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ABSTRACT
Objectives  Systemic inflammation is increasingly being 
recognised as a possible mechanism for acute arterial 
thrombotic events, including acute coronary syndrome 
(ACS). Despite this, there is conflicting data on the risk of 
ACS in patients with inflammatory bowel disease (IBD). We 
performed a contemporary systematic review and meta-
analysis to identify the risk of ACS in patients with IBD.
Methods  PubMed, MEDLINE, EMBASE, CENTRAL and 
Web of Science were searched up to 27 October 2022. 
Multivariable-adjusted or propensity matched studies with 
a non-IBD control cohort were included. HRs were pooled 
using a random-effects model. Subgroup and sensitivity 
analyses were conducted in order to explore sources of 
heterogeneity.
Results  Twelve retrospective cohort studies were 
included (225 248 IBD patients). Patients with IBD were 
associated with an increased risk of ACS in both adjusted 
(HR 1.23; 95% CI 1.08 to 1.41) and unadjusted analyses 
(HR 1.50; 95% CI 1.16 to 1.92). Substantial heterogeneity 
was observed (i2=88, p=0.002 and i2=98%, p=0.002, 
respectively). Subgroup analysis of age revealed a greater 
association of ACS in IBD patients <40 years of age 
(relative HR 1.50; 95 CI 1.15 to 1.96).
Conclusion  Patients with IBD demonstrated an 
independently increased risk of ACS. Prospective studies 
are required to explore the relationship with disease 
activity and duration, concomitant medication use and 
angiographic characteristics and outcomes.
PROSPERO registration number  CRD42022367846.

INTRODUCTION
Acute coronary syndrome (ACS) and inflam-
matory bowel disease (IBD) are major causes 
of morbidity and mortality worldwide.1 2 In 
recent years, systemic inflammation is increas-
ingly being recognised as a possible risk 
factor for venous and arterial thrombotic 
events, including ACS.3–7 The role of proin-
flammatory cytokines such as IL-1B, IL-6, 
IL-8, IL-12, serum amyloid A, C reactive 
protein in addition to nitric oxide produc-
tion and chronic endothelial dysfunction 

have all been associated with accelerated 
atherogenesis.4 8 Atherosclerosis is a chronic 
inflammatory state of arterial walls; the anti-
inflammatory properties of statin therapy 
have been well described with robust evidence 
of clinical use associated with decreased 
vascular events in the general population.9 
As such, several chronic immune-mediated 
diseases have been linked to the risk of acute 
arterial events including ACS.10 11

Despite this, the risk of ACS in patients 
with ulcerative colitis (UC) and Crohn’s 
disease (CD) is ambiguous.12–20 Challenges in 
characterising this risk include the presence 
of concurrent ‘traditional’ cardiovascular 
risk factors and targeting studies specifi-
cally towards ACS. Previous meta-analyses 
that have identified an increased risk of ‘ 
ischaemic heart disease’ (IHD) did not assess 
ACS specifically, which may be beneficial 
in excluding certain confounders such as 

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ Systemic inflammation is increasingly being rec-
ognised as a possible mechanism for acute arterial 
thrombotic events, including acute coronary syn-
drome (ACS). Despite this, there is conflicting data 
on the risk of ACS in patients with inflammatory 
bowel disease (IBD).

WHAT THIS STUDY ADDS
	⇒ In this largest to date systematic review and meta-
analysis, patients with IBD demonstrated an inde-
pendently increased risk of ACS after adjusting for 
traditional cardiovascular risk factors.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

	⇒ Our study demonstrated an increased risk of ACS 
in IBD patients. Determining this risk is important 
given the younger age of these patients, potential 
for treatment with available systemic therapies and 
primary preventative strategies.
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the inclusion of those patients with pre-existing known 
coronary disease or unrelated coronary events.12 18–20 
No definitive management guidelines have been recom-
mended for these patients.8 21 Thus, we performed an 
updated systematic review and meta-analysis with the aim 
of evaluating the risk of ACS in patients with IBD.

METHODS
This systematic review and meta-analysis is reported 
according to the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses and Meta-analysis of 
Observational Studies in Epidemiology statement guide-
lines.22 23 This review is registered with PROSPERO and 
did not require institutional board review.

