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Abstract

Introduction: Inflammatory bowel disease (IBD) includes Crohn’s disease
(CD) and ulcerative colitis (UC). Epidemiological studies have found that pa-
tients with IBD are more likely to suffer from cardiovascular diseases (CVDs)
than the general population. However, so far, no exact causal association
has been demonstrated between IBD and CVDs, and more research is need-
ed to clarify this relationship.

Material and methods: The two-sample Mendelian randomization (MR)
method was used to explore the causal effect of IBD on CVDs. The expo-
sure factor was IBD, including CD and UC. The outcome was CVDs, including
chronic heart failure, atrial fibrillation, coronary heart disease, myocardial
infarction and hypertension. The single nucleotide polymorphisms (SNPs)
are all from the FinnGen genome-wide association study sample database.
The CD samples included 210,300 controls and 807 cases, and the UC sam-
ples included 215,806 controls and 2701 cases. The samples included are
all European samples. SNPs associated with Crohn’s disease and ulcerative
colitis were extracted from the IEUGWAS database and quality control and
screening were carried out. Inverse variance weighted (IVW), MR-Egger,
weighted median and other methods were used to study the causal rela-
tionship between them and CVDs. Finally, Cochrane’s Q test, MR-Egger and
the leave-one method were used for sensitivity analysis.

Results: In this study, 4 SNPs strongly associated with Crohn’s disease
and 12 SNPs strongly associated with ulcerative colitis were screened. The
IVW method of genetic prediction revealed a positive correlation between
Crohn’s disease and the risk of chronic heart failure (OR =1.02; 95% Cl:
1.00-1.04), and there was a positive correlation between ulcerative colitis
and the risk of chronic heart failure (OR = 1.03; 95% Cl:1.00-1.06). IVW,
MR-Egger and weighted median showed that Crohn’s disease and ulcerative
colitis were not associated with the risk of atrial fibrillation, coronary heart
disease, myocardial infarction or hypertension. Sensitivity analysis showed
that the results are robust.

Conclusions: Crohn’s disease and ulcerative colitis are associated with an
increased risk of chronic heart failure, but they are not associated with the
risk of other CVDs.

Key words: inflammatory bowel disease, cardiovascular disease, Mendelian
randomization, causal association.

AMS

Creative Commons licenses: This is an Open Access article distributed under the terms of the Creative Commons
Attribution-NonCommercial-ShareAlike 4.0 International (CC BY -NC -SA 4.0). License (http://creativecommons.org/licenses/by-nc-sa/4.0/).



Lianghao Ma, Lishan Ding, Zuoying Xing, Hongjie Ren, Jingjing Wei, Huanhuan Song, Boyong Qiu, Zhaoqi Chen, Yongxia Wang

Introduction

Inflammatory bowel disease (IBD) is a chronic
inflammatory bowel disease that mainly affects
the digestive system, among which Crohn’s dis-
ease (CD) and ulcerative colitis (UC) are the main
types [1]. In recent decades, with the industrializa-
tion and urbanization of non-developed countries
and regions such as Asia, South America, and the
Middle East, IBD has begun to appear in newly in-
dustrialized countries. At present, IBD has become
a global disease. According to the Lancet Gas-
troenterol Hepatol statistical report, as of 2017,
there were 6.8 million (95% Ul: 6.4-7.3) IBD cases
worldwide [2]. The age-standardized prevalence
rate increased from 79.5 per 100,000 population
in 1990 to 84.3 per 100,000 population in 2017.
As a chronic inflammatory intestinal disease, IBD
mainly affects the digestive system, but also in-
vades organs and tissues outside the intestinal
tract, which ultimately harms human health and
affects the quality of life of patients. However, at
present, the etiology and the pathogenesis of IBD
are still unclear. Environment, diet, and microor-
ganisms tend to act on genetically susceptible
hosts to trigger abnormal immune responses, re-
sulting in chronic intestinal inflammation. The de-
gree of attention to it at home and abroad and the
research efforts of scientific research institutions
are also constantly strengthening and deepening.

