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Key Findings: Thirteen studies (15 cohorts; 150,630 5 

participants) were included. Metformin (MD -0.65 6 

mm/year; OR 0.63) and sulfonylureas (MD -0.35 7 

mm/year; OR 0.63) were associated with slower 8 

abdominal aortic aneurysm growth and reduced 9 

aneurysm-related events. No statistically significant 10 

association was observed for DPP-4 inhibitors (MD -0.32 11 

mm/year).  12 

 13 

Take home Message: Metformin, sulfonylureas—but not 14 

DPP-4 inhibitors—were significantly associated with 15 

slower abdominal aortic aneurysm growth and favorable 16 

aneurysm-related outcomes. 17 
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(15 cohorts) found that metformin and sulfonylureas were 22 

associated with slower abdominal aortic aneurysm 23 
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 3 

Abstract 1 

Objective: This review aimed to evaluate the association between different antidiabetic agents, 2 

abdominal aortic aneurysm (AAA) growth, and related events. 3 

Methods: Following Preferred Reporting Items for Systematic Reviews and Meta-Analyses 2020 4 

(PROSPERO CRD420251115799), MEDLINE, Embase, and CENTRAL were searched to 5 

January 2026. Eligible studies evaluated antidiabetic drugs compared with not using the 6 

medication of interest and reported AAA growth and/or AAA-related events. The risk of bias was 7 

assessed using ROBINS-I and RoB 2 for nonrandomized and randomized trials, respectively. 8 

Pooled estimates (mean difference [MD]; odds ratio [OR]; hazard ratio [HR]) were calculated 9 

using inverse variance random-effects models. 10 

Results: Thirteen studies (15 distinct cohorts; 150,630 participants) were included. Metformin was 11 

associated with slower AAA growth (MD -0.65 mm/year, 95% confidence interval [CI] -0.97 12 

to -0.33) and lower AAA-related events (OR 0.63, 95% CI 0.41 to 0.95). Moreover, sulfonylureas 13 

reduced AAA growth (MD -0.35 mm/year, 95% CI -0.52 to -0.18) and AAA-related events (OR 14 

0.63, 95% CI 0.52 to 0.77). Findings for dipeptidyl peptidase-4 (DPP-4) inhibitors were not 15 

statistically significant in relation to AAA growth (MD -0.32 mm/year, 95% CI -0.71 to 0.08). 16 

Metformin was not significantly associated with postoperative mortality (HR 0.86, 95% CI 0.65 17 

to 1.13). Most studies were observational, with a moderate risk of bias, which limited causal 18 

inference. 19 

Conclusions: Metformin and sulfonylurea were associated with reduced AAA progression, 20 

though potential confounding necessitates cautious interpretation. Evidence for other glucose-21 
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 4 

lowering therapies remains limited. Randomized trials are required to evaluate drug-specific 1 

associations and outcomes across stratified patient groups. 2 

 3 

Keywords: Aortic aneurysm, Abdominal; Metformin; Sulfonylurea Compounds; Dipeptidyl-4 

Peptidase IV Inhibitors; Disease Progression 5 
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 5 

1 Background 1 

Abdominal aortic aneurysm (AAA), an irreversible dilation of the abdominal aorta ≥ 150% 2 

of normal, is a multifactorial disease influenced by genetic and environmental risk factors, 3 

including smoking, aging, family history, and male sex1,2 These factors are associated with aortic 4 

wall degradation through inflammatory and oxidative pathways. Chronic inflammation, a hallmark 5 

of AAA pathogenesis, involves inflammatory cytokine induction, cell adhesion molecule 6 

expression, and inflammatory cell infiltration, leading to matrix degradation and vascular wall 7 

remodeling.3,4 Oxidative stress further exacerbates these processes, contributing to phenotype 8 

switching of vascular smooth muscle cell (VSMC) and AAA progression.5,6 Despite advances in 9 

understanding these mechanisms, aside from surgical interventions, no pharmacological 10 

treatments have demonstrated sufficient efficacy to treat patients with AAA.5 Previous randomized 11 

controlled trials (RCTs) of multiple drug classes—beta-blockers, angiotensin-converting enzyme 12 

inhibitors, antibiotics, mast cell stabilizers, antiplatelet inhibitors, and fibrates—have not 13 

demonstrated significant influence on AAA growth or AAA-related events.7,8  14 

Interestingly, despite the well-established pro-inflammatory effects of chronic low-grade 15 

inflammation, the incidence of AAA is reportedly lower in individuals with diabetes mellitus 16 

(DM).9,10 Morris et al.11 reported that a genetic predisposition to type 2 diabetes does not prevent 17 

AAA development. A meta-analysis found that the AAA growth-reducing association of metformin 18 

was more pronounced in individuals without diabetes than in those with diabetes12, suggesting that 19 

additional factors may have contributed to this observation. 20 

Several studies have suggested that this paradox may be attributable to antidiabetic 21 

medications, including metformin, thiazolidinediones, and dipeptidyl peptidase-4 (DPP-4) 22 
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 6 

inhibitors.13-17 Among these, metformin has been the most extensively studied; however, the 1 

current evidence remains limited and inconclusive.18 To clarify the associations of metformin on 2 

AAA, four RCTs are underway; nonetheless, their results are expected to require several more 3 

years to become available.19,20 To our knowledge, evidence regarding antidiabetic medications 4 

other than metformin in relation to AAA is largely derived from in vitro or animal studies, while 5 

clinical research remains scarce and comprehensive studies are lacking.21 Recent studies 6 

investigating the associations of metformin with AAA have emerged22,23, highlighting the need to 7 

reevaluate this relationship. Hence, evaluating the associations of other antidiabetic agents 8 

alongside metformin could provide a more accurate assessment of their respective associations 9 

with AAA. 10 

Thus, we aimed to clarify the associations between antidiabetic medications—including 11 

metformin, sulfonylureas, dipeptidyl peptidase-4 (DPP-4) inhibitors, and glucagon-like peptide-1 12 

receptor (GLP-1R) agonists—and AAA growth and AAA-related clinical events through a 13 

systematic review and meta-analysis, thereby addressing existing evidence gaps and providing 14 

insights into their potential role in AAA management. 15 

2 Methods 16 

2.1 Literature Search  17 

This systematic review and meta-analysis followed the Preferred Reporting Items for 18 

Systematic Reviews and Meta-Analyses 2020 guideline (Supplementary Table I, online only).24 19 

The protocol was registered in PROSPERO (CRD420251115799). Two reviewers (YP and HWL) 20 

independently performed the literature search, study selection, data extraction, and risk-of-bias 21 

assessment. Discrepancies were resolved through discussions between the two other investigators 22 
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 7 

(YMY and Y-MA). MEDLINE, Embase, and Cochrane CENTRAL databases were searched from 1 

inception to January 26, 2026, to evaluate the associations of antidiabetic medications with AAA 2 

growth rate or related clinical outcomes. Medical subject heading on each database was “aortic 3 

aneurysm,” “aortic dissection,” “aortic rupture,” “biguanides,” “sulfonylurea,” “meglitinide,” 4 

“glycoside hydrolase inhibitors,” “thiazolidinediones,” “glucagon-like peptide,” “dipeptidyl-5 

peptidase iv inhibitors,” and “sodium-glucose transporter 2 inhibitors.” No language restrictions 6 

were imposed.  7 

2.2 Study selection 8 

Eligible studies met the following criteria: (1) population, adults (≥18 years) with AAA; (2) 9 

intervention, treatment with non-insulin antidiabetic medications, including metformin, 10 

sulfonylureas, meglitinides, alpha-glucosidase inhibitors, thiazolidinediones, DPP-4 inhibitors, 11 

GLP-1R agonists, and sodium-glucose cotransporter 2 (SGLT2) inhibitors; (3) comparator, no use 12 

of the intervention medication, without restriction to a specific comparator group; (4) outcomes, 13 

annual AAA growth rate and AAA-related events such as rupture, repair, surgical complications, 14 

or postoperative mortality; and (5) study design, clinical longitudinal comparative studies 15 

(randomized and observational). The exclusion criteria included nonhuman studies, single-arm or 16 

case studies, ongoing studies, review articles, and conference abstracts.  17 

2.3 Data extraction and quality assessment 18 

A standardized extraction form was used to extract data from eligible studies on first authors, 19 

publication year, country, study design, study duration, follow-up period, imaging modality, 20 

sample size, age, sex, comorbidities (including DM, hypertension, dyslipidemia, cardiovascular, 21 

and kidney diseases), smoking status, exposure/comparator definitions, and outcome details. The 22 
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 8 

risk of bias was assessed using ROBINS-I version 225 for nonrandomized studies and RoB 226 for 1 

randomized trials using standard domains and reporting overall judgments.  2 

2.4 Study outcomes 3 

The primary outcome was the annual AAA growth rate associated with antidiabetic 4 

medication use, summarized as the mean difference (MD) with 95% confidence interval (CI). 5 

Growth was defined as the change in diameter divided by the interscan interval (mm/year), and 6 

the values reported over the other intervals were annualized. Secondary outcomes were AAA-7 

related clinical events (rupture, repair, perioperative complications, and postoperative mortality), 8 

expressed as odds ratios (ORs) or hazard ratios (HRs).  9 

2.5 Statistical analyses 10 

Pooled estimates for MDs, ORs, and HRs with 95% CIs were calculated using the generic 11 

inverse-variance method.27 HRs and ORs were analyzed separately, owing to different statistical 12 

models, namely time-to-event and binary outcomes, respectively.28 When multiple effect estimates 13 

were reported, the most fully adjusted estimate was prioritized. Heterogeneity was assessed using 14 

the chi-square test (P < .10) and I2 statistics, with I2 > 50% considered indicative of substantial 15 

heterogeneity.29,30 To account for inherent clinical and methodological heterogeneity, all pooled 16 

estimates were calculated using random-effects models. This approach was adopted regardless of 17 

I2 values to ensure an appropriate synthesis across diverse study characteristics.29  18 

Meta-analyses were performed separately for each outcome, according to the class of 19 

antidiabetic agents. For the meta-analysis of AAA growth rates, studies on metformin, 20 

sulfonylureas, and DPP-4 inhibitors were included. Moreover, for metformin, results restricted to 21 

patients with diabetes were examined. Given the sufficient number of studies on metformin, 22 
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 9 

subgroup and sensitivity analyses were performed. Subgroup analyses were stratified according to 1 

follow-up duration (> 3 years), imaging modality (computed tomography vs. ultrasonography), 2 

and geographic region (North America vs. Europe). Random-effects meta-regression was 3 

conducted to assess the influence of baseline characteristics—including study-level demographics, 4 

comorbidities, and concomitant medication use—on the association between metformin use and 5 

AAA growth rate, accounting for between-study heterogeneity. The Knapp–Hartung method was 6 

used to evaluate individual coefficients and their corresponding confidence intervals.31 Sensitivity 7 

analyses included (1) exclusion of studies at serious or critical risk of bias, (2) leave-one-out 8 

analysis, and (3) sequential inclusion of studies by publication year or (4) by sample size. 9 

Publication bias was assessed using a funnel plot and Egger’s regression test (P < .05).32,33 10 

