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Abstract: Systemic lupus erythematosus (SLE) is an autoimmune rheumatic condition characterized
by an unpredictable course and a wide spectrum of manifestations varying in severity. Individuals
with SLE are at an increased risk of cerebrovascular events, particularly strokes. These strokes
manifest with a diverse range of symptoms that cannot be solely attributed to conventional risk
factors, underscoring their significance among the atypical risk factors in the context of SLE. This
complexity complicates the identification of optimal management plans and the selection of medica-
tion combinations for individual patients. This susceptibility is further complicated by the nuances of
neuropsychiatric SLE, which reveals a diverse array of neurological symptoms, particularly those
associated with ischemic and hemorrhagic strokes. Given the broad range of clinical presentations
and associated risks linking strokes to SLE, ongoing research and comprehensive care strategies
are essential. These efforts are critical for improving patient outcomes by optimizing management
strategies and discovering new medications. This review aims to elucidate the pathological connec-
tion between SLE and strokes by examining neurological manifestations, risk factors, mechanisms,
prediction and prevention strategies, management plans, and available research tools and animal
models. It seeks to explore this medical correlation and discover new medication options that can be
tailored to individual SLE patients at risk of stroke.

Keywords: systemic lupus erythematosus; stroke; antiphospholipid syndrome; antiphospholipid
antibodies; aspirin; statin; oral anticoagulant; biologic drugs

1. The Silent Threat: Stroke Risk in Systemic Lupus Erythematosus

Systemic lupus erythematosus (SLE) is a complex autoimmune disorder associated
with chronic inflammation, organ damage, and diverse clinical symptoms such as joint
pain and fatigue. Beyond the disease itself, patients face risks from medication side effects
and thrombotic events, including deep vein thrombosis and pulmonary embolism, which
can be life-threatening [1].

Cerebrovascular disorders, notably stroke, affect 5% to 15% of SLE patients, signifi-
cantly impacting their health and well-being [2–6]. The heightened susceptibility to stroke
underscores the need for targeted efforts to understand and manage these events within
the context of SLE.

Stroke in SLE can manifest as ischemic or hemorrhagic, influenced by disease-specific
factors and conventional risks like hypertension and smoking [7,8]. Comprehensive re-
search and tailored interventions are crucial to address this complex interaction, optimize
outcomes, and mitigate the debilitating effects of stroke in SLE patients.

Neuropsychiatric SLE (NPSLE) presents additional challenges due to its diverse and
complex neurological manifestations. It commonly includes acute cerebrovascular diseases
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such as strokes and transient ischemic attacks, alongside seizures, cranial neuropathy
affecting vision or facial function, and cognitive dysfunction impacting memory and
problem-solving abilities [2,9–12].

Ischemic stroke, a severe complication of NPSLE, affects 3% to 20% of patients with
SLE, indicating variability in study populations and diagnostic criteria [13–15]. Managing
NPSLE requires a multidisciplinary approach involving rheumatologists, neurologists,
and other specialists to address its complex symptoms and tailor treatments to individual
patient needs.

The ten-year survival rate for SLE patients is 92%, highlighting the need to focus on
cardiovascular risks, including stroke, which increases by 3% annually with age [16,17].
While numerous studies have explored stroke risk in SLE, focusing mainly on specific stroke
subtypes, there remains a gap in comprehensive research covering all stroke categories in
this population. Large-scale cohort studies are essential to evaluate long-term ischemic
stroke risks and develop appropriate prophylactic strategies. Table 1 summarizes key
findings from relevant studies on stroke prevalence among SLE patients.

Table 1. Outlining studies and their key findings on stroke occurrence in SLE patients.

Type of Study Findings Reference

International inception cohort studies The prevalence of stroke in SLE patients is 2.6% and 3.3%. [18,19]

Retrospective cohort study Patients with SLE who experience strokes suffer from extensive morbidity,
elevated rates of premature mortality, and increased hospitalization costs. [20]

Meta-analysis

Individuals with SLE face a 2-fold increased risk of ischemic stroke, a 3-fold
elevated risk of intracerebral hemorrhage, and nearly a 4-fold increased risk of
subarachnoid hemorrhage (SAH) compared to the general population, with the
highest risk being even more pronounced in women and younger individuals
(below 50 years of age), particularly within the first year following diagnosis.

[7]

Meta-analysis SLE increases the risk of ischemic and hemorrhagic stroke, with the most
pronounced impact in individuals under 50 years of age. [21]

Two meta-analyses The prevalence of cerebrovascular diseases in SLE patients ranges between 4.4%
and 7.2%, although significant variability across studies was noted. [21,22]

Cohort study Ischemic strokes displayed a bimodal pattern, occurring either shortly after SLE
diagnosis or after several years. [23]

Population-based studies Thrombotic events are most common in the initial five years of SLE, with the
highest risks observed in the first year following SLE diagnosis. [24,25]

Population-based studies
SLE significantly elevates the risk of stroke, particularly in patients younger
than 50 years, leading to increased mortality and functional impairment when
compared to non-SLE stroke patients.

[22,24,26,27]

Cohort study Half of the hemorrhagic strokes occurred more than 10 years after the diagnosis
of SLE. [28]

Retrospective population-based
cohort study

A severe lupus flare is strongly associated with an increased risk of ischemic and
hemorrhagic strokes in SLE patients. [29]

Retrospective cohort study

- Patients diagnosed with SLE had a higher incidence of stroke events (6.6%)
in comparison to those without SLE where (3.8%) experienced strokes, even
ten years after their initial SLE diagnosis.

- The use of antiplatelet medications was associated with an elevated risk of
hemorrhagic stroke in the SLE group.

[30]

Cohort study
An increased risk of stroke, myocardial infarction (MI), cardiovascular disease
(CVD), and hypertension in patients with SLE compared to the general
population, despite substantial variability among the included studies.

[31]

The relationship between SLE and hemorrhagic strokes remains incompletely under-
stood [7]. Ischemic strokes, which account for approximately 85% of cases, are caused
by vascular blockages. In contrast, hemorrhagic strokes, though less common, are more
prevalent in SLE patients over 50 with hypertension [16,32].

