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Abstract

Aims: To evaluate relationships of cardiovascular and kidney outcomes with glycemic

or bodyweight reductions in randomised placebo-controlled trials of glucagon-like

peptide-1 receptor agonists (GLP-1RAs), incorporating data from FLOW and SOUL

trials.

Materials and Methods: PubMed and EMBASE were searched up to 22 August 2025

for placebo-controlled randomized trials of oral or bolus-type, subcutaneous GLP-

1RAs reporting major adverse cardiovascular events (MACE; a composite of cardio-

vascular death, myocardial infarction, and stroke) in adults with type 2 diabetes. The

primary outcome was MACE; secondary outcomes included heart failure (HF) and

kidney outcomes. Random-effects meta-analyses were followed by meta-regression

evaluating associations with HbA1c and bodyweight reduction.

Results: A total of 73 263 individuals were included from 10 trials (ELIXA,

LEADER, SUSTAIN-6, EXSCEL, Harmony Outcomes, PIONEER 6, REWIND,

AMPLITUDE-O, FLOW, and SOUL). GLP-1RAs reduced MACE by 14% (hazard

ratio: 0.86; 95% CI: 0.82 to 0.91; p <0.001), as well as hospitalisation for HF and

the composite kidney outcome (both p <0.001). Meta-regression showed that

every 1% extra reduction in HbA1c corresponded to a 27% lower HR for MACE

(p = 0.015; R2 = 0.61). While HbA1c reduction was not significantly associated

with secondary outcomes, the directionality was consistent with MACE.
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Bodyweight change was not associated with any of the analysed endpoints,

including MACE (p = 0.13; R2 = 0.21).

Conclusions: HbA1c reduction, not bodyweight change, was significantly and propor-

tionally associated with MACE risk reduction. HbA1c lowering may serve as a useful

surrogate for the cardiovascular improvements associated with GLP-1RAs in type

2 diabetes.
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1 | INTRODUCTION

People with type 2 diabetes are at elevated risk for developing

cardiometabolic diseases, including myocardial infarction (MI),

stroke, and heart failure (HF), as well as chronic kidney disease

(CKD).1,2 A series of large randomised clinical trials (RCTs) has

investigated the effects of glucagon-like peptide-1 receptor ago-

nists (GLP-1RAs) on these outcomes. Several of these trials have

demonstrated significant reductions in major adverse cardiovascu-

lar events (MACE) and a slower decline in kidney function,3 result-

ing in guideline recommendations for the use of GLP-1RAs in

individuals with type 2 diabetes who are at high risk for cardiovas-

cular or kidney disease.4

Although GLP-1RAs improve glycemic and bodyweight control,

the extent of these effects varies across trials, as do the cardiovas-

cular and kidney outcomes.5 It remains unclear whether differences

in glycemic or bodyweight reduction explain the variability in these

clinical endpoints. Identifying whether reductions in blood glucose

levels or bodyweight contribute to cardiovascular and kidney bene-

fits can help determine which treatment effects of GLP-1RAs

should be prioritised in clinical practice and guide personalised

treatment.

In our previous meta-analysis and meta-regression of eight

GLP-1RA trials published in 2022, we found that a reduction in gly-

cated haemoglobin (HbA1c) levels, but not in bodyweight, was sig-

nificantly associated with lower risks of MACE and kidney

outcomes.6 Since then, two major RCTs have expanded the evi-

dence base: FLOW, which primarily evaluated kidney outcomes

with subcutaneous semaglutide, and SOUL, which investigated car-

diovascular outcomes with oral semaglutide.7,8 Together, these tri-

als contributed more than 13 000 additional participants,

corresponding to an increase of over 20% compared with our 2022

analysis. They also included characteristics not present in earlier tri-

als, specifically a CKD-focused population and an oral formulation

of semaglutide, providing an updated dataset for analysis. Building

on these new data, we conducted an updated meta-analysis and

meta-regression of large-scale RCTs involving oral or bolus-type

subcutaneous GLP-1RAs in type 2 diabetes. Our aim was to assess

the effects of GLP-1RAs on cardiovascular, HF, and kidney out-

comes, and to comprehensively examine whether reductions in

HbA1c and bodyweight are associated with these outcomes in the

currently available data.

