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ARTICLE HIGHLIGHTS

Type of Research: Systematic review and meta-analysis

Key Findings: Thirteen studies (15 cohorts; 150,630
participants) were included. Metformin (MD -0.65
mm/year; OR 0.63) and sulfonylureas (MD -0.35
mm/year; OR 0.63) were associated with slower
abdominal aortic aneurysm growth and reduced
aneurysm-related events. No statistically significant
association was observed for DPP-4 inhibitors (MD -0.32
mm/year).

Take home Message: Metformin, sulfonylureas—but not
DPP-4 inhibitors—were significantly associated with
slower abdominal aortic aneurysm growth and favorable
aneurysm-related outcomes.

Table of Contents Summary

This systematic review and meta-analysis of 13 studies
(15 cohorts) found that metformin and sulfonylureas were
associated with slower abdominal aortic aneurysm
growth and a reduced risk of aneurysm-related events.
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Abstract

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

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

Methods: Following Preferred Reporting Items for Systematic Reviews and Meta-Analyses 2020
(PROSPERO CRD420251115799), MEDLINE, Embase, and CENTRAL were searched to
January 2026. Eligible studies evaluated antidiabetic drugs compared with not using the
medication of interest and reported AAA growth and/or AAA-related events. The risk of bias was
assessed using ROBINS-I and RoB 2 for nonrandomized and randomized trials, respectively.
Pooled estimates (mean difference [MD]; odds ratio [OR]; hazard ratio [HR]) were calculated

using inverse variance random-effects models.

Results: Thirteen studies (15 distinct cohorts; 150,630 participants) were included. Metformin was
associated with slower AAA growth (MD -0.65 mm/year, 95% confidence interval [CI] -0.97
to -0.33) and lower AAA-related events (OR 0.63, 95% CI 0.41 to 0.95). Moreover, sulfonylureas
reduced AAA growth (MD -0.35 mm/year, 95% CI -0.52 to -0.18) and AAA-related events (OR
0.63, 95% CI 0.52 to 0.77). Findings for dipeptidyl peptidase-4 (DPP-4) inhibitors were not
statistically significant in relation to AAA growth (MD -0.32 mm/year, 95% CI -0.71 to 0.08).
Metformin was not significantly associated with postoperative mortality (HR 0.86, 95% CI 0.65
to 1.13). Most studies were observational, with a moderate risk of bias, which limited causal

inference.

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

though potential confounding necessitates cautious interpretation. Evidence for other glucose-
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1 lowering therapies remains limited. Randomized trials are required to evaluate drug-specific

2 associations and outcomes across stratified patient groups.

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

5  Peptidase IV Inhibitors; Disease Progression
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1 Background

Abdominal aortic aneurysm (AAA), an irreversible dilation of the abdominal aorta > 150%
of normal, is a multifactorial disease influenced by genetic and environmental risk factors,
including smoking, aging, family history, and male sex'? These factors are associated with aortic
wall degradation through inflammatory and oxidative pathways. Chronic inflammation, a hallmark
of AAA pathogenesis, involves inflammatory cytokine induction, cell adhesion molecule
expression, and inflammatory cell infiltration, leading to matrix degradation and vascular wall
remodeling.>* Oxidative stress further exacerbates these processes, contributing to phenotype
switching of vascular smooth muscle cell (VSMC) and AAA progression.>® Despite advances in
understanding these mechanisms, aside from surgical interventions, no pharmacological
treatments have demonstrated sufficient efficacy to treat patients with AAA.° Previous randomized
controlled trials (RCTs) of multiple drug classes—beta-blockers, angiotensin-converting enzyme
inhibitors, antibiotics, mast cell stabilizers, antiplatelet inhibitors, and fibrates—have not

demonstrated significant influence on AAA growth or AAA-related events.”®

Interestingly, despite the well-established pro-inflammatory effects of chronic low-grade
inflammation, the incidence of AAA is reportedly lower in individuals with diabetes mellitus
(DM).*!% Morris et al.!! reported that a genetic predisposition to type 2 diabetes does not prevent
AAA development. A meta-analysis found that the AAA growth-reducing association of metformin
was more pronounced in individuals without diabetes than in those with diabetes'?, suggesting that

additional factors may have contributed to this observation.

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

medications, including metformin, thiazolidinediones, and dipeptidyl peptidase-4 (DPP-4)
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inhibitors.!*!” Among these, metformin has been the most extensively studied; however, the
current evidence remains limited and inconclusive.'® To clarify the associations of metformin on
AAA, four RCTs are underway; nonetheless, their results are expected to require several more
years to become available.'”** To our knowledge, evidence regarding antidiabetic medications
other than metformin in relation to AAA is largely derived from in vitro or animal studies, while

2l Recent studies

clinical research remains scarce and comprehensive studies are lacking.
investigating the associations of metformin with AAA have emerged®>*, highlighting the need to
reevaluate this relationship. Hence, evaluating the associations of other antidiabetic agents

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

with AAA.

Thus, we aimed to clarify the associations between antidiabetic medications—including
metformin, sulfonylureas, dipeptidyl peptidase-4 (DPP-4) inhibitors, and glucagon-like peptide-1
receptor (GLP-1R) agonists—and AAA growth and AAA-related clinical events through a
systematic review and meta-analysis, thereby addressing existing evidence gaps and providing

insights into their potential role in AAA management.

2 Methods

2.1 Literature Search

This systematic review and meta-analysis followed the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses 2020 guideline (Supplementary Table I, online only).?*
The protocol was registered in PROSPERO (CRD420251115799). Two reviewers (YP and HWL)

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

assessment. Discrepancies were resolved through discussions between the two other investigators
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(YMY and Y-MA). MEDLINE, Embase, and Cochrane CENTRAL databases were searched from
inception to January 26, 2026, to evaluate the associations of antidiabetic medications with AAA
growth rate or related clinical outcomes. Medical subject heading on each database was “aortic

99 ¢

aneurysm,” “aortic dissection,

29 ¢ 2% ¢¢ 2% <6

aortic rupture,” “biguanides,” ‘“‘sulfonylurea,” “meglitinide,”

9 < 9% C¢

“glycoside hydrolase inhibitors,” “thiazolidinediones,” “glucagon-like peptide,” “dipeptidyl-
peptidase iv inhibitors,” and “sodium-glucose transporter 2 inhibitors.” No language restrictions

were imposed.

