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Abstract
Background: People with diabetes mellitus (DM) have higher long-term mortality following abdominal aortic aneurysm (AAA) repair than those without DM. However, whether this adverse outcome is directly related to their aneurysm is unclear. 
Aims: To determine the rates of complications in people with and without DM post endovascular abdominal aortic aneurysm repair. Primary outcome data include AAA sac enlargement, reinterventions, endoleaks, post-operative AAA rupture and conversion to open surgical repair.
Methods: PubMed, Embase and Cochrane databases were searched for primary research studies between 2005 and 2025 according to PRISMA guidelines. Those undergoing AAA repair via endovascular aneurysm repair were included.

Results: Forty-four studies were identified totalling 90,347 people in the control group, and 23,988 in the DM group. Those with DM had a lower rate of reintervention compared to controls (9.51% v 11.92%; OR 0.82, 95% CI [0.76-0.88; P<0.001). However, there was no significant difference in the rate of overall, type I or type II endoleaks (P=0.22, P=0.237, P=0.667 respectively).  
People with DM were also less likely to have sac enlargement post AAA repair (9.05% DM v 10.38% controls; OR 0.86 [0.78-0.96]; P=0.005). Those with DM were more likely to have sac shrinkage (42.89% DM v 41.26% controls; OR 0.92, 95% CI [0.89-0.95]; P<0.001. Additionally, people with DM had a reduced rate of conversion to open surgery (2.11 % DM v 3.12% control; OR 0.80, CI [0.66-0.97]: P=0.023).

Conclusion: Reinterventions, sac enlargement post AAA repair, and conversion to open surgical repair were associated with a significant reduction in people with DM, however the cause for these differences remains unclear.
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Introduction
There is a well-established inverse association between diabetes mellitus (DM) and abdominal aortic aneurysm (AAA) growth [1]. In particular, fasting glucose levels have been shown to inversely correlate with aortic diameter, suggesting a relationship between glucose metabolism and AAA formation [2, 3]. However, serum glucose levels alone do not appear to be associated with aortic expansion [4]. Glycated haemoglobin (HbA1c), a marker of long-term glycaemic control, has also demonstrated an inverse association with AAA growth rate in people with and without DM, further supporting a mechanistic relationship between chronic hyperglycaemia and AAA progression [4]. These observations contrast with the well-established positive association between DM and other vascular diseases and their complications [5, 6, 7] giving rise to the so-called diabetes paradox in AAA disease.

With advances in device technology and technique, Endovascular Aneurysm Repair (EVAR) has increasingly replaced open surgical repair (OSR) for AAA management [8]. While EVAR is associated lower perioperative mortality it carries higher long-term risks of all-cause mortality, reintervention, and secondary rupture rates compared to OSR 9]. Individuals with DM are known to have higher rates of complications following OSR, such as myocardial infarction, pneumonia, superficial surgical site infection, or pancreatitis [10, 11]. In contrast, complications following EVAR differ in nature, with issues such as endoleaks, endograft migration, and reintervention rates in approximately 16% to 30% [12]. A previous meta-analysis demonstrated that DM is not a risk factor for type II endoleak [13] however there remains little evidence evaluating the broader impact of DM on post-EVAR complications.
The aim of this systematic review and meta-analysis was to evaluate the effect of DM on complications following EVAR.

Methods
Eligibility criteria
For inclusion in this study the following inclusion and exclusion criteria were required. Inclusion criteria:
· Adults with diabetes mellitus aged ≥18 years old
· Patients with diabetes mellitus  who underwent AAA repair using EVAR
· Publications translated into English language
· Report on at least one complication from reinterventions, sac enlargement, endoleak, post-operative AAA rupture or conversion to open surgical repair.
Exclusion criteria were:
· Case reports due to a lack of comparative data
· Laboratory-based studies
· Conference abstracts
· Studies investigating thoracic aortic aneurysms
· Systematic reviews
Literature search
Two independent reviewers (E.O. and I.S.) performed a systematic search of the following 6 databases, PubMed, Medline, Embase, Cochrane Library, The Web of Science, and Google Scholar, for articles published between 2005 and 2025 using the search terms using the MeSH terms Reintervention AND “Abdominal Aortic Aneurysm” AND “Diabetes Mellitus”, as well as “Endoleak” AND “Abdominal Aortic Aneurysm” AND “Diabetes Mellitus”. Researchers were contacted about published or unpublished trials identified through conferences or social media, to ensure all relevant studies were included. Ongoing trials were identified on www.clinicaltrials.gov. No contact was required to be made with authors. Zero publications required translation to be employed and therefore all literature were in English Language.

