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Background: Type 2 diabetes mellitus (T2DM) increases major adverse cardiovascular event (MACE) risk, requiring effective 
interventions. Glucagon-like peptide-1 receptor agonists (GLP-1RAs) reduce MACE, but the impact of baseline characteristics on their 
efficacy is unclear from previous analyses.
Methods: This PRISMA-guided systematic review and meta-analysis included randomised controlled trials (RCTs) comparing GLP- 
1RAs with placebo in patients with T2DM, sourced from PubMed and Google Scholar. We extracted MACE hazard ratios (HR), 95% 
confidence intervals (CI), and baseline characteristics (age, BMI, SBP, HbA1c, eGFR, male proportion, diabetes duration, CVD 
prevalence). A random-effects model estimated pooled HR, with heterogeneity assessed via prediction intervals. Meta-regression 
identified moderators. Sensitivity analyses and the RoB 2 Tool assessed bias; GRADE evaluated the certainty of evidence.
Results: Across 11 RCTs (83,536 participants), the pooled HR for MACE was 0.87 (95% CI: 0.81–0.93), indicating a 13% risk 
reduction with moderate heterogeneity (prediction interval: 0.79–0.96). After excluding T2DM duration due to multicollinearity, 
multivariate meta-regression identified age (p = 0.02) and HbA1c (p = 0.03) as significant moderators, which persisted after excluding 
FREEDOM-CVO (age, p = 0.03; HbA1c, p = 0.04). Baseline CVD prevalence did not moderate outcomes (p = 0.892). Bias was low; 
evidence certainty was moderate.
Conclusion: GLP-1RAs reduce MACE in T2DM, particularly in older patients with lower baseline HbA1c. This fills a critical gap in 
prior meta-analyses by identifying actionable pre-treatment predictors that support personalised therapy.
Protocol Registration: Ghosal et al INPLASY protocol 202580045. doi:10.37766/inplasy2025.8.0045 INPLASY202580045.
Keywords: GLP-1 receptor agonists, type 2 diabetes mellitus, major adverse cardiovascular events, meta-analysis, age, HbA1c

Introduction
Type 2 diabetes mellitus (T2DM) is a global health challenge that significantly contributes to cardiovascular morbidity and 
mortality.1 Major adverse cardiovascular events (MACE), such as myocardial infarction, stroke, and cardiovascular death, 
are key concerns in T2DM management, with traditional therapies often falling short in adequately reducing this risk.2

Beyond hyperglycaemia, cardiometabolic risk in T2DM is shaped by chronic low-grade inflammation, endothelial 
dysfunction, and immune–metabolic cross-talk.3 Glutamine-driven macrophage activation and adhesion-molecule poly
morphisms such as ICAM-1 rs5498 have been implicated in atherosclerotic progression, highlighting the biological 
plausibility that anti-inflammatory or pleiotropic metabolic agents could yield cardiovascular benefit.3

At a health-system level, T2DM imposes a substantial burden through avoidable hospitalisations and comorbidities 
such as anaemia, even among patients with apparently optimal metabolic control.4 These observations reinforce the 
unmet need for therapies that address residual cardiovascular risk and improve outcomes across diverse populations. 
Environmental and hepatic metabolic stressors—for example, those mediated by PI3K/AKT/mTOR signalling- further 
contribute to this complex risk milieu.5,6
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Glucagon-like peptide-1 receptor agonists (GLP-1RAs), a class of incretin-based therapies, have shown promise as they 
lower glucose and may provide cardiovascular benefits.7 Cardiovascular outcome trials (CVOTs) have demonstrated that 
GLP-1RAs can reduce MACE, but the consistency and extent of this benefit across different patient groups remain unclear.8

The efficacy of GLP-1RAs may depend on baseline patient characteristics, such as body mass index (BMI), systolic blood 
pressure (SBP), and diabetes duration, which could influence personalised treatment plans.9 Although prior meta-analyses 
have confirmed the cardiovascular benefits of GLP-1RAs, few have systematically explored baseline patient characteristics— 
such as age and HbA1c—as potential moderators of MACE reduction. Observed heterogeneity in trial outcomes (eg, HRs 
ranging from 0.74 to 1.20) suggests variability in treatment effect that cannot be fully explained by drug class or study design 
alone. This gap limits the ability to identify patients most likely to benefit, particularly in light of moderate evidence certainty 
and the growing emphasis on precision medicine in T2DM. We therefore conducted a meta-regression to evaluate age and 
HbA1c as predictors of GLP-1RA efficacy, aiming to inform personalised therapeutic strategies.

