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Abstract 
_______________________________________________________________________________________________________________ 
Endothelial dysfunction is a significant complication in patients with both sickle cell disease (SCD) 
and human immunodeficiency virus (HIV) infection, contributing to increased morbidity and 
mortality. In SCD, chronic hemolysis leads to elevated levels of free hemoglobin and reactive 
oxygen species, resulting in decreased nitric oxide (NO) availability and impaired endothelial 
function. Concurrently, HIV infection is characterized by persistent immune activation and 
inflammation, further exacerbating endothelial injury. The interplay between these two conditions 
creates a synergistic effect that heightens the risk of thrombotic events, cardiovascular disease, 
and organ damage. This review aims to elucidate the molecular mechanisms underlying 
endothelial dysfunction in SCD-HIV co-infected patients, focusing on the roles of oxidative stress, 
inflammatory cytokines, and the upregulation of endothelial adhesion molecules. We also examine 
the contributions of dysregulated coagulation pathways to the vascular complications observed in 
this population. Understanding these mechanisms is crucial for developing effective therapeutic 
strategies to mitigate endothelial dysfunction and improve patient outcomes. 
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Introduction 

Endothelial dysfunction is a critical factor contributing 
to the vascular complications observed in various 
diseases, including sickle cell disease (SCD) and human 
immunodeficiency virus (HIV) infection. The 
endothelium, a monolayer of cells lining blood vessels, 
plays a vital role in maintaining vascular homeostasis 
through the regulation of blood flow, vascular tone, and 
the prevention of thrombosis. In patients with SCD, the 
chronic hemolysis of red blood cells and the resulting 
oxidative stress lead to significant alterations in 
endothelial function. Simultaneously, HIV infection 
induces a state of systemic inflammation and immune 
activation that further compromises endothelial 
integrity. The coexistence of these two conditions 
creates a unique pathological environment that 
increases the risk of severe vascular complications.1-3 

SCD is a genetic disorder characterized by the 
production of abnormal hemoglobin (HbS), which 
causes red blood cells to assume a sickle shape under 
low oxygen conditions. These sickle-shaped cells are 
rigid and prone to causing vaso-occlusive crises, leading 
to ischemia and organ damage. The chronic hemolysis 
associated with SCD releases free hemoglobin into the 

circulation, which can scavenge nitric oxide (NO), a 
crucial vasodilator. This depletion of NO contributes to 
endothelial dysfunction and vascular inflammation, 
which are hallmarks of SCD.4-5  HIV infection also has 
profound effects on endothelial function. The virus itself 
can directly infect endothelial cells, leading to cellular 
dysfunction. Moreover, HIV infection induces persistent 
immune activation characterized by elevated levels of 
pro-inflammatory cytokines, such as tumor necrosis 
factor-alpha (TNF-α) and interleukin-6 (IL-6). These 
cytokines promote endothelial activation, increase 
permeability, and contribute to a pro-thrombotic state. 
As a result, HIV-infected individuals face an increased 
risk of cardiovascular disease and thrombotic events, 
further complicating the management of their overall 
health.6-7 

The combination of SCD and HIV infection exacerbates 
endothelial dysfunction, leading to an increased 
incidence of thrombotic complications, including stroke 
and acute chest syndrome. Studies have demonstrated 
that individuals with both SCD and HIV have a higher 
prevalence of endothelial injury markers and a greater 
degree of vascular inflammation compared to those 
with either condition alone. This synergistic effect 
underscores the importance of understanding the 
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molecular mechanisms involved in endothelial 
dysfunction in this patient population.8-9 The interplay 
between oxidative stress, inflammation, and endothelial 
activation is central to the pathophysiology of 
endothelial dysfunction in SCD-HIV co-infected 
individuals. In SCD, the hemolytic process generates 
excessive reactive oxygen species (ROS) that damage 
endothelial cells and impair their function. Additionally, 
the inflammatory milieu created by HIV infection 
further exacerbates oxidative stress and endothelial 
injury. Together, these factors create a vicious cycle that 
perpetuates vascular dysfunction and increases the risk 
of complications.10-11 Given the significant implications 
of endothelial dysfunction in SCD-HIV co-infection, it is 
crucial to explore potential therapeutic strategies that 
target this aspect of disease management. Hydroxyurea, 
a cornerstone treatment for SCD, has been shown to 
improve endothelial function by increasing fetal 
hemoglobin levels, reducing hemolysis, and decreasing 
inflammation. Antiretroviral therapy (ART) for HIV 
infection also plays a critical role in reducing systemic 
inflammation and improving overall vascular health. 
Emerging therapies, such as L-arginine supplementation 
and antioxidant treatments, offer promising avenues for 
improving endothelial function and mitigating vascular 
complications in this patient population.12-13 This review 
aims to provide an in-depth analysis of the 
pathophysiological mechanisms driving endothelial 
dysfunction in SCD-HIV co-infected individuals. By 
understanding these interactions, clinicians and 
researchers can develop targeted strategies to mitigate 
vascular complications and improve patient outcomes. 

