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ABSTRACT 

This review explores the multifaceted strategies to mitigate the risk of cerebrovascular 

impairment in young adults recovering from COVID-19. The pandemic has illuminated 

an increased incidence of stroke in populations traditionally considered at lower risk, 

underscoring the need for targeted preventative measures. Given the complex interplay 

between SARS-CoV-2 infection and stroke risk, this article synthesizes current evidence 

and recommendations across lifestyle modifications, medical interventions, and 

proactive health monitoring. Key recommendations include adopting a heart-healthy 

diet, engaging in regular physical activity, and implementing stress reduction 

techniques. The management of existing cardiovascular risk factors, such as 

hypertension and diabetes, is emphasized as crucial for minimizing stroke risk post-

COVID. Moreover, education on recognizing stroke symptoms is vital for ensuring timely 

medical response. The review also discusses the importance of avoiding smoking, 

limiting alcohol intake, and, for specific high-risk individuals, the judicious use of 

anticoagulants. Regular medical follow-ups for monitoring post-COVID symptoms and 

addressing any ongoing complications are advocated to identify and manage potential 

risks early. In conclusion, a comprehensive approach involving lifestyle changes, vigilant 

management of pre-existing conditions, education on stroke symptoms, and regular 

healthcare engagement is essential for reducing the risk of cerebrovascular events in 
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young adults recovering from COVID-19. This review underscores the importance of 

continued research and public health advocacy in addressing the long-term effects of 

the pandemic on cerebrovascular health. 

Keywords: post-acute Covid-19 syndrome; long Covid; long-haul Covid; stroke; acute 
cerebrovascular accident; cerebrovascular strokes. 

INTRODUCTION 

The ongoing global COVID-19 pandemic caused by the severe acute respiratory 

syndrome coronavirus 2 (SARS-CoV-2) has resulted in a spectrum of clinical 

manifestations, ranging from asymptomatic or mild respiratory symptoms to severe 

pneumonia and multi-organ dysfunction1. 

The interplay between Post-Acute COVID-19 Syndrome, often referred to as 

"Long COVID," and cerebrovascular accidents, or strokes, represents a critical frontier in 

contemporary medical research. The COVID-19 pandemic, caused by the SARS-CoV-2 

virus, has not only led to acute respiratory distress and mortality but also to long-term 

sequelae affecting various organ systems, including the cardiovascular and 

cerebrovascular systems1. This article aims to explore the existing relationship between 

Post-Acute COVID-19 Syndrome and stroke, delving into the epidemiology, prevalence, 

incidence, and related matters concerning the occurrence of stroke in individuals with 

Long COVID2.3. 

Long-term COVID, characterized by persistent symptoms and clinical findings 

that continue or develop after the acute phase of the infection has resolved, has 

garnered significant attention. Patients report a wide range of symptoms, including 

fatigue, dyspnea, "brain fog," and more4. Importantly, emerging evidence suggests a link 

between Post-Acute COVID-19 Syndrome and an increased risk of stroke, necessitating 

a thorough investigation into the mechanisms driving this association5. 

Epidemiologically, studies have begun to outline the prevalence and incidence of 

stroke among patients recovering from COVID-19. The incidence of stroke in this patient 

population appears elevated compared to historical controls, hinting at a possible direct 

or indirect effect of the virus or the immune response it elicits6-8.  

The precise mechanisms remain under investigation but may include endothelial 

dysfunction, hypercoagulability, and systemic inflammation, all of which are recognized 

features of COVID-19 that could predispose patients to thrombotic events such as 

stroke. 

Prevalence data further elucidates the burden of this complication, with research 

indicating that a not-insignificant fraction of patients recovering from COVID-19 

experience cerebrovascular events7-9.  
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This correlation is particularly pronounced in severe cases of COVID-19 and 

among certain demographic groups, including older adults and those with pre-existing 

comorbidities. Such findings underscore the necessity for vigilant monitoring and 

management strategies for this at-risk population10-12. 

