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Abstract

Background: Multiple sclerosis (MS) is a chronic immune‐mediated disorder

characterized by the degradation of the myelin sheath in the central nervous

system. Research indicates that individuals with MS exhibit a higher susceptibility to

stroke compared to the general population. This association is rooted in shared

underlying mechanisms, specifically involving neuroinflammatory processes.

Methodology: We performed an extensive search on PubMed, MEDLINE, Embase,

Scopus, and Google Scholar using specific terms. The search terms included

variations of “multiple sclerosis,” “stroke,” “cerebrovascular disease,” “vascular risk

factors,” “disease‐modifying therapies,” and “neuroinflammation.” The search was

limited to articles published from January 1, 2000, up to 31 May, 2023.

Results and Discussion: Stroke, a global health burden characterized by significant

mortality and adult disability, underscores the critical importance of understanding

the link between MS and stroke. Despite a growing body of research establishing an

elevated risk of stroke in MS patients, notable information gaps persist. Limited

prospective multicenter studies on stroke incidence in MS patients contribute to an

incomplete understanding of the precise relationship between these two conditions.

Conclusion: In conclusion, this review underscores the critical need for a thorough

understanding of the complex relationship between MS and stroke. The identified

risk factors and the influence of MS DMTs on stroke risk necessitate further

investigation to inform evidence‐based preventive and therapeutic strategies.

Bridging the existing information gaps through prospective multicenter studies is

imperative for a comprehensive understanding of this association. The development

of targeted diagnostic and therapeutic approaches for acute stroke risk in MS

patients is paramount to mitigate the impact of these debilitating conditions.

Ultimately, this review serves as a foundation for future efforts to enhance
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preventative measures and therapeutic interventions, thereby improving the overall

quality of life for individuals with MS susceptible to strokes.

K E YWORD S

cerebrovascular disease, disease‐modifying therapies, multiple sclerosis, neuroinflammation,
stroke, vascular risk factors

1 | INTRODUCTION

Multiple sclerosis is an autoimmune condition affecting the central

nervous system (CNS), characterized by its relapsing and progressive

course, chronic inflammation, and demyelination. This disease affects

millions of individuals worldwide, and its presentation is highly

variable, ranging from a benign condition to a rapidly progressing

disease affecting patients' quality of life.1,2 Stroke is a significant

cause of mortality and adult disability worldwide, particularly

ischemic stroke. While many risk factors for stroke have been

identified, a substantial percentage of stroke cases, especially in the

young population, have no clear risk factors. Current studies indicate

a relatively low incidence of stroke in MS patients, ranging from 0.4%

to 7.0%.1–3 However, further investigation is necessary to identify

potential risk factors and prevention strategies. Ischemic stroke is

brought about by the occlusion of an intracranial vessel, which causes

a decrease in blood flow, causing death in the brain tissue and the

symptoms that come along with the area affected.3 While the

primary pathology of MS primarily involves the white matter in

the CNS, accumulating evidence suggests that MS may also affect the

vascular system and contribute to an increased risk of stroke.1

Understanding the association between MS and stroke is crucial for

making sure the patient gets the appropriate treatment strategies and

the prevention of stroke‐related complications in MS patients.

