
R E S E A R C H Open Access

© The Author(s) 2025. Open Access  This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long as you 
give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if you modified the 
licensed material. You do not have permission under this licence to share adapted material derived from this article or parts of it. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or 
exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit ​h​t​t​p​​:​/​/​​c​r​e​a​​t​i​​
v​e​c​​o​m​m​​o​n​s​.​​o​r​​g​/​l​​i​c​e​​n​s​e​s​​/​b​​y​-​n​c​-​n​d​/​4​.​0​/.

Guo et al. Thrombosis Journal           (2025) 23:39 
https://doi.org/10.1186/s12959-025-00722-y

Thrombosis Journal

*Correspondence:
Shiyu Du
dshiyudu@163.com
1Department of Gastroenterology, China-Japan Friendship Hospital, No. 2 
Yinghuadong Street, 100029 Beijing, China

Abstract
Objective  This study was to evaluate the causal associations of atherosclerosis with the risk of inflammatory 
bowel disease (IBD), and its subtypes [ulcerative colitis (UC) and Crohn’s disease (CD)]: a two-sample Mendelian 
randomization study.

Materials and methods  Single nucleotide polymorphism (SNPs) associated with atherosclerosis including CPAmax, 
CPSmax, brachial-femoral pulse wave velocity (bfPWV), coronary atherosclerosis, cerebral atherosclerosis, peripheral 
atherosclerosis, coronary artery disease (CAD) and ischemic stroke (IS) were identified from previous genome-wide 
association studies (GWAS). SNPs were strictly selected to fulfill the MR assumptions. The causal links between 
atherosclerosis and IBD were evaluated using inverse-variance weighted (IVW) as the primary method. Leave-one-
out analysis was utilized to evaluate whether the outcomes were attributable to any individual SNP correlated to sex 
hormones. The estimates were subjected to odds ratio (OR) and 95% confidence interval (CI).

Results  The results of IVW revealed that coronary atherosclerosis had causal association with increased risk of CD 
(OR = 1.162, 95%CI: 1.031–1.311). The causal association was also observed in IS with CD (OR = 1.376, 95%CI: 1.011–
1.873) and UC (OR = 1.508, 95%CI: 1.153–1.971). Leave-one-out analysis indicated that no single SNP can affect the 
associations of CAD with IBD, CD, and UC, coronary atherosclerosis with CD, as well as IC with CD and UC.

Conclusions  Coronary atherosclerosis was causally related to CD, and IS had causal relationship with CD and UC. The 
finding might provide evidence for future exploration of the etiology for IBD.
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Introduction
As a chronic inflammatory disease, inflammatory bowel 
disease (IBD) is correlated with idiopathic inflammation 
primarily in the gastrointestinal tract, which has been 
a global healthcare problem with a sustained increas-
ing incidence [1, 2]. IBD is characterized by a relapsing-
remitting pattern and a diverse clinical presentation, 
encompassing episodes of abdominal pain, chronic diar-
rhea, rectal bleeding, and weight loss. These symptoms 
are accompanied by systemic manifestations including 
fatigue and occasionally fever [3]. IBD included ulcer-
ative colitis (UC) and Crohn’s disease (CD) [4]. IBD can 
result in high morbidity and give rise to complications 
including strictures, fistulas, infections, and even cancer 
[5]. Consequently, the disease imposes various healthcare 
costs and places immense strain on healthcare systems 
[6]. To identify more reliable biomarkers associated with 
the occurrence of IBD was of great essential for the man-
agement of the disease.

Recent studies suggested that subclinical inflammation 
may precede the overt diagnosis of IBD [7, 8]. Athero-
sclerosis is a common and typical inflammatory disease, 
and plaque deposition activates the innate and adaptive 
immune system and up-regulate proinflammatory cyto-
kines including interleukin-1β, tumor necrosis factor-α 
and interleukin-6 [9, 10]. In previous studies, the lev-
els of these cytokines were identified to be significantly 
increased in patients with IBD at the preclinical stage [11, 
12]. Therefore, we hypothesized that atherosclerosis may 
be related to the development and progression of IBD. 

Recently, the results of a nationwide case-control study in 
Sweden showed that atherosclerosis, myocardial infarc-
tion, ischemic stroke and other related diseases were 
related to an increased risk of subsequent IBD [13]. How-
ever, observational studies are prone to potential con-
founding and unmeasured biases, and causality remains 
unclear.