Molecular Mechanisms of Endothelial 
Dysfunction in SCD-HIV Co-Infection 

Endothelial dysfunction in patients co-infected with 
sickle cell disease (SCD) and human immunodeficiency 
virus (HIV) arises from a complex interplay of molecular 
mechanisms that disrupt normal vascular 
homeostasis.14  

1. Oxidative Stress and Nitric Oxide Depletion 

In SCD, the hemolysis of red blood cells leads to the 
release of free hemoglobin (Hb) into the bloodstream. 
Free Hb can scavenge nitric oxide (NO), a crucial 
vasodilator produced by endothelial cells that regulates 
vascular tone and promotes blood flow. The depletion of 
NO results in impaired vasodilation and contributes to 
increased vascular resistance. Additionally, the release 
of hemoglobin promotes the formation of reactive 
oxygen species (ROS), further exacerbating oxidative 
stress. ROS can damage endothelial cells by causing lipid 
peroxidation, protein oxidation, and DNA damage, 
leading to cellular dysfunction and apoptosis.15-17 

2. Inflammatory Cytokine Profiles 

HIV infection induces a state of chronic immune 
activation characterized by elevated levels of pro-
inflammatory cytokines, such as tumor necrosis factor-
alpha (TNF-α), interleukin-6 (IL-6), and C-reactive 
protein (CRP). These cytokines play a pivotal role in the 
pathogenesis of endothelial dysfunction. TNF-α, for 
instance, can promote endothelial cell activation, 

leading to increased expression of adhesion molecules 
such as intercellular adhesion molecule-1 (ICAM-1) and 
vascular cell adhesion molecule-1 (VCAM-1). This 
upregulation enhances the recruitment of inflammatory 
cells to the endothelium, perpetuating the inflammatory 
cycle and contributing to vascular damage.18-20 

3. Impaired Endothelial Repair Mechanisms 

Endothelial progenitor cells (EPCs) are crucial for 
maintaining endothelial health and repairing injured 
blood vessels. In patients with SCD and HIV, the 
availability and functionality of EPCs may be 
compromised. Studies have shown that both SCD and 
HIV infection can lead to reduced circulating levels of 
EPCs and impaired endothelial regeneration. The 
combination of oxidative stress and chronic 
inflammation can hinder EPC mobilization and function, 
resulting in diminished repair capacity and 
exacerbation of endothelial dysfunction.21-22 

4. Coagulation and Thrombotic Risk 

Endothelial dysfunction is closely linked to alterations 
in coagulation pathways. In SCD-HIV co-infected 
patients, the inflammatory environment promotes the 
activation of the coagulation cascade, leading to a pro-
thrombotic state. Increased levels of tissue factor (TF) 
and von Willebrand factor (vWF) can result in 
heightened platelet activation and aggregation, further 
increasing the risk of thrombotic events. The interplay 
between inflammation and coagulation creates a 
feedback loop that amplifies endothelial injury and 
compromises vascular integrity.23-25 

5. Interactions with the Gut Microbiome 

Emerging evidence suggests that the gut microbiome 
may play a role in modulating endothelial function in 
SCD-HIV co-infected individuals. Dysbiosis, or an 
imbalance in the gut microbiota, can contribute to 
systemic inflammation and endothelial dysfunction. The 
production of metabolites such as short-chain fatty 
acids (SCFAs) by beneficial gut bacteria has been shown 
to exert protective effects on endothelial cells. 
Conversely, the presence of pathogenic bacteria may 
exacerbate inflammation and oxidative stress, further 
compromising endothelial health.26-28 

6. Genetic and Epigenetic Factors 

Genetic predispositions and epigenetic modifications 
also contribute to endothelial dysfunction in SCD-HIV 
co-infection. Genetic variations in genes related to 
inflammation, oxidative stress response, and 
coagulation may influence individual susceptibility to 
vascular complications. Additionally, epigenetic 
changes, such as DNA methylation and histone 
modifications, can alter gene expression patterns 
involved in endothelial function.29-30 

Potential Therapeutic Approaches 

Addressing endothelial dysfunction in patients co-
infected with sickle cell disease (SCD) and human 
immunodeficiency virus (HIV) is crucial for improving 
their overall health and reducing the risk of 
cardiovascular complications. A multifaceted approach 
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that combines pharmacological interventions, lifestyle 
modifications, and supportive therapies may help 
restore endothelial function and mitigate the adverse 
effects of both conditions.31-32 