Study identification and selection
A systematic search of the databases was undertaken by two reviewers (E.O. and I.S.) with duplicates removed, prior to screening the title and abstract of identified studies. Any discrepancies were discussed with the senior author. The remaining full-text articles were retrieved and independently reviewed for eligibility.

Data extraction and quality assessment
Data extraction was undertaken by two reviewers using a standardised template. Any discrepancies were discussed. Descriptive, methodological and outcome data was input into a standard form. The reviewers extracted the following from each study: publication year, number of people with DM and controls, mean length of follow up, and outcomes reported from each of the studies to include endoleaks, reintervention, sac expansion, sac shrinkage, and conversion to open repair. The Newcastle-Ottawa scale was used to ensure the quality of non-randomised studies with a score ≥7 being rated as good [14]. 

Data synthesis and analysis
Meta-analysis was conducted of the adjusted risk estimates (where available) with use of the inverse variance method in Stata MP 17. Odds ratio was used to measure effect of each outcome. Statistical heterogeneity was assessed, with forest plots with an I2 ≤ 50% analysed using a Fixed Effects model (except AAA sac expansion where Random Effect model was used as each of the studies included had a different definition for AAA sac growth). For studies that published early and late results these were combined to determine an overall rate of each outcome. Sensitivity analyses were performed for all significant outcomes. . 
A final version of this protocol has been registered on PROSPERO in January 2023 prior to conducting the systematic review and meta-analysis (website: www.crd.york.ac.uk/prospero/ and ID: CRD42023379545). The review was conducted according to the Preferred Reporting Items for Systematic Review and Meta-analyses (PRISMA) guidelines [15].

Results
The literature search identified 6313 articles, of which 3235 were duplicates. 3078 articles were potentially suitable for inclusion in the review; forty-five of these studies were eligible for inclusion (Figure 1). The characteristics of the included studies are outlined in Table 1.

Reintervention
Meta-analysis of 12 studies including a total of 64,327 in the control group and 10,158 in the DM group identified significantly fewer reinterventions in those with DM (9.65% v 11.97%; OR 0.83, 95% CI [0.77-0.89]; P<0.00001), (Figure 2).

Endoleaks
There was no significant difference in all endoleaks DM (28.33% v 31.97% controls; OR 0.91, 95% CI [0.53-1.58]; P=0.22). Seven studies reported on rates of type I endoleak and showed no significant difference DM (6.29% v 8.11%; OR 0.90, 95% CI [0.77-1.07]; P=0.237) (Figure 3). Seventeen studies reported on rates of type II endoleak and showed no significant difference DM (24.60% v 25.92% control; OR 0.98, 95% CI [0.92-1.06]; P=0.667) (Figure 4). Four studies reported on the rate of type III endoleak, identifying a lower rate of type III endoleak in those with DM (2.16% v 4.02%; OR 0.68, 95% CI [0.47-0.97]; P=0.03) (Figure 5). 

Sac change
Meta-analysis of 13 studies including a total of 62,390 in the control group and 11,006 in the DM group were assessed for AAA sac enlargement. Those with DM were less likely to have sac enlargement post AAA repair DM (9.05% v 10.36%; OR 0.85, 95% CI [0.75-0.96]; P = 0.01), (Figure 6). Those with DM were more likely to have sac shrinkage DM (42.81% v 41.28%; OR 0.92, 95% CI [0.89-0.95]; P<0.00001) across 10 studies, (Figure 7).

Rupture and conversion
There was no significant difference in the rate of AAA rupture post-EVAR DM (0.65% v 0.56%; OR 1.11, 95% CI [0.82-1.51]; P=0.505) across 7 studies, (Figure 8). 
Conversion from EVAR to open surgical repair was reported in 4 studies which was significantly less common in those with DM (2.11 % v 3.12%; OR 0.80, CI [0.66-0.97]: P=0.023), (Figure 9).