The emerging evidence linking MS and stroke suggests a

potential shared pathophysiology and comorbidity. Proposed mecha-

nisms include an interplay of immune‐mediated complications and

mechanisms such as chronic inflammation, endothelial dysfunction,

immune dysregulation, and vascular risk factors. Individuals diag-

nosed with MS exhibit a heightened susceptibility to cardiovascular

comorbidities, including hypertension and hyperlipidemia. The

presence of these vascular risk factors has been found to be

correlated with the occurrence of stroke. The potential correlation

between MS and stroke may be influenced by the presence of

common vascular risk factors. Furthermore, it is worth noting that

vascular dysfunction in MS has the potential to impact the regulation

of cerebral blood flow, which could potentially heighten the

vulnerability to cerebrovascular accidents.3,4 Also, In both MS and

stroke, inflammation plays a crucial role. The inflammation observed

in MS is characterized by a chronic and autoimmune nature, whereas

inflammation resulting from stroke is an immediate reaction triggered

by the interruption of blood flow in the brain. The inquiry arises

regarding the potential vulnerability of patients with MS, who already

exhibit elevated levels of inflammation, to the inflammatory reaction

observed in stroke cases.5 Additionally, MS‐related disability and

reduced mobility may exacerbate these risk factors and promote a

sedentary lifestyle, amplifying the risk of stroke. This may be why

some studies present that MS patients have increased stroke and

stroke‐related complications.3–5

Several studies have demonstrated that hospitalization rates

among MS patients were either comparable to or lower than their

healthy counterparts. However, stroke hospitalization risk was found

to be higher among patients with MS when compared to control

subjects.6–9 In a retrospective analysis conducted on patients who

were hospitalized for ischemic stroke, intracerebral hemorrhage

(ICH), and unruptured aneurysms, an adjusted standardized preva-

lence ratio was calculated to determine the likelihood of an MS

diagnosis. The results of the analysis revealed that the prevalence

ratio for an MS diagnosis was 1.6 for patients with ischemic stroke,

1.3 for those with ICH, and 3.2 for patients with unruptured

aneurysms.7

The misinterpretation of relapses as cerebrovascular events or

bias in monitoring may be responsible for the rise in cerebrovascular

comorbidities in MS. The observed disparity in stroke risk between

short‐term and long‐term data may potentially be attributed to the

heightened frequency of neuroimaging assessments and medical

consultations during the MS diagnosis and monitoring, particularly for

relapsing‐remitting multiple sclerosis (RRMS) patients, with intervals

as frequently as every 6 months with the first year after diagnosis is

made.8,10 However, the majority of related studies agree that in

comparison to healthy subjects, individuals with MS face a

heightened risk of experiencing cerebrovascular events, as well as a

recurrence of IS or ICH. This elevated risk persists beyond the first

year and continues to decrease over time, with some studies

reporting follow‐up periods of up to 30 years, representing the

longest duration of reported follow‐up to date.7,8,11 One study

reported that in the initial period after the diagnosis was made, MS

patients were at a higher risk of developing ischemic stroke with a

risk ratio (RR) of 2.02 and ICH with an RR of 2.65, compared to non‐

MS patients. And even 10 years after the initial diagnosis and

beginning of MS, the elevated risk remained, although diminished,

with a relative risk of 1.29 for ischemic stroke.

The possible association between MS and the risk of stroke

represents an exciting and clinically relevant research area due to the

morbidity of either condition, let alone when both are present in the

same patient. Understanding the underlying pathology and mecha-

nisms, identifying modifiable risk factors, and implementing effective

prevention and treatment strategies are paramount in optimizing
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patient care for individuals with MS, especially with the possible

higher risk of stroke.12 This paper aims to unravel the intricacies of

this association and improve outcomes for MS patients regarding

stroke prevention and overall vascular health.

2 | METHODOLOGY

To conduct this review, we followed a comprehensive approach to

gather relevant literature and extract pertinent information. The

methodology comprises the following steps.

2.1 | Literature search

We conducted an extensive literature search using online databases,

including PubMed, MEDLINE, Embase, Scopus, and Google Scholar.

The search terms included variations of “multiple sclerosis,” “stroke,”

“cerebrovascular disease,” “vascular risk factors,” “disease‐modifying

therapies,” and “neuroinflammation.” The search was limited to

articles published from January 1, 2000, up to 31 May, 2023.

2.2 | Inclusion and exclusion criteria

To ensure the relevance and reliability of the studies included in this

review, we established specific inclusion and exclusion criteria.

Included studies were required to meet the following criteria: (1)

Published in peer‐reviewed journals. (2) Investigating the association

between MS and stroke in human populations. (3) Studies reporting

on the prevalence, incidence, risk factors, or outcomes of stroke in

MS patients. (4) Articles written in English. Studies were excluded if

they were: (1) Animal studies. (2) Conference abstracts. (3) Not

directly relevant to the association between MS and stroke.