2.2 Study selection

Eligible studies met the following criteria: (1) population, adults (>18 years) with AAA; (2)
intervention, treatment with non-insulin antidiabetic medications, including metformin,
sulfonylureas, meglitinides, alpha-glucosidase inhibitors, thiazolidinediones, DPP-4 inhibitors,
GLP-1R agonists, and sodium-glucose cotransporter 2 (SGLT?2) inhibitors; (3) comparator, no use
of the intervention medication, without restriction to a specific comparator group; (4) outcomes,
annual AAA growth rate and AAA-related events such as rupture, repair, surgical complications,
or postoperative mortality; and (5) study design, clinical longitudinal comparative studies
(randomized and observational). The exclusion criteria included nonhuman studies, single-arm or

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

2.3 Data extraction and quality assessment

A standardized extraction form was used to extract data from eligible studies on first authors,
publication year, country, study design, study duration, follow-up period, imaging modality,
sample size, age, sex, comorbidities (including DM, hypertension, dyslipidemia, cardiovascular,

and kidney diseases), smoking status, exposure/comparator definitions, and outcome details. The
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risk of bias was assessed using ROBINS-I version 2% for nonrandomized studies and RoB 2%¢ for

randomized trials using standard domains and reporting overall judgments.
2.4 Study outcomes

The primary outcome was the annual AAA growth rate associated with antidiabetic
medication use, summarized as the mean difference (MD) with 95% confidence interval (CI).
Growth was defined as the change in diameter divided by the interscan interval (mm/year), and
the values reported over the other intervals were annualized. Secondary outcomes were AAA-
related clinical events (rupture, repair, perioperative complications, and postoperative mortality),

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

2.5 Statistical analyses

Pooled estimates for MDs, ORs, and HRs with 95% ClIs were calculated using the generic
inverse-variance method.?’” HRs and ORs were analyzed separately, owing to different statistical
models, namely time-to-event and binary outcomes, respectively.?® When multiple effect estimates
were reported, the most fully adjusted estimate was prioritized. Heterogeneity was assessed using
the chi-square test (P < .10) and /? statistics, with 7 > 50% considered indicative of substantial
heterogeneity.?**° To account for inherent clinical and methodological heterogeneity, all pooled
estimates were calculated using random-eftects models. This approach was adopted regardless of
P values to ensure an appropriate synthesis across diverse study characteristics.?’

Meta-analyses were performed separately for each outcome, according to the class of
antidiabetic agents. For the meta-analysis of AAA growth rates, studies on metformin,
sulfonylureas, and DPP-4 inhibitors were included. Moreover, for metformin, results restricted to

patients with diabetes were examined. Given the sufficient number of studies on metformin,
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subgroup and sensitivity analyses were performed. Subgroup analyses were stratified according to
follow-up duration (> 3 years), imaging modality (computed tomography vs. ultrasonography),
and geographic region (North America vs. Europe). Random-effects meta-regression was
conducted to assess the influence of baseline characteristics—including study-level demographics,
comorbidities, and concomitant medication use—on the association between metformin use and
AAA growth rate, accounting for between-study heterogeneity. The Knapp—Hartung method was
used to evaluate individual coefficients and their corresponding confidence intervals.®! Sensitivity
analyses included (1) exclusion of studies at serious or critical risk of bias, (2) leave-one-out
analysis, and (3) sequential inclusion of studies by publication year or (4) by sample size.
Publication bias was assessed using a funnel plot and Egger’s regression test (P < .05).%233
Studies on both metformin and sulfonylureas were included for AAA-related events. Where
feasible, analyses were also performed for metformin in populations with diabetes only. Among
the AAA-related events, postoperative mortality was analyzed separately to account for differences
in analytic units and comparator groups (e.g., patients without diabetes). To further assess the
impact of concomitant metformin use, a post hoc analysis compared patients with diabetes treated
with or without metformin versus those without diabetes. All analyses were conducted using the

meta package in R software (version 4.3.1).

3 Results

3.1 Study selection

The study selection process is displayed in Figure 1. Overall, 856 records were identified
through electronic database searches. After removing 137 duplicates, 719 articles remained for

title and abstract screening, of which 642 were excluded based on predefined eligibility criteria.
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The remaining 77 articles underwent a full-text review, resulting in the inclusion of 15 studies in
the qualitative synthesis.!>3447 Of these, 13 studies comprising 15 distinct cohorts with 150,630
participants were included in the quantitative meta-analysis. Two studies were excluded from the
quantitative synthesis because of non-comparable outcomes or insufficient data for group-level

comparisons.**47

3.2 Study characteristics

Table I presents the characteristics of the 15 included studies'>***’, published between 2010

35-38,42 15,39-

and 2025, including five prospective cohort studies , eight retrospective cohort studies

41,43-4547 134 15,34-41

, one case-control study*®, and one randomized controlled trial**. Nine studies and
seven studies®****’ evaluated the AAA growth rate and AAA-related clinical events, respectively;

one study** reported both outcomes.

The mean baseline age ranged from 67.0 to 75.0 years, reflecting predominantly older adult
populations; moreover, the proportion of males ranged from 69.9% to 100.0%, and all studies
reported a male majority. Golledge et al.>’ divided participants into three distinct cohorts based on
enrolment period and institution. Detailed baseline characteristics of the study population are

presented in Supplementary Table II (online only).

3.3 Association between antidiabetic medication use and AAA growth rate

A meta-analysis of AAA growth rates focused on metformin, sulfonylureas, and DPP-4
inhibitors. Eight studies!***3%#! comprising 21,132 AAA patients in the overall cohorts (combined

DM and non-DM) and four studies'>***74! involving 14,295 AAA patients in DM-only cohorts,

demonstrated a significant association between metformin use and reduced AAA growth. The

10
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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

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

Sulfonylureas were associated with reduced AAA progression in the overall cohorts
(MD -0.35 mm/year, 95% CI: -0.52 to -0.19; Figure 2B). A cohort study by Hornby-Foster et al.*,
which was excluded from the meta-analysis owing to insufficient data for group-level comparisons,
reported a significantly lower AAA growth rate in patients prescribed gliclazide compared with
non-users (1.0 vs. 2.6 mm/year; P = .004). Regarding DPP-4 inhibitors, AAA growth was not

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

Subgroup analyses exhibited no significant variation in the association of metformin with
AAA growth rate across follow-up duration, imaging modality, or geographic region (Figure 3).
In meta-regression, a higher proportion of male participants was associated with attenuation of the
metformin-related reduction in AAA growth (P =.021; I? = 77.6%), whereas a higher prevalence
of coronary artery disease strengthened this association (P = .013; I = 77.2%; Supplementary
Figure 1, online only). Other baseline factors—including the study-level prevalence of DM (P
=.75) and the use of concomitant antidiabetic or cardiovascular medications—did not significantly

moderate this association.

3.4 Association between antidiabetic medication use and AAA-related events

Metformin and sulfonylureas were included in the analysis of AAA-related events, including
AAA rupture-related mortality, aneurysm rupture repair, and surgical complications (Figure 4A).
Metformin use was significantly associated with lower AAA-related events in both the overall

cohorts (OR 0.63, 95% CI: 0.41-0.95) and DM-only cohorts (OR 0.55, 95% CI: 0.31-0.99).

11
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Sulfonylurea use was similarly associated with a lower event in the overall cohorts (OR 0.63, 95%
CI: 0.52-0.77).

A separate analysis assessed postoperative mortality among metformin users in the overall
cohorts and found no statistically significant association (HR 0.86, 95% CI: 0.65—1.13; Figure 4B).
In patients with DM, a post hoc analysis similarly revealed no statistically significant association
with metformin use (HR 0.80, 95% CI: 0.55-1.16), whereas an association was observed for non-
users compared with individuals without diabetes (HR 1.09, 95% CI: 1.02—-1.17).

One recent study examined the association between GLP-1R agonists and AAA-related
clinical outcomes. This was not pooled in the meta-analysis due to limited data but were narratively
synthesized. The study*’ reported lower odds of all-cause mortality (OR 0.54, 95% CI 0.45-0.65)
and undergoing AAA repair (OR 0.66, 95% CI 0.45-0.95) in patients with DM over a 5-year
follow-up period. Similar associations were observed in the non-DM cohort for both all-cause

mortality (OR 0.47, 95% CI 0.30-0.74) and undergoing AAA repair (OR 0.45, 95% CI10.21-0.96).

