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Abstract
Rheumatoid arthritis (RA) can independently increase the risk of stroke, affecting both young and adult RA patients. Recent 
attention has been drawn to the association between stroke and RA, supported by mounting evidence. Given that stroke is a 
significant and an urgent public health concern, this review aims to highlight the relationship between stroke and RA, cover-
ing mechanisms, underlying risk factors, early detection tools, and treatment implications. By uncovering the connection that 
links RA to stroke, we can pave the way for targeted healthcare practices and the development of preventive strategies for 
individuals with RA. Therefore, further research is imperative to deepen our understanding of this association and, ideally, 
guide treatment decisions for individuals at risk of both RA and stroke.
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Introduction

Stroke is a sudden loss of focal neurological function, com-
prising ischemic stroke (IS) and hemorrhagic stroke (HS) 
[1], and is a major public health concern. In 2019, it was 
the second leading cause of death globally, resulting in sig-
nificant disability-adjusted life years lost [2]. The physical 
and emotional consequences for patients and their families 
are profound, underscoring the importance of understanding 
stroke risk [3]. Rheumatoid arthritis (RA), an autoimmune 
disease primarily affecting joints [4], is considered a signifi-
cant factor contributing to an increased risk of stroke due to 
specific risk factors and underlying mechanisms [5]. There 
is an urgent need for a comprehensive understanding of this 
connection to help prevent RA patients from experiencing 
a heightened risk of stroke and its associated consequences.

It has been reported that patients with rheumatoid arthri-
tis (RA) face an elevated risk of cardiovascular diseases, 
including myocardial infarction and stroke [6–9]. However, 
prior research has yielded inconsistent findings concerning 
the direct association between RA and the risk of stroke 
[10–13]. This connection between RA and stroke can be 
attributed to multiple factors, including underlying inflam-
matory processes and cardiac manifestations [14]. Cardi-
oembolic strokes are prevalent among these patients, with 
their contribution to increased risk independently reported 
from traditional risk factors [14]. Furthermore, non-ather-
osclerotic vasculopathy has been identified as a significant 
contributor to ischemic stroke in RA patients [14, 15]. Con-
sequently, comprehending the root causes of stroke in RA 
patients is essential for diagnosis and prevention, as well 
as for managing secondary stroke prevention. Achieving 
this goal involves the identification of diagnostic markers 
and tools for early detection and the utilization of disease-
modifying antirheumatic drugs (DMARDs) in conjunction 
with standard therapy when necessary [16].

In this review, our primary aim is to elucidate the existing 
comprehension of the connection between stroke and RA, 
covering the underlying mechanisms, risk factors, diagnostic 
methods, and their implications for personalized treatment 
strategies. By attaining a profound insight into this correla-
tion, we can optimize personalized treatment planning and 
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strengthen stroke prevention measures for individuals living 
with RA. Moreover, by being aware of our current under-
standing of the link between RA and stroke, we can gain 
better clarity on the additional research needed to improve 
our comprehension of managing stroke risk in RA patients.

The interconnected pathophysiology 
and mechanisms of stroke in RA

The precise mechanism of stroke in RA remains a subject of 
ongoing research and is not yet fully elucidated (Table 1). 
RA is a chronic inflammatory disease primarily character-
ized by inflammation within the synovial tissue in joints 
[17, 18]. This inflammation triggers the release of enzymes, 
pro-inflammatory factors, and cytokines, leading to the 
degradation of the synovial tissue [19–22]. The elevated 
levels of inflammatory cytokines in arthritis may play a 
critical role in linking arthritis and stroke. These cytokines 
can enter the bloodstream and increase the production of 
adhesion molecules and other pro-inflammatory molecules 
[23]. As a result, monocytes and leukocytes adhere to the 
endothelial cells of blood vessels, migrate into the vessel 
walls, and contribute to the development of atherosclerosis, 
which can eventually lead to stroke [24, 25]. Furthermore, 
the increased risk of stroke in individuals with rheumatoid 
arthritis is thought to be connected to vasculitis, a medical 
condition marked by inflammation of blood vessels, specifi-
cally impacting the medium and small cerebral vessels in 
the brain [26].

In addition, RA has other implications for cardiovascular 
health. RA can cause damage to heart valves and increase 
the risk of atrial fibrillation (Afib), a condition that signifi-
cantly elevates the likelihood of stroke due to blood clot for-
mation [27]. Furthermore, RA is associated with accelerated 
atherosclerosis, an immune-mediated inflammatory process 
[28]. The systemic inflammation present in autoimmune dis-
eases like RA [29, 30] contributes to the progression of ath-
erosclerosis. Endothelial dysfunction, which is an early path-
ological process in atherosclerosis, plays a significant role 
in the increased cardiovascular risk observed in systemic 
immune diseases, particularly RA. This dysfunction is often 
associated with elevated levels of TNF-alpha. As a result, 
anti-TNF-alpha treatments are considered to reduce articular 
symptoms and decrease cardiovascular risk [31–34].

Additionally, patients with autoimmune diseases such as 
RA are more likely to exhibit traditional cardiovascular risk 
factors [32], which further compounds the overall cardiovas-
cular risk in individuals with RA. Moreover, RA has been 
extensively linked to the pathophysiology of stroke, involv-
ing factors such as neuroinflammation [35], increased arte-
rial stiffness [36], and disruption of the blood–brain barrier 
[37]. These factors contribute to the overall risk and impact 
of stroke in individuals with RA.

While the association between RA and stroke is estab-
lished, there is still much to learn about the underlying 
mechanisms. Further research is needed to gain a deeper 
understanding of these complex interactions and to develop 
targeted strategies for the early treatment and prevention 
of ischemic stroke in patients with RA. By identifying and 

Table 1  Summarizing the potential mechanisms underlying stroke occurrence in patients with RA

References RA’s underlying pathology can cause strokes Descriptions

Wick et al. [22], Gonzalez-
Gay et al. [19, 21], van 
Leuven et al. [20], Miller 
et al. [23]

Inflammatory cytokines—atherosclerosis RA’s chronic inflammation induces cytokine release, leading to 
atherosclerosis and potentially initiating stroke

Rawla [26] Vasculitis When Vasculitis is linked to RA, it may contribute to an increased 
risk of stroke

Lindhardsen et al. [27] Cardiac valve injury RA can increase the risk of stroke by causing heart valve damage
Ross [28] Immune-driven atherosclerosis RA leads to stroke acceleration by promoting immune-mediated 

inflammatory processes that trigger atherosclerosis
Lima et al. [32], Vaudo et al. 

