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Cardio-cerebrovascular diseases are increasingly prevalent worldwide, with
pathological changes in the heart and brain reinforcing each other. Diabetes is
amajor driver of comorbidity between these two systems and contributes to poor
clinical outcomes. This review summarizes current evidence on shared risk
factors and underlying mechanisms, with a particular focus on the role of
dipeptidyl peptidase-4 (DPP-4) inhibitors as a potential therapeutic strategy
for preserving cardio-cerebrovascular homeostasis. Growing evidence
suggests that DPP-4 inhibitors offer benefits beyond glycemic control. These
include improvements in endothelial function, reduction of oxidative stress and
inflammatory responses, modulation of lipid and glucose metabolism, and
regulation of blood pressure. Together, these actions support the anti-
atherosclerotic and anti-thromboembolic properties of this drug class. These
effects occur through both indirect pathways, via improved glycemic control, and
direct cellular and molecular mechanisms. Although DPP-4 inhibitors are
commonly used as second- or third-line agents in combination with other
antidiabetic drugs, they have distinct advantages in specific populations.
Notably, they are among the few hypoglycemic agents that are safe and
effective in patients with impaired renal function—where the use of agents
like metformin and SGLT-2 inhibitors is often contraindicated. In addition,
DPP-4 inhibitors have shown favorable outcomes in elderly patients,
particularly those aged 65 years and older. From a cardiovascular perspective,
DPP-4 inhibitors have demonstrated protective effects against ischemic stroke,
improved neurovascular function, and a reduction in major adverse
cardiovascular events (MACEs). Importantly, they do not increase the risk of
heart failure, unlike some other antidiabetic medications. While most
cardiovascular outcome trials (CVOTSs) involving DPP-4 inhibitors have shown
neutral results, these studies were primarily designed to establish safety rather
than demonstrate cardiovascular superiority. In conclusion, the pleiotropic
effects, favorable safety profile, and suitability for vulnerable populations
position DPP-4 inhibitors as promising agents in the management of cardio-
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cerebrovascular complications in diabetes. Further long-term, controlled clinical
studies are warranted to fully establish their therapeutic potential across broader

indications.
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1 Introduction

The heart and brain are the cores of the human organism. Their
pathological changes are mutually reinforcing and make them the
leading causes of morbidity and mortality in both developing and
developed countries (Liao et al, 2023). The burden of cardio-
cerebrovascular diseases is increasing worldwide, which has become
the greatest threat to human health and a major public health problem
(Li et al,, 2022). Cardiovascular (myocardial infarction, heart failure,
and atrial fibrillation)
intracerebral and subarachnoid hemorrhage) diseases are often

and cerebrovascular (ischemic stroke,
associated with common risk factors, such as diabetes mellitus,
dyslipidemia, and hypertension and underlying pathologies like
atherosclerosis and thromboembolism. Cardiovascular ~disorders
cause the injury of cerebrovascular homeostasis, and vice versa
(Nakai et al, 2022; Liao et al, 2023; Wichaiyo et al, 2024). For
instance, cardiac arrhythmias, such as atrial fibrillation, predispose to
cerebrovascular events, when blood clots in the atria and ventricles
embolize the brain. In addition, ischemic stroke is a rare, but most-
feared complication of myocardial infarction. All mentioned cardio-
cerebrovascular disorders have complex etiopathogenesis and require a
multidisciplinary diagnostic and therapeutic approach (Nakai et al,
2022). Diabetes increases the vulnerability of both, the brain and the
heart in the pre-stroke stage. It establishes a suitable environment for
ischemic stroke, drives systemic inflammation and trigger oxidative
stress which exacerbate cardiac damage and induce cerebral-cardiac
syndrome. Diabetes increases the incidence of cardiac complications
(myocardial infarction, congestive heart failure, arrhythmia, cardiac
arrest) after ischemic stroke, exacerbates mortality and worsens
prognosis in the post-stroke state (Lin et al., 2021).

Endothelial dysfunction is a hallmark of cardio-cerebrovascular
disorders and is associated with inflammation, vasoconstriction, and
thrombosis. Dipeptidyl peptidase-4 (DPP-4) inhibition can maintain
proper cardio-cerebrovascular system functioning by protecting the role
of endothelial cells (Liao et al, 2023). It has been evidenced that
inhibition of DPP-4 is associated with improved endothelial
function,
regulated glycemia, lipidemia, and blood pressure (Chen et al,
2020). On the one hand, it is true that DPP-4 inhibition is involved
in controlling cardiovascular risk factors by improving blood glucose
control. On the other hand, additionally, DPP-4 inhibitors directly
regulate the occurrence and progression of cardiovascular disorders