Several mechanisms contribute to the pathogenesis of ischemic strokes in SLE patients,
including vasculitis, altered antibodies, endothelial dysfunction, cumulative steroid use,
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and early-onset atherosclerosis (Figure 1) [33–36]. Advanced age is a significant risk factor
for atherosclerosis, leading to atherothrombotic strokes, the most frequent type of ischemic
stroke [37,38]. Persistent thrombotic risk in SLE is exacerbated by neuroinflammation,
characterized by oxidative stress, matrix metalloproteinase production, and microglial
activation [39,40]. Increased occurrence of small vessel disease, microthrombi, and comple-
ment deposition in SLE patients may further contribute to inflammatory vascular occlusion,
elevating stroke incidence [41,42].
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Several studies suggest that common cardiovascular risk factors do not fully explain
the increased stroke incidence in SLE patients [43]. Renal involvement in SLE may con-
tribute to stroke risk [3]. Ischemic stroke can be an early sign of nephrotic syndrome (NS)
and should be considered when excluding common ischemic stroke causes, particularly in
the presence of pre-existing glomerular disease [44].

In a study of SLE patients, 65% of those with stroke had renal involvement [45]. NS,
often arising from glomerular diseases, is linked to venous thromboembolism (VTE) and,
less frequently, arterial thromboembolism (ATE) [46]. NS increases the risk of functional
dependence after ischemic stroke, suggesting the need for intensive treatment and rehabili-
tation [47]. While ATE and acute ischemic stroke are rare in NS, they can occur in young
patients and may be the first indication of NS. Data on ATE risk factors in NS are scarce
and primarily derived from VTE data [48].

There are cases of young patients with new-onset lupus nephritis experiencing acute
stroke without traditional SLE-related stroke risk factors, highlighting the need for further
research to better understand stroke risk in SLE patients [49]. One case involved a young
woman with lupus nephritis who had a stroke caused by large-vessel vasculitis, confirmed
by vessel wall MRI [50].

This review offers current insights into stroke in SLE patients and suggests future
research directions for personalized medication options. It covers prediction, prevention,
management strategies, and tools to understand the pathological link between stroke and
SLE, aiming to improve treatment outcomes. This foundational knowledge supports tai-
lored interventions to reduce stroke risk and enhance holistic care for individuals with SLE.
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2. Antiphospholipid Syndrome and Neurological Implications: Unraveling the
Stroke Connections

Antiphospholipid syndrome (APS) was initially identified through the discovery of the
lupus anticoagulant autoantibody, which binds to phospholipids and proteins associated
with cell membranes, and its correlation with other autoimmune disorders [51]. APS is
now characterized as an autoimmune disorder marked by venous or arterial blood clots
and/or complications during pregnancy in individuals with antiphospholipid antibodies
(aPLs) [52]. It can manifest as either a primary disease or a secondary condition, often
linked to autoimmune disorders like SLE, rheumatoid arthritis, Sjogren’s syndrome, or
systemic sclerosis [53,54]. APS is characterized by recurring clotting events, miscarriages,
and low platelet counts, along with the persistent presence of antiphospholipid antibodies,
including anticardiolipin, lupus anticoagulant, and anti-beta 2-glycoprotein I (anti-β2GPI).
Approximately 36% of APS patients also have SLE, increasing the risk of aPL-mediated
cardiovascular events [51].

APS is associated with a spectrum of brain-related events, encompassing both clot-
related and non-clot-related conditions. Clot-related events, such as stroke and transient
ischemic attacks (TIAs), are observed in individuals with APS [55]. Additionally, non-
clot-related events, including seizure disorders and cognitive dysfunction, are part of the
neurological manifestations associated with APS [55].

Both APS and aPLs play a role in contributing to brain bleeding events, a phenomenon
similarly observed in SLE [56–58]. While intracranial bleeding occurs in approximately 0.4%
of SLE patients [59], subarachnoid bleeding is also identified as a potential complication
in SLE [60]. It is noteworthy that subarachnoid bleeding, though rare, can still occur in
individuals with APS [61].

APS is a well-established risk factor for stroke and other NPSLE syndromes. Cerebral
ischemia cases are associated with secondary APS, suggesting a mechanistic role [62–65].
Ischemic stroke was initially attributed to a heightened clotting tendency, but other mecha-
nisms unrelated to clot formation, such as vascular abnormalities or heart valve issues, also
play a role [66–69].

The connection between strokes and antiphospholipid syndrome (APS) in individuals
under 45 years old has been established through research, indicating that over 20% of
strokes in this age group are linked to APS [70]. Moreover, in patients with secondary
APS associated with systemic lupus erythematosus (SLE) and those with primary APS,
coupled with vascular risk factors, there is an increased risk of blood clotting [71]. The
debate arises when considering the role of traditional vascular risk factors versus the
presence of circulating antiphospholipid (aPL) antibodies in the accelerated development
of atherosclerosis observed in APS patients. Studies explore whether high blood pressure,
which is more prevalent in SLE and APS compared to the general population, acts as the
sole independent risk factor for arterial complications, particularly stroke, in APS [72].

Despite approximately 10% of cerebrovascular events occurring in younger popula-
tions without a clear explanation, aPLs are recognized as significant risk factors for ischemic
stroke and recurrent clot-related events [73]. In individuals with SLE, lupus anticoagulant
emerges as a more potent predictor of clot formation compared to anticardiolipin anti-
bodies [74]. A decade-long study established a robust association between the presence
of lupus anticoagulant at the outset and subsequent intracranial clot formation in SLE
patients [75].

The primary mechanism underlying nervous system involvement in APS is associated
with blood clot formation, with aPLs playing a pivotal role [76]. These antibodies activate
endothelial cells, monocytes, and platelets, inducing a pro-clotting state, increased platelet
aggregation, and heightened blood vessel constriction (Figure 2) [77]. Evidence suggests
that aPLs activate the lining of blood vessels in the brain, promoting pro-clotting activity
and causing damage to nerve cells [77]. The interaction between aPLs and the inner
surfaces of blood vessels leads to the upregulation of adhesion molecules and the release
of proinflammatory chemicals [78]. However, the precise mechanisms by which these
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antibodies induce blood clot formation remain unclear [79]. Importantly, individuals with
aPLs face a 5-fold higher risk of stroke or TIA compared to those without aPLs [73].
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Patients with SLE and APS who exhibit a triple-positive aPL antibody profile are
identified as a high-risk group for thrombotic events, including strokes [80]. This height-
ened risk is particularly pronounced in individuals with multiple positive autoantibodies,
notably those classified as “triple positive” [81]. The presence of a triple aPL antibody
profile in patients with SLE and APS significantly predisposes younger individuals (under
50 years of age) to an elevated risk of stroke and recurrent thromboembolic events [82,83].

