
OR I G I N A L R E S E A R C H

The Risk of Cerebrovascular Accidents in

Inflammatory Bowel Disease in the United States:

A Population-Based National Study
This article was published in the following Dove Press journal:

Clinical and Experimental Gastroenterology

Sara Ghoneim 1

Aun Shah1

Aneesh Dhorepatil 1

Muhammad Umer Butt 2

Nisheet Waghray3

1Department of Internal Medicine, Case

Western Reserve University at

MetroHealth Medical Center, Cleveland,

OH 44109, USA; 2Division of Cardiology,

Case Western Reserve University at

MetroHealth Medical Center, Cleveland,

OH 44109, USA; 3Division of

Gastroenterology, Case Western

Reserve University at MetroHealth

Medical Center, Cleveland, OH

44109, USA

Background: Inflammatory bowel disease (IBD) has been associated with an increased risk

of cardiovascular events, but the risk of cerebrovascular accidents (CVA) remains unknown.

Hypercoagulability and systemic inflammation are two proposed mechanisms by which the

presence of IBD might lead to the development of CVA.

Objective: To assess the risk of CVA in patients with IBD compared to those without IBD

with known traditional risk factors for CVA.

Methods: We reviewed data from a large commercial database (Explorys, IBM) that

aggregated records from 26 health-care systems nationwide. Using systemized nomenclature

of medicine – clinical terms, we identified adult patients diagnosed with IBD (ulcerative

colitis or Crohn’s disease) between September 1994 and September 2019. We then examined

the risk of CVA in these patients. Known risk factors such as age ≥65-years old, diabetes

mellitus (DM), hypertension (HTN), female gender, atrial fibrillation (Afib) were collected.

A univariate binary logistic model was constructed using CVA as the dependent variable and

other variables as independent variables. To adjust for possible confounding, a multivariable

model adjusting for all covariates was created to test for CVA.

Results: A total of 52,176,550 patients were included in this analysis, and 261,890 had IBD.

The prevalence of CVA was higher in IBD patients compared to non-IBD patients (6.24%

versus 0.48%, p <0.0001). The univariate binary logistic regression showed 13.7 times

higher odds of having CVA in IBD patients than without IBD (odds ratio (OR) 13.74,

p <0.0001). In multivariate binary logistic regression, after adjusting for traditional risk

factors for CVA (Afib, HTN, female gender, DM, age ≥65 years), odds ratio of CVA in IBD

patients remained significantly higher (OR 8.07, 95% CI: 7.9–8.2, p<0.0001).

Conclusion: In our large cohort of patients, IBD appears to be an independent risk factor for

CVA. Further prospective studies are needed to understand the underlying mechanisms by

which IBD increases the risk of CVA. This may lead to early identification and intervention

to reduce the risk of CVA in this highly heterogeneous group of patients.
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Introduction
Inflammatory bowel disease (IBD), including ulcerative colitis (UC) and Crohn’s

disease (CD), is a chronic debilitating disorder characterized by recurrent intestinal

and systemic inflammation.1 It is estimated that 1.3% of the US adult population are

diagnosed with IBD. There is a significant healthcare burden associated with IBD,

with costs estimated to be between 14.1 and 31.6 billion dollars per year.2
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The role of inflammation in the progression of athero-

sclerosis has fueled research to determine whether chronic

inflammatory states such as IBD carry an increased risk of

cardiovascular or cerebrovascular disease.2,3 Patients with

IBD have long been known to have an increased risk of

venous thromboembolic events (VTE), yet the risk of

arterial thromboembolic events is not well characterized.

Only recently have studies shown an increased risk of

myocardial infarctions (MI) and cerebrovascular accidents

(CVA) in patients with rheumatoid arthritis, psoriasis and

systemic lupus erythematosus.4,5 However, this association

with IBD remains debatable. With some studies showing

a clear association between the risk of CVA and IBD and

others failing to confirm this association.1,6

Stroke is a heterogeneous multifactorial disease that

involves a complex interplay of genetic, environmental

and vascular factors.7,8 It is the second leading cause of

death, after ischemic heart disease, accounting for 9% of

deaths worldwide. The prevalence of stroke in the United

States is estimated to be 3%.9,10 Traditional risk factors

such as hypertension, diabetes, atrial fibrillation, smoking,

and advanced age have been known to increase the risk of

stroke in the general population.9,10

Establishing a link between IBD and arterial throm-

boembolic diseases, including CVA, may have serious

implications. Therefore, whether IBD increases the risk

of CVA in the US population remains elusive and subject

to debate. Given the lack of consensus on this important

issue, and the ambiguity of data around this question, the

aim of this study is to investigate the association between

IBD and CVA in the US population.

