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Introduction

Diabetes mellitus (DM) has been proved to contribute to multiple comorbidities that are risk factors for abdominal aortic aneurysm (AAA). Remarkably, evidences from epidemiologic studies have demonstrated a negative association between the two disease states. On the other hand, hyperglycemic state was linked to post-operative morbidities following AAA repair. This review aims to provide a thorough picture on the double-edged nature of DM and major hypoglycemic medications on prevalence, growth rate and rupture of AAA, as well as DM-associated prognosis post AAA repair.



Methods

We performed a comprehensive search in electronic databases to look for literatures demonstrating the association between DM and AAA. The primary focus of the literature search was on the impact of DM on the morbidity, enlargement and rupture rate, as well as post-operative complications of AAA. The role of antidiabetic medications was also explored.



Results

Retrospective epidemiological studies and large database researches associated the presence of DM with decreased prevalence, slower expansion and limited rupture rate of AAA. Major hypoglycemic drugs exert similar protective effect as DM against AAA by targeting pathological hallmarks involved in AAA formation and progression, which were demonstrated predominantly by animal studies. Nevertheless, presence of DM or postoperative hyperglycemia was linked to poorer short-term and long-term prognosis, primarily due to greater risk of infection, longer duration of hospital stays and death.



Conclusion

While DM is a positive factor in the formation and progression of AAA, it is also associated with higher risk of negative outcomes following AAA repair. Concomitant use of antidiabetic medications may contribute to the protective mechanism of DM in AAA, but further studies are still warranted to explore their role following AAA repair.
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1 Introduction

Abdominal aortic aneurysm (AAA) is defined as an abnormal focal expansion of the abdominal aorta with a diameter greater than 3 cm or 50% larger than its normal size (1). AAA is one of the main vascular complications that pose a rising health burden worldwide (2) especially in low-income and middle-income countries due to aging population, increase in cigarette smoking and rising challenges of chronic comorbidities (3). Patients with AAA carries a high risk of mortality due to rupture, and current intervention for AAA relies exclusively on surveillance or surgical repair (4), which underlines the need to identify effective pharmacological target.

Important risk factors contributing to AAA comprise advanced age, male gender, smoking, as well as comorbidities such as history of other vascular complications, coronary artery disease, atherosclerosis, hypercholesterolemia, and hypertension (1). Diabetes mellitus (DM) is a major risk factor to atherosclerotic lesions and macrovascular diseases that are linked to AAA presence, including cardiovascular disease (CAD) and peripheral vascular disease (PAD) (5). Surprisingly, instead of accelerating the formation and progression of AAA, DM was found to have an inverse association with AAA development in previous epidemiological reports (6, 7). DM exerts a protective effect potentially by suppressing major pathological hallmarks of AAA (4, 8).

On the other hand, DM is a known risk factor for higher perioperative or postoperative morbidity and mortality. Post-operative hyperglycemia is associated with delayed would healing and higher infectious complication. Therefore, the protective effect of DM to AAA might be attenuated following AAA repair. This study aims to provide insight to standard of care for patients with both AAA and DM by reviewing the paradoxical effects of DM and hypoglycemic agents on prevalence, growth rate and rupture of AAA, as well as DM-associated morbidity and mortality post AAA operations.



2 Features of AAA pathogenesis targeted by DM

The mechanism underlying the pathogenesis of AAA was found related to the biology of abdominal aortic wall. Diabetic patients were shown to have decreased levels of matrix metalloproteinases (MMPs) and matrix degradation, enhanced matrix and collagen synthesis, resulting in a thicker abdominal aortic wall and a larger volume of extracellular matrix (ECM) (7, 9, 10).

ECMs in AAA patients are characterized by extensive proteolysis, leading to the destruction of collagen and elastin. Diabetes mellitus induces glycation of the ECM, which subsequently stimulates the formation of advanced glycation end products (AGE) (7). AGEs are covalently cross-linked with elastin and collagen in the blood vessel wall, promoting protection against mechanical structure loss and contributing to arterial stiffness (7, 9, 11, 12). Although enhanced arterial stiffness is a risk factor for atherosclerotic diseases, it provides resistance towards aneurysm growth delays AAA progression (12, 13). Nevertheless, the influence of AGEs on AAA was found conflicting. Stimulation of the AGEs receptor (RAGE) leads to upregulation of inflammatory cytokines and MMPs, thus promoting the formation of AAA (7, 14, 15). Through a murine elastase-induced AAA model, Raaz et al. discovered that segmental aortic stiffening enhanced aortic wall stress and promoted aneurysmal growth. In contrast, homogenous stiffening reduced aneurysm growth (12, 16).

MMPs are calcium-dependent zinc endopeptidases secreted by vascular endothelial cells and macrophages; they play a key role in the pathogenesis of AAA. Both MMP-2 (released by smooth muscle) and MMP-9 (released by macrophages) were found involved in the process of matrix destruction and vessel wall degradation in aortic aneurysms (9). Expression of MMP-9 was observed elevated at the site of AAA rupture, and was additionally associated with ruptured aneurysm related 30-day mortality (17, 18). The expressions of pro-MMPs and MMPs in diabetic patients are significantly attenuated. Hyperglycemic state inhibits the expression of MMP-9 messenger RNA and protein expression in macrophage cell lines by stimulating glucose sensitive nuclear receptor Nr1h2 (19), which may explain the aortic wall thickening and matrix loss deceleration in diabetic aneurysms (11).

In addition, inflammatory processes exert a significant influence on aortic wall remodeling in AAA pathogenesis. The underlying mechanisms by which diabetes affects inflammatory process may include activation of T cell insulin receptors, the monocyte-macrophage system, and through C-peptides production (9, 14). DM patients often have elevated circulating C-peptide and macrophage levels in aortic tissues. A previous study demonstrated that C-peptide impairs high glucose-induced proliferation and nuclear factor kappa B (NF-κB) nuclear translocation in vascular smooth muscle cells (VSMCs) (20). In the presence of C-peptide, the expression of various pro-inflammatory cytokines is reduced via the NF-κB pathway (9, 14).

Homeostasis of VSMC is another protective factor towards AAA. In most cases, VSMC exists in contractile phenotype, which contribute to vascular remodeling (1, 9). When exposed to oxidative stress, inflammation or injury, VSMC of contractile phenotype will differentiate into a synthetic phenotype. Synthetic VSMC phenotype is implicated with decreased expression of contractile protein, increased MMPs and vascular calcification, thereby potentiating AAA progression and rupture (9, 21, 22). Transforming growth factor (TGF)-β was found essential for the induction and maintenance of environmental balance and differentiation in VSMC. Hyperglycemic state triggers TGF-β signaling pathway, thereby downregulating the expression of MMP-2 and exerting protective effect on aortic VSMC (14, 23). Moreover, an in vitro study discovered significant morphological differences between Type II DM (T2DM) and non-T2DM VSMC. The study found vinculin, a local adhesive protein that couples the ECM to the cytoskeleton, was upregulated in T2DM VSMC (24). Increased vinculin-positive focal adhesions in VSMC may account for the vascular stiffness of the abdominal aortic wall in DM patients, leading to retard of AAA formation (7, 10).