The method of Mendelian randomization (MR) utilizes 
genotype as an instrumental variable to infer the causal 
relationship between phenotype and disease [14]. The 
usage of MR can mitigate the reverse causality inference 
and effectively capture the enduring impact of exposure 
on outcomes [15]. Nevertheless, no MR studies have 
explored the causal link between atherosclerosis and IBD.

In the present study, we aimed to explore the causal 
associations of atherosclerosis related biomarkers and 
diseases with the risk of IBD.

Materials and methods
Study design and data sources
MR analysis should be performed before fulfilling three 
assumptions including relevance assumption (the genetic 
variants should be strongly correlated with the expo-
sure, independence assumption (independent of the 
confounding factors of the link between exposure and 
outcome, and exclusion restriction assumption (only 
affect the outcome via the exposure). The study design 
was exhibited as a directed acyclic graph in Fig.  1. The 
traits related to atherosclerosis included area of the larg-
est plaque detected at any of the six regions (CPAmax), 

Fig. 1  The directed acyclic graph on the associations of atherosclerosis related biomarkers and diseases with the risk of IBD
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maximal degree of stenosis (plaque area/lumen area) at 
any of the six regions (CPSmax), brachial-femoral PWV 
(bfPWV), coronary atherosclerosis, cerebral atheroscle-
rosis, peripheral atherosclerosis, coronary artery disease 
(CAD), and ischemic stroke (IS). CPAmax and CPSmax-
associated summary single nucleotide polymorphisms 
(SNPs) [16], bfPWV-related SNPs [17], CAD-related 
SNPs [18], IS-associated SNPs [19] were got from pub-
lished genome-wide association studies (GWASs), SNPs 
related to coronary atherosclerosis, cerebral atheroscle-
rosis, and peripheral atherosclerosis were identified from 
FinnGen.

Detailed information on the data sources of exposures 
and outcomes was exhibited in Table 1. The traits includ-
ing CPAmax and CPSmax were identified in the GWAS 
performing in LIFE-Adult cohort study. The sizes of 
plaques in the carotid bulb (Bulb), proximal segments of 
the internal carotid artery (ICA), and common carotid 
artery (CCA) were assessed using a selected sample of 
1300 specimens [16]. The bfPWV summary statistics 
were obtained in a 7838 randomly selected samples from 
a GWAS in the LIFE-Adult study [17]. The coronary 
atherosclerosis, cerebral atherosclerosis, and peripheral 
atherosclerosis related data were performed in FinnGen 

consortium. Coronary atherosclerosis was diagnosed 
based on ICD-10 codes (I24/Z951/T822/I25), and cere-
bral atherosclerosis was ICD-10-I672. CAD-related SNPs 
data were obtained from a total of 34,541 CAD cases and 
261,984 controls sourced from the UK Biobank. CAD 
was defined based on ICD-10 codes (I21-I25) encom-
passing ischemic heart diseases, as well as OPCS-4 
codes (K40-K46, K49, K50, and K75). Additionally, self-
reported CAD information including heart attack/myo-
cardial infarction history, coronary angioplasty +/- stent 
placement procedures, CABG surgeries and triple heart 
bypasses were also included [18]. The genome-wide asso-
ciation study (GWAS) of ischemic stroke (IS) was con-
ducted within the MEGASTROKE consortium, which 
comprised 17 studies involving a total of 440,328 partici-
pants (including 34217 IS cases and 406111 controls of 
European descent) [19].

Selection criteria of instrumental variables
To ensure the SNPs were associated with exposures, a 
threshold of P < 5 × 10− 6 was applied to identify SNPs 
related to CPAmax, CPSmax, bfPWV, and cerebral ath-
erosclerosis. A threshold of P < 5 × 10− 8 was used to iden-
tify SNPs related to coronary atherosclerosis, peripheral 
atherosclerosis, CAD, and IS. SNPs with linkage dis-
equilibrium (clump windows = 10000 kb, r2 = 0.001) were 
excluded. Furthermore, the relative conservative action 
was used to identify positive strand alleles via allele fre-
quencies for palindromes and SNPs of palindromic with 
intermediate allele frequencies. The F statistics were 
computed to evaluate the potential presence of weak 
instrument bias and sample overlap with F value < 10 
indicated potential weak instrument bias. The R2 statistic 
represented the proportion of exposure variability that 
can be attributed to instrument variables.

