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Background: Observational research has shown a correlation between

inflammatory bowel disease (IBD) [comprising ulcerative colitis (UC) and

Crohn’s disease (CD)] and celiac disease. However, the relationship between

these two diseases remains uncertain.

Methods: We utilized two-sample Mendelian randomization (MR) to estimate

the bidirectional causal relationships between IBD and celiac disease. This study

utilized data on single nucleotide polymorphisms (SNPs) from genome-wide

association studies (GWASs). Heterogeneity, pleiotropy, and sensitivity analyses

were also performed to evaluate the MR results.

Results: There was a significant causal relationship between IBD and CD and

celiac disease (e.g., IBD and celiac disease, inverse variance weighting (IVW) odds

ratio (OR) = 1.0828, 95% CI = 1.0258–1.1428, p = 0.0039; CD and celiac disease,

IVW OR = 1.0807, 95% CI = 1.0227–1.1420, p = 0.0058). However, in the reverse

direction, we found only suggestive positive causality between celiac disease and

CD (e.g., IVW OR = 1.0366, 95% CI = 1.0031–1.0711, p = 0.0319). No evidence of

heterogeneity between genetic variants was found (e.g., IBD vs. celiac disease,

MR-Egger Q = 47.4391, p = 0.6159). Horizontal pleiotropy hardly influenced

causality (e.g., IBD vs. celiac disease, MR-Egger test: p = 0.4340). Leave-one-out

analysis showed that individual SNPs did not influence the general results.

Conclusion: Our MR analysis revealed a positive causal link between IBD and

celiac disease in the European population. In addition, several

recommendations for disease prevention and clinical management have

been discussed.
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Introduction

Celiac disease is an immune disease that affects approximately 1%

of the world’s population and is characterized by intolerance to wheat

gluten, which causes intestinal mucosal lesions (Lebwohl et al., 2018).

Although the incidence of celiac disease has dramatically increased in

the 21st century (King et al., 2020), it is frequently misdiagnosed

because of its multifaceted clinical presentation (Singh et al., 2018).

Like various autoimmune illnesses, genetics is the most prominent

factor contributing to celiac disease (Kuja-Halkola et al., 2016). Gluten

intake is an environmental factor that directly affects celiac disease.

Inflammatory bowel disease (IBD) is a chronic inflammatory bowel

disease comprising ulcerative colitis (UC) and Crohn’s disease (CD).

It has been previously reported that there is a link between IBD

and celiac disease. According to a systematic evaluation, patients

with CD are >11 times more likely to develop IBD than the general

population (Shah et al., 2019). It has been reported that CD ismore

related to celiac disease than UC, and IBD patients treated with

drugs had a low association with celiac disease (Alkhayyat et al.,

2022). According to a previous study, UC and celiac disease share

the same genetic background (Glas et al., 2009). Half a century has

passed since Salam and Truelove first described the relationship

between IBD and celiac disease; however, the causal relationships

between the two illnesses are obscure (Jankey and Price, 1969).

Exploring the causal link between IBD and celiac disease

contributes to a better understanding of its pathogenesis and, as a

result, to improve treatment guidance. Randomized controlled trials

(RCTs) are generally challenging, expensive, and complex to design

and perform. Therefore, we adopted Mendelian randomization (MR)

to investigate the potential causal link. The causal link between the

exposure factor and outcome is studied by introducing an intermediary

variable known as the instrumental variable (IV). Three assumptions

should be fulfilled for the IV: (1): risk factors and genetic variation are

related (2), genetic variation does not depend on confounding factors,

and (3) genetic variation affects outcomes through risk factors only.

The genetic variations used inMR are currently being utilized in large-

scale genome-wide association studies (GWAS). We identified single

nucleotide polymorphisms (SNPs) that were highly linked to IBD (UC

and CD) as IVs. We used the effect of the IV on exposure (IBD, UC,

and CD) and outcome (celiac disease) from two independent samples.

A two-sample MR was used to analyze the effect of IBD on celiac

disease. In addition, reverse MR was used to investigate the

bidirectional causal link between IBD and celiac disease.

Materials and methods

Data source

A core step of our study was to screen SNPs as exposure and

outcome IVs related to IBD (UC andCD) and celiac disease based on

GWAS results and the literature. SNPs related to IBD were acquired

from the IBD Genetics Consortium GWAS study (Liu et al., 2015).

IBD is diagnosed by GWAS through radiographic, endoscopic, and

pathological studies. The celiac GWAS provided pooled data on the

influence of IBD-related SNPs on celiac disease (European

population, comprising 12,041 cases and 12,228 population

controls) (Trynka et al., 2011). Celiac disease is diagnosed using

clinical, biochemical, and intestinal biopsy techniques in a GWAS

study. We exclusively used SNPs from individuals of European

population to limit the bias of population stratification.