[33], Hallenbeck et al. 
[31], Akhmedov et al. [34]

Endothelial dysfunction Endothelial dysfunction linked to RA: Early atherosclerosis path-
way may elevate stroke risk

Lima et al. [32] Conventional cardiovascular risk factors RA patients frequently exhibit cardiovascular risk factors, raising 
stroke risk

Suss et al. [35] Neuroinflammation Neuroinflammation caused by RA is a potential factor in stroke 
occurrence

Tam et al. [36] Elevated arterial stiffness RA is associated with heightened arterial stiffness, further increas-
ing stroke risk

Nishioku et al. [37] Blood–brain barrier disruption RA may disrupt the blood–brain barrier, potentially raising stroke 
risk
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addressing the specific mechanisms involved, it may be pos-
sible to develop more effective interventions to reduce the 
risk of stroke in individuals with RA. This could include 
optimizing the management of RA-related inflammation, 
controlling cardiovascular risk factors, and exploring tar-
geted therapies that modulate the immune response or inhibit 
specific cytokines involved in the pathogenesis of both RA 
and ischemic stroke.

Furthermore, studies have demonstrated that inflamma-
tory conditions other than RA, such as ankylosing spondy-
litis, are also linked to an increased risk of stroke [38, 39]. 
Therefore, future investigations are crucial in identifying 
whether neuroinflammatory agents, such as TNF-a, IL-6, or 
IL-1b, contribute to the association of stroke risk with RA 
and whether these agents are similarly influential in other 
inflammatory diseases, such as ankylosing spondylitis. 
Understanding these connections will aid in comprehending 
the factors contributing to stroke risk in various inflamma-
tory diseases and in establishing common or distinct preven-
tive and management strategies for different inflammatory 
conditions.

The link between stroke and RA: analysis 
of risk factors and associations

In recent years, there has been a significant amount of 
research conducted on stroke risk factors. Initially, research-
ers primarily focused on traditional factors such as hyperten-
sion, diabetes, obesity, smoking, alcoholism, and physical 
inactivity. However, recent studies have uncovered additional 
risk factors, providing valuable insights [40, 41]. Research-
ers have conducted quantitative meta-analyses, which have 
identified several stroke risk factors. These include migraine, 
anemia, inflammatory bowel disease, sleep insufficiency, 
inadequate fruit and vegetable intake, and inflammatory 
diseases [42–46].

Additionally, extensive research has investigated the 
association between stroke pathogenesis and RA, revealing 
a connection rooted in shared inflammatory and immune 
mediators that affect brain blood vessels [47]. Moreover, RA 
patients have a 1.5-fold increased risk of cardiovascular dis-
ease, emphasizing the elevated risk of stroke [48, 49]. Car-
diac complications like coronary vasculitis, arrhythmias, and 
valvular heart diseases contribute to cardioembolic stroke in 
individuals with RA [14]. Importantly, this increased stroke 
risk remains independent of traditional risk factors, includ-
ing age, sex, smoking, alcohol consumption, hypertension, 
diabetes, obesity, sleep apnea, sedentary lifestyle, and dys-
lipidemia [14].

Specifically, a meta-analysis investigating stroke risk in 
rheumatic inflammatory diseases, with a particular empha-
sis on RA, has revealed a significant association between 

RA and an increased risk of stroke [50]. Another system-
atic review and meta-analysis, accounting for factors such 
as age, sex, and traditional risk factors, demonstrated that 
individuals with arthritis have a 36% higher risk of stroke 
compared to the general population [38]. Further subgroup 
analysis within this study indicated a 53% higher risk of 
ischemic stroke and a 45% higher risk of hemorrhagic 
stroke among arthritis patients. Notably, the highest risk 
of stroke was observed in younger individuals with arthri-
tis (Table 2) [38].

Interestingly, previous meta-analyses have also suggested 
that younger arthritis patients face the highest risk of stroke, 
even in the presence of fewer traditional risk factors [51]. 
This elevated risk, particularly prominent in individuals 
aged 50 years or younger, contributes significantly to the 
occurrence of strokes in young RA individuals [50]. These 
findings emphasize that RA is an independent risk factor 
for stroke.

A comprehensive meta-analysis involving seven studies 
and a total of 39,520 patients diagnosed with rheumatoid 
arthritis found a 41% increase in the risk of stroke among 
patients with RA [52]. Furthermore, a Korean cohort study 
emphasized an increased association between seroposi-
tive RA and ischemic stroke [53]. The study stressed the 
importance of screening to improve outcomes in specific 
RA patient populations, such as females with hypertension, 
non-diabetes, and non-dyslipidemia [53]. Another prospec-
tive longitudinal cohort study highlighted that alongside 
traditional cardiovascular risk factors, RA severity markers 
are associated with higher cardiovascular risk in RA patients 
[54]. Conversely, reduced RA disease activity and the use 
of medications like methotrexate (MTX) and TNF-alpha 
inhibitors are associated with fewer cardiovascular events, 
including strokes (Table 2) [55–57].