Horizontal Pleiotropy analysis
MR-Egger regression was employed to test the poten-
tial horizontal pleiotropy effect. SNPs directly linked 
to IBD, UC or CD, not through traits related to athero-
sclerosis were excluded. P value < 0.05 was considered 
to indicate the possibility of horizontal pleiotropy. MR-
Egger and MR Pleiotropy RESidual Sum and Outlier 
tests (MR-PRESSO) were employed to identify outliers. 
MR-Egger regression, which employed a weighted lin-
ear regression approach, is one the basis of the assump-
tion of instrument strength independent of direct effect. 
The method allows for the evaluation of pleiotropy exis-
tence through the intercept term. However, it should be 
noted that estimates obtained from MR-Egger generally 
exhibit low precision and may be influenced by outlying 
genetic variants [20]. The MR-PRESSO test encompasses 
the identification of horizontal pleiotropy, correction for 
such pleiotropy by removing outliers, and determination 

Table 1  The information of and data sources of exposure and 
outcomes
Phenotype Total 

sample 
size 
(Case)

GWAS ID PMID/Consortium P for 
IVs

Exposure
CPAmax 1277 GCST010536 32,469,969 5E-06
CPSmax 1277 GCST010541 32,469,969 5E-06
bfPWV 3643 GCST010654 32,790,701 5E-06
Coronary 
atherosclerosis

211,203 
(23363)

I9_CORATHER FinnGen 5E-08

Cerebral 
atherosclerosis

218,792 
(104)

I9_CERE-
BATHER

FinnGen 5E-06

Peripheral 
atherosclerosis

168,832 
(6631)

DM_
PERIPHA-
THERO

FinnGen 5E-08

CAD 296,525 
(34541)

GCST005194 29,212,778 / UKBB 5E-08

IS 440,328 
(34217)

GCST006908 29,531,354 5E-08

Outcome
IBD 34,652 

(12882)
ieu-a-31 26,192,919 / IIBDGC -

CD 20,883 
(5956)

ieu-a-30 26,192,919 / IIBDGC -

UC 27,432 
(6968)

ieu-a-32 26,192,919 / IIBDGC -

GWAS, genome-wide association studies; bfPWV, brachial-femoral pulse wave 
velocity; CAD, coronary artery disease; IS, ischemic stroke; IBD, Inflammatory 
bowel disease; CD, Crohn’s disease; UC, Ulcerative colitis; UKBB, UK biobank; 
IIBDGC, International Inflammatory Bowel Disease Genetics Consortium
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of substantial variations in causal effects before and after 
outlier removal, which was additionally performed to 
assess the presence of pleiotropy [21].

Statistical analysis
The causal links between atherosclerosis related bio-
markers and diseases and IBD as well as its subtypes were 
evaluated via MR analysis with inverse-variance weighted 
(IVW) as the primary method. The IVW methodol-
ogy utilizes a meta-analysis approach to incorporate the 
Wald ratio assessments of the causal association derived 
from multiple SNPs, thereby yielding a robust evaluation 
of the causal relationship between the exposure and the 
outcome [22]. Constrained Maximum Likelihood and 
Model Averaging (cML-MA), MR-robust adjusted pro-
file score (MR-RAPS), Simple mode, Weighted-median, 
Weighted mode, MR-PRESSO, and Radial MR were 
conducted to validate the results of IVW. The cML-MA 
method is employed to address both correlated and 
uncorrelated pleiotropic effects, which circumvents the 
need for assuming Instrument Strength Independent of 
Direct Effect (InSIDE), distinguishing itself from other 
MR approaches [23]. The Weighted mode method was 
utilized to assess the overall causal effect derived from 
a substantial number of genetic instruments. In various 
scenarios, this approach demonstrated reduced type-
I error rates, mitigated bias, and improved statistical 
power compared to primary methodologies [24]. The 
MR-RAPS can address both systematic and idiosyn-
cratic pleiotropy, thereby enhancing its robustness in the 
presence of these biases, which offers a valuable oppor-
tunity to investigate the issue of weak instrument bias 
and explore potential efficiency gains through the incor-
poration of multiple weak instrumental variables [25]. 
Cochran’s Q test was conducted to identify whether there 
was heterogeneity. Leave-one-out was used to measure 
the robustness of the MR results. MR-CAUSE analysis of 
the causal association between CAD and IBD with hori-
zontal pleiotropy based on the “CAUSE” package (Ver-
sion 1.2.0). Multivariate analysis including obesity, Type 
2 diabetes mellitus (T2DM), fat intake, polyunsaturated 
fat intake, saturated fat intake, alcoholic drinks per week, 
and cigarettes smoked per day was conducted to observe 
the direct causal effect of atherosclerosis on IBD.