Intraluminal thrombus (ILT) is another increasingly recognized feature of AAA growth, remodeling, and rupture over the past decades (25). Tissues of AAA subjects were found with greater concentrations of tissue plasminogen activator (TPA) and hypoactive plasminogen activator inhibitor (PAI-1), implying a hypercoagulable state that stimulates ILT deposition and reduces ILT renewal (26). ILT is implicated with cellular inflammation, arterial wall hypoxia and ECM apoptosis, prompting aneurysm growth and eventual rupture (25). In addition, plasmin converts pro-MMPs to their active form; by inhibiting conversion of plasminogen to plasmin, PAI-1 attenuates fibrinolysis and decreases MMP production. Downregulation of PAI-1 in AAA tissues thereby results in augmented MMPs production in ILT and in the AAA wall (27–29). Dua et al. investigated the effect of hyperglycemia on endogenous PAI-1 in AAA-induced mice. Immunohistochemistry confirmed increased intensity of PAI-1 and suppressed MMP-9 expression in the diabetic mice, corresponding to a reduced AAA formation (30).

Moreover, thicker regions of ILT are linked to localized hypoxia in AAA, subsequently induces a variety of angiogenesis control factors such as vascular endothelial growth factor (VEGF); these changes induce localized mural neovascularization and inflammation, in addition to regional wall weakening (31). Hyperglycemia inhibits neovascularization by downregulating the expression of VEGF and angiogenesis response (9, 32). The protective mechanisms of DM against AAA are summarized in Figure 1.




Figure 1 | Potential mechanisms by which DM exerts its protective effect on AAA. Effects of DM are demonstrated by red arrows. TC-IR, T-cell insulin receptors; DM, diabetes mellitus; MMS, monocyte-macrophage system; OS, oxidative stress; FbDP, Fibrin degradation products; VSMC, Vascular smooth muscle cells; ILT, intraluminal thrombus; PAI-1, Plasminogen activator inhibitor-1.





3 Protective effect of DM to AAA


3.1 Effect on prevalence rate

AAA is most commonly diagnosed in male among the age of 60 to 80 (33). Currently known risk factors for AAA include male, smoking, family history, advancing age, hypertension, as well as obesity (34). While most of the risk factors are also linked to DM, previous meta-analysis and epidemiological studies identified DM diagnosis as a negative predictor for AAA (35, 36). The presence, growth, and probably rupture of AAA were found to be higher among non-diabetics comparing to diabetic patients (6, 7).

The negative association between DM and AAA was also demonstrated by pooled data analysis from large population prevalence studies and smaller studies in selected populations. Prospective studies showed significantly lower number of new AAA diagnosis in DM patients (37). When diabetic patients were stratified into advanced and uncomplicated groups based on existing DM comorbidities, it was demonstrated that advanced diabetes exerts a stronger protection against AAA without rupture, with risk of AAA decreased by near a half in the advanced DM group (6). Le et al. also revealed a decreasing risk of AAA with longer diabetes duration in addition to the independent inverse association between DM and AAA. The odds ratio of AAA was 0.50 at 3–5 years of follow-up (95% CI 0.27, 0.89), which declines further to 0.37 after 12 years of follow-up (95% CI 0.19, 0.70) (38). This outcome was compatible to the conclusion of another study, which discovered no difference in aortic diameter and AAA prevalence between those newly diagnosed type 2 diabetes and those without diabetes among 65-year-old men (39). In addition, an inverse association was established between fasting serum glucose level and aortic diameter even among non-diabetic men (38).



3.2 Effect on growth rate

Rabben et al. identified 4 independent AAA risk factors: smoking, hypertension, BMI >30, and DM, with DM being an inverse factor for AAA. The growth rate of AAA was slower in DM patients comparing to normoglycemic patients (34). Astrand et al. found the aortic intima-media thickness (IMT) to be markedly greater in diabetic patients comparing to healthy controls, adjusting for age and sex. The thick aortic wall in diabetes resulted in a 20% reduction in aortic wall stress, which proposed a potential protective mechanism against AAA (40). Another multicenter randomized study enrolling patients with small AAAs (4.1-5.4 cm) revealed a remarkably lower probability of aneurysm growth > 5 mm at 36 months in diabetic participants comparing to nondiabetics (40.8% versus 85.1%). For patients who did not undergo open repair at baseline, the need for repair at 30 months was also lower for diabetics. However, this study also demonstrated a higher hazard ratio (HR) for all-cause mortality at 36 months among diabetic patients, which could be attributed to higher obesity and cardiovascular disease rate (41).

A sub-analysis study of VIVA (Viborg Vascular) Randomized Screening Trial found that the median growth rate significantly slower in subjects with DM comparing to those without (1.7 versus 2.7 mm/year). When participants were stratified by glycosylated hemoglobin (HbA1C), the aorta growth was smaller in the highest HbA1c-tertile group compared with the lowest HbA1c-tertile group, adjusting for covariates (42).



3.3 Effect to RAAA

Despite advancements in surgical technologies, RAAA is still the major cause of AAA-related death, resulting in approximately ninety percent of mortality rate (33). The impact of DM on development and outcome of RAAA is controversial. Overall, there are three conflicting theories regarding the relationship between DM and RAAA: no association, negative association and positive association.

A large Danish register based matched case control study by Kristensen et al. (35) included 5395 cases with ruptured AAA (RAAA) matched 1:1 with patients undergoing elective AAA repairs by sex, age, and year of diagnosis. Outcomes of the study indicated that presence of DM did not protect against the risk of RAAA or influence overall 30-day mortality. A retrospective multivariate analysis study by Gokani et al. also found no statistically significant association between DM status and risk of aneurysm rupture, adjusting for cofactors (43).

In some other studies, DM is reported to be reversely associated with RAAA. A nationwide multicenter study in France reported a significantly lower prevalence of DM in ruptured AAA comparing to non-ruptured AAA (44). However, this study also demonstrated no significant difference between DM and non-DM patients in terms of in-hospital mortality in the ruptured AAA cohort. A meta-analysis by Takagi et al. also described significantly lower prevalence/incidence of RAAA in diabetic patients (odds ratio/hazard ratio, 0.71; 95% Confidence Interval, 0.56 to 0.89; p=0.003) (45). Theivacumar et al. investigated the relationship between DM and any aortic aneurysm rupture at a single center, and concluded that aortic aneurysm rupture and aneurysm rupture-related death are less likely to occur among diabetic patients (46).

On the other hand, epidemiological research of the National Health Fund and the Central Statistical Office in Poland in 2012 found significantly higher incidence of RAAA in diabetic population, regardless of gender stratification (47). Regrettably, data limitations inhibited the evaluation of the type or duration of diabetes, as well as the relationship of RAAA with the presence of cofounding factors such as hypertension, cigarette smoking and lipid values. Based on the paradoxical research outcomes regarding this issue, further prospective epidemiological research with standardized methodology is warranted to determine the link between DM and RAAA.



3.4 Gender-specific effect of DM

Previous studies have demonstrated significantly lower AAA incidence and rupture rate in women comparing to men (47). Intriguingly, the protective effect of diabetes was found attenuated among female patients. In a population-based data analysis, the sex-specific analysis showed no difference in AAA incidence rates between DM and non-DM cohorts for females, whereas the incidence rate was significant lower in males with type 2 DM (6). Another subgroup analysis of a register-based matched case control study also found increased risk of AAA rupture in female patients (35). Tsai et al. hypothesized that the diminished protective effect of DM in women was prompted by higher oestrogen level (6), which needs further investment based on paradoxical evidences in previous animal (48, 49) and clinical studies (50, 51).