Direct oral anticoagulants (DOACs), such as rivaroxaban, are not recommended for
patients with triple-positive APS due to their association with a high risk of recurrent
thrombotic events and the lack of comprehensive studies confirming the safety and efficacy
of other DOACs in this population [84]. The management of secondary stroke prevention
in patients with SLE and a triple aPL antibody profile is complex. It requires a delicate
balance between mitigating the risks of bleeding and preventing recurrent thrombotic
events. Therefore, each case necessitates a personalized approach that carefully weighs the
risks and benefits of various therapeutic options within a multidisciplinary framework, as
demonstrated in our patient’s case.

Optimizing stroke management outcomes in patients with APS requires physicians to
consider factors such as cardiac manifestations, inflammation, and accelerated atheroscle-
rosis. Although the precise pathophysiology of APS remains unclear, genetics and triggers
such as infections are believed to play crucial roles in disease onset. Emerging preven-
tion guidelines emphasize personalized treatment strategies, necessitating comprehensive
analysis of test results and collaborative input from specialties such as rheumatologists,
neurologists, and hematologists in managing stroke in APS patients.

3. Using Biomarkers and Autoantibodies to Predict Stroke Risk in Systemic Lupus
Erythematosus and Develop Individualized Management Plans

SLE significantly increases the risk of premature atherosclerosis, with a 6-fold higher
cardiovascular risk compared to the general population [85]. The gradual onset of SLE
manifestations complicates early diagnosis [86]. Therefore, identifying biomarkers that
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reflect ongoing inflammation driving atherosclerotic plaque formation is crucial for guiding
therapeutic interventions in SLE. Studies have identified piHDL, leptin, and sTWEAK,
along with factors like age and diabetes, as part of the “Predictors of Risk for Elevated
Flares, Damage Progression, and Increased Cardiovascular Disease in Patients with SLE
(PREDICTS)” profile. This profile enhances the identification of SLE patients at risk for sub-
clinical atherosclerosis progression, including carotid plaque and intima–media thickness
(IMT) progression [87–89].

Recent research underscores immune cells and cytokines as potential biomarkers for
early atherosclerosis in SLE. Studies show correlations between molecules such as inter-
leukins, interferons, and immune cell markers (e.g., VCAM-1, VAP-1, β2-microglobulin)
and atherosclerosis/CVD. However, clinical application remains inconclusive due to com-
plex interactions and inconsistent findings across studies. Validating these biomarkers
and developing effective therapeutic strategies are essential for preventing atheroscle-
rosis in SLE patients. Recent reviews provide comprehensive insights into the current
understanding and advancements in atherosclerosis biomarkers in SLE [90].

The diagnosis of neurological involvement in SLE requires specific clinical and labora-
tory criteria [91]. Although thrombosis or cerebrovascular accidents (CVAs) are not part of
the diagnostic criteria for SLE, the immunological activation associated with the disease
increases the risk of clotting, making stroke a plausible complication in SLE patients [92].
This insight underscores the importance of early implementation of medication plans to
prevent stroke in SLE patients. These plans may involve the use of existing medications
or the development of new treatments specifically designed to address the risk factors
associated with stroke in SLE.

Antinuclear autoantibodies (ANAs) have been correlated with intracranial arterial
stenosis in SLE patients experiencing ischemic strokes, an association attributed to endothe-
lial cell dysregulation (Table 2) [93,94]. French national guidelines recommend testing for
anti-SS-A antibodies during the second-line assessment of stroke in adults under 55 when
no clear etiology is found. However, the presence of anti-SS-A antibodies in these patients
is rare, occurring in only 1–2% of cases [95]. The inflammatory response in the brains of SLE
patients with strokes, linked to anti-double-stranded DNA (anti-dsDNA) autoantibodies,
is characterized by elevated levels of IL-1β and IL-6 [96]. Despite these findings, current
assays for detecting ANAs and anti-dsDNA lack reliability and interpretability [97]. These
tests cannot currently be assessed in the context of studying stroke in SLE patients, as their
reproducibility and effectiveness have not yet been validated.

Anticardiolipin autoantibodies (aCLs) exhibit a significant presence in various diseases,
including SLE, owing to their specific affinity for cardiolipin. However, their relationship
with stroke, a common cerebrovascular event, is multifaceted [98]. The prevalence of
aCL among individuals experiencing thrombotic cerebrovascular events varies widely,
ranging from 6.8% to 46% [98–101]. It is important to note that not all studies confirm
the persistence of aCL positivity beyond the initial 6–12 weeks from sampling, suggesting
potential fluctuations in antibody levels over time.

Research has aimed to elucidate the specific role of aCL subtypes, particularly IgM
and IgG, in stroke pathology. Some findings suggest a correlation between any titer of
IgM subtype aCL and stroke incidence, while others propose that only high titers of IgM
aCL are associated with increased stroke risk [102,103] (Table 2). Notably, the presence of
IgG aCL does not appear to predict the recurrence of thrombosis, indicating a differential
impact of aCL subtypes on thrombotic events [104].

Despite ongoing research efforts, the optimal treatment strategy for individuals with
aCL-related stroke remains uncertain. Current literature discusses the potential benefits of
high-dose warfarin alone or in combination with low-dose aspirin, yet definitive conclu-
sions are lacking (Table 3) [105]. Nevertheless, emerging evidence suggests that low-dose
aspirin could hold promise as a preventive measure for stroke in SLE patients, underscoring
the importance of tailored treatment approaches in this population [106].
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The involvement of both IgM and IgG subtypes of anti-β2GPI autoantibodies in
the pathogenesis of antiphospholipid syndrome (APS) highlights their crucial role in the
development of strokes and cerebral vein thrombosis [107–109]. Particularly noteworthy is
the persistence of these antibodies in stroke patients even upon retesting, indicating their
enduring presence and potential clinical significance [110].