Materials and Methods
Study Design
This is a retrospective analysis of a large electronic health

record (EHR)-based commercial database called Explorys

(IBM, Watson) that contains patient information from 26

different health-care systems spread over 50 states in the

United States with over 50 million unique patient

records.11 Each participating institution provides de-

identified data from electronic health records.11 This data

is then standardized, normalized and stored in a cloud

database.11,12 Explorys uses Systematized Nomenclature

of Medicine Clinical Terms (SNOMED CT) coding for

medical diagnoses and procedures. For diagnoses,

International Classification of Disease, Tenth Revision,

Clinical Modification (ICD-10-CM) codes are mapped

into the SNOMED-CT hierarchy. Cohorts can further be

refined demographically and also allow for the identifica-

tion of comorbidities.11,12 The use of Explorys platform

has been validated in multiple fields including cardiology

and gastroenterology.12 Explorys is Health Insurance

Portability and Accountability Act (HIPAA) and Health

Information Technology for Economic and Clinical Health

Act (HITECH) compliant.11,12 To protect patient confiden-

tiality, Explorys rounds population counts to the nearest 10

and treats all counts between zero and 10 as equivalent.

For the purposes of this study, counts between 0 and 10

were approximated to be five.

Patient Selection
For this study, we used Explorys search tool to identify all

non-deceased adult patients with active records since

1999. Patients with IBD were identified by searching the

database for cases with listed SNOMED-CT diagnosis

“inflammatory bowel disease”. Patients with CVA were

identified as those with the following SNOMED-CT diag-

nosis “cerebrovascular accidents”. Controls were identified

as those patients without the diagnosis of IBD. For our

analysis, we identified cohorts of patients with IBD with

and without CVA. We were unable to perform propensity-

score matching because the Explorys platform only pro-

vides population-level data and not individual cases.

Covariates
We collected information on patient demographics and

comorbidities known to be associated with an increased

risk of IBD and CVA (eg, hypertension, diabetes mellitus,

atrial fibrillation, age and gender) by searching the data-

base for their respective SNOMED-CT terms.

Statistical Analysis
To assess the association between IBD with risk factors we

divided the whole cohort of patients into IBD and Non-IBD

patients. The prevalence of CVA in each risk group was

calculated by dividing the number of patients with IBD in

each risk group. Categorical variables are presented as num-

bers and percentages and were compared using the Pearson

χ2 test. Odds ratios (OR) are presented with 95% confidence

intervals (CI). Univariate binary logistic model was con-

structed using CVA as the dependent variable and other

variables as independent variables. To adjust for possible

confounding, a multivariable model adjusting for all covari-

ates mentioned in univariate variables were added to test the

main effect. Independence among covariate risk factors was
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assessed using the variance inflating factor (VIF) with cut-

off of significant collinearity set at VIF > 1.5. “Goodness-of-

fit” was assessed for all regression models using the

Hosmer–Lemeshow test, with P > 0.05 indicating a good

fit. All statistical analysis was done using SAS version 9.4

(SAS Inst., Cary, NC). Significance was defined as the

2-tailed value of p<0.05.

Regulatory Approvals
The Case Western Reserve University/Metrohealth

Medical Center Institutional Review Board deemed studies

using Explorys as the data set of record as exempt from

approval because all data are de-identified.

Results
Out of 52,176,550 patients, 261,890 patients were diagnosed

with IBD (0.50%) and 179,400 (0.34%) had a CVA. Baseline

characteristics of subjects included in this study are displayed

in Table 1. Of the IBD group, 103,850 subjects were diag-

nosed with hypertension, 52,820 had diabetes and 17,700

with atrial fibrillation. Cerebrovascular accidents were seen

in 11,200 IBD subjects and 168,230 subjects without IBD

(Table 1).

In overall unadjusted analysis, IBD was associated with

an increased risk of CVA (odds ratio (OR) 13.74 [95% CI:

13.478–14.02, p<0.0001]). With regard to traditional risk

factors, diabetes and atrial fibrillation were associated with

an increased risk of CVA (OR 13.77 [13.59–13.82]; OR

13.30 [13.17–13.42], respectively. Hypertension was also

associated with an increased risk of CVA OR 11.86 [11.75–-

11.98] while age ≥65 remained significantly associated with

the risk of CVAOR 5.16 [5.12–5.21]. The female gender had

a modest association with CVAwith an OR 1.07 [1.06–1.08].