suppressed inflammation and oxidative stress, and

through a variety of mechanisms (Chen et al., 2022). Glycemic control
per se seems to fail in preventing the progression of diabetic
cardiovascular complications. DPP-4 has the capability to inactivate
not only incretins, but also a series of cytokines, chemokines, and
neuropeptides involved in inflammation, immunity, and vascular
function (Xie et al, 2018). Recently, we suggested that the
administration of DPP-4 inhibitors may be beneficial in myocardial
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repair following infarction by the preservation of stem cell
chemoattractant stromal cell-derived factor-1 (SDF-1) (Anderluh
et al, 2016). Further, we offered an evidence-supported hypothesis
that DPP-4 inhibitors might prevent fibrosis and suppress the entry to
the irreversible phase of vascular remodeling in pulmonary
hypertension (Anderluh et al, 2019). A significant plausible
mechanism of protective effects of these possible multitarget agents
in cardiovascular and renal pathology is anti-inflammatory activity
(Tomovic et al., 2019). Here, the aim is to summarize the available
evidence of potential mechanisms in the suppression of common risk
factors and improvement of underlying pathology, to provide a rational
scientific basis for the application of DPP-4 inhibitors in the prevention
and treatment of cardio-cerebrovascular disorders.

2 Beneficial effects of DPP-4 inhibition
on cardio-cerebrovascular diseases’
risk factors

Diabetes mellitus is often present long before a stroke occurs,
causing inflammation, and disturbing the proper neurovascular
functioning (Zhang et al.,, 2024). The blood-brain barrier might
be harmed in a diabetes-induced inflammatory environment under
the influence of elevated interleukin (IL)-1f, IL-6, tumor necrosis
factor (TNF)-a levels, and advanced glycation end products (AGEs)
accumulation (Yang et al., 2024). DPP-4 inhibitors have a beneficial
impact on improving impaired cerebrovascular structure and
function (Cao et al, 2021). Inhibition of DPP-4 protects brain
endothelial cells under hyperglycemic and hypoxic conditions by
the suppression of TNF-a-induced nuclear factor (NF)-«kB
p65 accumulation and cytokine IL-6, IL-8, intercellular adhesion
molecule-1 (ICAM-1), and vascular cell adhesion molecule-1
(VCAM-1) expression (Yang et al.,, 2024), suppressing advanced
glycation end products and their receptors (AGE-RAGE) axis, and
pro-fibrotic cytokines expression, as well (Chen et al., 2020; Cao
et al.,, 2021).

Under the influence of risk factors such as elevated glycemia,
blood pressure, and cholesterol levels, endothelial dysfunction
happens, characterized by inflammation, oxidative stress, decreased
nitric oxide (NO) biosynthesis, endothelial-mesenchymal transition,
and cell senescence. Endothelial dysfunction is an early indicator of
atherosclerosis, and aggravated by diabetes it is an essential factor in
stroke development. DPP-4 inhibitors increase NO bioavailability and
reduce endothelin-1-induced basilar arteries contraction, improving
diabetic cerebrovascular dysfunction (Hardigan et al, 2016; Yang
et al., 2024).

Lipid profile, triglycerides (TGs)/high-density lipoprotein (HDL)
cholesterol ratio, is a predictor for early vascular aging. Postprandial
hypertriglyceridemia contributes to endothelial dysfunction and
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TABLE 1 Effects of DPP-4 inhibitors associated with vascular protection and mechanisms evidenced in human cell lines.