A nested case–control analysis within a longitudinal 
databank of 16,990 patients with rheumatoid arthritis (RA) 
revealed that RA patients have a higher risk of ischemic 
stroke compared to individuals with noninflammatory 
rheumatic disease [5]. The study identified risk factors for 
ischemic stroke, including the severity of RA, hypertension, 
myocardial infarction, and low-dose aspirin use. However, 
diabetes, smoking, exercise, and body mass index did not 
show a significant association with the risk of ischemic 
stroke [5]. A population-based study of 25,385 Canadian 
adults with RA, compared to age- and sex-matched controls, 
revealed a significant absolute increase in stroke risk among 
patients with RA [9]. Similarly, a nationwide Danish cohort 
study involving 18,247 patients with RA found an increased 
incidence of stroke compared with the general population 
[27]. Although the extent to which atrial fibrillation con-
tributed to stroke risk was not determined, the study also 
highlighted a higher risk of atrial fibrillation in patients with 
RA (Table 2) [27].
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Table 2  Summarizing studies show a connection between stroke and rheumatoid arthritis (RA) patients

References Type of study Findings involving risk factors, therapies, or biomarkers

Solomon et al. [139] Population-based cohort study Among individuals with rheumatoid arthritis, young 
adults, and those with no prior history of CVD events 
exhibit the highest rate ratio for CVD events, which 
probably includes a higher risk for stroke as well. Never-
theless, when considering absolute terms, the disparity in 
event rates is most pronounced in older adults

Nadareishvili et al. [5] Nested case–control analysis The severity of RA is associated with an increased risk of 
stroke, particularly ischemic stroke. In the context of RA 
treatment, Rofecoxib appears to be linked to a higher risk 
of stroke, while the impact of corticosteroids remains 
uncertain in this study

Solomon et al. [54] Prospective longitudinal cohort study The rate ratio for CVD events is highest among young 
adults with RA and those without a history of prior CVD 
events, which may potentially increase the likelihood of 
stroke occurrences. However, when looking at absolute 
terms, the disparity in event rates is greatest among older 
adults

Micha et al. [56] Systematic review and meta-analysis Treating inflammation with methotrexate in diseases like 
RA may reduce the risk of cardiovascular disease and the 
occurrence of strokes. In essence, addressing inflamma-
tion directly may lower the risk of strokes

Barnabe et al. [57] Observational cohorts and randomized controlled trials 
(RCTs)

Therapies targeting anti-tumor necrosis factor α (anti-
TNFα therapy) are linked to a decreased risk of all 
cardiovascular events, which may potentially reduce the 
risk of strokes in individuals diagnosed with rheumatoid 
arthritis

Avina-Zubieta et al. [52] Comprehensive meta-analysis Roughly 50% of patients with RA encountered an elevated 
risk of CVD, which is likely associated with an increased 
occurrence of strokes

Lindhardsen et al. [27] Nationwide cohort study Rheumatoid arthritis was linked to a higher incidence of 
atrial fibrillation and stroke. Relative risks increased 
across various age groups, indicating higher relative risks 
among younger patients, while older patients exhibited 
more significant absolute differences in risk

Wiseman et al. [50] Systematic Review and Meta-Analysis RA is significantly associated with an elevated risk of 
both ischemic and hemorrhagic strokes, especially in 
individuals aged below 50 years. This may indicate 
heightened RA activity occurring before effective inflam-
mation control is achieved

Fransen et al. [51] Meta-Analysis The relative risk of stroke in rheumatoid arthritis (RA) 
patients does not exhibit significant gender-related dif-
ferences. Among RA patients, those under the age of 50 
have the highest relative risk, while older patients exhibit 
a relatively lower risk

Lee et al. [53] cohort study RA patients who are seropositive face a heightened risk of 
ischemic stroke. In hypertensive females without other 
traditional risk factors for stroke, there is an increased 
risk of stroke, which could potentially be linked to RA

Liu et al. [38] A systematic review and meta-analysis of cohort studies Individuals diagnosed with arthritis face an approximately 
50% greater risk of experiencing both ischemic and hem-
orrhagic strokes when compared to their healthy coun-
terparts. The risk of stroke did not differ significantly 
between sexes, and the risk was higher in individuals 
under 45 years of age compared to those above 65 years 
of age

Trommer et al. [39] Nationwide cohort study RA is associated with both stroke and transient ischemic 
attack (TIA), significantly heightening the risk for 
younger patients
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A recent study conducted in Germany has established a 
significant correlation between RA and both stroke and tran-
sient ischemic attack (TIA). The research also emphasized 
that young patients, in particular, are at a heightened risk of 
experiencing these conditions in connection with RA [39]. 
In another nationwide comprehensive study, a notable asso-
ciation between rheumatoid arthritis (RA) and an increased 
risk of stroke was discovered, even after meticulous adjust-
ment for numerous potential confounding variables. Spe-
cifically, individuals with RA exhibited a 23% higher likeli-
hood of experiencing a stroke compared to their counterparts 
without RA (Table 2) [58].

A systematic review and meta-analysis revealed a distinct 
trend of increased stroke risk in individuals younger than 50 
years, implying that atherosclerosis may not be the exclusive 
underlying cause. It is possible that systemic inflammation 
plays a role, and the elevated risk in younger age groups 
could be indicative of heightened rheumatoid arthritis (RA) 
activity before inflammation is effectively managed [50].

The above studies provide growing evidence supporting 
an increased risk of stroke in individuals with RA. Both 
traditional cardiovascular risk factors and markers of RA 
severity contribute to this elevated risk. Ongoing research 
aims to further understand the connections between RA and 
stroke risk factors, which can contribute to the development 
of targeted healthcare practices for individuals with RA.

Furthermore, future research can encompass system-
atic reviews, meta-analyses, and epidemiological studies 
to explore the relationship between biomarkers, cytokines, 
autoantibodies, various inflammatory and neuroinflamma-
tory agents, and the severity of RA concerning the diverse 
risks of stroke occurrence across different patient groups, 
encompassing age, sex, and other traditional factors. These 
urgently needed studies aim to investigate whether there are 
other key interacting markers or agents that warrant further 
investigation and research.

Is there an association between anti‑cyclic 
citrullinated protein test and stroke risk 
in relation to arthritis activity

Anti-citrullinated peptide antibodies (ACPA), primarily 
detected using the second-generation anti-cyclic citrulli-
nated peptide test (anti-CCP2), are a distinctive hallmark 
in patients with RA [59]. Anti-cyclic citrullinated proteins 
(Anti-CCPs) play a pivotal role in the inflammatory and 
proatherogenic status observed in individuals with RA 
[60]. Strategically targeting these autoantibodies may offer 
a promising approach for preventing the development of car-
diovascular diseases including stroke in RA patients [60].

