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Abstract

Diabetic lower extremity peripheral artery disease (PAD) is a complex and multifactorial complication of diabetes mellitus, character-
ized by extensive distal disease burden, accelerated progression, and a markedly elevated risk of major adverse limb events. Despite
considerable advances in endovascular and surgical revascularization, limb salvage rates in this population remain suboptimal, largely
due to the limited efficacy of current pharmacological options in improving microvascular perfusion, accelerating wound healing, or
preventing re-occlusion. In recent years, glucagon-like peptide-1 receptor agonists (GLP-1 RAs) have emerged as a transformative ther-
apeutic class, demonstrating cardiovascular protective effects beyond glycemic control. Large-scale real-world studies have generated
encouraging signals regarding their potential to reduce amputation risk and promote wound healing. However, the current evidence base
remains limited, and the precise molecular mechanisms by which GLP-1 RAs may protect the diabetic lower extremity require further
elucidation. This review systematically examines the epidemiology and pathophysiology of diabetic lower extremity PAD, elucidates the
molecular mechanisms of GLP-1 RA-mediated vascular protection, critically evaluates clinical and real-world evidence, and discusses
key challenges and future directions for optimizing therapeutic outcomes in this high risk population.

Keywords: glucagon-like peptide-1 receptor agonists; peripheral arterial disease; diabetes mellitus, type 2

1. Introduction such as liraglutide, semaglutide have exhibited the ability
to effectively reduce the incidence of major adverse car-
diovascular events (MACE) in patients with T2DM at high
cardiovascular risk [5]. However, as these landmark tri-
als were primarily designed to assess MACE occurrence
and were not powered to evaluate limb-specific endpoints,
the available evidence regarding lower extremity outcomes
has largely been derived from post-hoc or subgroup analy-
ses. In contrast with these general cardiovascular findings,
large-scale real-world studies have suggested that GLP-1
RAs may confer specific advantages for patients with con-
comitant diabetes and PAD, including potential reductions
in lower extremity amputation risk, improved wound heal-
ing, and enhanced peripheral perfusion [6].

Diabetic lower extremity peripheral artery disease
(PAD) is one of the most severe and resource-intensive
complications of diabetes mellitus, encompassing a clinical
spectrum that extends from asymptomatic peripheral artery
disease to chronic limb-threatening ischemia (CLTI), and
ultimately to lower extremity amputation (LEA) in severe
cases [1]. As the global prevalence of type 2 diabetes mel-
litus (T2DM) continues to rise, the burden of PAD has be-
come a major public health concern, profoundly affecting
patient morbidity, mortality, and quality of life [2]. The
pathophysiology of this condition is complex and stems
from a combination of chronic hyperglycemia, insulin re-
sistance, and dyslipidemia that collectively promote vas-

cular inflammation, induce endothelial dysfunction, impair Despite established therapeutic strategies, including

angiogenesis, and exacerbate atherosclerotic plaque insta-
bility in the peripheral circulation [3]. Despite ongoing ad-
vances in endovascular and surgical revascularization tech-
niques, few pharmacological options remain to improve
functional outcomes in diabetic lower extremity PAD.

In recent years, glucagon-like peptide-1 receptor ago-
nists (GLP-1 RAs) have emerged as a transformative ther-
apeutic class, offering cardiovascular benefits that extend
well beyond their glucose-lowering effects [4]. Agents

risk factor modification, antiplatelet therapy, and advances
in revascularization techniques, limb salvage rates in pa-
tients with both diabetes and PAD remain suboptimal.
Specifically, current pharmacological options offer lim-
ited efficacy in directly improving microvascular perfu-
sion, accelerating wound healing, or preventing the rapid
neointimal hyperplasia that contributes to re-occlusion in
diabetic patients. Furthermore, although large-scale real-
world studies have generated encouraging signals regard-
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ing the ability of GLP-1 RAs to reduce amputation risk
and promote wound healing [6,7], the current evidence base
remains constrained. Most cardiovascular outcome trials
were not designed with limb-specific endpoints as primary
outcomes, contributing to a reliance on post-hoc analyses
and observational data. Moreover, the precise molecular
mechanisms by which GLP-1 RAs may protect the lower
extremities in the context of diabetes, particularly with re-
spect to distinct pathologies such as distal arterial calcifica-
tion and microvascular rarefaction, require further elucida-
tion.

This review aims to provide a comprehensive and up-
to-date overview of the available evidence regarding the
use of GLP-1 RAs in the context of diabetic lower ex-
tremity PAD, to elucidate the underlying pathophysiolog-
ical mechanisms, to explore the molecular basis of GLP-1
RA-mediated vascular protection in the lower extremities,
to evaluate the available clinical trial and real-world evi-
dence, and to discuss the challenges and future directions
for optimizing GLP-1 RA therapy in this high-risk patient
population. Therefore, a systematic literature search was
conducted across PubMed, Embase, Cochrane Library, and
Web of Science from inception to July 2026, using terms re-
lated to GLP-1 RAs and diabetic lower extremity vascular
outcomes. Additional records were obtained by manually
screening the reference lists of retrieved articles.

2. Diabetic Lower Extremity Peripheral
Artery Disease: A Clinical Overview

2.1 Disease Epidemiology

The global prevalence of lower extremity arterial dis-
ease has been steadily increasing such that it now represents
a substantial public health issue worldwide. According to
a landmark systematic review and analysis conducted by
Song et al. [8], the estimated number of individuals aged
25 years and older affected by PAD increased from 164 mil-
lion in 2000 to 202 million in 2010. A more recent literature
showed that a total of 236 million people aged 25 years and
older were living with PAD globally in 2015, among whom
72.91% were in low-income and middle-income countries
(LMICs) [8]. Across all subgroups stratified by sex and
country income level, the prevalence of PAD consistently
rose with increasing age, with the highest rates observed in
the oldest age groups (85-89 years and above) [9]. Women
bear a slightly greater global burden of PAD than men,
particularly in high-income countries (HIC) and in older
age groups, challenging the traditional view of PAD as a
predominantly male-dominated disease [8]. These demo-
graphic patterns are further reflected in the regional and na-
tional distribution of PAD. Although over 70% of the global
disease burden is concentrated in LMICs [8], there is a dis-
proportionately higher absolute number of affected individ-
uals in the most populous nations, including China, India,
and the United States. This is attributable at least in part
to the large population bases of these countries, which in-

evitably contribute substantial case numbers despite differ-
ences in income levels and healthcare infrastructure. The
Western Pacific region accounts for the largest share of
overall PAD cases in the world, while at the national level,
China, India, and the United States have the highest num-
bers of affected individuals [8,10]. These trends have pro-
found implications for long-term PAD management, partic-
ularly given the ongoing and progressive aging of the global
population.

2.2 Disease Pathophysiology

The pathophysiology of diabetic lower extremity PAD
is based on the fundamental vascular complications of dia-
betes mellitus, which are driven by the sustained metabolic
perturbations derived from chronic hyperglycemia [11].
As demonstrated by Paneni et al. [12], chronic hy-
perglycemia serves as a primary driver of endothelial
dysfunction through multiple interconnected mechanisms.
Hyperglycemia-induced oxidative stress, characterized by
excessive reactive oxygen species (ROS) production to-
gether with diminished antioxidant capacity, compromises
endothelial cell function and viability. In the context of
hyperglycemia, multiple inflammatory pathways, includ-
ing the protein kinase C (PKC), hexosamine, and polyol
pathways, are activated [12]. These signaling axes stim-
ulate vascular smooth muscle cell proliferation, matrix re-
modeling, and vulnerable plaque phenotype development.
The PKC pathway, activated by diacylglycerol in the pres-
ence of hyperglycemia, leads to increased expression of
pro-inflammatory cytokines, growth factors, and adhesion
molecules [13], whereas the polyol pathway contributes
to osmotic stress and oxidative injury through aldose
reductase-mediated sorbitol accumulation [14,15]. The
hexosamine pathway diverts glucose metabolites to gener-
ate UDP-N-acetylglucosamine, which modifies transcrip-
tion factors and further amplifies inflammation-associated
gene expression [16]. The accumulation of advanced gly-
cation end products (AGEs) is another important pathway
involved in diabetic vascular injury [17]. When faced with
persistent hyperglycemia, the non-enzymatic glycation of
proteins and lipids takes place, resulting in markedly en-
hanced AGE formation. Binding of AGEs to their receptor
(RAGE) triggers pro-inflammatory signaling cascades, in-
cluding the nuclear factor-xB (NF-kB) pathway, resulting
in the upregulated expression of adhesion molecules, cy-
tokines, and growth factors [ 18]. This downstream cascade,
in turn, drives accelerated atherosclerosis, endothelial dys-
function, and compromised vascular repair. In addition to
these effects, AGE accumulation promotes collagen cross-
linking in the arterial wall, leading to increasingly severe
arterial stiffness and decreased compliance, thereby further
impairing peripheral perfusion [19].