DPP-4 Function Mechanism References
inhibitor
HUVECs Saxagliptin Amelioration of ox-LDL-induced endothelial Reduced production of TNF-q, IL-1B, VCAM-1, Ma et al. (2019)
dysfunction ICAM-1, suppressed adhesion of monocytes to
endothelial cells, prevented decrease of NO
generation, mitigated ROS production, suppressed
expression of NADPH oxidase, and NF-kB
activation, inhibitory effect on endothelial LOX-1
expression
Anagliptin Amelioration of high glucose-induced endothelial Reduced ROS generation, NADPH oxidase, and IL- | Jiang et al. (2019)
dysfunction 1B expression, prevented reduction of SIRT1
Saxagliptin Improvement of endothelial senescence Upregulation of MnSOD, abolished improvement of | Chen et al. (2020)
NADPH oxidase activity, activation of signaling
pathway AMPK/SIRT1/Nrf2
Teneligliptin Amelioration of oxidative stress and apoptotic Reduced ROS levels, increased expression of the anti- Pujadas et al.
phenotype in overcoming the metabolic memory apoptotic Bcl2, decreased the pro-apoptotic Bax and (2017)
effect induced by chronic exposure to high glucose = caspase-3
Gemigliptin Protection of the vascular endothelium against Increased levels of phosphorylated AMPK and Akt, Hwang et al.
inflammatory diseases such as atherosclerosis decreased NF-kB levels, reduced LPS-induced (2015)
expression of TNF-a, MCP-1, IL-1p, IL-6, and
VCAM-1, suppressed foam cell formation from
THP-1 macrophages
Linagliptin Effects on AGEs evoked endothelial cell damage Inhibition of the AGE-induced ROS generation, Ishibashi et al.
RAGE, ICAM-1, and PAI-1 expression (2013)
Sitagliptin Prevention of autophagy in cells exposed to high- Prevention of the increase of pro-inflammatory IL-6, | Chang et al. (2021)
glucose and IL-8
HAECs Trelagliptin Inhibition of IL-1p-induced endothelial Inhibited expression of MCP-1, IL-6, VCAM-1, and | Meng et al. (2020)
inflammation and monocyte attachment ICAM-1, suppression of NF-kB signaling pathway,
and monocyte adhesion
Primary human Linagliptin Vascular protection in retinal endothelial cells Inhibited TNF-a-induced secretion of IL-6 and IL-8, Li et al. (2019)
retina endothelial suppressed expression of ICAM-1 and VCAM-1, and
cells adhesion of monocytes to endothelial cells
Primary human K579 Suppression of para- or endocrine actions of soluble =~ Suppressed proliferation of hVSMCs, decreased Wronkowitz et al.
coronary artery DPP-4 on the vascular wall phosphorylation of NF-kB p-65, reduced IL-6, IL-8, (2014)
SMCs and MCP-1
Human lung Sitagliptin Promise for the treatment of fibroproliferative Alleviated extracellular matrix deposition by Liu et al. (2020b)
fibroblasts disorders downregulating the TGF-B/Smad-3 pathway
THP-1 macrophages | Sitagliptin Repression of foam cell formation following Decreased expression of CD36 and LOX-1 scavenger | Dai et al. (2014a)
treatment of macrophages with ox-LDL receptors, inhibited phospho-PKC and IL-6
expression
Sitagliptin Suppression of inflammatory state and immune Suppression of TLR-4 and IL-1f expression through | Dai et al. (2014b)
response in atherosclerosis PKC inhibition

AGE, advanced glycation end products; Akt, protein kinase B; AMPK, AMP-activated protein kinase; Bcl2, B-cell lymphoma 2; CD36, fatty acid translocase; HAECs, human aortic endothelial
cells; HUVECs, human umbilical vein endothelial cells; hVSMC, human vascular smooth muscle cells; ICAM-1, intercellular adhesion molecule-1; IL-1p, interleukin-1f; LDL, low-density
lipoprotein; LOX-1, oxidized LDL receptor 1; LPS, lipopolysaccharide; MCP-1, monocyte chemoattractant protein-1; MnSOD, manganese superoxide dismutase; NADPH oxidase,

nicotinamide adenine dinucleotide phosphate oxidase; NF-kB, nuclear factor-kB; NO, nitric oxide; Nrf2, nuclear factor erythroid 2-related factor 2; PAI-1, plasminogen activator inhibitor-1;
PKC, protein kinase C; RAGE, receptor for AGE; ROS, reactive oxygen species; SIRT1, sirtuin 1; TGF-p, transforming growth factor p; TLR4, Toll-like receptor 4; TNF-a, tumor necrosis factor-

a; VCAM-1, vascular cell adhesion molecule-1.

accelerates the development of atherosclerosis (Cao et al., 2021). Besides
imbalanced lipid metabolism, atherosclerosis is characterized by
maladaptive inflammation caused by macrophage accumulation in
the arterial wall. Expression of DPP-4 on monocytes/macrophages is
increased in obese atherosclerotic patients and is positively correlated
with the levels of triglycerides and non-HDL cholesterol (Rao et al.,
2018). DPP-4 inhibitors decrease the level of low-density lipoprotein
(LDL) cholesterol, triglycerides, total cholesterol, and free fatty acids,
and increase the HDL level in human models (Cao et al., 2021). DPP-4
significantly contributes to the inflammation and insulin resistance in
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obesity. By improving adipose tissue inflammation, promoting its
remodeling, and decreasing ectopic deposition, DPP-4 inhibitors
regulate adipose tissue’s function in metabolism and lipid
homeostasis (Guo et al, 2024). DPP-4 inhibitors affect the
expression of liver enzymes responsible for lipid oxidation and
biosynthesis by modulating the GLP-1 signaling pathway, leading to
decreased intestinal lipid synthesis, secretion and absorption. They also
increase plasma norepinephrine levels by activating the sympathetic
nervous system, which in turn accelerates postprandial lipid
mobilization (Chen et al,, 2022).
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FIGURE 1

Mechanisms of beneficial effects of DPP-4 inhibitors when endothelial dysfunction progresses to disruption of cardio-cerebrovascular

homeostasis.