2 | METHODS

2.1 | Search strategies and selection criteria

This study was conducted in alignment with the Preferred Reporting Items

for Systematic Reviews and Meta-Analyses (PRISMA) guidelines9 and was

prospectively registered with PROSPERO (registration number:

CRD42022299075). Trials were considered eligible if they: (i) were RCTs

enrolling a minimum of 1000 adults (age ≥18 years) with type 2 diabetes;

(ii) compared an oral formulation or bolus-type, intermittent subcutaneous

injection of GLP-1RAs against placebo; (iii) reported MACE as an endpoint;

and (iv) had a follow-up duration of at least 1 year. We excluded trials

employing implantable device-based, continuous-infusion systems because

their pharmacokinetic profiles and delivery mechanisms differ fundamen-

tally from those of oral or bolus-type subcutaneous GLP-1RAs.10,11

We performed a comprehensive search of PubMed and EMBASE

from inception to 22 August 2025 without language restrictions. The

detailed search strategies for each database are provided in Figure S1,

and the study selection procedure is summarised in the PRISMA flow

diagram (Figure S2). Two investigators (MH and CYS) independently

performed the literature search and study selection, and any discrep-

ancies were resolved by discussion until consensus was achieved.

2.2 | Data retrieval and quality evaluation

For each selected trial, we retrieved information on study characteris-

tics, baseline participant demographics, the GLP-1RA used, average dif-

ferences in HbA1c and bodyweight achieved between intervention and

placebo arms, and outcome data including hazard ratios (HRs) with 95%

confidence intervals (CIs). We collected data from original publications

and their supplements, and, when necessary, extracted relevant infor-

mation from secondary sources. Risk of bias was assessed using Ver-

sion 2 of the Cochrane Risk of Bias Tool.12 Data extraction and risk of

bias assessment were independently conducted by two investigators

(MH and CYS) and subsequently verified by a third reviewer (SY).

2.3 | Data integration and statistical analysis

We used the HRs for MACE as the primary endpoint. MACE was gen-

erally defined as a composite of cardiovascular death, non-fatal MI, or
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non-fatal stroke. Secondary endpoints included the individual compo-

nents of MACE, all-cause mortality, hospitalisation for HF, a compos-

ite kidney outcome, and worsening kidney function. The definitions of

MACE and HF outcomes were generally consistent across trials. How-

ever, composite kidney outcome and worsening kidney function defi-

nitions were not standardised and were not reported in some trials.

Endpoint definitions are provided in detail in Tables S1–S3.

We used random-effects meta-analyses with inverse variance

weighting to estimate pooled HRs and 95% CIs for each outcome,13

the DerSimonian-Laird estimator to evaluate between-study

heterogeneity,14 and Cochran's Q test for statistical heterogeneity,

quantified by Higgins's I2 statistic.15 Low, moderate, and high hetero-

geneity were defined as I2 ≤25%, 26%–50%, and >50%, respectively.

Funnel plots and Egger's regression test were used to assess publica-

tion bias.16 Subgroup analyses of the primary endpoint (MACE) were

also performed according to the baseline status of established cardio-

vascular disease (CVD) (with vs. without), and differences between

subgroups were evaluated using the test for subgroup differences

based on a random-effects model.13

Meta-regression was performed using mixed-effects models to

assess whether the magnitude of HbA1c or bodyweight reduction

predicted log-HRs for each clinical outcome. The relative reduction in

HR per 1% decrease in HbA1c or 1 kg decrease in bodyweight was

derived from the corresponding slope estimates, as visualised in

Figure S3. Restricted maximum likelihood estimation was employed.

Statistical significance was defined as a two-sided p-value <0.05

for pooled HRs, meta-regression coefficients, and Egger's test for pub-

lication bias. A p-value <0.05 on Cochran's Q-test was considered evi-

dence of significant heterogeneity, consistent with the interpretation

of the I2 statistic. We used R version 4.4.1 (R Foundation for Statisti-

cal Computing, Vienna, Austria) and the ‘meta’ (v 8.0-1) and ‘metafor’
(v 4.8-0) packages to perform all statistical analyses.