The pathophysiology linking COVID-19 and stroke involves a complex interplay 

of factors. The virus's impact on the vascular endothelium and a prothrombotic state 

suggest mechanisms through which COVID-19 might precipitate cerebrovascular 

accidents. Additionally, the role of systemic inflammation and immune-mediated 

damage provides further avenues for exploration. Understanding these pathways is 

critical for developing preventive and therapeutic interventions13-15. 

The implications of these findings are vast, extending beyond the immediate 

clinical management of patients to encompass public health strategies and healthcare 

resource allocation. As the pandemic evolves, so too does the understanding of its long-

term impacts, including the risk of stroke among survivors. This requires ongoing 

research to refine risk stratification, improve patient outcomes, and guide health policy 

decisions16-18. 

The relationship between Post-Acute COVID-19 Syndrome and stroke embodies 

a significant concern within the broader context of the pandemic's aftermath. Current 

evidence points to an elevated risk of cerebrovascular events in individuals recovering 

from COVID-19, with substantial implications for patient care and healthcare systems 

worldwide17-19.  

Future research must continue to unravel the mechanisms underpinning this 

association, optimize management strategies for affected patients, and mitigate the 

long-term health consequences of this unprecedented global health crisis20. 

As of today, the state of knowledge underscores the critical need for 

multidisciplinary approaches to address the multifaceted challenges posed by Long 

COVID and its association with stroke21. Comprehensive studies exploring 

epidemiological trends, biological mechanisms, and effective interventions are 

paramount to navigating the post-pandemic era and ensuring robust public health 

responses to the lingering effects of SARS-CoV-222-24. 

In this sense, the primary objective of the present review is to elucidate the 

complex molecular and pathophysiological mechanisms underlying the association 

between Post-Acute COVID-19 Syndrome, commonly referred to as Long COVID and the 

increased incidence of stroke among individuals recovering from COVID-1925.  

This review aims to synthesize current research findings to comprehensively 

understand how endothelial dysfunction, hypercoagulability, systemic inflammation, 

immune system dysregulation, and autonomic nervous system disruption contribute to 

the elevated stroke risk observed in Long COVID patients23-26. 
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Further, the review seeks to identify gaps in the existing literature, encouraging 

future research endeavors that could lead to the development of targeted therapeutic 

interventions and management strategies21,22.  

By doing so, it aims to facilitate better clinical outcomes for patients experiencing 

the long-term sequelae of COVID-19 and ultimately reduce the morbidity and mortality 

associated with stroke in this vulnerable population. 

METHODS 

The research strategy employed for this study was meticulously designed to 

encompass an exhaustive review of literature across several distinguished databases 

known for their extensive collection of medical and scientific peer-reviewed 

publications. The databases selected for this comprehensive search included PubMed, 

Scopus, Scielo, Embase, and Web of Science, each renowned for their vast repository of 

scholarly articles. Google Scholar was also a supplementary resource for accessing the 

so-called gray literature, which often contains significant studies and reports unavailable 

in conventional academic journals. The focal point of this research was the intersection 

of Post-Acute COVID-19 Syndrome and Stroke, guiding the formulation of search 

parameters. A carefully curated set of keywords was deployed to optimize the search, 

comprising terms such as "post-acute Covid-19 syndrome," "long Covid," "long-haul 

Covid," "stroke," "acute cerebrovascular accident," and "cerebrovascular strokes." This 

strategic combination of keywords was instrumental in filtering the literature to include 

studies directly pertinent to the research objectives. To ensure a broad yet relevant data 

collection, the inclusion criteria were designed to be comprehensive, welcoming a 

variety of study designs, including systematic reviews, case-control studies, cross-

sectional analyses, case series, and scholarly reviews. Such diversity in study types aimed 

to capture a spectrum of evidence and viewpoints regarding the nexus between Post-

Acute COVID-19 Syndrome and cerebrovascular incidents. The literature review's 

evaluation and selection process were executed with strict adherence to methodological 

rigor. This involved a dual-review system, where pairs of reviewers independently 

evaluated each study's title and abstract for relevance and conformity to the predefined 

criteria. Discrepancies between reviewers were resolved through consultation with a 

third independent reviewer to reach a consensus, ensuring the selection was based on 

solid and unbiased judgment. This detailed and systematic approach to research 

methodology underpins the reliability and validity of the findings presented and ensures 

that the conclusions drawn from this study are grounded in a comprehensive and 

critically evaluated body of scientific evidence related to Post-Acute COVID-19 

Syndrome and Stroke. 