The concept of metabolic memory encompasses vas-
cular damage that exists despite appropriate glycemic con-
trol, with this deleterious process being driven by the en-
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during effects of prior hyperglycemia on cellular function
and gene expression, making it particularly relevant to dis-
tal vasculopathy in diabetic PAD [20]. The sustained ac-
cumulation of AGEs and ROS, epigenetic reprogramming,
and persistent pro-inflammatory signaling give rise to this
metabolic memory, which, in turn, selectively impairs the
distal microvascular bed. In the lower extremities, this
metabolic “imprint” actively suppresses hypoxia-induced
compensatory angiogenesis and severely hinders the effec-
tive development of collateral circulation. Consequently,
even after glucose levels have normalized, distal microvas-
cular endothelial cells remain in a state of impaired re-
pair capacity and heightened susceptibility to ischemic in-
jury, accelerating progression towards CLTI and amputa-
tion [21,22,23]. These pathophysiological considerations
emphasize the reason why glycemic control alone is insuf-
ficient to reverse established distal vascular damage. This
mechanistic understanding provides a clear rationale for the
use of glucose-lowering agents with pleiotropic vascular
benefits, such as GLP-1 RAs, to counteract persistent hy-
perglycemic vascular injury [4]. GLP-1 RAs have been
shown to intervene in key pathways of metabolic mem-
ory [24,25] and to promote angiogenic processes, thereby
improving microcirculatory perfusion and wound healing
in the ischemic distal limb. The vasculature of the lower
extremities is particularly susceptible to diabetic complica-
tions. Angiographic studies have demonstrated that distal
arterial segments, particularly the tibial and peroneal ar-
teries, are preferentially affected in diabetic patients with
PAD [26], leading to poor collateral circulation [27], height-
ened sensitivity to ischemic injury [28], and significantly
increased barriers to revascularization [29]. Moreover, the
pathophysiology of lower extremity PAD in T2DM encom-
passes a combination of macrovascular atherosclerosis as
well as widespread microvascular dysfunction involving
the capillaries, arterioles, and venules [30], together con-
stituting a “double hit” that severely exacerbates tissue is-
chemia and promotes reperfusion injury [31]. The chronic
complications of diabetes are frequently accompanied by
peripheral neuropathy, impacting upwards of 50% of pa-
tients with long-standing diabetes. Peripheral neuropathy
often has the effect of masking ischemic symptoms, con-
tributing to delayed presentation and more advanced dis-
ease in T2DM patients with PAD [32].

Owing to these factors, affected patients tend to more
frequently present with CLTI rather than intermittent clau-
dication. The presence of comorbid diabetes, peripheral
neuropathy, and PAD has the potential to further obscure
foot infection incidence, as diminished protective sensation
can allow for the undetected progression of minor injuries
until they have become deeply ulcerated or gangrenous.
This vulnerable patient population is characterized by de-
layed presentation and a markedly elevated risk of limb
loss, underscoring the urgent need for heightened clinical
vigilance and integrated therapeutic strategies.
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2.3 Diabetes as a Major Risk Factor for PAD

Diabetes mellitus is one of the most critical risk fac-
tors for PAD progression [33]. Patients with diabetes have
as much as 2—4 times greater risk of developing atheroscle-
rosis [34]. In a large prospective cohort of 11,140 patients
with T2DM followed for a median of 9.9 years, 516 (4.6%)
exhibited baseline major PAD, defined as lower-extremity
chronic ulceration or amputation secondary to vascular dis-
ease, or a history of peripheral revascularization [35]. Pa-
tients with major PAD demonstrated significantly higher
rates of all-cause mortality and major macrovascular events
[35]. These findings emphasize the poor prognosis asso-
ciated with PAD in diabetic patient populations while also
highlighting the urgent need for aggressive risk factor mod-
ification and multidisciplinary care.

Poor glycemic control in diabetic patients also exerts
a profound impact on the distribution, severity, and natural
history of PAD [36]. One study compared the severity and
distribution of peripheral arterial disease between diabetic
and non-diabetic patients referred for lower-extremity an-
giography [26], and revealed that diabetic patients had sig-
nificantly greater severity of arterial disease in the profunda
femoris and all infrapopliteal segments (p < 0.02). Specif-
ically, diabetic patients exhibited markedly higher occlu-
sion scores in the anterior tibial (median score 13 vs. 3, p =
0.002), peroneal (5 vs. 0, p=10.001), and posterior tibial (15
vs. 4, p =0.001) arteries [26]. The distal, multisegmental,
and frequently diffuse nature of this disease limits collat-
eral development, contributing to accelerated progression
to critical limb ischemia and complicating clinical decision-
making.

2.4 Long-Term Disease Outcomes

The co-occurrence of diabetes and PAD multiplies the
risk of lower extremity amputation, which remains an ex-
tremely severe and potentially devastating complication of
diabetic lower extremity PAD [37]. A comprehensive re-
view of the epidemiology and risk of amputation in patients
with diabetes and PAD revealed that nearly 100,000 ma-
jor leg amputations are performed annually in the United
States, with over half of these cases being attributable to
the combined effect of diabetes and PAD [38]. Among
patients with CLTI, the estimated prevalence of diabetes
ranges from 27% to 76%, and this cohort faces an ampu-
tation rate four times higher than the national average. Im-
portantly, there is a significant disparity in amputation risk
across demographic and socioeconomic strata [38]. These
disparities are strongly influenced by healthcare accessi-
bility, quality of care, and social determinants of health,
which collectively shape the clinical outcomes for affected
patients.

Patient prognosis following amputation in individuals
affected by diabetes and PAD remains poor. CLTI affects
over 2 million Americans, and the associated mortality risk
is estimated at 24% at 1-year post-diagnosis, increasing to
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60% at 5 years [39]. For patients with CLTI who do not un-
dergo amputation, the 5-year mortality rate is estimated at
55% to 65%, exceeding the 5-year mortality associated with
female breast cancer (10%), colon cancer (35%), and even
myeloma (50%) [38]. These statistics underscore the urgent
need for prevention-focused strategies and effective disease
management in patients with coexisting diabetes and PAD.
Lower extremity revascularization (LER) is essential
when seeking to manage symptomatic PAD; however, the
presence of diabetes substantially compromises both pro-
cedural success and long-term outcomes for affected indi-
viduals. Among 39,441 patients hospitalized for LER in
the 2014 Nationwide Readmissions Database, 50.8% had
diabetes mellitus. Relative to non-diabetic patients, those
with diabetes were more likely to undergo major limb am-
putation and exhibited higher 6-month hospital readmis-
sion rates [40]. Notably, the presence of diabetes compli-
cations further amplified adverse outcomes. Among dia-
betic patients undergoing LER, 55.7% had complicated di-
abetes, defined by poor glycemic control or end-organ dam-
age. This subgroup exhibited significantly higher risks of
in-hospital major adverse cardiovascular and limb events
(MACLE) and 6-month readmission relative to those af-
fected by uncomplicated diabetes [40]. These findings un-
derscore the critical importance of comprehensive diabetes
management during the peri-revascularization period.

3. GLP-1 RAs and Vascular Protection:
Mechanistic Insights

3.1 Effects on Atherosclerosis and Plaque Stability

Comprehensive reviews have identified the suppres-
sion of pro-inflammatory mediator release from activated
leukocytes, inhibition of nuclear factor-kB (NF-«xB) acti-
vation, attenuation of macrophage inflammation, and pro-
motion of M2 polarization as core anti-atherosclerotic ac-
tions of incretin receptor agonists (IRAs) [41,42]. GLP-1
RAs reduce the risk of plaque rupture and subsequent
thrombotic events that may precipitate acute limb ischemia
by inhibiting the expression of adhesion molecules such
as vascular cell adhesion molecule-1 (VCAM-1), inter-
cellular adhesion molecule-1 (ICAM-1), and E-selectin,
thereby attenuating leukocyte recruitment, monocyte adhe-
sion, and transendothelial migration during early athero-
genesis [43,44]. In addition to modulating immune cell
activity, GLP-1 RAs exert direct effects on the vascular
wall. Specifically, GLP-1 RA treatment suppresses the pro-
liferation and migration of vascular smooth muscle cells,
reduces matrix metalloproteinase (MMP) expression, and
promotes a quiescent, contractile phenotype, thereby stabi-
lizing plaques and reducing vulnerability to rupture [45].
GLP-1 RAs have also been shown to reduce ROS produc-
tion via the inhibition of NADPH oxidase activity, enhance-
ment of antioxidant defenses through superoxide dismutase
and catalase upregulation, and preservation of mitochon-
drial function, thereby protecting endothelial cells from hy-

perglycemia-mediated oxidative damage [24,25]. GLP-1
RA on endothelial cells stimulates nitric oxide (NO) pro-
duction via endothelial NO synthase (eNOS) phosphory-
lation at Ser1177, improving vasodilation, reducing vas-
cular resistance, and enhancing peripheral perfusion, with
this effect being particularly pronounced in the diabetic
state, where NO bioavailability is severely compromised
[46]. Concurrently, GLP-1 RAs downregulate RAGE ex-
pression and inhibit AGE formation, thereby attenuating the
AGE-RAGE-mediated inflammatory cascade that drives
accelerated atherosclerosis and vascular stiffness in individ-
uals with diabetes [47].

Consistently, GLP-1RA treatment has been shown to
reduce plaque burden, improve plaque morphology, and
decrease the frequency of plaque rupture events in animal
models of atherosclerosis. Despite only limited direct evi-
dence in human peripheral arteries, the consistency of these
findings across different vascular beds suggests that similar
benefits likely extend to the lower extremity circulation.

3.2 Beneficial Effects on Angiogenesis and
Microcirculatory Function

In addition to their effects on macrovascular dis-
ease, GLP-1 RAs confer additional benefits to microvas-
cular function and tissue repair, both of which are directly
relevant to diabetic foot ulcer (DFU) management [48].
The STARDUST randomized clinical trial recently demon-
strated that liraglutide significantly improved peripheral
perfusion in patients with T2DM and PAD, as assessed
by transcutaneous oxygen pressure measurements, suggest-
ing that GLP-1 RAs may delay PAD clinical progression
through microcirculatory enhancement [49]. GLP-1 RAs
enhance peripheral perfusion via direct microvascular va-
sodilation, augmented capillary recruitment, and improved
arteriolar responsiveness, thereby reinforcing the benefits
of revascularization and optimizing tissue oxygenation at
the microcirculatory level [50].