3 | RESULTS

3.1 | Study identification and baseline study
characteristics

The initial database search identified 820 trials after duplicate records

were removed. Based on title and abstract screening, 12 studies were

selected for full-text review. Of these, two were excluded for not

meeting the inclusion criteria (Figure S2, Table S5). Ultimately,

10 RCTs comprising a total of 73 263 participants were included in

the meta-analysis. These consisted of ELIXA (lixisenatide), LEADER

(liraglutide), SUSTAIN-6 (subcutaneous semaglutide), EXSCEL (once-

weekly exenatide), Harmony Outcomes (albiglutide), PIONEER 6 (oral

semaglutide), REWIND (dulaglutide), AMPLITUDE-O (efpeglenatide),

FLOW (subcutaneous semaglutide), and SOUL (oral

semaglutide).7,8,17–24 FREEDOM-CVO, which evaluated exenatide

delivered via the implantable ITCA-650 osmotic pump (continuous

subcutaneous infusion), was excluded because its device-based con-

tinuous infusion did not meet our prespecified criteria for oral or

bolus-type subcutaneous GLP-1RA therapy—the administration

routes routinely used in clinical practice (Table S5).25 In addition to

the original outcome publications, relevant data were extracted from

secondary sources.3,6,26–32 Key study features are summarised in

Table 1.

Except for the FLOW trial, all studies were cardiovascular out-

come trials with MACE as the primary endpoint. In these trials, the

mean or median estimated glomerular filtration rate (eGFR) at baseline

ranged from 72 to 80 mL/min/1.73 m2. In contrast, FLOW was a

CKD-dedicated trial with a kidney-specific primary outcome and

enrolled patients with a mean eGFR of 47 mL/min/1.73 m2. Of note,

the composite kidney outcome was not reported in PIONEER 6, and

worsening kidney function was not reported in Harmony Outcomes;

these trials were therefore excluded from meta-analyses and meta-

regression for the respective outcomes.

The median duration of follow-up across trials ranged from 1.3 to

5.4 years, and the average age of participants varied between 59.9

and 66.6 years. A total of 56 031 participants (76.5%) had established

CVD at baseline, and 12 884 (17.6%) had a history of HF. Risk of bias

assessment revealed no concerns across any of the evaluated meth-

odological domains, as detailed in Table S4. Across outcomes of inter-

est, no evidence of publication bias was detected based on visual

assessment of funnel plots and Egger's test results (all Egger's test p-

values ≥0.05; Figure S4).

3.2 | Meta-analyses

Among the pooled study population, 8279 individuals (11.3%) had a

MACE event during follow-up. In the meta-analysis of 10 studies,

GLP-1RAs significantly attenuated the risk of MACE by 14% (HR:

0.86; 95% CI: 0.82 to 0.91; p <0.001), with moderate between-trial

heterogeneity (I2 = 31.3%) (Figure 1A). Regarding individual MACE

components, GLP-1RAs significantly lowered the risks of cardiovascu-

lar death (HR: 0.86; 95% CI: 0.80 to 0.93; p <0.001; I2 = 23.0%), MI

(HR: 0.87; 95% CI: 0.80–0.95; p = 0.002; I2 = 40.0%), and stroke (HR:

0.87; 95% CI: 0.80 to 0.95; p = 0.003; I2 = 9.1%) to a similar extent

(Figure 1B–D).

In subgroup analyses of the primary endpoint stratified by base-

line established CVD, GLP-1RAs significantly reduced the risk of

MACE in participants with established CVD (HR: 0.86; 95% CI: 0.80–

0.91; p <0.001; I2 = 41.7%). For those without established CVD, while

the point estimate was directionally concordant, the 95% CI was wide,

and no significant reduction was observed (HR: 0.90; 95% CI: 0.76–

1.07; p = 0.25; I2 = 29.5%). The random-effects test for subgroup dif-

ferences did not detect a statistically significant difference between

groups (p = 0.55). These findings are presented in Figure S5.

In addition to MACE and its components, GLP-1RAs significantly

reduced the risk of all other prespecified secondary outcomes, with

between-trial heterogeneity ranging from low to moderate. These

included lower risks of all-cause mortality (HR: 0.88; 95% CI: 0.83 to

0.92; p <0.001; I2 = 0.8%), hospitalisation for HF (HR: 0.87; 95% CI:

0.80–0.94; p <0.001; I2 = 7.8%), the composite kidney outcome
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(HR: 0.84; 95% CI: 0.76–0.91; p <0.001; I2 = 13.7%), and worsening

kidney function (HR: 0.79; 95% CI: 0.70–0.90; p <0.001; I2 = 33.4%)

(Figure S6).

