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Abstract

An abdominal aortic aneurysm (AAA) is a pathological local dilatation of the abdominal aorta
that may develop from a variety of causes. With a 80% mortality rate, it is mainly linked to
male gender, age above 65 years, smoking, and a family history of AAA. Ultrasonography is
an effective method for screening males who are 65 or older for AAA. Endovascular
aneurysm repair (EVAR) procedure reduces 30-day operative mortality and hospital stay,
becoming a global standard. Both open and endovascular surgery aim to cut off the
aneurysm's circulation, preventing it from rupturing. Diabetes mellitus (DM) may provide
protection against regrowth and the need for additional intervention after endovascular AAA
repair, thereby limiting the enlargement and rupture of AAAs. Hyperglycemia thickens the
aortic walls and reduces wall stress in diabetic patients' abdominal aortas. It stabilizes
collagen structure and promotes the synthesis of collagen type IV. Anti-diabetic drugs like
metformin, thiazolidinedione, and dipeptidyl peptidase 4 inhibitors (DPP-41) have been shown
in both animal and human studies to protect against aortic aneurysms. In a dose-response
pattern, these antidiabetic drugs may lower the prevalence, incidence, and enlargement rate of

AAA.

Keywords: abdominal aortic aneurysms; diabetes; antidiabetic drugs

Introduction

An abdominal aortic aneurysm (AAA), which is a pathological dilatation of abdominal
aorta, can be caused by a variety of external and internal factors [I1].
The main risk factors for aortic aneurysm include smoking, age over 65, male gender, and
family history. The majority of risk factors for AAA are similar to those for other
cardiovascular diseases, with the exception of diabetes mellitus. Since unruptured AAAs are
usually asymptomatic, screening for AAA with ultrasonography has a positive effect,

particularly in males who are 65 years old or older [2].
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Hyperglycemia (or other DM-related variables like insulin resistance [IR]) and/or the
impact of prescription DM medicines may have a direct or indirect effect on the formation
and progression of AAAs. Recent research provides more evidence that antidiabetic
medications, such as metformin or SGLT-2 inhibitors, may be responsible for the protective
effect of DM in AAA. Diabetes mellitus (DM) not only prevents the enlargement and rupture
of AAAs but also can protect against regrowth and the need for further intervention after
endovascular AAA repair [3, 4].

Our review's objective was to compile the most recent data on preventive role of

diabetes in individuals who also have a comorbid abdominal aortic aneurysm.

Epidemiology

The majority of AAA patients usually show no symptoms until the rupture of the
aneurysm. However, in the event of an aneurysm rupture, the total fatality rate may exceed
80%. Because of the aging population, prevalence increases with each passing year [1]. In
males, the prevalence rates of AAA range from 1.9% to 18.5%, whereas in females, they

range from 0% to 4.2% [5].

Diagnostics and treatment

Ultrasound imaging is non-invasive, non-ionizing, and does not require the use of
nephrotoxic contrast, it is a reliable method for visualizing the aorta in 99% of cases.
All of the large AAA screening trials used ultrasonography, which contributed to the
substantial body of research indicating that AAA screening using ultrasound was accurate,
affordable and time-efficient [6].

According to a Cochrane collaborative comprehensive review, males between the ages
of 65 and 79 who undergo ultrasonography screening appear to have a significantly lower risk
of AAA mortality [7, 8].

Moreover, new research indicates that putting in place a screening system extends life
expectancy and lowers treatment expenses at the same time. The World Health Organization
has identified AAA screening as one of the cost-effective therapies. According to the
guidelines set forth by the US Preventive Service Task Force (USPSTF), males who have
smoked and are between the ages of 65 and 75 should have a AAA screening. [9, 10, 11]

If a scan reveals a 3.0-5.4 cm aneurysm, the patient must be assessed at a regional
vascular service within 12 weeks. If the AAA is >5.5 cm, patient must undergo a medical

assessment within 2 weeks. [4]
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Endovascular aneurysm repair (EVAR) significantly reduces 30-day operative
mortality and length of hospital stay compared to open surgical repair, therefore it has quickly
become the standard treatment option worldwide over the last ten years. [1] The aim of the
open and endovascular procedures is to cut off the aneurysm's circulation, thus removing the
possibility of a rupture. Early complications following the procedure are not uncommon.
These include endograft migration, endoleaks (continuous blood flow into the aneurysm sac
following graft implantation), lower limb ischemia, renal failure, and access site issues

(arterial rupture and dissection) [5].