Moreover, GLP-1 RA-mediated improvements in en-
dothelial function have been demonstrated in some preclin-
ical models and human studies, as evidenced by enhanced
flow-mediated dilation and reduced levels of circulating
markers of endothelial dysfunction [51]. At the mechanis-
tic level, GLP-1 has been shown to promote the mobiliza-
tion of endothelial progenitor cells (EPCs) from the bone
marrow, enhance their differentiation and functional capac-
ity, and stimulate angiogenesis in ischemic tissues via the
upregulation of vascular endothelial growth factor (VEGF)
and other pro-angiogenic factors [52,53,54]. These eNOS-
and VEGF-mediated mechanistic effects are explicitly cap-
tured in the integrative framework of incretin vascular bi-
ology recently outlined in a review, which identified en-
hanced eNOS activity and VEGF upregulation as key facets
of the cardiovascular protective properties of GLP-1 RAs
[44]. The role of GLP-1 RAs in promoting neovascular-
ization and improving wound healing through VEGF up-
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regulation has been further corroborated by evidence from
diabetic animal models [48].

The above properties are particularly beneficial for pa-
tients with DFUs, given that impaired angiogenesis and dis-
turbed microcirculatory perfusion are major contributors to
poor wound healing and progression to gangrene in these
cases [55].

3.3 Metabolic Effects Relevant to Vascular Protection

In addition to their vascular effects, GLP-1 RAs offer
systemic metabolic advantages that are conducive to vascu-
lar protection in diabetic lower extremity PAD, encompass-
ing multiple domains including glycemic control, modula-
tion of weight and adipose metabolism, lipid regulation, and
blood pressure management.

In terms of glycemic control, the glucose-dependent
hypoglycemic effects of these drugs can minimize the risk
of hypoglycemia, which is particularly relevant for patients
with PAD [56].

With respect to effects on weight and adipose
metabolism, in addition to inducing significant weight loss,
GLP-1 RAs ameliorate inflammation within the adipose tis-
sue compartment, enhance insulin sensitivity, and restore a
favorable adipokine balance through simultaneous reduc-
tions in leptin and resistin levels together with increases in
adiponectin. These effects are mediated by reductions in
visceral adiposity, which serves as a critical determinant of
metabolic health given its established role in the secretion
of pro-atherogenic cytokines and free fatty acids [57].

GLP-1 RAs exert lipid-regulating effects through their
ability to reduce levels of triglycerides and low-density
lipoprotein cholesterol while modestly increasing high-
density lipoprotein cholesterol through the enhancement of
hepatic lipid metabolism together with reductions in intesti-
nal lipid absorption [58]. The resulting improvement in
overall lipid parameters complements the effects of statin
therapy and may confer additional cardiovascular protec-
tion in patients with PAD, who frequently present with com-
plex dyslipidemia.

GLP-1 RAs can additionally lower blood pressure
through multiple mechanisms, including natriuresis, im-
proved endothelial function, and weight loss, with typi-
cal reductions in systolic blood pressure ranging from 2—5
mmHg [59]. Although modest, these blood pressure reduc-
tions may add to the cardiovascular benefits achieved with
other antihypertensive therapies.

Collectively, the cellular and molecular pathways dis-
cussed above, including eNOS phosphorylation, NF-kB
inhibition, M2 macrophage polarization, suppression of
vascular smooth muscle cell proliferation, and VEGF-
mediated angiogenesis, are all closely related to the direct
vascular protective effects of GLP-1 RAs and GIP-RAs.
These convergent effects offer a clear biological rationale
for GLP-1 RA-mediated vascular protection in the context
of PAD (Fig. 1).
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4. GLP-1 RAs in Diabetic Lower Extremity
Peripheral Artery Disease: Evidence and
Clinical Applications

4.1 Clinical Evidence for GLP-1 RAs in Lower Extremity
Outcomes

Emerging evidence from large-scale real-world stud-
ies offers support for the ability of GLP-1 RAs to con-
fer clinically meaningful benefits for lower extremity out-
comes in patients affected by both diabetes and PAD. A
landmark retrospective cohort study conducted in 2025
based on a U.S. electronic health records (EHR) database
compared GLP-1 RAs, SGLT2 inhibitors, and DPP-4 in-
hibitors for lower extremity vascular complications and
mortality in patients with PAD and T2DM, following
77,393 patients per cohort over a median interval of 1.7
years [60]. The results of this study suggested that, com-
pared with SGLT2i therapy, GLP-1RA treatment was asso-
ciated with a 21% reduction in the risk of major amputation,
an 18% drop in the risk of lower extremity revasculariza-
tion, and a 29% decrease in the risk of all-cause mortal-
ity. Comparable reductions were evident when GLP-1 RAs
were compared with DPP-4 inhibitors. However, in light of
the inherent limitations of EHR data, these findings should
be interpreted as suggestive associations rather than defini-
tive evidence of any causal effects. While these benefits
were consistently observed in patients with symptomatic
PAD and those with prior revascularisation, the extent to
which they can be fully attributed to the drug effect versus
unmeasured confounding will warrant careful consideration
[60]. In a separate 2025 cohort study of 180,740 patients per
group based on a federated EHR network, the initiation of
GLP-1 RA treatment was associated with significantly bet-
ter 3-year amputation-free survival than the use of SGLT2
inhibitors (99.69% vs. 99.64%, p =0.001). That same anal-
ysis suggested that GLP-1 RAs reduced major amputation
risk by 23% (HR 0.77, 95% CI 0.66—0.90), minor amputa-
tion risk by 27% (HR 0.73, 95% CI 0.63-0.84), and DFU
risk by 8% (HR 0.92, 95% CI 0.87-0.96). The observed
benefits were most pronounced in patients with established
PAD (HR 0.68) or pre-existing foot ulcers (HR 0.70) [61].
These results prompted Goldenberg and Verma to charac-
terize GLP-1 RAs as agents capable of helping to protect
the legs [62].

Despite the compelling nature of this large-scale real-
world evidence, these findings must be interpreted with
explicit acknowledgment of the inherent methodological
limitations associated therewith. EHR-based observational
cohort studies are particularly susceptible to residual con-
founding. Notably, prescription bias is a major concern,
as newer agents such as tirzepatide and semaglutide are
more likely to be prescribed to patients with higher base-
line metabolic needs or, conversely, to those with better
insurance access and socioeconomic status, which are in-
dependently correlated with superior limb outcomes. Fur-
thermore, selection bias may arise, as healthier patients are
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Fig. 1. GLP-1 RAs: vascular protection via cellular actions. This figure was created by the authors using Microsoft PowerPoint.
GLP-1 RAs exert direct vascular protective effects across four key cell types. In endothelial cells, they enhance NO bioavailability
via eNOS phosphorylation, reduce oxidative stress, and suppress inflammation through NF-kB inhibition, improving vasodilation and
perfusion. In vascular smooth muscle cells, they inhibit proliferation, migration, and MMP expression while promoting a contractile
phenotype, thereby stabilizing plaques. In macrophages, they attenuate pro-inflammatory cytokine release and promote M2 polariza-
tion. In endothelial progenitor cells, they mobilize EPCs and upregulate VEGF to stimulate angiogenesis and improve microcirculatory
perfusion. Collectively, these cellular actions underpin the therapeutic potential of GLP-1 RAs in diabetic lower extremity vascular
disease. GLP-1 RAs, glucagon-like peptide-1 receptor agonists; NO, nitric oxide; eNOS, endothelial NO synthase; MMP, matrix met-
alloproteinase; VEGF, vascular endothelial growth factor; NF-kB, nuclear factor-kB; EPCs, endothelial progenitor cells; TNF-a, tumor
necrosis factor-a; IL-6, interleukin-6; ROS, reactive oxygen species; VCAM-1, vascular cell adhesion molecule-1; ICAM-1, intercellular

adhesion molecule-1.

more likely to remain on therapy. Finally, inconsistent end-
point definitions across heterogeneous databases, such as
variable ICD coding for minor amputations, DFUs, or in-
termittent claudication, can significantly skew effect esti-
mates. Therefore, while the directionality of the benefit
is highly suggestive, the precise magnitude of risk reduc-
tion reported for individual agents will require validation
through prospective, adequately powered RCTs employing
standardized, adjudicated limb endpoints.

4.2 Diabetic Foot Ulcer Outcomes and Amputation
Prevention

The potential beneficial effects of GLP-1 RAs on
DFU outcomes are of particular clinical interest. In the
LEADER trial, treatment with liraglutide was associated
with a significantly lower risk of DFU-related amputations
compared with placebo (HR 0.65, 95% CI 0.45-0.95) [63],
whereas the same was not true for other glucose-lowering
agents. This 35% reduction in amputation risk is strik-

ing [63], given that some glucose-lowering agents, particu-
larly SGLT?2 inhibitors, have been associated with a greater
risk of amputation [64]. The protective effect may stem
from improved wound healing via enhanced angiogene-
sis, reduced local inflammation, better peripheral perfusion,
and optimized glycemic control. The EXSCEL trial pro-
vided additional insights into GLP-1 RA effects in patients
with PAD. Among the 2800 patients (19.0%) with docu-
mented PAD at baseline, those with PAD had higher rates
of MACE (13.6% vs. 11.4%), all-cause mortality (10.0%
vs. 6.8%), and amputations (5.0% vs. 0.9%) compared
with those without PAD. Exenatide and placebo resulted in
similar rates of amputations in those with PAD (5.0% vs.
4.9%), suggesting neutral effects on limb outcomes [65].
However, exenatide was associated with a significant re-
duction in all-cause mortality among patients with T2DM
(HR: 0.86, 95% CI: 0.77-0.97) [66], indicating that cardio-
vascular mortality benefits may confer survival advantages
even when limb-specific outcomes do not exhibit any direct
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improvements. The STRIDE trial (NCT04560998) evalu-
ated the effects of once-weekly semaglutide 1.0 mg versus
placebo on walking ability among patients with T2DM and
symptomatic PAD with intermittent claudication. Results
from this trial revealed that semaglutide significantly im-
proved maximum walking distance, symptoms, and qual-
ity of life, providing valuable insights into the functional
benefits of GLP-1 RAs in patients with PAD [67]. How-
ever, it must be noted that a portion of the evidence sup-
porting GLP-1 RA-mediated wound healing and microcir-
culatory benefits is derived from low-quality single-center
studies and unpublished conference abstracts. Given the in-
herent limitations of these sources, including small sample
sizes, lack of standardized outcome ascertainment, and sus-
ceptibility to selection bias, these findings should be inter-
preted with caution and considered hypothesis-generating
until they have undergone validation through large-scale,
multicenter RCTs.