Study eligibility
Studies were eligible for inclusion if they satisfied the 
following criteria: retrospective cohort studies that are 
multivariable-adjusted or propensity matched with a non-
IBD control cohort; primary exposure of IBD based on 
international classification of diseases codes or endo-
scopic/histopathological findings; ACS reported as 
outcome of interest. There was no restriction on language 
and our search included articles in all languages.

The exclusion criteria included: case–control and cross-
sectional studies, case reports, editorials and previous 
systematic reviews; studies without a distinct IBD popu-
lation (ie, overlapping with other immune-mediated 
inflammatory diseases); ACS data not clearly demarcated 
(ie, overlapping with coronary artery disease or other 
acute arterial events); studies including patients with a 
history of ACS prior to IBD diagnosis; data were derived 
from the same cohort or insufficient data to calculate risk 
estimates.

Data sources and search strategy
A comprehensive search strategy was designed and a 
thorough computer-based search was performed using 
PubMed, Ovid MEDLINE, EMBASE, CENTRAL and 
Web of Science databases. No time limit to start date was 
applied, and the search was conducted up to 27 October 
2022. We manually searched the references cited in the 
previous reviews and other important studies related 
to this subject. We did not need to contact the corre-
sponding authors of the studies, as the relevant informa-
tion was easily accessible from the original studies. The 
search strategy, search terms used, inclusion and exclu-
sion criteria are provided in online supplemental mate-
rials.

Study selection and data extraction
Two reviewers (AZ and DS) screened all the titles and 
abstracts independently. This was performed with a 
free-to-use web application (Rayyan, Qatar Computing 
Research Institute, Ar-Rayyan, Qatar). Conflicts were 
resolved by inclusion of a third reviewer (NM). This was 
followed by the full-text review of the selected articles by 
the two independent reviewers (AZ and NM). We then 

extracted the data from selected studies using a stand-
ardised, pilot-tested extraction template. The following 
data were extracted: study characteristics (author, year 
of publication, country, study design, study population, 
number of participants and follow-up measures), clin-
ical characteristics, baseline demographics, incidence 
and HRs ACS (adjusted and unadjusted), information 
on mortality (all-cause mortality and cardiac mortality), 
stroke, bleeding and angiographic outcomes if available.

Quality assessment
Two reviewers (AZ and DS) assessed quality of included 
studies by using the Down and Black checklist.24 Downs 
and Black score ranges were given corresponding quality 
levels as previously reported; excellent25–27; good20–24 28; 
fair15–19 and poor (≤14). We evaluated potential biases 
using classifications of ‘low risk of bias’ when data for 
the criterion were described, ‘high risk of bias’ when 
data were not stated and ‘unclear risk of bias’ when 
the criterion was not relevant to the study design. Any 
conflicting classification was resolved by discussion with 
a third reviewer (NM). We assessed publication bias by 
visual inspection of funnel plots. Eggers’ intercept was 
not performed if no asymmetry discerned.

Outcomes
The primary outcome was ACS, defined according to the 
criteria used in the original studies. Additional outcomes 
and subgroup analysis are detailed in online supple-
mental material.

Statistical analysis
Associations between IBD and ACS are reported using 
HRs with 95% CI and meta-analysed in adjusted form 
using a random effects model after pooling reported 
HRs. We also pooled unadjusted estimates if the studies 
provided sufficient data. Heterogeneity between studies 
was assessed by combination of I2 statistic, Cochran’s 
Q test and χ2 test. Subgroup analyses based on age and 
gender were performed in the studies that reported 
adjusted associations.28 Further subgroup analysis for 
follow-up duration and smoking were performed based 
on study-level variables. All calculations were performed 
using Review Manager V.5.4 Cochrane Collaboration and 
Stata V.16.1 for Windows using the DerSimonian and 
Laird random effects model to account for the variation 
in study design between studies.

RESULTS
Study characteristics
The literature search yielded 4288 citations. A total 
of 3328 records were identified after duplicates were 
removed. After excluding articles that did not eval-
uate IBD patients and non-primary research articles 
including reviews, letters as well as abstracts and confer-
ence abstracts, 35 articles were chosen for full-text review 
(figure  1). Of the 35 articles, 12 retrospective cohort 
studies met the inclusion and exclusion criteria. Detailed 
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rationale for inclusion and exclusion after full-text review 
is provided in online supplemental materials. Complete 
study characteristics are shown in table 1.