Results
The screen process of instrument variables associated with 
atherosclerosis related- biomarkers and diseases
A total of 36 CPAmax-related SNPs, 10 CPSmax-
related SNPs, 6 bfPWV-related SNPs, and 20 cerebral 
atherosclerosis-related SNPs were identified according 
to the threshold of P < 5 × 10− 6. In total, 10,054 CAD-
related SNPs, 34 coronary atherosclerosis-related SNPs, 
8 peripheral atherosclerosis-related SNPs and 302 

IS-related SNPs were obtained using the threshold of 
P < 5 × 10− 8. Post excluding SNPs with linkage disequilib-
rium (clump windows = 10000 kb, r2 = 0.001), 4 CPAmax-
related SNPs, 7 CPSmax-related SNPs, 4 bfPWV-related 
SNPs, and 5 cerebral atherosclerosis-related SNPs were 
identified. In total, 143 CAD-related SNPs, 24 coronary 
atherosclerosis-related SNPs, 5 peripheral atherosclero-
sis-related SNPs and 10 IS-related SNPs were included 
after excluding SNPs with linkage disequilibrium. Then, 
SNPs of palindromic with intermediate allele frequen-
cies were excluded, we included 4 CPAmax-related 
SNPs, 7 CPSmax-related SNPs, 4 bfPWV-related SNPs, 
and 5 cerebral atherosclerosis-related SNPs, 142 CAD-
related SNPs, 22 coronary atherosclerosis-related SNPs, 
4 peripheral atherosclerosis-related SNPs and 10 IS-
related SNPs. The outliers were detected via MR PRESSO 
and Radial MR, and SNPs with outliers were excluded 
(Table 2).

Horizontal pleiotropic test, and heterogeneity test of SNPs 
associated with atherosclerosis-related biomarkers and 
diseases
According to the data in Table 2, most SNPs showed no 
horizontal pleiotropy and heterogeneity. There was some 
heterogeneity in SNPs related to CAD. The heteroge-
neity was observed in SNPs associated with CAD and 
CPAmax. The outliers were presented in Supplementary 
Table 1. The F statistics of all SNPs were > 10, indicated 
no significant weak instrument bias in the SNPs (Table 2).

Causal association between atherosclerosis-related 
biomarkers and diseases and IBD
The results from IVW indicated that CAD was causally 
related to IBD (OR = 1.148, 95%CI: 1.065–1.237), CD 
(OR = 1.216, 95%CI: 1.104–1.339), and UC (OR = 1.142, 
95%CI: 1.041–1.254). However, there were potential 
horizontal pleiotropy and heterogeneity in SNPs related 
to CAD. Coronary atherosclerosis was identified to have 
causal effect on the increased risk of CD (OR = 1.162, 
95%CI: 1.031–1.311). The causal associations of IS with 
the elevated risk of CD (OR = 1.376, 95%CI: 1.011–1.873) 
and UC (OR = 1.508, 95%CI: 1.153–1.971) were observed. 
The associations of coronary atherosclerosis, periph-
eral atherosclerosis, and IS on IBD were not significant 
(P > 0.05). No significant associations of CPAmax, CPS-
max, bfPWV, and cerebral atherosclerosis on the risk of 
IBD, CD, and UC was identified (P > 0.05) (Table 3). The 
scatter plot of the causal associations of coronary ath-
erosclerosis with CD as well as IS with CD and UC was 
exhibited in Fig. 2. A positive association between coro-
nary atherosclerosis and CD was observed. Also, IS was 
positively related to elevated risk of CD and UC. The 
Funnel plot symmetry generally indicated no significant 
genetic heterogeneity or measurement bias (Fig. 3). The 
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Radial plot demonstrated the associations of coronary 
atherosclerosis with CD as well as IS with CD and UC 
(Fig.  4). The results of the other MR methods revealed 
similar findings with IVW (Supplementary Table 2). We 
found that the MR-CAUSE model was better than Shar-
ing Model [Delta of expected log pointwise posterior 
density (ELPD) < 0]. The results from MR-CAUSE analy-
sis indicated that the causal associations of CAD with CD 
(Supplementary Fig.  1, Supplementary Table 3) and UC 
(Supplementary Fig.  2, Supplementary Table 3) was not 
statistically significant. CAD was causally associated with 
increased risk of IBD even in the presence of horizontal 
pleiotropy (OR = 1.127, 95%CI: 1.003–1.266) (Supple-
mentary Fig. 3, Supplementary Table 3).