Studies on both metformin and sulfonylureas were included for AAA-related events. Where 11 

feasible, analyses were also performed for metformin in populations with diabetes only. Among 12 

the AAA-related events, postoperative mortality was analyzed separately to account for differences 13 

in analytic units and comparator groups (e.g., patients without diabetes). To further assess the 14 

impact of concomitant metformin use, a post hoc analysis compared patients with diabetes treated 15 

with or without metformin versus those without diabetes. All analyses were conducted using the 16 

meta package in R software (version 4.3.1). 17 

3 Results 18 

3.1 Study selection 19 

The study selection process is displayed in Figure 1. Overall, 856 records were identified 20 

through electronic database searches. After removing 137 duplicates, 719 articles remained for 21 

title and abstract screening, of which 642 were excluded based on predefined eligibility criteria. 22 

Jo
urn

al 
Pre-

pro
of

Downloaded for Anonymous User (n/a) at Liberty University from ClinicalKey.com by Elsevier on May 04, 2026. 
For personal use only. No other uses without permission. Copyright ©2026. Elsevier Inc. All rights reserved.Downloaded for personal academic use. All rights reserved. https://papernode.online/

https://ballisticcomainvitation.com/t2e548yr3v?key=403e8f291d0b160c8210d10a973a50a9


 10 

The remaining 77 articles underwent a full-text review, resulting in the inclusion of 15 studies in 1 

the qualitative synthesis.15,34-47 Of these, 13 studies comprising 15 distinct cohorts with 150,630 2 

participants were included in the quantitative meta-analysis. Two studies were excluded from the 3 

quantitative synthesis because of non-comparable outcomes or insufficient data for group-level 4 

comparisons.40,47 5 

3.2 Study characteristics 6 

Table I presents the characteristics of the 15 included studies15,34-47, published between 2010 7 

and 2025, including five prospective cohort studies35-38,42, eight retrospective cohort studies15,39-8 

41,43-45,47, one case-control study46, and one randomized controlled trial34. Nine studies15,34-41 and 9 

seven studies34,42-47 evaluated the AAA growth rate and AAA-related clinical events, respectively; 10 

one study34 reported both outcomes.  11 

The mean baseline age ranged from 67.0 to 75.0 years, reflecting predominantly older adult 12 

populations; moreover, the proportion of males ranged from 69.9% to 100.0%, and all studies 13 

reported a male majority. Golledge et al.37 divided participants into three distinct cohorts based on 14 

enrolment period and institution. Detailed baseline characteristics of the study population are 15 

presented in Supplementary Table II (online only).  16 

3.3 Association between antidiabetic medication use and AAA growth rate 17 

A meta-analysis of AAA growth rates focused on metformin, sulfonylureas, and DPP-4 18 

inhibitors. Eight studies15,34-39,41 comprising 21,132 AAA patients in the overall cohorts (combined 19 

DM and non-DM) and four studies15,36,37,41 involving 14,295 AAA patients in DM-only cohorts, 20 

demonstrated a significant association between metformin use and reduced AAA growth. The 21 
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pooled MDs were -0.65 mm/year (95% CI: -0.97 to -0.33) in the overall cohorts and -0.36 mm/year 1 

(95% CI: -0.53 to -0.19) in the DM-only cohorts (Figure 2A).  2 

Sulfonylureas were associated with reduced AAA progression in the overall cohorts 3 

(MD -0.35 mm/year, 95% CI: -0.52 to -0.19; Figure 2B). A cohort study by Hornby-Foster et al.40, 4 

which was excluded from the meta-analysis owing to insufficient data for group-level comparisons, 5 

reported a significantly lower AAA growth rate in patients prescribed gliclazide compared with 6 

non-users (1.0 vs. 2.6 mm/year; P = .004). Regarding DPP-4 inhibitors, AAA growth was not 7 

significantly reduced (MD -0.32 mm/year; 95% CI: -0.71 to 0.08; Figure 2C).  8 

Subgroup analyses exhibited no significant variation in the association of metformin with 9 

AAA growth rate across follow-up duration, imaging modality, or geographic region (Figure 3). 10 

In meta-regression, a higher proportion of male participants was associated with attenuation of the 11 

metformin-related reduction in AAA growth (P = .021; I² = 77.6%), whereas a higher prevalence 12 

of coronary artery disease strengthened this association (P = .013; I² = 77.2%; Supplementary 13 

Figure 1, online only). Other baseline factors—including the study-level prevalence of DM (P 14 

= .75) and the use of concomitant antidiabetic or cardiovascular medications—did not significantly 15 

moderate this association.  16 

3.4 Association between antidiabetic medication use and AAA-related events 17 

Metformin and sulfonylureas were included in the analysis of AAA-related events, including 18 

AAA rupture-related mortality, aneurysm rupture repair, and surgical complications (Figure 4A). 19 

Metformin use was significantly associated with lower AAA-related events in both the overall 20 

cohorts (OR 0.63, 95% CI: 0.41–0.95) and DM-only cohorts (OR 0.55, 95% CI: 0.31–0.99). 21 
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Sulfonylurea use was similarly associated with a lower event in the overall cohorts (OR 0.63, 95% 1 

CI: 0.52–0.77).  2 

A separate analysis assessed postoperative mortality among metformin users in the overall 3 

cohorts and found no statistically significant association (HR 0.86, 95% CI: 0.65–1.13; Figure 4B). 4 

In patients with DM, a post hoc analysis similarly revealed no statistically significant association 5 

with metformin use (HR 0.80, 95% CI: 0.55–1.16), whereas an association was observed for non-6 

users compared with individuals without diabetes (HR 1.09, 95% CI: 1.02–1.17). 7 

One recent study examined the association between GLP-1R agonists and AAA-related 8 

clinical outcomes. This was not pooled in the meta-analysis due to limited data but were narratively 9 

synthesized. The study47 reported lower odds of all-cause mortality (OR 0.54, 95% CI 0.45–0.65) 10 

and undergoing AAA repair (OR 0.66, 95% CI 0.45–0.95) in patients with DM over a 5-year 11 

follow-up period. Similar associations were observed in the non-DM cohort for both all-cause 12 

mortality (OR 0.47, 95% CI 0.30–0.74) and undergoing AAA repair (OR 0.45, 95% CI 0.21–0.96). 13 

3.5 Quality assessment  14 

Among the 12 observational studies, one study39 was rated as having a serious risk of bias 15 

due to inadequate control of confounding, patient selection issues, and missing data, and one41 was 16 

rated at low risk except for residual confounding; the remaining 10 were judged to have a moderate 17 

risk (Supplementary Figure 2A, online only). Additionally, one RCT34 was assessed using RoB 2, 18 

demonstrating an overall low risk of bias. Visual inspection of the funnel plot suggested asymmetry, 19 

and Egger’s regression test indicated a marginally significant small-study effect (P = .05; 20 

Supplementary Figure 2B, online only), suggesting the potential presence of publication bias.  21 

3.6 Sensitivity analysis 22 
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Sensitivity analyses of AAA growth rate with metformin use demonstrated that excluding 1 

studies with a serious risk of bias, applying leave-one-out analyses, sequential inclusion by 2 

publication year, or sample size did not materially alter the findings (Supplementary Figure 3, 3 

online only).  4 

4 Discussion 5 

This systematic review and meta-analysis evaluated the association between antidiabetic 6 

medication use and AAA progression, focusing on AAA growth rate and AAA-related events, by 7 

incorporating recent studies and evaluating associations across diverse antidiabetic drug classes, 8 

including metformin, sulfonylureas, and DPP-4 inhibitors. This approach provides a 9 

comprehensive comparative synthesis of various antidiabetic agents, thereby broadening the 10 

evidence beyond the predominantly metformin-focused literature.   11 

This meta-analysis suggests an association between metformin use and slower AAA 12 

progression. These findings are in line with those of previous meta-analyses reporting similar 13 

associations (AAA growth rate: -0.86 mm/year, 95% CI: -1.21 to -0.52, AAA-related events: OR 14 

0.54, 95% CI: 0.34 to 0.86, OR 0.61, 95% CI: 0.41 to 0.92).12,14 The favorable association between 15 

metformin use and AAA progression persisted when analyses were limited to patients with DM, 16 

with no observed heterogeneity (I2 = 0%). This suggests a robust link within this population, 17 

independent of between-study variations. However, in the overall cohort analysis, substantial 18 

heterogeneity was observed among studies evaluating the association between metformin use and 19 

AAA growth rate. Furthermore, subgroup and meta-regression analyses did not identify covariates 20 

that significantly explained this variability, including the study-level prevalence of diabetes. 21 

Collectively, these findings suggest that although the effect size varies across the overall cohorts, 22 
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the association of metformin with attenuated AAA growth is consistently observed regardless of 1 

the proportion of participants with diabetes across studies.  2 

In clinical practice, metformin non-users with diabetes often receive alternative glucose-3 

lowering therapies. This complicates attribution of the observed associations to a single drug, 4 

particularly given our findings on sulfonylureas and AAA growth. However, in the study-level 5 

meta-regression analysis, no clear modifying effect was identified for concomitant antidiabetic 6 

agents or other drugs known to be associated with AAA progression. Although these findings do 7 

not exclude residual confounding, the observed associations for metformin are unlikely to be fully 8 

explained by differential use of other medication alone. Regarding demographic factors, meta-9 

regression indicated a trend toward attenuation of the association between metformin use and 10 

slower AAA growth as the proportion of male participants increased, likely reflecting baseline sex 11 

differences in aneurysm growth rather than true sex-specific responsiveness to metformin.48 12 

Additionally, given the small number of studies, these findings should be interpreted with caution 13 

and regarded as hypothesis-generating rather than confirmatory. Definitive evidence regarding the 14 

clinical role of metformin in slowing AAA progression is expected from the ongoing Limiting 15 

AAA with Metformin (LIMIT) trial49, which will help clarify the causal relevance of these observed 16 

associations. 17 

Given the clinical significance of AAA-related events, the association between metformin 18 

use and postoperative mortality was investigated. Relative to non-diabetic AAA patients, 19 

postoperative mortality was not significantly lower among diabetic patients receiving metformin. 20 

Nonetheless, a higher risk was observed in those not treated with metformin, suggesting a potential 21 

benefit of metformin use in diabetic AAA patients. These findings should be interpreted cautiously 22 

because of the limited number of studies, and postoperative mortality appears to be more strongly 23 
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influenced by diabetes itself and other clinical factors, such as comorbidities, patient age, and 1 

surgical characteristics, than by metformin use.50-56 Previous preclinical studies have demonstrated 2 

the beneficial effects of metformin on AAA. In normoglycemic mouse models of elastase-induced 3 

AAA, metformin administration was associated with medial elastin preservation, reduced VSMC 4 

loss, and decreased inflammatory cell infiltration. These effects are thought to be mediated by 5 

AMP-activated protein kinase activation and subsequent inhibition of mTOR and NF-κB 6 

signalling pathways.15,57,58Sulfonylureas were associated with slower AAA growth, and a lower 7 

risk of AAA-related events are comparable to those of metformin. Because sulfonylureas are 8 

commonly prescribed for diabetes, and diabetes itself has been reported to have an association 9 

with slower AAA progression, the observed benefit in the overall cohorts may reflect group 10 

differences in diabetes prevalence.41,59 Nonetheless, the included studies did not report baseline 11 

characteristics stratified by diabetes status, limiting the ability to directly assess this possibility. 12 