Risk factors

An abdominal aortic aneurysm (AAA) is an irreversible dilatation of the abdominal
aorta to a diameter exceeding 3.0 cm, or 1.5 times its typical anteroposterior diameter.
Abdominal aortic aneurysms (AAA) are more common in men than in women, with an
estimated 4% to 8% of men over 60 expected to be affected. [4, 12]
The pathogenesis of AAA is complex and multifactorial and, although the etiology is unclear,
it shares several risk factors associated with atherosclerotic disease, such as: age, smoking,
male sex, genetic susceptibility, arterial hypertension, abdominal obesity, coronary heart
disease and intermittent claudication. [13]

Smoking is the primary risk factor associated with the development of AAA. There is
a lower incidence of AAA in countries where cigarette smoking has declined. According to
al-Zahrani et al. there is a strong correlation between smoking and aortic diameter; smokers’
aortic diameters are larger than non-smokers’. [9, 14]

The pathophysiology of AAA may involve lipoproteins, as suggested by two recent
meta-analyses. Moreover, a population-based prospective cohort research has shown that
HDL (high-density lipoprotein) cholesterol concentrations can be used to predict the pace of
aneurysmal growth. To better understand the function HDL particles, play in aneurysmal
disease, Martinez-Lopez et al. investigated the effect of HDL particles on macrophage
cholesterol efflux as well as the composition of HDL in patients with AAA. Patients with

AAA had lower plasma HDL cholesterol and apoA-I concentrations than controls. [15, 16, 17]
The impact of diabetes

It has been demonstrated that diabetes mellitus (DM) increases the risk of certain

comorbidities, which in turn increase the risk of abdominal aortic aneurysm (AAA).
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Remarkably, data from epidemiologic studies has revealed a negative correlation between the
two diseases. [18]

The majority of epidemiological research has reported DM's possible preventive effect
on the prevalence and incidence of AAA, despite the fact that it is one of the major risk
factors for CVD. The majority of studies point to DM's preventive role in AAA for non-post-
operative data. A meta-analysis of prospective studies shows that the prevalence of AAA is
lower in people with DM and that the progression of AAA is slower in people with DM who
have small AAAs (aortic diameters between 3 and 5 cm). [19]

Additionally, data analysis from smaller research in specific groups and larger
population prevalence studies showed a negative link between DM and AAA. Prospective
investigations revealed that DM patients received a considerably decreased number of new
AAA diagnoses. Based on pre-existing DM comorbidities, diabetic patients were divided into
advanced and uncomplicated. It was found that people with advanced diabetes have a roughly
50% decreased risk of AAA rupture, suggesting that advanced diabetes offers a greater
protection against AAA. [18, 20, 21]

Mechanism of the protective effect

Compared to patients without diabetes, diabetic patients' arteries are frequently harder
and more calcified; nevertheless, this higher calcification of the vessel walls does not seem to
account for the lower rate of aortic expansion in diabetic patients. [22] Because antidiabetic
medication causes a gradual initial increase in AAA, diabetes can limit the rate of AAA
growth and lower the body's overall level of inflammation. As a result, the mean AAA
diameter in the diabetic group is smaller than in the nondiabetic group. [23]

The main testing ground for research on the protective role of DM in AAA has been
animal models. To the best of our knowledge, the majority of these studies have made use of
T1DM models. AAA generated by either elastase infusion in the abdominal aorta of C57BL/6
mice or by Angiotensin II (Ang II) infusion in apolipoprotein E knock-out (ApoE—/—) mice
exhibits a protective effect in Streptozotocin-induced TIDM. Cell division autoantigen 1
(CDAT), which is elevated in diabetic mellitus (DM) and improves TGF-B signaling,
including the vasculature, was shown by Dr. Zhonglin Chai's group. The authors of this work
showed that CDA1 deletion in DM mice decreased TGF-f signaling and ECM buildup, which
would reverse the protective effect of DM and subsequently aid in the formation of aneurysms.