3 | DISCUSSION

3.1 | Pathophysiology of stroke in multiple
sclerosis

The diverse and intricate interactions between genetic, environ-

mental, and immunological variables that cause demyelination and

tissue damage in MS are driven by a variety of different processes

and may or may not be regulated by epigenetic mechanisms.13–16

The pathophysiology of both stroke and MS involves several

overlapping mechanisms, including dysfunction of the cerebral

endothelium, disruption of the blood–brain barrier (BBB), disturbance

of the CNS equilibrium, coagulation system dysregulation, and

augmented migration of immune cell, all of which contribute to

neuroinflammatory processes (Figure 1).16–22 The association

between stroke risk and various autoimmune conditions, such as

psoriasis, rheumatoid arthritis, osteoarthritis, and bullous pemphigoid,

has been established in prior research.23–26 Systemic autoimmune

disorders exhibit a heightened propensity for stroke relative to

organ‐specific autoimmune disorders such as MS. This is attributed to

the widespread inflammation that characterizes systemic auto-

immune illnesses.24,27,28

The implication of ferroptosis/oxytocin‐induced damage has

been observed in the context of inflammatory demyelinating

conditions, including but not limited to stroke and MS.29–34 And

whether the early neurodegenerative event in the brain is the

cause of the autoimmune response, or the autoimmune pathology

in MS is the initial pathology, remains unclear.35 Preclinical studies

have revealed a link between the neuroinflammatory process,

coagulation system, neuroimmunology, and neurodegenerative

symptoms of MS.36 In MS, platelet activation works as a mediator

of neuroinflammation by causing an increase in adhesion and

aggregation, as well as the production of pro‐thrombotic

microparticles.37

Proteomics has verified the link between MS and coagulation

factors and shown that MS patients have higher levels of platelet

activation indicators.37 Patients with MS were shown to have Brain

tissue changes resembling acute white matter strokes, which may

indicate that a hypoxia‐like event might contribute to demyelination

and neurodegeneration in MS.32 One of the causes of neuronal

malfunction and mortality in patients diagnosed with MS and

ischemic stroke is oxidative stress which also damages platelets and

is associated with impairment in progressive MS.30 In fact, a few

antioxidant indicators can be utilized to diagnose MS with accuracy.

In addition to being linked to stroke and MS, the nitro‐oxidative

stress pathway additionally forecast MS disability and poor outcomes

in stroke.32 Immunological assays and metabolomic analyses have

demonstrated substantial differences in the glycerophospholipid

pathway and the metabolism of linoleic acid in individuals with

multiple sclerosis.38

Additionally, both clinical and preclinical research have linked

genes involved in immune responses and cell formation to MS and

stroke.31 Because of the same underlying mechanisms, the vascular

comorbidity may appear after the MS's clinical symptoms onset or

may be brought on by MS's biological processes.39

3.2 | Risk factors contributing to stroke in multiple
sclerosis

The incidence of stroke episodes among women is typically higher

than that of males, which may be attributed to their longer life

expectancy and a greater likelihood of experiencing a stroke at

advanced ages, despite the fact that males have greater age‐related

stroke rates. The distribution of stroke risk variables, such as

comorbidities, stroke variants, degree of severity, and consequences

varied between men and women.40 Women are more likely than

males to develop MS, especially between the ages of 40 and 60. The

limited number of studies investigating the incidence of stroke in

individuals with MS and the disproportionate representation of
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females in these studies precludes the establishment of definitive

conclusions.6,39 Multiple risk factors have been identified in the

literature to describe the intricate connection between MS and

stroke (Table 1).