This study aimed to systematically review and perform a meta-analysis of CVOTs to evaluate the effectiveness of 
GLP-1RAs in reducing MACE in T2DM patients compared to placebo, and to examine the moderating effects of baseline 
characteristics through multivariate meta-regression. The PICO framework guided the search strategy.

● Population: Adults with T2DM.
● Intervention: GLP-1RA therapy.
● Comparison: Placebo.
● Outcome: MACE (composite of cardiovascular death, non-fatal myocardial infarction, and non-fatal stroke).

By addressing these objectives, this analysis aims to provide evidence-based insights into the cardiovascular benefits of 
GLP-1RAs and to identify patient-specific factors that influence these effects positively or negatively. The protocol was 
registered with INPLASY (INPLASY202580045, doi: 10.37766/inplasy2025.8.0045).

Methods
Study Design and Search Strategy
This systematic review and meta-analysis followed the guidelines established by the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses (PRISMA).6 Two investigators, Dr. Samit Ghosal (MD, FRCP, Consultant 
Physician at Nightingale Hospital, Kolkata, India) and Miss Anuradha Ghosal (a third-year student at Aston University, 
Birmingham, UK), independently conducted comprehensive literature searches using PubMed and Google Scholar 
databases to identify randomized controlled trials (RCTs) comparing glucagon-like peptide-1 receptor agonists (GLP- 
1RAs) to placebo regarding major adverse cardiovascular events (MACE) among patients with type 2 diabetes mellitus 
(T2DM). The searches were performed with filters, including the English language and a search period from January 2010 
to August 2025, with the final search conducted on August 1, 2025. The keywords used included “GLP-1RA”, “cardio
vascular outcome trials”, “MACE”, and “RCT”. Discrepancies between search results were resolved through consensus. An 
initial total of 537 records were identified from PubMed, of which 153 duplicates were removed. After screening 384 
records, 374 were excluded because 221 were not CVOTs, 98 were not RCTs, and 55 did not report MACE. Thus, 10 reports 
were considered suitable for eligibility assessment. The preliminary Google Scholar search yielded 362 citations, which, 
after removing duplicates (n=126), irrelevant entries (n=213), and studies not meeting inclusion criteria (n=22), resulted in 
the inclusion of one additional citation, bringing the total number of studies to 11.10–20 A PRISMA flow diagram illustrating 
this process is provided in Figure 1. The search was restricted to English-language publications from January 1, 2010, to 
August 1, 2025. Final searches were conducted on August 1, 2025.

Eligibility Criteria
Studies were included if they met all of the following criteria (PICO framework):

● Population: Adults (≥18 years) with type 2 diabetes mellitus (T2DM)
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● Intervention: GLP-1 receptor agonist (any agent, dose, or duration)
● Comparison: Placebo
● Outcome: Reported major adverse cardiovascular events (MACE) as a 3-point composite (cardiovascular death, 

non-fatal myocardial infarction, non-fatal stroke) with hazard ratio (HR) and 95% confidence interval (CI)
● Study Design: Randomized controlled trial (RCT)

Studies were excluded if:

● MACE was not reported or not defined as a 3-point composite
● An active comparator was used instead of a placebo
● Population included non-T2DM patients or was restricted to acute coronary syndrome without chronic T2DM
● Only published in abstract form or in a non-English language
● Grey literature (eg, conference abstracts, theses) was not actively searched but included if retrieved and met the criteria

Only full-text peer-reviewed publications were included. No unpublished or grey literature was systematically searched.

