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Abstract

Anemia, a prevalent hematological condition characterized by decreased red blood cell count or hemoglobin levels, has 
emerged as a significant risk factor for cerebrovascular accidents (CVAs) and commonly known as strokes. This review explores 
the intricate connection between anemia and the occurrence of CVAs, elucidating the underlying mechanisms and clinical 
implications. Anemia contributes to stroke risk through multiple pathways, including impaired oxygen delivery to the brain, 
alterations in cerebral hemodynamics, and disruption of neurovascular homeostasis. Furthermore, iron deficiency anemia’s 
predominant etiology-not only exacerbates hypoxia but also compromises neuronal integrity, predisposing individuals to 
ischemic and hemorrhagic stroke events. The hemodynamic consequences of anemia, including cerebral hypo-perfusion and 
increased thromboembolic risk, underscore its role as a silent culprit in stroke pathogenesis. Anemia-induced alterations in 
blood viscosity, endothelial dysfunction, and compensatory vasodilation contribute to the vulnerability of cerebral vasculature 
to ischemic insults. Moreover, iron deficiency exacerbates neurocognitive impairment and promotes neuro degeneration, 
exacerbating the risk of vascular cognitive decline and hemorrhagic stroke. Routine screening for anemia, particularly in high-
risk populations, coupled with targeted interventions aimed at correcting underlying etiologies and optimizing hemoglobin 
levels, is essential for mitigating stroke risk and improving clinical outcomes.
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Introduction

Cerebrovascular accidents (CVAs), commonly referred 
to as strokes, constitute a significant global health burden, 
accounting for substantial morbidity and mortality worldwide 
[1]. While traditional risk factors such as hypertension, 
diabetes mellitus, and dyslipidemia have long been recognized 

as primary contributors to stroke occurrence, emerging 
evidence has unveiled an often-overlooked player in stroke 
pathogenesis: anemia. Anemia, characterized by a deficiency 
in red blood cell count or hemoglobin concentration, has 
garnered increasing attention for its potential role as 
a predisposing factor for cerebrovascular events [2-4]. 
Anemia represents a multifaceted hematological disorder 
with diverse etiologies, including nutritional deficiencies, 
chronic diseases, and inherited or acquired hematological 
conditions. Despite its prevalence and clinical significance, 
anemia often remains underdiagnosed or undertreated, 
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particularly in vulnerable populations such as the elderly, 
individuals with chronic medical conditions, and women 
of reproductive age. The consequences of anemia extend 
far beyond its hematological manifestations, encompassing 
systemic effects on various organ systems, including the 
cardiovascular and central nervous systems. As such, 
understanding the impact of anemia on cerebrovascular 
health is paramount for comprehensive stroke prevention 
and management strategies [5-8].

Central to the pathophysiology of anemia-related 
cerebrovascular events is the disruption of oxygen delivery 
to the brain, a critical determinant of cerebral tissue viability 
and function [9]. Decreased hemoglobin levels compromise 
the blood’s oxygen-carrying capacity, leading to tissue 
hypoxia and metabolic derangements within the cerebral 
microenvironment. The brain, with its high metabolic 
demands and susceptibility to ischemic insults, is particularly 
vulnerable to the consequences of impaired oxygenation. 
Furthermore, anemia-induced alterations in cerebral 
hemodynamics, including compensatory vasodilation and 
dysregulated blood flow auto-regulation, contribute to the 
pathogenesis of ischemic stroke by exacerbating cerebral 
hypoperfusion and promoting thromboembolic events. Iron 
deficiency, the most common cause of anemia worldwide, 
assumes a pivotal role in the context of cerebrovascular 
health. Beyond its canonical function in erythropoiesis, iron 
plays a crucial role in various neurophysiological processes, 
including neurotransmitter synthesis, myelination, and 
oxidative metabolism. Consequently, iron deficiency 
anemia (IDA) not only compromises oxygen delivery to the 
brain but also disrupts neuronal integrity and function, 
predisposing individuals to cognitive impairment and 
neurodegenerative diseases. Moreover, iron deficiency 
exacerbates the risk of hemorrhagic stroke by promoting 
vascular fragility and impairing coagulation pathways, 
further underscoring the significance of addressing iron 
status in stroke prevention and management [10-13]. The 
complex relationship between anemia and stroke extends 
beyond mere hematological abnormalities, encompassing 
systemic inflammatory responses, endothelial dysfunction, 
and neurovascular remodeling. Chronic inflammation, a 
common feature of many anemia etiologies, contributes to 
endothelial dysfunction and a prothrombotic milieu, thereby 
augmenting the risk of cerebrovascular events. Additionally, 
anemia-induced alterations in neurovascular coupling 
and cerebral autoregulation predispose individuals to 
hemodynamic instability and exacerbate the consequences 
of cerebral ischemia [13-16].