Aging-related vascular wall functional and structural alterations
contribute to the pathogenesis of hypertension, dyslipidemia,
atherosclerosis, heart failure, cerebrovascular and neurodegenerative
diseases. DPP-4 inhibitors play a protective role in reversing vascular
aging through the promotion of endothelial cells proliferation and
migration, alleviating senescence, by increasing SDF-la, vascular
endothelial growth factor (VEGEF),
reducing nicotinamide adenine dinucleotide phosphate (NADPH)
oxidase expression, regulating AMP-activated protein kinase
(AMPK)/sirtuin 1/nuclear factor erythroid 2-related factor 2 (Nrf2)
signaling pathway, improving NO bioavailability, decreasing pro-

superoxide dismutase, and

apoptotic Bax and caspase 3, while promoting the expression of anti-
apoptotic B-cell lymphoma 2 (Bcl-2) (Chen et al., 2020; Cao et al,, 2021).

Therefore, with the treatment of diabetes, which is their primary
DPP-4
inflammation, endothelial dysfunction, oxidative stress, and

indication, inhibitors regulate glycemia, covering
dyslipidemia with favorable pleiotropic effects, and thus suppress
the aforementioned risk factors, and prevent disruption of normal

cardio-cerebrovascular functioning (Table 1; Figure 1).

3 Favorable effects of DPP-4 inhibition
in common underlying pathology of
cardio-cerebrovascular diseases

DPP-4 inhibitors show anti-atherosclerotic effects by reducing
the number of monocytes, TNF-a-induced monocyte migration and
infiltration. Inhibition of DPP-4 suppresses foam cell formation, by
down-regulating protein kinase B (Akt)/AMPK-dependent NF-kB
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signaling, reducing the expression of scavenger receptors lectin-type
oxidized LDL receptor 1 (LOX-1) and fatty acid translocase (CD36)
on macrophages, suppressing Toll-like receptor 4 (TLR4) signaling,
and reducing the release of IL-1f in human macrophages by
decreasing protein kinase C activity (Liu H. et al., 2020). Soluble
DPP-4 induces proliferation of human vascular smooth muscle cells
(VSMCs) through the activation of extracellular signal-regulated
kinase (ERK) 1/2, the mitogen-activated protein kinase (MAPK)
signaling pathway. Additionally, soluble DPP-4 activates NF-«xB
IL-8,
MCP-1, and inducible nitric oxide synthase (iNOS) expression in
human VSMCs. Soluble DPP-4 might be an agonist for the protease-
activated receptor (PAR) family, highly expressed in epithelial and

resulting in elevated pro-inflammatory cytokines IL-6,

vascular/nonvascular smooth muscle cells. PAR2 silencing prevents
DPP-4-induced proliferation and inflammation (Wronkowitz et al.,
2014). DPP-4 inhibitors suppress smooth muscle cell proliferation,
migration and expression of the chemokines, such as monocyte
chemoattractant protein-1 (MCP-1) and VCAM-1, activate the Nrf-
2 signaling pathway and reduce the expression of pro-inflammatory
IL-6, TNF-a, C-reactive protein (CRP), MCP-1, ICAM-1, and
metalloproteinases (MMPs), increasing the levels of the anti-
inflammatory IL-10. Additionally, it reduces the concentrations
of MMP-2 and MMP-9 and MMP-9
expression in the plaque, while increasing collagen content that
stabilizes the plaque (Liu H. et al., 2020; Cao et al., 2021).
Plasminogen activator inhibitor-1 (PAI-1) is an important

in the circulation,

regulator of embolism, and its elevated level is one of the
DPP-4 inhibitors
downregulate PAI-1 levels in diabetic patients and animals,

biomarkers of thrombosis-related disorders.
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possibly by reducing PAI-1 synthesis in endothelial cells (Liu H.
et al., 2020). Insulin resistance is associated with hypercoagulability,
platelet hypersensitivity, endothelial dysfunction, and impaired
fibrinolysis, resulting in high thromboembolic risk. Type
2 diabetes and atrial fibrillation share common thrombotic
pathways. Diabetic hearts are characterized by high fibroblast
activity, associated with oxidative stress and inflammation,
aggravated by elevated CRP and TNF-q, leading to an increased
incidence of atrial fibrillation. Oxidative stress upregulates
transforming growth factor p (TGEF-P) resulting in the activation
of fibrotic signaling (Liu X. et al., 2020). In addition, the increased
production of AGEs also contributes to atrial fibrosis through the
upregulation of connective tissue growth factors (Leopoulou et al.,
2023). DPP-4 inhibition contributes to atrial remodeling and
improves mitochondrial function, thereby reducing the risk of
atrial fibrillation which predisposes to cerebrovascular events
(Chang et al.,, 2017; Nakai et al., 2022).

endothelial
atherosclerosis and the risk of developing thromboembolism
increases, DPP-4 inhibitors show beneficial effects there (Table 1;

Figure 1) by suppressing macrophage infiltration, the formation of

In short, when dysfunction progresses to

foam cells, and the proliferation of smooth muscle cells. DPP-4
inhibitors also have anti-fibrotic effects, reduce the risk of atrial
fibrillation, and consequently suppresses the disruption of
cerebrovascular homeostasis.