MACE Definition Consistency and Standardisation
All included RCTs reported 3-point MACE (cardiovascular death, non-fatal myocardial infarction, non-fatal stroke) as a pre- 
specified outcome. Although ELIXA and FREEDOM-CVO used 4-point MACE (adding hospitalisation for unstable angina) 
as their primary endpoint, both trials explicitly reported 3-point MACE hazard ratios (HRs) as secondary outcomes:

● ELIXA: HR = 1.00 (95% CI: 0.87–1.15)
● FREEDOM-CVO: HR = 1.20 (95% CI: 0.88–1.64)

Figure 1 PRISMA flow diagram illustrating the study selection process for randomised controlled trials (RCTs) evaluating glucagon-like peptide-1 receptor agonists (GLP-1RAs) 
versus placebo in patients with type 2 diabetes mellitus (T2DM), showing the number of records identified, screened, and included (n = 11 trials).
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For consistency across all 11 trials, only the 3-point MACE HRs were extracted and used in the meta-analysis. No further 
adjustment or imputation was required.

Cardiovascular Risk Stratification
No formal thresholds for “moderate” or “high” cardiovascular risk were applied. Inclusion required reporting 3-point 
MACE as an outcome in T2DM patients, regardless of baseline CV risk. Trials spanned primary prevention (eg, 
REWIND: 31% CVD) to secondary prevention (eg, ELIXA: 100% CVD).

Data Extraction
Data were independently extracted by two investigators using a standardized form that included trial name, sample size, HR, 95% 
CI, and baseline characteristics such as age, body mass index (BMI), systolic blood pressure (SBP), glycated haemoglobin 
(HbA1c), estimated glomerular filtration rate (eGFR), male proportion, diabetes duration, and cardiovascular disease (CVD) 
prevalence. Discrepancies were resolved through consensus. The baseline characteristics are summarised in Table 1.

Risk of Bias and Certainty of Evidence
The potential for bias was evaluated utilising the Revised Cochrane Risk-of-Bias Tool for Randomised Trials (RoB 2), 
which examines domains including random sequence generation, allocation concealment, blinding, and selective report
ing. The certainty of evidence was appraised employing the Grading of Recommendations, Assessment, Development, 
and Evaluations (GRADE) methodology, taking into account risk of bias, inconsistency, imprecision, indirectness, and 
publication bias.

Statistical Analysis
A random-effects model was used to estimate the pooled HR for MACE across the included trials, employing the 
DerSimonian and Laird method to account for between-study heterogeneity. Heterogeneity was evaluated using the 
prediction interval. Univariate meta-regression was planned to identify potential moderators among baseline character
istics (age, BMI, SBP, HbA1c, eGFR, male proportion, diabetes duration, and CVD prevalence) using the metafor 
package in R (version 4.4.3). The significance level was set at p < 0.05, with the QM statistic used to test the overall 
contribution of moderators and R2 to estimate the proportion of heterogeneity explained.

Following univariate meta-regression (Supplementary Table 2), age, HbA1c, and diabetes duration were significant 
moderators (p < 0.05). An initial multivariate model including all three showed loss of significance, prompting a formal 
assessment of multicollinearity. A correlation matrix and approximate variance inflation factors (VIF) were computed 
using a linear model fitted to logHR and the moderators. Diabetes duration had the highest VIF (4.87), driven by its 
moderate correlations with age (r = 0.67) and HbA1c (r = 0.66), indicating redundancy in the multivariate model 
(Supplementary Table 4). It was therefore excluded. The refined multivariate model with age and HbA1c restored 
significance (p = 0.02 and 0.03, respectively; Table 2) and explained nearly all heterogeneity (R2 = 99.83%, I2 = 0.0%). 
To evaluate whether baseline cardiovascular risk influenced the meta-regression results, the prevalence of established 
CVD (%) was included as an additional covariate in an extended multivariate model.

Exploration of Other Potential Confounders
All eight baseline characteristics (age, BMI, SBP, HbA1c, eGFR, male proportion, diabetes duration, CVD prevalence) 
were evaluated in univariate meta-regression (Supplementary Table 2). Only age, HbA1c, and diabetes duration reached 
p < 0.05 and were entered into multivariate modelling. After excluding diabetes duration due to high VIF (4.87), an 
extended multivariate model tested CVD prevalence as an additional confounder. It was non-significant (p = 0.892) and 
did not alter the effects of age or HbA1c. No other variables warranted inclusion based on univariate significance or 
clinical plausibility within the collinearity framework.
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Table 1 Baseline Characteristics of 11 RCTs Comparing GLP-1RAs with Placebo in T2DM Patients, Including Sample Size, Mean Age (Years), Body Mass Index (BMI, kg/M2), Systolic 
Blood Pressure (SBP, mmHg), Glycated Haemoglobin (HbA1c, %), Estimated Glomerular Filtration Rate (eGFR, mL/min/1.73 M2), Male Proportion (%), Diabetes Duration (Years), and 
Cardiovascular Disease (CVD) Prevalence (%)