SNP selection

We set a series of quality control criteria to filter and get the

eligible SNPs. We selected SNPs that were intensely related to

exposure (p < 5E-08) and had independent inheritance without

obvious linkage disequilibrium (LD) (r2 < 0.001) (kb = 10,000).

Moreover, minor allele frequencies (MAF) 0.01 and moderately

frequent echo SNPs were eliminated. According to the third

central hypothesis, SNPs directly associated with celiac disease

and IBD were excluded, which allowing genetic variation to act

on outcomes only through exposure. We also used the F-statistic

to measure the strength of the instrument; IVs having an

F-statistic <10 were deemed “weak instruments” and

eliminated. SNPs that passed rigorous selection were used as

final instrument SNPs for subsequent MR analysis.

Effect size estimate

An SNP was selected as an IV based on the above criteria. We

assessed the role of exposure in the outcome using the principle

of two-sample MR. To explore the causal link between exposure

and outcome, we utilized the following four distinct methods:

inverse variance weighting (IVW), MR Egger, weighted median

(WM), and maximum likelihood ratio. The IVW method

obtained the most accurate results by combining the Wald

ratios of each SNP. The amount of directional pleiotropy can

be estimated through MR-Egger procedure. However, its results

may be inaccurate and susceptible to genetic variation (Bowden

et al., 2016a). Although the WM method improves accuracy

compared to MR-Egger, its accuracy is still suboptimal at <50%
of the percentage change in horizontal pleiotropic variation

(Bowden et al., 2016b). Probability of distribution parameters

were measured using the maximum likelihood ratio approach

(Milligan, 2003). The reliability of the results was verified using

the MR-Steiger directionality test (Hemani et al., 2017).

Sensitivity analyses

Distinct sensitivity analyses were performed to establish

reliability of the results. The Cochran Q statistic was used to

estimate the heterogeneity of the instrumental variables, which

Frontiers in Genetics frontiersin.org02

A et al. 10.3389/fgene.2022.993492

https://www.frontiersin.org/journals/genetics
https://www.frontiersin.org
https://doi.org/10.3389/fgene.2022.993492


were assessed using IVW and WM techniques. The presence of

horizontal pleiotropy was determined using the MR-PRESSO

test. The “leave-one-out sensitivity analysis” method was

executed, which involves removing SNPs one by one and

identifying whether the effect of a single SNP seriously

distorts the results.

Bidirectional Mendelian randomization

We reversed the exposure and outcome inputs, thereby

performing a bidirectional MR analysis to determine the

impact of higher celiac disease genetic risk on IBD, UC,

and CD. The SNPs related to celiac disease were derived

from the GWAS study data of celiac disease, which

included 12,041 cases and 12,228 controls (Trynka et al.,

2011). GWAS data from the IBD Genetics Consortium

were then utilized as outcomes (Liu et al., 2015). We used

the same SNP selection criteria and MR analysis methods as in

the bidirectional study. We performed Bonferroni correction

to prevent false positive results in two-way multiple testing.

After Bonferroni correction, p-values < 0.0167 on both sides

were considered statistically significant, while p-values >
0.0167 and <0.05 were regarded as suggestively significant

without multiple testing corrections.

All statistical data were calculated using the two-sample MR

program “TwoSampleMR” for R language version 3.6.1.

Results

Based on the above selection criteria, we included 53, 42, and

43 IV SNPs for IBD, UC, and CD, respectively. The F-values of

these instrumental variables were all >10 (ranging from

30.3412 to 274.9761 for IBD, 29.7327 to 191.4428 for UC, and

30.9949 to 349.9935 for CD), with mean F-values of 85.3643,

56.4157, and 80.4624, respectively (Supplementary Tables

S1–S3). The results revealed that instrumental bias cannot

directly affect the assessment of causal effects.

The causal link between IBD and celiac disease was

inconsistent across the four MR methods. The MR results for

IVW andWM showed a significant association between IBD and

celiac disease (IVW odds ratio (OR) = 1.0828, 95% CI =

1.0258–1.1428, p = 0.0039) and WM showed a significant

suggestive association (WM OR = 1.0902, 95% CI =

1.0066–1.1809, p = 0.0381); however, the MR-Egger method

did not show a significant link between IBD and celiac disease

(OR = 0.9089, 95% CI = 0.7744–1.0667) (Table 1 and Figure 1).