RESULTS AND DISCUSSION 

The intricate relationship between Post-Acute COVID-19 Syndrome, often 

termed Long COVID, and the elevated risk of stroke in affected patients is an area of 
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intense research focus27. This relationship is underpinned by several molecular and 

pathophysiological mechanisms that contribute to an increased risk of cerebrovascular 

events. These mechanisms include endothelial dysfunction, hypercoagulability, systemic 

inflammation, and immune system dysregulation28. 

Endothelial Dysfunction 

SARS-CoV-2, the virus responsible for COVID-19, interacts with angiotensin-

converting enzyme 2 (ACE2) receptors to enter cells. These receptors are abundantly 

present on the endothelial cells lining the blood vessels19-21. The virus's entry leads to 

direct endothelial damage, disrupting the integrity of the vascular wall. This disruption 

can result in increased vascular permeability, leading to edema and a pro-thrombotic 

state, thereby elevating the risk of stroke29. 

Hypercoagulability 

COVID-19 has been associated with a heightened state of coagulation, which 

manifests as elevated levels of fibrinogen, D-dimer, and other clotting factors. This 

hypercoagulable state increases the likelihood of thrombus formation within the 

cerebral vasculature, potentially leading to ischemic strokes30-32. The mechanisms 

driving this hypercoagulability include direct viral effects on the endothelium, cytokine 

storm-induced activation of the coagulation pathway, and platelet activation24. 

Systemic Inflammation 

The immune response to SARS-CoV-2 infection can result in a cytokine storm, 

characterized by the excessive release of pro-inflammatory cytokines such as 

interleukin-6 (IL-6), tumor necrosis factor-alpha (TNF-alpha), and interleukin-1 beta (IL-

1β)33. This systemic inflammation can contribute to endothelial damage, enhance the 

coagulation cascade, and increase blood-brain barrier permeability, all of which can 

predispose patients to stroke28-30. 

Immune System Dysregulation 

Long COVID features a prolonged and often aberrant immune response, with 

continued activation even after the acute infection has resolved. This dysregulated 

immune response can contribute to chronic inflammation and autoimmunity, further 

increasing the risk of vascular damage and stroke8,13-15. Autoantibodies against 

phospholipids, a characteristic of antiphospholipid syndrome, have been observed in 

some COVID-19 patients, suggesting a potential mechanism for stroke through the 

promotion of clot formation34. 

Autonomic Nervous System Disruption 

Post-acute COVID-19 Syndrome has been linked to dysautonomia, which can 

affect cardiovascular regulation. Disruption in autonomic nervous system function may 

lead to alterations in blood pressure and heart rate, potentially contributing to stroke 

risk by affecting cerebral blood flow dynamics35. 
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Stroke, Post-Acute COVID-19 Syndrome (Long COVID), and Gut microbiota 

The interconnection between stroke, Post-Acute COVID-19 Syndrome (Long 

COVID), and alterations in the gut microbiota emerges as a complex and intriguing 

aspect of the multifaceted impact of SARS-CoV-2 infection25-27. Emerging research 

suggests that disruptions to the gut microbiome may play a significant role in the 

pathophysiology of acute COVID-19 and its long-term sequelae, potentially influencing 

the risk of cerebrovascular events such as stroke36. 

The gut microbiota is known to influence systemic inflammation and immune 

function profoundly. Changes in the composition of the gut microbiome, known as 

dysbiosis, can lead to increased intestinal barrier permeability (leaky gut), allowing 

microbial metabolites and endotoxins to enter the bloodstream. This translocation can 

trigger systemic inflammation, a key contributor to the pathogenesis of stroke and a 

known feature of severe COVID-1937. 