4 Effect of hypoglycemic medications to AAA

Diabetes counteracts formation and progression of AAA; therefore, it has been hypothesized that antidiabetic medicines may reverse the protective role of diabetes against AAA. Intriguingly, both animal and clinical studies have demonstrated protective effect of antidiabetic medications such as metformin, thiazolidinedione, and dipeptidyl peptidase 4 inhibitors (DPP-4i) against aortic aneurysms (14, 52). These major antidiabetics may help to reduce the prevalence, incidence and enlargement rate of AAA (53, 54) in a dose-response pattern (11, 55).


4.1 Metformin

Metformin is the first-line oral antidiabetic medicine for mild to moderate type 2 DM patients. It is also the most well-studied hypoglycemic drug in AAA. Previous studies illustrated the negative association between metformin and development of AAA. Metformin was shown to retard the formation and growth rate of AAA (56), even in normoglycemic mice (52, 57). Golledge et al. revealed that patients with diabetes prescribed metformin were associated with significantly lower AAA repair and rupture-related mortality comparing to patients with diabetes not prescribed metformin or patients with no diabetes. In contrary, diabetic patients not prescribed metformin did not show reduced incidence of AAA events comparing to patients with no diabetes (58), which raised the question that whether the protective effect of DM comes from anti-diabetic medicines. Itoga et al. found that patients with a metformin prescription had a 0.20 mm reduction in yearly AAA enlargement comparing to those without metformin prescription, adjusting for other AAA-related variables (59). While it was hypothesized that by attenuating arterial accumulation of matrix molecules, metformin could reverse the protective mechanism of diabetes and lead to increased AAA incidences, Kristensen et al. demonstrated a statistically nonsignificant protective effect of long-term metformin against ruptured AAA (RAAA) (55).

Studies mentioned above showed the promising clinical effect of metformin in limiting AAA progression. Utilization of metformin markedly reduced the maximum aortic diameter and formation of aortic aneurysm (14). Metformin activates the AMPK signal pathway, thereby downregulating the expression of proinflammatory cytokines (IL (interleukin)-1β, IL-6, MCP (monocyte chemotactic protein)-1 and TNF (tumor necrosis factor)-α), vascular growth cytokines (VEGFA, Flt-1 and CD31) and MMPs (60). The underlying mechanisms of metformin in AAA pathology eventually lead to preservation of smooth muscle cell (SMC), suppression of matrix remodeling and inhibition of inflammation pathways (61, 62). Treatment with metformin in normoglycemic mice also showed suppression of AAA formation and progression via restoration of the perivascular adipose tissue (PVAT) and vascular endothelial function (63). Some other potential biological pathways involved in the protective mechanism of metformin against AAA include: reduction of ECM volume, augmented arterial wall matrix formation through advanced glycation end products (8) and suppression of inflammation and oxidative stress (14). The potential mechanisms of metformin are illustrated in Figure 2.




Figure 2 | Potential mechanisms of the protective effect of oral antidiabetics on AAA. Effects of oral antidiabetics are demonstrated by red arrows. TC-IR, T-cell insulin receptors; DM, diabetes mellitus; MMS, monocyte-macrophage system; OS, oxidative stress; FbDP, Fibrin degradation products; DPP-4i, dipeptidyl peptidase 4 inhibitors; SGLT-2i, sodium-glucose cotransporter 2 inhibitors; GLP-1RAs, glucagon-like peptide 1 receptor agonists.



Metformin is excreted through kidney, thereby clearance of metformin decreases during acute or chronic renal function impairment. Given the risk of contrast-induced nephropathy (CIN) after endovascular aneurysm repair (EVAR) (64) and the risk of metformin-induced lactic acidosis in patients with renal insufficiency (65), perioperative administration of metformin should be cautiously monitored. The stop and reinitiating criteria of metformin as recommended by Society for Vascular Surgery (SVS) practice guideline is presented in Table 1.


Table 1 | Association between renal function status and duration of metformin administration.





4.2 Thiazolidinedione

TZD hypoglycemic agents (such as pioglitazone and rosiglitazone) were found to active peroxisome proliferator-activated receptor-γ (PPARγ). In animal studies, PPARγ was proved to balance the aortic inflammatory conditions and to delay the progression and rupture of AAA (66). TZDs are PPARγ agonists that inhibit inflammatory response and ECM remodeling, thereby ameliorating AAA development and rupture in angiotensin II (Ang II)-induced mouse model (67–70).

Que et al. discovered that pioglitazone activates PPARγ and antagonizes the nuclear factor of activated T-lymphocytes (NFAT)/NF-κB, thus decreasing the protein expression of SMC phenotypic modulation markers. Downregulation of these modulation markers prevents cell proliferation, migration, and macrophage adhesion to SMCs, which ameliorates angiotensin II-induced aortic aneurysms (70). The expression of PPARγ in bone marrow mesenchymal stem cells of AAA patients was found notably upregulated after the administration of pioglitazone (71). The role of pioglitazone is also related to the reduction of macrophages infiltration in aortic wall and retroperitoneal periaortic fat. In a study involving sixteen patients with AA (> 5 cm in diameter) awaiting open surgical repair (OSR), after 2 months of pioglitazone pretreatment, the macrophages infiltration was diminished (72).

PPARγ activation by rosiglitazone was also reported to reduce the availability of inflammatory mediators, thereby influencing aneurysm formation and AT1a Ang II receptor expression (66, 67). Rosiglitazone can reduce the expression of TNF-α and MMP-9 in abdominal aortic aneurysm wall and retroperitoneal abdominal aortic fat (66). By increasing the production of collagen, rosiglitazone also leads to thickening of the aortic wall to reduce aortic dilation and late aneurysm rupture (66). Moreover, rosiglitazone also plays a potential protective role in the formation and rupture of aneurysms through the inhibitory effect on c-Jun N-terminal kinase (JNK) phosphorylation and toll-like receptor 4 (TLR4) expression at the site of lesion formation (68).



4.3 Dipeptidyl peptidase 4 inhibitors

DPP-4 is a glycoprotein involved in cleavage and inactivation of a variety of substrates, including incretins such as glucagon-like peptide1 (GLP-1) (4). The expression of DPP-4 in AAA media and adventitia is positively correlated with typical aneurysmal disease processes, including numerous immune responses, ECM degradation and peptidase activity, angiogenesis and reactive oxygen species (73). DPP-4 also increases plasmin levels by binding to adenosine deaminase, which results in degradation of ECM and activation of MMPs via activation of plasminogen-2 (74). Moreover, DPP-4 and the DPP-4-like enzyme attractin were found to induce inflammation cascades that are critical to AAA development (4).