Specifically, persistent IgG anti-β2GPI has been identified as an independent risk
factor for recurrent stroke, emphasizing its pivotal role in the management and prognosis of
stroke cases (Table 2) [111]. In contrast, IgM anti-β2GPI has been independently associated
with strokes, suggesting its potential as a more reliable predictor compared to IgG anti-
β2GPI [112]. However, the interpretation of IgM anti-β2GPI’s role is complicated by
findings from one study suggesting it might be associated with a reduced risk of stroke,
necessitating further investigation (Table 2) [102]. The prevalence of anti-β2GPI in stroke
patients varies considerably, with estimates ranging from 5% to 24%, though certain studies
did not include retesting to validate these estimates [113,114].

Table 2. Autoantibodies used to predict stroke risk in SLE.

Autoantibody Findings Reference

Antinuclear autoantibodies (ANAs) ANAs are linked to intracranial arterial stenosis in SLE patients with
ischemic strokes via endothelial cell dysfunction. [93,94]

Anti-double-stranded DNA
autoantibodies (anti-dsDNA)

In SLE stroke patients, brain inflammation linked to anti-dsDNA
antibodies shows increased IL-1β and IL-6 levels. [96]

Anticardiolipin autoantibodies (aCLs)

Research on aCLs subtypes (IgM and IgG) in stroke suggests that
elevated levels of IgM aCL may increase stroke risk, while IgG aCL
does not predict thrombosis recurrence, indicating subtype-specific
effects on thrombotic events.

[102–104]

IgG anti-β2GPI Persistent IgG anti-β2GPI is crucial for stroke management and
prognosis, as it is a key risk factor for recurrent stroke. [111]

IgM anti-β2GPI
IgM anti-β2GPI is independently linked to strokes and may be a
better predictor than IgG anti-β2GPI. Yet, one study suggests it could
reduce stroke risk, complicating its role.

[102,112]

Lupus anticoagulant (LAC)
LAC binds to phospholipids, significantly increasing stroke risk,
often impacting critical brain regions like the left MCA and left
superior cerebellar artery.

[114–116]

Regarding treatment strategies, there was no significant difference in recurrence rates
between stroke patients with isolated IgM APS positivity treated with antiplatelet agents
and those treated with Vitamin K antagonists (VKAs) like warfarin [117]. However, within
the subgroup of patients positive only for IgM, a higher recurrence rate was observed in the
antiplatelet treatment group, underscoring the importance of tailored treatment approaches
aligned with individual patient profiles [117].

Lupus anticoagulant (LAC) is recognized for its ability to bind to phospholipids,
thereby emerging as a significant autoantibody linked to an elevated risk of stroke
(Table 2) [114,115]. Strokes associated with LAC often present in extensive areas of the
brain, affecting critical regions such as the left middle cerebral artery (MCA) and the left
superior cerebellar artery [116].

In the domain of managing thrombo-inflammatory disorders like APS, an emerging
therapeutic avenue involves targeting platelet surface receptors or their intracellular signal-
ing pathways using antiplatelet agents such as aspirin [118]. Despite the potential benefits
of anticoagulation therapy for stroke in the presence of LAC, it is crucial to acknowledge
the limited number of studies investigating the incidence of major bleeding associated with
such treatment [105]. This underscores the pressing need for further research aimed at
comprehensively evaluating the safety and efficacy of anticoagulant therapy in the context
of LAC-associated stroke management.
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Cerebral venous thrombosis (CVT) represents a rare yet potentially severe condition
that can lead to stroke in individuals spanning various age groups, including children,
adults, and even newborns [119]. The pathophysiological mechanisms underlying CVT
are complex, involving a multifaceted interplay of immunological factors. Notably, the
presence of both aCL IgA and anti-β2GPI IgA antibodies has been identified within the
context of CVT [120]. Furthermore, recent investigations have shed light on the potential
role of antiphosphatidylserine/prothrombin antibody (aPS/PT) IgG as a biomarker for
APS and its association with stroke [121]. While direct evidence linking aPS/PT IgG or
aPS/PT IgM to CVT is currently lacking, the observed correlation of aPS/PT IgG with LAC
suggests its potential involvement in the pathogenesis of CVT [120]. Exploring the roles of
these autoantibodies may reveal new therapeutic targets for managing CVT complications
in SLE.

The landscape of arterial thrombotic events linked to non-criteria aPL is characterized
by complexity and multifaceted interactions. Within this landscape, IgA anti-β2GPI stands
out as a significant variant, with a prevalence of 20% among stroke patients, as indicated by
a single serology measurement [122]. This observation underscores the importance of IgA
anti-β2GPI, suggesting its potential to supersede conventional risk factors like hypertension
or dyslipidemia [122–124]. However, it is essential to recognize the limitations inherent in
some data, which may not definitively establish a direct association with stroke [125].

In contrast to other non-criteria aPLs, aPS/PT IgG antibodies exhibit an independent
correlation with stroke or mortality in patients with TIAs [125]. This highlights the distinct
pathogenic mechanisms and clinical implications associated with different aPL subtypes.
Therefore, understanding and acknowledging variations in the prevalence and clinical
significance of these antibodies is paramount.

The role of aPLs in recurrent ischemic strokes (RISs) remains uncertain despite their
association with thrombotic events, particularly in young patients. A systematic review
and meta-analysis found that aPL positivity did not significantly correlate with RIS in
adults [126]. Subgroup analyses, considering age under 50 years, aPL type, ethnicity,
repeated testing, and data characteristics, did not show an increased risk of RIS [126].
Therefore, current evidence suggests that persistent aPL positivity and newer aPL tests in
ischemic stroke patients do not reliably predict higher rates of RIS [110].

Factors such as sample size, comorbidities, inter-assay agreement, and the necessity
for retesting play pivotal roles in accurately interpreting and contextualizing the findings
related to aPL-associated thrombotic events. Considering these factors ensures a compre-
hensive understanding of the intricate relationship between non-criteria aPLs and arterial
thrombotic events, ultimately guiding clinical decision-making and management strategies
through the selection of the most suitable medications for affected patients.