Sensitivity analysis
Sensitivity analysis was undertaken for studies of >500 participants. The findings from the subgroup sensitivity analysis remained consistent with those of the overall pooled analysis, demonstrating lower complication rates in the diabetes group for reintervention, AAA sac expansion, AAA sac shrinkage (P < 0.00001, P = 0.01 and P < 0.00001 respectively) (Table 2).
The findings from the subgroup sensitivity analysis remained consistent with those of the overall pooled analysis, demonstrating lower complication rates in the diabetes group.
Sensitivity analysis was also undertaken utilising only studies that score as ‘good’ on the Newcastle-Ottawa Scale. The results for reintervention, sac expansion, and open surgical conversion remained significant (P < 0.00001, P = 0.01 and P < 0.00001 respectively). There are results of type I or type II endoleak, AAA rupture post EVAR, and AAA sac shrinkage remained non-significant (Table 3). 

Publication bias
Funnel plots were reviewed for reintervention (Figure 10), sac expansion (Figure 11), sac Shrinkage (Figure 12) and type II endoleak (Figure 13). As there were ≥ 10 studies included in each of those domains. Egger test was undertaken for reintervention, sac expansion, type II endoleak and sac shrinkage. These showed no evidence of publication bias, p values were 0.375, 0.775, 0.254 and 0.836 respectively (Table 4).

Meta-regression for follow-up 
Length of follow up (months) across the studies is not a significant modifier of sac expansion p-value = 0.522 (figure 15) and reintervention p-value = 0.697 (figure 16)


Discussion
This systematic review and meta-analysis demonstrates that DM is associated with significantly lower rates of reintervention, sac enlargement and shrinkage, type III endoleak, and conversion to open surgical repair following EVAR, without significant differences in overall endoleak rates, type 1 or 2 endoleaks, or post-EVAR rupture. 
A key finding of this analysis is the reduction in sac expansion among patients with diabetes, which likely represents the central mechanism underpinning the observed reduction in reintervention. One of the earliest studies to highlight the diabetes paradox in AAA patients was an observational case-control study [16] utilising the UK national AAA screening programme. This highlighted a significant reduction in AAA growth rates by 56% in patients using medications to control diabetes. Sac enlargement following EVAR is a major driver of secondary intervention, often reflecting ongoing aneurysm pressurisation or disease progression. The observed reduction in sac expansion is therefore consistent with prior evidence demonstrating slower AAA growth in patients with diabetes in the untreated setting [1]. This suggests that the biological processes influencing aneurysm progression may persist even after endovascular exclusion.
People with diabetes are more likely to undergo EVAR as opposed to open surgical repair, largely due to microvascular and macrovascular complications associated with diabetes, which increases operative risk [17]. While EVAR offers lower early mortality, it is associated with higher rates of aneurysm-related complications due to progress of aortic degeneration and dilatation [18]. Within this context, the apparent protective effect of diabetes on sac behaviour and downstream complications is particularly notable.
Reintervention remains a key limitation of EVAR. Although one study included (Diehm et al) [19] showed a significant reduction in reintervention rates individually, pooled analysis identified a consistent and statistically significant reduction in patients with DM, which persisted across sensitivity analyses. Given that endoleaks and sac expansion are the principal drivers of reintervention, further analysis of these outcomes provides insight into potential causal pathways. One of the main causes for reinterventions is endoleak. Six studies reporting Type I endoleak showed a no significant association with DM, consistent with meta-analysis. Similarly, fourteen studies reported on Type II endoleak of which only the study by Leurs et al [18] showed a significant reduction of type II endoleak in those with diabetes. These findings are consistent with the meta-analysis by Guo et al [14]. Three studies reported type III endoleak, with the study by Fujimura et al [20] suggesting a significant reduction in type III endoleak in those with DM, which was confirmed on meta-analysis. This may reflect reduced aneurysm sac dynamics and biomechanical stress on the endograft, although the precise mechanism remains unclear.
Previous work has highlighted a reduction in untreated AAA growth rates in people with DM [1] and the current study suggests that this effect persists following EVAR. Sac expansion which could be considered a surrogate for AAA growth was lower in those with DM post-EVAR in 4 out of the 10 studies included, and remained significant on meta-analysis and sensitivity analyses. [17]. Leurs et al [18] reported that those with type 2 DM who were insulin-controlled had a significantly lower rate of endoleaks, which resulted in fewer secondary interventions compared to those taking oral hypoglycaemic agents or people without diabetes. One explanation for this could be because people with insulin-treated DM receive more intensive monitoring [21]. Chronic hyperglycaemia promotes the formation of advanced glycation end-products, resulting in increased collagen cross-linking and a stiffer extracellular matrix, which may reduce susceptibility to aneurysm expansion. In addition, diabetes-associated microvascular disease involving the vasa vasorum may limit neovascularisation and the infiltration of inflammatory cells into the aortic wall, thereby attenuating aneurysm progression. [22]. 