DPP-4 inhibitors (such as sitagliptin, alogliptin and linagliptin) delay GLP-1 degradation via DPP-4 activity suppression, thereby improving glucose control (11). DPP-4Is also antagonize functions of DPP-4 in previous mentioned AAA pathological pathways, which consequently reduces the formation and development of AAA (4, 74, 75). in a rat-based AAA model by Bao et al., alogliptin administrations in both low-does (1 mg/kg/d) and high-dose (3 mg/kg/d) groups were associated with significant reduction of reactive oxygen species (ROS) expression comparing to the control group on day 7. However, the effect became only significant in high-dose group on day 28. All the other observed effects such as decreased MMP level and dilation in aortic aneurysm wall were also more prominent in the high-dose group. This dose-dependent pattern could be further explored in clinical study (76). Lu et al. investigated the function of another DPP-4I sitagliptin in Ang II-infused mice. Their results demonstrated that sitagliptin may attenuate AAA formation by restraining microphage filtration, MMPs production as well as elastin destruction (77). Other DPP4-Is, teneligliptin and vildagliptin also showed similar protection mechanisms in AAA formation and development (4, 78).



4.4 Glucagon-like peptide 1 receptor agonists

GLP-1 is the main insulin-stimulating hormone that induces insulin secretion after nutrient intake. It involves in islet beta cell proliferation and survival, glucagon secretion regulation, and gastrointestinal motility control, leading to the development of effective pharmacological treatment against DM and obesity (75). The positive effects of GLP-1RAs on AAA formation is similar to DPP-4Is, as they share same targets in pathological pathways of AAA (75).

In animal-based AAA models, GLP-1RAs (such as liraglutide and lixisenatide) inhibit AAA development through ECM preservation and through antioxidant and anti-inflammatory effects (75). Lixisenatide attenuates ROS expression and oxidative DNA damage, which in turn retards the inflammatory process of macrophage filtration, pro-inflammatory cytokine release, and eventual MMPs expression (79). Lu et al. also proved that liraglutide reduced Ang II-treated ROS production in U937 human mononuclear cell lines, confirming its antioxidative effect (77). Lixisenatide was also found to decrease levels of extracellular signal-regulated kinase (ERK), which plays a crucial role in the regulation of MMP secretion, thereby ameliorates aortic dilatation (79).



4.5 Sodium-glucose cotransporter 2 inhibitors

SGLT-2I is a novel class of hypoglycemic agent that has been investigated beyond its anti-glycemic indication. SGLT-2Is, such as dapagliflozin and empagliflozin, were found to improve the cardiovascular outcomes in patients with heart failure. In an Ang II-induced dissecting AAA mouse model, cotreatment with empagliflozin resulted in significant reduction in maximal suprarenal aortic diameter. Immunohistochemistry study further confirmed that empagliflozin disrupted elastin degradation, neovascularization, and macrophage infiltration in the AAA formation process (80). p38 mitogen-activated protein kinase (p38 MAPK) was previously proved to promote MMP production, while nuclear factor-κB (NF-κB) was known to upregulate cytokines/chemokines in the vascular wall, leading to AAA growth. Empagliflozin blunted p38 MAPK and NF-κB phosphorylation, thereby restricting AAA growth (80). Another study discovered that dapagliflozin markedly impairs medial SMC loss and alleviated aneurysmal aortic expansion in mice treated with intra-aortic porcine pancreatic elastase (PPE) infusion (54).




5 Effects of hyperglycemia on morbidity and mortality post AAA repair

Although DM and hypoglycemia medications are reported to have a protective effect against formation and progression of AAA, the role of hyperglycemia in post AAA repair might not be as beneficial. Inadequately controlled blood glucose is known to result in worse operative outcomes, with a higher incidence of infections, delayed wound healing, as well as increased mortality and length of hospital stays. Raffort et al. reported significantly higher total in-hospital mortality among DM patients with unruptured AAA, regardless of open or endovascular repair in a retrospective nationwide multicenter study (44). In addition, survival analysis identified a worse post-operative long-term mortality rate in insulin-dependent Type I DM (T1DM) comparing to normoglycemia, while T2DM was not concluded as a significant risk factor.

In a retrospective database analysis of post-discharge outcomes following elective EVAR, Gupta et al. revealed that DM patients had higher overall post-discharge morbidity, mostly linked to higher wound infection rates (81). Another database-based retrospective study by Tarbunou et al. evaluated the association between post-operative hyperglycemia and prognosis following non-ruptured AAA repair (82). Approximately one in six patients undergoing elective AAA repair developed postoperative hyperglycemia and were associated with greater risk of infection and death and longer duration of hospital stay. Patients with hyperglycemia following EVAR had nearly 2 times the odds of infection and 7.5 times the odds of in-hospital mortality. Hyperglycemic patients underwent OSR had 3 times the odds of in-hospital mortality (82).

A prospective study enrolling 66 patients undergoing elective AAA repair reported DM defined by HbA1c ≥ 6.5% as an independent risk factor for mortality (83). Huang et al. conducted a meta-analysis that comprised 12 cohort studies involving a total 20,210 patients following AAA repair. A significantly higher long-term mortality was reported in diabetic patients comparing to normoglycemic group (5). Another meta-analysis by De Rango et al. found similar result of lower long-term survival rates and higher complication rates at 2-5 years following AAA repair among diabetic patients. This study also indicated an augmented 30-day/in-hospital operative mortality after AAA repair in DM patients (84). Based on these poor prognosis outcomes of DM following AAA repair, more attention should be paid to DM and related complications post AAA operations.



6 Conclusion

Although contribution of DM to AAA risk factors such as CAD and PAD have been well-established, an inverse relationship was revealed between DM and AAA. DM and hypoglycemic medications were found to target pathological hallmarks of AAA, thereby decreasing AAA incidence and prevalence rate, limiting AAA growth and preventing AAA rupture. Despite the protective effect of DM on AAA formation and progression, presence of DM or post-operative hyperglycemia was still found related to worse prognosis and higher long-term mortality rate post AAA repair. The double-edged nature of DM in AAA warranted further well-designed, prospective clinical investigations to formulate the standard of care for patients with AAA and DM, and to discover novel pharmacological target.



Author contributions

Literature research: ZH and HS; Writing – original draft: ZH and HS; Writing – review and editing, TZ and YL. All authors contributed to the article and approved the submitted version.



Funding

This work was supported by National Key R&D Program of China (2020YFC2008302), Sichuan Province Science and Technology Program (2019YFH0092), and National Natural Science Foundation of China (No. 81673631).



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



References

1. Mathur, A, Mohan, V, Ameta, D, Gaurav, B, and Haranahalli, P. Aortic aneurysm. J Transl Int Med (2016) 4(1):35–41. doi: 10.1515/jtim-2016-0008

2. Lozano, R, Naghavi, M, Foreman, K, Lim, S, Shibuya, K, Aboyans, V, et al. Global and regional mortality from 235 causes of death for 20 age groups in 1990 and 2010: a systematic analysis for the global burden of disease study 2010. Lancet (2012) 380(9859):2095–128. doi: 10.1016/S0140-6736(12)61728-0

3. Ngetich E, WJ, Cassimjee, I, Lee, R, and Handa, A. Prevalence and epidemiological pattern of abdominal aortic aneurysms in Africa: A systematic review. J West Afr Coll Surg (2020) 10(1):3–14. doi: 10.4103/jwas.jwas_15_21

4. Ngetich, E, Lapolla, P, Chandrashekar, A, Handa, A, and Lee, R. The role of dipeptidyl peptidase-IV in abdominal aortic aneurysm pathogenesis: A systematic review. Vasc Med (2022) 27(1):77–87. doi: 10.1177/1358863X211034574