Anemia: A Silent Culprit

Anemia, often referred to as a silent culprit, is a prevalent 
hematological condition characterized by a deficiency in the 

number of red blood cells or the concentration of hemoglobin 
in the blood. Despite its pervasive nature, anemia frequently 
goes unnoticed or is dismissed as a benign condition, 
overshadowed by more overt health concerns. However, 
beneath its seemingly innocuous facade lies a significant risk 
factor for a myriad of adverse health outcomes, including 
cerebrovascular accidents (CVAs), commonly known as 
strokes. The insidious nature of anemia lies in its ability to 
quietly undermine the body’s physiological equilibrium, 
compromising vital organ function and predisposing 
individuals to potentially life-threatening events [17-19]. 
Central to the pathophysiology of anemia is its impact on 
oxygen delivery to tissues, a fundamental process essential 
for cellular metabolism and energy production. Hemoglobin, 
the oxygen-carrying protein within red blood cells, plays a 
pivotal role in facilitating oxygen transport from the lungs 
to peripheral tissues. In the context of anemia, diminished 
hemoglobin levels impair the blood’s capacity to deliver 
oxygen effectively, leading to tissue hypoxia and metabolic 
dysfunction. The brain, with its high metabolic demands and 
exquisite sensitivity to oxygen deprivation, is particularly 
susceptible to the deleterious effects of anemia-induced 
hypoxia. Prolonged hypoxic exposure predisposes cerebral 
tissue to ischemic injury, laying the groundwork for the 
development of ischemic strokes, the most common subtype 
of CVA [20-23]. Beyond its direct effects on oxygen transport, 
anemia exerts systemic repercussions that further potentiate 
its role as a silent culprit in stroke pathogenesis. Chronic 
anemia triggers compensatory mechanisms aimed at 
maintaining tissue perfusion, including cerebral vasodilation 
and increased cardiac output. While these adaptive responses 
serve to mitigate the immediate consequences of tissue 
hypoxia, they may inadvertently exacerbate cerebrovascular 
instability and predispose individuals to hemodynamic 
fluctuations. Moreover, anemia-induced alterations in 
blood viscosity and coagulation profiles contribute to a 
prothrombotic state, augmenting the risk of thromboembolic 
events, including ischemic strokes. Thus, the insidious nature 
of anemia lies not only in its direct impact on oxygen delivery 
but also in its systemic effects on vascular homeostasis, 
collectively increasing the propensity for cerebrovascular 
accidents [24-27].