Additionally, few studies assessed sulfonylurea monotherapy, and most allowed concurrent 13 

metformin use, complicating assessment of sulfonylurea-specific associations with AAA outcomes. 14 

Therefore, sulfonylurea-specific associations cannot be reliably distinguished from potential 15 

additive or class effects.  In a study by Hsu et al.59 limited to patients with diabetes and adjusted 16 

for diabetes severity, sulfonylurea use was associated with a reduced AAA risk (adjusted OR 0.82, 17 

95% CI: 0.74–0.92), with a dose-response relationship suggesting greater benefit at higher doses.59 18 

Thus, sulfonylureas may be associated with a lower risk of AAA outcomes even after accounting 19 

for diabetes, warranting further investigation.  20 

Several plausible mechanistic explanations exist for the potential effects of sulfonylureas on 21 

AAA. Sulfonylureas reduce inflammation by lowering blood glucose and by directly inhibiting 22 

inflammatory responses via the MAPK/NF-κB and NLRP3 pathways.60-64 Whereas anti-23 
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inflammatory effects of sulfonylureas are well documented in  diabetes-related vascular 1 

complications, these exact mechanisms may contribute to their potential role in AAA 2 

progression.65  3 

Although preclinical studies have demonstrated that DPP-4 inhibitors significantly suppress 4 

AAA formation and progression independent of incretin signalling66,67, no association was 5 

identified between DPP-4 inhibitor use and AAA growth rate in the present study. Given the 6 

limited number of included studies (n=3), these results must be interpreted with caution; further 7 

evaluation of DPP-4 inhibitors is warranted. Evidence on other glucose-lowering agents and AAA 8 

progression remains limited. However, recent observational studies have reported associations 9 

between thiazolidinediones68, and SGLT2 inhibitors69, and GLP-1R agonists47,70 reduced AAA 10 

occurrence risk or slower disease progression. GLP-1R agonists have been associated with a lower 11 

AAA development risk even after adjusting for metformin use47, raising the possibility of 12 

metformin-independent association. This association may be mediated by modulation of key 13 

processes in AAA pathophysiology, including attenuation of vascular inflammation, regulation of 14 

macrophage activity, suppression of MMP activity, and preservation of elastin structure within the 15 

aortic wall71. For SGLT2 inhibitors, proposed biological relevance is primarily attributed to 16 

systemic anti-inflammatory, antioxidant, and blood pressure-lowering properties.72-76 17 

Thiazolidinediones may attenuate aortic degeneration by activating PPAR-γ, thereby suppressing 18 

inflammation and matrix degradation in the aortic wall.77,78 Nonetheless, across antidiabetic drug 19 

classes, experimental findings provide a biological context for observed clinical associations but 20 

remain insufficient to infer causality.  21 

The present study reaffirms the association between metformin use and attenuated AAA 22 

progression, and its potential role in preventing AAA onset. Furthermore, a favorable association 23 
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between sulfonylureas and disease progression was observed. These findings may guide the 1 

selection of antidiabetic agents in at-risk patients. Nevertheless, further studies considering 2 

combination therapies and focusing on non-metformin agents are required to clarify their 3 

differential associations. 4 

Despite the strengths of this meta-analysis, some limitations should be acknowledged. First, 5 

most included studies were observational and retrospective, limiting causal inference and 6 

increasing the risk of selection and information bias. Specifically, DM may act as both a 7 

confounder and an effect modifier. Although adjusted estimates were prioritized, and subgroup 8 

analyses restricted to DM-only cohorts and study-level meta-regression were performed, residual 9 

confounding cannot be excluded. Notably, for metformin, analyses restricted to patients with 10 

diabetes yielded consistent results for both AAA growth and AAA-related events, partially 11 

mitigating confounding by diabetes status. Conversely, for other antidiabetic drug classes, such 12 

diabetes-restricted evaluations are largely unfeasible because reporting is limited and 13 

heterogeneous. Additionally, no eligible studies reported effect estimates specific to non-diabetic 14 

populations, limiting assessment of applicability to patients without diabetes. However, the 15 

ongoing LIMIT trial is specifically evaluating the efficacy of metformin in patients without 16 

diabetes.52 Findings from this trial will be critical for clarifying the causal role of metformin in this 17 

population, warranting a future re-evaluation of the evidence. Studies explicitly designed to 18 

compare treated and untreated patients within diabetic populations, with detailed characterization 19 

of concomitant medication use, are needed to clarify drug-specific associations independent of the 20 

underlying influence of diabetes. Second, substantial heterogeneity existed among the studies 21 

regarding patient populations, comorbidities, medication adherence, and study design, potentially 22 

introducing residual confounding. Sample size imbalances may have biased the results; for 23 
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example, the study by van Tongeren et al.43 included 51 metformin users, limiting statistical power 1 

and potentially reducing the precision of the estimates. Third, despite the inclusion of study-level 2 

covariates, such as the proportion of male participants, in the meta-regression, substantial residual 3 

heterogeneity (> 77%) remained. This suggests that important sources of inter-study variability 4 

were not fully captured, which may have limited the interpretability and robustness of primary 5 

meta-analytic findings. Finally, although the present study highlights the associations between 6 

metformin and sulfonylureas, data on newer antidiabetic agents, including GLP-1R agonists, 7 

remain limited.  8 

5 Conclusions 9 

This systematic review and meta-analysis suggests that certain antidiabetic agents, 10 

particularly metformin, are associated with slower AAA progression. Sulfonylureas were also 11 

associated with slower AAA progression, whereas their independent contributions remain unclear 12 

because of potential confounding factors. Nonetheless, evidence regarding the associations of 13 

other antidiabetic agents, including DPP-4 inhibitors, on AAA progression remains limited. 14 

Further research, including well-designed randomized controlled trials, is warranted to clarify 15 

drug-specific associations, assess outcomes in stratified risk groups, and characterize mechanisms 16 

linking glucose-lowering therapies to AAA pathophysiology. 17 

  18 

Jo
urn

al 
Pre-

pro
of

Downloaded for Anonymous User (n/a) at Liberty University from ClinicalKey.com by Elsevier on May 04, 2026. 
For personal use only. No other uses without permission. Copyright ©2026. Elsevier Inc. All rights reserved.Downloaded for personal academic use. All rights reserved. https://papernode.online/

https://ballisticcomainvitation.com/t2e548yr3v?key=403e8f291d0b160c8210d10a973a50a9


 19 

Declaration of conflict of interest 1 

The authors declare that this study was conducted without any commercial or financial 2 

relationships that could be construed as potential conflicts of interest.  3 

Funding sources 4 

This study did not receive any specific grants from funding agencies in the public, commercial, 5 

or non-profit sectors.  6 

Ethics statement 7 

As this study synthesized data from previously published studies, institutional ethics approval 8 

was not required. Written informed consent was not required for this study in accordance with 9 

national legislation and institutional requirements.  10 

Data availability 11 

All data generated or analyzed during this study are included in this published article and its 12 

supplementary information files.  13 

Acknowledgements 14 

Not applicable. 15 

CRediT authorship contribution statement 16 

Yoonjung Park: Writing – original draft, Methodology, Investigation, Formal analysis, Data 17 

Curation, Conceptualization. Soyoung Kang: Writing – original draft, Methodology, Investigation, 18 

Formal analysis, Data Curation, Conceptualization. Hyun Woo Lee: Methodology, Investigation, 19 

Formal analysis, and Data curation. Jaekyu Shin: Writing – review and editing, Supervision, 20 

Jo
urn

al 
Pre-

pro
of

Downloaded for Anonymous User (n/a) at Liberty University from ClinicalKey.com by Elsevier on May 04, 2026. 
For personal use only. No other uses without permission. Copyright ©2026. Elsevier Inc. All rights reserved.Downloaded for personal academic use. All rights reserved. https://papernode.online/

https://ballisticcomainvitation.com/t2e548yr3v?key=403e8f291d0b160c8210d10a973a50a9


 20 

Conceptualization. Wonseok Seol: Investigation, Formal analysis, and Data curation. Jiseok Lee: 1 

Investigation, Formal analysis, and Data curation. Yun Mi Yu: Writing – review and editing, 2 

Supervision, Methodology, Investigation, Conceptualization. Young-Mi Ah: Writing – review and 3 

editing, Supervision, Methodology, Investigation, Conceptualization.  4 

Jo
urn

al 
Pre-

pro
of

Downloaded for Anonymous User (n/a) at Liberty University from ClinicalKey.com by Elsevier on May 04, 2026. 
For personal use only. No other uses without permission. Copyright ©2026. Elsevier Inc. All rights reserved.Downloaded for personal academic use. All rights reserved. https://papernode.online/

https://ballisticcomainvitation.com/t2e548yr3v?key=403e8f291d0b160c8210d10a973a50a9


 21 

References 1 

1. Sakalihasan N, Michel JB, Katsargyris A, Kuivaniemi H, Defraigne JO, Nchimi A, et al. Abdominal 2 

aortic aneurysms. Nat Rev Dis Primers. 2018;4(1):34. doi: 10.1038/s41572-018-0030-7. 3 

2. Hirsch AT, Haskal ZJ, Hertzer NR, Bakal CW, Creager MA, Halperin JL, et al. ACC/AHA 2005 4 

Practice Guidelines for the management of patients with peripheral arterial disease (lower extremity, 5 

renal, mesenteric, and abdominal aortic): a collaborative report from the American Association for 6 

Vascular Surgery/Society for Vascular Surgery, Society for Cardiovascular Angiography and Interventions, 7 

Society for Vascular Medicine and Biology, Society of Interventional Radiology, and the ACC/AHA Task 8 

Force on Practice Guidelines (Writing Committee to Develop Guidelines for the Management of Patients 9 

With Peripheral Arterial Disease): endorsed by the American Association of Cardiovascular and 10 

Pulmonary Rehabilitation; National Heart, Lung, and Blood Institute; Society for Vascular Nursing; 11 

TransAtlantic Inter-Society Consensus; and Vascular Disease Foundation. Circulation. 2006;113(11):e463–12 

654. doi: 10.1161/CIRCULATIONAHA.106.174526. 13 

3. Marquez-Sanchez AC, Koltsova EK. Immune and inflammatory mechanisms of abdominal aortic 14 

aneurysm. Front Immunol. 2022;13:989933. doi: 10.3389/fimmu.2022.989933. 15 

4. Hellmann DB, Grand DJ, Freischlag JA. Inflammatory abdominal aortic aneurysm. JAMA. 16 

2007;297(4):395–400. doi: 10.1001/jama.297.4.395. 17 

5. Gao J, Cao H, Hu G, Wu Y, Xu Y, Cui H, et al. The mechanism and therapy of aortic aneurysms. 18 

Signal Transduct Target Ther. 2023;8(1):55. doi: 10.1038/s41392-023-01325-7. 19 

6. Cho MJ, Lee MR, Park JG. Aortic aneurysms: current pathogenesis and therapeutic targets. Exp 20 

Mol Med. 2023;55(12):2519–30. doi: 10.1038/s12276-023-01130-w. 21 

7. Golledge J, Moxon JV, Singh TP, Bown MJ, Mani K, Wanhainen A. Lack of an effective drug 22 

therapy for abdominal aortic aneurysm. J Intern Med. 2020;288(1):6–22. doi: 10.1111/joim.12958. 23 