The presence of elevated levels of anti-CCP antibodies is 
correlated with more severe clinical outcomes in rheumatoid 
arthritis (RA), increased disease activity, and a heightened 
risk of worse radiographic progression [61–64]. Retrospec-
tive studies have explored their predictive value, revealing 
that anti-CCP antibodies can be detected in the serum of 
individuals who subsequently develop RA up to fourteen 
years prior to the onset of clinical symptoms, with antibody 
titers progressively rising as disease onset approaches [65]. 
These findings have been replicated in studies involving 
patients with early-stage RA, thus reaffirming the clinical 
utility of anti-CCP antibodies as a diagnostic and prognostic 
tool for individuals experiencing RA symptoms lasting less 
than one or two years [59, 66].

The 2010 RA Classification Criteria have been subse-
quently updated to enable earlier RA diagnosis by incor-
porating the detection of anti-CCP antibodies as a pivotal 
criterion for diagnosing the disease [67]. The sensitivity 
values for detecting ACPA are among the highest achiev-
able, largely due to the strong association between ACPA 
production and genetic factors [68–70]. Currently, the anti-
CCP2 antibody test exhibits superior specificity and, in 
many cases, comparable or even superior sensitivity when 
compared to rheumatoid factor (RF) or other ACPAs [66].

Anti-CCP testing has been found to hold significant value 
in assessing the health risks of CVD, including stroke, in 
patients with RA. In a study involving postmenopausal 
women participating in the Women’s Health Initiative 
(WHI), researchers observed a heightened risk of coronary 
heart disease (CHD), stroke, and total CVD among individu-
als with RA. Furthermore, the risk of fatal CVD was notably 

Table 2  (continued)

References Type of study Findings involving risk factors, therapies, or biomarkers

Kang et al. [58] Nationwide cohort study The association between CVD and RA was found to be 
more pronounced in females and younger individuals, 
potentially posing a risk for stroke. Additionally, a sig-
nificant association was found between ischemic stroke 
and RA in non-diabetic patients
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elevated, particularly among those who tested positive for 
anti-CCP antibodies. Interestingly, this study has shown that 
the presence of anti-CCP antibodies or RF positivity did not 
demonstrate a significant correlation with CVD morbidity or 
mortality. However, the risks of both CHD and CVD were 
closely associated with traditional CVD risk factors and the 
presence of joint pain in these women with RA. Notably, 
inflammation in women with RA was strongly linked to an 
increased likelihood of fatal CVD and mortality [71]. These 
findings emphasize the critical importance of prioritizing the 
management of traditional CHD risk factors in RA patients 
as a pivotal step in reducing their overall CHD risk, which 
includes the risk of stroke [54, 72].

The emergence of evidence linking anti-CCP antibod-
ies to cardiovascular risk, particularly in relation to stroke, 
underscores the significant overlap between these antibodies 
and cardiovascular health. Furthermore, the remarkable sen-
sitivity of the anti-CCP2 antibody test, which enables detec-
tion years before clinical symptoms manifest, offers great 
potential as a predictive marker for early intervention and 
enhanced RA disease management, thereby minimizing the 
risk of cardiovascular disease, including stroke. However, 
further research is required to gain a deeper understanding of 
the association between stroke risk in RA patients exhibiting 
varying levels of CCP2 antibodies. This understanding could 
aid in predicting who is at risk of stroke, ultimately leading 
to improved management for individual RA patients.

Multi‑biomarker disease activity score 
for assessing stroke in RA patients

The treatment of RA is recommended to follow the “treat-
to-target” strategy, which necessitates vigilant monitoring of 
disease activity. A valuable tool for this purpose is the Multi-
Biomarker Disease Activity (MBDA) score system, which 
assesses serum levels of 12 specific biomarkers, including 
IL-6, TNF receptor type 1 (TNFR1), vascular cell adhesion 
molecule 1 (VCAM-1), epidermal growth factor (EGF), 
vascular endothelial growth factor A (VEGF-A), YKL-40, 
matrix metalloproteinase-1 (MMP-1), MMP-3, CRP, serum 
amyloid A (SAA), leptin, and resistin [73].

The MBDA test assesses RA disease activity by meas-
uring these 12 serum protein biomarkers and subsequently 
generates a validated score that ranges from 1 to 100. This 
score is highly correlated with the Disease Activity Score in 
28 joints with CRP (DAS28-CRP) [73]. The MBDA score 
serves as an objective and reliable system for monitoring 
disease progression. Consequently, it has the potential to 
significantly contribute to the development of personalized 
therapeutic plans that align with contemporary medical prac-
tices. In addition to its role in monitoring disease activity, 

the MBDA score also shows promise in predicting radio-
graphic progression [74–77].

In 2019, the American College of Rheumatology Dis-
ease Activity Measures Working Group determined that 
the MBDA score met the minimum standards for regular 
use, ranking it among the top 11 measures for assessing RA 
disease activity [78]. Furthermore, independent research 
has shown that the MBDA score possesses predictive capa-
bilities for future radiographic damage [79, 80]. In a com-
prehensive cross sectional observational study, the MBDA 
score demonstrated a significant association with the risk of 
cardiovascular disease (CVD) including stroke, suggesting 
that this score, along with some of its constituent biomark-
ers, can effectively detect inflammation relevant to cardio-
vascular pathology [81].

A new CVD risk score test based on MBDA has been 
developed to evaluate inflammation and predict the risk 
of major cardiovascular events (e.g., heart attack, stroke, 
or fatal CVD) in the next three years, specifically for RA 
patients [82]. This test is capable of factoring in the impact 
of RA inflammatory disease activity by incorporating both 
the MBDA score and three independent CVD-associated 
biomarkers. Notably, it outperformed prediction models that 
solely relied on clinical data [82].

The MBDA-based CVD risk prediction score offers rheu-
matologists a practical tool to assess CVD risk including 
stroke, thereby facilitating the management of traditional 
CVD risk factors and RA-related inflammation. To ensure 
the robustness of this predictive model, further validation is 
needed, involving extended time frames and more diverse 
cohorts of RA patients.

This MBDA-based CVD risk score test delivers action-
able results at the point of care, underscoring the importance 
of mitigating systemic inflammation linked to RA. It can be 
considered as an adjunct to other tests for individuals aged 
40 and above, especially those who are at high risk of cardio-
vascular diseases, such as stroke. Additionally, developing a 
focused MBDA-based assessment of stroke risk in associa-
tion with RA disease activity has the potential to contribute 
to early stroke prevention and better management of RA 
patients, allowing for greater control over their associated 
risks.