In our multivariate model, after adjusting for age, gender,

hypertension, diabetes and atrial fibrillation, the presence of

IBD had the strongest association with CVA (OR 8.08 95%

CI: 7.91–8.24) (Table 2). Regarding traditional risk factors,

diabetes remained second and was strongly associated with

the risk of CVA (OR 4.86 (95% CI: 4.81–4.92). Atrial

fibrillation and hypertension were associated with an

increased risk of CVA (OR 3.35, 95% CI: 3.31–3.39; OR

3.141, 95% CI: 3.10–3.18), respectively. Similar to our

unadjusted model, the female gender was found to have

Table 1 Baseline Characteristics of the Study Population

Characteristics Total Cohort No IBD Presence of IBD P-value

Sex (n, %)

Male 23,390,635 (44.83%) 23,286,300 (99.55%) 104,335 (0.45%) <0.0001

Female 28,785,915 (55.17%) 28,628,360 (99.45%) 157,555 (0.55%)

Age (n, %)

Adults (18–65) 38,498,290 (73.78%) 38,312,930 (99.52%) 185,360 (0.48%) <0.0001

Senior (>65) 13,678,260 (26.22%) 13,601,730 (99.44%) 76,530 (0.56%)

Hypertension (n, %)

None 41,920,940 (80.34%) 41,762,900 (99.62%) 158,040 (0.38%) <0.0001

Present 10,255,610 (19.66%) 10,151,760 (98.99%) 103,850 (1.01%)

Atrial Fibrillation (n, %)

None 50,724,920 (97.22%) 50,480,730 (99.52%) 244,190 (0.48%) <0.0001

Present 1,451,630 (2.78%) 1433,930 (98.78%) 17,700 (1.22%)

Diabetes (n, %)

None 47,888,150 (91.78%) 47,679,080 (99.56%) 209,070 (0.44%) <0.0001

Present 4,288,400 (8.22%) 4,235,580 (98.77%) 52,820 (1.23%)

CVA (n, %)

None 51,997,120 (99.66%) 51,749,310 (99.52%) 250,690 (0.48%) <0.0001

Present 179,430 (0.34%) 168,800 (93.76%) 11,200 (6.24%)

Abbreviations: IBD, inflammatory bowel disease; CVA, cerebrovascular accidents.
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a modest association with the occurrence of CVA (OR 1.18

[1.17–1.120] (Figure 1).

Discussion
In this large electronic medical record-based study of more

than 52 million patients, we found that patients with IBD

had a higher risk of CVA. This association persisted

despite adjustments for multiple confounding traditional

risk factors including hypertension, diabetes, female gen-

der, advanced age and atrial fibrillation suggesting that

IBD may be an independent risk factor for CVA.

The association between IBD and VTE is well

established.9,13,14 However, the association between IBD and

arterial thromboembolic disease has been more elusive and

subject to debate. Five studies reported a total of 2,425 CVA

events in 98,340 patients with IBD. On pooling the unadjusted

odds ratio from each study, IBD was associated with

a 21% percent risk of CVA (OR 1.21; 95% CI, 1.12–1.31).

After adjusting for confounders, IBD conferred an 18% risk of

CVA (OR 1.18; 95% CI, 1.09–1.27).6–8,15–18 Furthermore,

Huang et al showed the risk of ischemic stroke to be 1.12

fold (95% CI, 1.02–1.223) higher in patients with IBD than

without.9 In contrast, a large meta-analysis that included

17,487 IBD patients and 69,948 controls found that IBD

patients did not have an increased risk ofmyocardial infarction

or transient ischemic attacks when compared with controls.19

The findings from our study, the largest to date, help shed light

on this controversy and support the adverse association of IBD

and the higher risk of CVA.

Cardiovascular disease (CVD) which includes coron-

ary heart disease (CHD), stroke and peripheral artery dis-

ease, is the leading cause of death in men and women.20,21

Several studies attempted to evaluate whether traditional

CVD risk factors were more prevalent in IBD patients than

the general population. Hypertension is a well-established

risk factor for CVD including stroke. In our study, hyper-

tension was more prevalent in patients with IBD than

without IBD (40% vs 20%). This observation is contrary

to findings from a study conducted by Yarur et al, who

showed IBD patients to have significantly lower rates of

hypertension.13 The contradicting results may be partially

explained by the differences in the study population and in

analysis methods.

The relationship between diabetes and IBD is well estab-

lished. Jess et al demonstrated that IBD patients had an

increased risk of diabetes (incidence ratio 1.54; 95% CI

1.49–1.60).19 In our study, the diagnosis of diabetes was

Table 2 Multivariate Regression Analysis

Risk Factor OR 95% CI P-value

IBD 8.08 7.91–8.24 <0.0001

Atrial fibrillation 3.35 3.31–3.39 <0.0001

Age older than 65 years 1.46 1.45–1.48 <0.0001

Hypertension 3.14 3.10–3.18 <0.0001

Diabetes 4.86 4.81–4.92 <0.0001

Female 1.18 1.17–1.20 <0.0001

Abbreviations: IBD, inflammatory bowel disease; OR, odds ratio; CI, confidence

interval.