4 Clinical evidence on the effects of
DPP-4 inhibitors on cardio- and
cerebrovascular events, challenges and
considerations

In recent years, five clinical trials (EXAMINE, SAVOR-TIMI 53,
TECOS, CARMELINA and CAROLINA) have been conducted on
the effects of DPP-4 inhibitors (alogliptin, saxagliptin, sitagliptin,
and linagliptin, respectively) on major adverse cardiovascular events
(MACE) (cardiovascular death, non-fatal myocardial infarction, and
non-fatal stroke). Each of these trials was intended mainly to
demonstrate the cardiovascular safety of gliptins and showed that
DPP-4 inhibitors did not increase the risk of MACE. EXAMINE and
SAVOR-TIMI 53 trials demonstrated the cardiovascular safety of
alogliptin and saxagliptin in patients with type 2 diabetes and acute
coronary syndrome (Zannad et al., 2015; Scirica et al., 2013). Trial
TECOS confirmed the neutral effect of sitagliptin on MACE and
hospitalization for unstable angina (Cornel et al., 2016). The
cardiovascular safety of linagliptin was confirmed by two trials:
CARMELINA (McGuire et al., 2019) where linagliptin slowed down
the progression of albuminuria in patients with type 2 diabetes and
high cardiovascular and renal risk, and CAROLINA (Espeland et al.,
2021), where linagliptin and glimepiride efficacy and safety was
compared in patients with type 2 diabetes and shown that linagliptin
had significantly lower risk of hypoglycemia and falls or fractures
than glimepiride. We have to emphasize that in the SAVOR-TIMI
53 trial, saxagliptin use increased the risk of hospitalization for heart
failure (HF) by 27%, particularly in the first year and especially in
diabetic patients. This was not related to increased cardiovascular or
all-cause mortality. Other DPP-4 inhibitors did not increase the risk
of HF hospitalization. The duration of follow-up in the SAVOR-
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TIMI 53 trial may have been insufficient to fully assess the HF risk of
DPP-4 inhibition and further, the safety signal could be a chance
finding due to multiple testing. The heterogeneity of the comparator
drugs and their HF risks must be considered as differences in the
distribution of the use of non-study drugs (and their HF risks) may
explain some heterogeneity in the risk estimates. In summary, in
these trials, the patients were given a selected DPP-4 inhibitor or
placebo based on standard diabetic and cardiovascular therapy to
control the optimal level of glycemia, leading to small differences in
hemoglobin Alc (HbAlc) between the groups, which may weaken
the potential benefits of DPP-4 inhibitors via decreasing HbAlc
(Filion and Suissa, 2016; Cao et al., 2021; Chen et al., 2022). The
abovementioned cardiovascular outcome trials were primarily
designed to prove safety by showing noninferiority versus
placebo and not to demonstrate superiority of DPP-4 inhibitors.
The duration of these trials was rather short (2-3 years), so that the
difference in hyperglycemia exposure was probably too low to show
any difference in cardiovascular outcomes, especially in diabetic
patients with already advanced cardiovascular disorders (Scheen,
2018). Likewise, not all GLP-1 receptor agonists have demonstrated
clear and comparable cardiovascular benefits, which may vary in
association with the specific molecule and the current setting of
application, studies designed to assess non-inferiority to placebo in
terms of cardiovascular safety, and to assess superiority to placebo in
terms of efficacy, in the follow-up duration variable, ranging from
16 months to 8.6 years trials (Gaggini et al.,, 2025). Despite neutral
results of mentioned clinical trials, the effects of DPP-4 inhibitors
associated with vascular protection, through the improvement of
endothelial function, suppression of inflammation and oxidative
stress, regulation of glycemia, lipidemia, and blood pressure, anti-
atherosclerotic and anti-thromboembolic effects, mediated by GLP-
1, or many other substrates/ligands of this widely distributed
protease (catalytically active and with receptor-like function),
depending on many factors such as certain type of cell, tissue,
regional expression of cytokines, chemokines, other mediators,
signaling cascades and entity of disorders, have been evidenced
in human cell lines and subjects (Tables 1, 2). Therefore, we still
believe that DPP-4 inhibitors might contribute to the suppression of
the occurrence and progression of cardio-cerebrovascular disorders.
Further evaluation in long-term controlled trials and clinical
practice is still needed to strengthen support for pleiotropic
effects and potential broadened indications of DPP-4 inhibitors.
In the assessment of risks of cardiovascular diseases associated
with antidiabetic drugs in patients with type 2 diabetes, Ou et al.
found that DPP-4 inhibitor users had a significantly lower risk for
MACE, stroke, myocardial infarction, and HF than that of
meglitinides and insulin, but higher than that of metformin users
(Ou et al,, 2016). Despite their relatively high cost, DPP-4 inhibitors
are frequently prescribed as a third-line add-on therapy for patients
with type 2 diabetes who exhibit inadequate glycemic control on
combination treatment with metformin and sulfonylureas. A recent
real-world evidence suggests that DPP-4 inhibitors may offer more
significant therapeutic advantages even when used earlier in the
treatment algorithm. A large, nationwide cohort study involving
113,051 patients with diabetes demonstrated that the use of DPP-4
inhibitors as a second-line add-on to metformin was associated with
significantly lower risks of stroke, major adverse cardiovascular
events (MACEs), and all-cause mortality when compared to
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TABLE 2 Effects of DPP-4 inhibitors associated with vascular protection and mechanisms evidenced in human subjects.