Linking the safety and efficacy of TNF‑alpha 
inhibitors and JAK inhibitors in RA 
with stroke risk management

Tumor necrosis factor-alpha (TNF-alpha) inhibitors 
and Janus Kinase (JAK) inhibitors fall into two distinct 
categories of Disease-modifying anti-rheumatic drugs 
(DMARDs) frequently utilized in the management of 
RA [83, 84]. TNF-alpha, a pro-inflammatory cytokine 
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produced by cells such as macrophages and monocytes 
during inflammatory responses, occupies a central position 
in the pro-inflammatory immune response [85]. In clini-
cal practice, TNF inhibitors are employed to counteract 
elevated TNF levels that drive joint inflammation, thereby 
preventing tissue damage in RA.

The JAK family comprises receptor tyrosine kinases 
that, upon binding to specific cytokines, form dimers and 
subsequently phosphorylate signaling peptides belonging 
to the STAT family. These phosphorylated STAT pro-
teins then migrate into the nucleus, where they govern 
the transcription of target genes. This signaling pathway 
ultimately regulates the expression of various cytokines, 
including IFN, IL-4, IL-6, and IL-10, all of which contrib-
ute to different immunological pathways and play roles in 
the pathogenesis of RA [86, 87].

The safety of these two categories of DMARDs was 
examined, with a particular emphasis on their use in 
RA patients at risk of cardiovascular diseases and their 
potential impact on various risk factors, including the 
occurrence of strokes. This evaluation was conducted 
as part of a prospective safety trial, known as the Oral 
Rheumatoid Arthritis Trial (ORAL) Surveillance, which 
was carried out during the development phase of tofaci-
tinib, a JAK inhibitor. In this trial, the safety profile of 
tofacitinib was compared to that of TNF-alpha inhibitors 
[88, 89]. According to this study, the incidence of major 
cardiovascular (CV) events was higher in the tofacitinib 
group (3.4%) compared to the TNF-alpha inhibitors group 
(2.5%). The most common CV events observed were non-
fatal myocardial infarctions in the tofacitinib group and 
nonfatal strokes in the TNF-alpha inhibitors group, espe-
cially among patients aged 65 years or older [90].

In a population-based study conducted in 2022, known 
as STAR-RA, Medicare data were analyzed for patients who 
had initiated treatment with either tofacitinib or TNF-alpha 
inhibitors. The study’s findings revealed no significant dif-
ference in the incidence rates of myocardial infarctions and 
strokes between these two treatment groups. This obser-
vation remained consistent even when the analysis was 
restricted to patients with similar cardiovascular risk factors 
as those in the ORAL Surveillance study [91].

Furthermore, a meta-analysis revealed that RA patients 
treated with TNF-alpha inhibitors experienced a 30% reduc-
tion in the risk of CV events [92]. Specifically, among stud-
ies focusing on myocardial infarctions or strokes as out-
comes, the use of TNF-alpha inhibitors was associated with 
a 41% relative risk reduction in myocardial infarctions and a 
43% reduction in strokes. Notably, these effects may not be 
universal among all patients receiving TNF-alpha inhibitors 
but appear to be related to clinical response. Some stud-
ies have observed a reduction in CV events only in patients 
who respond well to anti-TNF-alpha treatment [93, 94]. 

TNF-alpha inhibitors may achieve this effect by improving 
endothelial dysfunction and reducing oxidative stress.

These findings underscore the significance of customiz-
ing RA treatment strategies to individual patient profiles, 
highlighting the imperative for a personalized approach in 
managing their complex autoimmune disease, considering 
their specific cardiovascular risk factors, including stroke.

Rheumatoid factor and IL‑6 inhibition 
in ischemic stroke: current and future 
perspectives

Rheumatoid factor (RF) is an autoantibody frequently found 
in the blood of individuals with RA. It targets the body’s 
own proteins, leading to the formation of immune complexes 
(ICs) and triggering an immune response. RF serves as a 
well-established diagnostic biomarker for RA, which has the 
high potential to confirm the presence of the disease [95, 96]. 
However, the relationship between RF and the prognosis and 
treatment of ischemic stroke is still not extensively studied. 
RF has been associated with cardiovascular diseases [97, 
98], immune complexes (ICs) and complement-mediated 
inflammation [99], as well as endothelial dysfunction [29]. 
Positive RF status has been linked to increased risks and 
poor prognosis of cardiovascular diseases [53, 100–104]. 
However, the specific effects of RF on clinical outcomes in 
ischemic stroke are not well understood.

The existing literature on the relationship between RF and 
stroke is limited, with only a few studies having investigated 
this association. One study discovered a positive correlation 
between elevated serum RF levels and cognitive impairment 
three months after an ischemic stroke in patients. This sug-
gests that higher levels of RF may be linked to cognitive 
difficulties following a stroke [105]. Another study exam-
ined stroke patients with RA who tested positive for RF and 
found an increased mortality rate among this group. How-
ever, it is important to note that the statistical power of both 
these studies was limited due to their small sample size [12].

The identification of specific genes and risk loci asso-
ciated with RA has been a successful endeavor in genetic 
research. Scientists have located these genes and risk loci 
on chromosomes, and one key factor involved in RA is 
interleukin 6 (IL-6), a cytokine responsible for the inflam-
matory response. This discovery prompted researchers to 
investigate the relationship between IL-6 and ischemic 
stroke. A comprehensive genome-wide association study 
was conducted to explore the connection between IL-6 and 
ischemic stroke [106–108]. The study revealed that individu-
als with a genetic predisposition to RA face an increased risk 
of experiencing negative outcomes following an ischemic 
stroke, indicating a genetic susceptibility. Conversely, indi-
viduals who possess genetic traits that predict inhibition of 
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IL-6 demonstrate a reduced risk of adverse outcomes in such 
cases. Moreover, the presence of positive RF at the baseline 
is associated with a heightened risk of death or significant 
disability after a stroke. However, individuals who have 
genetically predicted IL-6 inhibition exhibit a lower risk of 
adverse outcomes in similar circumstances [109].