8. Bicknell CD, Kiru G, Falaschetti E, Powell JT, Poulter NR, Aardvark Collaborators. An evaluation 24 

of the effect of an angiotensin-converting enzyme inhibitor on the growth rate of small abdominal 25 

aortic aneurysms: a randomized placebo-controlled trial (AARDVARK). Eur Heart J. 2016;37(42):3213–21. 26 

doi: 10.1093/eurheartj/ehw257. 27 

9. Lederle FA. The strange relationship between diabetes and abdominal aortic aneurysm. Eur J 28 

Vasc Endovasc Surg. 2012;43(3):254–6. doi: 10.1016/j.ejvs.2011.12.026. 29 

10. Lederle FA, Johnson GR, Wilson SE, Chute EP, Littooy FN, Bandyk D, et al. Prevalence and 30 

associations of abdominal aortic aneurysm detected through screening. Aneurysm Detection and 31 

Management (ADAM) Veterans Affairs Cooperative Study Group. Ann Intern Med. 1997;126(6):441–9. 32 

doi: 10.7326/0003-4819-126-6-199703150-00004. 33 

11. Morris DR, Jones GT, Holmes MV, Bown MJ, Bulbulia R, Singh TP, et al. Genetic Predisposition 34 

to Diabetes and Abdominal Aortic Aneurysm: A Two Stage Mendelian Randomisation Study. Eur J Vasc 35 

Endovasc Surg. 2022;63(3):512–9. doi: 10.1016/j.ejvs.2021.10.038. 36 

Jo
urn

al 
Pre-

pro
of

Downloaded for Anonymous User (n/a) at Liberty University from ClinicalKey.com by Elsevier on May 04, 2026. 
For personal use only. No other uses without permission. Copyright ©2026. Elsevier Inc. All rights reserved.Downloaded for personal academic use. All rights reserved. https://papernode.online/

https://ballisticcomainvitation.com/t2e548yr3v?key=403e8f291d0b160c8210d10a973a50a9


 22 

12. Dewangga R, Winston K, Ilhami LG, Indriani S, Siddiq T, Adiarto S. Association of metformin use 1 

with abdominal aortic aneurysm: A systematic review and meta-analysis. Asian Cardiovasc Thorac Ann. 2 

2024;32(2-3):148–56. doi: 10.1177/02184923231225794. 3 

13. Yu X, Jiang D, Wang J, Wang R, Chen T, Wang K, et al. Metformin prescription and aortic 4 

aneurysm: systematic review and meta-analysis. Heart. 2019;105(17):1351–7. doi: 10.1136/heartjnl-2018-5 

314639. 6 

14. Yuan Z, Heng Z, Lu Y, Wei J, Cai Z. The Protective Effect of Metformin on Abdominal Aortic 7 

Aneurysm: A Systematic Review and Meta-Analysis. Front Endocrinol (Lausanne). 2021;12:721213. doi: 8 

10.3389/fendo.2021.721213. 9 

15. Fujimura N, Xiong J, Kettler EB, Xuan H, Glover KJ, Mell MW, et al. Metformin treatment status 10 

and abdominal aortic aneurysm disease progression. J Vasc Surg. 2016;64(1):46–54 e8. doi: 11 

10.1016/j.jvs.2016.02.020. 12 

16. Pena RCF, Hofmann Bowman MA, Ahmad M, Pham J, Kline-Rogers E, Case MJ, et al. An 13 

assessment of the current medical management of thoracic aortic disease: A patient-centered scoping 14 

literature review. Semin Vasc Surg. 2022;35(1):16–34. doi: 10.1053/j.semvascsurg.2022.02.007. 15 

17. Dattani N, Sayers RD, Bown MJ. Diabetes mellitus and abdominal aortic aneurysms: A review of 16 

the mechanisms underlying the negative relationship. Diab Vasc Dis Res. 2018;15(5):367–74. doi: 17 

10.1177/1479164118780799. 18 

18. Skovbo Kristensen JS, Krasniqi L, Obel LM, Kavaliunaite E, Liisberg M, Lindholt JS. Exploring Drug 19 

Re-Purposing for Treatment of Abdominal Aortic Aneurysms: a Systematic Review and Meta-analysis. 20 

Eur J Vasc Endovasc Surg. 2024;67(4):570–82. doi: 10.1016/j.ejvs.2023.11.037. 21 

19. Wanhainen A, Dalman RL. Update on Ongoing Randomised Controlled Trials Evaluating the 22 

Protective Effect of Metformin on Abdominal Aortic Aneurysm Progression. Eur J Vasc Endovasc Surg. 23 

2025;69(1):6–8. doi: 10.1016/j.ejvs.2024.08.042. 24 

20. Golledge J, Arnott C, Moxon J, Monaghan H, Norman R, Morris D, et al. Protocol for the 25 

Metformin Aneurysm Trial (MAT): a placebo-controlled randomised trial testing whether metformin 26 

reduces the risk of serious complications of abdominal aortic aneurysm. Trials. 2021;22(1):962. doi: 27 

10.1186/s13063-021-05915-0. 28 

21. Shanmuganathan G, Agrawal DK. Diabetes and Abdominal Aortic Aneurysm: Is the Protective 29 

Effect on AAA Due to Antidiabetic Medications Alone, Due to the Disease Alone, or Both? Arch Intern 30 

Med Res. 2024;7(2):104–13. doi: 10.26502/aimr.0169. 31 

22. Abell-Hart K, Hajagos J, Garcia V, Kaan J, Zhu W, Saltz M, et al. Investigation of commonly used 32 

aortic aneurysm growth rate metrics: Comparing their suitability for clinical and research applications. 33 

PLOS ONE. 2023;18(8):e0289078. doi: 10.1371/journal.pone.0289078. 34 

23. Cho IY, Koo HY, Han K, Lee KN, Cho M, Jin SM, et al. Metabolic syndrome and the risk of 35 

abdominal aortic aneurysm: A nationwide cohort study. Atherosclerosis. 2023;386:117329. doi: 36 

10.1016/j.atherosclerosis.2023.117329. 37 

Jo
urn

al 
Pre-

pro
of

Downloaded for Anonymous User (n/a) at Liberty University from ClinicalKey.com by Elsevier on May 04, 2026. 
For personal use only. No other uses without permission. Copyright ©2026. Elsevier Inc. All rights reserved.Downloaded for personal academic use. All rights reserved. https://papernode.online/

https://ballisticcomainvitation.com/t2e548yr3v?key=403e8f291d0b160c8210d10a973a50a9


 23 

24. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 1 

statement: an updated guideline for reporting systematic reviews. BMJ. 2021;372:n71. doi: 2 

10.1136/bmj.n71. 3 

25. Sterne JA, Hernan MA, Reeves BC, Savovic J, Berkman ND, Viswanathan M, et al. ROBINS-I: a 4 

tool for assessing risk of bias in non-randomised studies of interventions. BMJ. 2016;355:i4919. doi: 5 

10.1136/bmj.i4919. 6 

26. Sterne JAC, Savovic J, Page MJ, Elbers RG, Blencowe NS, Boutron I, et al. RoB 2: a revised tool 7 

for assessing risk of bias in randomised trials. BMJ. 2019;366:l4898. doi: 10.1136/bmj.l4898. 8 

27. Park Y, Ah YM, Yu YM. Vitamin D supplementation for depression in older adults: a meta-analysis 9 

of randomized controlled trials. Front Nutr. 2023;10:1169436. doi: 10.3389/fnut.2023.1169436. 10 

28. Higgins JPT, Thomas J, Chandler J, Cumpston M, Li T, Page MJ, et al. Chapter 6: Choosing effect 11 

measures and computing estimates of effect in Cochrane Handbook for Systematic Reviews of 12 

Interventions version 6.5: Cochrane; 2024 [updated 22 August, 2024; cited 2025]. Available from: 13 

www.training.cochrane.org/handbook. 14 

29. Higgins JPT, Thomas J, Chandler J, Cumpston M, Li T, Page MJ, et al. Chapter 10: Analyzing data 15 

and undertaking meta-analysis in Cochrane handbook for systematic reviews of interventions version 16 

6.5 2024 [updated 22 August, 2024; cited 2025 26 June]. Available from: 17 

https://training.cochrane.org/handbook. 18 

30. Youn YJ, Kim S, Jeong HJ, Ah YM, Yu YM. Sodium-glucose cotransporter-2 inhibitors and their 19 

potential role in dementia onset and cognitive function in patients with diabetes mellitus: a systematic 20 

review and meta-analysis. Front Neuroendocrinol. 2024;73:101131. doi: 10.1016/j.yfrne.2024.101131. 21 

31. Knapp G, Hartung J. Improved tests for a random effects meta-regression with a single covariate. 22 

Stat Med. 2003;22(17):2693–710. doi: 10.1002/sim.1482. 23 

32. Higgins JPT, Thomas J, Chandler J, Cumpston M, Li T, Page MJ, et al. Chapter 13: Assessing risk 24 

of bias due to missing evidence in a meta-analysis in Cochrane Handbook for Systematic Reviews of 25 

Interventions version 6.5 2024 [updated 22 August, 2024; cited 2025]. Available from: 26 

https://training.cochrane.org/handbook. 27 

33. Geum MJ, Yu YM, Jeon J, Lee HW, Shin J, Chung WY, et al. Intracoronary antithrombotic therapy 28 

during primary percutaneous coronary intervention in patients with STEMI: A systematic review and 29 

network meta-analysis. Thromb Res. 2024;233:127–34. doi: 10.1016/j.thromres.2023.11.022. 30 

34. Eilenberg W, Klopf J, Sotir A, Scheuba A, Domenig C, Loewe C, et al. Metformin to Inhibit 31 

Progression of Abdominal Aortic Aneurysm: A Randomised, Placebo Controlled Clinical Trial. Eur J Vasc 32 

Endovasc Surg. 2025. doi: 10.1016/j.ejvs.2025.04.052. 33 

35. Gellatly C, Sweeting M, Emin A, Katsogridakis E, Finch S, Saratzis A, et al. Influence of 34 

cardiometabolic medications on abdominal aortic aneurysm growth in the UK Aneurysm Growth Study: 35 

metformin and angiotensin-converting enzyme inhibitors associated with slower aneurysm growth. Br 36 

J Surg. 2024;111(1). doi: 10.1093/bjs/znad375. 37 

Jo
urn

al 
Pre-

pro
of

Downloaded for Anonymous User (n/a) at Liberty University from ClinicalKey.com by Elsevier on May 04, 2026. 
For personal use only. No other uses without permission. Copyright ©2026. Elsevier Inc. All rights reserved.Downloaded for personal academic use. All rights reserved. https://papernode.online/

https://ballisticcomainvitation.com/t2e548yr3v?key=403e8f291d0b160c8210d10a973a50a9


 24 

36. Unosson J, Wagsater D, Bjarnegard N, De Basso R, Welander M, Mani K, et al. Metformin 1 

Prescription Associated with Reduced Abdominal Aortic Aneurysm Growth Rate and Reduced 2 