Cardiovascular disease (CVD) is the main cause
of global mortality and disability, and it has also
become an important public health problem world-
wide. According to the Global Burden of Disease
research data [3], as of 2017, about 17.79 million
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Figure 1. Study design to assess the correlation be-
tween IBD and risk of CVDs based on the assump-
tions of bidirectional Mendelian randomization

people worldwide had died of CVDs, accounting
for 31.8% of all global deaths. Therefore, it is very
important to identify the risk factors and protec-
tive factors of CVDs in daily life. In recent years,
the relationship between IBD and CVD has attract-
ed the attention of researchers. Epidemiological
studies [4] have demonstrated that patients with
IBD are more likely to suffer from CVD than the
general population, and the severity of IBD is pos-
itively correlated with the risk of CVD. However, so
far, no exact causal relationship between IBD and
CVDs has been confirmed, and more research is
needed to clarify this relationship.

In Mendelian randomization (MR) analysis, sin-
gle nucleotide polymorphisms (SNPs) which have
a strong relationship with exposure, for example
IBD, are considered as instrumental variables (IVs)
to estimate the causal effect with outcome (e.g.,
CVDs). MR is a ‘natural’ RCT that makes use of the
random distribution of genetic variants with an
influence on exposure [5-7]. Those SNPs that are
strongly linked with confounders will be eliminat-
ed before performing the MR analysis in order to
remove the effect of confounding factors. Reverse
MR analysis can exclude potential reverse causal
effect between exposures and outcomes [8-10].

Therefore, in order to further explore whether
there is an exact association between IBD and the
risk of CVDs, we conducted an MR study, using
large-scale publicly available genome-wide associ-
ation study (GWAS) data, using two disease types
of IBD, CD and UC, as exposure factors, and CVDs
as a result, to evaluate the causal relationship be-
tween IBD and CVD risk.

Material and methods
Study design

A two-sample MR study was designed to eval-
uate the potential causal relationship between
IBD and CVDs. The SNPs were selected as IVs ac-
cording to three essential assumptions: (1) SNPs
should be strongly associated with IBD as the ex-
posure; (2) SNPs should not be associated with
confounding factors; and (3) SNPs should not be
directly associated with CVDs as the outcome (Fig-
ure 1).

GWAS summary statistics

SNPs was used as a tool variable in this study,
and the data sources were all publicly available
GWAS databases. The classification of the expo-
sure factor IBD includes two subtypes —CD and UC
—and SNPs are all from the FinnGen genome-wide
association study sample database. The CD sam-
ples included 210,300 controls and 807 cases, and
the UC samples included 215,806 controls and
2701 cases. The samples included are all European
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Table 1. Detailed information on exposure and outcomes

Exposure/outcome N cases N controls  Sample size Ancestry MRC-IEU ID
Crohn’s disease 807 210,300 211,107 European finn-b-CHRONLARGE
Ulcerative colitis 2,701 215,806 218,507 European finn-b-K11_UC_STRICT
Chronic heart failure 14,262 471,898 486,160 European ebi-a-GCST90018806
Atrial fibrillation 60,620 970,216 1,030,836 European ebi-a-GCST006414
Coronary heart disease 60,801 123,504 184,305 European ieu-a-7
Myocardial infarction 43,676 128,199 176,875 European ieu-a-798
Stroke 40,585 406,111 446,696 European ebi-a-GCST006906

samples. Data on atrial fibrillation were obtained
from the public GWAS database compiled by the
European Institute of Bioinformatics (EBI) data-
base, including 60,620 cases and 970,216 con-
trols. Coronary heart disease data (60,801 cases
and 123,504 controls) and myocardial infarction
data (43,676 cases and 128,199 controls) were
derived from a meta-analysis of coronary artery
disease. Data on chronic heart failure were ob-
tained from 26 studies conducted by the global
HERMES (HEart failure Molecular Epidemiology for
Therapeutic targetS) coalition, including 47,309
cases and 930,014 controls. Hypertension data
(54,358 cases and 408,652 controls) were col-
lected from the UK Biobank. The above samples
come from different databases, and the possibili-
ty of sample overlap is very small. The study was
conducted in strict accordance with the reporting
guidelines for Mendelian randomized studies. All
the studies were conducted in accordance with
the Declaration of Helsinki and approved by the
appropriate institutional ethics committees, so no
additional ethical approval is required. All the raw
data in this study can be obtained from the IEU
Open GWAS database (http://gwas.mrcieu.ac.uk).
Table | presents details of the exposure and out-
comes.