5. Huang, Q, Yang, H, Hu, M, Chen, X, and Qin, X. Effect of diabetes on long-term mortality following abdominal aortic aneurysm repair: A systemic review and meta-analysis. Ann Vasc Surg (2020) 64:375–81. doi: 10.1016/j.avsg.2018.11.007

6. Tsai, CL, Lin, CL, Wu, YY, Shieh, DC, Sung, FC, and Kao, CH. Advanced complicated diabetes mellitus is associated with a reduced risk of thoracic and abdominal aortic aneurysm rupture: a population-based cohort study. Diabetes Metab Res Rev (2015) 31(2):190–7. doi: 10.1002/dmrr.2585

7. Shantikumar, S, Ajjan, R, Porter, KE, and Scott, DJ. Diabetes and the abdominal aortic aneurysm. Eur J Vasc Endovasc Surg (2010) 39(2):200–7. doi: 10.1016/j.ejvs.2009.10.014

8. Pafili, K, Gouni-Berthold, I, Papanas, N, and Mikhailidis, DP. Abdominal aortic aneurysms and diabetes mellitus. J Diabetes Complications. (2015) 29(8):1330–6. doi: 10.1016/j.jdiacomp.2015.08.011

9. Arun, D, Munir, W, Schmitt, LV, Vyas, R, Ravindran, JI, Bashir, M, et al. Exploring the correlation and protective role of diabetes mellitus in aortic aneurysm disease. Front Cardiovasc Med (2021) 8:769343. doi: 10.3389/fcvm.2021.769343

10. Climent, E, Benaiges, D, Chillaron, JJ, Flores-Le Roux, JA, and Pedro-Botet, J. Diabetes mellitus as a protective factor of abdominal aortic aneurysm: Possible mechanisms. Clin Investig Arterioscler (2018) 30(4):181–7. doi: 10.1016/j.artere.2018.01.001

11. Patel, K, Zafar, MA, Ziganshin, BA, and Elefteriades, JA. Diabetes mellitus: Is it protective against aneurysm? a narrative review. Cardiology (2018) 141(2):107–22. doi: 10.1159/000490373

12. de Vos, LC, Boersema, J, Hillebrands, JL, Schalkwijk, CG, Meerwaldt, R, Breek, JC, et al. Diverging effects of diabetes mellitus in patients with peripheral artery disease and abdominal aortic aneurysm and the role of advanced glycation end-products: ARTERY study - protocol for a multicentre cross-sectional study. BMJ Open (2017) 7(4):e012584. doi: 10.1136/bmjopen-2016-012584

13. Birukov, A, Cuadrat, R, Polemiti, E, Eichelmann, F, and Schulze, MB. Advanced glycation end-products, measured as skin autofluorescence, associate with vascular stiffness in diabetic, pre-diabetic and normoglycemic individuals: A cross-sectional study. Cardiovasc Diabetol (2021) 20(1):110. doi: 10.1186/s12933-021-01296-5

14. Dattani, N, Sayers, RD, and Bown, MJ. Diabetes mellitus and abdominal aortic aneurysms: A review of the mechanisms underlying the negative relationship. Diabetes Vasc Dis Res (2018) 15(5):367–74. doi: 10.1177/1479164118780799

15. Hauzer, W, Witkiewicz, W, and Gnus, J. Calprotectin and receptor for advanced glycation end products as a potential biomarker in abdominal aortic aneurysm. J Clin Med (2020) 9(4):927. doi: 10.3390/jcm9040927

16. Raaz, U, Zollner, AM, Schellinger, IN, Toh, R, Nakagami, F, Brandt, M, et al. Segmental aortic stiffening contributes to experimental abdominal aortic aneurysm development. Circulation (2015) 131(20):1783–95. doi: 10.1161/CIRCULATIONAHA.114.012377

17. Wilson, WR, Anderton, M, Schwalbe, EC, Jones, JL, Furness, PN, Bell, PR, et al. Matrix metalloproteinase-8 and -9 are increased at the site of abdominal aortic aneurysm rupture. Circulation (2006) 113(3):438–45. doi: 10.1161/CIRCULATIONAHA.105.551572

18. Wilson, WR, Anderton, M, Choke, EC, Dawson, J, Loftus, IM, and Thompson, MM. Elevated plasma MMP1 and MMP9 are associated with abdominal aortic aneurysm rupture. Eur J Vasc Endovasc Surg (2008) 35(5):580–4. doi: 10.1016/j.ejvs.2007.12.004

19. Tanaka, T, Takei, Y, and Yamanouchi, D. Hyperglycemia suppresses calcium phosphate-induced aneurysm formation through inhibition of macrophage activation. J Am Heart Assoc (2016) 5(3):e003062. doi: 10.1161/JAHA.115.003062

20. Cifarelli, V, Luppi, P, Tse, HM, He, J, Piganelli, J, and Trucco, M. Human proinsulin c-peptide reduces high glucose-induced proliferation and NF-kappaB activation in vascular smooth muscle cells. Atherosclerosis (2008) 201(2):248–57. doi: 10.1016/j.atherosclerosis.2007.12.060

21. Zheng, H, Qiu, Z, Chai, T, He, J, Zhang, Y, Wang, C, et al. Insulin resistance promotes the formation of aortic dissection by inducing the phenotypic switch of vascular smooth muscle cells. Front Cardiovasc Med (2021) 8:732122. doi: 10.3389/fcvm.2021.732122

22. Petsophonsakul, P, Furmanik, M, Forsythe, R, Dweck, M, Schurink, GW, Natour, E, et al. Role of vascular smooth muscle cell phenotypic switching and calcification in aortic aneurysm formation. Arterioscler Thromb Vasc Biol (2019) 39(7):1351–68. doi: 10.1161/ATVBAHA.119.312787

23. Raffort, J, Lareyre, F, Clement, M, Hassen-Khodja, R, Chinetti, G, and Mallat, Z. Diabetes and aortic aneurysm: current state of the art. Cardiovasc Res (2018) 114(13):1702–13. doi: 10.1093/cvr/cvy174

24. Madi, HA, Riches, K, Warburton, P, O’Regan, DJ, Turner, NA, and Porter, KE. Inherent differences in morphology, proliferation, and migration in saphenous vein smooth muscle cells cultured from nondiabetic and type 2 diabetic patients. Am J Physiol Cell Physiol (2009) 297(5):C1307–17. doi: 10.1152/ajpcell.00608.2008

25. Ma, X, Xia, S, Liu, G, and Song, C. The detrimental role of intraluminal thrombus outweighs protective advantage in abdominal aortic aneurysm pathogenesis: The implications for the anti-platelet therapy. Biomolecules (2022) 12(7):942. doi: 10.3390/biom12070942

26. Boyd, AJ. Intraluminal thrombus: Innocent bystander or factor in abdominal aortic aneurysm pathogenesis? JVS Vasc Sci (2021) 2:159–69. doi: 10.1016/j.jvssci.2021.02.001

27. DiMusto, PD, Lu, G, Ghosh, A, Roelofs, KJ, Su, G, Zhao, Y, et al. Increased PAI-1 in females compared with males is protective for abdominal aortic aneurysm formation in a rodent model. Am J Physiol Heart Circ Physiol (2012) 302(7):H1378–86. doi: 10.1152/ajpheart.00620.2011