4.3 Positioning GLP-1 RAs Relative to Other
Glucose-Lowering Therapies

While the preceding sections have highlighted the
limb-specific advantages of GLP-1 RAs, the selection of
the most appropriate glucose-lowering therapy in diabetic
lower extremity PAD must be guided by a balanced evalu-
ation of cardiovascular, renal, and limb safety.

SGLT?2 inhibitors have demonstrated consistent effi-
cacy in reducing HF-associated hospitalization and slow-
ing CKD progression [68]. However, the CANVAS pro-
gram raised concerns regarding a potential increase in lower
limb amputation risk with canagliflozin (HR: 1.97, 95% CI:
1.41-2.75) [64]. Although this signal was not replicated in
subsequent trials with empagliflozin or dapagliflozin, cau-
tion remains warranted when prescribing SGLT2 inhibitors
to patients with active foot ulcers, severe tissue ischemia,
or a history of prior amputation [69]. By contrast, GLP-
1 RAs have not been linked to any rise in amputation risk
while also conferring specific anti-atherosclerotic and en-
dothelial protective effects on both the peripheral macro-
and microcirculation [63,65,70].

Given these complementary profiles, the concurrent
use of GLP-1 RAs and SGLT2 inhibitors represents a
synergistic therapeutic strategy that is often underutilized.
This dual approach provides comprehensive metabolic con-
trol, combining the robust cardiorenal protection of SGLT2
inhibitors with the limb-specific, anti-inflammatory and
plaque-stabilizing benefits of GLP-1 RAs. Furthermore,
by improving microvascular perfusion and alleviating lo-
cal tissue inflammation, GLP-1 RAs have the theoretical
potential to mitigate or counterbalance the microvascular
ischemic risk potentially associated with SGLT?2 inhibitor-
mediated volume shifts, thereby optimizing both limb sal-
vage and systemic outcomes in the highest-risk patients.

We therefore posit that GLP-1 RAs and SGLT2 in-
hibitors should be viewed not as competing agents, but
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rather as complementary therapeutic options characterized
by distinct yet non-overlapping primary vascular targets.

4.4 Clinical Guidelines and Treatment Recommendations

Growing consensus across multiple authoritative
guidelines, including the 2023 European Society of Cardi-
ology (ESC) Guidelines, the 2024 ACC/AHA Joint Guide-
lines on PAD Management, the 2025 ACC Scientific State-
ment on PAD in Diabetes, the IWGDF/ESVS/SVS 2023
Intersocietal Guidelines, and the ADA Standards of Care,
has established the importance of prioritizing the use of
glucose-lowering agents with proven cardiovascular ben-
efit in patients with T2DM and ASCVD, while remain-
ing particularly attentive to PAD-specific risk stratifica-
tion [71,72,73]. However, there remains striking variability
with respect to the extent to which these guidelines address
limb-specific outcomes in detail, underscoring the need for
a unified, stratified treatment algorithm tailored to distinct
PAD patient phenotypes.

The 2023 ESC Guidelines recommend that patients
with T2DM and ASCVD (including PAD) at very high
cardiovascular risk receive an SGLT2 inhibitor and/or a
GLP-1 RA (Class I recommendation), with preferential use
of SGLT2 inhibitors in patients with severe target organ
damage (including eGFR <45 mL/min/1.73 m?) or preva-
lent HF, and GLP-1 RAs in those with a history of stroke
[72]. The IWGDF/ESVS/SVS 2023 intersocietal guide-
line further specifies that, in treatment-naive patients with
active foot ulcers, initiation of SGLT2 inhibitors is not
recommended until ulcer healing, given the elevated risks
of diabetic ketoacidosis and amputation (particularly with
canagliflozin); in contrast, GLP-1 RAs are regarded as a
safer option in the context of foot complications such that
their use may be preferred [1]. The 2025 ACC Scientific
Statement emphasizes that no trial to date has demonstrated
the ability of SGLT2 inhibitors to reduce MALE incidence
or improve functional outcomes in PAD, whereas GLP-1
RAs have been linked to MACE reductions and are favored
in patients with active foot ulcers [68].

To address the clinical uncertainty when seeking to
select among or combine these different classes of drugs,
and to overcome the limitations associated with reliance on
a single guideline source, we propose a stratified clinical
decision algorithm based on an integrated synthesis of the
above evidence, tailored to three core patient phenotypes:

* Subgroup 1: PAD with Active DFUs, Prior Amputa-
tion, or CLTI. For patients with confirmed PAD presenting
with active DFUs, prior minor/major amputation, or CLTI,
GLP-1 RAs (preferentially semaglutide or tirzepatide) are
recommended as the primary glucose-lowering therapy, in
line with the IWGDF/ESVS/SVS 2023 recommendation
prioritizing the use of GLP-1 RAs when faced with foot
complications [1]. In treatment-naive patients, SGLT2 in-
hibitors should be withheld or used with extreme caution
until ulcer healing, owing to the potential risks of volume
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depletion, diabetic ketoacidosis, and amputation (especially
when using canagliflozin) [1,64]. Temporary discontinua-
tion should be considered in individuals already using these
drugs until the affected foot has healed. Glycemic targets
should be established on an individualized basis, with a
target HbAlc of <8% (rather than <7%) to minimize the
risk of hypoglycemia in this high-risk population, particu-
larly when working with elderly patients [1]. Dual GLP-1
RA/SGLT?2i therapy is not routinely recommended in this
subgroup until ulcer healing is complete and infections have
resolved.

e Subgroup 2: PAD with Concomitant HF or CKD. In
patients presenting with PAD and concomitant HF (HFrEF,
HFmrEF, or HFpEF) or CKD (eGFR <45 mL/min/1.73
m? or albuminuria), SGLT2 inhibitors remain the first-line
agents of choice, consistent with their Class I recommen-
dation under the 2023 ESC Guidelines for patients with se-
vere target organ damage or prevalent HF, together with
their proven renal and reverse-remodelling benefits [72]. If
glycemic targets are not achieved or if there is a high burden
of atherosclerotic disease, as in cases of prior MI, stroke,
or polyvascular disease, a GLP-1 RA should be added as a
second-line agent to provide complementary limb-specific,
anti-atherosclerotic, and plaque-stabilizing protection. This
dual approach can provide synergistic cardiorenal and limb
protection, with GLP-1 RAs potentially mitigating the mi-
crovascular ischemic risk associated with SGLT2 inhibitor-
mediated volume shifts. GLP-1 RA selection should pri-
oritize those agents with an established ability to reduce
MACE incidence (semaglutide, liraglutide, dulaglutide) or
superior metabolic efficacy (tirzepatide), while recogniz-
ing that limb-specific comparative data remain hypothesis-
generating.

* Subgroup 3: Stable Asymptomatic or Symptomatic
PAD without Active Ulcers or Cardiorenal Complications.
For patients with established but stable PAD (asymptomatic
or intermittent claudication) without active ulcers, HF, or
severe CKD, either a GLP-1 RA or an SGLT2 inhibitor can
be used as a recommended first-line therapy (Class I rec-
ommendation, Level A evidence per the 2024 ACC/AHA
Guidelines) [73]. The choice should be guided by indi-
vidual patient-specific factors: GLP-1 RAs, for instance,
may be preferred when seeking to prioritize weight manage-
ment, anti-atherosclerotic benefit, or plaque stabilization,
or when there is a history of stroke (per 2023 ESC recom-
mendations for patients with established ASCVD including
cerebrovascular disease) [72]. SGLT2 inhibitors, in con-
trast, may be preferred when a modest reduction in blood
pressure, uric acid lowering, or additional renal protection
is desired, provided there are no active foot lesions. Dual
therapy can be considered in cases where monotherapy fails
to achieve adequate metabolic control or if the patient has
polyvascular disease with high residual cardiovascular risk.

This stratified approach acknowledges the comple-
mentary nature of GLP-1 RAs and SGLT2 inhibitors,

rather than treating them as competing therapies, empha-
sizing their distinct primary vascular targets, the anti-
atherosclerotic and endothelial-protective effects of GLP-
1 RAs, as well as the cardiorenal protection afforded by
SGLT2 inhibitors. This strategy also underscores the need
for individualized selection based on limb risk, cardiorenal
comorbidities, and patient preferences, as such an approach
is essential for optimizing outcomes in this high-risk popu-
lation.

5. Future Challenges and Directions

Despite the promise of GLP-1 RAs as tools capable of
improving outcomes in diabetic lower extremity PAD, sev-
eral barriers continue to hamper their integration into rou-
tine clinical practice for PAD management. These range
from high costs and injection requirements, which persist
even with the advent of oral semaglutide [74], to gastroin-
testinal side effects that can affect adherence, as well as lim-
ited knowledge among PAD-focused specialists regarding
the potential vascular benefits of GLP-1 RAs.

A critical limitation of the current evidence is the lack
of RCTs focused on specifically evaluating GLP-1 RAs
in diabetic lower extremity PAD patients. The available
data are largely derived from post-hoc and subgroup anal-
yses of CVOTs designed primarily to assess cardiovascular
safety and efficacy in T2DM patient populations. These
trials have generally enrolled relatively small proportions
of patients with established PAD, and were not specifically
powered to evaluate limb-specific endpoints such as am-
putation, wound healing, walking distance, or functional
improvement. Moreover, compelling and highly sugges-
tive real-world EHR-derived evidence is nonetheless sub-
ject to inherent limitations, including the potential for resid-
ual confounding, selection bias, and variable data quality.
These limitations underscore the importance of the STRIDE
trial (NCT04560998), which is a phase 3b, double-blind,
randomized, placebo-controlled trial that evaluated the ef-
fect of once-weekly semaglutide 1.0 mg on walking ability
in 792 patients with T2DM and symptomatic PAD with in-
termittent claudication. The trial represents a critical step
towards generating higher-quality evidence in this popula-
tion [67].