In the context of COVID-19, the virus and the body's response to it can lead to 

alterations in the gut microbiome36. For example, the use of antibiotics to treat 

secondary bacterial infections in COVID-19 patients, the direct invasion of gut epithelial 

cells by the virus via ACE2 receptors, and the impact of systemic inflammation on gut 

health can all contribute to significant changes in the microbiota. These changes can 

exacerbate systemic inflammation and potentially increase the risk of thrombosis and 

stroke38. 

Furthermore, the gut-brain axis, a complex communication network that links 

the enteric and central nervous systems, provides a pathway through which gut 

microbiota alterations could influence brain health and function10-12. Dysbiosis has been 

associated with increased levels of circulating pro-inflammatory cytokines, which can 

contribute to endothelial dysfunction and hypercoagulability, key risk factors for 

stroke39. 

In patients with Long COVID, persistent such as fatigue, cognitive impairment 

("brain fog"), and others may be partly driven by ongoing symptoms and immune 

dysregulation, in which the gut microbiota could play a crucial role26-38. Therefore, 

understanding the changes in the gut microbiome after COVID-19 and their potential 

contribution to the increased risk of stroke is of paramount importance40-42. 

Interventions aimed at restoring a healthy gut microbiota, such as probiotics, 

prebiotics, or dietary modifications, may offer the therapeutic potential to reduce 

inflammation, improve immune function, and potentially decrease the risk of stroke in 

individuals with Post-Acute COVID-19 Syndrome31-33,43. Further research into the gut 

microbiome's role in the pathophysiology of COVID-19 and its long-term effects will be 

crucial in developing comprehensive strategies to mitigate the risk of stroke and other 

cardiovascular complications associated with the disease44-46. 
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Research has indicated that the inflammatory response triggered by COVID-19, 

along with the hypercoagulable state it induces, can significantly heighten the risk of 

stroke, especially in individuals already predisposed to the factors above18. 

Furthermore, individuals who experienced severe COVID-19 symptoms requiring 

hospitalization, particularly those needing intensive care or mechanical ventilation, are 

at a higher risk for developing cerebrovascular events in the post-acute phase of the 

disease38-40. 

Additionally, certain demographic groups, including men and those of specific 

ethnic backgrounds that traditionally have higher predispositions to cardiovascular 

diseases, might be at an increased risk8-11. Understanding these risk factors is crucial for 

healthcare providers to identify high-risk individuals for more vigilant monitoring and 

implementation of preventive strategies to mitigate the risk of stroke in patients with 

Post-Acute COVID-19 Syndrome4,39-42. 

Young adults, Post-Acute COVID-19, and Stroke 

Stroke occurring in young adults with Post-Acute COVID-19 Syndrome is a 

concerning phenomenon that diverges from the traditional risk profile associated with 

cerebrovascular events. This trend can be attributed to several factors inherent to the 

pathophysiology of COVID-19 and its aftermath5-8. 

Firstly, COVID-19 has been associated with a hypercoagulable state characterized 

by increased blood clotting. This condition is precipitated by the virus's effect on the 

endothelial cells lining the blood vessels, leading to endothelial dysfunction, 

inflammation, and coagulation pathway activation14. Even in younger individuals who 

typically have a lower risk of stroke, this hypercoagulable state can lead to the formation 

of clots that may cause ischemic stroke22. 

Secondly, the inflammatory response to COVID-19, including the release of pro-

inflammatory cytokines (cytokine storm), can contribute to a prothrombotic 

environment. This systemic inflammation can damage vascular integrity and promote 

clot formation, increasing stroke risk in patients regardless of age47. 

Thirdly, COVID-19 has been shown to cause direct and indirect effects on the 

cardiovascular system, including myocardial injury, which can lead to cardiac 

arrhythmias. Such arrhythmias, especially if new or poorly controlled, can increase the 

risk of forming clots that could travel to the brain, resulting in a stroke27-30. 

Additionally, there's growing evidence suggesting that COVID-19 might trigger an 

autoimmune response in some individuals, leading to an increased tendency for blood 

clotting, further elevating stroke risk in a demographic that typically would not be as 

susceptible15,16. 
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Lastly, lifestyle changes during the pandemic, such as decreased physical activity, 

increased sedentary behavior, and changes in diet may have indirectly contributed to 

the risk factors associated with stroke in young adults10. 