Because the IVW method has higher accuracy than the MR-

Egger method and is consistent with WM estimates, we conclude

that IBD has a positive causal effect on celiac disease. For UC,

none of the methods indicated a significant link with celiac

disease (IVW OR = 1.0184, 95% CI = 0.9587–1.0818, p =

0.5539; WM OR = 1.0460, 95% CI = 0.9589–1.1411, p =

0.3103; MR-Egger OR = 0.9599, 95% CI = 0.7838–1.1756, p =

0.6947) (Table 1 and Figure 1). The causal effect of CD on celiac

disease was the same as that of IBD, (IVWOR = 1.0807, 95% CI =

1.0227–1.1420, p = 0.0058; WM OR = 1.0871, 95% CI =

1.0011–1.1806, p = 0.0470; MR-Egger OR = 0.9452, 95% CI =

0.7970–1.1208, p = 0.5203) (Table 1 and Figure 1). In addition,

the MR-Steiger test supported the results of a causal link between

IBD, UC, CD, and celiac disease (Table 1).

Heterogeneity, multiplicity, and sensitivity analyses

ensured that the final results were of high quality. Cochran

Q values indicated no heterogeneity between the IV estimates

determined by the MR-Egger and IVW methods (for IBD,

MR-Egger Q = 47.4391, p = 0.6159; IVW Q = 52.6127, p =

0.4502. For UC, MR-Egger Q = 42.2388, p = 0.3745; IVW Q =

42.6183, p = 0.4013. Egger Q = 42.2388, p = 0.3745; IVW Q =

42.6183, p = 0.4013. For CD, MR-Egger Q = 46.8851, p =

0.2438; IVW Q = 49.9047, p = 0.1880.) (Table 2). We used the

MR-PRESSO method to test for horizontal pleiotropy and did

not discover any bias caused by horizontal pleiotropy

(p-values for IBD, UC, and CD were 0.4340, 0.3980, and

0.1700, respectively) (Table 2). We performed a “leave-one-

out sensitivity analysis” and found that no single SNP strongly

influenced the overall effect of IBD, UC, and CD on celiac

disease (Supplementary Figures 1–3).

We selected 13, 14, and 15 SNPs from the GWAS using the

same criteria to explore the causality of celiac disease on IBD, UC,

and CD, respectively (Supplementary Tables S4-S6). The

F-values of these instrumental variables were all greater than

10 (ranging from 59.6145 to 2072.651 for IBD, 59.6121 to

1,079.617 for UC, and 58.6034 to 1,079.568 for CD), with

mean F-values of 367.0868, 199.6983, and 183.2043,

respectively (Supplementary Tables S4–S6). There was no

strong evidence for a causal link between celiac disease and

IBD or UC according to the selectedMRmethod, and Bonferroni

corrected significance threshold p < 0.0167 (Supplementary

Table S7 and Figure 2). For celiac disease and CD, the IVW

method showed a possible positive causal relationship between

celiac disease and CD (OR = 1.0366, 95% CI = 1.0031–1.0711, p =

0.0319) (Supplementary Table S7; Figure 2). Cochran’s Q values

indicated no heterogeneity between the IV estimates determined

by the MR-Egger and IVW methods (Supplementary Table S8).

We did not observe any bias caused by horizontal pleiotropy

(Supplementary Table S8). No single SNP strongly influenced the

overall outcome of celiac disease on IBD, UC, and CD by using a

“leave-one-out” sensitivity analysis.

Overall, our study found that IBD was positively linked

with an increased risk of celiac disease. As two subunits of

IBD, UC showed no causal relationship with celiac disease in

the subunits compared to CD. In the reverse MR analysis,

celiac disease did not show an association with IBD and UC,

whereas there was a positive link between celiac disease

and CD.
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Discussion

MR analysis and a large sample of GWAS data were used to

explain the bidirectional causal link between IBD (including UC

and CD) and celiac disease. Our data showed a causal link

between IBD (UC and CD) and celiac disease, indicating that

their etiologies might be similar.

Researchers have been studied that IBD and celiac disease

have the similar genetic background; IL18RAP, PTPN2, TAGAP,

and PUS10 have been identified as shared risk loci for both CD

and celiac disease (Glas et al., 2009; Festen et al., 2011). In IBD

and celiac disease, both of which are related to increased

intestinal penetration, gut wall function is crucial (Camilleri

et al., 2012; Cardoso-Silva et al., 2019). T regulatory cells

(Hmida et al., 2012; Hisamatsu et al., 2016) and cytokines

(IL-15, IL-17, and IL-21) (Jabri and Abadie, 2015; Meisel

et al., 2017) are implicated in immunological responses in

both illnesses. Related reviews have also reported a

mechanistic link between the gut microbiota and these two

diseases (Harris and Chang, 2018; Caminero et al., 2019). The

genetic, immunological, and intestinal environmental variables

indicate that IBD and celiac disease have the similar

pathophysiology. These findings also suggest a possible link

between these two disorders.