Similarly, the SOUL trial (NCT03914326) has evalu-
ated the effects of oral semaglutide on MACE and MALE
in patients with T2DM and chronic kidney disease or car-
diovascular disease, including those with symptomatic PAD
[75]. Additional trials specifically targeting patients with
CLTI and active diabetic foot ulcers are needed to define the
role of GLP-1 RAs in those highest-risk populations. Future
research should focus on dedicated randomized trials aimed
at specifically examining the role of GLP-1 RAs in im-
proving clinically relevant limb outcomes in patients with
DLEVD. These trials should go beyond traditional cardio-
vascular endpoints, such as MACE incidence and mortal-
ity, to include patient-centered outcomes, including walk-
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ing distance, quality of life, wound healing, amputation-
free survival, and functional recovery. An optimally de-
signed trial would include patients with established PAD,
regardless of DFU status, randomizing them to GLP-1 RA
therapy versus placebo or active comparator groups and in-
corporating a follow-up period of at least 2—3 years to cap-
ture clinically meaningful outcomes.

The diabetic lower extremity PAD treatment land-
scape is undergoing rapid changes, with multiple emerging
options that may extend the reach of GLP-1 RA therapy.
Tirzepatide, a dual GIP/GLP-1 agonist, has already demon-
strated superior glycemic and weight outcomes [76], such
that it has the hypothetical potential to afford greater protec-
tive effects on the cardiovascular and limb systems, though
this requires rigorous prospective validation. Triple hor-
mone receptor agonists targeting GLP-1, GIP, and glucagon
receptors are in the early stages of development but have the
potential to provide further metabolic and vascular advan-
tages. Novel delivery systems, such as oral, implantable, or
gene-based therapies, may be conducive to better patient ac-
ceptance and adherence. Additionally, in combination with
anti-inflammatory drugs, advanced wound care, or regen-
erative approaches like stem cells and tissue engineering,
GLP-1 RAs may be able to achieve synergistic benefits for
patients with diabetic lower extremity PAD.

6. Conclusion

Diabetic lower extremity PAD is a debilitating com-
plication of T2DM characterized by aggressive distal
atherosclerosis and high rates of both amputation and mor-
tality. This review highlights the therapeutic potential of
GLP-1 RAs in this setting. Mechanistically, GLP-1 RAs
exert pleiotropic vascular effects that directly counteract
the pathophysiology of PAD, including reductions in ox-
idative stress and inflammation, improvements in endothe-
lial function, and the induction of angiogenesis. Clinically,
emerging evidence indicates that GLP-1 RAs are associated
with significant reductions in lower extremity amputations,
revascularization procedures, and all-cause mortality com-
pared with other glucose-lowering agents, without the con-
comitant increase in amputation risk observed with some
SGLT2 inhibitors.

These findings have important clinical implications,
as they suggest that GLP-1 RAs should be strongly con-
sidered as a preferred therapeutic option for patients with
T2DM and PAD, particularly in those individuals with ac-
tive foot ulcers or a history of limb-threatening ischemia.
Future research will be essential to further explore the po-
tential of emerging multi-agonist therapies and to optimize
combination strategies capable of reducing the burden of
PAD in this high-risk population.

Key Points

* This review systematically synthesizes the epidemi-
ology, pathophysiological features, and clinical burden of
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diabetic lower extremity PAD, with particular emphasis on
the aggressive distal vascular phenotype driven by the co-
existence of type 2 diabetes and peripheral artery disease.

e The review finds that current glucose-lowering
pharmacotherapy offers limited limb-specific benefit, but
glucagon-like peptide-1 receptor agonists (GLP-1 RAs)
demonstrate multiple atheroprotective mechanisms, includ-
ing improved endothelial function, reduced inflammation
and oxidative stress, and stabilization of atherosclerotic
plaques.

¢ Critically, large-scale real-world evidence reviewed
reveals that GLP-1 RA use is associated with significantly
lower risks of lower extremity amputation, and revascular-
ization compared with other antidiabetic agents, particu-
larly in high-risk patients with established PAD, suggest-
ing a promising adjunctive role for limb salvage in diabetic
lower extremity PAD.

Availability of Data and Materials
Not applicable.

Author Contributions

YMS and CYG conceived the review article. JP car-
ried out the literature searches. CNG participated in the
analysis and interpretation of the literature. QWH and YKZ
made contributions to the conception and design of the
study. JP and CNG wrote the original manuscript. All au-
thors participated in critically revising the manuscript for
important intellectual content. All authors gave final ap-
proval of the version to be published and agreed to be ac-
countable for all aspects of the work, ensuring that ques-
tions related to the accuracy or integrity of any part of the
work are appropriately investigated and resolved.

Ethics Approval and Consent to Participate
Not applicable.

Acknowledgment
Not applicable.

Funding

This work was supported by the Huadong Medicine
Joint Funds of the Zhejiang Provincial Natural Science
Foundation of China under Grant No. LHDMZ24H070001
to JP.

Conflicts of Interest

The authors declare no conflicts of interest.

Declaration of AI and Al-Assisted
Technologies in the Writing Process

During the preparation of this manuscript, ChatGPT-
5.3 was used to assist with language refinement and to im-
prove the clarity and readability of certain sections. After


https://www.imrpress.com

using this tool, the authors carefully reviewed and revised
the content as necessary and took full responsibility for the
final published version.

References

(1]

(2]

[3]

(4]

[3]

(6]

(7]

(8]

(9]

[10]

(1]

[12]

[13]

[14]

10

Fitridge R, Chuter V, Mills J, Hinchliffe R, Azuma N, Behrendt
CA, et al. Editor’s Choice - The Intersocietal IWGDF, ESVS,
SVS Guidelines on Peripheral Artery Disease in People With
Diabetes Mellitus and a Foot Ulcer. European Journal of Vas-
cular and Endovascular Surgery. 2023; 66: 454—483. https:
//doi.org/10.1016/j.€jvs.2023.07.020

Martin SS, Aday AW, Almarzooq ZI, Anderson CAM, Arora P,
Avery CL, et al. 2024 Heart Disease and Stroke Statistics: A
Report of US and Global Data From the American Heart Asso-
ciation. Circulation. 2024; 149: e347—e913. https://doi.org/10.
1161/CIR.0000000000001209

Beckman JA, Creager MA, Libby P. Diabetes and atherosclero-
sis: epidemiology, pathophysiology, and management. JAMA.
2002; 287: 2570-2581. https://doi.org/10.1001/jama.287.19.
2570

Marso SP, Daniels GH, Brown-Frandsen K, Kristensen P, Mann
JFE, Nauck MA, et al. Liraglutide and Cardiovascular Outcomes
in Type 2 Diabetes. The New England Journal of Medicine.
2016; 375: 311-322. https://doi.org/10.1056/NEJMoal 603827
Marso SP, Bain SC, Consoli A, Eliaschewitz FG, Jodar E,
Leiter LA, et al. Semaglutide and Cardiovascular Outcomes in
Patients with Type 2 Diabetes. The New England Journal of
Medicine. 2016; 375: 1834-1844. https://doi.org/10.1056/NE
JMoal607141

Lin DSH, Lee JK, Chen WIJ. Major adverse cardiovascular and
limb events in patients with diabetes treated with GLP-1 recep-
tor agonists vs DPP-4 inhibitors. Diabetologia. 2021; 64: 1949—
1962. https://doi.org/10.1007/s00125-021-05497-1

Lewis JE, Omenge DK, Patterson AR, Anwaegbu O, Tabukum
NN, Lewis JE, 3rd, et al. The impact of semaglutide on
wound healing in diabetes related foot ulcer patients: A
TriNetX database study. Diabetes & Vascular Disease Re-
search. 2025; 22: 14791641251322909. https://doi.org/10.1177/
14791641251322909

Song P, Rudan D, Zhu Y, Fowkes FJI, Rahimi K, Fowkes FGR, et
al. Global, regional, and national prevalence and risk factors for
peripheral artery disease in 2015: an updated systematic review
and analysis. The Lancet. Global Health. 2019; 7: ¢1020—¢1030.
https://doi.org/10.1016/S2214-109X(19)30255-4

Fowkes FGR, Rudan D, Rudan I, Aboyans V, Denenberg JO,
McDermott MM, et al. Comparison of global estimates of preva-
lence and risk factors for peripheral artery disease in 2000 and
2010: a systematic review and analysis. Lancet. 2013; 382:
1329-1340. https://doi.org/10.1016/S0140-6736(13)61249-0
Fowkes FGR, Aboyans V, Fowkes FJI, McDermott MM, Samp-
son UKA, Criqui MH. Peripheral artery disease: epidemiology
and global perspectives. Nature Reviews. Cardiology. 2017; 14:
156-170. https://doi.org/10.1038/nrcardio.2016.179

Brownlee M. The pathobiology of diabetic complications: a
unifying mechanism. Diabetes. 2005; 54: 1615-1625. https:
//doi.org/10.2337/diabetes.54.6.1615

Paneni F, Beckman JA, Creager MA, Cosentino F. Diabetes
and vascular disease: pathophysiology, clinical consequences,
and medical therapy: part I. European Heart Journal. 2013; 34:
2436-2443. https://doi.org/10.1093/eurheartj/cht149

Geraldes P, King GL. Activation of protein kinase C isoforms
and its impact on diabetic complications. Circulation Research.
2010; 106: 1319-1331. https://doi.org/10.1161/CIRCRESAHA
.110.217117

Tang WH, Martin KA, Hwa J. Aldose reductase, oxidative

[15]

[16]

[17]