Baseline characteristics
Twelve retrospective cohort studies included with 
225 248 IBD patients, of which 51.1% (115,101) were 
men and 48.8% (110,147) were women. The mean age 
was 42.3±3.2 years. The average follow-up was 81.2±6.3 
months. Detailed baseline characteristics for the IBD 

exposure cohort are provided in online supplemental 
materials.

Outcomes
Patients with IBD were associated with an increased risk of 
ACS in both adjusted (HR 1.23; 95% CI 1.08 to 1.41) and 
unadjusted analyses (HR 1.50; 95% CI 1.16 to 1.92). Substan-
tial heterogeneity was observed in the adjusted and unad-
justed analysis (I2=88%, p=0.002 in adjusted and I2=98%, 
p=0.002 unadjusted) (figures 2 and 3, respectively). We also 

Figure 1  Flowchart. ACS, acute coronary syndrome; IBD, inflammatory bowel disease.
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conducted a meta-analysis of studies that reported risk of 
ACS based on type of IBD. Patients with CD demonstrated 
an increased risk of ACS (adjusted HR 1.72; 95% CI 1.22 
to 2.41), patients with UC also demonstrated an increased 
risk of ACS, though not as pronounced (adjusted HR 1.28; 
95% CI 1.06 to 1.55). For studies with direct comparison, 
CD demonstrated greater association with ACS than UC 
(adjusted HR 1.24; 95% CI 0.98 to 1.56), but this was not 
statistically significant (p=0.07) (figure 10 in online supple-
mental material).

We investigated sources of heterogeneity by performing a 
subgroup analysis based on age, gender, follow-up duration 
and smoking. A within-trial comparison of women and men 
was possible for the three studies that reported adjusted asso-
ciations between IBD and ACS stratified by sex (see figure 
6 in online supplemental material). Meta-analysis suggested 
the association of IBD and ACS is 28% higher for women 
compared with men (HR 1.28; 95% CI 1.11 to 1.48) with 
no significant heterogeneity. Furthermore, after within-trial 
comparison of the three studies that reported adjusted asso-
ciation between ACS and IBD stratified by age, there was a 
greater association between IBD and ACS in those with age 
<40 years compared with age >40 years (HR 1.50; 95 CI 1.15 

to 1.96) with no significant heterogeneity (figure 7 in online 
supplemental material).

For the subgroup analysis of follow-up duration, six 
studies were stratified based on the average follow-up time 
(figure 8 in online supplemental material). Studies that 
did not report average follow-up duration were excluded 
from this subgroup analysis. Our analysis found that 
patients with longer duration of follow-up (greater than 
5 years) were not associated with a higher risk of ACS 
than patients with shorter duration (HR 1.25, 95% CI 
1.05 to 1.48 vs HR 1.12, 95% CI 1.00 to 1.24, p=0.26); the 
mean age of follow-up >5 years was 39.7 years and mean 
age follow-up <5 years was 46.7 years. Finally, we assessed 
whether the final risk estimates adjusted for smoking 
(figure 9 in online supplemental file 1). The group of 
studies that did not control for smoking demonstrated a 
greater risk of ACS (HR 1.31; 95% CI 1.06 to 1.62 vs HR 
1.03; 95% CI 0.92 to 1.15, p=0.05).

Methodological quality and bias
Funnel plots are provided for the unadjusted analysis 
(figure 4) and adjusted analysis (figure 5 in online supple-
mental material), which do not suggest publication bias. 

Figure 2  Meta-analysis of the adjusted association between IBD and ACS. ACS, acute coronary syndrome; IBD, inflammatory 
bowel disease.

Figure 3  Meta-analysis of the unadjusted association between IBD and ACS. ACS, acute coronary syndrome; IBD, 
inflammatory bowel disease.

https://dx.doi.org/10.1136/openhrt-2023-002483
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https://dx.doi.org/10.1136/openhrt-2023-002483
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Based on the Down and Black checklist for risk of bias, 
the overall quality of the included studies was fair and no 
critical risk of bias was observed (see online supplemental 
materials).

DISCUSSION
To our knowledge, this is the largest meta-analysis of 
studies performed to date evaluating the risk of ACS in 
patients with IBD. This contemporary study with stream-
lined methodology provides incremental value to previous 
literature by demonstrating that patients with IBD have 
approximately 23% increased risk of ACS. Adjusted anal-
ysis shows a diminished association between IBD and ACS 
compared with unadjusted analysis, suggesting the asso-
ciation can partly be explained by mediating variables, 
including traditional cardiovascular risk factors such as 
hypertension, diabetes, and hyperlipidaemia. Certainly, 
prospective studies would be beneficial to establish a 
temporal relationship between disease diagnosis, severity, 
treatment and incidence of ACS.