The effects of IL-6, along with RF and RA, on the prog-
nosis, early treatment, and prevention of ischemic stroke 
are not well defined. However, there are several proposed 
biological mechanisms that could explain the potential rela-
tionship between these factors and ischemic stroke. IL-6, 
RF, and RA may contribute to the activation of the com-
plement system, a part of the immune system that plays 
a role in inflammation and immune response, which can 
lead to increased inflammation and potentially impact the 
development or progression of ischemic stroke [99]. They 
might also contribute to damage or dysfunction of the vas-
cular endothelium, which can disrupt normal blood flow 
and increase the risk of developing ischemic stroke [102]. 
Additionally, they may be associated with increased oxida-
tive stress in the body which can promote inflammation and 
contribute to the development or progression of ischemic 
stroke [110]. These factors might also play a role in driving 
the progression of atherosclerosis, leading to the formation 
of plaques. Consequently, these plaques can increase the risk 
of ischemic stroke by impeding blood flow or by promoting 
the formation of blood clots that have the potential to block 
arteries [103, 111]. Furthermore, there have been indications 
that IL-6 may contribute to the disruption of cerebrovascular 
regulation and heightened tissue damage following a stroke 
[112]. Therefore, IL-6 inhibition therapy may have a ben-
eficial effect on the prognosis of ischemic stroke patients 
with RA by reducing leptin levels and counteracting harmful 
effects on neuron formation and nerve stem cell prolifera-
tion [113, 114]. The expression of endothelial tissue factor 
can be upregulated by IL-6, resulting in the development 
of a prothrombotic state [115]. In addition, IL-20, another 
member of the Interleukin family, is associated with rheuma-
toid arthritis and has the ability to stimulate the production 
of IL-6, which could potentially contribute to the onset of 
stroke. (RA) [116, 117].

Previous studies have explored the relationship between 
RA, IL-6 inhibition, and stroke prognosis, suggesting that 
IL-6 inhibitors could be a promising treatment option for 
improving the prognosis of ischemic stroke patients with RA 
[109, 114, 118, 119]. However, further research is necessary 
to establish the clinical benefits of IL-6 inhibitors in enhanc-
ing the prognosis of RA patients with ischemic stroke.

In the acute phase of atherosclerotic ischemic stroke, 
it is crucial to test for RF. Early intervention with optimal 
adjunctive medical therapy is crucial for patients who test 
positive for RF, particularly those diagnosed with RA. It 
helps mitigate the risk of adverse outcomes associated with 

the condition. However, it is important to highlight that 
certain NSAID agents may potentially accelerate the pro-
gression of stroke [5, 120]. Therefore, caution should be 
exercised when considering treatment options.

To better understand the relationship between RF, RA, 
and the prognosis and treatment of ischemic stroke, further 
extensive investigation is necessary. This would involve con-
ducting studies and research to investigate the mechanisms 
through which RF and RA influence the development and 
prognosis of ischemic stroke. By unraveling these mecha-
nisms, researchers can gain insights into the underlying pro-
cesses that contribute to stroke risk in individuals with RA. 
Furthermore, understanding the relationship between RF, 
RA, and ischemic stroke may have significant implications, 
enabling the identification of specific biomarkers or indica-
tors that could help identify individuals with rheumatoid 
arthritis who are at a higher risk of developing ischemic 
stroke. Additionally, it may lead to the development of tar-
geted treatment strategies to reduce this risk and improve 
outcomes for individuals with both RA and ischemic stroke.

The association between NSAIDs and risk 
of ischemic stroke: a review of conflicting 
evidence

The utilization of nonsteroidal anti-inflammatory drugs 
(NSAIDs) in patients with RA and its potential correlation 
with the risk of ischemic stroke has been a subject of con-
cern. Nevertheless, the current body of literature regard-
ing the use of NSAIDs and its relationship to the risk of 
ischemic stroke has yielded conflicting results. Some studies 
have pointed to an elevated risk of stroke associated with 
specific NSAIDs; while, others have proposed a neutral or 
potentially protective effect.

Several studies have examined the impact of specific 
NSAIDs such as Rofecoxib, Celecoxib and Diclofenac on 
the risk of stroke. However, these studies have reported 
mixed results, with some indicating an increased risk of 
stroke associated with the use of these drugs [121–127], 
while others found no significant effect or even a potential 
protective effect [128–131]. For example, a comprehensive 
review of 75 observational studies concluded that the use of 
Rofecoxib and Diclofenac is associated with an increased 
risk of stroke [132]. Similarly, a study conducted in Aus-
tralia demonstrated that the use of any NSAID was associ-
ated with a 1.88 times higher risk of ischemic stroke [133]. 
Other studies have also linked specific NSAIDs like Indo-
methacin, Rofecoxib, and Celecoxib to an elevated risk of 
stroke [121, 127, 133–136].

On the contrary, other studies have reported contrast-
ing results. A meta-analysis investigating the correla-
tion between cyclooxygenase-2 (COX-2) selectivity and 
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cardiovascular risk found that, except for Rofecoxib, other 
NSAIDs and COX-2 inhibitors did not show a statistically 
significant correlation with cardiovascular death [128–131]. 
In fact, Celecoxib was found to decrease the incidence rate 
of cardiovascular events. Additionally, a large patient-level 
meta-analysis concluded that there was no difference in 
cardiovascular events between Celecoxib and non-selective 
NSAIDs [137].

NSAIDs have important considerations regarding their 
impact on cardiovascular health. While they can contrib-
ute to a higher risk of atherosclerosis and stroke [132, 138, 
139], it is crucial to understand the underlying mechanisms 
behind this increased risk. The increased risk of atheroscle-
rosis and stroke associated with NSAIDs is attributed to 
their effects on cardiovascular function, platelet aggregation, 
and smooth muscle proliferation by altering the balance of 
prostaglandins and thromboxane [123, 140, 141]. However, 
NSAIDs also have a multifaceted impact on cardiovascular 
health due to their ability to inhibit COX enzymes. These 
enzymes play a role in the production of prostaglandins. By 
inhibiting COX enzymes, NSAIDs reduce the production of 
prostaglandins, which leads to a decrease in inflammation, 
pain, smooth muscle proliferation, and platelet aggregation 
[142–146]. This reduction in inflammatory processes and 
platelet aggregation can have positive effects on cardiovas-
cular health. Furthermore, NSAIDs inhibit thromboxane, 
which is a vasoconstrictor. By suppressing thromboxane 
synthesis, NSAIDs help to dilate blood vessels, reducing 
the likelihood of blockages and thereby lowering the risk of 
ischemic stroke [141, 143, 147–151].