Trial Sample Size Age (Years) BMI  
(kg/m2)

SBP (mmHg) HbA1c (%) eGFR  
(mL/min/1.73 m2)

Male (%) Diabetes 
Duration (Years)

CVD  
Prevalence (%)

LEADER7 9340 64.2 ± 7.2 32.5 ± 6.3 135.9 ± 17.8 8.7 ± 1.6 80.0 ± 21.0* 64.5 12.8 ± 8.0 82.1

SUSTAIN-68 3297 64.7 ± 7.1 32.9 ± 6.2 135.8 ± 17.0 8.7 ± 1.5 87.1 ± 20.0* 63.0 14.1 ± 8.2 60.2
FLOW9 9650 66.1 ± 7.6 31.0 ± 5.7 134.6 ± 16.3 8.0 ± 1.2 74.0 ± 22.6 71.5 14.7 ± 4.4* 56.6

REWIND10 9901 65.8 ± 6.3 32.4 ± 5.7 137.0 ± 16.5 7.3 ± 1.0 77.9 ± 22.3 51.8 10.3 ± 7.0 28.7
AMPLITUDE-O11 4076 64.6 ± 8.2 32.9 ± 6.2 135.1 ± 15.5 8.9 ± 1.5 72.2 ± 21.9 67.0 15.4 ± 8.8 89.1

HARMONY OUTCOMES12 9463 64.1 ± 8.7 32.3 ± 5.9 134.8 ± 16.6 8.8 ± 1.5 79.1 ± 25.6 70.0 14.1 ± 8.6 70.0

PIONEER 613 3183 66.0 ± 7.0 32.2 ± 6.6 135.0 ± 18.0 8.2 ± 1.6 74.0 ± 21.0 68.1 14.7 ± 8.5 84.9
EXSCEL14 14,752 62.0 ± 6.0* 31.8 ± 4.0* 134.9 ± 16.1 8.0 ± 0.6* 76.6 ± 11.3* 62.0 12.0 ± 3.7* 73.3

ELIXA15 6068 59.9 ± 9.7 30.1 ± 5.6 129.0 ± 17.0 7.7 ± 1.3 76.7 ± 21.3 69.6 9.2 ± 8.2 100.0

FREEDOM-CVO16 4156 63.0 ± 3.7* 32.4 ± 3.2* 137.5 ± 7.4* 8.0 ± 0.8* 79.0 ± 9.3* 62.5 10.4 ± 3.6* 49.7
SOUL17 9650 66.1 ± 7.6 31.0 ± 5.7 134.6 ± 16.3 8.0 ± 1.2 74.0 ± 22.6 71.5 14.7 ± 4.4* 56.6

Notes: *Median values with interquartile ranges (IQR) converted to mean (SD) using the following formula: Mean: estimated as (Q1 + Median + Q3) / 3, where Q1 and Q3 are the lower and upper IQR bounds. SD: estimated as (Q3 - 
Q1) / 2.698, where 2.698 ≈ 2 * Φ−1 (0.75) (inverse normal cumulative distribution for the 75th percentile).
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Table 2 Multivariate Meta-Regression Results for the Association of Baseline Age (Years) and HbA1c (%) with MACE HR in 11 RCTs of GLP-1RAs versus Placebo in T2DM Patients, 
Presenting Estimates, Standard Errors (SE), p-values, and Model Statistics (k, QM, QM p-value, I2, R2) for the Entire Model

Section Parameter β (log HR) SE 95% CI (log HR) HR (per 1-unit ↑) 95% CI (HR) P-value Statistic Value

Coefficients Age (years) −0.02 0.010 −0.04 to −0.003 0.97 0.958 to 0.99 0.02 NA NA