When compared to matched controls, comorbidities that are

recognized as stroke risk factors are more frequent in patients

diagnosed with MS, which may be the reason for the higher risk for

stroke.41–43 Hypertension and hyperlipidemia are the most com-

monly documented cardiovascular comorbidities in MS, with preva-

lence rates exceeding 10% and rising with advancing age.41,42

Moreover, MS patients typically experience platelet abnormalities

that may be related to DMT; in contrast, immune thrombocytopenic

purpura patients have higher MS risk development. Due to

the inflammatory effects of platelet microparticles, Immune

thrombocytopenia, which is connected to ischemic stroke, increases

bleeding episodes such that they occur more frequently. Considering

modifiable risk factors for stroke, it is more frequent to smoke for

patients diagnosed with MS and also be obese than the general

population, however, there is a dearth of information on alcohol

intake.11,42,44,45 Even in the early stages of MS when disability is

moderate, the reduced physical activity of MS patients might activate

coagulation pathways, increasing the risk for venous thrombo-

embolism (VTE) and subclinical atherosclerosis.42 Low levels of

vitamin D and infections are among the additional risk factors that

exhibit independent associations with the progression and outcomes

of MS or the risk for stroke caused by bacteria or viruses.13,45

Patients with MS had greater rates of infection incidence, hospital-

ization associated with infection, and infection‐related mortality.46,47

F IGURE 1 Depicts astrocytes, blood–brain barrier (BBB) failure, and M1/M2 polarization as common routes in the etiology of multiple
sclerosis and ischemic stroke. Astrocytes have a role in ion and neurotransmitter balance as well as metabolic support. Glutamate uptake and
clearance are enabled via gap junctions and glutamate transporters. Likewise, gap junctions facilitate potassium removal. Astrocytes may release
stored glutamate, which may be responsible for delayed lesions. Similarly, astrogliosis has both negative and positive outcomes. It reduces
neurogenesis in ischemic tissue while protecting preserved tissue from inflammation. Tumor necrosis factor (TNF)‐ and interleukin‐1 (IL‐1)‐,
reactive oxygen species, danger associated molecular patterns (DAMPs, molecules released from necrotic cells), chemokines, matrix
metalloproteinases (MMPs), and adhesion molecules all contribute to BBB disruption and peripheral immune cell infiltration. Immune cell M1
polarization is related to an increase in pro‐inflammatory mediators and negative effects on neural lesions. M2 polarization, on the other hand, is
connected with neuroprotection and dead cell phagocytosis, allowing for a reduction in inflammation (original figure, made with Biorender).
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A lack of vitamin D increases immunological responses in MS and

increases the risk of relapses.31,33

Antiphospholipid (APL) antibodies of many different types have

been identified in MS patients. The autoimmune condition antipho-

spholipid syndrome (APS) has been linked to the presence of these

antibodies in conjunction with recurrent thrombosis. The primary

APS consequences include vascular events and/or pregnancy

difficulties when paired with APLs.48 Due to dysfunction in

thrombosis and the immune system, transient and persistent ischemia

episodes are the predominant neurological symptoms of APS,

especially in young patients.49 Because APS may develop as a result

of MS and because its neurological symptoms may be difficult to

identify from MS itself in brain MRI, misdiagnosis and inappropriate

management of stroke caused by APS rather than MS are real

possibilities.50 Several MS clinical subtypes have a wide variety of

APL antibodies. Anticardiolipin (ACL), anti‐2‐glycoprotein‐i (A2GPI),

and lupus anticoagulant (LA) are three of the APL antibodies that are

frequently used to diagnose APS. Patients with MS have a higher

incidence of APLs antibodies in their blood and cerebrospinal fluid

(CSF) than healthy controls and is noticeably greater during MS

exacerbations.51 Further research is being done on APL antibodies in

MS patients, but more research is needed to understand how they

affect thrombosis. Rarely have LA antibodies been found in MS

patients.

Severe findings in MRI and worsening in clinical features were

noted among MS patients receiving IFN‐β (interferon β protein) who

are diagnosed with MS. Antiannexin antibodies (AANV) are con-

sidered to have a larger role in vascular thrombosis in CNS, in APS.

Research findings reveal that acute myocardial infarction patients

who did not possess traditional cardiovascular risk factors exhibited

AANV antibodies along with decreased plasma levels of annexin v.

Based on clinical investigations, a strong correlation was observed

between the elevated levels of total cholesterol and low‐density

lipoprotein (LDL) cholesterol in various types of MS. Additionally,

research findings suggest that AANV titers are associated with

disease progression patients with RRMS subtype.51

Alterations in the levels of specific metabolites or biomarkers

have also been related to MS, and they are thought to have a role in

stroke. For instance, elevated ferritin levels brought on by oxidative

damage from poor iron metabolism are linked to inflammation and

neurodegeneration in both MS and stroke.33 It has also been noted

that MS patients have a ferritin shortage that strongly corresponds

with depressive disorders.52 Uric acid, which has an antioxidant

activity that can have a neuronal protection function against

oxidative damage, has been linked to increasing both ischemic and

hemorrhagic stroke risk, as well as a possible exacerbation of stroke

outcomes. There exist differences in the extent of reduction among

secondary‐progressive multiple sclerosis (SPMS), RRMS, or primary‐

progressive multiple sclerosis (PPMS) patients. However, it is

observed that individuals diagnosed with MS exhibit decreased levels

of serum uric acid (UA) in comparison to healthy individuals. In

particular, SPMS patients exhibit lower serum uric acid levels

TABLE 1 Risk factors and biomarkers that play a role in the association of stroke and multiple sclerosis.