3.3 | Meta-regression analyses

Meta-regression conducted across the 10 trials showed that greater

reductions in HbA1c were correlated with a significantly lower log-HR

of MACE (slope: �0.31; 95% CI: �0.54 to �0.08; p = 0.015;

R2 = 0.61) (Figure 2A). This corresponded to a 27% relative reduction

in the HR for MACE per 1% greater HbA1c reduction (95% CI: 7% to

42%). Across the individual MACE components, although they did not

reach statistical significance, directionally consistent relationships

were observed: cardiovascular death (slope = �0.26; 95% CI: �0.72

to 0.19; p = 0.22), MI (slope = �0.26; 95% CI: �0.69 to 0.17;

p = 0.20), and stroke (slope = �0.22; 95% CI: �0.80 to 0.36;

p = 0.40) (Figure 3A–C). On the other hand, bodyweight reduction

did not demonstrate a significant relationship with MACE log-HR

(slope: �0.04; 95% CI: �0.10 to 0.02; p = 0.14; R2 = 0.21)

(Figure 2B), nor with its individual components: cardiovascular death

(slope = �0.06; 95% CI: �0.14 to 0.02; p = 0.12), MI (slope = �0.06;

95% CI: �0.15 to 0.03; p = 0.14), and stroke (slope = 0.03; 95% CI:

�0.09 to 0.14; p = 0.63) (Figure 3D–F).

For the other secondary outcomes, neither HbA1c nor body-

weight reduction was significantly associated with any individual

endpoint. Most outcomes showed negative slopes, consistent with

the primary MACE findings, except for the composite kidney out-

come, which showed positive slopes for both HbA1c and bodyweight

reduction (Figure 4). Full meta-regression results are provided in

Table S6.

4 | DISCUSSION

This meta-analysis and meta-regression incorporated data from

73 263 individuals with type 2 diabetes across 10 RCTs of GLP-1RAs,

including the most recent results from the FLOW and SOUL trials.

The pooled analyses demonstrated that GLP-1RAs significantly

reduced the risks of MACE, its individual components, all-cause mor-

tality, hospitalisation for HF, composite kidney outcomes, and wors-

ening kidney function, with pooled HRs ranging from 0.79 to 0.87. In

meta-regression analyses, reductions in HbA1c were significantly

associated with decreases in the log-HR for MACE; specifically, each

1% additional decrease in HbA1c corresponded to a 27% relative

reduction in MACE risk. These findings reinforce the role of HbA1c

reduction as a surrogate indicator of cardiovascular benefit in individ-

uals receiving GLP-1RA therapy. In contrast, reductions in bodyweight

were not associated with any of the outcomes examined, including

MACE. To our knowledge, our study is the most comprehensive and

up-to-date meta-regression to evaluate how reductions in HbA1c and

bodyweight relate to cardiovascular, HF, and kidney outcomes.

F IGURE 1 Effects of GLP-1RAs on (A) MACE, (B) cardiovascular death, (C) myocardial infarction, and (D) stroke. CI, confidence interval; GLP-
1RAs, glucagon-like peptide-1 receptor agonists; HR, hazard ratio; MACE, major adverse cardiovascular events.

F IGURE 2 Association between the risk of MACE and reductions in (A) HbA1c or (B) bodyweight. The thicker line represents the meta-
regression line, with the shaded area indicating the 95% CI. Circle size reflects the precision of the HR estimate in each trial, with greater
precision (i.e., lower variance) shown as larger circles. CI, confidence interval; HbA1c, glycated haemoglobin; HR, hazard ratio; MACE, major

adverse cardiovascular events; log-HR, estimated log hazard ratio; PO, oral; SC, subcutaneous.
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Our updated meta-analysis confirms that GLP-1RAs consistently

reduce the risks of cardiovascular, HF, and kidney outcomes in sub-

jects with type 2 diabetes. These findings are consistent with previ-

ous meta-analyses and reinforce current clinical guidelines

recommending GLP-1RAs for people with established or high-risk

cardiovascular or kidney disease.3–6 The inclusion of the two most

recent large-scale trials, FLOW and SOUL, added more than 13 000

participants and contributed data from a CKD-focused population

and from oral semaglutide.7,8 This allowed for more precise esti-

mates and enabled the most comprehensive evaluation of GLP-1RAs

efficacy across clinically relevant outcomes in type 2 diabetes, incor-

porating populations and formulations not represented in earlier

trials.