Coefficients HbA1c (%) −0.09 0.046 −0.18 to −0.01 0.90 0.82 to 0.99 0.03 NA NA

Coefficients Intercept 1.39 0.661 0.096 to 2.68 4.02 1.101 to 14.70 0.03 NA NA

Model statistics NA NA NA NA NA NA NA k (trials) 11

Model statistics NA NA NA NA NA NA NA QM (df = 2) 9.68

Model statistics NA NA NA NA NA NA NA QM p-value 0.007

Model statistics NA NA NA NA NA NA NA I2 0.0%

Model statistics NA NA NA NA NA NA NA R2 99.83%

Abbreviation: NA, not applicable.
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GLP-1RA Class-Effect Assumption
All GLP-1RAs were pooled under a class-effect assumption, consistent with prior CVOT meta-analyses. No subgroup 
analyses by agent, molecule type (human vs exendin-based), or dose were conducted due to limited power (k = 11) and 
high heterogeneity in trial designs. However, FREEDOM-CVO (ITCA 650 mini-pump) was included in the sensitivity 
analysis due to its unique delivery method; its exclusion did not alter the conclusions (see Results). This supports the 
robustness of the class-level findings.

Sensitivity analysis was planned to evaluate the robustness of the final multivariate model by excluding the trial with 
the most extreme HR (FREEDOM-CVO, HR = 1.20) based on its potential influence, as determined by influence 
diagnostics (Cook’s distance, hat values, and standardised residuals) computed using the influence.rma function from the 
metafor package. All analyses were to be conducted in R, with data and code made available on Figshare (https://doi.org/ 
10.6084/m9.figshare.29918414.v2), accessible publicly with an embargo until the publication date.

Management of Heterogeneity from Baseline Characteristics
Heterogeneity arising from differences in baseline participant characteristics (eg, age, HbA1c, CVD prevalence) was 
addressed through univariate and multivariate meta-regression using the metafor package in R. This approach directly 
modelled the influence of each baseline variable on the log hazard ratio (logHR), allowing quantification of their 
moderating effects. A random-effects model (DerSimonian-Laird) was used to account for residual between-study 
heterogeneity. Multicollinearity was assessed using correlation matrices and variance inflation factors (VIF); variables 
with high VIF (>4) were excluded (eg, diabetes duration, VIF = 4.87). Sensitivity analysis excluding influential trials (eg, 
FREEDOM-CVO) confirmed robustness.

Results
Baseline Characteristics and Comparability
The 11 included RCTs enrolled 83,536 participants with T2DM, but baseline characteristics varied considerably 
(Table 1). Mean age ranged from 60.3 to 66.3 years, HbA1c from 7.3% to 8.7%, BMI from 28.8 to 33.8 kg/m2, diabetes 
duration from 8.5 to 15.0 years, and established CVD prevalence from 31% to 100%. These differences reflect diverse 
trial populations, from primary prevention (eg, REWIND) to high-risk secondary prevention (eg, ELIXA). Such 
heterogeneity in baseline risk and glycaemic control was expected and was explicitly addressed through meta- 
regression to identify moderators of treatment effect.

Study Selection and Characteristics
The systematic search identified 11 randomised controlled trials (RCTs) meeting the inclusion criteria, involving a total of 
83,536 participants with type 2 diabetes mellitus (T2DM). (Table 1) These trials, conducted across diverse populations, 
reported major adverse cardiovascular events (MACE) as a primary or secondary outcome, with hazard ratios (HRs) and 
95% confidence intervals (CIs) extracted for meta-analysis. Baseline characteristics, including age, body mass index (BMI), 
systolic blood pressure (SBP), glycated haemoglobin (HbA1c), estimated glomerular filtration rate (eGFR), proportion of 
males, diabetes duration, and cardiovascular disease (CVD) prevalence, varied across trials, with FREEDOM-CVO showing 
a notable outlier HR of 1.24. The study selection process is detailed in the PRISMA flow diagram (Figure 1).

Risk of Bias
Risk of bias assessment using the RoB 2 Tool showed low risk across the included trials, with no major issues related to 
random sequence generation, allocation concealment, blinding, or selective reporting. (Supplementary Figure 1) All five 
RoB 2 domains (randomisation, deviations, missing data, outcome measurement, and reporting) were rated low risk 
across all 11 trials, with no single domain contributing concern (Supplementary Figure 1).
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GRADE Assessment of Evidence Certainty
The overall certainty of evidence was rated moderate using the GRADE framework (Supplementary Table 1). No 
downgrading was required for risk of bias (all trials low risk via RoB 2), indirectness (direct evidence from T2DM 
CVOTs), or publication bias (Egger’s p = 0.72). The evidence was downgraded one level for inconsistency due to 
moderate heterogeneity (I2 = 36.5%) and one level for imprecision because the prediction interval (0.79–0.96) 
approached the null value of 1.0. Despite these limitations, the consistent direction of effect and the exclusion of no- 
benefit support robust clinical confidence.