1. Hydroxyurea Therapy 

Hydroxyurea is a cornerstone treatment for SCD that 
has shown promise in improving endothelial function. It 
acts by increasing fetal hemoglobin levels, reducing 
hemolysis, and lowering inflammation. By decreasing 
the release of free hemoglobin into the circulation, 
hydroxyurea helps preserve nitric oxide availability, 
thus promoting vasodilation and improving blood flow. 
Additionally, hydroxyurea has been associated with 
reduced levels of inflammatory markers, contributing to 
a more favorable vascular environment. Given its dual 
benefits in managing SCD and its potential to improve 
endothelial function, hydroxyurea should be considered 
a key component of the therapeutic regimen for SCD-
HIV co-infected patients.33-36 

2. Antiretroviral Therapy (ART) 

Effective ART is essential for managing HIV infection 
and reducing associated immune activation and 
inflammation. By controlling viral replication and 
restoring immune function, ART can significantly 
decrease the levels of pro-inflammatory cytokines that 
contribute to endothelial dysfunction. Studies have 
demonstrated that certain ART regimens can improve 
endothelial health by reducing inflammation and 
oxidative stress. Incorporating ART into the treatment 
plan for patients with SCD and HIV can help mitigate the 
vascular complications associated with both 
conditions.37-39 

3. Antioxidant Supplementation 

Antioxidants play a crucial role in neutralizing reactive 
oxygen species (ROS) and mitigating oxidative stress. 
Supplementation with antioxidants, such as vitamins C 
and E, N-acetylcysteine, and coenzyme Q10, may help 
improve endothelial function in SCD-HIV co-infected 
patients. These antioxidants can enhance the 
bioavailability of nitric oxide and protect endothelial 
cells from oxidative damage. Clinical studies evaluating 
the efficacy of antioxidant supplementation in this 
population are warranted to determine optimal dosing 
and long-term benefits.40-42 

4. Anti-inflammatory Agents 

Given the role of chronic inflammation in endothelial 
dysfunction, the use of anti-inflammatory agents may 
offer therapeutic benefits. Non-steroidal anti-
inflammatory drugs (NSAIDs) and corticosteroids can 
help reduce inflammation and improve vascular health. 
Additionally, novel anti-inflammatory therapies 
targeting specific cytokines, such as TNF-α inhibitors, 
may provide more precise interventions to alleviate 
endothelial dysfunction. Ongoing research is needed to 
assess the safety and efficacy of these agents in SCD-HIV 
co-infected patients.43-45 

 

 

5. Lifestyle Modifications 

Lifestyle interventions can complement 
pharmacological treatments and improve overall 
vascular health. Encouraging patients to adopt a heart-
healthy diet rich in fruits, vegetables, whole grains, and 
omega-3 fatty acids can help reduce inflammation and 
oxidative stress. Regular physical activity has also been 
shown to enhance endothelial function and improve 
cardiovascular health. Implementing smoking cessation 
programs is essential, as smoking exacerbates 
endothelial dysfunction and increases cardiovascular 
risk. Education on stress management techniques, such 
as mindfulness and relaxation exercises, can further 
support overall well-being.46 

6. Novel Pharmacological Agents 

Emerging therapeutic strategies targeting specific 
pathways involved in endothelial dysfunction hold 
promise for the future. For instance, medications that 
enhance nitric oxide signaling, such as soluble guanylate 
cyclase stimulators, may help restore endothelial 
function in SCD-HIV co-infected patients. Other agents 
that target inflammation and coagulation pathways, 
such as direct oral anticoagulants or thrombin 
inhibitors, could also be beneficial in reducing 
thrombotic risk. Continued research into these novel 
agents is crucial for identifying effective treatment 
options for this patient population.47 

7. Multidisciplinary Care Approach 

A multidisciplinary care approach that involves 
collaboration among hematologists, infectious disease 
specialists, cardiologists, and nutritionists can provide 
comprehensive management for patients with SCD and 
HIV. Regular monitoring of endothelial function, 
cardiovascular health, and overall disease management 
is essential for optimizing treatment outcomes. By 
addressing the complex interactions between SCD and 
HIV, a coordinated care plan can enhance the quality of 
life and reduce the risk of complications in affected 
patients.48 

Conclusion 

Endothelial dysfunction in SCD-HIV co-infected 
individuals is driven by a complex interplay of oxidative 
stress, inflammation, adhesion molecule upregulation, 
and hypercoagulability. The synergistic effects of 
chronic hemolysis, HIV-induced immune activation, and 
dysregulated coagulation pathways create a heightened 
risk of vascular complications, including thrombotic 
events, vaso-occlusion, and organ damage. While 
hydroxyurea and ART remain cornerstone therapies, 
emerging treatments targeting NO bioavailability, 
oxidative stress, and endothelial activation hold 
promise for improving vascular health in this 
population. Further research is needed to develop 
tailored therapeutic strategies to mitigate endothelial 
dysfunction and improve clinical outcomes in SCD-HIV 
patients. 
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