Patients DPP-4 Function

inhibitor

Mechanism References

Patients with type Sitagliptin Important insights into therapeutic implications in | Decreased serum levels of CRP, serum and monocyte = Satoh-Asahara et al.
2 diabetes diabetic-related atherosclerotic diseases TNF-q, increased expression of IL-10 in peripheral (2013)
blood monocytes, and serum
Sitagliptin Potential favorable cardiovascular implications Increased plasma concentrations of SDF-1a, and Fadini et al. (2010)
circulating endothelial progenitor cells, decrease of
MCP-1
Obese patients with Sitagliptin Potential contribution of potent and rapid anti- Decreased expression of TNF-a, TLR-4, TLR-2, and Makdissi et al.
type 2 diabetes inflammatory effect to the inhibition of NF-kB DNA binding in mononuclear cells, fall of (2012)
atherosclerosis plasma concentrations of CRP, IL-6, and free fatty
acids
Diabetic hypertensive | Vildagliptin Efficient and safe treatment option against diabetes | Reduced blood pressure, lower total cholesterol, El-Naggar et al.
patients mellitus comorbid with hypertension triglycerides, and LDL, elevated HDL and serum (2019)
VEGEF levels
Patients with diabetes = Teneligliptin Anti-atherothrombotic effect in the prevention of | Significantly reduced plasma levels of PDMPs, PAI-1, = Okuda et al. (2016)
on hemodialysis cardiovascular disease in patients with diabetes on = and sVCAM-1
hemodialysis
Patients with type Linagliptin Improvement of endothelial and neurovascular An increase in axon reflex-dependent vasodilation, Baltzis et al. (2016)

2 diabetes microvascular function

decrease in concentrations of IFN-y, IL-6, IL-12, and
MIP-1a

CRP, C-reactive protein; FFAs, free fatty acids; HDL, high-density lipoprotein; IFN-y, interferon gammaj; IL, interleukin; LDL, low-density lipoprotein; MCP-1, monocyte chemoattractant
protein-1; MIP-1a, macrophage inflammatory protein-1a; NF-kB, nuclear factor-kB; PAI-1, plasminogen activator inhibitor-1; PDMPs, platelet-derived microparticles; SDF-1a, stromal cell-
derived factor-1a; TLR4, Toll-like receptor 4; TNF-a, tumor necrosis factor-a; VCAM-1, vascular cell adhesion molecule-1; VEGF, vascular endothelial growth factor.

sulfonylurea-based regimens. Furthermore, when used as a third-
line agent in combination with both metformin and sulfonylurea,
DPP-4 inhibitors continued to show superior outcomes. Specifically,
they were associated with a significantly reduced risk of stroke and
all-cause mortality in comparison to acarbose, and showed even
greater benefit over meglitinides, with reduced risks of stroke, heart
failure (HF), and all-cause mortality. These findings suggest that
DPP-4 inhibitors, whether employed as second- or third-line
therapy, confer meaningful cardiovascular protection and
contribute to a reduction in overall mortality. Importantly, they
do so without increasing the risk of heart failure or hypoglycemia,
which are notable concerns with some other antidiabetic drug
classes such as acarbose, meglitinides, and thiazolidinediones (Ou
et al,, 2017). From a clinical perspective, this is particularly relevant
given that a substantial proportion of patients with type 2 diabetes
(especially those with advanced cardiovascular disease) also
experience varying degrees of renal impairment. In such patients,
the therapeutic landscape becomes more limited, as many
hypoglycemic agents, including metformin and sodium-glucose
cotransporter 2 (SGLT-2) inhibitors, may be contraindicated due
to safety concerns. In contrast, DPP-4 inhibitors have been shown to
be safe and well-tolerated even in the presence of compromised renal
function, making them a valuable option for these high-risk patients
(Scheen, 2018). Renal function should be assessed before initiating
therapy with either GLP-1 receptor agonists or SGLT-2 inhibitors.
Use of the GLP-1 receptor agonist exenatide has been associated
with cases of acute renal insufficiency or worsening of chronic renal
failure. Generally, use of SGLT-2 inhibitors in patients with low
glomerular filtration rate is not recommended or contraindicated,
depending on the particular agent. SGLT-2 inhibitors might be less
efficacious and the risk of adverse effects such as diabetic