The Hemodynamic Cascade

Anemia, characterized by a deficiency in red blood 
cells or hemoglobin, sets in motion a complex cascade 
of hemodynamic alterations that significantly impact 
cerebrovascular health. At the heart of this cascade lies the 
disruption of cerebral perfusion dynamics, precipitating a 
series of events that culminate in cerebrovascular accidents 
(CVAs), commonly known as strokes. Understanding the 
intricacies of this hemodynamic cascade is essential for 
unraveling the hidden connection between anemia and 
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stroke, shedding light on both the pathophysiological 
mechanisms and clinical implications of this relationship 
[28-30]. Diminished hemoglobin levels associated with 
anemia compromise the blood’s oxygen-carrying capacity, 
leading to tissue hypoxia and metabolic derangements 
within the cerebral microenvironment [31]. In response to 
hypoxic stimuli, cerebral blood vessels undergo vasodilation 
as a compensatory mechanism to augment oxygen delivery 
to the brain. While this vasodilatory response initially serves 
to alleviate tissue hypoxia, it may ultimately exacerbate 
cerebrovascular instability and predispose individuals to 
hemodynamic fluctuations. Furthermore, chronic anemia 
elicits adaptive changes in cardiac function, including 
increased heart rate and stroke volume, in an effort to 
maintain systemic perfusion pressure. However, these 
hemodynamic adaptations may inadvertently exacerbate 
cerebrovascular dysfunction, particularly in the context 
of impaired autoregulation and vascular reactivity. The 
hemodynamic consequences of anemia extend beyond mere 
alterations in cerebral blood flow, encompassing systemic 
effects on vascular integrity and coagulation homeostasis. 
Reduced blood viscosity secondary to anemia promotes 
turbulent flow patterns and endothelial dysfunction, 
predisposing individuals to a prothrombotic state [32]. 
Endothelial activation and platelet aggregation further 
potentiate the risk of thromboembolic events, including 
ischemic strokes. Moreover, anemia-induced changes in 
coagulation profiles, including alterations in fibrinogen 
levels and platelet function, contribute to the formation 
of intravascular thrombi, occluding cerebral arteries and 
precipitating ischemic infarctions. Thus, the hemodynamic 
cascade initiated by anemia encompasses not only cerebral 
perfusion dynamics but also systemic alterations in vascular 
function and thrombotic propensity, collectively increasing 
the susceptibility to cerebrovascular accidents.

Iron Deficiency: Bridging the Gap

Iron deficiency, a leading cause of anemia worldwide, 
emerges as a pivotal player in the intricate relationship 
between anemia and cerebrovascular accidents (CVAs) [33]. 
Beyond its conventional role in erythropoiesis, iron assumes 
multifaceted functions within the central nervous system, 
bridging the physiological gap between hematological 
abnormalities and neurological manifestations. At the 
forefront of iron deficiency’s impact on cerebrovascular health 
lies its pivotal role in oxygen transport and utilization within 
the brain. Iron serves as an essential cofactor in numerous 
enzymatic reactions involved in oxidative metabolism and 
neurotransmitter synthesis, facilitating neuronal function 
and synaptic transmission [34]. Consequently, iron deficiency 
compromises neuronal integrity and function, predisposing 
individuals to cognitive impairment and neurodegenerative 
diseases. Moreover, iron deficiency exerts systemic effects 

on vascular function, disrupting endothelial integrity and 
promoting a prothrombotic milieu, thereby augmenting the 
risk of thromboembolic events, including ischemic strokes. 
Thus, iron deficiency acts as a critical mediator linking 
anemia to cerebrovascular dysfunction, exacerbating the 
predisposition to stroke through both hematological and 
neurological mechanisms. The impact of iron deficiency on 
cerebrovascular health extends beyond its direct effects on 
neuronal function and vascular homeostasis, encompassing 
broader systemic implications for neurological development 
and neurodegenerative processes [35]. Iron deficiency in 
early life disrupts critical periods of brain development, 
impairing myelination and synaptic pruning processes that 
are essential for cognitive function and behavioral outcomes. 
Moreover, iron deficiency in adulthood exacerbates the risk 
of neurodegenerative diseases such as Alzheimer’s and 
Parkinson’s, highlighting the enduring consequences of 
iron dysmetabolism on long-term neurological health. Thus, 
addressing iron deficiency represents a crucial therapeutic 
strategy not only for mitigating the risk of stroke but also 
for promoting optimal brain development and preserving 
cognitive function across the lifespan.