28. Skagius E, SA, Bergqvist, D, and Henriksson, AE. Fibrinolysis in patients with an abdominal aortic aneurysm with special emphasis on rupture and shock. J Thromb Haemost. (2008) 6((1):147–50. doi: 10.1111/j.1538-7836.2007.02791.x

29. Carrell, TW, Burnand, KG, Booth, NA, Humphries, J, and Smith, A. Intraluminal thrombus enhances proteolysis in abdominal aortic aneurysms. Vascular (2006) 14(1):9–16. doi: 10.2310/6670.2006.00008

30. Dua, MM, Miyama, N, Azuma, J, Schultz, GM, Sho, M, Morser, J, et al. Hyperglycemia modulates plasminogen activator inhibitor-1 expression and aortic diameter in experimental aortic aneurysm disease. Surgery (2010) 148(2):429–35. doi: 10.1016/j.surg.2010.05.014

31. Vorp, DA, Lee, PC, Wang, DH, Makaroun, MS, Nemoto, EM, Ogawa, S, et al. Association of intraluminal thrombus in abdominal aortic aneurysm with local hypoxia and wall weakening. J Vasc Surg (2001) 34(2):291–9. doi: 10.1067/mva.2001.114813

32. Koole, D, Zandvoort, HJ, Schoneveld, A, Vink, A, Vos, JA, van den Hoogen, LL, et al. Intraluminal abdominal aortic aneurysm thrombus is associated with disruption of wall integrity. J Vasc Surg (2013) 57(1):77–83. doi: 10.1016/j.jvs.2012.07.003

33. Summers, KL, Kerut, EK, Sheahan, CM, and Sheahan, MG 3rd. Evaluating the prevalence of abdominal aortic aneurysms in the united states through a national screening database. J Vasc Surg (2021) 73(1):61–8. doi: 10.1016/j.jvs.2020.03.046

34. Rabben, T, Mansoor, SM, Bay, D, Sundhagen, JO, Guevara, C, and Jorgensen, JJ. Screening for abdominal aortic aneurysms and risk factors in 65-Year-Old men in Oslo, Norway. Vasc Health Risk Manage (2021) 17:561–70. doi: 10.2147/VHRM.S310358

35. Kristensen, KL, Rasmussen, LM, Hallas, J, and Lindholt, JS. Diabetes is not associated with the risk of rupture among patients with abdominal aortic aneurysms - results from a Large Danish register based matched case control study from 1996 to 2016. Eur J Vasc Endovasc Surg (2020) 60(1):36–42. doi: 10.1016/j.ejvs.2020.02.020

36. D’Cruz, RT, Wee, IJY, Syn, NL, and Choong, A. The association between diabetes and thoracic aortic aneurysms. J Vasc Surg (2019) 69(1):263–8.e1. doi: 10.1016/j.jvs.2018.07.031

37. Takagi, H, Umemoto, T, and Group, A. Negative association of diabetes with thoracic aortic dissection and aneurysm. Angiology (2017) 68(3):216–24. doi: 10.1177/0003319716647626

38. Le, MT, Jamrozik, K, Davis, TM, and Norman, PE. Negative association between infra-renal aortic diameter and glycaemia: the health in men study. Eur J Vasc Endovasc Surg (2007) 33(5):599–604. doi: 10.1016/j.ejvs.2006.12.017

39. Taimour, S, Zarrouk, M, Holst, J, Rosengren, AH, Groop, L, Nilsson, PM, et al. Aortic diameter at age 65 in men with newly diagnosed type 2 diabetes. Scand Cardiovasc J (2017) 51(4):202–6. doi: 10.1080/14017431.2017.1319971

40. Astrand, H, Ryden-Ahlgren, A, Sundkvist, G, Sandgren, T, and Lanne, T. Reduced aortic wall stress in diabetes mellitus. Eur J Vasc Endovasc Surg (2007) 33(5):592–8. doi: 10.1016/j.ejvs.2006.11.011

41. De Rango, P, Cao, P, Cieri, E, Parlani, G, Lenti, M, Simonte, G, et al. Effects of diabetes on small aortic aneurysms under surveillance according to a subgroup analysis from a randomized trial. J Vasc Surg (2012) 56(6):1555–63. doi: 10.1016/j.jvs.2012.05.078

42. Kristensen, KL, Dahl, M, Rasmussen, LM, and Lindholt, JS. Glycated hemoglobin is associated with the growth rate of abdominal aortic aneurysms: A substudy from the VIVA (Viborg vascular) randomized screening trial. Arterioscler Thromb Vasc Biol (2017) 37(4):730–6. doi: 10.1161/ATVBAHA.116.308874

43. Gokani, VJ, Sidloff, D, Bath, MF, Bown, MJ, Sayers, RD, and Choke, E. A retrospective study: Factors associated with the risk of abdominal aortic aneurysm rupture. Vascul Pharmacol (2015) 65-66:13–6. doi: 10.1016/j.vph.2014.11.006

44. Raffort J, LF, Fabre, R, Mallat, Z, Pradier, C, and Bailly, L. Nationwide study in France investigating the impact of diabetes on mortality in patients undergoing abdominal aortic aneurysm repair. Sci Rep (2021) 11:19395. doi: 10.1038/s41598-021-98893-x

45. Takagi, H, Umemoto, T, and Group, A. Negative association of diabetes with rupture of abdominal aortic aneurysm. Diabetes Vasc Dis Res (2016) 13(5):341–7. doi: 10.1177/1479164116651389

46. Theivacumar, NS, Stephenson, MA, Mistry, H, and Valenti, D. Diabetes mellitus and aortic aneurysm rupture: A favorable association? Vasc Endovascular Surg (2014) 48(1):45–50. doi: 10.1177/1538574413505921

47. Wierzba, W, Sliwczynski, A, Pinkas, J, Jawien, A, and Karnafel, W. Diabetes mellitus increases the risk of ruptured abdominal aortic aneurysms. Diabetes Vasc Dis Res (2017) 14(5):463–4. doi: 10.1177/1479164117710391

48. Wu, X-F, Zhang, J, Paskauskas, S, Xin, S-J, and Duan, Z-Q. The role of estrogen in the formation of experimental abdominal aortic aneurysm. Am J Surgery. (2009) 197(1):49–54. doi: 10.1016/j.amjsurg.2007.11.022

49. Ailawadi, G, Eliason, JL, Roelofs, KJ, Sinha, I, Hannawa, KK, Kaldjian, EP, et al. Gender differences in experimental aortic aneurysm formation. Arteriosclerosis Thrombosis Vasc Biol (2004) 24(11):2116–22. doi: 10.1161/01.ATV.0000143386.26399.84

50. Villard, C, Swedenborg, J, Eriksson, P, and Hultgren, R. Reproductive history in women with abdominal aortic aneurysms. J Vasc Surg (2011) 54(2):341–5,5.e1-2. doi: 10.1016/j.jvs.2010.12.069

51. Tedjawirja VN, NM, Yeung, KK, Balm, R, and de Waard, V. A novel hypothesis: A role for follicle stimulating hormone in abdominal aortic aneurysm development in postmenopausal women. Front Endocrinol (Lausanne). (2021) 12:726107. doi: 10.3389/fendo.2021.726107