Chemokine Expression in a Swedish Cohort. Ann Vasc Surg. 2021;70:425–33. doi: 3 

10.1016/j.avsg.2020.06.039. 4 

37. Golledge J, Moxon J, Pinchbeck J, Anderson G, Rowbotham S, Jenkins J, et al. Association 5 

between metformin prescription and growth rates of abdominal aortic aneurysms. Br J Surg. 6 

2017;104(11):1486–93. doi: 10.1002/bjs.10587. 7 

38. Thompson A, Cooper JA, Fabricius M, Humphries SE, Ashton HA, Hafez H. An analysis of drug 8 

modulation of abdominal aortic aneurysm growth through 25 years of surveillance. J Vasc Surg. 9 

2010;52(1):55–61 e2. doi: 10.1016/j.jvs.2010.02.012. 10 

39. Bobadilla-Rosado LO, Anaya-Ayala JE, Santos-Chavez E, Navarro J, Martinez-Quesada I, Laparra-11 

Escareno H, et al. Factors that Influence Growth Rates of Abdominal Aortic Aneurysms. Analysis of a 12 

Mexican Cohort. Vasc Endovascular Surg. 2024;58(8):813–7. doi: 10.1177/15385744241265758. 13 

40. Hornby-Foster I. Abdominal aortic aneurysm growth rates in patients undergoing local 14 

ultrasound surveillance. Ultrasound. 2023;31(1):23–32. doi: 10.1177/1742271X221093751. 15 

41. Itoga NK, Rothenberg KA, Suarez P, Ho TV, Mell MW, Xu B, et al. Metformin prescription status 16 

and abdominal aortic aneurysm disease progression in the U.S. veteran population. J Vasc Surg. 17 

2019;69(3):710–6 e3. doi: 10.1016/j.jvs.2018.06.194. 18 

42. Golledge J, Morris DR, Pinchbeck J, Rowbotham S, Jenkins J, Bourke M, et al. Editor's Choice – 19 

Metformin Prescription is Associated with a Reduction in the Combined Incidence of Surgical Repair 20 

and Rupture Related Mortality in Patients with Abdominal Aortic Aneurysm. Eur J Vasc Endovasc Surg. 21 

2019;57(1):94–101. doi: 10.1016/j.ejvs.2018.07.035. 22 

43. van Tongeren O, Rastogi V, Vecht DE, Ultee KHJ, Hoeks SE, Verhagen HJM, et al. Metformin Use 23 

and Long-term Outcomes Including Aneurysm Sac Dynamics Following EVAR for Infrarenal Abdominal 24 

Aortic Aneurysm: "A Retrospective Study". J Endovasc Ther. 2024:15266028241268500. doi: 25 

10.1177/15266028241268500. 26 

44. Turowicz A, Kobecki J, Laskowska A, Wojciechowski J, Swiatkowski F, Chabowski M. Association 27 

of Metformin and Abdominal Aortic Aneurysm Repair Outcomes. Ann Vasc Surg. 2021;75:390–6. doi: 28 

10.1016/j.avsg.2021.02.048. 29 

45. Sutton SS, Magagnoli J, Cummings TH, Hardin JW. Association between metformin and 30 

abdominal aortic aneurysm in diabetic and non-diabetic US veterans. J Investig Med. 2020;68(5):1015–31 

8. doi: 10.1136/jim-2019-001177. 32 

46. Kristensen KL, Pottegard A, Hallas J, Rasmussen LM, Lindholt JS. Metformin treatment does not 33 

affect the risk of ruptured abdominal aortic aneurysms. J Vasc Surg. 2017;66(3):768–74 e2. doi: 34 

10.1016/j.jvs.2017.01.070. 35 

47. Ahn H, Kaelber DC, Hoell N, Ambani R, Quatromoni JG, Khalifeh A, et al. Glucagon-like peptide-36 

1 receptor agonists are associated with reduced abdominal aortic aneurysm-related events. J Vasc Surg. 37 

Jo
urn

al 
Pre-

pro
of

Downloaded for Anonymous User (n/a) at Liberty University from ClinicalKey.com by Elsevier on May 04, 2026. 
For personal use only. No other uses without permission. Copyright ©2026. Elsevier Inc. All rights reserved.Downloaded for personal academic use. All rights reserved. https://papernode.online/

https://ballisticcomainvitation.com/t2e548yr3v?key=403e8f291d0b160c8210d10a973a50a9


 25 

2025. doi: 10.1016/j.jvs.2025.11.021. 1 

48. Solberg S, Singh K, Wilsgaard T, Jacobsen BK. Increased growth rate of abdominal aortic 2 

aneurysms in women. The Tromso study. Eur J Vasc Endovasc Surg. 2005;29(2):145–9. doi: 3 

10.1016/j.ejvs.2004.11.015. 4 

49. Dalman RL. Identifier NCT04500756, LIMItIng AAA With meTformin (LIMIT) Trial [Internet]. 5 

Bethesda (MD): National Library of Medicine; 2024 [updated 2025 Apr 18; cited 2026 Feb 15]. Available 6 

from: https://clinicaltrials.gov/study/NCT04500756. 7 

50. Pizano A, Scott CK, Porras-Colon J, Driessen AL, Miller RT, Timaran CH, et al. Chronic kidney 8 

disease impacts outcomes after abdominal aortic aneurysm repair. J Vasc Surg. 2023;77(2):415–23 e1. 9 

doi: 10.1016/j.jvs.2022.09.003. 10 

51. De Rango P, Farchioni L, Fiorucci B, Lenti M. Diabetes and abdominal aortic aneurysms. Eur J 11 

Vasc Endovasc Surg. 2014;47(3):243–61. doi: 10.1016/j.ejvs.2013.12.007. 12 

52. Landry GJ, Liem TK, Abraham CZ, Jung E, Moneta GL. Predictors of perioperative morbidity and 13 

mortality in open abdominal aortic aneurysm repair. Am J Surg. 2019;217(5):943–7. doi: 14 

10.1016/j.amjsurg.2018.12.054. 15 

53. Malas M, Arhuidese I, Qazi U, Black J, Perler B, Freischlag JA. Perioperative mortality following 16 

repair of abdominal aortic aneurysms: application of a randomized clinical trial to real-world practice 17 

using a validated nationwide data set. JAMA Surg. 2014;149(12):1260–5. doi: 10.1001/jamasurg.2014.275. 18 

54. de Guerre L, Dansey K, Li C, Lu J, Patel PB, van Herwaarden JA, et al. Late outcomes after 19 

endovascular and open repair of large abdominal aortic aneurysms. J Vasc Surg. 2021;74(4):1152–60. 20 

doi: 10.1016/j.jvs.2021.02.024. 21 

55. Huang Q, Yang H, Hu M, Chen X, Qin X. Effect of Diabetes on Long-term Mortality following 22 

Abdominal Aortic Aneurysm Repair: A Systemic Review and Meta-analysis. Ann Vasc Surg. 2020;64:375–23 

81. doi: 10.1016/j.avsg.2018.11.007. 24 

56. Takahara M, Iida O, Tazaki J, Nishikawa R, Nanto K, Chiba Y, et al. Clinical features and prognosis 25 

of patients with and without diabetes mellitus undergoing endovascular aortic aneurysm repair. BMC 26 

Endocr Disord. 2022;22(1):92. doi: 10.1186/s12902-022-01008-4. 27 

57. Raffort J, Lareyre F, Clement M, Hassen-Khodja R, Chinetti G, Mallat Z. Diabetes and aortic 28 

aneurysm: current state of the art. Cardiovasc Res. 2018;114(13):1702–13. doi: 10.1093/cvr/cvy174. 29 

58. He J, Li N, Fan Y, Zhao X, Liu C, Hu X. Metformin Inhibits Abdominal Aortic Aneurysm Formation 30 

through the Activation of the AMPK/mTOR Signaling Pathway. J Vasc Res. 2021;58(3):148–58. doi: 31 

10.1159/000513465. 32 

59. Hsu C-Y, Su Y-W, Chen Y-T, Tsai S-H, Chang C-C, Li S-Y, et al. Association between use of oral-33 

antidiabetic drugs and the risk of aortic aneurysm: a nested case–control analysis. Cardiovasc Diabetol. 34 

2016;15(1):125. doi: 10.1186/s12933-016-0447-9. 35 

60. Kothari V, Galdo JA, Mathews ST. Hypoglycemic agents and potential anti-inflammatory activity. 36 

J Inflamm Res. 2016;9:27–38. doi: 10.2147/jir.S86917. 37 

Jo
urn

al 
Pre-

pro
of

Downloaded for Anonymous User (n/a) at Liberty University from ClinicalKey.com by Elsevier on May 04, 2026. 
For personal use only. No other uses without permission. Copyright ©2026. Elsevier Inc. All rights reserved.Downloaded for personal academic use. All rights reserved. https://papernode.online/

https://ballisticcomainvitation.com/t2e548yr3v?key=403e8f291d0b160c8210d10a973a50a9


 26 

61. Ling MY, Ma ZY, Wang YY, Qi J, Liu L, Li L, et al. Up-regulated ATP-sensitive potassium channels 1 

play a role in increased inflammation and plaque vulnerability in macrophages. Atherosclerosis. 2 

2013;226(2):348–55. doi: 10.1016/j.atherosclerosis.2012.11.016. 3 

62. Cui W, Zhang S, Cai Z, Hu X, Zhang R, Wang Y, et al. The antidiabetic agent glibenclamide 4 

protects airway hyperresponsiveness and inflammation in mice. Inflammation. 2015;38(2):835–45. doi: 5 

10.1007/s10753-014-9993-z. 6 

63. Simard JM, Geng Z, Woo SK, Ivanova S, Tosun C, Melnichenko L, et al. Glibenclamide reduces 7 

inflammation, vasogenic edema, and caspase-3 activation after subarachnoid hemorrhage. J Cereb 8 

Blood Flow Metab. 2009;29(2):317–30. doi: 10.1038/jcbfm.2008.120. 9 

64. Yaribeygi H, Katsiki N, Butler AE, Sahebkar A. Effects of antidiabetic drugs on NLRP3 10 

inflammasome activity, with a focus on diabetic kidneys. Drug Discov Today. 2019;24(1):256–62. doi: 11 

10.1016/j.drudis.2018.08.005. 12 

65. Yaribeygi H, Atkin SL, Pirro M, Sahebkar A. A review of the anti-inflammatory properties of 13 

antidiabetic agents providing protective effects against vascular complications in diabetes. J Cell Physiol. 14 

2019;234(6):8286–94. doi: 10.1002/jcp.27699. 15 

66. Lindquist Liljeqvist M, Eriksson L, Villard C, Lengquist M, Kronqvist M, Hultgren R, et al. 16 

Dipeptidyl peptidase-4 is increased in the abdominal aortic aneurysm vessel wall and is associated with 17 

aneurysm disease processes. PLoS One. 2020;15(1):e0227889. doi: 10.1371/journal.pone.0227889. 18 

67. Lu HY, Huang CY, Shih CM, Lin YW, Tsai CS, Lin FY, et al. A potential contribution of dipeptidyl 19 

peptidase-4 by the mediation of monocyte differentiation in the development and progression of 20 

abdominal aortic aneurysms. J Vasc Surg. 2017;66(4):1217–26.e1. doi: 10.1016/j.jvs.2016.05.093. 21 