Risk factors and biomarkers Association with multiple sclerosis (MS) Further notes

Gender Stroke incidence is higher in females with MS compared

to men

Age‐related stroke rates in men contribute to the

complex relationship between gender and stroke
in MS

Comorbidities A higher risk of comorbidities is seen in MS patients which

may account as a risk factor for stroke

Hypertension, hyperlipidemia, and others, is common

in MS patients

Platelet abnormalities MS patients experience platelet abnormalities due to
disease‐modifying therapies and immune
thrombocytopenic purpura

DMTs affect blood clotting and increase the risk of
stroke

Smoking and obesity More frequently encountered in MS patients

Low levels of Vitamin D Low vitamin D levels have been linked to the progression
and outcomes of MS

Vitamin D has also been linked to the risk of
developing infection‐related stroke

Infections MS have higher infection, hospitalization, and infection‐
related mortality rates

Infections can trigger or exacerbate stroke risk in MS
patients

Antiphospholipid (APL)
syndrome

APL have been identified in MS patients and is linked to
vascular thrombosis

APL antibodies in MS patients increase the risk of
vascular events and neurological symptoms

Uric acid levels Altered levels of uric acid in MS patients may have

implications for Stroke risk

This is especially true in progressive MS subtypes

Nitric oxide and endothelin‐1 Higher levels of NO and endothelin‐1 are expressed in MS. NO, and endothelin‐1 have significant implications for
cerebral microcirculation and inflammation in MS
patients

Gut dysbiosis Growing evidence links gut dysbiosis to stroke etiology The gut‐brain axis and its influence on stroke etiology
and outcomes in MS are areas of active research.
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compared to RRMS or PPMS patients. Furthermore, a poor MS

prognosis has been related to low uric acid levels. Low uric acid levels

are not only associated with MS disease outcomes but also with

other neurological disorders and dysfunctional BBB in MS.

The reduced likelihood of gout in MS patients suggests a link

between the level of metabolism of uric acid and MS, which is a sign

of elevated levels of uric acid. This connection is further strength-

ened by the levels of uric acid in MS patients. The potential

advantages of elevated uric acid levels in individuals with MS are

subject to the intricacies of the endogenous neurologically protective

mechanisms linked with uric acid.

It is common to report hyperhomocysteinemia in neurological

illnesses, which is a well‐known risk factor for diseases affecting

endothelium and is connected to a higher risk of atherosclerosis and

myocardial infarction. The increases in Homocysteine levels in

patients with MS are linked with inflammation, dysfunction in

cognition, impaired neuronal homeostasis, dysfunction of endothelial

cells, and risk of increased recurrent endothelial dysfunction of the

vasculature. They also correspond with the progression of the

disease and decreases in cognition.6,32 Regardless of sex or age, MS

patients with progressive rather than RRMS had higher levels of

homocysteine. They also had higher levels of circulating D‐dimer.

In the context of an acute clinical episode, it has been observed

that MS patients exhibit elevated concentrations of nitric oxide (NO)

and endothelin‐1. These molecules are known to play a significant

role in the pathophysiology of MS and are essential for maintaining

cerebral microcirculation.53–55 It has been observed that individuals

who aren't diagnosed with MS have exhibited a surge in the levels of

plasma endothelin‐1 in the aftermath of an ischemic stroke, which

persists for a duration of up to 24 h. Nevertheless, endothelin‐1‐

mediated cerebral hypoperfusion appears to be reversible.55 More-

over, the levels of NO have been reported to be greater in patients

diagnosed with MS compared to healthy subjects and in MS patients

undergoing DMT compared to those with MS not on DMT. Despite

other factors, including CSF glutamate levels, that are associated with

the development of a stroke, higher NO levels are linked to more

severe brain damage and early neurological decline after stroke.32 In

one study, Serum glutamate and levels of NO in patients with MS

who are relapsing were substantially higher than those with stable

disease or healthy controls. Also, it was noted that MS patients'

serum glutamate levels were considerably greater than those of

healthy controls. As compared to healthy controls, the serum of those

with MS along with CSF analysis showed higher levels of Nitric oxide

and interleukin‐10 during flare‐ups.