TABLE 1 MR estimates from each method of assessing the causal effects of inflammatory bowel disease, ulcerative colitis, Crohn’s disease on celiac
disease risk.

Exposure traits MR methods Celiac disease

Number of SNPs Or (95% CI) SE MR p-value MR-steiger test

IBD MR-Egger 53 0.9089 (0.7744–1.0667) 0.0817 0.2476 Direction: TRUE p-value <0.0001
Inverse variance weighted 53 1.0828 (1.0258–1.1428) 0.0275 0.0039

Weighted median 53 1.0902 (1.0066–1.1809) 0.0417 0.0381

Maximum likelihood 53 1.0843 0.0276 0.0033

(1.0272–1.1445)

UC MR-Egger 42 0.9599 (0.7838–1.1756) 0.1034 0.6947 Direction: TRUE p-value <0.0001
Inverse variance weighted 42 1.0184 (0.9587–1.0818) 0.0308 0.5539

Weighted median 42 1.0460 (0.9589–1.1411) 0.0444 0.3103

Maximum likelihood 42 1.0187 (0.9596 1.0814) 0.0305 0.5441

CD MR-Egger 43 0.9452 (0.7970–1.1208 ( 0.0870 0.5203 Direction: TRUE p-value <0.0001
Inverse variance weighted 43 1.0807 (1.0227–1.1420) 0.0282 0.0058

Weighted median 43 1.0871 (1.0011–1.1806) 0.0421 0.0470

Maximum likelihood 43 1.0822 (1.0284–1.1390) 0.0261 0.0024

MR, mendelian randomization; SNP, single nucleotide polymorphism; IBD, inflammatory bowel disease; UC, ulcerative colitis; CD, Crohn’s disease; OR, odds ratio; CI, confidence interval;

SE, standard error.

TABLE 2 Heterogeneity and pleiotropy analysis of inflammatory bowel disease, ulcerative colitis, Crohn’s disease with celiac disease risk using
different analytic methods.

Exposure traits MR methods Celiac disease

Cochran Q statistic Heterogeneity p-value Pleiotropy p-value

IBD MR-Egger 47.4391 0.6159 0.4340

Inverse variance weighted 52.6127 0.4502

UC MR-Egger 42.2388 0.3745 0.3980

Inverse variance weighted 42.6183 0.4013

CD MR-Egger 46.8851 0.2438 0.1700

Inverse variance weighted 49.9047 0.1880

IBD, inflammatory bowel disease; UC, ulcerative colitis; CD, Crohn’s disease.
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There is growing evidence that the gut microbiota is strongly

associated with autoimmune diseases including IBD and celiac

disease (Chen et al., 2017; De Luca and Shoenfeld, 2019).

Bifidobacterium suppresses IBD by modulating cup cell stress

(Engevik et al., 2021). In addition, the reduction in bifidobacteria

activates the inflammatory response of gluten in celiac disease

patients (Medina et al., 2008). The causal relationship between

the gut microbiota and IBD and celiac disease has been reported

in the literature (Garcia-Santisteban et al., 2020; Zhang et al.,

2021). In the future, the use of two-step MR and multivariable

MR to further explore the role of intestinal flora and its

metabolites in the pathogenesis of these two diseases is a

novel research direction.

For valid causal deduction, it is essential to ensure that the

intermediate “exposure” or intermediate phenotypes appear

before the succeeding “disease outcome.” Some previous

observational studies have demonstrated the tempo order

between IBD and celiac disease (Tursi et al., 2005; Yang et al.,

2005; Casella et al., 2010). Future studies should further

investigate the timing of disease events to determine the

temporal sequence of exposure versus disease outcomes.

Several previous meta-analyses have observed a positive causal

FIGURE 1
Scatter plots of the genetic causal associations with IBD, UC, and CD against celiac disease using different MR methods. (A) IBD against celiac
disease; (B)UC against celiac disease; and (C)CD against celiac disease. The slopes of the line represent the causal association for different methods.
The red line represents the Inverse variance weighted (IVW), the yellow line represents the MR-Egger, the blue line represents the Maximum
likelihood estimate, and the green line represents the Weighted median.
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relationship between IBD and celiac disease, with a higher risk of

IBD in patients with CD than in patients with IBD, with a higher

risk of CD than UC(5, 33). This is not completely consistent with

our results because of the confounding issues in observational

research. Our data showed that IBD is associated with a higher

risk of celiac disease. Regarding UC and CD, the risk of celiac

disease in CD patients has statistical significance. Conversely, we

only found a suggestive positive correlation between celiac

disease and CD.