68. Cho IY, Han K, Lee KN, Koo HY, Cho YH, Lee JH, et al. Risk factors for abdominal aortic aneurysm 22 

in patients with diabetes. J Vasc Surg. 2025;81(1):128–36.e4. doi: 10.1016/j.jvs.2024.09.007. 23 

69. Zheng R, Song W, Lu J, Yuan M, Sun X, Lu C. The protective role of SGLT2 inhibitors on aortic 24 

aneurysm mediated by oxidative stress and inflammation in type 2 diabetes mellitus. Cardiovasc 25 

Diabetol. 2025;24(1):63. doi: 10.1186/s12933-025-02600-3. 26 

70. Sardu C, Marfella LV, Fumagalli C, Rinaldi L, Sasso FC, Cozzolino D, et al. GLP-1 Receptor Agonists 27 

Are Associated with Reduced Ascending Aorta Dilatation in Patients with Type 2 Diabetes: A Prospective 28 

Study. Int J Mol Sci. 2025;26(20). doi: 10.3390/ijms26209977. 29 

71. Singh K, Frishman WH. Beyond Glycemic Control: Glucagon-Like Peptide-1 Receptor Agonists 30 

as Potential Modifiers of Aortic Disease. Cardiol Rev. 2025. doi: 10.1097/crd.0000000000001045. 31 

72. Kobeissi E, Hibino M, Pan H, Aune D. Blood pressure, hypertension and the risk of abdominal 32 

aortic aneurysms: a systematic review and meta-analysis of cohort studies. Eur J Epidemiol. 33 

2019;34(6):547–55. doi: 10.1007/s10654-019-00510-9. 34 

73. Maliha G, Townsend RR. SGLT2 inhibitors: their potential reduction in blood pressure. J Am Soc 35 

Hypertens. 2015;9(1):48–53. doi: 10.1016/j.jash.2014.11.001. 36 

74. Jin Z, Deng H, Xiong S, Gao L. Perspective of SGLT2i in the Treatment of Abdominal Aortic 37 

Jo
urn

al 
Pre-

pro
of

Downloaded for Anonymous User (n/a) at Liberty University from ClinicalKey.com by Elsevier on May 04, 2026. 
For personal use only. No other uses without permission. Copyright ©2026. Elsevier Inc. All rights reserved.Downloaded for personal academic use. All rights reserved. https://papernode.online/

https://ballisticcomainvitation.com/t2e548yr3v?key=403e8f291d0b160c8210d10a973a50a9


 27 

Aneurysms. J Cardiovasc Pharmacol. 2023;81(4):241–7. doi: 10.1097/fjc.0000000000001395. 1 

75. Liu H, Wei P, Fu W, Xia C, Li Y, Tian K, et al. Dapagliflozin Ameliorates the Formation and 2 

Progression of Experimental Abdominal Aortic Aneurysms by Reducing Aortic Inflammation in Mice. 3 

Oxid Med Cell Longev. 2022;2022:8502059. doi: 10.1155/2022/8502059. 4 

76. Ortega R, Collado A, Selles F, Gonzalez-Navarro H, Sanz MJ, Real JT, et al. SGLT-2 (Sodium-5 

Glucose Cotransporter 2) Inhibition Reduces Ang II (Angiotensin II)-Induced Dissecting Abdominal 6 

Aortic Aneurysm in ApoE (Apolipoprotein E) Knockout Mice. Arterioscler Thromb Vasc Biol. 7 

2019;39(8):1614–28. doi: 10.1161/atvbaha.119.312659. 8 

77. Wang WD, Sun R, Chen YX. PPARgamma agonist rosiglitazone alters the temporal and spatial 9 

distribution of inflammation during abdominal aortic aneurysm formation. Mol Med Rep. 10 

2018;18(3):3421–8. doi: 10.3892/mmr.2018.9311. 11 

78. Jones A, Deb R, Torsney E, Howe F, Dunkley M, Gnaneswaran Y, et al. Rosiglitazone reduces the 12 

development and rupture of experimental aortic aneurysms. Circulation. 2009;119(24):3125–32. doi: 13 

10.1161/circulationaha.109.852467. 14 

 15 

 16 

Jo
urn

al 
Pre-

pro
of

Downloaded for Anonymous User (n/a) at Liberty University from ClinicalKey.com by Elsevier on May 04, 2026. 
For personal use only. No other uses without permission. Copyright ©2026. Elsevier Inc. All rights reserved.Downloaded for personal academic use. All rights reserved. https://papernode.online/

https://ballisticcomainvitation.com/t2e548yr3v?key=403e8f291d0b160c8210d10a973a50a9


Association of antidiabetic medication uses with abdominal aortic 

aneurysm: A systematic review and meta-analysis 

 

Supplemental materials 
 

Supplementary Table I. Checklist for Preferred Reporting Items for Systematic Reviews and Meta-

Analyses  

Supplementary Table II. Baseline characteristics of the study population. 

 

Supplementary Figure 1. Meta-regression bubble plots of the association between metformin use and AAA 

growth rate, stratified by baseline demographics, comorbidities, and concomitant medication use. 1) 

Baseline demographics and comorbidities: (A) Male proportion, (B) mean age, (C) ever smoker, (D) 

diabetes mellitus, (E) hypertension, (F) coronary artery disease, and (G) dyslipidemia and 2) concomitant 

medication use: (A) Sulfonylureas, (B) DPP-4 inhibitors, (C) thiazolidinediones, (D) insulins, (E) renin-

angiotensin system inhibitors, (F) beta blockers, and (G) antiplatelets. Each bubble represents an individual 

study, with the size proportional to the study’s weight. P-values for each covariate are provided within the 

respective panels. 

Supplementary Figure 2. Assessment of study quality and publication bias. (A) Risk of Bias in Non-

randomized Studies – of Intervention (ROBINS-I) summary and (B) funnel plot with Egger’s test for the 

association between metformin use and AAA growth rate. 

Supplementary Figure 3. Sensitivity analyses of metformin and AAA growth rate. (A) Excluding studies at 

a serious risk of bias, (B) Leave-one-out method, (C) Sequential inclusion by publication year, and (D) 

Sequential inclusion by sample size.  
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Supplementary Table I. Checklist for Preferred Reporting Items for Systematic Reviews and Meta-

Analyses flow chart of the study selection process 

Section/topic # Checklist item 
Reported on 

page # 

TITLE    

Title  1 
Identify the report as a systematic review, meta-analysis, or 

both.  
1 

ABSTRACT   

Structured 

summary  
2 

Provide a structured summary including, as applicable: 

background; objectives; data sources; study eligibility 

criteria, participants, and interventions; study appraisal and 

synthesis methods; results; limitations; conclusions and 

implications of key findings; systematic review registration 

number.  

3 – 4 

INTRODUCTION    

Rationale  3 
Describe the rationale for the review in the context of what 

is already known.  
5 – 6 

Objectives  4 

Provide an explicit statement of questions being addressed 

with reference to participants, interventions, comparisons, 

outcomes, and study design (PICOS).  

6 

METHODS 

Protocol and 

registration  
5 

Indicate if a review protocol exists, if and where it can be 

accessed (e.g., Web address), and, if available, provide 

registration information including registration number.  

6 

Eligibility criteria  6 

Specify study characteristics (e.g., PICOS, length of 

follow-up) and report characteristics (e.g., years 

considered, language, publication status) used as criteria 

for eligibility, giving rationale.  

7 

Information 

sources  
7 

Describe all information sources (e.g., databases with dates 

of coverage, contact with study authors to identify 

additional studies) in the search and date last searched.  

7 

Search  8 

Present full electronic search strategy for at least one 

database, including any limits used, such that it could be 

repeated.  

7 

Study selection  9 

State the process for selecting studies (i.e., screening, 

eligibility, included in systematic review, and, if 

applicable, included in the meta-analysis).  

7 

Data collection 

process  
10 

Describe method of data extraction from reports (e.g., 

piloted forms, independently, in duplicate) and any 

processes for obtaining and confirming data from 

investigators.  

7 – 8  

Data items  11 

List and define all variables for which data were sought 

(e.g., PICOS, funding sources) and any assumptions and 

simplifications made.  

7 – 8 
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Risk of bias in 

individual studies  
12 

Describe methods used for assessing risk of bias of 

individual studies (including specification of whether this 

was done at the study or outcome level), and how this 

information is to be used in any data synthesis.  

7 – 8 

Summary measures  13 
State the principal summary measures (e.g., risk ratio, 

difference in means).  
8 

Synthesis of results  14 

Describe the methods of handling data and combining 

results of studies, if done, including measures of 

consistency (e.g., I2) for each meta-analysis.  

8 – 9 

Risk of bias across 

studies  
15 

Specify any assessment of risk of bias that may affect the 

cumulative evidence (e.g., publication bias, selective 

reporting within studies).  

7 – 8 

Additional analyses  16 

Describe methods of additional analyses (e.g., sensitivity 

or subgroup analyses, meta-regression), if done, indicating 

which were pre-specified.  

9 

RESULTS 

Study selection  17 

Give numbers of studies screened, assessed for eligibility, 

and included in the review, with reasons for exclusions at 

each stage, ideally with a flow diagram.  

9 – 10 

Study 

characteristics  
18 

For each study, present characteristics for which data were 

extracted (e.g., study size, PICOS, follow-up period) and 

provide the citations.  

10 

Risk of bias within 

studies  
19 

Present data on risk of bias of each study and, if available, 

any outcome level assessment (see item 12).  
12 

Results of 

individual studies  
20 

For all outcomes considered (benefits or harms), present, 

for each study: (a) simple summary data for each 

intervention group (b) effect estimates and confidence 

intervals, ideally with a forest plot.  

10 – 12 

Synthesis of results  21 
Present results of each meta-analysis done, including 

confidence intervals and measures of consistency.  
10 – 12 

Risk of bias across 

studies  
22 

Present results of any assessment of risk of bias across 

studies (see Item 15).  

Supplementary 

Figure 2 

Additional analysis  23 
Give results of additional analyses, if done (e.g., sensitivity 

or subgroup analyses, meta-regression [see Item 16]).  
11 – 13 

DISCUSSION    

Summary of 

evidence  
24 

Summarize the main findings including the strength of 

evidence for each main outcome; consider their relevance 

to key groups (e.g., healthcare providers, users, and policy 

makers).  

13 – 18 

Limitations  25 

Discuss limitations at study and outcome level (e.g., risk of 

bias), and at review-level (e.g., incomplete retrieval of 

identified research, reporting bias).  

17 – 18 

Conclusions  26 
Provide a general interpretation of the results in the context 

of other evidence, and implications for future research.  
18 

FUNDING    
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Funding  27 

Describe sources of funding for the systematic review and 

other support (e.g., supply of data); role of funders for the 

systematic review.  

19 
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Supplementary Table II. Baseline characteristics of the study population.  