SLE is linked to an elevated risk of venous thromboembolism (VTE) and arterial
thromboembolism (ATE). Thrombophilic defects, including protein C and S deficiencies,
antithrombin III deficiency, and genetic mutations such as factor V Leiden and prothrombin
G20210A, are prevalent in SLE patients. Specifically, factor V Leiden and prothrombin
G20210A mutations increase VTE risk by 20- and 30-fold, respectively, without impacting
ATE risk [127].

Inherited thrombophilia, defined as a genetic predisposition to VTE typically man-
ifesting in individuals under 45 and often recurring without clear cause, has a debated
role in arterial thromboses like ischemic stroke and myocardial infarctions [128]. Throm-
bophilia screening is advised for young patients with spontaneous or atypical thromboses,
recurrent arterial events, or a significant family history, as it can lead to crucial, life-saving
treatments [129].

Conversely, inherited thrombophilias such as factor V Leiden and prothrombin G20210A
are associated with an increased risk of arterial ischemic stroke in adults, although further
research is required to understand the clinical management implications [130]. While
thrombophilic defects are likely to increase VTE risk in SLE patients with aPLs, their
potential role in stroke development remains uncertain.
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Several models have been developed to predict CVD in SLE, but they often underesti-
mate risk when using general population algorithms. SLECRISK, a novel SLE-specific tool,
was created to provide a more accurate estimate of CVD risk in SLE patients [131].

SLECRISK extends the American College of Cardiology/American Heart Association
(ACC/AHA) model [43], incorporating SLE-related variables to better detect moderate-
to high-risk for major adverse cardiovascular events (MACEs). It addresses the short-
comings of existing models by including factors commonly assessed in clinical practice,
thus improving the identification of SLE patients needing preventive and risk-modifying
therapy [131].

Internally validated, SLECRISK shows greater sensitivity than traditional CVD tools
for predicting moderate- and high-risk for MACEs over ten years. It includes routinely
collected risk factors, making it particularly useful for identifying higher risk in young
females with severe SLE activity. If externally validated, SLECRISK could be integrated into
SLE management guidelines to support early decision-making for the primary prevention
of CVD [131].

4. Strategies for Stroke Prevention and Management in Systemic Lupus Erythematosus:
From Anticoagulation to Novel Approaches

The clinical presentation of SLE is highly variable, reflecting the diverse underlying
mechanisms of the disease. This variability has contributed to the limited success of
numerous clinical trials aimed at effectively treating and curing SLE without adverse effects.
Presently, there is no definitive curative therapy available for SLE. Standard treatment
protocols typically involve a combination of corticosteroids, immunosuppressive agents,
antimalarial drugs such as hydroxychloroquine, and non-steroidal anti-inflammatory drugs
(NSAIDs) [132].

Regrettably, both individually and in combination, these conventional treatments
lack specificity and are associated with a spectrum of undesirable side effects, including
an elevated risk of severe infections [133]. Consequently, there is a pressing need within
the healthcare community to develop innovative therapeutic strategies for managing SLE.
These novel approaches are aimed at enhancing the quality of life and improving the
long-term survival prospects of individuals with SLE by tailoring medication regimens to
individualized needs and considerations.

In the mid-20th century, the four-year survival rate for patients with SLE was a mere
50% [134]. However, substantial improvement has been observed in recent decades, with
the fifteen-year survival rate now being approximately 85% [135,136]. This advancement
signifies considerable progress over the past several decades. Nevertheless, traditional
treatments, including prednisolone, hydroxychloroquine, and immunosuppressives, con-
tinue to face challenges in effectively managing the disease, and some SLE patients still
experience premature mortality. Furthermore, conventional therapies are associated with
drug toxicity, which can lead to irreversible organ damage [137,138].

To mitigate CVEs in individuals with SLE, it is crucial to address modifiable risk
factors such as dietary habits, physical activity, and comorbid conditions. Initiating aspirin
is advisable, with clopidogrel serving as an alternative in select cases (Table 3) [139]. The
administration of low-dose aspirin is pivotal for the primary prevention of thrombosis
in SLE patients with aPL, particularly when other prothrombotic factors are present [3].
Therefore, for the primary prevention of stroke, aspirin is recommended alongside the
management of cardiovascular risk factors, including hypertension, diabetes, tobacco use,
and hyperlipidemia [140]. Although some meta-analyses indicate a significant reduction
in the risk of initial thrombotic events, they also report a noteworthy increase in bleeding
risk [141].

Hydroxychloroquine, a cornerstone of SLE therapy, has been shown to significantly re-
duce the risk of cardiovascular events [142–144]. Considering the progression of atheroscle-
rosis and the anti-inflammatory effects of statins in SLE patients is warranted, particularly
for those with dyslipidemia (Table 3) [3].
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Table 3. Medications used to prevent and manage stroke in individuals with SLE.

Medications Structure Medication Usage in Preventive and
Management Strategies Reference
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Table 3. Cont.

Medications Structure Medication Usage in Preventive and
Management Strategies Reference
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Anifrolumab may reduce the risk of stroke in lupus
patients by attenuating systemic inflammation. [155]

The approach to secondary prevention and treatment of stroke is generally consistent
between patients with SLE and those without, except in cases where there is a history of
recurrent stroke or APS. In such instances, anticoagulation therapy is warranted, potentially
involving a higher international normalized ratio (INR) target if antiplatelet agents are not
used concurrently [156]. The use of direct oral anticoagulants (DOACs) is typically not
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recommended and may pose a greater risk of major bleeding compared to warfarin [84].
Currently, an ongoing clinical trial is comparing the efficacy of high-intensity oral rivaroxa-
ban versus high-intensity warfarin in patients with APS, with or without coexisting SLE,
who have previously experienced a stroke (Table 3) [150].

For patients with APS or sustained high antiphospholipid antibody (aPL) titers,
chronic oral anticoagulation therapy is warranted [140]. Anticoagulation is the primary
modality for preventing stroke recurrence in high-risk SLE patients or those with secondary
APS [8]. Although studies indicate the advantages of high-intensity warfarin in APS, certain
limitations are noted [146]. Experts recommend the prolonged use of anticoagulation for
SLE patients with ischemic stroke-secondary APS [147]. For minor stroke or TIAs, aspirin
and clopidogrel may be considered, even though specific studies in the context of SLE and
aPL are limited [145].