Treatment-related factors may also contribute. Leurs et al. [18] reported that insulin-treated patients had lower rates of endoleak and reintervention compared to those receiving oral hypoglycaemic agents or without diabetes. This may reflect more intensive monitoring and follow-up in insulin-treated patients [21], although differences in underlying disease severity and treatment selection cannot be excluded. Unfortunately, subgroup analysis based on diabetes type or treatment was not possible across the included studies.

No significant difference was observed in post-EVAR rupture, despite trends towards lower rates in patients without diabetes. This may reflect limited statistical power, given the relatively low event rates. Similarly, although individual studies such as Diehm et al. [19] did not consistently demonstrate reduced conversion rates, pooled analysis identified a significant reduction in conversion to open repair among patients with diabetes.

Clinical decision making may also influence these findings. Reintervention following EVAR is often nuanced, particularly for type 2 endoleaks. Type II endoleaks are often managed conservatively, with most clinicians not undertaking intervention unless the sac expands by at least 10mm [23, 24, 25]. In addition, conversion to open surgical repair is a very complex procedure with a significant mortality [26]. There may therefore be an underlying selection bias in some of these results as those with diabetes may be less likely to have their EVAR explanted due to their comorbidities. It is also unknown as to whether people with diabetes were more aggressively treated with EVAR, resulting in some grafts potentially being used outside of the manufacturers’ instructions for use, which would increase the risk of endoleaks, and post-EVAR rupture [27]. Interestingly, although post-EVAR rupture was more common in those without DM, this was not significant, and the rate of Type 1 endoleaks was lower in those with DM, although this was also not significant. What remains unknown is the proportion of patients diagnosed with a type I or III endoleak who underwent intervention, and whether this varies between groups, which would affect post-EVAR rupture rates.

This study has several important limitations. There was significant variability in outcome reporting, and not all studies provided comparative analyses. This is further highlighted by the lack of available data on iliac complications, with no reports on limb occlusion rates identified. Furthermore, most of the studies included did not differentiate between types of DM, or treatment. Given the distinct pathophysiological characteristics between type 1 and type 2 DM and the potential benefits of some glucose lowering agents, it is possible that relationships with AAA differ. The presence or absence of diabetes related co-morbidities were also not often reported, thus increasing the risk of selection bias, and potentially excluding those with more significant disease burden from inclusion into the studies.
The majority of the studies included are non-randomised retrospective observational cohort studies. Although this enables inclusion of a large number of participants and is highly efficient for examining outcomes, they are inherently subject to confounding and bias. The results of this meta-analysis should therefore be interpreted with caution as associations that require further validation, as the overall quality of the evidence is low. Baseline differences in comorbidities between groups were not consistently adjusted for, and studies differed in the duration of the follow up which may have influenced outcomes. The Newcastle-Ottawa Scale Quality Assessment sensitivity analysis was used to try to explore this and account for such bias, however, these findings should still be interpreted as associative rather than causal.

Conclusion
This systematic review and meta-analysis of available data has shown that there is an association between people with diabetes having lower AAA sac expansion and shrinkage, reintervention rates and conversion rates to open surgical repair post-EVAR compared to those without diabetes. These conclusions are limited by the lack of high quality randomised publications, and further work is necessary to establish why these differences occur.
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