SNP selection

Firstly, we conducted a screening process to
identify SNPs that were highly correlated with ex-
posure at a genome-wide significance level (p < 5
x 107%). Secondly, we implemented a criterion (r?<
0.001, kb = 10,000) to choose SNPs that were free
from dependence on linkage disequilibrium (LD).
Thirdly, we excluded SNPs that were not present in
the IBD dataset and palindromic SNPs which have
the potential to introduce bias. Subsequently, we
ensured the harmonization of exposure and out-
come data, confirming that the effect of the SNP
on the exposure corresponded to the same allele
as its effect on the outcome. Following this, we
assessed the possibility of weak instrumental bias
by calculating F-statistics, and excluded SNPs with
F-statistics less than 10. The F statistic was calcu-

lated using the formula F = 2/SE2. Finally, we em-
ployed the MR-PRESSO method to identify outlier
SNPs. After removing the outliers, the remaining
SNPs were utilized for subsequent MR analysis.
A flowchart illustrating the selection process is
provided in Figure 2.

Two-sample Mendelian analysis

In this study, IVW was used to evaluate the po-
tential causal relationship between inflammatory
bowel disease and the risk of CVD by calculating
the OR and 95%CI. MR-Egger regression, weighted
median (WME), and weighted mode (WM) were
used as supplementary methods of IVW. When
the IVW method yielded p < 0.05 and MR-Egger
regression, WME and WM had the same direction,
it was considered a relatively stable causal correla-
tion[11].

Statistical analysis

In addition, the recognizable horizontal multi-
plicity of the MR-Egger intercept term (Egger-inter-
cept) was analyzed [12-14]. If the Egger-intercept
was close to 0 or there was no statistical signifi-
cance, it indicated that there was no genetic plei-
otropy [14]. The MR-PRESSO method, which could
detect possible outliers and re-conduct causal
analysis after excluding outliers, was also used
in this study. The sensitivity analysis was carried
out by using the leave-one-out method, and the
combined effect value of the remaining SNPs was
calculated by deleting a single SNP in turn, so as
to evaluate the influence of each SNP on causality.
In order to measure the degree of heterogeneity,
Cochran’s Q test and IVW statistics were used to
quantify the heterogeneity of IVs and to evaluate
whether there was potential heterogeneity among
IVs [15, 16] .

Reverse MR analysis

In order to evaluate the causal relationship be-
tween inflammatory bowel disease and CVD, this
study also conducted a reverse MR analysis of the
exposure factors found to be causally related to
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Figure 2. The process of assessing the correlation between IBD and CVD risk

CVD in forward MR analysis. The methods and set-
tings used were consistent with those used in the
forward analysis.

All statistical analyses were conducted using
R software (version 4.2.3) with the “Two Sample
MR” (version 0.5.6), “MRPRESSO” (version 1.0),
and “Mendelian Randomization” (version 0.7.0)
packages.

Ethics

All GWAS summary statistics were sourced
from an online public database. No further ethics
approval or informed consent was required, as the
GWAS summary statistics served as the basis for
all publicly accessible study analyses.

Results

According to the set screening criteria, we
screened out four CD-related and independent
SNPs, 12 related and independent SNPs from the
I[EUGWAS database, and the F value of each SNP
was greater than 10, indicating that there were no
weak tool variables.

MR analysis results

We observed a positive correlation between
genetic prediction of CD and the risk of chronic
heart failure IVW (OR = 1.02; 95% Cl: 1.00-1.04;

p = 0.025)); there was a positive correlation be-
tween UC and the risk of chronic heart failure
(IVW (OR = 1.03; 95% Cl: 1.00-1.06; p = 0.04)); no
causal association was observed between CD and
UC and atrial fibrillation, coronary heart disease,
myocardial infarction or hypertension.