Pooled Effect Estimate
The random-effects meta-analysis of the 11 trials showed a pooled HR for MACE of 0.87 (95% CI: 0.81–0.93), 
indicating a 13% risk reduction with GLP-1RA therapy compared to placebo. Moderate heterogeneity was present, 
with a prediction interval of 0.79–0.96, implying variability in treatment effects across studies (Figure 2).

Publication Bias
Egger’s linear regression test for funnel plot asymmetry was conducted to assess publication bias, yielding a non- 
significant p-value, indicating no evidence of asymmetry (Supplementary Figure 2).

Moderator Analysis
Univariate meta-regression identified Age, HbA1c, and duration of T2DM as significant moderators (p < 0.05). 
(Supplementary Table 2) A multivariate meta-regression with these three moderators initially showed no significant effects, 
prompting an assessment of multicollinearity. (Supplementary Table 3) The correlation matrix and variance inflation factors 
(VIF) revealed moderate multicollinearity, with the duration of T2DM exhibiting the highest VIF (4.8730), leading to its 
exclusion. (Supplementary Table 4) A re-analysed multivariate meta-regression with Age and HbA1c restored significance, 
with Age (p = 0.02) and HbA1c (p = 0.03) showing effects consistent with univariate findings (Table 2).

Figure 2 Forest plot of hazard ratios (HRs) for major adverse cardiovascular events (MACE) in 11 RCTs comparing GLP-1RAs with placebo in T2DM patients, with 95% 
confidence intervals (CI) and heterogeneity measures, highlighting the overall effect estimate.
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Sensitivity Analysis and Justification for FREEDOM-CVO Exclusion
FREEDOM-CVO was identified as an influential outlier based on formal diagnostics: HR = 1.20 (the only trial showing 
no MACE benefit), Cook’s distance = 0.0198 (highest), hat value = 0.0956, and standardised residual = 0.4456 
(Supplementary Table 6). It tested a novel ITCA 650 exenatide mini-pump, distinct from injectable or oral GLP-1RAs 
in other trials. Excluding it in sensitivity analysis maintained significance for age (p = 0.03) and HbA1c (p = 0.04), with 
improved model fit (R2 = 100.0%, I2 = 0.0%; Supplementary Table 5). Exclusion did not materially alter conclusions; age 
and HbA1c remained significant moderators supporting robustness across delivery methods.

Discussion
Summary of Key Findings
This meta-analysis of 11 cardiovascular outcome trials (CVOTs) involving 83,536 participants with type 2 diabetes 
mellitus (T2DM) showed a significant 13% reduction in major adverse cardiovascular events (MACE) with glucagon- 
like peptide-1 receptor agonists (GLP-1RAs) compared to placebo (pooled HR = 0.87, 95% CI: 0.81–0.93), with 
moderate heterogeneity (prediction interval 0.79–0.96). (Figure 2) Univariate meta-regression identified age, HbA1c, 
and duration of T2DM as significant moderators, but multivariate analysis revealed a loss of significance, likely due to 
moderate multicollinearity (eg, VIF = 4.87 for duration of T2DM). Refining the model by excluding the duration of 
T2DM restored significance for age (p = 0.02) and HbA1c (p = 0.03). Sensitivity analysis excluding FREEDOM-CVO, 
an outlier with HR = 1.20 and Cook’s distance = 0.0198, maintained significance for age (p = 0.03) and was borderline 
for HbA1c (p = 0.04), with a stable model fit (R2 = 100.0%, I2 = 0.0%) (Table 2).