Sensitivity analysis
Leave-one-out analysis showed no single SNPs could 
affect the associations of coronary atherosclerosis with 
CD as well as IS with CD and UC, which suggested that 
the causal relationship was robustness (Fig. 5).

Multivaraible MR analysis on the causal association 
between atherosclerosis-related biomarkers and diseases 
and IBD
The data source information of obesity, T2DM, fat intake, 
polyunsaturated fat intake, saturated fat intake, alcoholic 
drinks per week, and cigarettes smoked per day as pre-
sented in Supplementary Table 4. The results from mul-
tivariable MR analysis indicated that there was a causal 
effect between coronary atherosclerosis and the increased 
risk of CD after adjusting for obesity, T2DM and ciga-
rettes smoked per day, respectively. However, after 
adjusting for fat intake and alcoholic drinks per week, the 
causal association between coronary atherosclerosis and 
CD was not statistically significant, suggesting that fat 
intake and alcoholic drinks may play a mediating role in 
the causal association between coronary atherosclerosis 
and CD. After adjusting separately for obesity, fat intake, 
cigarettes smoked per day, and alcoholic drinks per week, 
the causal effect between IS and UC was still significant. 
After adjusting for obesity, T2DM, fat intake, cigarettes 
smoked per day, and alcoholic drinks per week, CAD was 
causally associated with an increased risk of IBD (Supple-
mentary Table 5).

Discussion
In our study, the causal associations of atherosclero-
sis related biomarkers and diseases with IBD risk were 
analyzed using MR analysis. The results indicated that 
coronary atherosclerosis and IS had causal associations 
with CD. In addition, IS was causally related to the risk 
of UC. The findings might provide references for explor-
ing the mechanisms of IBD, and offer insights for early 
identification of patients who are at high risk of IBD 

Table 3  The causal association between exposure and outcome 
using IVW method
Outcome Exposure IVW

nSNPs OR (95%CI) P
P threshold for IVs is 5E-08
IBD CAD 137 1.148 

(1.065–1.237)
3.20E-
04

Coronary 
atherosclerosis

21 1.060 
(0.953–1.179)

0.281

Peripheral 
atherosclerosis

4 0.987 
(0.902–1.079)

0.766

Ischemic stroke 7 1.168 
(0.928–1.470)

0.185

CD CAD 139 1.216 
(1.104–1.339)

7.25E-
05

Coronary 
atherosclerosis

22 1.162 
(1.031–1.311)

0.014

Peripheral 
atherosclerosis

4 1.010 
(0.824–1.238)

0.921

Ischemic stroke 9 1.376 
(1.011–1.873)

0.042

UC CAD 140 1.142 
(1.041–1.254)

0.005

Coronary 
atherosclerosis

21 1.082 
(0.953–1.227)

0.223

Peripheral 
atherosclerosis

4 1.004 
(0.929–1.085)

0.921

Ischemic stroke 9 1.508 
(1.153–1.971)

0.003

P threshold for IVs is 5E-06
IBD CPAmax 4 1.076 

(0.859–1.350)
0.523

CPSmax 7 0.973 
(0.881–1.074)

0.585

bfPWV 4 0.958 
(0.738–1.245)

0.750

Cerebral 
atherosclerosis

5 1.018 
(0.997–1.040)

0.087

CD CPAmax 4 1.132 
(0.896–1.429)

0.298

CPSmax 7 0.941 
(0.836–1.057)