3.5 Quality assessment

Among the 12 observational studies, one study® was rated as having a serious risk of bias
due to inadequate control of confounding, patient selection issues, and missing data, and one*! was
rated at low risk except for residual confounding; the remaining 10 were judged to have a moderate
risk (Supplementary Figure 2A, online only). Additionally, one RCT>* was assessed using RoB 2,
demonstrating an overall low risk of bias. Visual inspection of the funnel plot suggested asymmetry,
and Egger’s regression test indicated a marginally significant small-study effect (P = .05;

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

3.6 Sensitivity analysis

12
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Sensitivity analyses of AAA growth rate with metformin use demonstrated that excluding
studies with a serious risk of bias, applying leave-one-out analyses, sequential inclusion by
publication year, or sample size did not materially alter the findings (Supplementary Figure 3,

online only).

4 Discussion

This systematic review and meta-analysis evaluated the association between antidiabetic
medication use and AAA progression, focusing on AAA growth rate and AAA-related events, by
incorporating recent studies and evaluating associations across diverse antidiabetic drug classes,
including metformin, sulfonylureas, and DPP-4 inhibitors. This approach provides a
comprehensive comparative synthesis of various antidiabetic agents, thereby broadening the
evidence beyond the predominantly metformin-focused literature.

This meta-analysis suggests an association between metformin use and slower AAA
progression. These findings are in line with those of previous meta-analyses reporting similar
associations (AAA growth rate: -0.86 mm/year, 95% CI: -1.21 to -0.52, AAA-related events: OR
0.54,95% CI: 0.34 to 0.86, OR 0.61, 95% CI: 0.41 to 0.92).!%!* The favorable association between
metformin use and AAA progression persisted when analyses were limited to patients with DM,
with no observed heterogeneity (I° = 0%). This suggests a robust link within this population,
independent of between-study variations. However, in the overall cohort analysis, substantial
heterogeneity was observed among studies evaluating the association between metformin use and
AAA growth rate. Furthermore, subgroup and meta-regression analyses did not identify covariates
that significantly explained this variability, including the study-level prevalence of diabetes.

Collectively, these findings suggest that although the effect size varies across the overall cohorts,

13
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the association of metformin with attenuated AAA growth is consistently observed regardless of
the proportion of participants with diabetes across studies.

In clinical practice, metformin non-users with diabetes often receive alternative glucose-
lowering therapies. This complicates attribution of the observed associations to a single drug,
particularly given our findings on sulfonylureas and AAA growth. However, in the study-level
meta-regression analysis, no clear modifying effect was identified for concomitant antidiabetic
agents or other drugs known to be associated with AAA progression. Although these findings do
not exclude residual confounding, the observed associations for metformin are unlikely to be fully
explained by differential use of other medication alone. Regarding demographic factors, meta-
regression indicated a trend toward attenuation of the association between metformin use and
slower AAA growth as the proportion of male participants increased, likely reflecting baseline sex
differences in aneurysm growth rather than true sex-specific responsiveness to metformin.*®
Additionally, given the small number of studies, these findings should be interpreted with caution
and regarded as hypothesis-generating rather than confirmatory. Definitive evidence regarding the
clinical role of metformin in slowing AAA progression is expected from the ongoing Limiting
AAA with Metformin (LIMIT) trial*’, which will help clarify the causal relevance of these observed
associations.

Given the clinical significance of AAA-related events, the association between metformin
use and postoperative mortality was investigated. Relative to non-diabetic AAA patients,
postoperative mortality was not significantly lower among diabetic patients receiving metformin.
Nonetheless, a higher risk was observed in those not treated with metformin, suggesting a potential
benefit of metformin use in diabetic AAA patients. These findings should be interpreted cautiously

because of the limited number of studies, and postoperative mortality appears to be more strongly

14
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influenced by diabetes itself and other clinical factors, such as comorbidities, patient age, and
surgical characteristics, than by metformin use.’’>® Previous preclinical studies have demonstrated
the beneficial effects of metformin on AAA. In normoglycemic mouse models of elastase-induced
AAA, metformin administration was associated with medial elastin preservation, reduced VSMC
loss, and decreased inflammatory cell infiltration. These effects are thought to be mediated by
AMP-activated protein kinase activation and subsequent inhibition of mTOR and NF-«xB
signalling pathways.'>7*8Sulfonylureas were associated with slower AAA growth, and a lower
risk of AAA-related events are comparable to those of metformin. Because sulfonylureas are
commonly prescribed for diabetes, and diabetes itself has been reported to have an association
with slower AAA progression, the observed benefit in the overall cohorts may reflect group
differences in diabetes prevalence.*'*>” Nonetheless, the included studies did not report baseline
characteristics stratified by diabetes status, limiting the ability to directly assess this possibility.
Additionally, few studies assessed sulfonylurea monotherapy, and most allowed concurrent
metformin use, complicating assessment of sulfonylurea-specific associations with AAA outcomes.
Therefore, sulfonylurea-specific associations cannot be reliably distinguished from potential
additive or class effects. In a study by Hsu et al.>° limited to patients with diabetes and adjusted
for diabetes severity, sulfonylurea use was associated with a reduced AAA risk (adjusted OR 0.82,
95% CI: 0.74-0.92), with a dose-response relationship suggesting greater benefit at higher doses.>
Thus, sulfonylureas may be associated with a lower risk of AAA outcomes even after accounting
for diabetes, warranting further investigation.

Several plausible mechanistic explanations exist for the potential effects of sulfonylureas on
AAA. Sulfonylureas reduce inflammation by lowering blood glucose and by directly inhibiting

inflammatory responses via the MAPK/NF-kB and NLRP3 pathways.®®** Whereas anti-
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inflammatory effects of sulfonylureas are well documented in diabetes-related vascular
complications, these exact mechanisms may contribute to their potential role in AAA
progression.%

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

6667 no association was

AAA formation and progression independent of incretin signalling
identified between DPP-4 inhibitor use and AAA growth rate in the present study. Given the
limited number of included studies (n=3), these results must be interpreted with caution; further
evaluation of DPP-4 inhibitors is warranted. Evidence on other glucose-lowering agents and AAA
progression remains limited. However, recent observational studies have reported associations
between thiazolidinediones®®, and SGLT2 inhibitors®®, and GLP-1R agonists*"’® reduced AAA
occurrence risk or slower disease progression. GLP-1R agonists have been associated with a lower
AAA development risk even after adjusting for metformin use*’, raising the possibility of
metformin-independent association. This association may be mediated by modulation of key
processes in AAA pathophysiology, including attenuation of vascular inflammation, regulation of
macrophage activity, suppression of MMP activity, and preservation of elastin structure within the
aortic wall™*. For SGLT2 inhibitors, proposed biological relevance is primarily attributed to
systemic anti-inflammatory, antioxidant, and blood pressure-lowering properties.”*’¢
Thiazolidinediones may attenuate aortic degeneration by activating PPAR-y, thereby suppressing
inflammation and matrix degradation in the aortic wall.””-’® Nonetheless, across antidiabetic drug
classes, experimental findings provide a biological context for observed clinical associations but
remain insufficient to infer causality.

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

progression, and its potential role in preventing AAA onset. Furthermore, a favorable association
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between sulfonylureas and disease progression was observed. These findings may guide the
selection of antidiabetic agents in at-risk patients. Nevertheless, further studies considering
combination therapies and focusing on non-metformin agents are required to clarify their
differential associations.