ketoacidosis increased (Gurgle et al, 2016). For SGLT-2
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inhibitors the dose adjustment recommendations should be
referred to per the kidney functions, specific to the agent within
the class, as well closely monitor for genital mycotic infections and
volume depletion (Brown et al., 2021). Sitagliptin as a second-line
oral hypoglycemic agent was associated with a lower risk of new-
onset atrial fibrillation in patients with diabetes compared with other
drugs as second hypoglycemic agents including sulfonylureas, a-
glucosidase inhibitors, meglitinides, and thiazolidinediones (Chang
etal., 2017). Sitagliptin was also shown to be associated with a lower
risk of coronary heart disease and ischemic stroke in diabetic
patients (Yang et al, 2016). Linagliptin was shown to be
protective for both macro- and microvascular complications of
diabetes in preclinical and clinical models. Namely, linagliptin
treatment for 3 months improved endothelial function relative to
voglibose, accompanied by amelioration of glycemic, renal, and
cardiometabolic parameters, in patients with newly diagnosed
type 2 diabetes and coronary artery disease (Aroor et al., 2018;
Koyama et al., 2018). Some nationwide cohort studies in Taiwan
have shown that DPP-4 inhibitors can reduce the incidence of new-
onset atrial fibrillation in elderly patients (Chen et al., 2017). Among
patients aged 65 years or older with type 2 diabetes, DPP-4 inhibitors
were associated with a lower mortality rate, fewer MACE, and no
increase in HF or hypoglycemia, which supports the concept that
elderly individuals benefit from DPP-4 inhibitors (Shih et al., 2016).
For GLP-1 receptor agonists, treatment deintensification of these

agents, particularly in  older and frail individuals
(approximately >65 years), is recommended to avoid
hypoglycaemia and hypovolaemia. Moreover, retinopathy

screening should be done before initiation (for semaglutide only)
(Brown et al., 2021).

Enzan et al. found that DPP-4 inhibitors use was associated with
better long-term outcomes and a lower incidence of cardiovascular
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death or HF hospitalization in patients with heart failure with
preserved ejection fraction, but not in patients with heart failure
with mildly reduced or reduced ejection fraction, and diabetes
(Enzan et al, 2023). In another randomized placebo-controlled
trial in patients with type 2 diabetes and HF by McMurray et al.,
vildagliptin had no major effect on left ventricular ejection fraction
but did lead to an increase in left ventricular volumes (McMurray
et al., 2018). However, there was no other indication of worsening
heart failure status, so more evidence is needed regarding the safety
of DPP-4 inhibitors in patients with established heart failure and left
ventricular systolic dysfunction. The role of GLP-1 receptor agonists
among patients with HF also remains unclear, and their effects may
differ in patients with and without established HF, particularly those
with decompensated heart failure with reduced ejection fraction
(Nassif and Kosiborod, 2019). Subcutaneous and long acting GLP-1
receptor agonists show cardioprotection, but evidence is
inconclusive for short-acting and oral long-acting medications
(Davies et al., 2022). Clinical evidence continues to underscore
the potential of DPP-4 inhibitors in mitigating cerebrovascular
risk among patients with type 2 diabetes. A case-control study
conducted by Lai et al. (2017) demonstrated that sustained use of
a DPP-4 inhibitor for more than 1 year was significantly associated
with a reduced risk of ischemic cerebrovascular disease. Notably, the
authors emphasized that the protective effect of DPP-4 inhibitors
becomes particularly evident when the duration of use reaches or
exceeds 1 year. This finding suggests that future clinical trials should
be specifically designed to evaluate the long-term cerebrovascular
benefits of DPP-4 inhibitors, rather than focusing solely on short-
term glycemic outcomes.