Evidence of a causal link between IBD and celiac disease may

aid in the development of better screening tools and therapeutic

management. Different clinical management strategies may be

undertaken for IBD patients with or without celiac disease. IBD

patients who also have celiac disease are more likely to develop

unfavorable conditions (extensive colitis and primary sclerosing

cholangitis); hence, screening for celiac disease in IBD patients

may be beneficial. Celiac disease depends on serological testing

and duodenal biopsies for an accurate diagnosis according to US

and European criteria (Rubio-Tapia et al., 2013; Ludvigsson et al.,

2014). Due to the invasive and expensive nature of duodenal

biopsy collection, we propose that individuals diagnosed with

IBD undergo regular serological testing to monitor the possibility

of celiac disease. Further research is required to determine

whether screening for IBD in celiac disease is beneficial. As a

stimulus for celiac disease, gluten is a hot topic in the dietary

management of IBD patients (Weaver and Herfarth, 2021).

FIGURE 2
Scatter plots of the genetic causal associations with celiac disease against IBD, UC, and CD using different MR methods. (A) Celiac disease
against IBD; (B) celiac disease against UC; and (C) celiac disease against CD. The slopes of the line represent the causal association for different
methods. The red line represents the Inverse variance weighted (IVW), the yellow line represents the MR-Egger, the blue line represents the
Maximum likelihood estimate, and the green line represents the Weighted median.
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Based on our study, a low-gluten diet in the dietary management

of patients with IBD is of recommended value. Studies have

revealed that the clinical expressions of celiac disease and IBD are

potentially similar (Green, 2005; Rampertab et al., 2006). These

findings provide doctors additional diagnostic and treatment

options. Clinicians should reconsider IBD or celiac disease as a

secondary diagnosis when patients do not react well to

medication (Pinto-Sanchez et al., 2020). Specifying the causal

link between IBD and celiac disease will also shed fresh light on

research investigating the pathogenesis of the illness.

Our study has certain limitations. First, the research

population for exposure and results had European ancestry,

which declined population stratification but produced no

typical findings of people of different ancestries. Second, we

did not stratify the causal relationship between IBD and celiac

disease by sex or age, which could potentially affect the study

results. Third, although we performed many sensitivity

analyses, we could not guarantee that every SNP met the

three IV conditions. We examined known confounders such

as smoking and obesity and eliminated potentially relevant

IVs. However, unknown confounding factors might have

unavoidably affected causal inference. In addition, the MR

analysis reflected lifetime exposure; however, it was not

possible to determine how specific exposure times affected

the results. Finally, we do not propose a mechanism to explain

the causal link between IBD and celiac disease. Further studies

are required to investigate the underlying mechanism that

may improve disease prevention.

In conclusion, we report that IBD was positively linked with

an increased risk of celiac disease, while UC did not show a causal

association with celiac disease compared to CD. Furthermore, in

the reverse MR analysis, celiac disease did not show an

association with IBD and UC; however, there was a positive

link between celiac disease and CD.

Data availability statement

The datasets presented in this study can be found in online

repositories. The names of the repository/repositories and

accession number(s) can be found in the article/

Supplementary Material.

Author contributions

HB and GA conceptualized and designed the study. GA, YS,

and HH collected and analyzed the data in the study. GA and CS

drafted the manuscript. All the authors contributed to this article

and approved the submitted version of the manuscript.

Funding

This study was supported by the National Natural Science

Foundation of China [grant number: 81960166] and the Natural

Science Foundation of InnerMongolia [grant number: 2021MS03040].

Acknowledgments

We would like to thank Editage (www.editage.cn) for English

language editing.

Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations,

or those of the publisher, the editors and the reviewers. Any product

that may be evaluated in this article, or claim that may be made by its

manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found

online at: https://www.frontiersin.org/articles/10.3389/fgene.

2022.993492/full#supplementary-material

References

Alkhayyat, M., Abureesh, M., Almomani, A., Abou Saleh, M., Zmaili, M., El
Ouali, S., et al. (2022). Patients with inflammatory bowel disease on treatment have
lower rates of celiac disease. Inflamm. Bowel Dis. 28 (3), 385–392. doi:10.1093/ibd/
izab084

Bowden, J., Davey Smith, G., Haycock, P. C., and Burgess, S. (2016). Consistent
estimation in mendelian randomization with Some invalid instruments using a
weighted median estimator. Genet. Epidemiol. 40 (4), 304–314. doi:10.1002/gepi.
21965

Bowden, J., Del Greco, M. F., Minelli, C., Davey Smith, G., Sheehan, N. A.,
and Thompson, J. R. (2016). Assessing the suitability of summary data for two-

sample mendelian randomization analyses using MR-egger regression: The
role of the I2 statistic. Int. J. Epidemiol. 45 (6), 1961–1974. doi:10.1093/ije/
dyw220