Despite the strengths of this meta-analysis, some limitations should be acknowledged. First,
most included studies were observational and retrospective, limiting causal inference and
increasing the risk of selection and information bias. Specifically, DM may act as both a
confounder and an effect modifier. Although adjusted estimates were prioritized, and subgroup
analyses restricted to DM-only cohorts and study-level meta-regression were performed, residual
confounding cannot be excluded. Notably, for metformin, analyses restricted to patients with
diabetes yielded consistent results for both AAA growth and AAA-related events, partially
mitigating confounding by diabetes status. Conversely, for other antidiabetic drug classes, such
diabetes-restricted evaluations are largely unfeasible because reporting is limited and
heterogeneous. Additionally, no eligible studies reported effect estimates specific to non-diabetic
populations, limiting assessment of applicability to patients without diabetes. However, the
ongoing LIMIT trial is specifically evaluating the efficacy of metformin in patients without
diabetes.>? Findings from this trial will be critical for clarifying the causal role of metformin in this
population, warranting a future re-evaluation of the evidence. Studies explicitly designed to
compare treated and untreated patients within diabetic populations, with detailed characterization
of concomitant medication use, are needed to clarify drug-specific associations independent of the
underlying influence of diabetes. Second, substantial heterogeneity existed among the studies
regarding patient populations, comorbidities, medication adherence, and study design, potentially

introducing residual confounding. Sample size imbalances may have biased the results; for
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1.* included 51 metformin users, limiting statistical power

example, the study by van Tongeren et a
and potentially reducing the precision of the estimates. Third, despite the inclusion of study-level
covariates, such as the proportion of male participants, in the meta-regression, substantial residual
heterogeneity (> 77%) remained. This suggests that important sources of inter-study variability
were not fully captured, which may have limited the interpretability and robustness of primary
meta-analytic findings. Finally, although the present study highlights the associations between

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

remain limited.

5 Conclusions

This systematic review and meta-analysis suggests that certain antidiabetic agents,
particularly metformin, are associated with slower AAA progression. Sulfonylureas were also
associated with slower AAA progression, whereas their independent contributions remain unclear
because of potential confounding factors. Nonetheless, evidence regarding the associations of
other antidiabetic agents, including DPP-4 inhibitors, on AAA progression remains limited.
Further research, including well-designed randomized controlled trials, is warranted to clarify
drug-specific associations, assess outcomes in stratified risk groups, and characterize mechanisms

linking glucose-lowering therapies to AAA pathophysiology.
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Supplemental materials

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

Supplementary Table I1. 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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Analyses flow chart of the study selection process

Reported on

Section/topic # Checklist item
page #
TITLE
. Identify the report as a systematic review, meta-analysis, or
Title 1 1
both.
ABSTRACT
Provide a structured summary including, as applicable:
background; objectives; data sources; study eligibility
Structured ) criteria, participants, and interventions; study appraisal and 3 4
summary synthesis methods; results; limitations; conclusions and
implications of key findings; systematic review registration
number.
INTRODUCTION
. Describe the rationale for the review in the context of what
Rationale 3 . 5-6
is already known.
Provide an explicit statement of questions being addressed
Obijectives 4 with reference to participants, interventions, comparisons, 6
outcomes, and study design (PI1COS).
METHODS

Protocol and
registration

Indicate if a review protocol exists, if and where it can be
accessed (e.g., Web address), and, if available, provide 6
registration information including registration number.

Eligibility criteria

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.

Information
sources

Describe all information sources (e.g., databases with dates
of coverage, contact with study authors to identify 7
additional studies) in the search and date last searched.

Search

Present full electronic search strategy for at least one
database, including any limits used, such that it could be 7
repeated.

Study selection

State the process for selecting studies (i.e., screening,
eligibility, included in systematic review, and, if 7
applicable, included in the meta-analysis).

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.

Data items

11

List and define all variables for which data were sought
(e.g., PICQOS, funding sources) and any assumptions and
simplifications made.
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LJTOULITUT TTITLITUUD USTU TUI AdJTIJI111Y TIORK VI Vias VI

Risk of bias in individual studies (including specification of whether this
. . 12 i 7-8
individual studies was done at the study or outcome level), and how this
information is to be used in any data synthesis.
Summary measures 13 S_tate the prmmpal summary measures (e.g., risk ratio, g
difference in means).
Describe the methods of handling data and combining
Synthesis of results 14 results of studies, if done, including measures of 8-9
consistency (e.g., 1?) for each meta-analysis.
Risk of bias aCross Specify _any as_sessment of risk gf b_las th_at may af_fect the
studies 15 cumulative evidence (e.g., publication bias, selective 7-8
reporting within studies).
Describe methods of additional analyses (e.g., sensitivity
Additional analyses 16 or subgroup analyses, meta-regression), if done, indicating 9
which were pre-specified.
RESULTS
Give numbers of studies screened, assessed for eligibility,
Study selection 17 and included in the review, with reasons for exclusions at 9-10
each stage, ideally with a flow diagram.
stud For each study, present characteristics for which data were
y . 18 extracted (e.g., study size, PICOS, follow-up period) and 10
characteristics . o
provide the citations.
Risk of bias within 19 Present data on risk of bias of each study and, if available, 12
studies any outcome level assessment (see item 12).
For all outcomes considered (benefits or harms), present,
Results of for each study: (a) simple summary data for each
o . 20 . . : . 10-12
individual studies intervention group (b) effect estimates and confidence
intervals, ideally with a forest plot.
. P Its of each -analysi includi
Synthesis of results 21 resent results of each meta-analysis done, including 10 12

confidence intervals and measures of consistency.

Risk of bias across

22

Present results of any assessment of risk of bias across

Supplementary

studies studies (see Item 15). Figure 2
Additional analysis 23 Give results of additional analyses,_if done (e.g., sensitivity 1113
or subgroup analyses, meta-regression [see Item 16]).
DISCUSSION
Summarize the main findings including the strength of
Summary of 24 evidence for each main outcome; consider their relevance 1318
evidence to key groups (e.g., healthcare providers, users, and policy
makers).
Discuss limitations at study and outcome level (e.g., risk of
Limitations 25 bias), and at review-level (e.g., incomplete retrieval of 17-18
identified research, reporting bias).
Conclusions 26 Provide a general inter|.oreta'tion. of the results in the context 18
of other evidence, and implications for future research.
FUNDING
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Funding 27 other support (e.g., supply of data); role of funders for the
systematic review.
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Supplementary Table Il. Baseline characteristics of the study population.

