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Abstract

Background Current studies suggest a potential link between inflammatory bowel disease (IBD), comprising Crohn's
disease (CD) and ulcerative colitis (UC), and cardiovascular diseases, such as stroke. This study aimed to assess the risk
of stroke in IBD patients compared to general population.

Methods Systematic search was done in PubMed, Embase, CENTRAL, Scopus, and CINAHL databases for studies
published till September 2023. Using a random-effects model, the hazard ratios (HRs) with 95% confidence intervals
(Cls) for stroke occurrence were calculated. Subgroup analyses were done to estimate pooled HR with 95%Cl for CD,
UG, and overall IBD cases separately. Publication bias assessment was done by Begg's and Egger’s tests.

Results Thirteen studies with 2,802,955 participants were included. IBD patients in general had significantly higher
risk of stroke, with HR of 1.30 [95% Cl 1.21-1.39]. Subgroup analysis demonstrated an HR of 1.35 [95% Cl 1.22-1.49]

for CD and 1.15 [95% CI 1.09-1.22] for UC. Substantial heterogeneity was detected across studies, with no substantial
publication bias. Sensitivity analyses affirmed the stability of findings.

Conclusion [BD in general, and Crohn's disease in particular are associated with significantly higher risk of stroke. Our
findings further emphasize the importance of cardiovascular risk assessment and management strategies in IBD care.

Protocol registration PROSPERO, CRD42023470602.
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Introduction

Inflammatory bowel disease (IBD), which includes
Crohn’s disease (CD) and ulcerative colitis (UC), is a
chronic and often relapsing inflammatory gastrointes-
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multifaceted interplay between genetic, environmental,
microbial, and immunological factors contributing to the
pathogenesis of IBD [1, 2]. While the primary manifes-
tations of IBD are localized to the gastrointestinal tract,
IBD patients are at higher risk of developing numerous
systemic complications [3]. Recent studies suggested
that IBD patients may be at high risk of developing
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cardiovascular diseases (CVD) and ischemic stroke [4,
5], one of the leading causes of morbidity and mortality
worldwide [6]. Several proposed mechanisms by which
IBD might contribute to the elevated stroke risk include
chronic systemic inflammation, coagulation abnormali-
ties, and the use of certain medications that have cardio-
vascular side effects [7, 8].

Chronic systemic inflammation, a hallmark of IBD,
plays a pivotal role in the development and progression
of atherosclerosis, which is a primary underlying cause
of ischemic stroke [9]. The chronic inflammatory state in
IBD has been associated with the increase in the levels of
circulating proinflammatory cytokines, acute phase reac-
tants, and endothelial dysfunction, all of which play key
roles in atherogenesis [10, 11]. In addition, patients with
IBD often present with hypercoagulability, attributed to
increased platelet activation, elevated levels of fibrinogen,
and various other clotting factors, further predisposing
them to thrombotic events, including stroke [12]. More-
over, current IBD therapies, such as immunomodulators,
corticosteroids, anti-tumour necrosis factor-a (TNFa)
therapies, have potential cardiovascular side effects. Cor-
ticosteroids, for instance, are associated with hyperten-
sion, hyperglycemia, and dyslipidemia— all of which are
established risk factors for stroke [13]. Studies provided
mixed results between anti-TNFa therapies and risk of
thromboembolic events (both increased and reduced
risk) [14, 15]. Therefore, understanding the potential rela-
tionship between IBD and stroke is of paramount impor-
tance, not only for clinicians managing patients with IBD
but also for public health planning and preventative strat-
egies. While previous meta-analyses have consistently
reported a modest increase in the risk of cerebrovascu-
lar diseases among patients with IBD, the findings from
individual studies have shown considerable variability.
While some studies report a significant increase in stroke
risk among IBD patients, others have found no such
association [16—18]. Such disparities could be attributed
to differences in study design, sample size, confounding
variables, or geographic and population differences.