Figure 1 Forest plot showing adjusted odds ratio of having a cerebrovascular event. The odds ratio is represented by the circle. The whiskers represent 95% confidence

intervals.

Abbreviations: IBD, inflammatory bowel disease; CVA, cerebrovascular accidents.
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also more prevalent in patients with IBD compared to those

without IBD (20% vs 8%). One theory that may partially

explain the mechanism behind this observation involves the

development of insulin resistance from long-term steroid use.

Stroke is a well-known macrovascular complication of dia-

betes. After adjusting for this factor in our multivariable

model, CVA remained strongly associated with IBD. This

finding further supports the existence of an independent

pathogenic mechanism inherent to IBD.

There has been increasing emphasis on gender-differences

in CVD. In both our adjusted and unadjusted models, the

female gender was associated with a modest risk of CVA.22

This may be attributed to menopausal shifts in hormonal

levels and the use of hormonal contraception. The incidence

of stroke in a 65-year-old woman is reported to be 1 in 5

whereas a 65-year-old male’s risk of stroke is one in six.23

Likewise, women with IBD have a higher risk of CVD

compared to their male counterparts.24–26 The use of oral

contraception in females with IBD has been reported as high

as 88%.24 Females with IBD were also more likely to have

a higher baseline proinflammatory burden than males.25 This

being said, Katsanos et al showed IBD to be associated with

an increased risk of CVA independent of gender.26 Our study

lends support to their work and suggests an independent

association between IBD and the risk of CVA.

Age is a nonmodifiable risk factor for cerebrovascular

disease. The risk doubles with each decade after the age of 45

years with 70% of all strokes occurring after the age of 65.27

Age-related microcirculatory changes are thought to contri-

bute to cerebrovascular aging. A complex interaction

between endothelial dysfunction, impaired cerebral autore-

gulation and neurovascular coupling leads to neuro-

inflammation and microvascular injury and may explain

why cerebrovascular accidents are more prevalent in the

older population.28 In both our adjusted and unadjusted mod-

els, advanced age was shown to have a strong association

with CVA.

Atrial fibrillation has long been recognized as amajor risk

factor for CVA. The association between atrial fibrillation

and stroke is thought to be due to stasis of blood in the

fibrillating left atrium leading to thrombus formation and

embolization to the brain.29 The prevalence of atrial fibrilla-

tion in patients with IBD has been documented as high as

11.3% as compared to 0.9% in the general population.30–32

Our study also confirms a higher prevalence of atrial fibrilla-

tion in patients with IBD versus non-IBD patients (7% vs

3%). In both unadjusted and adjusted models, we observed

a significant association between atrial fibrillation and the

risk of stroke. The pathophysiology of atrial fibrillation in

patients with IBD is not well understood but is thought to be

related to the inflammatory effects of IBD. Higher rates of

atrial fibrillation were observed in patients with active IBD

flares (incidence rate ratio (IRR) 2.63 [2.23–3.06]) and per-

sistent activity (IRR 2.06 [1.67–2.55]) compared to those in

remission (IRR 0.97 [0.88–1.08]).30

An important strength of our study is that we used a large

national database and reported data on over 52 million active

adult subjects. We also provided comprehensive epidemio-

logical information on the risk of stroke in patients with IBD

based on established risk factors for both disease entities.

Our results are therefore consistent with the growing body of

evidence showing inflammation to be independently asso-

ciated with a higher risk of strokes.

The prevalence of IBD in the United States is estimated to

be between 1.3%.1,2 The reported prevalence of IBD in our

study was 0.50%. As this is a retrospective study reliant on

diagnosed SNOMED-CT codes, it is impossible to verify the

accuracy of diagnoses and it is prone to coding errors.

However, even with the lower numbers of IBD patients in

the database, we were still able to observe a strong association

between this inflammatory process and the higher risk of CVA.

Another significant limitation of our study is the valid-

ity of diagnosis of CVA. We were unable to differentiate

between ischemic and non-ischemic CVA. Validation was

also not possible as patient information in Explorys is de-

identified. Another limitation in using this database is the

inability to establish temporal relationships between IBD

and CVA. Also, it is possible that some patients received

care at institutions not part of the Explorys platform and

thus we were not able to account for these patients.

IBD is a chronic inflammatory state with systemic mani-

festations. The pathophysiological contributions of IBD on

CVD are currently not well understood. In our large US-based

cohort study, we found IBD to be significantly associated with

an increased risk of stroke independent of traditional risk

factors. Experimental and clinical studies are warranted to

improve our understanding of the pathogenesis of cerebrovas-

cular accidents in patients with inflammatory bowel disease.
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