[18]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

stress, and diabetic mellitus. Frontiers in Pharmacology. 2012;
3: 87. https://doi.org/10.3389/fphar.2012.00087

Srivastava S, Ramana KV, Tammali R, Srivastava SK, Bhatna-
gar A. Contribution of aldose reductase to diabetic hyperpro-
liferation of vascular smooth muscle cells. Diabetes. 2006; 55:
901-910. https://doi.org/10.2337/diabetes.55.04.06.db05-0932

Du XL, Edelstein D, Rossetti L, Fantus IG, Goldberg H, Ziyadeh
F, et al. Hyperglycemia-induced mitochondrial superoxide over-
production activates the hexosamine pathway and induces plas-
minogen activator inhibitor-1 expression by increasing Sp1 gly-
cosylation. Proceedings of the National Academy of Sciences
of the United States of America. 2000; 97: 12222-12226. https:
//doi.org/10.1073/pnas.97.22.12222

Yan SF, Ramasamy R, Naka Y, Schmidt AM. Glycation, in-
flammation, and RAGE: a scaffold for the macrovascular com-
plications of diabetes and beyond. Circulation Research. 2003;
93: 1159-1169. https://doi.org/10.1161/01.RES.0000103862.
26506.3D

Schmidt AM, Yan SD, Yan SF, Stern DM. The multiligand re-
ceptor RAGE as a progression factor amplifying immune and
inflammatory responses. The Journal of Clinical Investigation.
2001; 108: 949-955. https://doi.org/10.1172/JC114002

Goldin A, Beckman JA, Schmidt AM, Creager MA. Advanced
glycation end products: sparking the development of diabetic
vascular injury. Circulation. 2006; 114: 597—-605. https://doi.or
2/10.1161/CIRCULATIONAHA.106.621854

Ceriello A, Thnat MA, Thorpe JE. Clinical review 2: The
“metabolic memory”: is more than just tight glucose control
necessary to prevent diabetic complications? The Journal of
Clinical Endocrinology and Metabolism. 2009; 94: 410-415.
https://doi.org/10.1210/jc.2008-1824

Holman RR, Paul SK, Bethel MA, Matthews DR, Neil HAW.
10-year follow-up of intensive glucose control in type 2 diabetes.
The New England Journal of Medicine. 2008; 359: 1577-1589.
https://doi.org/10.1056/NEJMo0a0806470

Boyko EJ, Zelnick LR, Braffett BH, Pop-Busui R, Cowie CC,
Lorenzi GM, et al. Risk of Foot Ulcer and Lower-Extremity
Amputation Among Participants in the Diabetes Control and
Complications Trial/Epidemiology of Diabetes Interventions
and Complications Study. Diabetes Care. 2022; 45: 357-364.
https://doi.org/10.2337/dc21-1816

Fadini GP, Sartore S, Albiero M, Baesso I, Murphy E, Menegolo
M, et al. Number and function of endothelial progenitor cells as
a marker of severity for diabetic vasculopathy. Arteriosclerosis,
Thrombosis, and Vascular Biology. 2006; 26: 2140-2146. https:
//doi.org/10.1161/01.ATV.0000237750.44469.88

Batchuluun B, Inoguchi T, Sonoda N, Sasaki S, Inoue T,
Fujimura Y, et al. Metformin and liraglutide ameliorate
high glucose-induced oxidative stress via inhibition of PKC-
NAD(P)H oxidase pathway in human aortic endothelial cells.
Atherosclerosis. 2014; 232: 156—-164. https://doi.org/10.1016/j.
atherosclerosis.2013.10.025

Li Q, Lin Y, Wang S, Zhang L, Guo L. GLP-1 Inhibits
High-Glucose-Induced Oxidative Injury of Vascular Endothelial
Cells. Scientific Reports. 2017; 7: 8008. https://doi.org/10.1038/
s41598-017-06712-z

Jude EB, Oyibo SO, Chalmers N, Boulton AJ. Peripheral arterial
disease in diabetic and nondiabetic patients: a comparison of
severity and outcome. Diabetes Care. 2001; 24: 1433-1437. ht
tps://doi.org/10.2337/diacare.24.8.1433

Waltenberger J. Impaired collateral vessel development in di-
abetes: potential cellular mechanisms and therapeutic impli-
cations. Cardiovascular Research. 2001; 49: 554-560. https:
//doi.org/10.1016/s0008-6363(00)00228-5

Jia J, Lu Q, Zhang Y, Zhao Y. Hypoxia-Inducible Factor la in
Type 2 Diabetes Mellitus: Mechanisms and Therapeutic Per-

&% IMR Press


https://doi.org/10.1016/j.ejvs.2023.07.020
https://doi.org/10.1016/j.ejvs.2023.07.020
https://doi.org/10.1161/CIR.0000000000001209
https://doi.org/10.1161/CIR.0000000000001209
https://doi.org/10.1001/jama.287.19.2570
https://doi.org/10.1001/jama.287.19.2570
https://doi.org/10.1056/NEJMoa1603827
https://doi.org/10.1056/NEJMoa1607141
https://doi.org/10.1056/NEJMoa1607141
https://doi.org/10.1007/s00125-021-05497-1
https://doi.org/10.1177/14791641251322909
https://doi.org/10.1177/14791641251322909
https://doi.org/10.1016/S2214-109X(19)30255-4
https://doi.org/10.1016/S0140-6736(13)61249-0
https://doi.org/10.1038/nrcardio.2016.179
https://doi.org/10.2337/diabetes.54.6.1615
https://doi.org/10.2337/diabetes.54.6.1615
https://doi.org/10.1093/eurheartj/eht149
https://doi.org/10.1161/CIRCRESAHA.110.217117
https://doi.org/10.1161/CIRCRESAHA.110.217117
https://doi.org/10.3389/fphar.2012.00087
https://doi.org/10.2337/diabetes.55.04.06.db05-0932
https://doi.org/10.1073/pnas.97.22.12222
https://doi.org/10.1073/pnas.97.22.12222
https://doi.org/10.1161/01.RES.0000103862.26506.3D
https://doi.org/10.1161/01.RES.0000103862.26506.3D
https://doi.org/10.1172/JCI14002
https://doi.org/10.1161/CIRCULATIONAHA.106.621854
https://doi.org/10.1161/CIRCULATIONAHA.106.621854
https://doi.org/10.1210/jc.2008-1824
https://doi.org/10.1056/NEJMoa0806470
https://doi.org/10.2337/dc21-1816
https://doi.org/10.1161/01.ATV.0000237750.44469.88
https://doi.org/10.1161/01.ATV.0000237750.44469.88
https://doi.org/10.1016/j.atherosclerosis.2013.10.025
https://doi.org/10.1016/j.atherosclerosis.2013.10.025
https://doi.org/10.1038/s41598-017-06712-z
https://doi.org/10.1038/s41598-017-06712-z
https://doi.org/10.2337/diacare.24.8.1433
https://doi.org/10.2337/diacare.24.8.1433
https://doi.org/10.1016/s0008-6363(00)00228-5
https://doi.org/10.1016/s0008-6363(00)00228-5
https://www.imrpress.com

[29]

[30]

(31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

spectives. Biology. 2026; 15: 1241. https://doi.org/10.3390/bi
ology15151241

Schonborn M, Gregorczyk-Maga I, Batko K, Maga M, Bogucka
K, Gawlik K, et al. Angiogenic and Microvascular Status Alter-
ations after Endovascular Revascularization of Lower Limb Ar-
teries among Patients with Diabetic Foot Syndrome: A Prospec-
tive 12-Month Follow-Up Study. Journal of Clinical Medicine.
2023; 12: 5581. https://doi.org/10.3390/jem12175581
Mohammedi K, Woodward M, Hirakawa Y, Zoungas S,
Williams B, Lisheng L, et al. Microvascular and Macrovascu-
lar Disease and Risk for Major Peripheral Arterial Disease in
Patients With Type 2 Diabetes. Diabetes Care. 2016; 39: 1796—
1803. https://doi.org/10.2337/dc16-0588

LoGerfo FW, Coffman JD. Current concepts. Vascular and mi-
crovascular disease of the foot in diabetes. Implications for foot
care. The New England Journal of Medicine. 1984; 311: 1615—
1619. https://doi.org/10.1056/NEJM198412203112506
Boulton AJM, Vileikyte L, Ragnarson-Tennvall G, Apelqvist J.
The global burden of diabetic foot disease. Lancet. 2005; 366:
1719-1724. https://doi.org/10.1016/S0140-6736(05)67698-2
Criqui MH, Aboyans V. Epidemiology of peripheral artery dis-
ease. Circulation Research. 2015; 116: 1509—1526. https://doi.
org/10.1161/CIRCRESAHA.116.303849

Hap K, Biernat K, Konieczny G. Patients with Diabetes Com-
plicated by Peripheral Artery Disease: the Current State of
Knowledge on Physiotherapy Interventions. Journal of Diabetes
Research. 2021; 2021: 5122494. https://doi.org/10.1155/2021/
5122494

Mohammedi K, Woodward M, Hirakawa Y, Zoungas S, Colag-
iuri S, Hamet P, et al. Presentations of major peripheral arte-
rial disease and risk of major outcomes in patients with type
2 diabetes: results from the ADVANCE-ON study. Cardio-
vascular Diabetology. 2016; 15: 129. https://doi.org/10.1186/
$12933-016-0446-x

Selvin E, Wattanakit K, Steffes MW, Coresh J, Sharrett
AR. HbAlc and peripheral arterial disease in diabetes: the
Atherosclerosis Risk in Communities study. Diabetes Care.
2006; 29: 877-882. https://doi.org/10.2337/diacare.29.04.06.dc
05-2018

Prompers L, Schaper N, Apelqvist J, Edmonds M, Jude E,
Mauricio D, et al. Prediction of outcome in individuals with di-
abetic foot ulcers: focus on the differences between individu-
als with and without peripheral arterial disease. The EURODI-
ALE Study. Diabetologia. 2008; 51: 747-755. https://doi.org/
10.1007/s00125-008-0940-0