Age '“'“3' Comorbidities (%)* DM medication use (%) Other medication use (%)
Study, year Sample  Men  (years) (B SEr
(country) Group size(n) (%)  mean (MM smoker Dyslipi DPP e
(SD) gesg (%) DM | HTN | cAD | PP | cvD | ckD | PAD | MFM | sU a | 720 | msulins | RAs | BB | COF
Studies of AAA growth rate
AAA without 0 170 0% a864 970 00 670 170 90 NA NA NA [1000 NA NA NA NA | NA NA 83.0
. DM (MFM) 9.7)
Eilenberg, 2025
(Austria) .
bl 28 800 999 43661 860 4.0 860 180 1000  NA NA NA 0 NA NA NA NA NA NA 79.0
DM (placebo) (7.8)
Gella(lﬂ);&)2024 AA’;;e';";”GS 3670 1000 695 373 86.7 167 557 298 770 80 NA  NA | 106 29 22 NA 13 | 502 275 620
AAA without 69.1
DM (10 MTF) 428 %49 oo 32061 832 0.0 667 330 650 133 5.2 NA 0 0 0 NA 0 499 414 57.0
Unosson, 2021 AAA with DM 70.1 q
(Sweden) (n0 MTE) 33 09 gy 560 938 1000 909 455 879 161 219 NA 0 212 90 NA 303 | 667  66.7 72.7
AA’?,\‘,’IVT"Q)DM 65 92.3 235845) 365(5.9) 952 1000 873 435 877 175 of NA | 100 262 154 NA 338 | 769 600 785
Golledge cohort
1, 2017 AAA; 1357 900 29 369(63) 665 160 648 446 485  NA NA NA | 87 57 10 01 08 | 43 256 55.0
(Australia, multicenter (6.3)
New Zealand)
Golledge cohort
2, 2017 AAA; 287 8L9 %% 40003 899 240 686 498 683  NA NA NA | 136 70 24 03 14 | 533 341 75.6
(Australia, multicenter (7.7)
New Zealand)
Golledge cohort
8, 2017 AAA; 53 ga9 0 43350 925 38 434 415 660 NA  NA NA | 302 132 57 0 38 | 170 208 717
(Australia, multicenter (7.6)
New Zealand)
_ : 672 X
Thompson AAA;sareening g 597 gpq or 32 QR gy NA NA NA  NA NA NA NA | 38 34 NA NA 06 | 308 207 369
(2010) program 65-71) 31-42)
Bobadilla- AAA; tertiary 75.0 43.0
Rosado (2024) e fauility 72 22 gy (167 NA 31.9 NA  NA 583  NA NA NA | 202 NA NA NA NA NA NA NA
AAA;
Hornby-Foster surveillance 315 gr3 200 420 78.0 260 520 NA 72.0 NA NA NA | NA NA NA NA NA NA NA NA
(2023) rogram (9.1)° (10.6)¢
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69.8

Itoga (2019) AAA with DM 13,834 99.4 7.8) 38.0(7.1) 28.5¢ 100.0 NA 16.7 68.4 17.4 149 NA 39.7 36.7 0.4 49 NA 72.6 64.6 NA
Fujimura (2016) AAA with DM 58 82.7 (7726())9 40.4 (9.1)° 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

AAA without 70.9
DM (MEM) 30 77.0 ©.7) 42.8 (6.4) 97 0.0 67 17 93 NA NA NA | 100.0 NA NA NA NA NA NA 83.0
Eilenberg (2025)
AAA without 69.9
DM (placebo) 28 89.0 7.8) 43.6 (6.1) 86 4 86 18 100 NA NA NA 0 NA NA NA NA NA NA 79.0
AAA without 73.6 46.6
DM 846 79.4 (8.0) (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
Golledge, 2019 AAA with DM 74.2 453 q q
(Australia) (no MFM) 105 88.6 (7.2) (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 724 43.4 . .
(MFM) 129 89.9 65) (10.3) 914 100.0 89.1 49.6 89.9 NA NA NA 100 NA NA NA NA 86.0 32.6 88.4
AAA with DM 1,401 71.6 68.7 NA 113 100.0 89.5 NA 86.6 28.7 28.3 31.1 67.7 NA NA NA NA 92.9 69.7 NA
(GLP-1) (8.7)
AAA with DM 1,401 69.9 688 NA 111 100.0 90.7 NA 86.8 28.6 29.1 33.6 68.1 NA NA NA NA 93.0 69.5 NA
(no GLP-1) (9.8)
Ahn, 2025
(USA)
AAA with no 68.0(10
DM (GLP-1) 336 76.8 2) NA 3.0 0 71.4 NA 69.3 24.4 223 21.4 NA NA NA NA NA 85.1 65.5 NA
AAA with no 68.4
DM (no GLP-1) 336 78.0 (9.8) NA 42 0 69.9 NA 67.3 21.7 19.6 20.2 NA NA NA NA NA 84.5 62.8 NA
AAA post- 71.1 59.3 q
EVAR (MFM) 51 92.2 6.71)° 1.4y 84.3 100.0 80.4 47.1 82.4 NA NA 29.4 | 100.0 NA NA NA NA NA 725 84.3
van Tongeren
(2024) ]
AAA post 730 60.0
EVAR (no 634 88.3 b b 73.2 7.31 67.8 35.0 60.1 NA NA 18.8 0 NA NA NA NA NA 46.7 74.1
(7.43) 9.7)
MFM)
AAA post-repair 71.0 61.5
without DM 229 NA ©3) (18.2) NA 0 §65.1V 319 45.9 NA NA 153 NA NA NA NA NA NA NA 47.6
Turowicz (2021)
AAA post-repair 69.6 60.8 5
with DM (MFM) 54 NA ©6.8) (12.8) NA 100.0 50.0 29.6 444 NA NA 20.4 100.0 NA NA NA NA NA NA 37.0
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AAA post-repair
with DM (other 23 NA 743 618 NA 1000 9577 435 435 NA NA 13.0 0 NA NA NA NA NA NA 47.8
glucose-lowering (2.4) (23.6)
drugs)
AAAD"K/'IthO”t 56,006  100.0 (7805; NA 26.8 0 799  NA 61.0 NA NA NA 0 NA NA NA NA NA NA NA
AAAWINDM 5, 351 1909 897 NA 26.9 197 822 NA 645  NA NA NA | 1000 NA NA NA NA NA NA NA
Sutton (2020) (MFM) (7.2)
AAAWINDM 5 073 1599 723 NA 22.8 34.9 787  NA 57.1 NA NA NA 0 NA NA NA NA NA NA NA
(no MFM) (7.9)
. Case 362 83.7 137 NA NA 100.0 NA 4617 608 NA 9.9¢ NA | 492 511 NA NA 135 63.3 NA 715
Kristensen (8.2
(2017) Control 3620 837 (783'27) NA NA 100.0 NA 3350 501 NA 6.89 NA | 533 625 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.

2 Mean (IQR)

b Mean (SD), calculated from median (IQR).

¢ SD calculated from 95% CI.

4 Smoking status included active smokers; 60% missing data.

¢ SD calculated from standard error.

f Defined as myocardial infarction, congestive heart failure, peripheral arterial disease, or cerebrovascular disease.

9 Defined as moderate to severe renal disease.

h Current smoker.