Although there is no obvious causal link between stroke and

autonomic nervous system dysfunction, cardiac autonomic dys-

function (CAD), which increases the risk factors that make people

more susceptible to stroke, is frequently seen in patients who have

already experienced a stroke.56–58 CAD is also seen in progressive

variations of MS, because of the disparity of the output of both

sympathetic along with parasympathetic systems to the cardiovascu-

lar system. Dysfunction in the parasympathetic system, as opposed

to the sympathetic, is linked with the increases in disability and

disease progression and may even be the cause of MS. On the other

hand, dysfunction in the sympathetic system is correlated to the

clinical and inflammation activity of MS and may have an impact on

the development of the disease. As well as causing severe metabolic

and structural abnormalities in the venous system, CAD may

accelerate MS's inflammatory and neurodegenerative pathways.8

There is growing evidence linking gut dysbiosis to stroke

etiology, and this may have an impact on stroke outcomes if it

occurs before IS. It's noteworthy to note that gastrointestinal issues

can be seen in MS patients before the onset of classic MS symptoms.

Moreover, the development of experimental autoimmune encepha-

lomyelitis (EAE) in healthy mice was caused by the passive transfer of

the gut microbiota from animals with EAE. It is still unclear if MS's

neuroinflammation results from or is caused by gut dysbiosis, and its

impact on the BBB is being studied.59

3.3 | Preventive strategies for stroke in multiple
sclerosis

The use of an adjuvant preventive medication for stroke prevention

in patients with MS at risk has been considered. However, a

comprehensive analysis of the ratio between benefits and risks is

necessary. Anticoagulant medication, either alone or as an addition to

DMT therapy, has not yet been the subject of any placebo‐controlled

research to see if patients diagnosed with MS can benefit. Aspirin

antiplatelet therapy has been suggested to reduce inflammation and

improve MS symptoms, but it may potentially raise the chance of ICH

or other bleeding events. Nonetheless, anticoagulant has been linked

to a higher ICH incidence in patients diagnosed with MS compared to

antiplatelet therapy.9 For the treatment of APS‐related IS, antiplate-

let or anticoagulant treatments are recommended.

Additionally, MS patients with APL positive should have routine

testing for APL titers because it is still unclear how APLs contribute

to the disease etiology. A subset of MS patients who were treated

with acetylsalicylic acid for an average of 20.8 months and

occasionally with brief courses of steroids experienced a slow pace

of development of their condition. These patients had atypical clinical

features and elevated ACL antibody levels consistently. The

identification of subgroups of MS patients exhibiting chronically

elevated levels of APL presents an opportunity for the implementa-

tion of adjunctive therapies aimed at reducing the associated risk.

Specifically, the administration of antiplatelet, anticoagulant, or statin

treatments may prove beneficial in mitigating the aforementioned

risk, while more research is needed in this area.

As a result of similar underlying processes, immunotherapy for

stroke utilizing medications approved for MS has been employed in

medication repurposing trials to reduce neuroinflammation and for

the maintenance of BBB integrity.18 The extension of treatment

indications for stroke has been the subject of clinical studies, with a

focus on the efficacy of fingolimod and natalizumab (NTZ), based on

encouraging preclinical data. Improvements in functional outcomes

and a reduction in infarct volume growth were seen after fingolimod
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treatment in pilot investigations in IS or ICH. In double‐blind clinical

trials, the administration of NTZ less than 24 h following the

beginning of acute ischemic stroke had no positive impact on patient

outcomes.

Statins have been effectively utilized to reduce the permeability

of the BBB, limiting the migration of leukocytes through the BBB,

especially in the initial disease course. Supplementing MS patients'

diets with dietary antioxidants that lower their risk of stroke,

including vitamin C, may also be helpful.59 The evidence for routine

vitamin delivery in MS patients is weak, with the exception of vitamin

D, and controlled clinical research will provide proof of the potential

therapeutic value of this intervention.60

3.4 | Impact of multiple sclerosis treatment on
stroke

The goal of treatment for MS patients is to either stop the disease's

progression, control its symptoms, or prevent relapses. Currently,

there are no drugs that totally eradicate relapses in MS, however, the

use of DMTs is of great value to reduce the activity of MRI and the

rate of relapsing. These DMTs have different mechanisms of action

and administration approaches.15 They can include monoclonal

antibodies, glatiramer acetate (GA), interferons, and sphingosine

1‐phosphate receptor modulators.