MR-Egger regression analysis of CD and chronic
heart failure yielded OR = 1.06; 95% Cl: 0.99-1.36;
p =0.22; WME analysis yielded OR = 1.02; 95% Cl:
1.00-1.05; p = 0.01. MR-Egger regression analysis
of UC and chronic heart failure yielded OR = 1.06;
95% Cl: 0.99-1.14; p = 0.12; WME analysis yielded
OR = 1.04; 95% Cl: 1.00-1.07; p = 0.01. Detailed
results of the analysis are shown in Figure 3.

Results of sensitivity analysis

The heterogeneity test of CD and chronic heart
failure by the IVW method revealed no heteroge-
neity in IVW method, and there was no hetero-
geneity in the horizontal multiplicity test. The
heterogeneity test between UC and chronic heart
failure showed no significant heterogeneity: IVW
method, p = 0.17, MR-Egger regression test, p =
0.17, no heterogeneity; horizontal pleiotropy test,
p = 0.37, no horizontal multiplicity. MR-PRESSO
global inspection found no outliers. The F sta-
tistics of all SNP are greater than 10, indicating
that the results of MR analysis are not affected
by weak IV bias. The remaining one method did
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Exposure Main outcome Method b SE P-value OR or_lci95 or_uci95 OR (95% Cl)
Crohn’s disease Chronic heart failure IVW 0.022 0.009 0.025 1.022 1.002 1.042 - 1.02 (1.00 to 1.04)
MR-Egger 0.059 0.034 0.229 1.061 0.991 1.136 ——t 1.06 (0.99 to 1.14)
WME  0.027 0.011 0.017 1.028 1.005 1.051 - 1.03 (1.00 to 1.05)
Atrial fibrillation IVW  0.001 0.014 0.906 1.001 0.973 1.030 v 1.00 (0.97 to 1.03)
MR-Egger 0.184 0.103 0.874 1.018 0.831 1.247 -—E-—- 1.02 (0.83 to 1.25)
WME  0.007 0.015 0.612 1.007 0.978 1.037 He- 1.01 (0.98 to 1.04)
Coronary heart disease IVW  -0.026 0.019 0.156 0.973 0.937 1.010 --:- 0.97 (0.94 t0 1.01)
MR-Egger 0.094 0.164 0.668 1.098 0.796 1.515 -—{—-—» 1.10 (0.80 to 1.51)
WME -0.024 0.022 0.257 0.975 0.932 1.019 el 0.97 (0.93 to 1.02)
Myocardial infarction IVW  -0.003 0.021 0.857 0.996 0.955 1.038 et 1.00 (0.95 to 1.04)
MR-Egger 0.155 0.183 0.553 1.167 0.814 1.673 = 1.17 (0.81t0 1.67)
WME -0.008 0.025 0.746 0.991 0.945 1.040 4 0.99 (0.94 to 1.04)
Stroke IVW  -0.005 0.033 0.861 0.994 0.931 1.061 —— 0.99 (0.93 to 1.06)
MR-Egger -0.340 0.165 0.287 0.711 0.514 0.983 — 0.71 (0.51 to 0.98)
WME  0.029 0.025 0.230 1.029 0.981 1.079 »i—-—- 1.03 (0.98 to 1.08)
Ulcerative colitis Chronic heart failure IVW 0.032 0.016 0.046 1.032 1.000 1.066 :—-—- 1.03 (1.00 to 1.07)
MR-Egger 0.061 0.035 0.121 1.063 0.991 1.140 —— 1.06 (0.99 to 1.14)
WME  0.042 0.017 0.017 1.043 1.008 1.078 I 1.04 (1.01 to 1.08)
Atrial fibrillation IVW  0.003 0.012 0.771 1.003 0.978 1.029 Hy 1.00 (0.98 to 1.03)
MR-Egger —-0.031 0.037 0.434 0.969 0.900 1.044 — 0.97 (0.90 to 1.04)
WME -0.009 0.015 0.560 0.990 0.960 1.021 s 0.99 (0.96 to 1.02)
Coronary heart disease IVW  -0.035 0.030 0.251 0.965 0.909 1.025 -—-+- 0.96 (0.91 to 1.02)
MR-Egger —0.007 0.094 0.936 0.992 0824 1193 +——4— 099 (0.821t01.19)
WME -0.018 0.027 0.500 0.981 0.929 1.037 —a 0.98 (0.93 to 1.04)
Myocardial infarction IVW  -0.006 0.030 0.824 0.993 0.936 1.053 —— 0.99 (0.94 to 1.05)
MR-Egger 0.035 0.092 0.713 1.036 0.864 1.241 -—i—-—- 1.04 (0.86 to 1.24)
WME  0.023 0.030 0.439 1.023 0.964 1.086 = 1.02 (0.96 to 1.09)
Stroke IVW  -0.007 0.029 0.799 0.992 0.936 1.052 —— 0.99 (0.94 to 1.05)
MR-Egger —0.054 0.097 0.593 0.946 0.781 1.145 —— 0.95 (0.78 to 1.14)
WME  0.029 0.028 0.299 1.030 0.971 1.092 ] 1.03 (0.97 to 1.09)