The need for this systematic review stems from the
critical gaps and inconsistencies in the current evidence
regarding the association between IBD and stroke risk.
While prior evidence syntheses have explored this rela-
tionship, they often fail to provide a clear and compre-
hensive understanding of the distinct contributions of
CD and UC to stroke risk. Our work extends the cur-
rent literature in two key ways. First, By incorporating
a broader range of studies and a large pooled sample of
over 2.8 million participants, our review provides robust
estimates of stroke risk stratified by IBD subtypes. Sec-
ond, we employ rigorous statistical methods to account
for heterogeneity across studies and ensure the reliabil-
ity of our findings. Unlike previous reviews that primarily
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reported associations, our meta-analysis synthesizes
these findings with a focus on clinical implications,
emphasizing the need for cardiovascular risk assess-
ment in routine IBD management. This nuanced under-
standing not only addresses discrepancies in the existing
literature but also provides actionable insights for clini-
cians and policymakers. Hence, this study aims to estab-
lish whether patients with IBD have an increased risk of
stroke compared to the general population.

Materials and methods

Inclusion criteria

The included studies focused on individuals diagnosed
with IBD, regardless of their demographic characteris-
tics such as age, gender, ethnicity, or region. The exposed
cohort consisted of patients diagnosed with any type of
IBD (CD and UC). The comparison cohort incorporated
patients without IBD. The primary objective was to com-
pare the incidence of stroke between IBD and non-IBD
patients. The included studies were cohort or case-con-
trol study in English, published from the inception of
database until September 2023.

Information sources and search strategy

An extensive search was conducted in PubMed, Embase,
Cochrane Central Register of Controlled Trials (CEN-
TRAL), Scopus, and CINAHL databases. Reference
sections of relevant studies and reviews were manually
searched. We combined terms related to “inflamma-
tory bowel disease”, “Crohn’s disease”, “ulcerative colitis’,
and “stroke’, harnessing both Medical Subject Headings
(MeSH) and applicable keywords. The search strategy for
individual databases are provided in Supplementary File.
The search was done as per PRISMA guidelines [19].

Study selection and data extraction

Two independent reviewers screened titles and abstracts
of the retrieved articles, followed by full-text examination
of the selected studies. Consensus was achieved either
via discussions or by consulting a third reviewer. A pre-
defined template was used by the same set of reviewers to
independently extract relevant data including attributes
of the study (authorship, year, design, context), partici-
pant details (sample size, age range, gender distribution,
disease severity), intervention specifics, and results.
Information related to funding and potential conflicts of
interest were also noted.

Risk of bias assessment

Newcastle Ottawa Scale [20] was used to assess the risk
of bias in observational studies. Studies scoring between
0 and 3 were deemed high-risk, 4—6 indicated moderate
risk, and 7-9 were viewed as low risk of bias.



Luo et al. BVIC Gastroenterology (2025) 25:114

Statistical analysis

We analyzed data from studies that exhibited sufficient
uniformity in terms of methodology, subjects, interven-
tions, and results, and used a random-effects model to
compensate for potential variations across the studies.
The pooled effect measures were presented as hazard
ratios (HRs) with 95% confidence interval (CI) for the
outcome, and data were visualized by forest plots. Sub-
group analysis was performed to estimate pooled HR
with 95%CI separately for CD and UC patients.

Heterogeneity was quantified by I? statistic [21], which
describes the percentage of variation across studies that
is due to heterogeneity rather than chance. The interpre-
tation of I* followed standard thresholds: low heteroge-
neity (I* < 25%), moderate heterogeneity (I* between 26%
and 50%), substantial heterogeneity (I between 51% and
75%), and considerable heterogeneity (I*> > 75%). Publi-
cation bias was assessed by funnel plots and Begg’s and
Egger’s regression tests.

Sensitivity analyses were conducted to evaluate the
robustness and stability of the findings by systematically
excluding individual studies one at a time and reassess-
ing the pooled HRs. This approach was used to identify
whether any single study disproportionately influenced
the overall effect size. Additionally, sensitivity analyses
were performed to explore the impact of study quality,
by comparing results after excluding studies with moder-
ate or high risk of bias. These analyses were pre-specified
in the protocol to ensure transparency and to address
potential sources of heterogeneity and bias in the pooled
estimates. The results of the sensitivity analyses were
graphically represented, highlighting the consistency of
the findings across various scenarios. All the analysis was
performed using STATA version 14.2.