Study, year 

(country) 
Group 

Sample 

size (n) 

Men 

(%) 

Age 

(years), 

mean 

(SD) 

Initial 

AAA size 

(mm),  

mean 

(SD) 

Ever 

smoker 

(%) 

Comorbidities (%)* DM medication use (%) Other medication use (%) 

DM HTN  CAD  
Dyslipi

demia 
CVD CKD PAD MFM SU 

DPP-

4i 
TZD Insulins RAS BB 

Antipl

atelets 

Studies of AAA growth rate     

 

       

        

Eilenberg, 2025 

(Austria) 

AAA without 

DM (MFM) 
30 77.0 

70.9 

(9.7) 
42.8 (6.4) 97.0 0.0 67.0  17.0 93.0  NA  NA  NA 100.0 NA NA NA NA NA NA 83.0 

AAA without 

DM (placebo) 
28 89.0 

69.9 

(7.8) 
43.6 (6.1) 86.0 4.0 86.0 18.0 100.0 NA NA NA 0 NA NA NA NA NA NA 79.0 

Gellatly, 2024 

(UK) 

AAA; men 65 

years 
3,670 100.0 69.5 37.3 86.7 16.7 55.7 29.8 77.0 8.0 NA  NA  10.6 2.9 2.2 NA 1.3 50.2 27.5 62.0 

Unosson, 2021 

(Sweden) 

AAA without 

DM (no MTF) 
428 94.9 

69.1 

(5.4) 
38.2 (6.1) 83.2 0.0 66.7 33.0 65.0 13.3 5.2 NA 0 0 0 NA 0 49.9 41.4 57.0 

AAA with DM 

(no MTF) 
33 90.9 

70.1 

(6.9) 
37.5 (6.0) 93.8 100.0 90.9 45.5 87.9 16.1 21.9¶ NA 0 21.2 9.0 NA 30.3 66.7 66.7 72.7 

AAA with DM 

(MTF) 
65 92.3 

68.5 

(5.4) 
36.5 (5.9) 95.2 100.0 87.3 43.5 87.7 17.5 0¶ NA 100 26.2 15.4 NA 33.8 76.9 60.0 78.5 

Golledge cohort 

1, 2017 

(Australia,  

New Zealand) 

AAA; 

multicenter 
1,357 90.0 

73.9 

(6.3) 
36.9 (6.3) 66.5 16.0 64.8 44.6 48.5 NA   NA  NA 8.7 5.7 1.0 0.1 0.8 44.3 25.6 55.0 

Golledge cohort 

2, 2017 

(Australia,  

New Zealand) 

AAA; 

multicenter 
287  81.9 

72.6 

(7.7) 
40.9 (7.3) 89.9 24.0 68.6 49.8 68.3 NA  NA   NA 13.6 7.0 2.4 0.3 1.4 53.3 34.1 75.6 

Golledge cohort 

3, 2017 

(Australia,  

New Zealand) 

AAA; 

multicenter  
53 84.9 

73.0 

(7.6) 
43.3 (5.0) 92.5 35.8 43.4 41.5 66.0 NA  NA   NA 30.2 13.2 5.7 0 3.8 17.0 20.8 71.7 

Thompson 

(2010) 

AAA; screening 

program 
1,237 94.1 

67a 

(IQR 

65-71) 

35a (IQR 

31⎯42) 
32.8h NA  NA   NA NA  NA  NA  NA  3.8 3.4 NA NA 0.6 30.8 29.7 36.9 

Bobadilla-

Rosado (2024) 

AAA; tertiary 

care facility 
72 72.2 

75.0 

(9.1) 

43.0 

(16.7)b 
NA 31.9  NA NA  58.3 NA   NA NA  29.2 NA NA NA NA NA NA NA 

Hornby-Foster 

(2023) 

AAA; 

surveillance 

program 

315 81.3 
80.0 

(9.1)c 

42.0 

(10.6)c 
78.0 26.0 52.0 NA 72.0 NA NA NA NA NA NA NA NA NA NA NA 
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Itoga (2019) AAA with DM 13,834 99.4 
69.8 

(7.8) 
38.0 (7.1) 28.5d 100.0  NA 16.7 68.4 17.4 14.9 NA  39.7 36.7 0.4 4.9 NA 72.6 64.6 NA 

Fujimura (2016) AAA with DM 58 82.7 
72.0 

(7.6)e 
40.4 (9.1)e 67.2 100.0 84.5 62.1 50.0 17.2 29.3 48.3 25.9 22.4 3.4 3.4 22.4 69.0 55.2 NA 

Studies of AAA-related events            
         

Eilenberg (2025) 

AAA without 

DM (MFM) 
30 77.0 

70.9 

(9.7) 
42.8 (6.4) 97 0.0 67 17 93  NA  NA  NA 100.0 NA NA NA NA NA NA 83.0 

AAA without 

DM (placebo) 
28 89.0 

69.9 

(7.8) 
43.6 (6.1) 86 4 86  18 100  NA  NA  NA 0 NA NA NA NA NA NA 79.0 

Golledge, 2019 

(Australia) 

AAA without 

DM 
846 79.4 

73.6 

(8.0) 

46.6 

(11.5) 
86.2 0 74.0 48.7 62.8 NA NA NA 0 NA NA NA NA 58.0 35.2 72.9 

AAA with DM 

(no MFM) 
105 88.6 

74.2 

(7.2) 

45.3 

(10.0) 
84.7 100.0 76.2¶ 54.3 70.5¶ NA NA NA 0 NA NA NA NA 74.3 40.0 72.4 

AAA with DM 

(MFM) 
129 89.9 

72.4 

(6.5) 

43.4 

(10.3) 
91.4 100.0 89.1¶ 49.6 89.9¶ NA NA NA 100 NA NA NA NA 86.0 32.6 88.4 

Ahn, 2025 

(USA) 

AAA with DM 

(GLP-1) 
1,401 71.6 

68.7 

(8.7) 
NA 11.3 100.0 89.5 NA 86.6 28.7 28.3 31.1 67.7 NA NA NA NA 92.9 69.7 NA 

AAA with DM 

(no GLP-1) 
1,401 69.9 

68.8 

(9.8) 
NA 11.1 100.0 90.7 NA 86.8 28.6 29.1 33.6 68.1 NA NA NA NA 93.0 69.5 NA 

AAA with no 

DM (GLP-1) 
336 76.8 

68.0(10

.2) 
NA 3.0 0 71.4 NA 69.3 24.4 22.3 21.4 NA NA NA NA NA 85.1 65.5 NA 

AAA with no 

DM (no GLP-1) 
336 78.0 

68.4 

(9.8) 
NA 4.2 0 69.9 NA 67.3 21.7 19.6 20.2 NA NA NA NA NA 84.5 62.8 NA 

van Tongeren 

(2024) 

AAA post-

EVAR (MFM)  
51 92.2 

71.1 

(6.71)b 

59.3 

(11.4)b 
84.3 100.0¶ 80.4 47.1 82.4 NA NA 29.4 100.0 NA NA NA NA NA 72.5 84.3 

AAA post-

EVAR (no 

MFM) 

634 88.3 
73.0 

(7.43)b 

60.0 

(9.7)b 
73.2 7.3¶ 67.8 35.0 60.1 NA NA 18.8 0 NA NA NA NA NA 46.7 74.1 

Turowicz (2021) 

AAA post-repair 

without DM 
229 NA 

71.0 

(8.3) 

61.5 

(18.2) 
NA 0 65.1¶ 

§ 

31.9 45.9 NA NA 15.3 NA NA NA NA NA NA NA 47.6 

AAA post-repair 

with DM (MFM) 
54 NA 

69.6 

(6.8) 

60.8 

(12.8) 
NA 100.0 50.0§ 29.6 44.4 NA NA 20.4 100.0 NA NA NA NA NA NA 37.0 
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AAA post-repair 

with DM (other 

glucose-lowering 

drugs) 

23 NA 
74.3 

(2.4) 

61.8 

(23.6) 
NA 100.0 95.7¶ 43.5 43.5 NA NA 13.0 0 NA NA NA NA NA NA 47.8 

Sutton (2020) 

AAA without 

DM 
56,006 100.0 

70.4 

(8.0) 
NA 26.8 0 79.9 NA 61.0 NA NA NA 0 NA NA NA NA NA NA NA 

AAA with DM 

(MFM) 
24,361 100.0 

69.7 

(7.2) 
NA 26.9 19.7 82.2 NA 64.5 NA NA NA 100.0 NA NA NA NA NA NA NA 

AAA with DM 

(no MFM) 
43,073 100.0 

72.3 

(7.9) 
NA 22.8 34.9 78.7 NA 57.1 NA NA NA 0 NA NA NA NA NA NA NA 

Kristensen 

(2017) 

Case 362 83.7 
73.7 

(8.2) 
NA NA 100.0 NA 46.1f 60.8 NA 9.9g NA 49.2 51.1 NA NA 13.5 63.3 NA 71.5 

Control 3,620 83.7 
73.7 

(8.2) 
NA NA 100.0 NA 33.5f 50.1 NA 6.8g NA 53.3 62.5 NA NA 27.9 56.5 NA 60.0 

Abbreviations: AAA, abdominal aortic aneurysm; AGI, alpha-glucosidase inhibitors; BB, beta blockers; CAD, coronary artery disease; CKD, chronic kidney disease; CT, computed tomography; CVD, 

cerebrovascular disease; DM, diabetes mellitus; DPP-4i, dipeptidyl peptidase-4 inhibitors; EVAR, endovascular aneurysm repair; HTN, hypertension; IQR, interquartile range; MFM, metformin; NA, not available; 

PAD, peripheral artery disease; RAS, renin-angiotensin system inhibitors; SD, standard deviation; SU, sulfonylureas; SGLT-2i, sodium-glucose transporter 2 inhibitors; TZD, thiazolidinediones; VD, vascular 

disease. 
a Mean (IQR) 
b Mean (SD), calculated from median (IQR).  
c SD calculated from 95% CI. 
d Smoking status included active smokers; 60% missing data. 
e SD calculated from standard error.  
f Defined as myocardial infarction, congestive heart failure, peripheral arterial disease, or cerebrovascular disease. 
g Defined as moderate to severe renal disease. 
h Current smoker. 

* Based on total population 
¶ p <.05 between groups 
§ p <.05 between AAA repair without DM vs. with DM + MFM 
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1. Baseline demographics and comorbidities 
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2. Concomitant medication use 

 

Supplementary Figure 1. Meta-regression bubble plots of the association between metformin use and AAA 

growth rate, stratified by baseline demographics, comorbidities, and concomitant medication use. 1) 

Baseline demographics and comorbidities: (A) Male proportion, (B) mean age, (C) ever smoker, (D) 

diabetes mellitus, (E) hypertension, (F) coronary artery disease, and (G) dyslipidemia and 2) concomitant 

medication use: (A) Sulfonylureas, (B) DPP-4 inhibitors, (C) thiazolidinediones, (D) insulins, (E) renin-

angiotensin system inhibitors, (F) beta blockers, and (G) antiplatelets. Each bubble represents an individual 

study, with the size proportional to the study’s weight. P-values for each covariate are provided within the 

respective panels. 
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Supplementary Figure 2. Assessment of study quality and publication bias. (A) Risk of Bias in Non-

randomized Studies – of Intervention (ROBINS-I) summary and (B) funnel plot with Egger’s test for the 

association between metformin use and AAA growth rate. 
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Supplementary Figure 3. Sensitivity analyses of metformin and AAA growth rate. (A) Excluding studies at 

a serious risk of bias, (B) leave-one-out method, (C) sequential inclusion by publication year, and (D) 

sequential inclusion by sample size.   
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Table I. Characteristics of included studies.  