0.305

bfPWV 4 1.049 
(0.494–2.227)

0.900

Cerebral 
atherosclerosis

5 1.024 
(0.995–1.053)

0.108

UC CPAmax 4 1.026 
(0.813–1.295)

0.829

CPSmax 7 1.011 
(0.913–1.119)

0.834

bfPWV 4 0.886 
(0.581–1.352)

0.575

Cerebral 
atherosclerosis

5 1.016 
(0.989–1.044)

0.237

GWAS, genome-wide association studies; bfPWV, brachial-femoral pulse wave 
velocity; CAD, coronary artery disease; IS, ischemic stroke (any ischemic stroke); 
IBD, inflammatory bowel disease; CD, Crohn’s disease; UC, Ulcerative colitis; SNP, 
single nucleotide polymorphism; OR, odds ratio; CI, confidence interval; IVW, 
inverse variance weighted; MR, Mendelian randomization
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Fig. 4  The Radial plot showing the associations of coronary atherosclerosis with CD as well as IS with CD and UC. A: SNPs related to coronary atheroscle-
rosis on CD, B: SNPs related to IS on CD, C: SNPs related to IS on UC

 

Fig. 3  The Funnel plot symmetry generally showing significant genetic heterogeneity or measurement bias. A: SNPs related to IS on CD, B: SNPs related 
to IS on UC, C: SNPs related to coronary atherosclerosis on CD

 

Fig. 2  The scatter plot of the causal associations of coronary atherosclerosis with CD (A), IS with CD (B), IS with UC (C)
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and improvement of clinical management of IBD in the 
future.

Previously, a Danish study revealed that the ischemic 
heart disease risk is highest in the year following an IBD 
diagnosis, indicating that the presence of atherosclerosis 
may have preceded the development of IBD for a con-
siderable period [26]. The Swedish and US studies con-
ducted in 2016 and 2021, respectively, indicated that the 
utilization of statins, which effectively lowered the levels 
of low-density lipoprotein and consequently reduced the 
inflammatory burden associated with atherosclerosis, 
might potentially mitigate the risk of incident IBD [27, 
28]. The study conducted by Sappati et al. suggested that 
individuals with IBD experienced myocardial infarction 
within a span of 3 months, especially in the absence of 
underlying cardiovascular comorbidities, which implied 
that the presence of pre-existing atherosclerotic-related 
disease might precede the development of IBD [29]. 
These evidence was allied with the findings in this study. 
We found that coronary atherosclerosis and IS were 
causally related to the risk of CD. While IS was causally 
related to the risk of UC.

The mechanisms underlying the causal associations 
of coronary atherosclerosis and IS with CD as well as 
IS with UC were still unclear. The possible mechanisms 
might be that as an inflammatory condition commonly 
observed in the aging population, atherosclerosis was 
reported to have a potential association between diet and 
the development of IBD [30]. Atherosclerosis was associ-
ated with a reduction in the concentration of Firmicutes 
and the production of butyrate [31, 32], which can result 
in the apoptosis of epithelial cells, leading to subsequent 
dysfunction of the intestinal barrier and initiating an 

inflammatory cascade [33]. The mechanisms explaining 
the causal associations of coronary atherosclerosis and IS 
with CD as well as IS with UC still require more explora-
tion in the future.

Although the observed OR between coronary athero-
sclerosis and Crohn’s disease was modest (OR = 1.16), 
this slight increase in risk may still carry important 
implications. In the context of Mendelian Randomiza-
tion studies, even small effect sizes can reflect meaning-
ful lifelong exposure risks due to the stability of genetic 
variants. Moreover, when considering the high and rising 
incidence of CD in the general population, such modest 
increases in risk could translate into a substantial public 
health burden at the population level. It is also impor-
tant to note that small effect sizes may exert more pro-
nounced impacts when acting in accordance with other 
risk factors, suggesting potential cumulative or synergis-
tic effects. Additionally, our findings are consistent with 
previous studies, which have reported mild to moderate 
increases in cardiovascular or atherosclerotic disease 
risks among patients with IBD [34, 35]. These results, 
when interpreted alongside existing epidemiological evi-
dence, support the plausibility and relevance of a causal 
link, even if the effect magnitude appears relatively small.