Results

Study screening

Initial search across databases identified 1,083 records.
Of them, 321 were removed as duplicates. Of the 762
records screened, additional 704 were excluded. Result-
ing 58 full-text articles were assessed for eligibility. Ulti-
mately, 13 studies met the inclusion criteria, while 45
were excluded due to varying participants, exposures, or
overlapping data (Fig. 1) [16, 17, 22-32].

Characteristics of the included studies

The included studies were published between 1984 and
2019 in various countries including Spain, Canada, South
Korea, the UK, Taiwan, France, Denmark, the USA, Swe-
den, and Germany. Of 13 studies, 10 were cohort studies,
2 retrospective cohort studies, and 1 nested case-control
study, encompassing a total sample size of over 2.8 mil-
lion participants. The follow-up duration varied among
studies, ranging from 3.4 to 71.16 years. The mean age
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of participants across studies ranged from 36.5 to 56
years. Gender distribution was consistent in most stud-
ies (45.1-58.5% females) (Table 1). Risk of bias was low in
most (7 out of 13) included studies (Table 2).

Risk of stroke between IBD and non-IBD patients

Data from 13 studies with a total of 2,802,955 partici-
pants were analyzed. The pooled HR for stroke in IBD
patients compared to non-IBD cohort was 1.30 [95%CI:
1.21-1.39; p<0.001], suggesting a statistically significant
increase in the risk of stroke among IBD patients (Fig. 2).
The analysis revealed substantial heterogeneity among
the studies, as evidenced by the Cochran’s Q value of
81.79 (df=12, p<0.001) and the I of 85.3%.

Subgroup analysis

The pooled HR for stroke in CD patients compared to
general population group was 1.35 [95% CI 1.22-1.49;
p<0.001], suggesting that CD is associated with a statisti-
cally significant increase in the risk of stroke (Fig. 3). The
analysis revealed substantial heterogeneity among the
studies, as evidenced by the Cochran’s Q value of 62.22
(df=8, p<0.001) and the I? of 87.1%.

The pooled HR for stroke in UC patients compared
to non-UC individuals was 1.15 [95%CI: 1.09-1.22;
p<0.001], indicating a statistically significant increase in
the risk of stroke in the UC cohort (Fig. 4). Moderate het-
erogeneity was detected among the studies, as reflected
by the Cochran’s Q value of 23.56 (df=8, p=0.003) and
the I? statistic, which was 66%.

Publication bias assessment

Begg'’s test that assesses funnel plot asymmetry, was con-
ducted to evaluate the publication bias using an adjusted
Kendall’s Score. The test resulted in a score (P-Q) of 26
with a standard deviation of 16.39, the calculated z-value
of 1.59 and a corresponding p-value of 0.113. After con-
tinuity correction, the z-value was adjusted to 1.53 with a
p-value of 0.127, suggesting no strong evidence of publi-
cation bias based on the Begg’s test.

The Egger’s test was also employed to assess small-
study effects which could be indicative of publica-
tion bias (Fig. 5). Coefficient value was 0.124 (Standard
Error=0.04) with a statistically significant t-value of
2.90 (p=0.014). Coefficient value was 2.27 (Standard
Error=1.09) with a t-value of 2.08. The p-value for this
coefficient was 0.06, suggesting no significant bias. The
significant slope coefficient in the Egger’s test indicates
the presence of small-study effects. However, one should
be cautious as this could be attributed to factors other
than publication bias, such as true heterogeneity.
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Fig. 1 PRISMA flowchart

Sensitivity analysis

In the sensitivity analysis, each study was individually
omitted to assess its impact on the overall effect estimate.
When each study was omitted, the pooled estimates
ranged from 1.20 to 1.24, indicating moderate variability.
Despite this, the overall combined effect, with all studies
included, was 1.22 [95% CI: 1.19-1.24], showing consis-
tently elevated risk across the analysis (Fig. 6).

Discussion

This comprehensive meta-analysis aimed to investigate
the association between IBD and the risk of stroke, and
further stratified the analysis based on the IBD sub-
types. Our results have demonstrated a statistically sig-
nificantly increased risk of stroke in patients with IBD
compared to those without this condition. Specifically,
IBD patients had 30% higher risk of stroke compared to

the general population. The risk was even higher for CD
patients (35%) while UC subgroup demonstrated only
15% increase in the risk of stroke.