52. Pena, RCF, Hofmann Bowman, MA, Ahmad, M, Pham, J, Kline-Rogers, E, Case, MJ, et al. An assessment of the current medical management of thoracic aortic disease: A patient-centered scoping literature review. Semin Vasc Surg (2022) 35(1):16–34. doi: 10.1053/j.semvascsurg.2022.02.007

53. Golledge, J, Moxon, J, Pinchbeck, J, Anderson, G, Rowbotham, S, Jenkins, J, et al. Association between metformin prescription and growth rates of abdominal aortic aneurysms. Br J Surg (2017) 104(11):1486–93. doi: 10.1002/bjs.10587

54. Liu, H, Wei, P, Fu, W, Xia, C, Li, Y, Tian, K, et al. Dapagliflozin ameliorates the formation and progression of experimental abdominal aortic aneurysms by reducing aortic inflammation in mice. Oxid Med Cell Longev (2022) 2022:8502059. doi: 10.1155/2022/8502059

55. Kristensen, KL, Pottegard, A, Hallas, J, Rasmussen, LM, and Lindholt, JS. Metformin treatment does not affect the risk of ruptured abdominal aortic aneurysms. J Vasc Surg (2017) 66(3):768–74 e2. doi: 10.1016/j.jvs.2017.01.070

56. Su, Z, Guo, J, and Gu, Y. Pharmacotherapy in clinical trials for abdominal aortic aneurysms: A systematic review and meta-analysis. Clin Appl Thromb Hemost. (2022) 28:10760296221120423. doi: 10.1177/10760296221120423

57. Liu, H, Shi, L, Zeng, T, Ji, Q, Shi, Y, Huang, Y, et al. Type 2 diabetes mellitus reduces clinical complications and mortality in Stanford type b aortic dissection after thoracic endovascular aortic repair: A 3-year follow-up study. Life Sci (2019) 230:104–10. doi: 10.1016/j.lfs.2019.05.055

58. Golledge, J, Morris, DR, Pinchbeck, J, Rowbotham, S, Jenkins, J, Bourke, M, et al. Metformin prescription is associated with a reduction in the combined incidence of surgical repair and rupture related mortality in patients with abdominal aortic aneurysm. Eur J Vasc Endovasc Surg (2019) 57(1):94–101. doi: 10.1016/j.ejvs.2018.07.035

59. Itoga NK, RK, Suarez, P, Ho, TV, Mell, MW, Xu, B, Curtin, CM, et al. Metformin prescription status and abdominal aortic aneurysm disease progression in the U.S. veteran population. J Vasc Surg (2019) 69(3):710–716.e3. doi: 10.1016/j.jvs.2018.06.194

60. Yang, L, Gao, P, Li, G, He, Y, Wang, M, , Zhou, H, et al. Effect of AMPK signal pathway on pathogenesis of abdominal aortic aneurysms. Oncotarget (2017) 8(54):92827–92840. doi: 10.18632/oncotarget.21608

61. Fujimura, N, Xiong, J, Kettler, EB, Xuan, H, Glover, KJ, Mell, MW, et al. Metformin treatment status and abdominal aortic aneurysm disease progression. J Vasc Surg (2016) 64(1):46–54.e8. doi: 10.1016/j.jvs.2016.02.020

62. Unosson, J, Wagsater, D, Bjarnegard, N, De Basso, R, Welander, M, Mani, K, et al. Metformin prescription associated with reduced abdominal aortic aneurysm growth rate and reduced chemokine expression in a Swedish cohort. Ann Vasc Surg (2021) 70:425–33. doi: 10.1016/j.avsg.2020.06.039

63. Kunath, A, Unosson, J, Friederich-Persson, M, Bjarnegard, N, Becirovic-Agic, M, Bjorck, M, et al. Inhibition of angiotensin-induced aortic aneurysm by metformin in apolipoprotein e-deficient mice. JVS Vasc Sci (2021) 2:33–42. doi: 10.1016/j.jvssci.2020.11.031

64. Chaikof, EL, Dalman, RL, Eskandari, MK, Jackson, BM, Lee, WA, Mansour, MA, et al. The society for vascular surgery practice guidelines on the care of patients with an abdominal aortic aneurysm. J Vasc Surg (2018) 67(1):2–77 e2. doi: 10.1016/j.jvs.2017.10.044

65. Baerlocher, MO, Asch, M, and Myers, A. Five things to know about … metformin and intravenous contrast. CMAJ (2013) 185(1):E78. doi: 10.1503/cmaj.090550

66. Wang, WD, Sun, R, and Chen, YX. PPARgamma agonist rosiglitazone alters the temporal and spatial distribution of inflammation during abdominal aortic aneurysm formation. Mol Med Rep (2018) 18(3):3421–8. doi: 10.3892/mmr.2018.9311

67. Jones, A, Deb, R, Torsney, E, Howe, F, Dunkley, M, Gnaneswaran, Y, et al. Rosiglitazone reduces the development and rupture of experimental aortic aneurysms. Circulation (2009) 119(24):3125–32. doi: 10.1161/CIRCULATIONAHA.109.852467

68. Pirianov, G, Torsney, E, Howe, F, and Cockerill, GW. Rosiglitazone negatively regulates c-jun n-terminal kinase and toll-like receptor 4 proinflammatory signalling during initiation of experimental aortic aneurysms. Atherosclerosis (2012) 225(1):69–75. doi: 10.1016/j.atherosclerosis.2012.07.034

69. Charolidi, N, Pirianov, G, Torsney, E, Pearce, S, Laing, K, Nohturfft, A, et al. Pioglitazone identifies a new target for aneurysm treatment: Role of Egr1 in an experimental murine model of aortic aneurysm. J Vasc Res (2015) 52(2):81–93. doi: 10.1159/000430986

70. Que, Y, Shu, X, Wang, L, Wang, S, Li, S, Hu, P, et al. Inactivation of SERCA2 Cys(674) accelerates aortic aneurysms by suppressing PPARgamma. Br J Pharmacol (2021) 178(11):2305–23. doi: 10.1111/bph.15411

71. Pini, R, Ciavarella, C, Faggioli, G, Gallitto, E, Indelicato, G, Fenelli, C, et al. Different drugs effect on mesenchymal stem cells isolated from abdominal aortic aneurysm. Ann Vasc Surg (2020) 67:490–6. doi: 10.1016/j.avsg.2020.03.001

72. Motoki, T, Kurobe, H, Hirata, Y, Nakayama, T, Kinoshita, H, Rocco, KA, et al. PPAR-gamma agonist attenuates inflammation in aortic aneurysm patients. Gen Thorac Cardiovasc Surg (2015) 63(10):565–71. doi: 10.1007/s11748-015-0576-1

73. Lindquist Liljeqvist, M, Eriksson, L, Villard, C, Lengquist, M, Kronqvist, M, Hultgren, R, et al. Dipeptidyl peptidase-4 is increased in the abdominal aortic aneurysm vessel wall and is associated with aneurysm disease processes. PloS One (2020) 15(1):e0227889. doi: 10.1371/journal.pone.0227889

74. Lu, HY, Huang, CY, Shih, CM, Lin, YW, Tsai, CS, Lin, FY, et al. A potential contribution of dipeptidyl peptidase-4 by the mediation of monocyte differentiation in the development and progression of abdominal aortic aneurysms. J Vasc Surg (2017) 66(4):1217–26.e1. doi: 10.1016/j.jvs.2016.05.093

