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DESCRIPTION
Endothelial dysfunction has emerged as a central factor in the 
pathogenesis and progression of vascular disorders, including 
atherosclerosis, hypertension, chronic venous insufficiency and 
peripheral artery disease. The endothelium is a thin monolayer 
of cells lining the interior of blood vessels, serving as a dynamic 
interface between circulating blood and the vascular wall. It 
regulates vascular tone, blood flow, coagulation, inflammation 
and vessel permeability. Under normal physiological conditions, 
the endothelium maintains a delicate balance of vasodilatory 
and vasoconstrictive factors, ensures anti-thrombotic properties 
and modulates immune responses. Disruption of these 
regulatory mechanisms, known as endothelial dysfunction, 
contributes significantly to vascular disease development and 
progression.

Endothelial dysfunction can result from a variety of risk factors 
including hypertension, diabetes mellitus, hyperlipidemia, 
smoking, obesity and chronic inflammation. These factors 
induce oxidative stress, characterized by excessive production of 
reactive oxygen species, which impairs nitric oxide bioavailability. 
Nitric oxide is a critical molecule responsible for vasodilation, 
inhibition of platelet aggregation and suppression of vascular 
smooth muscle proliferation. Reduced nitric oxide levels lead to 
impaired vasodilation, increased vascular tone and a pro-
inflammatory state. Additionally, endothelial cells under stress 
express adhesion molecules such as promote leukocyte adhesion 
and migration into the vessel wall, initiating or accelerating 
vascular injury.

In the context of atherosclerosis, endothelial dysfunction is 
considered an early and pivotal event. It facilitates the infiltration 
of Low-Density Lipoproteins (LDL) into the subendothelial 
space, promoting oxidative modification and formation of foam 
cells. The resulting inflammatory cascade stimulates smooth 
muscle cell proliferation and extracellular matrix deposition, 
leading to plaque formation and arterial wall thickening. 
Clinically, this process manifests as coronary artery disease, 
cerebrovascular disease and peripheral artery disease. Studies 
have shown that the degree of endothelial dysfunction correlates 
with the severity and progression of atherosclerotic lesions, 
highlighting its prognostic significance.

Chronic venous disorders, including chronic venous
insufficiency and varicose veins, are also influenced by
endothelial dysfunction. Elevated venous pressure and turbulent
blood flow in the lower extremities cause mechanical stress on
the venous endothelium, triggering an inflammatory response
and increased expression of adhesion molecules. This promotes
leukocyte infiltration, vein wall remodeling and valve
degeneration, contributing to venous reflux and disease
progression. Endothelial dysfunction in the venous system is
associated with increased permeability, leading to edema, skin
changes and ulcer formation in advanced disease.

Endothelial dysfunction is not limited to structural changes in
the vascular wall but also affects hemostatic balance.
Dysfunctional endothelial cells exhibit a pro-thrombotic
phenotype, with increased expression of tissue factor and
reduced production of anticoagulant factors such as
thrombomodulin. This imbalance promotes platelet aggregation,
fibrin deposition and thrombus formation, increasing the risk of
venous thromboembolism and arterial thrombosis. Furthermore,
impaired endothelial repair mechanisms reduce the ability to
restore vascular integrity after injury, perpetuating chronic
vascular damage.

The assessment of endothelial function has become an
important component of cardiovascular risk evaluation. Non-
invasive techniques such as flow-mediated dilation using
ultrasonography, pulse wave analysis and peripheral arterial
tonometry allow indirect measurement of endothelial health.
Biomarkers including asymmetric dimethylarginine, circulating
endothelial cells and inflammatory cytokines also provide
insights into endothelial status and vascular risk. Early detection
of endothelial dysfunction enables timely intervention to
prevent progression of vascular disorders and improve patient
outcomes.

Management of vascular disorders increasingly targets
endothelial dysfunction as a therapeutic strategy. Lifestyle
modifications including regular exercise, weight management,
smoking cessation and dietary optimization have been shown to
improve endothelial function. Pharmacologic interventions such
as statins, angiotensin-converting enzyme inhibitors, angiotensin
receptor blockers and antidiabetic agents enhance nitric oxide
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By impairing vascular tone, promoting inflammation, increasing
thrombogenicity and reducing repair capacity, endothelial
dysfunction contributes to both arterial and venous disease
pathogenesis. Advances in understanding the mechanisms
underlying endothelial impairment have facilitated the
development of diagnostic tools and therapeutic strategies aimed
at restoring endothelial function. Early recognition and targeted
intervention can slow disease progression, reduce complications
and improve cardiovascular outcomes, emphasizing the critical
importance of endothelial health in vascular medicine.
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bioavailability and reduce oxidative stress. Novel therapies 
focusing on endothelial repair, such as stem cell therapy and 
endothelial progenitor cell mobilization, are under investigation 
and hold promise for restoring vascular health. Anti-
inflammatory agents and antioxidants may also mitigate 
endothelial injury and slow disease progression.

CONCLUSION
In conclusion, endothelial dysfunction plays a central role in the 
initiation and progression of a wide range of vascular disorders.
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