In addition to their cerebrovascular effects, DPP-4 inhibitors
have a well-established role in glycemic management. They are
(HbAlc) levels by
approximately 0.5%-1%. Importantly, with continued use over a

capable of reducing hemoglobin Alc

year or longer, there is evidence of a gradual and sustained reduction
in HbAlc levels, contributing to improved long-term glycemic
control. This progressive improvement is not only beneficial for
metabolic stability but also appears to further lower the risk of
ischemic cerebrovascular complications, as shown in studies such as
that by Cheng et al. (2020). However, the interpretation of HbAlc
trends should be made cautiously. As highlighted by Pei et al. (2023),
the observed association between HbAlc variability and adverse
cardiovascular or cerebrovascular events may not solely reflect the
impact of glycemic fluctuations themselves. Rather, this variability
may signal underlying differences in patients’ baseline
characteristics, such as comorbidities, treatment adherence, or
disease severity, which could confound the relationship between
glycemic control and vascular outcomes.

Davies et al. concluded that DPP-4 inhibitors are more widely
used than SGLT2 inhibitors or GLP-1 receptor agonists, despite the
lack of evidence that DPP-4 inhibitors improve cardiorenal
outcomes in patients with type 2 diabetes. (Davies et al., 2022).
The relative benefits of these drugs in different populations remain
undefined. The meta-analysis showed that both GLP-1 receptor
agonists and SGLT-2 inhibitors reduce the risk of myocardial
infarction and cardiovascular death in patients with known
established atherosclerotic cardiovascular disease, whereas neither
reduces the risk of MACE in patients with only multiple risk factors.

Only GLP-1 receptor agonists reduce the risk of stroke, while SGLT-
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2 inhibitors reduce the relative risk of hospitalization for heart
failure. The reduction in MACE may require more time to become
evident in patients with lower risk (Brown et al., 2021; Gaggini et al.,
2025; Zelniker et al., 2019).

Cardiovascular disease remains the prognosis-limiting factor,
and the main source of comorbidity and mortality in type 1 diabetes.
To date, no cardiovascular outcome trials have been published for
type 1 diabetes as an adjuvant to standard insulin therapy. Some
scientific arguments have been proposed for the positive effects of
the agents typically used in type 2 diabetes treatments when applied
in type 1 diabetes, in modifying cardiovascular risk factors as well. In
vitro, human, and animal studies have suggested that DPP-4
inhibitors improve B-cell function, reduce postprandial glucagon
secretion and attenuate autoimmunity in type 1 diabetes. SGLT-2
inhibitors also showed promising results in persons with type
1 diabetes, but with a risk of diabetic ketoacidosis. GLP-1
receptor agonists directly target p-cells to improve their function
and also protect them from immune-mediated inflammatory stress.
Referring to the high and growing prevalence of metabolic
syndrome, and cardiovascular comorbidity in type 1 diabetes,
these agents should be more extensively considered as being
potentially disease-modifying drugs in the future and should be
investigated for hard cardiovascular endpoints (Aberer et al., 2022;
von Scholten et al., 2021).

Taken together, the growing body of evidence supports the
hypothesis that DPP-4 inhibitors may offer potential benefits for
the prevention and management of impaired cardio-cerebrovascular
homeostasis. Their potential long-term benefits, particularly in
further
exploration through well-structured, long-duration clinical trials.

reducing ischemic cerebrovascular events, merit

5 Conclusion

Diabetes mellitus plays a significant role in the interplay of
cardio-cerebrovascular comorbidity, increasing the incidence and
contributing to a poorer prognosis. Among the available glucose-
lowering agents, dipeptidyl peptidase-4 (DPP-4) inhibitors have
demonstrated certain advantages. These advantages are associated
with a reduced occurrence and progression of cardiovascular
disorders through various mechanisms. Furthermore, these agents
have been found to be effective and safe when used in patients with
impaired renal function. Additionally, they have been shown to be
beneficial for individuals aged 65 years and older. The relatively brief
clinical cardiovascular outcome trials (CVOTSs) for DPP-4 inhibitors
have been primarily designed to demonstrate safety, i.e., non-
inferiority to placebo, rather than to establish clinical superiority.
These trials have largely yielded neutral results, with limited
differences in cumulative hyperglycemia exposure. These factors
may have prevented the detection of cardiovascular superiority
(Scheen, 2018). Conversely, a mounting body of experimental
evidence from human cell lines and clinical trials indicates that
DPP-4 inhibitors may confer vascular protection, enhance
endothelial function, and suppress inflammation and oxidative
stress. These findings suggest a potential for DPP-4 inhibitors to
regulate glycemia, lipidemia, and blood pressure, along with anti-
properties.  The
hypothesis suggests that these inhibitors may contribute to the

atherosclerotic and  anti-thromboembolic
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prevention and attenuation of impaired cardio-cerebrovascular
homeostasis. In order to provide comprehensive validation of
their pleiotropic effects and to support a broader range of clinical
indications, further long-term controlled studies and real-world
clinical evaluations are necessary. The results of these additional
studies are eagerly awaited.
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