Another important consideration is the observed het-
erogeneity and potential horizontal pleiotropy among the 
SNPs associated with coronary artery disease. Despite 
employing robust MR methods such as MR-Egger, MR-
PRESSO, and Radial MR to mitigate the influence of 
outliers and pleiotropic effects, certain CAD-related 
SNPs still exhibited signs of heterogeneity. This suggests 
that some variants may influence CD through pathways 
beyond CAD alone, including lipid metabolism and 

Fig. 5  Leave-one-out analysis showing omitting single SNP on the associations of coronary atherosclerosis with CD (A), IS with UC (B), and IS with CD (C)
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inflammatory processes. In our MR analysis, the asso-
ciation between CAD and CD attenuated after adjusting 
for fat intake and alcohol consumption, indicating that 
these lifestyle factors may act as mediators in the causal 
pathway. Several biological mechanisms support this 
hypothesis: (1) High-fat diets can alter gut microbiota 
composition, reduce beneficial butyrate-producing bac-
teria, and compromise intestinal barrier integrity, thus 
heightening systemic inflammation and susceptibility to 
CD [36]. (2) Alcohol consumption may impair gut barrier 
function and modulate immune responses, potentially 
exacerbating systemic and intestinal inflammation [37]. 
(3) CAD and CD may converge on common pro-inflam-
matory signaling pathways, including IL-6 and TNF-α. 
Diet-induced upregulation of these cytokines could rein-
force a feedback loop between vascular and intestinal 
inflammation [38]. Taken together, these findings suggest 
that fat intake and alcohol consumption may partially 
mediate the relationship between CAD and CD, poten-
tially through inflammation-related mechanisms. Never-
theless, further experimental and longitudinal studies are 
required to validate these intermediary mechanisms and 
elucidate the complete causal chain.

The strength of this study was that the causal link 
between atherosclerosis and IBD, UC and CD were ana-
lyzed via two-sample MR, which avoided the influence 
of confounding in traditional epidemiology, and provide 
a reference for the etiology exploration, prevention and 
treatment of IBD and its subtypes. Based on the results 
in our study, the prevention of atherosclerosis may have 
significant implications not only in limiting the progres-
sion of cardiovascular disease but also in mitigating the 
overall inflammatory burden and development of IBD. 
One important limitation of this study is that all genetic 
data used in the MR analyses were derived from indi-
viduals of European ancestry. While this homogeneity 
minimizes confounding due to population stratification, 
it also restricts the generalizability of our findings to non-
European populations. Indeed, the epidemiological pat-
terns and risk factors for both atherosclerosis and IBD 
are known to vary significantly across different ethnic 
groups. Given that allele frequencies, linkage disequi-
librium structures, and environmental exposures can 
differ by ancestry, the causal relationships observed in 
this study may not hold in other populations. Therefore, 
caution is warranted when extrapolating these results to 
individuals of non-European descent. To address this, 
future MR analyses should incorporate data from more 
diverse ethnic backgrounds or conduct ancestry-strat-
ified meta-analyses to examine whether the observed 
associations are consistent across populations. Such 
efforts will enhance the external validity of causal infer-
ences and contribute to more inclusive and globally 
applicable evidence.

In order to comprehensively discuss the causal rela-
tionship between atherosclerosis and IBD, a P threshold 
5 × 10− 6 was applied to identify SNPs related to cerebral 
atherosclerosis, CPAmax, CPSmax, and bfPWV as no 
eligible SNP could be identified based on a P threshold 
5 × 10− 8. Except for the heterogeneity of CPAmax with 
IBD and UC, all the other instrumental variables selected 
by the P = 5 × 10− 6 passed the horizontal pleiotropy test, 
heterogeneity test, and the F value > 10, which suggested 
that these SNPs can be used as instrumental variables 
to represent CPAmax, CPSmax, bfPWV, and cerebral 
atherosclerosis. However, there might be potential weak 
instrumental variables and insufficient statistical power. 
Further studies are needed to support the findings in our 
study.

Conclusions
The causal associations of atherosclerosis related bio-
markers and diseases with the IBD risk were analyzed 
using MR analysis in this study. We found the causal 
associations of coronary atherosclerosis and IS with CD 
as well as IS with UC. The findings might offer more evi-
dence for future prevention and management of IBD.
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