* Based on total population

Tp <.05 between groups

§ p <.05 between AAA repair without DM vs. with DM + MFM
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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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A. Excluding studies at a serious risk of bias

‘Weight
Study (Random) MD (35% ClI) Favors [Metformin]
Fujimura 2016 3.1% -1.30[-2.83; 0.23]
Unosson 2021 15.9% -1.15 [-1.48;-0.82] =
Golledge-2 2017 5.9% -1.11[-2.12;-0.09] —_—
Golledge-3 2017 8.2% -1.05 [-1.84;-0.26) —
Thompsen 2010 7.8% -0.80[-1.62; 0.02] —
Golledge-1 2017 12.6% -0.59 [-1.09;-0.09] e
Gellatly 2024 19.5% -0.38 [-0.48;-0.28] :
Itoga 2019 19.7% -0.30 [-0.37;-0.23]
Eilenberg 2025 T 7.3% 045[0.72; 1.02] —
Random effects model ~ 100.0% -0.63 [-0.97; -0.30] <=

B. Leave-one-out method

Study

MD 95%-CI Leave-One-Out Meta-Analysis

Omitting Thompson 2010
Omitting Fujimura 2016
Omitting Golledge-1 2017
Omitting Golledge-2 2017
Omitting Golledge-3 2017
Omitting ltoga 2019

Omitting Unosson 2021

Omitting Bobadilla-Rosado 2024
Omitting Gellatly 2024

Omitting Eilenberg 2025

-0.64 [-1.00;-0.28] —M—
-0.63(-0.96;-0.29] —W—
-0.67 [-1.04; -0.30] ——
-0.62[-0.96;-0.28) ——
-0.62[-0.96;-0.27] —@—
-0.73 [-1.08; -0.38] ——

-0.38 [-0.53; -0.23] =
-0.63[-0.97;-0.30] ——
-0.72 [-1.08; -0.35] ——
0.71[-1.01;-041] —@—

WD (95% C) Total (95% CI) -0.65 [-0.97; -0.33] —emm—

Heterogeneity: 7 = 34.71 (P < .001), * = 77.0% T T T 1

C. Sequential inclusion by publication year D. Sequential inclusion by sample size

Study MD 95%-Cl Cumulative Meta-Analysis Study MD 95%-Cl Cumulative Meta-Analysis
Adding Thompson (2010) (k=1) -0.80 [-1.62; 0.02] + Adding ltoga (2019) (k=1) -0.30 [-0.37; -0.23) =
:ggfng ZUJ':[m:ra (120;3 §k=fla -g-z; [-?-gg; g-ﬁ] — & Adding Gellatly (2024) (k=2) -0.33[-083; 0.17) ——@——
Addi:g G:||:ug::2 ézoﬂg éx;:ug s {:11171 :0~33§ l'. Adding Golledge-1 (2017) (k=3) -0.34 [-0.51; -0.17] | -
Adding Golledge-3 (2017) (k=5)  -0.81 [-1.14: -0.48] - Adding Thompson (2010) (k=4) -0.341-0.48:-021] _ .
Adding toga (2019) (c=6) 0641103, 0.6] - Adding Unosscn (2021) (k=5) -0.60 [-1.05; -0.15) ——fF——
Adding Unosson (2021) (k=7) -0.78 [-1.14: -0.43] - Adding Golledge-2 (2017) (k=6) -0.64-1.02;-029) L
Adding Bobadilla-Rosado 2024 (k=8) -0.80 [-1.13; -0.47] E 3 Adding Bobadilla-Rosado 2024 (k=7) -0.65[-1.01;-0.30] i
Adding Gellatly (2024) (k=9) -0.71 [-1.01; -0.41] - Adding Fujimura (2016) (k=8) -0.68[-1.01:-035] — M
Adding Eilenberg (2025) (k=10) -0.65 [-0.97; -0.33] L3 Adding Golledge-3 (2017) (k=9) -0.71[-1.01;-041] —l—

Adding Eilenberg (2025) (k=10) -0.65[-0.97;-0.33) —HF—
Total (95% CI) -0.65 [-0.97; -0.33] <>

Total (95% Cl) -0.65 [-0.97; -0.33] —=uiii
e e |

'
@
'
[N
'
N
o
-
N
w

-1 -0.5 0 0.5 1
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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TablC Ae LU IIAL ALLTIL IDUILD Ul HIILIUUTU dDLUUICD.

Follow-up

sey SOy Number  duration
Study, year design definition of (years) Outcomes according to
(country) (enrollment  (AAA detection . y ’ antidiabetic drug use”
) patients? mean
period) method) (SD)
Studies of AAA growth rate
: AAA without no DM-MFM: 1.95 (1.66)" ¢
Ellgggerg, RCT DM; metformin | ) (1.66)
5 (NA) vs. placebo 45 Upto 1.5 no DM-placebo: 1.80
(Austria) ' CT) (1.29)>°
i . . t
Sellatly, 2024 Pr(():s(,)p;]eocrt;ve Screen-detected MFM: -0.38 (SE: 0.10)
(UK,) (2011 AAA; men 65 3,663 NA DPP4i: -0.321 (SE: 0.10) '
2019) years (U) SU: -0.341 (SE: 0.18) '
Unosson. 2021 Prospective  Screen-detected DM-MFM: 1.1 (1.1)
(Swed1en) cohort AAA; multicenter 526 3.2(1.7) DM-no MFM: 1.6 (1.4)
(200-2017) (V) no DM-no MFM: 2.3 (2.2)
DM-MFM: 1.03 (2.68)
DM-no MFM: 1.60 (2.94)
Golledge . no DM-no MFM: 1.62
cohort 1, Pr%s()p;]e()crttlve Screen-detected (2.45)
2017_ (2002— AAA; multicenter 1,357 3.6 (2.4) DM-SU: 1.13 (3.05)
(Australia, (9)]
New Zealand) 2015) DM-no SU: 1.58 (2.49)
DM-DPP4i: 1.47 (1.59)
DM-no DPP4i: 1.56 (2.53)
DM-MFM: 1.40 (2.99)
Golledge . no DM-no MFM: 2.55
cohort 2, Prc():sogi]eé:rttlve Screen-detected (3.04)
2017 (2002— AAA; multicenter 287 2.9 (2.6) DM-no MEM: 2.18 (2.96)
(Australia, 2015) (CT) :
New Zealand) DM-SU: 2.25 (3.00)
DM-no SU: 2.37 (3.05)
Golledge - DM-MFM: 0.37 (1.28)
Prospective e '
Cozhé)lr;& cohort :Xf:?”'dlett_eaetd o . DM-no MFM: 0.95 (1.18)
. (2009— » MuTticenter no DM-no MFM: 1.46
(Australia, 2015) (CT)
New Zealand) (1.52)

Thombson Prospective DM-MFM: 0.75 (2.74)¢
2050 ’ cohort Screen-detected 1937 3.4 (20~ noMFM: 1.55 (4.48)
(UK) (1984 AAA (U) ’ 6.4)° DM-SU: 0.70 (2.66)¢

2007) no SU: 1.59 (4.49)4
_ Pre and post follow-up

Bsgsgéga' Retrospecti ~ AAA, stratified MFM: 36.12 (7.04), 37.00
2024 ' ve cohort by DM 72 1.5 (4.51)

(Mexico) (2014-2021) medication (CT) no MFM: 42.05 (12.54),
45.34 (12.06)
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ivitynviaciuc. 1.V \V.9—