The availability of ocrelizumab as the only medication for

patients with RRMS and PPMS has significantly transformed the

treatment of MS, including both relapsing and progressive forms.61

Current clinical studies are exploring the potential of other

monoclonal antibodies in this regard. A reduction in the rate of

annual recurrence by 29%–68% is observed when treated with the

currently available DMTs as compared to placebo or active

comparators.62 The possibility for treating MS patients differently is

made possible by the wide variety of DMTs that are readily

available.63 To treat MS and inflammation as best as possible,

switching between DMTs is frequently employed in clinical practice.

DMTs may enhance the risk of cerebrovascular illness in vulnerable

patients by amplifying risk factors of stroke.64 It has been noted that

the usage of IFN‐β and GA and stroke risk factors are positively

correlated. IFN‐β therapy has an impact on blood pressure (BP), lipid

balance, and perhaps infection risk in MS patients.65 Similar to

fingolimod, dimethyl fumarate (DMF) medication has been linked to

higher HDL levels in MS patients, while it is unknown if this is related

to vascular morbidity. Hematological problems may also result from

MS therapy. Alternately, hematological diseases may present as a

consequence of cerebral ischemia or a brief ischemic event.49 In one

study, female patients and those who had been exposed previously

to natalizumab were more likely to experience lymphopenia when

taking fingolimod as compared to DMF for a minimum of a year. On

the other hand, low absolute lymphocyte count was associated with

DMF therapy. The objective of this investigation was to ascertain the

factors that contribute to the hematological irregularities commonly

observed in association with these therapies. Several reports have

surfaced regarding the incidence of stroke and suboptimal neurologi-

cal outcomes among patients diagnosed with MS who have under-

gone alemtuzumab therapy for a minimum of two doses at least.66,67

They were perhaps linked to hypertension, hence MS patients on

alemtuzumab must have frequent arterial pressure monitoring, with

special attention paid to increases in systolic BP of more than

20mmHg, or 20%.

Thrombotic microangiopathy, a rare but severe case report of MS

patients treated with IFN‐Β, has been linked to thrombocytopenia,

hemolytic anemia, and microvascular occlusions.14 According to

adjusted studies, individuals receiving high doses of IFN‐Β therapy

had an eightfold higher chance of developing thrombocytopenia than

those receiving low doses or no IFN‐Β therapy for their MS.68

Additional MS investigations revealed that compared to NTZ and

fingolimod, the administration of therapy involving GA or IFN‐β has

been found to be associated with a significantly increased incidence

of stroke, with a relative risk of approximately 10 and 50 times

higher, respectively. The potential association between IFN‐β and

heightened platelet adherence to the endothelium may be attributed

to its impact on arterial wall competence or its ability to upregulate

the expression of the mean corpuscular hemoglobin (MHC) molecule

in platelets and other cellular entities. As an alternative, the potential

exacerbator effects of IFN‐β on coexisting autoimmune conditions,

such as vasculitis, have been proposed in the literature. Fingolimod

prevents astrocytes from oxygen‐glucose deprivation damage and

can help with acute ischemic stroke or cerebral edema after ICH by

lowering infiltration of lymphocytes, minimizing disruption in BBB,

and enhancing blood flow to the cerebrum.69 There are a number of

documented instances of reversible cerebral vasoconstriction syn-

drome induced by fingolimod in patients with multiple sclerosis that

are considered rare; these studies most likely included doses of more

than 0.5 mg daily.70

In blocking the entry of immune cells over the BBB into the CNS,

clinical trials have shown the antiatherogenic potential of natalizu-

mab.64 Moreover, NTZ has been linked to extremely low rates of

thrombosis and stroke (0.2% each). In a modest short‐term follow‐up

study (12.9, 6.2 months), NTZ therapy also resulted in statistically

significant elevated UA levels. Rare safety hazards of NTZ that may

exacerbate stroke include the emergence of viral infections and

inflammatory illnesses.71 Nonsteroidal anti‐inflammatory medicines,

which may be used to treat MS‐related symptomatic pain, have been

linked in a number of studies to a probable increased risk of stroke

due to thrombosis, however, the evidence is still ambiguous. A

myocardial infarction, stroke, and cerebrovascular illness (cerebral

thrombophlebitis) may all be made more likely by systemic

glucocorticoids, especially when used in large dosages.