75. Raffort, J, Chinetti, G, and Lareyre, F. Glucagon-like peptide-1: A new therapeutic target to treat abdominal aortic aneurysm? Biochimie (2018) 152:149–54. doi: 10.1016/j.biochi.2018.06.026

76. Bao, W, Morimoto, K, Hasegawa, T, Sasaki, N, Yamashita, T, Hirata, K, et al. Orally administered dipeptidyl peptidase-4 inhibitor (alogliptin) prevents abdominal aortic aneurysm formation through an antioxidant effect in rats. J Vasc Surgery. (2014) 59(4):1098–108. doi: 10.1016/j.jvs.2013.04.048

77. Lu, HY, Huang, CY, Shih, CM, Chang, WH, Tsai, CS, Lin, FY, et al. Dipeptidyl peptidase-4 inhibitor decreases abdominal aortic aneurysm formation through GLP-1-dependent monocytic activity in mice. PloS One (2015) 10(4):e0121077. doi: 10.1371/journal.pone.0121077

78. Takahara, Y, Tokunou, T, and Ichiki, T. Suppression of abdominal aortic aneurysm formation in mice by teneligliptin, a dipeptidyl peptidase-4 inhibitor. J Atheroscler Thromb (2018) 25(8):698–708. doi: 10.5551/jat.42481

79. Yu, J, Morimoto, K, Bao, W, Yu, Z, Okita, Y, and Okada, K. Glucagon-like peptide-1 prevented abdominal aortic aneurysm development in rats. Surg Today (2016) 46(9):1099–107. doi: 10.1007/s00595-015-1287-z

80. Ortega, R, Collado, A, Selles, F, Gonzalez-Navarro, H, Sanz, MJ, Real, JT, et al. SGLT-2 (Sodium-glucose cotransporter 2) inhibition reduces ang II (Angiotensin II)-induced dissecting abdominal aortic aneurysm in ApoE (Apolipoprotein e) knockout mice. Arterioscler Thromb Vasc Biol (2019) 39(8):1614–28. doi: 10.1161/ATVBAHA.119.312659

81. Gupta, PK, Engelbert, TL, Ramanan, B, Fang, X, Yamanouchi, D, Hoch, JR, et al. Postdischarge outcomes after endovascular abdominal aortic aneurysm repair. J Vasc Surg (2014) 59(4):903–8. doi: 10.1016/j.jvs.2013.10.057

82. Tarbunou, YA, Smith, JB, Kruse, RL, and Vogel, TR. Outcomes associated with hyperglycemia after abdominal aortic aneurysm repair. J Vasc Surgery. (2019) 69(3):763–73.e3. doi: 10.1016/j.jvs.2018.05.240

83. Hjellestad, ID, Softeland, E, Nilsen, RM, Husebye, ES, and Jonung, T. Abdominal aortic aneurysms–glycaemic status and mortality. J Diabetes Complications. (2016) 30(3):438–43. doi: 10.1016/j.jdiacomp.2015.12.015

84. De Rango, P, Farchioni, L, Fiorucci, B, and Lenti, M. Diabetes and abdominal aortic aneurysms. Eur J Vasc Endovasc Surg (2014) 47(3):243–61. doi: 10.1016/j.ejvs.2013.12.007


Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Huang, Su, Zhang and Li. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/logo.jpg
, frontiers ’ Frontiers in Endocrinology





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Double-edged sword of diabetes mellitus for abdominal aortic aneurysm

      

        		

          Introduction

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusion

        



        		

          1 Introduction

        



        		

          2 Features of AAA pathogenesis targeted by DM

        



        		

          3 Protective effect of DM to AAA

        

          		

            3.1 Effect on prevalence rate

          



          		

            3.2 Effect on growth rate

          



          		

            3.3 Effect to RAAA

          



          		

            3.4 Gender-specific effect of DM

          



        



        



        		

          4 Effect of hypoglycemic medications to AAA

        

          		

            4.1 Metformin

          



          		

            4.2 Thiazolidinedione

          



          		

            4.3 Dipeptidyl peptidase 4 inhibitors

          



          		

            4.4 Glucagon-like peptide 1 receptor agonists

          



          		

            4.5 Sodium-glucose cotransporter 2 inhibitors

          



        



        



        		

          5 Effects of hyperglycemia on morbidity and mortality post AAA repair

        



        		

          6 Conclusion

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Conflict of interest

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table1.jpg
eGFR(mL/min) Cessation of Metformin Re-initiation of Metformin

<60 At the time of contrast administration No sooner than 48 hours after contrast administration (if renal function remains stable)

<45 Up to 48 hours before contrast administration





OEBPS/Images/fendo-13-1095608-g002.jpg
PO DPDL PP LHPPLOOLODLDHHHLHNPHDIPLOHOEODHLHHOLDE

— | inflammation and OS @
o | | | £

Metformin
o % ':g' GLP.1RA aq\ Fibrinogen
g TCIR iR
— —
AMPK - & - MMF:2
@S idef} GLPA —
C-peptide Fibrin
MMS tPA uPA
N
. ——IDPP4 l,
‘ REF . | plaﬁin
ADA asminogen
’ ————INFKB K = 28
SGLT-2i — =
o X
T ._MMP_zl FbDPY),
= Se=t MMP-9
pro-MMP
S —
¢ e » v - | Inflammation .
« | Structural degradation
>
¢MCP'1 b ve %0 €—@n «\WAneurysm formation
PPARy TZD

sy v WiNEa Py





OEBPS/Images/fendo.2022.1095608_cover.jpg
’ frontiers | Frontiers in Endocrinology

Double-edged sword of
diabetes mellitus for abdominal
aortic aneurysm





OEBPS/Images/fendo-13-1095608-g001.jpg
Biology of Inflammation and OS

VSMC homeostasis

ILT biology

i |

MMPs
l the wall l l l l
o ECM <
— & s
R o
pro-MMPs. \c-peptide ’ £
actin =
cytoskeleton
*ACollagen synthesis
TECM synthesis
ECM volume
== MMP-1| | ., ECM degradation
@ MMP-2 \ )
e MMP-9 Vinculin-positive
l ’ focal adhesions
and disrupted
* | Neovessel density NF-KB actin skeleton
lMMPs and
histone proteases
ECM loss\ + AVascular stifness
| TNF-a
W VSMC proliferation Vasculay
stiffness

l

|

TGF-B J. I
1 mmp3 ‘ E'Cy':aﬁonT
- 3
tPA uPA wa» | AGEs
Fibrin T
VEGF,
MMP- 2{' l, l, l
nlasmmogen plasmm@
= * ACollagen
FbDP * * | Cross-
- linkil
@ MMP- linking
— > gl Elastin
pro-MMP = MMP- “\YMMPs
Neo-
*| Inflammation
«| Structural
degradation +Mrterial stiffness
+| Aneurysm Mechanical structural loss
formation Proteolys

ey

ol
Fibrinogen

ECM remodelling,
glycation and
AGE formation

Neoangio
-genesis

Angiogenic
response

vascularisation’

¥

v

REDUCE AAA DEVELOPMENT / PROGRESSION