Camilleri, M., Madsen, K., Spiller, R., Van Meerveld, B. G., and Verne, G. N.
(2012). Intestinal barrier function in health and gastrointestinal disease.
Neurogastroenterol. Motil. 24 (6), 503–512. doi:10.1111/j.1365-2982.2012.
01921.x

Caminero, A., Meisel, M., Jabri, B., and Verdu, E. F. (2019). Mechanisms by which
gut microorganisms influence food sensitivities.Nat. Rev. Gastroenterol. Hepatol. 16
(1), 7–18. doi:10.1038/s41575-018-0064-z

Frontiers in Genetics frontiersin.org07

A et al. 10.3389/fgene.2022.993492

http://www.editage.cn
https://www.frontiersin.org/articles/10.3389/fgene.2022.993492/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fgene.2022.993492/full#supplementary-material
https://doi.org/10.1093/ibd/izab084
https://doi.org/10.1093/ibd/izab084
https://doi.org/10.1002/gepi.21965
https://doi.org/10.1002/gepi.21965
https://doi.org/10.1093/ije/dyw220
https://doi.org/10.1093/ije/dyw220
https://doi.org/10.1111/j.1365-2982.2012.01921.x
https://doi.org/10.1111/j.1365-2982.2012.01921.x
https://doi.org/10.1038/s41575-018-0064-z
https://www.frontiersin.org/journals/genetics
https://www.frontiersin.org
https://doi.org/10.3389/fgene.2022.993492


Cardoso-Silva, D., Delbue, D., Itzlinger, A., Moerkens, R., Withoff, S., Branchi, F.,
et al. (2019). Intestinal barrier function in gluten-related disorders. Nutrients 11
(10), E2325. doi:10.3390/nu11102325

Casella, G., D’Incà, R., Oliva, L., Daperno, M., Saladino, V., Zoli, G., et al. (2010).
Prevalence of celiac disease in inflammatory bowel diseases: An IG-IBDmulticentre
study. Dig. Liver Dis. 42 (3), 175–178. doi:10.1016/j.dld.2009.08.005

Chen, B., Sun, L., and Zhang, X. (2017). Integration of microbiome and
epigenome to decipher the pathogenesis of autoimmune diseases. J. Autoimmun.
83, 31–42. doi:10.1016/j.jaut.2017.03.009

De Luca, F., and Shoenfeld, Y. (2019). The microbiome in autoimmune diseases.
Clin. Exp. Immunol. 195 (1), 74–85. doi:10.1111/cei.13158

Engevik, M. A., Herrmann, B., Ruan, W., Engevik, A. C., Engevik, K. A.,
Ihekweazu, F., et al. (2021). Bifidobacterium dentium-derived y-glutamylcysteine
suppresses ER-mediated goblet cell stress and reduces TNBS-driven colonic
inflammation. Gut Microbes 13 (1), 1–21. doi:10.1080/19490976.2021.1902717

Festen, E. A., Goyette, P., Green, T., Boucher, G., Beauchamp, C., Trynka, G., et al.
(2011). A meta-analysis of genome-wide association scans identifies IL18RAP,
PTPN2, TAGAP, and PUS10 as shared risk loci for Crohn’s disease and celiac
disease. PLoS Genet. 7 (1), e1001283. doi:10.1371/journal.pgen.1001283

Garcia-Santisteban, I., Cilleros-Portet, A., Moyua-Ormazabal, E., Kurilshikov, A.,
Zhernakova, A., Garcia-Etxebarria, K., et al. (2020). A two-sample mendelian
randomization analysis investigates associations between gut microbiota and
celiac disease. Nutrients 12 (5), E1420. doi:10.3390/nu12051420

Glas, J., Stallhofer, J., Ripke, S., Wetzke, M., Pfennig, S., Klein, W., et al. (2009).
Novel genetic risk markers for ulcerative colitis in the IL2/IL21 region are in
epistasis with IL23R and suggest a common genetic background for ulcerative colitis
and celiac disease. Am. J. Gastroenterol. 104 (7), 1737–1744. doi:10.1038/ajg.
2009.163

Green, P. H. (2005). The many faces of celiac disease: Clinical presentation of
celiac disease in the adult population. Gastroenterology 128, S74–S78. doi:10.1053/j.
gastro.2005.02.016

Harris, K. G., and Chang, E. B. (2018). The intestinal microbiota in the
pathogenesis of inflammatory bowel diseases: New insights into complex
disease. Clin. Sci. 132 (18), 2013–2028. doi:10.1042/CS20171110

Hemani, G., Tilling, K., and Davey Smith, G. (2017). Orienting the causal
relationship between imprecisely measured traits using GWAS summary data.
PLoS Genet. 13 (11), e1007081. doi:10.1371/journal.pgen.1007081