Crucially, TGF-p signaling activation inhibits AAA, whereas TGF-f inhibition hastens AAA
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growth. Therefore, CDAL1's protective effect on TGF-f signaling may account for it. [3, 24, 25,
26, 27]

Dysregulated prolyl hydroxylase domain (PHD) containing proteins may play a role
in DM-mediated AAA suppression, according to a recent mouse study. According to the
authors, dysregulated PHD activity led to greater aneurysmal angiogenesis, which in turn
caused AAA attenuation in the context of DM. [3]

It has been demonstrated that hyperglycemia stabilizes the collagen network by
thickening the aortic wall, which reduces wall stress in DM patients' abdominal aortas.
In this sense, human diabetic arteries frequently exhibit collagen IV buildup, whereas the
formation of AAA is linked to collagen IV shortage. Furthermore, in the VIVA cohort,
circulating collagen IV degradation fragments were linked with the advancement of AAA.
Additionally, Golledge et al. hypothesized that variations in monocyte-ECM interactions

cause the progression of AAA to occur more slowly in diabetic patients. [3, 28, 29]

Hypoglycemic medications

Anti-diabetic drugs like metformin, thiazolidinedione, and dipeptidyl peptidase 4
inhibitors (DPP-41) have been shown in both animal and human studies to protect against
aortic aneurysms. In a dose-response pattern, these antidiabetic drugs may lower the
prevalence, incidence, and enlargement rate of AAA. [18, 22, 30]

It has been demonstrated that metformin, even in normoglycemic mice, slows down
the initiation and growth rate of AAA. According to research by Golledge et al., patients with
diabetes who were administered metformin had considerably decreased death rates related to
AAA repair and rupture when compared to patients without diabetes or those who were not
prescribed metformin. However, compared to individuals without diabetes, diabetic patients
who were not administered metformin did not exhibit a lower incidence of AAA events.
This prompted the question of whether anti-diabetic medications are the source of the
protective impact of diabetes mellitus. [18, 31, 32]

GLP-1RAs, like liraglutide and lixisenatide, prevent AAA development in animal
models by preserving the extracellular matrix and exerting anti-inflammatory and antioxidant
properties. Lixisenatide inhibits the production of reactive oxygen species (ROS) and
oxidative DNA damage, which in turn delays the release of pro-inflammatory cytokines,
macrophage filtration, and ultimately MMPs. [33, 34]

SGLT-2Is, such dapagliflozin and empagliflozin, have been shown to improve

cardiovascular outcomes in individuals with heart failure. When empagliflozin was
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administered in an Ang II-induced dissecting AAA mouse model, the maximal suprarenal
aortic diameter significantly decreased. The disruption of elastin breakdown,
neovascularization, and macrophage infiltration in the AAA formation process was further

validated by an immunohistochemistry investigation using empagliflozin. [35]

Conclusions

The majority of DM disease characteristics are risk factors linked to CVD and most
likely have a role in the development of AAA, even though other DM-related parameters
(such as hyperglycemia-modulation of ECM) may protect against the formation and
progression of AAA. It is becoming clear that the pharmaceutical treatments used for DM
have an impact on the preventive effect against AAA. Current research on the subject
demonstrates preventive benefits of antidiabetic medications (metformin, SGLT2-inhibitors,
and incretin-based therapies, among others) on the occurrence and development of AAA.
Numerous studies have been conducted in an attempt to clarify the mechanism underlying the
protective effect of diabetes, which help us comprehend the genesis of AAA in general. For
instance, it has been demonstrated that the advanced glycation linked to diabetes causes the
collagen lattices in the aorta media to cross-link, which prevents proteolysis and suppresses
the release of matrix metalloproteinases that are assumed to be involved in the formation of
AAA. A growing number of studies attempting to clarify the peculiar link between the
development of AAA and diabetes has already improved our understanding of AAA

pathogenesis.
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