The FREEDOM-CVO trial, which evaluated continuous-

subcutaneous infusion of exenatide via the implantable ITCA

650 device, was not included in this analysis because its mode of

delivery is fundamentally different from the oral and subcutaneous

regimens assessed in the other trials and did not meet the eligibility

criteria (Table S5).25 Although exenatide has demonstrated a favour-

able safety profile in previous injection-based trials,20 ITCA 650 pro-

vides long-term continuous drug exposure via a subdermal osmotic

pump, resulting in distinct pharmacokinetics and device-related con-

siderations.10 In addition, the trial raised safety concerns, including a

possible increase in acute kidney injury, and did not demonstrate

a consistent cardioprotective effect. As a result, the device was ulti-

mately not approved by the US Food and Drug Administration.33 Its

exclusion, therefore, ensured a more homogeneous analysis of GLP-

1RA treatments relevant to current clinical practice.

In the current study, greater reductions in HbA1c were signifi-

cantly associated with larger decreases in MACE risk among individ-

uals with type 2 diabetes. This finding is consistent with our previous

meta-regression of GLP-1RA cardiovascular outcome trials,6 our

broader analysis involving all types of glucose-lowering therapies,5

and post hoc analyses from the LEADER and REWIND trials, which

identified HbA1c as a major mediator of cardiovascular benefit.34,35 It

is also supported by the UK Prospective Diabetes Study, which

showed that each 1% lower updated mean HbA1c was associated

with a 14% lower risk of MI and a 21% lower risk of diabetes-related

death, indicating a proportional glycemic contribution to cardiovascu-

lar risk reduction in type 2 diabetes management.36 We acknowledge,

however, that glycemic control alone does not fully account for the

cardioprotective effects of GLP-1RAs; the SELECT trial demonstrated

that high-dose semaglutide reduced MACE risk in individuals with

obesity but without diabetes, suggesting glucose-independent mecha-

nisms.37 Still, the consistent association between HbA1c reduction

and cardiovascular outcomes implies that glycemic improvement is lin-

early associated with the cardiometabolic benefits of GLP-1RA ther-

apy in individuals with type 2 diabetes. As HbA1c lowering is

frequently accompanied by improvements in blood pressure, inflam-

matory markers, and other metabolic parameters, it may serve as a

pragmatic indicator of the overall benefits conferred by GLP-1RA

therapy.38–40

F IGURE 3 Association between the risks of cardiovascular death, myocardial infarction, and stroke and reductions in HbA1c (A)–(C) or
bodyweight (D)–(F). The thicker line represents the meta-regression line, with the shaded area indicating the 95% CI. Circle size reflects the
precision of the HR estimate in each trial, with greater precision (i.e., lower variance) shown as larger circles. CI, confidence interval; HbA1c,
glycated haemoglobin; HR, hazard ratio; log-HR, estimated log hazard ratio.
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In contrast to HbA1c, reductions in bodyweight were not signifi-

cantly associated with MACE, although the direction of effect was

consistent with a lower risk. This finding aligns with our previous

meta-regression analyses.5,6 One plausible explanation is that overall

bodyweight may not adequately reflect the specific fat depots most

relevant to cardiovascular risk.41 In the placebo arm of the REWIND

trial, waist-to-hip ratio and waist circumference were associated with

MACE and cardiovascular mortality, whereas body mass index (BMI)

was not.42 Separately, imaging studies have shown that GLP-1RAs

preferentially reduce visceral rather than subcutaneous fat, even at

comparable levels of bodyweight loss.43,44 These observations sug-

gest that incorporating measures of central adiposity, rather than gen-

eral body size, may improve the evaluation of cardiometabolic effects

associated with GLP-1RA therapy.

Regarding the secondary outcomes, our meta-regression analyses

did not reveal any statistically significant associations with either

HbA1c or bodyweight reduction, although the estimated slopes were

generally negative. This lack of significance may in part reflect the lim-

ited number of events, as most included trials were designed and

powered to evaluate MACE rather than individual secondary end-

points. Among these outcomes, HF and kidney outcomes merit fur-

ther discussion given their clinical relevance and contrasting patterns

observed across prior studies as follows.