Hisamatsu, T., Erben, U., and Kuhl, A. A. (2016). The role of T-cell subsets in
chronic inflammation in celiac disease and inflammatory bowel disease patients:
More common mechanisms or more differences? Inflamm. Intest. Dis. 1 (2), 52–62.
doi:10.1159/000445133

Hmida, N. B., Ben Ahmed, M., Moussa, A., Rejeb, M. B., Said, Y., Kourda, N., et al.
(2012). Impaired control of effector T cells by regulatory T cells: A clue to loss of
oral tolerance and autoimmunity in celiac disease? Am. J. Gastroenterol. 107 (4),
604–611. doi:10.1038/ajg.2011.397

Jabri, B., and Abadie, V. (2015). IL-15 functions as a danger signal to regulate
tissue-resident T cells and tissue destruction. Nat. Rev. Immunol. 15 (12), 771–783.
doi:10.1038/nri3919

Jankey, N., and Price, L. A. (1969). Small intestinal histochemical and histological
changes in ulcerative colitis. Gut 10 (4), 267–269. doi:10.1136/gut.10.4.267

King, J. A., Jeong, J., Underwood, F. E., Quan, J., Panaccione, N., Windsor, J. W.,
et al. (2020). Incidence of celiac disease is increasing over time: A systematic review
and meta-analysis. Am. J. Gastroenterol. 115 (4), 507–525. doi:10.14309/ajg.
0000000000000523

Kuja-Halkola, R., Lebwohl, B., Halfvarson, J., Wijmenga, C., Magnusson, P. K.,
and Ludvigsson, J. F. (2016). Heritability of non-HLA genetics in coeliac disease: A

population-based study in 107 000 twins. Gut 65 (11), 1793–1798. doi:10.1136/
gutjnl-2016-311713

Lebwohl, B., Sanders, D. S., and Green, P. H. R. (2018). Coeliac disease. Lancet 391
(10115), 70–81. doi:10.1016/S0140-6736(17)31796-8

Liu, J. Z., van Sommeren, S., Huang, H., Ng, S. C., Alberts, R., Takahashi, A., et al.
(2015). Association analyses identify 38 susceptibility loci for inflammatory bowel
disease and highlight shared genetic risk across populations. Nat. Genet. 47 (9),
979–986. doi:10.1038/ng.3359

Ludvigsson, J. F., Bai, J. C., Biagi, F., Card, T. R., Ciacci, C., Ciclitira, P. J., et al.
(2014). Diagnosis and management of adult coeliac disease: Guidelines from the
British society of gastroenterology. Gut 63 (8), 1210–1228. doi:10.1136/gutjnl-2013-
306578

Medina, M., De Palma, G., Ribes-Koninckx, C., Calabuig, M., and Sanz, Y. (2008).
Bifidobacterium strains suppress in vitro the pro-inflammatory milieu triggered by
the large intestinal microbiota of coeliac patients. J. Inflamm. 5, 19. doi:10.1186/
1476-9255-5-19

Meisel, M., Mayassi, T., Fehlner-Peach, H., Koval, J. C., O’Brien, S. L.,
Hinterleitner, R., et al. (2017). Interleukin-15 promotes intestinal dysbiosis with
butyrate deficiency associated with increased susceptibility to colitis. Isme J. 11 (1),
15–30. doi:10.1038/ismej.2016.114

Milligan, B. G. (2003). Maximum-likelihood estimation of relatedness. Genetics
163 (3), 1153–1167. doi:10.1093/genetics/163.3.1153

Pinto-Sanchez, M. I., Seiler, C. L., Santesso, N., Alaedini, A., Semrad, C., Lee, A.
R., et al. (2020). Association between inflammatory bowel diseases and celiac
disease: A systematic review and meta-analysis. Gastroenterology 159 (3), 884–903.
doi:10.1053/j.gastro.2020.05.016

Rampertab, S. D., Pooran, N., Brar, P., Singh, P., and Green, P. H. (2006). Trends
in the presentation of celiac disease. Am. J. Med. 119 (4), e9–14. doi:10.1016/j.
amjmed.2005.08.044

Rubio-Tapia, A., Hill, I. D., Kelly, C. P., Calderwood, A. H., and Murray, J. A.
(2013). ACG clinical guidelines: Diagnosis and management of celiac disease. Am.
J. Gastroenterol. 108 (5), 656–676. doi:10.1038/ajg.2013.79

Shah, A., Walker, M., Burger, D., Martin, N., von Wulffen, M., Koloski, N., et al.
(2019). Link between celiac disease and inflammatory bowel disease. J. Clin.
Gastroenterol. 53 (7), 514–522. doi:10.1097/MCG.0000000000001033