In summary, the occurrence of stroke in young adults with Post-Acute COVID-19 

Syndrome likely results from a combination of hypercoagulability, systemic 

inflammation, direct cardiovascular effects, potential autoimmune responses, and 

lifestyle factors exacerbated by the pandemic44. These insights underscore the 

importance of monitoring young adults recovering from COVID-19 for signs of 

cerebrovascular impairment and implementing preventive strategies to mitigate these 

risks31-33. 

To mitigate the risk of cerebrovascular impairment in young adults recovering 

from COVID-19, a multifaceted approach that encompasses lifestyle modifications, 

medical interventions, and monitoring for early signs of complications is essential. The 

following strategies can play a crucial role in prevention5-7: 

Lifestyle Modifications 

Encouraging a healthy lifestyle is fundamental. This includes a balanced diet rich 

in fruits, vegetables, whole grains, and lean proteins to reduce inflammation and 

support vascular health36. Regular physical activity, even mild to moderate exercise, can 

improve cardiovascular function and reduce stroke risk. Additionally, stress reduction 

techniques such as mindfulness, yoga, or meditation can help manage stress, which is 

known to be a risk factor for stroke39-41. 

Monitoring and Management of Cardiovascular Risk Factors 

Close monitoring and management of pre-existing conditions such as 

hypertension, diabetes, obesity, and high cholesterol are vital. Young adults recovering 

from COVID-19 should have regular check-ups to monitor these conditions and adjust 

medications as necessary to keep them well controlled23. 

Avoidance of Smoking and Limitation of Alcohol Intake 

Smoking cessation and limiting alcohol consumption are critical, as both smoking 

and excessive alcohol use are significant risk factors for stroke. Providing resources and 

support for smoking cessation and recommending moderation in alcohol consumption 

can be beneficial30-32. 

Education on Recognizing Stroke Symptoms 

Educating recovering COVID-19 patients about the signs and symptoms of a 

stroke — such as sudden numbness or weakness in the face, arm, or leg, especially on 

one side of the body; confusion; trouble speaking or understanding speech; visual 

disturbances; trouble walking; dizziness; or severe headache with no known cause — 

can ensure timely medical intervention, which is crucial for a positive outcome following 

a stroke48-50. 
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Regular Medical Follow-ups 

Regular follow-ups with healthcare providers can help in the early identification 

and management of post-COVID symptoms that may increase stroke risk. This includes 

monitoring for and addressing any lingering effects of COVID-19 that could contribute 

to vascular issues34,51. 

Use of Anticoagulants in High-risk Individuals 

For individuals at high risk of thrombosis, healthcare providers may consider the 

prophylactic use of anticoagulants. This decision should be made on an individual basis, 

weighing the benefits against the risks of bleeding20-22,52. 

Management of Post-COVID Symptoms 

Addressing chronic inflammation and other post-COVID conditions that may 

contribute to an increased risk of stroke is crucial. This may involve anti-inflammatory 

treatments, physical therapy, and other supportive measures to alleviate symptoms49. 

Research and Public Health 

Continued research into the long-term effects of COVID-19, including its impact 

on young adults and risk of stroke, is essential. Advocacy for public health measures to 

control the spread of COVID-19 and vaccination against the virus can also play a role in 

reducing the overall burden of disease and its long-term complications46-48. 

Implementing these preventative strategies requires a coordinated effort from 

healthcare providers, patients, and public health officials to effectively reduce the risk 

of cerebrovascular impairment in young adults recovering from COVID-1953,54. 

CONCLUSION 

In conclusion, the molecular and pathophysiological mechanisms connecting 

Long COVID to an increased risk of stroke are multifaceted, involving endothelial 

dysfunction, hypercoagulability, systemic inflammation, immune system dysregulation, 

and autonomic nervous system disruption.  

Understanding these mechanisms is crucial for developing targeted 

interventions to mitigate the risk of cerebrovascular events in patients with Post-Acute 

COVID-19 Syndrome. Ongoing research into these pathways and their interactions will 

be vital in unraveling the complex relationship between Long COVID and stroke, 

ultimately guiding clinical management and improving patient outcomes. 
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