Long-term use of Celecoxib may gradually lead to 
adverse effects such as increased blood pressure and a 
potentially prothrombotic environment, which can elevate 
the relative risk of ischemic stroke [152]. A population-
based retrospective cohort study suggests that Celecoxib 
and Etoricoxib may be associated with a reduced risk of 
first-occurrence ischemic stroke in RA patients, with the risk 
reduction dependent on the dose and duration of use [153]. 
These paradoxical results of Celecoxib being protective at 
a higher dose in a shorter duration but harmful in a longer 
duration, as well as the neutral to slight protective effects 
of Etoricoxib, require further investigation to understand 
their underlying physiological mechanisms. Clinical trials 
mentioned in a patient-level meta-analysis concluded that 
there was no difference in the incidence of cardiovascular 
events between Celecoxib and non-selective NSAIDs [137, 
154]. Additional clinical trials may be necessary to estab-
lish causality rather than just an association between NSAID 
use and the risk of ischemic stroke. It is important to note 
that these findings are based on observational studies, which 
have inherent limitations and may be subject to confound-
ing factors. The conflicting results in the literature could be 
attributed to differences in study design, populations studied, 

duration of NSAID use, dosages, and other factors that may 
influence the risk of stroke.

Many women use NSAIDs for relief from dysmenor-
rhea, potentially exposing themselves to an elevated risk of 
ischemic stroke, particularly among young females. This risk 
increases with prolonged medication usage [155]. Hence, it 
is crucial that every woman displaying symptoms of dys-
menorrhea receives specialized outpatient treatment and 
care.

The risk of ischemic stroke varies across different 
NSAIDs and seems to be elevated in individuals with a prior 
history of ischemic stroke or transient ischemic attack (TIA), 
as well as in younger or male patients. Co-administration of 
aspirin, other antiplatelets, or anticoagulants may potentially 
reduce this risk. The observed modest to moderate increase 
in risk of ischemic stroke (ranging from 13 to 46%) associ-
ated with NSAID use raises public health concerns, given 
the widespread usage of these medications [126].

Hence, although there is some evidence indicating a 
potential higher risk of ischemic stroke linked to specific 
NSAIDs in individuals with rheumatoid arthritis (RA), 
additional research is necessary to establish this connection 
conclusively. Future studies should address the limitations 
of previous research and offer more definitive conclusions 
regarding the safety of NSAID usage in this patient group. 
In the interim, healthcare providers should thoroughly 
assess the potential risks and benefits of NSAID therapy on 
a case-by-case basis when treating RA patients, particularly 
those at an elevated risk of stroke and other cardiovascular 
complications.

Substance P in RA: insights 
into inflammatory mechanisms 
and preventative perspectives on stroke

In clinical cases of ischemic stroke, elevated levels of sub-
stance P (SP) have been documented in the serum of human 
patients with complete stroke, transient ischemic attack 
(TIA), as well as in studies involving animal stroke mod-
els [156, 157]. This neuropeptide, associated with various 
inflammatory processes, suggests its involvement in the 
pathogenesis of inflammatory arthritis, such as RA. Studies 
have revealed increased SP levels in the synovial fluid and 
serum of RA patients [158]. As a neuroinflammatory media-
tor, SP is produced by sensory nerve fibers and local inflam-
matory cells, playing a significant role in the skeletal degen-
eration and damage induced by chronic inflammation [159, 
160]. Anomalies in the SP-NK1R pathway, where NK1R 
(receptors with the highest affinity for SP) is involved, have 
been observed in various inflammatory diseases, indicat-
ing its potential role in inflammatory processes [161, 162]. 
Consequently, suppressing pro-inflammatory effects through 
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NK1R antagonists might offer a therapeutic avenue for RA 
patients and potentially act preventatively against stroke 
occurrences.

Moreover, studies have indicated the potential use of 
NK1R antagonists, such as aprepitant, in RA. Aprepitant 
has shown decreased release of inflammatory factors in 
fibroblast-like synoviocytes in RA [163]. Blocking NK1R 
may present a novel therapeutic approach for autoimmune-
related inflammatory diseases like RA and other inflam-
matory arthritis. However, it remains unclear whether this 
NK1R antagonist can effectively mitigate disease activity 
in RA, given its various clinical manifestations, potentially 
acting preventatively against stroke. Additionally, serum SP 
levels have been identified as an indicator of disease activity 
and subclinical inflammation in RA patients [164]. It has 
also been suggested that SP might be linked to the suppres-
sion and blockade of inflammatory responses in RA [165]. 
Interestingly, both SP and NK1R antagonists have exhibited 
similar anti-inflammatory effects.

Notably, SP demonstrates an anti-inflammatory function 
by increasing IL-10 and decreasing TNF-α [166]. These 
seemingly contradictory results hint at the SP-NK1R path-
way playing a role as an immune modulator rather than 
an excessive expressor in the pathogenesis of inflamma-
tory diseases. It is essential to note that anti-TNF therapy 
using etanercept has been shown to lower substance P lev-
els. Patients who did not experience this reduction did not 
benefit from the treatment [167]. Further in-depth research 
to unveil the specific mechanisms related to the SP-NK1R 
pathway is crucial, given its significant role in RA treatment 
and the potential prevention of stroke.

One of the fascinating clinical observations in patients 
with RA has been that individuals who have experienced 
hemiplegia, a condition caused by brain damage, such as 
in the case of a stroke, resulting in paralysis on one side of 
the body, do not exhibit joint involvement on the hemiple-
gic side when they later develop RA [168, 169]. While a 
simplistic explanation could attribute this to a lack of move-
ment, it appears more probable that this phenomenon is a 
result of a crucial interaction between the disease process 
and the nervous system. Specifically, SP levels have been 
found to be elevated in patients with RA, particularly within 
the joints [170]. Consequently, there is an urgent need for 
future studies to investigate the role of SP in RA patients and 
its potential correlation with the risk of hemiplegia caused 
by post-stroke conditions.