Singh, P., Arora, A., Strand, T. A., Leffler, D. A., Catassi, C., Green, P. H.,
et al. (2018). Global prevalence of celiac disease: Systematic review and meta-
analysis. Clin. Gastroenterol. Hepatol. 16 (6), 823–836. doi:10.1016/j.cgh.2017.
06.037e2

Trynka, G., Hunt, K. A., Bockett, N. A., Romanos, J., Mistry, V., Szperl, A., et al.
(2011). Dense genotyping identifies and localizes multiple common and rare variant
association signals in celiac disease. Nat. Genet. 43 (12), 1193–1201. doi:10.1038/
ng.998

Tursi, A., Giorgetti, G. M., Brandimarte, G., and Elisei, W. (2005). High
prevalence of celiac disease among patients affected by Crohn’s disease.
Inflamm. Bowel Dis. 11 (7), 662–666. doi:10.1097/01.mib.0000164195.75207.1e

Weaver, K. N., and Herfarth, H. (2021). Gluten-free diet in IBD: Time for a
recommendation? Mol. Nutr. Food Res. 65 (5), e1901274. doi:10.1002/mnfr.
201901274

Yang, A., Chen, Y., Scherl, E., Neugut, A. I., Bhagat, G., and Green, P. H. (2005).
Inflammatory bowel disease in patients with celiac disease. Inflamm. Bowel Dis. 11
(6), 528–532. doi:10.1097/01.mib.0000161308.65951.db

Zhang, Z. J., Qu, H. L., Zhao, N., Wang, J., Wang, X. Y., Hai, R., et al. (2021).
Assessment of causal direction between gut microbiota and inflammatory bowel
disease: A mendelian randomization analysis. Front. Genet. 12, 631061. doi:10.
3389/fgene.2021.631061

Frontiers in Genetics frontiersin.org08

A et al. 10.3389/fgene.2022.993492

https://doi.org/10.3390/nu11102325
https://doi.org/10.1016/j.dld.2009.08.005
https://doi.org/10.1016/j.jaut.2017.03.009
https://doi.org/10.1111/cei.13158
https://doi.org/10.1080/19490976.2021.1902717
https://doi.org/10.1371/journal.pgen.1001283
https://doi.org/10.3390/nu12051420
https://doi.org/10.1038/ajg.2009.163
https://doi.org/10.1038/ajg.2009.163
https://doi.org/10.1053/j.gastro.2005.02.016
https://doi.org/10.1053/j.gastro.2005.02.016
https://doi.org/10.1042/CS20171110
https://doi.org/10.1371/journal.pgen.1007081
https://doi.org/10.1159/000445133
https://doi.org/10.1038/ajg.2011.397
https://doi.org/10.1038/nri3919
https://doi.org/10.1136/gut.10.4.267
https://doi.org/10.14309/ajg.0000000000000523
https://doi.org/10.14309/ajg.0000000000000523
https://doi.org/10.1136/gutjnl-2016-311713
https://doi.org/10.1136/gutjnl-2016-311713
https://doi.org/10.1016/S0140-6736(17)31796-8
https://doi.org/10.1038/ng.3359
https://doi.org/10.1136/gutjnl-2013-306578
https://doi.org/10.1136/gutjnl-2013-306578
https://doi.org/10.1186/1476-9255-5-19
https://doi.org/10.1186/1476-9255-5-19
https://doi.org/10.1038/ismej.2016.114
https://doi.org/10.1093/genetics/163.3.1153
https://doi.org/10.1053/j.gastro.2020.05.016
https://doi.org/10.1016/j.amjmed.2005.08.044
https://doi.org/10.1016/j.amjmed.2005.08.044
https://doi.org/10.1038/ajg.2013.79
https://doi.org/10.1097/MCG.0000000000001033
https://doi.org/10.1016/j.cgh.2017.06.037e2
https://doi.org/10.1016/j.cgh.2017.06.037e2
https://doi.org/10.1038/ng.998
https://doi.org/10.1038/ng.998
https://doi.org/10.1097/01.mib.0000164195.75207.1e
https://doi.org/10.1002/mnfr.201901274
https://doi.org/10.1002/mnfr.201901274
https://doi.org/10.1097/01.mib.0000161308.65951.db
https://doi.org/10.3389/fgene.2021.631061
https://doi.org/10.3389/fgene.2021.631061
https://www.frontiersin.org/journals/genetics
https://www.frontiersin.org
https://doi.org/10.3389/fgene.2022.993492

	Bidirectional causal link between inflammatory bowel disease and celiac disease: A two-sample mendelian randomization analysis
	Introduction
	Materials and methods
	Data source
	SNP selection
	Effect size estimate
	Sensitivity analyses
	Bidirectional Mendelian randomization

	Results
	Discussion
	Data availability statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	Supplementary material
	References