Barnes JA, Eid MA, Creager MA, Goodney PP. Epidemiol-
ogy and Risk of Amputation in Patients With Diabetes Melli-
tus and Peripheral Artery Disease. Arteriosclerosis, Thrombosis,
and Vascular Biology. 2020; 40: 1808—1817. https://doi.org/10.
1161/ATVBAHA.120.314595

Secemsky EA, Kirksey L, Quiroga E, King CM, Martinson
M, Hasegawa JT, et al. Impact of Intensity of Vascular Care
Preceding Major Amputation Among Patients With Chronic
Limb-Threatening Ischemia. Circulation. Cardiovascular Inter-
ventions. 2024; 17: e012798. https://doi.org/10.1161/CIRCIN
TERVENTIONS.122.012798

Bhandari N, Newman JD, Berger JS, Smilowitz NR. Diabetes
mellitus and outcomes of lower extremity revascularization for
peripheral artery disease. European Heart Journal. Quality of
Care & Clinical Outcomes. 2022; 8: 298-306. https://doi.org/
10.1093/ehjqcco/qcaa095

Mehdi SF, Pusapati S, Anwar MS, Lohana D, Kumar P,
Nandula SA, et al. Glucagon-like peptide-1: a multi-faceted
anti-inflammatory agent. Frontiers in Immunology. 2023; 14:
1148209. https://doi.org/10.3389/fimmu.2023.1148209

Wang X, Yang X, Qi X, Fan G, Zhou L, Peng Z, et al. Anti-

&% IMR Press

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

atherosclerotic effect of incretin receptor agonists. Frontiers in
Endocrinology. 2024; 15: 1463547. https://doi.org/10.3389/fe
ndo.2024.1463547

Krasner NM, Ido Y, Ruderman NB, Cacicedo JM. Glucagon-
like peptide-1 (GLP-1) analog liraglutide inhibits endothelial
cell inflammation through a calcium and AMPK dependent
mechanism. PloS One. 2014; 9: ¢97554. https://doi.org/10.
1371/journal.pone.0097554

Yamanouchi D. The Roles of Incretin Hormones GIP and GLP-
1 in Metabolic and Cardiovascular Health: A Comprehensive
Review. International Journal of Molecular Sciences. 2026; 27:
27. https://doi.org/10.3390/ijms27010027

Rroji M, Spahia N, Figurek A, Spasovski G. Targeting Dia-
betic Atherosclerosis: The Role of GLP-1 Receptor Agonists,
SGLT?2 Inhibitors, and Nonsteroidal Mineralocorticoid Recep-
tor Antagonists in Vascular Protection and Disease Modulation.
Biomedicines. 2025; 13: 728. https://doi.org/10.3390/biomedic
ines13030728

Dong Z, Chai W, Wang W, Zhao L, Fu Z, Cao W, et al. Protein
kinase A mediates glucagon-like peptide 1-induced nitric ox-
ide production and muscle microvascular recruitment. American
Journal of Physiology. Endocrinology and Metabolism. 2013;
304: E222-8. https://doi.org/10.1152/ajpendo.00473.2012

Li P, Tang Z, Wang L, Feng B. Glucagon-like peptide-1 ana-
logue liraglutide ameliorates atherogenesis via inhibiting ad-
vanced glycation end product-induced receptor for advanced
glycosylation end product expression in apolipoprotein-E defi-
cient mice. Molecular Medicine Reports. 2017; 16: 3421-3426.
https://doi.org/10.3892/mmr.2017.6978

Gruzmark FS, Beraja GE, Jozic I, Lev-Tov HA. Exploring the
Role of GLP-1 Agents in Managing Diabetic Foot Ulcers: A
Narrative and Systematic Review. Wound Repair and Regener-
ation. 2025; 33: €70085. https://doi.org/10.1111/wrr.70085
Caruso P, Maiorino MI, Longo M, Porcellini C, Matrone R, Dig-
itale Selvaggio L, et al. Liraglutide for Lower Limb Perfusion
in People With Type 2 Diabetes and Peripheral Artery Disease:
The STARDUST Randomized Clinical Trial. JAMA Network
Open. 2024; 7: €241545. https://doi.org/10.1001/jamanetworko
pen.2024.1545

Aung MM, Slade K, Freeman LAR, Kos K, Whatmore JL, Shore
AC, etal. Locally delivered GLP-1 analogues liraglutide and ex-
enatide enhance microvascular perfusion in individuals with and
without type 2 diabetes. Diabetologia. 2019; 62: 1701-1711.
https://doi.org/10.1007/s00125-019-4918-x

Lovshin J, Cherney D. GLP-1R Agonists and Endothelial Dys-
function: More Than Just Glucose Lowering? Diabetes. 2015;
64: 2319-2321. https://doi.org/10.2337/db15-0366

Xie XY, Mo ZH, Chen K, He HH, Xie YH. Glucagon-like
peptide-1 improves proliferation and differentiation of endothe-
lial progenitor cells via upregulating VEGF generation. Medi-
cal Science Monitor. 2011; 17: BR35-BR41. https://doi.org/10.
12659/msm.881383

Dennis CJ, He AZ, Krishnaraj A, Quan A, Teoh H, Connelly
KA, et al. Prevention of Vascular Aging as a Novel Paradigm
for GLP-1 Receptor Agonist-Mediated Cardioprotection. Circu-
lation Research. 2026; 139: e327425. https://doi.org/10.1161/
CIRCRESAHA.126.327425

Yan X, Su Y, Fan X, Chen H, Lu Z, Liu Z, et al. Liraglu-
tide Improves the Angiogenic Capability of EPC and Pro-
motes Ischemic Angiogenesis in Mice under Diabetic Condi-
tions through an Nrf2-Dependent Mechanism. Cells. 2022; 11:
3821. https://doi.org/10.3390/cells 11233821
Ghebrehiwet-Kuflom J, Mehta A, Lim P, Dahle S, Isseroff RR.
GLP-1 Receptor Agonists as Emerging Modulators of Inflam-
mation and Angiogenesis in Chronic Cutaneous Wound Healing.
The Journal of Investigative Dermatology. 2025; 145: 2981—

11


https://doi.org/10.3390/biology15151241
https://doi.org/10.3390/biology15151241
https://doi.org/10.3390/jcm12175581
https://doi.org/10.2337/dc16-0588
https://doi.org/10.1056/NEJM198412203112506
https://doi.org/10.1016/S0140-6736(05)67698-2
https://doi.org/10.1161/CIRCRESAHA.116.303849
https://doi.org/10.1161/CIRCRESAHA.116.303849
https://doi.org/10.1155/2021/5122494
https://doi.org/10.1155/2021/5122494
https://doi.org/10.1186/s12933-016-0446-x
https://doi.org/10.1186/s12933-016-0446-x
https://doi.org/10.2337/diacare.29.04.06.dc05-2018
https://doi.org/10.2337/diacare.29.04.06.dc05-2018
https://doi.org/10.1007/s00125-008-0940-0
https://doi.org/10.1007/s00125-008-0940-0
https://doi.org/10.1161/ATVBAHA.120.314595
https://doi.org/10.1161/ATVBAHA.120.314595
https://doi.org/10.1161/CIRCINTERVENTIONS.122.012798
https://doi.org/10.1161/CIRCINTERVENTIONS.122.012798
https://doi.org/10.1093/ehjqcco/qcaa095
https://doi.org/10.1093/ehjqcco/qcaa095
https://doi.org/10.3389/fimmu.2023.1148209
https://doi.org/10.3389/fendo.2024.1463547
https://doi.org/10.3389/fendo.2024.1463547
https://doi.org/10.1371/journal.pone.0097554
https://doi.org/10.1371/journal.pone.0097554
https://doi.org/10.3390/ijms27010027
https://doi.org/10.3390/biomedicines13030728
https://doi.org/10.3390/biomedicines13030728
https://doi.org/10.1152/ajpendo.00473.2012
https://doi.org/10.3892/mmr.2017.6978
https://doi.org/10.1111/wrr.70085
https://doi.org/10.1001/jamanetworkopen.2024.1545
https://doi.org/10.1001/jamanetworkopen.2024.1545
https://doi.org/10.1007/s00125-019-4918-x
https://doi.org/10.2337/db15-0366
https://doi.org/10.12659/msm.881383
https://doi.org/10.12659/msm.881383
https://doi.org/10.1161/CIRCRESAHA.126.327425
https://doi.org/10.1161/CIRCRESAHA.126.327425
https://doi.org/10.3390/cells11233821
https://www.imrpress.com

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

12

2988. https://doi.org/10.1016/j.jid.2025.08.045

LiQ, Yu S, Rui S, Lin X, Yuan Y, Armstrong DG, et al. Novel
glucose-lowering agents that benefit diabetic foot: icing on the
cake. Frontiers in Endocrinology. 2025; 16: 1581403. https://do
i.org/10.3389/fendo0.2025.1581403

Yaribeygi H, Maleki M, Atkin SL, Jamialahmadi T, Sahe-
bkar A. Impact of Incretin-Based Therapies on Adipokines
and Adiponectin. Journal of Diabetes Research. 2021; 2021:
3331865. https://doi.org/10.1155/2021/3331865

Petrovic A, Igrec D, Rozac K, Bojanic K, Kuna L, Kolaric TO,
et al. The Role of GLP1-RAs in Direct Modulation of Lipid
Metabolism in Hepatic Tissue as Determined Using In Vitro
Models of NAFLD. Current Issues in Molecular Biology. 2023;
45: 4544-4556. https://doi.org/10.3390/cimb45060288

Moiz A, Zolotarova T, Filion KB, Eisenberg MJ. GLP-1 Re-
ceptor Agonists and Blood Pressure: A State-of-the-Art Review
of Mechanisms, Evidence, and Clinical Implications. American
Journal of Hypertension. 2026; 39: 611-622. https://doi.org/10.
1093/ajh/hpaf205