1.6]b’f

Hornby-Foster, R\fetrfjﬁﬁftt ! AA_A in DM-MFM: 2.0 (0.8-3.3)"f
2023 surveillance 434 NA o ob
(UK) (2015- program (U) no gliclazide: 2.6
2020) DM: 1.9 (1.4-2.3)>f
no DM: 2.9 (2.4-3.2)"f
gg%?a R\fgrggﬁgftt | AAAWIDM  aan o (26) DM-MFM: 12 (19)
(USA) (200-2013) (CT/MRI/U) ’ DM-no MFM: 1.5 (2.2)
DM-MFM: 0.40 (2.32)¢
_ DM-no MFM: 1.70 (3.28)¢
Fujimura, 2016 R\fgrgjﬁgft“ AAA with DM 53 26(3¢ DMSU:130 (1.80)°
(USA) (NA) (CT) T DM-no SU: 1.4 (3.35)°
DM-DPP4i: -1.0 (2.40)¢
DM-no DPP4i: 1.40 (2.99)¢
Studies of AAA-related events
Eilenberg, . DAI\\;IA\Ar\n \(,e\g‘Tronleitn AAA surgery incidence
2025 (NA) vs:. placebo 50 1 OR (95% CI)', ref = placebo
(Austria) MFM: 0.88 (0.23-3.36)¢
(CT)
AAA repair or rupture-
related mortality
aHR (95% ClI), ref = no-
DM
DM-MFM: 0.63 (0.44—
0.93)
Prospective DM-no MFM: 1.15 (0.83-
Golledge, 2019 cohort AAA; multicenter 1.59)
Australi) (2002 (CT, U) 1080 25(@31)
2017) 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
Outcomes: all-cause
mortality, AAA repair, and
AAA syndrome
Retrospecti All ity OR
Ahn, 2025 VECOMOMt A A with DM fpeilittiond
(USA) (;téjfg/_ and no-DM (NA) 3,474 5 (195% Cl), ref: DM-no GLP-
2020) DM-GLP-1: 0.54 (0.45 —

0.65)
AAA repair, OR (95% CI),
ref: DM-no GLP-1
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IVITOLT 1. V.UV V.9V —

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% ClI), ref: no DM-no
GLP-1

noDM-GLP-1: 0.47 (0.30 —
0.74)

AAA repair, OR (95% ClI),
ref: no DM-no GLP-1
DM-GLP-1: 0.45 (0.21 -
0.96)

van Tongeren,  Retrospecti MFM: 4.0 AII-caus(e): mortality_
o004 | Vecohort AAA:; post- 685 (3.8)"  aHR (95% CI), ref =no
(Netherlands) (2000~ EVAR (CT) no MFM:  MFM
2022) 5.0 (4.5)" MFM: 1.11 (0.66-1.88)
Repair-related mortality and
complications
OR (95% CI)
DM-MFM: 0.68 (0.34—
Turowicz, Retrospecti _ : 1.34),
2021 ve coﬁort AAA; Fé)_srt)-repalr 306 NA ref = DM-no MFM and no
(Poland) (NA) DM
DM-MFM: 0.29 (0.10—
0.81),
ref = DM-no MFM
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
etrospecti aHR (95% ClI), ref = no DM
S“t(tfg Az;)zo "?2%%%0” AAeAa;r;n(e,\TAZ)SS 123440  NA  DM-MFM: 0.88 (0.86-0.90)
2019) y DM-no MFM: 1.02 (1.00—

1.05)

Surgery-related mortality
aHR (95% ClI), ref = no DM
DM-MFM: 0.93 (0.86-1.02)
DM-no MFM: 1.09 (1.01-
1.17)
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/MM TIVIUCTIVT

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

MEM
DM-MFM:
. Case-
Kristensen, i 0.74 (0.54-1.00)
2017 ‘(:fg;g)_' RAA’?NVX;h DM 3982 NA  aOR (95% Cl), ref = DM-
(Denmark) 2013) no MEM
DM-MFM:

0.84 (0.61-1.17)

OR (95% CI)', 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.

4 Based on the number of subjects included in analyses of antidiabetic agents.

b Units converted to mm/year.

¢ Total population at 18 months used.

4 SE is converted to SD.

¢ Result reported in mean (interquartile range).

fResult reported in mean (95% CI).

£ Total population at 12 months used.

P Median (IQR) is converted to mean (SD).

'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.

Downloaded for personal academic use. All rights reserved. https://papernode.online/


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

Journal Pre-proof

Downloaded for personal academic use. All rights reserved. https://papernode.online/


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

[ Identification of studies via databases and registers

A4

Records removed before screening:
Duplicate records removed (n = 137)

P

Records excluded (n = 642):
No human studies (n = 59)
Intervention not related to anti-diabetic medications (n = 83)
No outcomes related to AAA (n = 61)
Reviews, comments, protocols, or conference abstracts (n = 293)
Case studies (n = 146)

)
5
= Records identified from (n = 856):
o MEDLINE (n = 142)
= Embase (n = 682)
é CENTRAL (n = 32)
—
Records screened
by title and abstract (n = 719)
o
[=
'S
[}
5
& A 4
Full-text articles assessed for
eligibility (n =77)
—
)
Studies included in qualitative
synthesis (n = 15)
°
()]
o
=]
©
= 4
Studies included in quantitative
synthesis (n = 13)
N’

Reports excluded (n = 62):
No human studies (n = 6)
Intervention not related to anti-diabetic medications (n = 4)
No outcomes related to AAA (n = 11)
Reviews (n = 9)
Trial registry record (n = 3)
Systematic reviews, cross-sectional or meta-analysis (n = 29)

Downloaded for personal academic use. All rights reserved. https://papernode.online/



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

A. Metformin B. Sulfonylureas — overall

a) Overall
Weight Weight
Study (Random) MD (95% CI) Favors [Metformin]  Favors [Control] Study (Random) MD (95% CI) Favors [Sulfonylurea]  Favors [Control]
Bobadilla-Rosado 2024 15% -1.61[-3.67; 0.65] < Thompson (2010) 4.0% -0.89[1.73;-0.05] :
Fujimura 2016 31% 1.30(283 023] — —+— 1 Gellatly (2024) 87.1% -0.34 [0.52; -0.16]
Unosson 2021 15.7% -1.15 [1.48;-0.82] - Golledge-1 (2017) 5.9% -0.27[0.96; 0.42]
Golledge-2 2017 5.8% -1.11[-2.12;-0.09] —_— Golledge-2 (2017) 1.5% -0.12[-1.48; 1.24]
Golledge-3 2017 81% -1.05 [-1.84;-0.26] e Fujimura (2016) 15% -0.10[-1.49; 129]
Thompson 2010 7.7% -0.80 [1.62; 0.02] — Random effects model  100.0% -0.35 [-0.52; -0.19]
Golledge-12017 12.5% -0.59 [1.09; 0.09] —»— '3 '2 '1 . 1'
Gellatly 2024 19.1% -0.38 [-0.48; -0.28] :
Itoga 2019 19.4% -0.30 [-0.37; -0.23] MD (85% Ci)
Eilenberg 2025 7.2% 0.15[-0.72; 1.02] Heterogeneity: »; = 1.88 (P = .76), I = 0.0%
Random effects model _ 100.0% -0.65 [-0.97; -0.33]
T T T 1
3 2 El 0 1 2 3
) ) MD (95% CI)
Heterogeneity: 7 = 35.88 (P < .001), I* = 74.9%
b) DM-only cohorts C. DPP-4 inhibitors - overall
Weight Weight
Study MD (95% Cl) Favors in]  Favors [Control] Study MD (95%Cl)  Favors [DPP-4 inhibitor]  Favors [Control]
Fujimura (2016) 1.3% 1.30 (2.83; 023] ——————+———— Fujimura (2016) 03% -2.40(5.82; 1.02) -
Golledge-2 (2017) 1.5% -0.78 [-2.20; 0.64] — Gellatly (2024) 94.7% -0.32[-0.52; 0.12)
Golledge-3 (2017) 1.4% -0.58 [-2.06; 0.90] e Golledge-1 (2017) 5.0% -0.09 [-0.96; 0.78]
Golledge-1 (2017) 52% -0.57[1.32; 0.18] —_ Random effects model  100.0% -0.32 [-0.71; 0.08]
Unosson (2021) 9.2% -0.50[-1.05; 0.05) — ' J '
Itoga (2019) 81.4% -0.30 [-0.37; -0.23] hd 2 -1 o 1
Random effects model  100.0% -0.36 [-0.53; -0.19] <
: = T T T T ! Heterogeneity: 2 = 1.69 (P = 43), 1= 0.0% MD (95% ¢
3 2 El 0 1 2 3
MD (95% CI)