Study, year 

(country) 

Study 

design 

(enrollment 

period) 

Cohort/group 

definition 

(AAA detection 

method) 

Number 

of 

patientsa 

Follow-up 

duration 

(years),  

mean 

(SD) 

Outcomes according to  

antidiabetic drug use* 

Studies of AAA growth rate      

Eilenberg, 

2025 

(Austria) 

RCT 

(NA) 

AAA without 

DM; metformin 

vs. placebo 

(CT) 

45 Up to 1.5 

no DM-MFM: 1.95 (1.66)b, c 

no DM-placebo: 1.80 

(1.29)b, c 

Gellatly, 2024 

(UK) 

Prospective 

cohort 

(2011–

2019) 

Screen-detected 

AAA; men 65 

years (U) 

3,663 NA 

MFM: -0.38 (SE: 0.10) † 

DPP4i: -0.321 (SE: 0.10) † 

SU: -0.341 (SE: 0.18) † 

Unosson, 2021 

(Sweden) 

Prospective 

cohort 

(200–2017) 

Screen-detected 

AAA; multicenter 

(U) 

526 3.2 (1.7) 

DM-MFM: 1.1 (1.1) 

DM-no MFM: 1.6 ( 1.4) 

no DM-no MFM: 2.3 (2.2) 

Golledge 

cohort 1,  

2017 

(Australia, 

New Zealand) 

Prospective 

cohort 

(2002–

2015) 

Screen-detected 

AAA; multicenter 

(U) 

1,357 3.6 (2.4) 

DM-MFM: 1.03 (2.68) 

DM-no MFM: 1.60 (2.94) 

no DM-no MFM: 1.62 

(2.45) 

DM-SU: 1.13 (3.05) 

DM-no SU: 1.58 (2.49) 

DM-DPP4i: 1.47 (1.59) 

DM-no DPP4i: 1.56 (2.53) 

Golledge 

cohort 2, 

2017 

(Australia, 

New Zealand) 

Prospective 

cohort 

 (2002–

2015) 

Screen-detected 

AAA; multicenter 

(CT) 

287 2.9 (2.6) 

DM-MFM: 1.40 (2.99) 

no DM-no MFM: 2.55 

(3.04) 

DM-no MFM: 2.18 (2.96) 

DM-SU: 2.25 (3.00)  

DM-no SU: 2.37 (3.05) 

Golledge 

cohort 3, 

2017 

(Australia, 

New Zealand) 

Prospective 

cohort 

(2009–

2015) 

Screen-detected 

AAA; multicenter 

(CT) 

53 1 

DM-MFM: 0.37 (1.28)  

DM-no MFM: 0.95 (1.18) 

no DM-no MFM: 1.46 

(1.52) 

Thompson, 

2010 

(UK) 

Prospective 

cohort 

(1984–

2007) 

Screen-detected 

AAA (U) 
1,237 

3.4 (2.0–

6.4)e 

DM-MFM: 0.75 (2.74)d 

no MFM: 1.55 (4.48)d 

DM-SU: 0.70 (2.66)d 

no SU: 1.59 (4.49)d 

Bobadilla-

Rosado,  

2024 

(Mexico) 

Retrospecti

ve cohort 

(2014-2021) 

AAA, stratified 

by DM 

medication (CT) 

72 1.5 

Pre and post follow-up 

MFM: 36.12 (7.04), 37.00 

(4.51) 

no MFM: 42.05 (12.54), 

45.34 (12.06) 
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Hornby-Foster, 

2023 

(UK) 

Retrospecti

ve cohort 

(2015–

2020) 

AAA in 

surveillance 

program (U) 

434 NA 

DM-gliclazide: 1.0 (0.4–

1.6]b,f 

DM-MFM: 2.0 (0.8–3.3)b,f 

no gliclazide: 2.6b 

DM: 1.9 (1.4–2.3)b,f 

no DM: 2.9 (2.4–3.2)b,f 

Itoga, 

2019 

(USA) 

Retrospecti

ve cohort 

(200–2013) 

AAA with DM 

(CT/MRI/U) 
13,834 4.2 (2.6) 

DM-MFM: 1.2 (1.9) 

DM-no MFM: 1.5 (2.2) 

Fujimura, 2016 

(USA) 

Retrospecti

ve cohort 

(NA) 

AAA with DM 

(CT) 
58 2.6 (2.3) d 

DM-MFM: 0.40 (2.32)d  

DM-no MFM: 1.70 (3.28)d  

DM-SU: 1.30 (1.80)d 

DM-no SU: 1.4 (3.35)d 

DM-DPP4i: -1.0 (2.40)d 

DM-no DPP4i: 1.40 (2.99)d 

Studies of AAA-related events    

Eilenberg, 

2025 

(Austria) 

RCT 

(NA) 

AAA without 

DM; metformin 

vs. placebo 

(CT) 

50 1 

AAA surgery incidence  

OR (95% CI)i, ref = placebo  

MFM: 0.88 (0.23–3.36)g 

Golledge, 2019 

(Australia) 

Prospective 

cohort 

(2002–

2017) 

AAA; multicenter 

(CT, U) 
1,080 2.5 (3.1) 

AAA repair or rupture-

related mortality  

aHR (95% CI), ref = no-

DM 

DM-MFM: 0.63 (0.44–

0.93) 

DM-no MFM: 1.15 (0.83–

1.59) 

 

OR (95% CI)§  

DM-MFM: 0.41 (0.27–

0.63), ref = no MFM 

DM-MFM: 0.46 (0.26–

0.80), ref = DM-no MFM 

DM-SU: 0.66 (0.40–1.09), 

ref = not specified 

Ahn, 2025 

(USA) 

Retrospecti

ve cohort 

study 

(2015–

2020) 

AAA with DM 

and no-DM (NA) 
3,474 5 

Outcomes: all-cause 

mortality, AAA repair, and 

AAA syndrome 

 

All-cause mortality, OR 

(95% CI), ref: DM-no GLP-

1 

DM-GLP-1: 0.54 (0.45 – 

0.65) 

AAA repair, OR (95% CI), 

ref: DM-no GLP-1 
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DM-GLP-1: 0.66 (0.45 – 

0.95) 

AAA syndrome, OR (95% 

CI), ref: DM-no GLP-1 

DM-GLP-1: 0.98 (0.60 – 

1.60) 

 

All-cause mortality, OR 

(95% CI), ref: no DM-no 

GLP-1 

noDM-GLP-1: 0.47 (0.30 – 

0.74) 

AAA repair, OR (95% CI), 

ref: no DM-no GLP-1 

DM-GLP-1: 0.45 (0.21 – 

0.96) 

van Tongeren, 

2024 

(Netherlands) 

Retrospecti

ve cohort 

(2000–

2022) 

AAA; post-

EVAR (CT)  
685 

MFM: 4.0 

(3.8)h  

no MFM: 

5.0 (4.5)h 

All-cause mortality 

aHR (95% CI), ref = no 

MFM 

MFM: 1.11 (0.66–1.88) 

Turowicz, 

2021 

(Poland) 

Retrospecti

ve cohort 

(NA) 

AAA; post-repair 

(CT)  
306 NA 

Repair-related mortality and 

complications 

OR (95% CI) 

DM-MFM: 0.68 (0.34–

1.34),  

ref = DM-no MFM and no 

DM 

 

DM-MFM: 0.29 (0.10–

0.81),  

ref = DM-no MFM 

Sutton, 2020 

(USA) 

Retrospecti

ve cohort 

(2000–

2019) 

AAA; men ≥55 

years (NA)  
123,440 NA 

AAA surgery incidence 

aHR (95% CI), ref = no DM 

DM-MFM: 0.77 (0.73–0.81) 

DM-no MFM: 0.74 (0.71–

0.78) 

 

All-cause mortality 

aHR (95% CI), ref = no DM 

DM-MFM: 0.88 (0.86–0.90) 

DM-no MFM: 1.02 (1.00–

1.05) 

 

Surgery-related mortality 

aHR (95% CI), ref = no DM 

DM-MFM: 0.93 (0.86–1.02) 

DM-no MFM: 1.09 (1.01–

1.17) 
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Kristensen, 

2017 

(Denmark) 

Case-

control 

(1998–

2013) 

RAAA with DM 

(NA)  
3,982 NA 

RAAA incidence 

 

OR (95% CI), ref = DM-no 

MFM 

DM-MFM:  

0.74 (0.54-1.00)  

aOR (95% CI), ref = DM-

no MFM  

DM-MFM: 

0.84 (0.61-1.17) 

 

OR (95% CI)i, ref = no SU 

DM-SU: 0.63 (0.51–0.78) 

Abbreviations: AAA, abdominal aortic aneurysm; aHR, adjusted hazard ratio; CI, confidence interval; CT, 

computed tomography; DM, diabetes mellitus; DPP-4i, dipeptidyl peptidase-4 inhibitors; EVAR, 

endovascular aneurysm repair; IQR, interquartile range; MFM, metformin; MRI, magnetic resonance 

imaging; NA, not available; OR, odds ratio; RAAA, ruptured abdominal aortic aneurysms; RCT, 

randomized controlled trial; SD, standard deviation; SE, standard error; SGLT-2i, sodium-glucose 

cotransporter 2 inhibitors; SU, sulfonylurea; TZD, thiazolidinedione; TTE, transthoracic echocardiography; 

U, ultrasonography; UK, United Kingdom.  
a Based on the number of subjects included in analyses of antidiabetic agents. 
b Units converted to mm/year.  
c Total population at 18 months used.  
d SE is converted to SD.  
e Result reported in mean (interquartile range). 
f Result reported in mean (95% CI). 
g Total population at 12 months used.  
h Median (IQR) is converted to mean (SD).  
i OR calculated by authors from reported data, not directly provided in the original study. 
* For studies of AAA growth rate, outcomes are expressed as the annual AAA growth rate (mm/year), mean 

(SD). 

†Analyses of AAA growth rate using a multivariable model. 
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Legends for Figures 

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-analyses flow diagram of 

included studies evaluating the association between antidiabetic medication use and 

abdominal aortic aneurysm (AAA) growth or AAA-related events.  

  

Figure 2. Forest plots of mean differences in abdominal aortic aneurysm growth rate associated 

with antidiabetdic medications. (A) Metformin, (B) sulfonylureas, and (C) dipeptidyl 

peptidase-4 (DPP-4) inhibitors. In this figure, “overall” indicates the combined diabetes 

medllitus (DM) and non-DM cohorts. 

 

Figure 3. Subgroup analysis of metformin stratified by (A) follow-up duration (> 3 years), (B) 

imaging modality (CT vs. ultrasound), and (C) geographic region (North America and 

Europe). The study by Golledge et al. (2017), conducted in Australia and New Zealand, 

was grouped with European studies due to limited regional data.  

 

Figure 4. Forest plot of abdominal aortic aneurysm (AAA)-related outcomes associated with 

antidiabetic medication use. (A) AAA-related events and (B) postoperatvie mortality. In 

this figure, “overall” indicates the combined diabetes mellitus (DM) and non-DM cohorts.  
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