Hong AT, Lin F, Luu IY, Shin L, Han SM, Armstrong DG, et
al. Risk of lower extremity complications with GLP-1 receptor
agonists, SGLT2 inhibitors, and DPP-4 inhibitors in peripheral
artery disease. Diabetes Research and Clinical Practice. 2025;
230: 112982. https://doi.org/10.1016/j.diabres.2025.112982
Hong AT, Luu 1Y, Lin F, Shin L, Hsu CH, Shih CD, et al. Differ-
ential Effect of GLP-1 Receptor Agonists and SGLT?2 Inhibitors
on Lower-Extremity Amputation Outcomes in Type 2 Diabetes:
A Nationwide Retrospective Cohort Study. Diabetes Care. 2025;
48: 1728-1736. https://doi.org/10.2337/dc25-0292
Goldenberg RM, Verma S. GLP-1 Receptor Agonists Help Legs.
Diabetes Care. 2025; 48: 1713—1715. https://doi.org/10.2337/dc
i25-0070

Dhatariya K, Bain SC, Buse JB, Simpson R, Tarnow L, Kaltoft
MS, et al. The Impact of Liraglutide on Diabetes-Related Foot
Ulceration and Associated Complications in Patients With Type
2 Diabetes at High Risk for Cardiovascular Events: Results
From the LEADER Trial. Diabetes Care. 2018; 41: 2229-2235.
https://doi.org/10.2337/dc18-1094

Neal B, Perkovic V, Mahaffey KW, de Zeeuw D, Fulcher G,
Erondu N, et al. Canagliflozin and Cardiovascular and Re-
nal Events in Type 2 Diabetes. The New England Journal of
Medicine. 2017; 377: 644—657. https://doi.org/10.1056/NEJM
0al611925

Badjatiya A, Merrill P, Buse JB, Goodman SG, Katona B,
Igbal N, et al. Clinical Outcomes in Patients With Type 2 Dia-
betes Mellitus and Peripheral Artery Disease: Results From the
EXSCEL Trial. Circulation. Cardiovascular Interventions. 2019;
12: e008018. https://doi.org/10.1161/CIRCINTERVENTIONS.
119.008018

Holman RR, Bethel MA, Mentz RJ, Thompson VP, Lokhnygina
Y, Buse JB, et al. Effects of Once-Weekly Exenatide on Car-
diovascular Outcomes in Type 2 Diabetes. The New England
Journal of Medicine. 2017; 377: 1228-1239. https://doi.org/10.
1056/NEJMoal612917

[67] Bonaca MP, Catarig AM, Houlind K, Ludvik B, Nordanstig J,

[68

[69

[70

[71

[72

[73

[74

[75

[76

]

—

[t

—

]

]

[l

[t

[

Ramesh CK, et al. Semaglutide and walking capacity in peo-
ple with symptomatic peripheral artery disease and type 2 dia-
betes (STRIDE): a phase 3b, double-blind, randomised, placebo-
controlled trial. Lancet. 2025; 405: 1580—1593. https://doi.org/
10.1016/S0140-6736(25)00509-4

Das SR, Bonaca MP, Creager MA, Maruthur N, Nordanstig J,
Pop-Busui R, et al. Management of Peripheral Artery Disease
in Adults With Diabetes: 2025 ACC Scientific Statement: A
Report of the American College of Cardiology. Journal of the
American College of Cardiology. 2025; 88: 891-906. https://do

i.org/10.1016/j.jacc.2025.11.027
Zelniker TA, Wiviott SD, Raz I, Im K, Goodrich EL, Bonaca

MP, et al. SGLT?2 inhibitors for primary and secondary preven-
tion of cardiovascular and renal outcomes in type 2 diabetes:
a systematic review and meta-analysis of cardiovascular out-
come trials. Lancet. 2019; 393: 31-39. https://doi.org/10.1016/
S0140-6736(18)32590-X

Battistoni A, Piras L, Tartaglia N, Carrano FM, De Vitis C, Bar-
bato E. Glucagon-like peptide-1 receptor agonists and the en-
dothelium: molecular and clinical insights into cardiovascular
protection. Frontiers in Medicine. 2025; 12: 1669685. https:
//doi.org/10.3389/fmed.2025.1669685

American Diabetes Association Professional Practice Commit-
tee for Diabetes. Cardiovascular Disease and Risk Management:
Standards of Care in Diabetes-2026. Diabetes Care. 2026; 49:
S216-S245. https://doi.org/10.2337/dc26-S010

Marx N, Federici M, Schiitt K, Miiller-Wieland D, Ajjan RA,
Antunes MJ, et al. 2023 ESC Guidelines for the management of
cardiovascular disease in patients with diabetes. European Heart
Journal. 2023; 44: 4043-4140. https://doi.org/10.1093/eurheart

j/ehad192
Gornik HL, Aronow HD, Goodney PP,
Arya S, Brewster LP, Byrd L, et al. 2024

ACC/AHA/AACVPR/APMA/ABC/SCAI/SVM/SVN/SVS/SIR/VESS

Guideline for the Management of Lower Extremity Peripheral
Artery Disease: A Report of the American College of Cardiol-
ogy/American Heart Association Joint Committee on Clinical
Practice Guidelines. Circulation. 2024; 149: ¢1313—¢1410.
https://doi.org/10.1161/CIR.0000000000001251

Guzauskas GF, Rind DM, Fazioli K, Chapman RH, Pearson SD,
Hansen RN. Cost-effectiveness of oral semaglutide added to cur-
rent antihyperglycemic treatment for type 2 diabetes. Journal
of Managed Care & Specialty Pharmacy. 2021; 27: 455-468.
https://doi.org/10.18553/jmcp.2021.27.4.455

McGuire DK, Marx N, Mulvagh SL, Deanfield JE, Inzucchi SE,
Pop-Busui R, et al. Oral Semaglutide and Cardiovascular Out-
comes in High-Risk Type 2 Diabetes. The New England Journal
of Medicine. 2025; 392: 2001-2012. https://doi.org/10.1056/
NEJMo0a2501006

Frias JP, Davies MJ, Rosenstock J, Pérez Manghi FC, Fernan-
dez Lando L, Bergman BK, et al. Tirzepatide versus Semaglutide
Once Weekly in Patients with Type 2 Diabetes. The New Eng-
land Journal of Medicine. 2021; 385: 503-515. https://doi.org/
10.1056/NEJMo0a2107519

&% IMR Press


https://doi.org/10.1016/j.jid.2025.08.045
https://doi.org/10.3389/fendo.2025.1581403
https://doi.org/10.3389/fendo.2025.1581403
https://doi.org/10.1155/2021/3331865
https://doi.org/10.3390/cimb45060288
https://doi.org/10.1093/ajh/hpaf205
https://doi.org/10.1093/ajh/hpaf205
https://doi.org/10.1016/j.diabres.2025.112982
https://doi.org/10.2337/dc25-0292
https://doi.org/10.2337/dci25-0070
https://doi.org/10.2337/dci25-0070
https://doi.org/10.2337/dc18-1094
https://doi.org/10.1056/NEJMoa1611925
https://doi.org/10.1056/NEJMoa1611925
https://doi.org/10.1161/CIRCINTERVENTIONS.119.008018
https://doi.org/10.1161/CIRCINTERVENTIONS.119.008018
https://doi.org/10.1056/NEJMoa1612917
https://doi.org/10.1056/NEJMoa1612917
https://doi.org/10.1016/S0140-6736(25)00509-4
https://doi.org/10.1016/S0140-6736(25)00509-4
https://doi.org/10.1016/j.jacc.2025.11.027
https://doi.org/10.1016/j.jacc.2025.11.027
https://doi.org/10.1016/S0140-6736(18)32590-X
https://doi.org/10.1016/S0140-6736(18)32590-X
https://doi.org/10.3389/fmed.2025.1669685
https://doi.org/10.3389/fmed.2025.1669685
https://doi.org/10.2337/dc26-S010
https://doi.org/10.1093/eurheartj/ehad192
https://doi.org/10.1093/eurheartj/ehad192
https://doi.org/10.1161/CIR.0000000000001251
https://doi.org/10.18553/jmcp.2021.27.4.455
https://doi.org/10.1056/NEJMoa2501006
https://doi.org/10.1056/NEJMoa2501006
https://doi.org/10.1056/NEJMoa2107519
https://doi.org/10.1056/NEJMoa2107519
https://www.imrpress.com

	1. Introduction
	2. Diabetic Lower Extremity Peripheral Artery Disease: A Clinical Overview
	2.1 Disease Epidemiology
	2.2 Disease Pathophysiology
	2.3 Diabetes as a Major Risk Factor for PAD
	2.4 Long-Term Disease Outcomes

	3. GLP-1 RAs and Vascular Protection: Mechanistic Insights
	3.1 Effects on Atherosclerosis and Plaque Stability
	3.2 Beneficial Effects on Angiogenesis and Microcirculatory Function
	3.3 Metabolic Effects Relevant to Vascular Protection

	4. GLP-1 RAs in Diabetic Lower Extremity Peripheral Artery Disease: Evidence and Clinical Applications
	4.1 Clinical Evidence for GLP-1 RAs in Lower Extremity Outcomes
	4.2 Diabetic Foot Ulcer Outcomes and Amputation Prevention
	4.3 Positioning GLP-1 RAs Relative to Other Glucose-Lowering Therapies
	4.4 Clinical Guidelines and Treatment Recommendations

	5. Future Challenges and Directions
	6. Conclusion
	Key Points
	Availability of Data and Materials
	Author Contributions
	Ethics Approval and Consent to Participate
	Acknowledgment
	Funding
	Conflicts of Interest
	Declaration of AI and AI-Assisted Technologies in the Writing Process
	References