In cases of inconsistent positive tests for APS, it is prudent to perform an assessment
for other autoimmune diseases, particularly SLE, as individuals with both APS and SLE
face an increased risk of stroke [62]. The combined use of aspirin and warfarin for primary
prevention is not recommended due to the elevated risk of bleeding. Multiple organi-
zations, including the 13th International Congress on Antiphospholipid Antibodies and
the European League Against Rheumatism, advocate for aspirin use in individuals with
high-risk antiphospholipid profiles, those with other thrombotic risk factors, and those
with SLE [149].

For patients with seronegative APS experiencing arterial thrombotic events, treatment
typically involves low-dose aspirin or clopidogrel, with the potential addition of a statin
if it can be tolerated [149]. Moreover, lifelong use of DOACs has been considered in
patients with IgA anti-β2GPI antibodies [157]. Additionally, some studies suggest including
Sneddon’s syndrome—a rare non-inflammatory thrombotic vasculopathy—in the spectrum
of neurological manifestations associated with APS and SLE. This proposition is based on
findings that over 40% of patients diagnosed with Sneddon’s syndrome have aPL. The
syndrome is characterized by ischemic cerebrovascular disease, often accompanied by
livedo reticularis [158].

The utilization of antithrombotic drugs poses a risk factor for hemorrhagic stroke.
However, limited studies have investigated the correlation between hemorrhagic stroke
and antithrombotic use in patients with SLE [159]. Further research is required to provide
additional insights into this correlation. A recent study found that the association between
anticoagulants and hemorrhagic stroke in SLE patients was non-significant [30]. Prophy-
laxis against thrombotic events in patients with SLE primarily involves the administration
of antiplatelets or anticoagulants [106,160]. However, it is important to note that this
treatment is associated with an increased risk of hemorrhagic stroke [28].

The introduction of biologic drugs, which are derived from or contain components of
living organisms, has significantly enhanced outcomes and quality of life for patients with
autoimmune rheumatic diseases such as rheumatoid arthritis, psoriatic arthritis, and anky-
losing spondylitis [161]. However, relatively few biologic drugs have demonstrated efficacy
in the routine management of SLE. B-cell blocking therapies, or B-cell depletion therapies
(BCDTs), are crucial for treating autoimmune diseases and B-cell malignancies. These ther-
apies target B cells, which are white blood cells essential for cytokine production, antigen
presentation to T cells, and inflammation regulation. The goal is to eradicate harmful B
cells while preserving beneficial B-cell immunity [162]. B-cell blocking therapies approved
for use in SLE have shown promise in controlling disease activity, reducing the need for
steroids [163], and slowing damage progression in open-label extensions of randomized
controlled trials [164,165]. Unfortunately, not all patients respond equally to these drugs.
For example, rituximab has a response rate of approximately 70 to 80% [153,166], while
belimumab provides at least a 50% improvement in roughly half of the patients treated
in the OBSErve Study [167]. Furthermore, some patients who initially respond well to
rituximab may experience relapses [168], while others may develop allergic reactions [169].
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The development of biologic therapies for systemic lupus erythematosus (SLE) sig-
nificantly lags behind the advancements achieved in other rheumatological conditions.
Currently, only two biologic agents, belimumab and anifrolumab, are approved for the
treatment of lupus patients [170]. Analyses of trials involving rituximab, belimumab, and
anifrolumab have underscored the critical importance of precise study design and the
careful selection of appropriate outcome measures to reveal the potential advantages of
new biologic drugs for SLE [165]. Furthermore, due to the diverse nature of SLE, the
positive effects of certain drugs may not manifest uniformly across the entire population
of lupus patients but may be confined to specific subgroups. Lessons learned from lupus
trials should now inform the development of more effective Phase II and III studies [165].
Ultimately, this will pave the way for the emergence of enhanced biologic drugs that
can make a substantial contribution to lupus therapy and help prevent the occurrence of
cardiovascular events, especially strokes, in patients. Studying this aspect during clinical
trials may help develop biologic drugs that prevent the severity of SLE and minimize the
occurrence of strokes.

Several obstacles have impeded the progress of biologic drug development for SLE,
leading to a continued reliance on conventional immunosuppressants like cyclophos-
phamide (Table 3). These conventional treatments carry the burden of various adverse
effects and an increased risk of damage accumulation, especially when corticosteroids are
involved [171].

5. Neuropsychiatric Symptoms in Systemic Lupus Erythematosus: Insights from Mouse
Models for Developing New Therapeutic Options for Managing Stroke Incidence in
SLE Patients

Investigating the complex pathophysiology of SLE through primary lupus mouse
models presents significant challenges. One of the primary obstacles is the anatomical and
immunological differences between mice and humans, which complicates the extrapolation
of findings. Additionally, the expression of SLE varies significantly among different mouse
models, making it difficult to generalize results to the human condition. Consequently, no
single mouse model can fully replicate human SLE [172,173].

Despite these limitations, murine models offer valuable insights into the pathogenesis
of SLE. They serve as crucial tools for exploring innovative treatment approaches [174].
Each mouse model has unique strengths and weaknesses making it well suited to specific
preclinical research objectives. For instance, some models may better mimic particular
aspects of human SLE, allowing for targeted investigations of disease mechanisms and
potential therapies. However, it is important to note that research on stroke occurrence in
the context of SLE remains limited.

The NZBWF1 mouse model is well known for its spontaneous development of SLE
and is regarded as the most established and widely used classical model for SLE research
(Table 4) [174]. This model exhibits key characteristics such as systemic autoimmunity,
hemolytic anemia, proteinuria, and immune complex glomerulonephritis, which typically
emerge around 5 to 6 months of age. Notably, disease severity is more pronounced in female
mice, partly due to estrogen levels, resulting in a shorter lifespan for females compared to
males (Table 4) [174–177].

Table 4. Mouse models demonstrate neuropsychiatric symptoms in SLE.