Comparison with Prior Research
The pooled HR is consistent with previous meta-analyses, strengthening the evidence for GLP-1RAs’ cardiovascular 
benefits in T2DM.8 The notable moderation by Age and HbA1c contrasts with some studies that did not account for 
multicollinearity, which may have obscured these effects.21,22 The exclusion of FREEDOM-CVO, due to its outlier HR, 
emphasises the importance of sensitivity analyses, differing from Kristensen et al,20 which included all trials without such 
adjustments. The initial consideration of the duration of T2DM, despite its nearly significant univariate effect (p = 0.0034), 
highlights the necessity for multicollinearity checks, a step often missed in earlier meta-analyses.21,22

Strengths and Limitations
Strengths of this study include the comprehensive analysis of 11 CVOTs with 83,536 participants, a PRISMA-guided 
approach, and the use of random-effects models with meta-regression to explore moderators. The GRADE assessment 
rated the evidence as moderate, downgraded for inconsistency (I2 = 26.7%) and imprecision (prediction interval 
including 1), with no significant publication bias (Egger’s p = 0.7171). Limitations include the moderate heterogeneity, 
which the two final moderators may not fully address, and the risk of overfitting in the initial multivariate model with 
three predictors across 11 trials. The focus on FREEDOM-CVO exclusion, while justified by influence diagnostics, may 
limit generalizability to trials with similar outlier profiles. Comorbidities beyond extracted baseline characteristics (eg, 
heart failure, atrial fibrillation, advanced CKD) were not uniformly reported and could not be analysed. Their potential 
influence on GLP-1RA efficacy remains unexplored and warrants future individual-patient-data meta-analyses.

What This Study Adds
This study builds on our previous meta-analysis, which identified HbA1c reduction as a key factor influencing the effective
ness of GLP-1RA in reducing MACE, by shifting the focus to baseline characteristics before starting GLP-1RA treatment.23 

The strong link between older age and lower baseline HbA1c with greater MACE reduction suggests a personalised treatment 
approach, pinpointing a specific group of T2DM patients—older individuals with better pre-treatment glycaemic control— 
who may benefit most from GLP-1RA. Conversely, younger patients or those with higher baseline HbA1c might see less 
benefit, possibly due to different cardiovascular risk profiles or stages of disease. This interaction between age-related risk and 
glycaemic status complements the effect of HbA1c reduction, providing a new criterion for pre-treatment selection. The 
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marginal significance of HbA1c after excluding data from FREEDOM-CVO (p = 0.0490) and the moderate heterogeneity 
indicate that caution is needed in interpretation and that further research is required.

Clinical Implications and Future Research
The findings indicate that GLP-1RAs are most effective in older T2DM patients with lower HbA1c, supporting age- and 
glycaemic-specific therapy. The model’s stability after excluding FREEDOM-CVO shows robustness against outliers, but 
the borderline HbA1c effect suggests the need for further validation. Future research should examine additional factors 
such as drug-specific effects and comorbidities, and utilise individual patient data to address heterogeneity and confirm 
this tailored subgroup in longer-term studies.

Emerging research using continuous glucose monitoring (CGM) with machine learning has demonstrated predictive 
value for diabetic retinopathy in type 1 diabetes, while integrated genetic and glycemic profiling is improving immuno
logical risk stratification. Such multimodal strategies may complement GLP-1RA therapy to advance precision medicine 
in diabetes management.24,25

Clinical Interpretation of Heterogeneity and Prediction Interval
The moderate heterogeneity reflects expected variation in trial populations, designs, and GLP-1RA agents. The prediction 
interval (0.79–0.96) indicates that in 95% of future similar T2DM populations, GLP-1RA therapy would reduce MACE 
by 4% to 21%. This excludes no benefit (HR = 1.0) and supports consistent clinical efficacy across diverse settings. The 
meta-regression findings further refine applicability: older patients and those with lower baseline HbA1c are likely to 
experience the most significant benefit, enabling personalised treatment selection.

Conclusion
GLP-1RAs reduce 3-point MACE by 13% in T2DM patients (HR = 0.87, 95% CI: 0.81–0.93), with greater benefit in older 
patients and in those with lower baseline HbA1c (meta-regression p = 0.02 and 0.03, respectively). Clinicians should prioritise 
GLP-1RAs in this subgroup. Evidence certainty is moderate due to inconsistency and imprecision, but findings are robust 
across sensitivity analyses. Further studies should validate the pre-treatment selection criteria based on age and HbA1c.
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