Concerning HF, our present findings are consistent with our pre-

vious GLP-1RA-specific meta-regression showing no significant asso-

ciation between bodyweight reduction and HF events.6 However,

these null findings require cautious interpretation, as the included tri-

als mainly enrolled people with type 2 diabetes at high atherosclerotic

risk, in whom HF was less common and GLP-1RA-induced body-

weight loss modest. Recently, the STEP-HFpEF DM trial demon-

strated that a potent GLP-1RA produced substantial bodyweight

reduction (�6.4 kg at 52 weeks compared with placebo) in patients

with HF with preserved ejection fraction, type 2 diabetes, and marked

obesity (median BMI: 36.9 kg/m2), accompanied by improved HF out-

comes (HR: 0.40; 95% CI: 0.15–0.92).45 These findings suggest that

the relationship between GLP-1RA-induced bodyweight loss and HF

may need to be considered in the context of patient characteristics,

especially when a potent agent is used to achieve substantial body-

weight loss. Nevertheless, at the same time, GLP-1RAs may influence

HF outcomes through mechanisms beyond bodyweight loss, such as

natriuresis, vascular modulation, or anti-inflammatory effects.39,46–48

One example highlighting the relevance of alternative markers is our

previous meta-regression of sodium-glucose co-transporter-2 inhibi-

tor trials, which found no association between bodyweight change

and HF outcomes but identified a significant relationship with changes

in eGFR slope.49

On the other hand, for the composite kidney outcome, the

regression slopes were close to zero or slightly positive for both

HbA1c and bodyweight reduction, differing from our previous find-

ings of GLP-1RA trials that identified a significant association with

glycemic improvement.6 A key difference is that previous analyses

included new-onset macroalbuminuria, a more frequent and

F IGURE 4 Association between the risks of all-cause mortality, hospitalisation for HF, composite kidney outcome, and worsening kidney
function and reduction in HbA1c (A)–(D) or bodyweight (E)–(H). The thicker line represents the meta-regression line, with the shaded area
indicating the 95% CI. Circle size reflects the precision of the HR estimate in each trial, with greater precision (i.e., lower variance) shown as larger
circles. For the composite kidney outcome and worsening kidney function, risk ratios were used for EXSCEL, as HRs were not reported. CI,
confidence interval; HbA1c, glycated haemoglobin; HF, heart failure; HR, hazard ratio; log-HR, estimated log hazard ratio.
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glycemia-sensitive outcome,50 as part of the composite kidney out-

come.6 The present study excluded macroalbuminuria and focused exclu-

sively on more definitive kidney outcomes, such as sustained ≥50%

decline in eGFR and kidney failure, which occur less frequently and may

be less responsive to short-term metabolic improvements. In advanced

stages of CKD, progression is more likely to be driven by haemodynamic

and inflammatory factors than by glycemic exposure, potentially dimin-

ishing observable associations with traditional metabolic markers.51

This study has several strengths. First, it represents the most up-

to-date meta-analysis and meta-regression of GLP-1RA cardiovascular

outcome trials in individuals with type 2 diabetes, incorporating

recently published trials such as FLOW and SOUL. These additions

increased the sample size by approximately 20% and diversified the

study populations including individuals with type 2 diabetes and CKD,

as well as those treated with oral semaglutide. Notably, even with

broader study populations, the results showed consistent results,

broadening the applicability of the findings. Second, the findings high-

light HbA1c reduction as a valuable indicator of lowered MACE risk,

reinforcing the robustness of this association and offering clinically

meaningful insights into the cardiometabolic effects of GLP-1RA

therapy.

However, the study also has some limitations. First, it relied on

trial-level summary data, which precluded more granular analyses of

individual-level relationships between specific metabolic parameters

and clinical outcomes. Second, this limitation also prevented us from

examining whether HbA1c reduction functions as a similarly valid sur-

rogate across clinically distinct subgroups, such as those defined by

ancestry or obesity status. Because subgroup-specific changes in

HbA1c, bodyweight, or inflammation-related markers are generally

not publicly available, these questions remain unanswered. Future

analyses using individual participant-level data will be essential to

determine in which populations HbA1c serves best as a surrogate

marker and to identify alternative or complementary markers of cardi-

ometabolic risk. Third, as noted previously, most of the included trials,

except for FLOW, were primarily designed to assess MACE as the pri-

mary outcome; therefore, meta-regressions focusing on secondary

endpoints may have been underpowered. Fourth, the majority of trial

participants were White and had obesity, warranting caution in

extrapolating the results to other populations.

In summary, GLP-1RAs lower the incidence of MACE, its compo-

nent events, hospitalisation for HF, all-cause mortality, composite kid-

ney outcomes, and worsening kidney function. Meta-regression

analyses showed a proportional association between greater HbA1c

reductions and lower MACE risk, whereas no significant relationship

was observed for bodyweight reduction. These findings highlight

HbA1c lowering as a pragmatic surrogate marker for the cardiovascu-

lar benefits of GLP-1RA therapy in individuals with type 2 diabetes.
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