P < 0.05 was considered statistically significant.
0.75 1.00 1.25
—_—>
Protective factor Risk factor

Figure 3. Mendelian randomization analysis estimates of IBD and the risk of CVDs

not find any SNP loci in the tool variables that had
a strong influence on the results, which indicat-
ed that the results were robust. Detailed data are
shown in Table II.

Reverse MR analysis

Reverse MR analysis was used to analyze the
CD and UC which had significant or potential
causal relationship with chronic heart failure in

Table Il. Results of sensitivity analysis of IBD and CVDs

forward MR analysis. No significant causal asso-
ciation was found between CD, UC, and chronic
heart failure (Figures 4, 5).

Discussion

Inflammatory bowel disease (IBD) is a chronic
inflammatory bowel disease with complex etiol-
ogy, and its risk factors are still unclear [17]. In
recent years, Mendelian randomization (MR) has

Exposure Outcome

Horizontal multiplicity
MR-Egger (P)

Heterogeneity

MR-Egger Q (P) IVW Q (P)

Crohn’s disease Chronic heart failure -0.032 (0.380) 1.732 (0.420) 2.978 (0.394)
Atrial fibrillation -0.011 (0.884) 4.639 (0.098) 4.702 (0.194)

Coronary heart disease -0.078 (0.593) 0.029 (0.863) 0.580 (0.748)

Myocardial infarction —-0.102 (0.543) 0.039 (0.841) 0.798 (0.670)

Stroke 0.221 (0.290) 1.380 (0.240) 7.125 (0.028)

Ulcerative colitis Chronic heart failure -0.011 (0.379) 11.555 (0.172) 12.806 (0.171)
Atrial fibrillation 0.009 (0.356) 10.686 (0.297) 11.809 (0.298)

Coronary heart disease —0.006 (0.768) 16.537 (0.011) 16.798 (0.018)

Myocardial infarction -0.010 (0.642) 12.933 (0.044) 13.446 (0.061)

Stroke 0.012 (0.626) 16.915 (0.009) 17.656 (0.013)
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Figure 4. Scatter diagram of Crohn’s disease and
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received more and more attention in IBD research
[17-19]. MR mainly uses genetic variation as
a tool to derive the causal relationship between
exposure and outcome, which effectively avoids
the influence of confounding factors and reverse
causality in observational studies and randomized
controlled trials. In this study, MR analysis was
used to evaluate the causal relationship between
IBD and CVDs in the European population. Based
on the large-scale GWAS database, it was found
that there was a positive correlation between CD,
UC, and chronic heart failure, but no causal cor-
relation between IBD and other CVDs.