Autoantibody Findings Reference

NZBWF1 mice

- The NZBWF1 mouse model, the leading SLE model, develops autoimmunity,
anemia, proteinuria, and glomerulonephritis at 5 to 6 months.

- NZB/W F1 and MRL/lpr mice exhibit neuropsychiatric symptoms but show
delayed and inconsistent onset of SLE-related symptoms, progressing slowly,
limiting their suitability for NPSLE research due to variability.

[174–177]
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Table 4. Cont.

Autoantibody Findings Reference

MRL/lpr mice

- MRL/lpr mice are genetically predisposed to spontaneous neuropsychiatric SLE.
- NZB/W F1 and MRL/lpr mice exhibit neuropsychiatric symptoms but show

delayed and inconsistent onset of SLE-related symptoms, progressing slowly,
limiting their suitability for NPSLE research due to variability.

[178,179]

PIL mice

- PIL mice, inducible wild-type lupus models, precisely replicate clinical
manifestations.

- By week 2, PIL mice show increased brain cytokines and chemokines before
behavioral deficits.

- Cytokine dysregulation in PIL mice causes blood–brain barrier impairment, IgG
deposition, neuronal damage, and glial activation, emphasizing the role of PIL mice
in neuropsychiatric SLE research.

[180]

B6.Nba2 mice - B6.Nba2 mice show notable anxiety and mild depression. [181]

Wild-type mice +
Pristane

- Pristane injection in mice induces lupus-like symptoms, including ascites with
monoclonal antibodies and rheumatoid-like erosive arthritis.

- Reports on neuropsychiatric SLE (NPSLE) manifestations in the pristane-induced
lupus (PIL) model are limited, despite exhibiting major clinical and laboratory
manifestations of SLE.

[182]

Leveraging diverse mouse models with spontaneous or inducible lupus-like diseases
is essential for comprehensively studying human disease and developing innovative treat-
ments. While prior investigations have predominantly focused on genetically susceptible
animals such as MRL/lpr mice for studying spontaneous neuropsychiatric SLE [178], in-
ducible wild-type lupus models, like PIL mice, devoid of a specific genetic background,
offer a more precise replication of clinical manifestations (Table 4) [180]. These models hold
promise for advancing our understanding of the neuroimmune mechanisms underlying
neuropsychiatric SLE, potentially unraveling intricate molecular and cellular pathways
and laying the groundwork for novel therapeutic interventions.

As early as week 2, PIL mice demonstrate significant elevations in cytokine and
chemokine expression within the brain, preceding the onset of behavioral deficits [180].
This observation suggests a plausible link between the initiation of depressive-like behavior
in PIL mice and cytokine overexpression.

The compromised brain function observed in PIL mice likely arises from cytokine
dysregulation, resulting in blood–brain barrier impairment, IgG deposition, activation of
glial cells, and neuronal damage. These findings underscore the importance of PIL mice as
a valuable model for neuropsychiatric SLE research and underscore the critical roles played
by glial cells in its pathogenesis [180]. Targeting glial cells may emerge as a promising
therapeutic avenue for neuropsychiatric SLE, shedding light on the molecular and cellular
mechanisms through which SLE contributes to the occurrence and recurrence of strokes.

Exploring NPSLE in humans is challenging due to the difficulties associated with brain
biopsies. While postmortem histological analysis is an option, the rapid decomposition of
brain tissue significantly affects the reliability of findings. Consequently, animal models are
indispensable for unraveling the pathogenic mechanisms of NPSLE [183].

Commonly employed NPSLE animal models, such as NZB/W F1 and MRL/lpr mice,
spontaneously exhibit neuropsychiatric symptoms, including cognitive dysfunction [184,185],
anxiety, depression-like behavior [185–187], and reduced locomotor activity [177]. However,
these models rely on inbred mouse strains, display a delayed and inconsistent onset of
SLE-related symptoms, and progress slowly (Table 4) [179]. The heterogeneity and mild
presentation of neuropsychiatric symptoms limit the applicability of these models in NPSLE
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research. Additionally, these genetically predisposed models do not fully capture the impact
of environmental factors on NPSLE pathogenesis.

Despite limitations, these models are valuable for probing stroke onset in SLE, elucidating
molecular mechanisms, and pinpointing markers for stroke prevention and management.

Affective deficits are prevalent neuropsychiatric disturbances in NPSLE, significantly
impacting patients’ quality of life [188]. Various genetically predisposed mouse models
of NPSLE also manifest affective disorders. For instance, the MRL/lpr strain exhibits
depression-like behavior and cognitive deficits but lacks anxiety-like behavior [185]. Ad-
ditionally, NZB/W F1 mice display congenital abnormalities, anxiety-like behavior, and
diminished locomotor activity [177], while B6.Nba2 mice show marked anxiety and mild
depression [181]. Recent studies have documented several neuropsychiatric manifestations
in PIL mice, including learning and memory disturbances [189] and reduced spontaneous
activities [190]. These SLE mouse models can be utilized to investigate early molecular
and cellular physiological changes leading to the occurrence of stroke and to explore the
relationship between the progression of SLE and the risk factors directly related to stroke.

An alternative strategy involves exposing wild-type mice to chemical agents, offering
a distinct approach to creating SLE models. This method mimics the influence of envi-
ronmental factors on the development of lupus-specific manifestations. These models
facilitate the exploration of non-genetic factors that trigger immune tolerance breakdown
and provide a means to assess the effectiveness of therapeutic agents for SLE. Pristane,
identified as hydrocarbon oil (2,6,10,14-tetramethylpentadecane), has the capacity to induce
a diverse range of autoantibodies specific to or associated with SLE in mice (Table 4). The
administration of pristane into the abdominal cavity of mice can induce various lupus-like
symptoms, including ascitic fluid enriched with monoclonal antibodies and rheumatoid-
like erosive arthritis [182]. However, despite the observation of most major clinical and
laboratory manifestations of SLE, as defined by the American College of Rheumatology,
in this pristane-induced lupus (PIL) model, there have been limited reports on NPSLE
manifestations within this model [189–191].