Discussion

Several research studies have investigated the relation-
ship between stroke and RA. RA, characterized by chronic 
inflammation, shows a heightened association with an 

increased risk of stroke [13, 38, 171]. Notably, this risk is 
independent of traditional cardiovascular risk factors [41] 
and is particularly prominent in younger individuals with 
RA [172]. The pathogenesis of stroke in RA involves shared 
inflammatory and immune mediators that affect blood ves-
sels in the brain [173]. Inflammatory cytokines released 
in the joints can enter the bloodstream and contribute to 
atherosclerosis and stroke [174]. RA can also lead to cardi-
oembolic stroke through nervous system vasculitis and car-
diac complications [26]. Managing the risk of stroke in RA 
patients involves focusing on cardiovascular risk manage-
ment, including lifestyle changes such as a nutritious diet, 
regular physical activity, and quitting smoking [175].

While the link between RA and the risk of stroke has been 
firmly established, it is worth noting that some studies have 
not demonstrated an increased risk of stroke in individu-
als with RA. This lack of association could be attributed to 
variations in the definitions of stroke used in various stud-
ies. Notably, despite clear distinctions in risk factor profiles 
and the differing pathogenesis of ischemic and hemorrhagic 
strokes, certain studies have chosen to use composite out-
comes that encompass both types of strokes [176, 177]. 
Given the fundamental disparities between ischemic and 
hemorrhagic strokes, it is imperative to classify stroke types 
separately and assess the risk for these two distinct entities 
rather than relying on a composite outcome.

The involvement of the anti-CCP response in the patho-
genesis of RA may be attributed to the established asso-
ciation between anti-CCP antibodies and the severity of 
RA. Additionally, numerous studies have indicated a link 
between anti-citrullinated protein antibodies (ACPAs) 
and an elevated risk of acute myocardial infarction, major 
adverse cardiovascular events, and stroke [178–180]. Con-
sequently, an approach could be employed to effectively 
reduce the risk of stroke and other cardiovascular compli-
cations in individuals with RA. This approach encompasses 
monitoring anti-CCP antibodies, addressing conventional 
cardiovascular risk factors, and managing inflammation. 
Healthcare providers could potentially enhance cardiovas-
cular well-being and overall quality of life for RA patients, 
ultimately reducing the burden of cardiovascular diseases, 
including stroke.

The Multi-Biomarker Disease Activity (MBDA) score 
holds significant value in the care of RA patients, serving 
as a valuable tool for both monitoring disease activity and 
predicting radiological progression [181]. Nevertheless, fur-
ther research is required to more effectively assess the utility 
of the MBDA score and explore the potential role of indi-
vidual biomarkers in monitoring disease activity, especially 
in the context of cardiovascular diseases such as stroke in 
association with RA. While several studies have examined 
the usefulness of the MBDA score, and a meta-analysis has 
investigated its correlation with conventional disease activity 
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measures (DAMs), a comprehensive analysis of its predic-
tive and discriminative capabilities has not yet been under-
taken [182].

The recent development and validation of a CVD risk pre-
diction score tailored specifically for RA patients involves 
the integration of routine clinical assessments and RA-
related biomarkers to predict the risk of CVD, including 
stroke [82]. This innovative approach aims to enhance pre-
ventive CVD care for individuals with RA by constructing a 
prognostic score that incorporates the impact of RA-related 
inflammation on an individual’s CVD risk. The primary 
objective of this initiative is to establish a validated CVD 
risk scoring system that allows rheumatologists to effectively 
assess the risk of CVD in their RA patients during routine 
office visits. This scoring system will incorporate RA dis-
ease activity indicators to provide a more comprehensive 
estimate of cardiovascular risk, including factors related to 
stroke.

The association between RF and stroke prognosis and 
treatment requires further investigation. RF has been linked 
to increased risks and poor prognosis of cardiovascular dis-
eases [183], but its impact on ischemic stroke outcomes is 
not well understood. Some studies suggest potential ben-
efits of IL-6 inhibition in improving stroke prognosis in RA 
patients, but more research is needed [109, 119]. By examin-
ing specific blood proteins associated with both blood clot-
ting and inflammation, researchers hope to identify ways to 
predict the risk of stroke. This knowledge could contribute to 
primary and secondary prevention of stroke and the develop-
ment of new stroke prevention drugs, which is particularly 
important for younger adults with inflammatory diseases.

Systemic inflammation in individuals diagnosed with 
RA not only accelerates the progression of atherosclerosis 
but also induces a prothrombotic state, increasing the sus-
ceptibility to cardiovascular (CV) events, including stroke 
[184]. As a result, DMARDs, through their anti-inflamma-
tory properties, possess the capacity to intervene at various 
stages of the CV event pathway. Consequently, they could 
potentially play a pivotal role in mitigating the stroke risk 
in RA patients [185].

TNF inhibitors and JAK inhibitors are both employed 
in the treatment of rheumatoid RA by targeting distinct 
immune pathways. Their safety profiles with respect to car-
diovascular events including stroke may differ, as indicated 
by some studies, which propose potential variations possi-
bly influenced by individual patient responses to treatment. 
Therefore, it is imperative to conduct further research and 
take into account individual patient characteristics when 
determining the most suitable DMARD therapy for RA.

The use of NSAIDs in RA patients and their association 
with the risk of ischemic stroke have yielded conflicting 
findings. To arrive at more conclusive and definitive con-
clusions regarding the safety of NSAID use in RA patients, 

there is a pressing need for further well-designed and well-
controlled research. Analyzing the association between 
NSAID medication use and the risk factors for cardiovas-
cular disease (CVD), particularly stroke, is imperative for 
individuals with RA. This is because NSAIDs, while effec-
tive at reducing inflammation, can potentially have adverse 
effects on CVD, especially ischemic stroke. These adverse 
effects can lead to significant disabilities in patients, under-
scoring the importance of enhancing treatment management 
and expanding the available treatment options.

In conclusion, a comprehensive analysis of risk factors 
and associations between stroke and RA emphasizes the 
need for targeted healthcare practices for individuals with 
RA. Early detection, management of RA severity, control of 
cardiovascular risk factors, and further research into treat-
ment options are essential for reducing the risk of stroke 
and improving outcomes for individuals with both RA and 
ischemic stroke.
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