardiovascular event. The treatment effect of GLP-1 RA versus placebo resulted in a statistically significant reduction in the risk of any cardiovascular event (RR=0.81, CI 0.70-0.92; p=0.001), Figure 1.

Treatment with GLP-1 RA was not associated with a decrease in the risk of MACE (RR=0.58, CI 0.23-1.45; Supplementary Appendix, Figure S2). Semaglutide 2.4 mg and liraglutide 3.0 mg were individually associated with a trend for a decrease in the risk of any cardiovascular event (semaglutide 2.4 mg: RR=0.73, CI 0.51-1.04; liraglutide 3.0 mg: RR=0.87, CI 0.76-1.00; Supplementary Appendix, Figures S3 andS4).

The assessment of the risk of bias by visual inspection of funnel plots (Supplementary

Appendix, Figures S5) and quantitative assessment suggested no indication of publication bias.

Discussion

Our results showed that treatment with GLP-1 RA reduced cardiovascular events in adults with overweight or obesity without diabetes.

GLP-1 RA are known to improve cardiovascular outcomes in patients with T2D 2 , promoting glycaemic control and body weight reduction, among other beneficial cardiometabolic effects [START_REF] Nauck | Cardiovascular Actions and Clinical Outcomes With Glucagon-Like Peptide-1 Receptor Agonists and Dipeptidyl Peptidase-4 Inhibitors[END_REF] . Similar improvements in cardiovascular risk factors were recently reported in overweight or obese patients [START_REF] Wadden | Effect of Subcutaneous Semaglutide vs Placebo as an Adjunct to Intensive Behavioral Therapy on Body Weight in Adults With Overweight or Obesity: The STEP 3 Randomized Clinical Trial[END_REF][START_REF] Le Roux | 3 years of liraglutide versus placebo for type 2 diabetes risk reduction and weight management in individuals with prediabetes: a randomised, double-blind trial[END_REF][START_REF] Blackman | Effect of liraglutide 3.0 mg in individuals with obesity and moderate or severe obstructive sleep apnea: the SCALE Sleep Apnea randomized clinical trial[END_REF][START_REF] Pi-Sunyer | A Randomized, Controlled Trial of 3.0 mg of Liraglutide in Weight Management[END_REF] . In a former post-hoc analysis, liraglutide 3.0 mg was not associated with excess cardiovascular risk and a potential benefit was proposed 13 . This is the first meta-analysis documenting a decrease in the risk of cardiovascular events in adults with overweight or obesity and without diabetes treated with GLP-1 RA. These results strengthen the hypothesis that GLP-1 RA reduce cardiovascular events on top of weight reduction. On the other hand, our analysis was underpowered to detect a significant effect on MACE. The low number of events is probably explained by the young age of the population and the short follow-up time of most studies included.

Our data was obtained from the safety analysis of RCTs that studied GLP-1 RA for other purposes. However, our results lay the foundation for the development of RCTs that evaluate the long-term effects of GLP-1 RA on cardiovascular outcomes in this population. The results of the ongoing SELECT Trial (NCT03574597) will assess the effects of GLP-1 RA on cardiovascular outcomes in participants with overweight or obesity.

This meta-analysis has some limitations. First, a significant proportion of the studies included did not present a detailed definition of the cardiovascular events in the safety analysis. This led us to include a broad range of cardiovascular events as our primary outcome. Furthermore, we were unable to perform a time-to-event analysis due to lack of data in the included articles.

Conclusion

GLP-1 RA reduced cardiovascular events among overweight or obese adults without diabetes. Our findings support the use of GLP-1 RA for reducing the cardiovascular risk of these patients. Ongoing outcome trials with GLP-1 RA will fully characterize their potential to prevent cardiovascular events in people with obesity.
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From The data was obtained from the safety analysis of each trial. All included trials collected data on adverse events according to standardized terms of MedDRA forms. Whenever possible, we specified all the monitored CV events 1 in each trial and which of those occurred 2 in trial patients.

Trial Considered CV Events

STEP8 2022 CV events were identified and reported according to the event report form MedDRA version 23.1.

STEP1 2021

CV events were identified and reported according to the event report form MedDRA version 22.1.

STEP3 2021

CV events were identified and reported according to the event report form MedDRA version 22.1.

STEP4 2021

CV events were identified and reported according to the event report form MedDRA version 22. Appendix 5: Table S2. CV events in the included trials. 
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All data was obtained from the cited papers and respective supplementary appendixes, which are publicly available.