The presence of certain risk factors such as disability, spasticity,

recent antidepressant use, or systemic glucocorticoid usage in

individuals with MS may increase the likelihood of VTE while also

potentially confounding the results of studies investigating this

phenomenon. As a result, there exists a notable scarcity of

dependable evidence in this area.72 The administration of high‐

dosage intravenous glucocorticoids subsequent to lumbar puncture
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has been linked, albeit in a limited number of case reports, to cerebral

venous thrombosis in both adult and pediatric patients diagnosed

with multiple sclerosis. As a result, the prophylactic prescription of

anticoagulants is warranted under these circumstances.

The higher prevalence of stroke risk factors in MS patients and

potential side effects of MS therapy, as well as the interaction

between inflammation and the cerebral microenvironment that

occurs in chronic neurodegenerative disorders, are all factors that

contribute to a greater likelihood of stroke in MS patients.73 While

there is a possibility of an overestimation of the short‐term risk for

stroke due to increased monitoring bias following the diagnosis of

MS, the majority of research studies concur that the elevated risk for

stroke remains significant over the long term, with a duration of up to

30 years post‐MS diagnosis. Further investigation into multiple

sclerosis patients that takes into consideration the risk factors

associated with stroke is imperative in comprehending the efficacy of

this approach.

Ponesimod, a drug that recently got the FDA‐approval for RRMS,

is a rapidly reversible sphingosine phosphate (S1P) receptor modula-

tor which recently approved in both the United States and the

European Union for treatment of relapsing forms of multiple

sclerosis. Its mechanism of action to eliminate the lymphocytes from

the lymphoid organs, which in turn lead to restrict the autoreactive

cells to enter the CNS.74

Ponesimod has been shown temporary increasing of blood

enzymes during therapy despite the limited experience with its usage,

for example, elevation of serum ALT were common (in up to 23% of

recipients) but were almost mild and with any clinical manifestations,

returning to its baseline values even with its continuation of using or

some months after cessation of drug. Also serum aminotransferase

increase above three times upper limit of normal were discovered in

17% of patients who taking this drug, although there were no any

approved case of acute hepatitis or clinically apparent liver injury

with jaundice.75

This drug shows wide spectrum of side effects such as

lymphopenia, headache, dizziness, dizziness, diarrhea, cough, rhinor-

rhea, peripheral edema as well as back and abdominal pain, other

severe adverse effects include viral, bacterial, or fungal infections,

atrial arrhythmia, and bradycardia, macular edema, decrease in

pulmonary function, progressive multifocal leukoencephalopathy,

and embryonal‐fetal toxicity, that's why patients should be monitored

for any infectious or complications and other cardiopulmonary and

ophthalmologic conditions.75

4 | CONCLUSION

This review article explores the association between stroke and

multiple sclerosis, focusing on the immune‐mediated nature of MS

and its effects on the CNS. It emphasizes that research on the venous

aspect of MS, particularly in terms of clinical, pharmacological, and

pathological investigation, is relatively underdeveloped. Differentiat-

ing between stroke prevalence and incidence, as well as

distinguishing between ischemic stroke and ICH, is crucial due to

the heterogeneity in clinical findings. Several risk factors for stroke in

MS are identified, including comorbidities like hypertension and

hyperlipidemia, platelet abnormalities, vitamin D deficiency, and

autoimmune factors such as APL antibodies. Preventive strategies for

stroke in MS include the use of anticoagulants or antiplatelet therapy

and potential treatment repurposing using medications approved for

MS. There is a need for further research to enhance understanding of

the link between stroke and MS, identify risk factors, and develop

evidence‐based strategies for prevention and treatment. Multiple

large‐scale longitudinal studies to track a cohort of MS patients over

an extended period, collecting detailed information on their medical

history, disease progression, and the occurrence of strokes can be

attempted. Additionally, exploring the potential biomarkers in blood

or CSF that could indicate an increased risk of stroke in MS patients.

5 | LIMITATIONS

The review identified limitations in the literature, including a lack of

distinction between stroke prevalence and incidence, and insufficient

differentiation between ischemic stroke and ICH. Furthermore,

variations in clinical settings (hospitalized vs. outpatient) were not

consistently considered. To address these gaps, larger prospective

studies are warranted to enhance our understanding of stroke risk in

MS patients and to develop targeted prevention strategies tailored to

this specific population.
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