This induced SLE model can serve as an excellent laboratory tool for investigating
cardiovascular events, including the stroke risk associated with SLE. It may also contribute
to understanding the impact of SLE severity on this association. Furthermore, this model
enables the study of the molecular and cellular mechanisms involved in initiating stroke in
SLE patients, which can help discover new markers and develop medications to manage
the occurrence of stroke in these patients.

6. Management Gaps and Future Research Priorities for Discovering Medications to
Treat Stroke in Systemic Lupus Erythematosus

The complexity of stroke pathogenesis in individuals with SLE poses a challenge to
current management strategies. Valuable insights can be gained through a comprehensive
analysis of each patient’s medical history, including disease progression, serum cholesterol
levels, smoking habits, and antiphospholipid antibodies [28,192]. It is essential to conduct
additional research to achieve a more profound understanding of the intricate relationship
between stroke and SLE, particularly in patients with various risk factors or comorbidities.
This research holds the potential to improve the management of stroke risk factors and
occurrences in individuals with SLE. Medication combinations should be tailored to individ-
ual patients based on their symptoms and potential risk factors. Future research aimed at
discovering new medications should consider these factors during developmental studies.

Attributing strokes to SLE remains challenging due to the influence of non-disease
factors. Early stroke occurrence, particularly close to diagnosis, and a history of neuropsy-
chiatric NPSLE manifestations may serve as predictors for future strokes [193]. Clinicians
benefit from a validated attribution model that assists in identifying NP lupus manifes-
tations, including CVAs [194]. The latest EULAR guidelines for SLE management now
incorporate the concept of attribution, highlighting the importance of immunosuppressive
therapy beyond thrombosis [160]. This can contribute to setting fundamental research
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directions by monitoring and managing the severity of SLE patient cases. It aims to under-
stand the factors and mechanisms that contribute to the occurrence of stroke in association
with SLE. This knowledge will enable the development of appropriate medications for
individual patients, minimizing side effects.

When assessing cerebrovascular disease related to SLE, it is essential to conduct a
thorough patient history and physical examination. The identification of causes based
on symptoms, such as headaches indicating SAH, CVST, or vasculitis-related strokes, is
crucial [195]. The sudden onset of focal neurological deficits may suggest an atherosclerotic
or embolic origin [196]. Seizures, which are more frequent in vasculitis, may manifest
across these conditions [197]. The examination should also encompass systemic signs of
SLE activity, neurological assessments, and the use of the NIH Stroke Scale [79]. Based
on these assessments, individualized medication plans should be developed for better
management of each patient.

Unlike SLE, there are insufficient data regarding stroke in individuals with APS. Al-
though some evidence suggests a connection between certain antibodies and stroke, further
confirmatory studies are necessary. In contrast to the well-defined recommendations for
stroke management in SLE, APS management lacks clear guidelines, resulting in uncer-
tainties regarding optimal management, pathophysiology, and the role of non-criteria
antiphospholipid antibodies. Therefore, it is necessary to develop improved management
plans and identify effective medications to prevent stroke in APS patients.

While cerebrovascular complications in SLE are increasingly recognized, uncertainties
persist regarding their prevalence, timing, and long-term outcomes, particularly with
respect to acute strokes arising from various sources and mechanisms, such as intracerebral
hemorrhage linked to vasculitis, hypertension, or aneurysm rupture. Evaluating SLE
patients presenting with stroke-like symptoms necessitates the exclusion of secondary
causes [13].

7. Concluding Remarks

SLE is an intractable, multisystemic, and relapsing disease primarily characterized by
the loss of tolerance to self-antigens, immune complex formation, and diverse end-organ
damages [198]. Nervous system involvement in SLE is a significant risk factor, impacting
cognition, mood, and consciousness, known as neuropsychiatric lupus. This condition
is linked to a poorer prognosis and increased cumulative organ damage [199,200]. The
pathogenesis of NPSLE associated with strokes in SLE severity is believed to involve various
pathogenic factors, including inflammatory mediators, autoantibodies, and immune cells,
potentially disrupting the blood–brain barrier (BBB) and triggering an inflammatory process
leading to glial activation, neurodegeneration, and behavioral deficits [201,202]. However,
the mechanisms underlying NPSLE remain largely unknown, necessitating future studies
to focus on understanding these various pathways and related complications.

While there has been substantial advancement in understanding SLE and APS, the
diagnostic and therapeutic complexities posed by neurological manifestations persist for
healthcare providers [140]. Consequently, additional basic and clinical research focused on
unraveling the connection between APS and stroke, particularly the mechanisms by which
antibodies trigger blood clot formation, could pave the way for the development of novel,
validated diagnostic tools and effective management and medication strategies. These ad-
vancements have the potential to enhance control over the progressive pathophysiological
nature of strokes associated with APS.

There is limited research on the use of antiplatelets or anticoagulants in SLE patients
and their associations with ischemic and hemorrhagic strokes. Most prior studies have
focused on the pathogenesis of strokes in SLE rather than medication usage. Beyond the
utilization of anticoagulant medications in treating SLE, there is optimism for short- and
long-term successes with the potential inclusion of several biologic drugs in standard lupus
treatments. Anticipation is growing for a wider array of biologic drugs becoming available
within the next five to ten years. This prospect offers hope for SLE patients in potentially
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averting the development of NPSLE, primarily due to the associated risk of nervous system
disorders, particularly stroke.

The intricate pathophysiology of SLE presents a challenge, and one obvious and
available tool is the use of primary lupus mouse models. However, these models may not
be fully conducive to a deep understanding of SLE, possibly due to inherent differences in
anatomy, immune function, and the varied expression of SLE between mice and humans.
While no single mouse model can perfectly replicate human SLE, a range of these models
has provided valuable insights into understanding the development of SLE. This may
facilitate the initial experimental steps for further research aimed at comprehending the
risk factors for various forms of stroke in SLE patients and exploring innovative treatment
approaches, potentially including novel medication options.

Research aimed at understanding the occurrence of strokes in the context of SLE
remains relatively limited. As efforts persist in addressing the complexities of replicating
human SLE within mouse models, ongoing research endeavors are progressively enhancing
our understanding of the molecular and cellular bases of this disease. This steadfast
commitment has the potential to reveal novel treatment strategies based on new biological
targets and medication approaches, ultimately advancing patient care.
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