The conclusions regarding the relationship
between IBD and CVDs are not consistent in re-
lated studies. A national cohort study from Den-
mark [20] found that disease activity in IBD was
associated with an increased risk of myocardial
infarction and stroke. The study also confirmed
that patients with CD had a higher risk of stroke
than UC. A review [21] showed that CD and UC
are associated with an increased risk of coronary
heart disease, stroke, and atrial fibrillation. UC is
also associated with an increased risk of heart
failure. Several other clinical studies and reviews
have reached similar conclusions [22-24]. Howev-
er, a series of MR analyses have drawn different
conclusions: for example, MR analysis by Qiu et al.
found no causal relationship between genetically
predicted IBD and coronary heart disease risk in
people of European descent [25]. The MR analysis
of Chen et al. also does not support the causal re-
lationship between IBD and atrial fibrillation [26].
Wu et al. assessed the causal effects of IBD and
different CVD phenotypic risks through MR anal-
ysis, and also concluded that there was no clear
causal relationship between IBD and a variety of
CVD outcomes [27]. In this study, two-sample MR
analysis was used to draw the conclusion that
there was a positive correlation between UD and
UC and chronic heart failure, which was not con-
sistent with the results of previous MR studies,
but confirmed the conclusions of relevant clinical
cohort studies and retrospective analysis. The rea-
son may be that CVD is a highly complex disease
phenotype, which is determined by congenital ge-
netic and environmental factors, and cannot ex-
plain all the phenotypic variation from a genetic
point of view.

The observed association between IBD and CHF
may be mediated by chronic systemic inflamma-
tion, a hallmark of IBD. Proinflammatory cytokines
(e.g., TNF-a, IL-6) promote endothelial dysfunction,
myocardial fibrosis, and adverse cardiac remodel-
ing. Persistent inflammation may also accelerate
atherosclerosis, impair ventricular compliance, and
reduce coronary microvascular perfusion. Further-
more, IBD-related comorbidities, such as anemia,
malnutrition, and corticosteroid use, could exacer-

bate cardiac strain. Autoimmune cross-reactivity
between gut and cardiac tissues has been hypoth-
esized but requires further validation.

Our findings suggest that IBD patients, par-
ticularly those with active disease, may benefit
from routine cardiovascular risk assessments.
While universal screening for LVEF deterioration
in all IBD patients is not yet supported by current
evidence, targeted monitoring should be consid-
ered for high-risk subgroups (e.g., elderly patients,
those with prolonged disease duration, or elevat-
ed systemic inflammation). Biomarkers such as
BNP (B-type natriuretic peptide), NT-proBNR and
high-sensitivity troponin could be integrated into
clinical practice to identify early cardiac dysfunc-
tion. Additionally, inflammatory markers such as
C-reactive protein (CRP) and fecal calprotectin
may help stratify patients with heightened cardio-
vascular risk.

The advantages of this study are as follows:
1) This study used an MR analysis method to ex-
plore the causal relationship between IBD and
CVDs, which reduced the possibility of outcome
bias caused by related residual factors, confound-
ing factors, or reverse causality to the greatest ex-
tent [28]. 2) Through several sensitivity analyses
to meet the core assumptions of MR, we identi-
fied genetic variation which is strongly related to
phenotype. We independently excluded genetic
variation related to potential confounding factors,
and ensured the accuracy of the results. 3) MR
studies are affected by multiple factors, and this
study used MR-Egger regression to ensure the ro-
bustness of the results. 4) All the data used in this
study are available free of charge online.

There are still some limitations of this study:
1) All the GWAS data selected are from the Eu-
ropean population, so whether the conclusions
of this study are applicable to other populations
remains to be further tested. 2) Genetic factors
alone cannot explain all phenotypic variations,
and environmental factors (e.g., diet, smoking,
or medication use) cannot be taken into account
in our study. 3) Due to the inherent constraints
of MR, this study cannot elucidate the specific
biological pathways linking IBD to chronic heart
failure (CHF). Future studies combining multi-om-
ics data and experimental models are needed.
4) The limited number of SNPs for CD (n = 4) and
UC (n = 12) may reduce statistical power to detect
smaller causal effects. 5) Potential sample overlap
between exposure and outcome datasets, though
minimized, cannot be entirely ruled out. The po-
tential molecular mechanism can be explained
and verified by the combination of bioinformatics
analysis and experiments in the future.

In conclusion, the results of this study show
that CD and UC will increase the risk of chronic
heart failure at the genetic level of the European
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population. This finding is of great significance for
in-depth understanding of the effects of IBD on
chronic heart failure and the prevention and treat-
ment of chronic heart failure. At the same time,
we also need to pay attention to the limitations of
the research results, and the relevant conclusions
need to be further studied and verified.
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