Our findings align with the growing body of literature
highlighting the systemic implications of IBD beyond the
confines of the gastrointestinal tract. A large-scale study
by Schicho et al. [33] have underlined the increased car-
diovascular risks among IBD patients, which is consistent
with our results and further strengthen the importance
of comprehensive care in IBD patients. While cardiovas-
cular implications of IBD were a focus of several studies,
the nature and magnitude of this effect is still unclear. A
recent meta-analysis by Jaiswal et al. [34] demonstrated
that although IBD was associated with the overall higher
risk of CVD, the tendency towards specific events, such
as stroke or myocardial infarction, varied considerably
based on the study design and populations. Our findings
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Table 1 Characteristics of included studies (N=13)

Page 5 of 9

Authorand Location  Study Study design Study Sample Study par- Follow- Meanageatthe Gender Risk
year period setting size ticipants up dura- time of study distribution of
(exposure tion (in recruitment Female (%) bias
group) years) (in years)
Baena-Diez  Spain 2007-2012 Prospective Population 962,033 Any IBD NR 56 56 Low
2018 Cohort study based
Bernstein Canada 1984-2003 Retrospective Population 88,561 BothCD& 19 36.5 585 High
2008 Matched cohort  based UC patients
study
Choi 2019  South 2006-2009 Retrospective Population 149,908 BothCD& 84 44 46.2 Low
Korea Cohort study based UC patients
Dregen United 2002-2013 Prospective Population 393,682 BothCD& NR 47 49 High
2014 Kingdom cohort study based UC patients
Huang 2014 Taiwan 1998-2011 Retrospective Population 92,360 BothCD&  71.16 44.8 45.1 Low
Cohort study based UC patients
Keller 2014 Taiwan 2001-2005 Retrospective Population 2579 UC patients NR 51.64 47.8 High
Cohort study based only
Keller 2015  Taiwan 2001-2005 Retrospective Population 16,545 CD patients NR 51.15 5347 High
Cohort study based only
Kirchgesner  France 2008-2013 Retrospective Population 10,395 Both(CD& 34 49 50.5 High
2017 Cohort study based UC patients
Kristensen ~ Denmark ~ 1996-2011 Retrospective Population 260,774 BothCD&  NR NR NR Low
2014 Cohort study based UC patients
Setyawan USA 2014-2018 Retrospective Population 69,374 Any IBD NR 49 544 High
2022 cohort study based
Sun 2023 Sweden 1969-2019 Retrospective Population 491,993 BothCD& 12 433 484 Low
cohort study based UC patients
Tanislav Germany  2000-2015 Retrospective Population 23,894 BothCD& 15 47.2 455 Low
2021 cohort study based UC patients
Zoller 2012 Sweden 1987-2008 Prospective Population 250,686 BothCD&  NR NR 55.1 Low
Cohort study based UC patients

IBD- Inflammatory bowel disease; CD- Crohn’s disease; UC- Ulcerative Colitis NR-Not reported; USA- United States of America

Table 2 Risk of bias
Author and year Selection Comparability Outcome Risk of bias

Baena-Diez 2018  Low Low Low Low
Bernstein 2008 High Low High High
Choi 2019 Low Low Low Low
Dregen 2014 Low High High High
Huang 2014 Low Low Low Low
Keller 2014 High High High High
Keller 2015 High High Low High
Kirchgesner 2017 High High High High
Kristensen 2014 Low Low Low Low
Setyawan 2022 High High High High
Sun 2023 Low Low Low Low
Tanislav 2021 Low Low Low Low
Zoller 2012 Low Low Low Low

IBD- Inflammatory bowel disease; CD- Crohn'’s disease; UC- Ulcerative Colitis
NR-Not reported; USA- United States of America

specifically focused on the risk of stroke, thereby filling
this critical gap in the literature.