Our findings support previous data, while attempting 
to address some limitations of the previous studies.12–20 
Many of these studies included patients with non-IBD 
immune-mediated diseases. Furthermore, the primary 
endpoint remained broad with ‘IHD’ as opposed to 
‘ACS’; the retrospective nature of the included studies 
and strong reliance on diagnostic and billing codes raised 
the possibility of misclassification or ascertainment bias. 
Given the heterogeneous nature of these disease groups 

and the absence of prospective data, we sought to stream-
line the patient population by only including studies with 
the specific endpoint of ACS and excluded studies that 
overlapped with other immune-mediate inflammatory 
diseases. In order to maximise the power of our analysis 
and ensure robust subgroup associations, we opted for 
subgroup analysis instead of meta-regression.28 Finally, 
6 out of the 12 adjusted studies included in this review 
were published after a previous meta-analysis by Feng et 
al.25–27 29–31

Systemic inflammation predisposes vascular endo-
thelial dysfunction through atherosclerotic plaque 
initiation evolving into plaque rupture and subsequent 
thrombosis.4 5 8 An interesting finding in our study was 
that younger adults with IBD demonstrated a greater 
association with ACS. This result should be interpreted 
within the limits of the included studies, as only three 
studies provided adjusted HRs stratified by age. To mini-
mise overlap with non-IBD immune-mediated diseases, 
we only included studies that defined a distinct IBD 
population. It has been postulated that earlier age of 
diagnosis leads to longer exposure to inflammatory 
dysregulation with an increased risk of ACS among 
younger patients.32–34 We further explored this rela-
tionship by only including risk estimates adjusted for 
traditional cardiovascular risk factors in multivariable 
models as well as performing subgroup analysis based on 
follow-up duration. Our analysis found that patients with 
longer duration of follow-up (greater than 5 years) was 

Figure 4  Funnel plot of the unadjusted association between IBD and ACS. ACS, acute coronary syndrome; IBD, inflammatory 
bowel disease.

https://dx.doi.org/10.1136/openhrt-2023-002483
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not associated with a greater risk of ACS than patients 
with shorter duration.

LIMITATIONS
As with any meta-analysis, however, our article shares the 
limitations of original studies. First, the included studies 
are commonly based on diagnostic coding, leaving results 
susceptible to inherent misclassification and detection 
bias. Second, the study design attempted to minimise 
selection bias, by including ‘ACS’ as opposed to broader 
categories of IHD. This inherently relies on the appro-
priate clinical diagnosis of ACS and does not account for 
variations in clinical contexts (such as type two myocar-
dial injuries). Third, we did not explore the relationship 
with disease severity, presence or absence of disease flare 
during index ACS, duration of IBD diagnosis and systemic 
therapies due to paucity of data. Disease severity and dura-
tion of IBD are thought to exert an important influence 
on the risk of ACS.8 12 16 35 36 Some studies have suggested 
concomitant treatment for IBD such as systemic therapy 
might reduce the risk of ACS by reducing the inflamma-
tory burden.5 Patients with IBD who present with ACS 
also pose the challenge of balancing risk of ischaemia 
and haemorrhage.4 Additionally, there is limited available 
data reporting bleeding and angiographic outcomes.4 25 
Finally, substantial statistical heterogeneity was observed 
among studies, despite including only adjusted results 
in a random effects model and performing subgroup 
analyses. Despite adjusting for traditional cardiovascular 
risk factors, unmeasured covariates may have an unclear 
impact on the relation between IBD and risk of ACS, and 
this reflects inherent limitations of retrospective cohort 
studies. All of the included studies matched cases with 
controls at baseline by sex, age and index date. As such, 
our study demonstrates an independent association 
between IBD and ACS.

CONCLUSION
Patients with IBD demonstrated an independently 
increased risk of ACS. Prospective studies are required to 
bridge existing evidence gaps, including characterising 
the relationship with disease severity, duration and inter-
play with IBD-modifying therapies in addition to angio-
graphic characteristics and outcomes.
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