Heterogeneity: x2 = 3.16 (P = .68), I = 0.0%
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A. Follow-up duration

Weight
Study or Subgroup __(Random) ___MD (95% CI)
Follow-up > 3 years

Unosson (2021) 282% -115(148,-082)
‘Thompson (2010) 15.1% -080[-162; 002]
Golledge-1 (2017) 23.1% 059 [-1.08;-009]
toga (2019) 336% -030(037;-023]
Random offects model  100.0% -0.68 [-1.11; 0.26]

Hotorogoneity: 2 = 26.55 (P < 001), 1/ = 88.7%

Follow-up S 3 years
Bobadila-Rosado (2024) 7.

Fujimura (2016) 13
Golledge-2 (2017) 2
Golledge-3 (2017) 2.
Eilenberg (2025) 27
Random effects model  100.

Hotarogenety: 2= 62 (= 1),

Heterogeneity: 1§ = 35.68 (P < .001), /

Test for subgroup differences: 7;
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Favors [Metformin] Favors [Controls]

2% -161[-387; 065) 4t ——

4% 1.30[:283 023
0% -1.11(212:-009)
4% 1.05[-1.84;-026]
0% 015072 1.02)

.0% -0.81[1.47; -0.16]

=355%

X

76%
s0n(p=74)

MD (95% CI)

B. Imaging modality
Weight
Study or Subgroup (Random) MD (95% CI)
5

Favors [Metformin]  Favors [Controls]

Bobadila-Rosado (2024)  7:2% -1.61[:387; 0.65] «————+——————

Fujimura (2016) 13.4% 130(283; 023)
Goledge-2 (2017) 230% 1.11(2.12:009)
‘Golledge-3 (2017) 20.4% 1.05[1.84;-026)
Eienberg (2025) 27.0% 015072 102]

Random effects model  100.0% 081 [-147; 0.16]

Heterogeneity: 5 = 6.2 (P =.18), 1= 35.5%
Ultrasound

Unosson (2021) 285% -1.15[-1.48,-082]
‘Thompson (2010) 14.1% 080162 0.02)
Golledge-1 (2017) 227% 0.59[-1.09;-009]
Gellaly (2024) 347% -0.38 [0.48;-028)

Random efects modsl  100.0% 071 [1.1; 0.31]
Hetorgenaiy 7= 2016 (P < 001, = 85.1%

Heterogenity: 2 = 27.92 (P < 001), = 71.3%
Tostfor subgroup differences: = 0.08 (P = 78)

D (95% CI)

C. Geographic region

Weight
Study or Subgroup __(Random) ___MD (95% Cl) Favors [Metformin]  Favors [Controls]
North America
BobadilaRosado (2024)  11.4% -1.61[387; 065] = ——
Fujimura (2016) 208% -130(283 023) —
ttoga (2019) 67.8% -030[037.-023)
Random effects model  100.0% -0.66 [-1.50; 0.13] —m—
Heterogeneity: 2 = 292 (P = .23), I = 31.6%
Europe
Unosson (2021) 206% -1.151.48;-082) —
Goledge-2 (2017) 77% 1111212;-009) -
‘Golledge-3 (2017) 106% -1.05[-1.84026] [
Thompson (2010) 10.1% 0801162 0.02] JEE—
Golledge-1 (2017) 16.4% 0.59(-1.09;-0.09] —
Gellatly (2024) 252% 0381048028 =
Eilenberg (2025) 94% 015072 1.02) R
Random effects model  100.0% -0.69 [-1.03; -0.36] -
Heterogeneity: 2 = 25.78 (P <.001), 1 = 76.7%
T T T
2 El o 1 2
MO (95% C1)

Heterogeneity: 4 = 35.88 (P < 001), 1 = 74.9%
st for subgroup diferances: 7] = 0.01 (P = 94)
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A. AAA-related events

a) Metformin — overall

Weight
Study (Random)  OR (95% CI) Favors [Metformin]  Favors [Control]
Golledge (2019) 32.6% 0.41[0.27; 0.63] —
Turowicz (2021) 21.6% 0.62[0.32;1.23] —_—
Kristensen (2017) 37.7% 0.84[0.61;1.17] ——
Eilenberg (2025) 8.2% 0.88 [0.23; 3.36] —_—
Random effects model ~ 100.0% 0.63 [0.41; 0.95] —~—

T T T T
0.1 02 05 1 2
) ) OR (95% CI)
Heterogeneity: ;3 = 7.14 (P = .07), I* = 58.0%
b) Metformin — DM-only cohort

Weight
Study OR (95% CI) Favors Favors [Control]
Turowicz (2021) 19.5% 0.29[0.10;0.81]
Golledge (2019) 35.3% 0.46 [0.26; 0.80]
Kristensen (2017) 45.2% 0.84[0.61;1.17]
Random effects model  100.0% 0.55 [0.31; 0.99]

T 1
0.1 2 10
OR (95% CI)
Heterogeneity: 3 = 6.03 (P = .05), I” = 66.8%
c) Sulfonylureas — overall

Weight
Study (Random)  OR (95% ClI) Favors [Sulfonylurea]  Favors [Control]
Kristensen (2017) 84.8% 063[0.51;0.78] —_
Golledge (2019) 15.2% 0.66 [0.40; 1.09]
Random effects model  100.0% 0.63 [0.52; 0.77]

T T 1
0.1 0.2 2 10

Heterogeneity: 5 = 0.03 (P = .87), I* = 0.0%

OR (95% CI)
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B. Postoperative mortality

a) Metformin — overall

Weight

Study (Random) Adj.HR (95% CI)

Golledge (2019) 28.8% 0.63[0.44;0.90]

Sutton (2020) 52.6% 0.93[0.85;1.02)

van Tongeren(2024) 18.6% 1.11[0.66;1.87]

Random effects model 100.0% 0.86 [0.65; 1.13]

Favors [without DM]

Favors [DM]

0.

Heterogeneity: z2 = 4.83 (P = .09), I> = 58.6%

b) Diabetes with metformin

T
3

Weight
Study (Random) Adj.HR (95% CI)
Golledge (2019) 39.7% 0.63 [0.44; 0.90]
Sutton (2020) 60.3% 0.93 [0.85; 1.02]

Random effects model 100.0% 0.80 [0.55; 1.16]

HR (95% CI)

Favors [DM]  Favors [without DM]

e

0.

Heterogeneity: 7% = 4.27 (P = .04), I* = 76.6%

T
3

¢) Diabetes without metformin

Weight
Study Adj.HR (95% CI)
Sutton (2020) 95.7% 1.09[1.01;1.16]
Golledge (2019) 4.3% 1.15(0.83; 1.59]

Random effects model 100.0% 1.09 [1.02; 1.17]

05 1 2

HR (95% CI)

Favors [DM]  Favors [without DM]

Heterogeneity: 72 = 0.10 (P =.75), I = 0.0%

0.5

HR (95% CI)
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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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