The increased risk of stroke in IBD patients may
be explained by different mechanisms. Inflammation
remains central to the pathogenesis of both IBD and
atherosclerosis. Elevated levels of inflammatory markers

like C-reactive protein, which have been consistently
reported in IBD patients [35], play a pivotal role in endo-
thelial dysfunction, accelerating atherogenesis. In addi-
tion to inflammation, the prothrombotic state induced by
chronic inflammation in IBD might also contribute the
increased risk of stroke. This risk may be further exacer-
bated by the elevated homocysteine levels, observed in
some IBD patients due to malabsorption [36]. Addition-
ally, current studies suggest the role of gut microbiota
in the pathogenesis of both IBD and vascular diseases.
Emerging evidence points towards microbial dysbiosis
in IBD patients as a potential factor aggravating systemic
inflammation and, consequently, atherosclerotic pro-
cesses. Previous study indicated a potential link between
specific gut bacteria, enhanced gut permeability, and
subsequent low-grade systemic inflammation that may
predispose IBD patients to vascular diseases [37]. Such
findings pave the way for investigating therapeutic inter-
ventions targeting gut microbiota to alleviate cardiovas-
cular risks in IBD patients.

A major strength of our review is large sample size with
various demographics that increases ggeneralizability of
our results. Moreover, we evaluated the risk based on
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Fig. 2 Forest plot showing the risk of stroke between inflammatory bowel disease and non-inflammatory bowel disease patients
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Fig. 3 Forest plot showing the risk of stroke between Crohn'’s disease and non-Crohn’s disease patients

IBD subtypes, offering granularity to the overall under-
standing of the association between IBD and stroke. Our
review offers a more comprehensive evaluation of CDI-
associated outcomes in IBD patients by incorporating a
broader range of outcomes, including hospitalization
duration, colectomy rates, and specific complications,

which have not been synthesized in prior reviews. How-
ever, our study has limitations. The substantial hetero-
geneity among the included studies underscores the
potential presence of other confounding factors, not
adjusted universally across the studies. Despite a com-
prehensive search strategy, publication bias cannot be
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Fig. 4 Forest plot showing the risk of stroke between ulcerative colitis and non-ulcerative colitis patients
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entirely ruled out. Lastly, the absence of patient-level
data prevented us from conducting a more detailed sub-
group analysis based on age, gender, or comorbidities.
Moreover, while our review encompassed a significant
number of participants, the geographical distribution
of the included studies was not explicitly stated, poten-
tially leaving certain populations underrepresented. The
diversity of healthcare systems, variations in IBD man-
agement strategies, and differing baseline cardiovas-
cular risks across populations can introduce additional
layers of complexity, which our study was not equipped
to dissect. Additionally, past research suggested that
long-lasting IBD and recurrent flares might contribute
to the increased risk of vascular events [38]. Due to the
lack of such granular data in the included studies, our
meta-analysis did not account for the impact of disease

duration on the risk of stroke. Future studies are needed
to further investigate this relationship.

Our study has important implications for clinicians,
as it underscores the importance of a holistic approach
to managing IBD. Given the elevated risk of stroke, rou-
tine cardiovascular risk assessments might be beneficial
for these patients. Patients may be advised of lifestyle
changes, including increased physical activity, balanced
diet, and smoking cessation. Furthermore, the use of
certain medications like corticosteroids, which have
been associated with an elevated cardiovascular risk
[39], should be judicious, weighing their benefits against
potential long-term risks.

Our results suggest several possible directions for
future research, such as understanding the temporal
relationship between IBD diagnosis and the onset of
stroke, and the role of specific IBD therapies in modu-
lating this risk. Multicentre trials with a more standard-
ized approach to adjusting for potential confounders will
further consolidate our findings and aid in framing more
evidence-based guidelines for IBD management.

Our findings also signal the need for interdisciplin-
ary collaboration. Gastroenterologists should perhaps
work in tandem with cardiologists to develop a more
integrated care model for IBD patients. Such collabora-
tions could facilitate more comprehensive screening pro-
tocols and even joint clinics where cardiovascular risk
mitigation becomes an integral part of IBD management.
This approach is not novel; integrated care models have
shown promising results in diseases like diabetes, where
endocrinologists and cardiologists collaborate to manage
the multifaceted risks effectively.
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Fig. 6 Sensitivity analysis plot

Conclusion

In summary, our meta-analysis robustly confirms the
increased risk of stroke in IBD patients, further under-
scoring the systemic implications of this primarily gastro-
intestinal disease. Comprehensive care of IBD patients,
encompassing regular cardiovascular risk assessments,
can be pivotal in mitigating this risk.
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