Clinical Implications and Management 
Strategies

Recognizing anemia as a significant modifiable risk 
factor for cerebrovascular accidents (CVAs) holds profound 
clinical implications for stroke prevention and management. 
Given the intricate interplay between anemia and stroke, 
implementing targeted interventions aimed at correcting 
underlying hematological abnormalities and optimizing 
cerebrovascular health is essential for improving clinical 
outcomes and reducing the burden of stroke-related morbidity 
and mortality. Routine screening for anemia, particularly 
in high-risk populations such as the elderly, individuals 
with chronic medical conditions, and pregnant women, 
is paramount for early detection and intervention [36]. 
Comprehensive assessment of hematological parameters, 
including hemoglobin levels, mean corpuscular volume 
(MCV), and serum ferritin concentrations, enables clinicians 
to identify individuals at increased risk of anemiarelated 
cerebrovascular events. Moreover, integrating clinical risk 
stratification tools, such as the CHA2DS2-VASc score, which 
incorporates anemia as a risk factor for thromboembolic 
events, facilitates personalized risk assessment and targeted 
management strategies in individuals with concomitant 
cardiovascular risk factors.

Management strategies for anemia-related stroke 
prevention encompass a multifaceted approach aimed at 
correcting underlying etiologies, replenishing iron stores, 
and optimizing hemoglobin levels. Addressing nutritional 
deficiencies, particularly iron, vitamin B12, and folate, 
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through dietary modifications and supplementation plays 
a central role in restoring erythropoietic function and 
mitigating stroke risk. Moreover, targeted interventions 
aimed at managing comorbidities contributing to anemia, 
such as chronic kidney disease, inflammatory disorders, and 
gastrointestinal bleeding, are essential for addressing the 
underlying pathophysiological mechanisms and preventing 
recurrent cerebrovascular events. Iron supplementation 
represents a cornerstone of therapeutic intervention in 
individuals with iron deficiency anemia (IDA), aiming to 
replenish iron stores and optimize hemoglobin levels [37]. 
Oral iron supplementation is often recommended as first-
line therapy for mild to moderate IDA, with intravenous 
iron therapy reserved for individuals with severe anemia 
or intolerance to oral iron preparations. Additionally, 
erythropoiesis-stimulating agents (ESAs) may be considered 
in select cases, particularly in individuals with concomitant 
chronic kidney disease or refractory anemia. However, 
cautious use of ESAs is warranted, given the potential risks 
of thromboembolic events and cardiovascular complications 
associated with their use. Beyond hematological 
interventions, multidisciplinary management approaches 
encompassing lifestyle modifications, cardiovascular risk 
factor optimization, and coordinated care among healthcare 
providers are instrumental in addressing the complex 
interplay between anemia and cerebrovascular disease [38]. 
Encouraging regular physical activity, smoking cessation, and 
adherence to a heart-healthy diet rich in fruits, vegetables, 
and whole grains promotes cardiovascular health and 
reduces the risk of stroke. Moreover, close monitoring of 
blood pressure, glycemic control, and lipid levels helps 
mitigate additional vascular risk factors, further lowering the 
risk of cerebrovascular events in individuals with anemia.

Conclusion

The intricate relationship between anemia and 
cerebrovascular accidents (CVAs) underscores the 
significance of recognizing anemia as a modifiable risk factor 
in stroke prevention and management. Anemia, characterized 
by a deficiency in red blood cells or hemoglobin, exerts 
multifaceted effects on cerebrovascular health, disrupting 
cerebral perfusion dynamics, promoting vascular instability, 
and potentiating thromboembolic events. Central to the 
pathophysiology of anemia-related strokes is the disruption of 
oxygen delivery to the brain, precipitating tissue hypoxia and 
metabolic dysfunction within the cerebral microenvironment. 
Furthermore, iron deficiency-anemia’s predominant etiology 
exacerbates the risk of stroke by compromising neuronal 
function, disrupting vascular homeostasis, and promoting 
a prothrombotic milieu. Routine screening for anemia, 
coupled with comprehensive assessment of cardiovascular 
risk factors, facilitates personalized risk stratification and 
tailored management strategies in at-risk populations.
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