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Background: Type 2 diabetes mellitus (T2DM) and inflammatory bowel disease
(IBD) have been associated, according to various epidemiological research. This
study uses Mendelian randomization (MR) to investigate the causal link between
T2DM and IBD.

Methods: To investigate the causal relationship between IBD and T2DM risk using
European population data from the genome-wide association study (GWAS)
summary datasets, we constructed a two-sample MR study to evaluate the
genetically predicted impacts of liability towards IBD outcomes on T2DM risk.
As instrumental variables (IVs), we chose 26 single nucleotide polymorphisms
(SNPs) associated with IBD exposure data. The European T2DM GWAS data was
obtained from the IEU OpenGWAS Project database, which contains
298,957 cases as the outcome data. The causal relationship between T2DM
and IBD using a reverse MR analysis was also performed.

Results: The two-sample MR analysis, with the Bonferroni adjustment for
multiple testing, revealed that T2DM risk in Europeans is unaffected by their
IBD liability (odds ratio (OR): 0.950–1.066, 95% confidence interval (CI):
0.885–1.019, p = 0.152–0.926). The effects of liability to T2DM on IBD were
not supported by the reverse MR analysis either (OR: 0.739–1.131, 95%
confidence interval (CI): 0.651–1.100, p = 0.058–0.832). MR analysis of IBS on
T2DM also have no significant causal relationship (OR: 0.003–1.007, 95%
confidence interval (CI): 1.013–5.791, p = 0.069–0.790). FUMA precisely
mapped 22 protein-coding genes utilizing significant SNPs of T2DM
acquired from GWAS.

Conclusion: The MR study showed that the existing evidence did not support the
significant causal effect of IBD on T2DM, nor did it support the causal impact of
T2DM on IBD.
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Introduction

Type 2 diabetes mellitus (T2DM) is a chronic metabolic disorder
defined by pancreatic β-cells failure and insulin resistance in
peripheral tissues. This results in impaired glucose metabolism
and chronic low-grade inflammation (Zhou et al., 2022). This
chronic disease is one of the leading causes of death and
disability in the world, which is caused by genetic and
environmental factors, such as genetic predisposition, unhealthy
diet, adiposity, smoking, ambient air pollution, physical inactivity,
and pre existing underlying diseases are important reasons for its
continuous increase in incidence (Almigbal et al., 2023; Arsh et al.,
2023; Taborda Restrepo et al., 2023). According to a report, the
global prevalence of diabetes among adults exceeded 460 million in
2019, with projections indicating a substantial increase to over
700 million by 2045 (Sun et al., 2022). Given its association with
detrimental microvascular and macrovascular consequences, T2DM
inflicts physical and psychological distress on patients and imposes a
significant financial burden on the healthcare system (Kang et al.,
2022; Alemayehu et al., 2023; Hands et al., 2023). Inflammatory
bowel disease (IBD), encompassing ulcerative colitis and Crohn’s
disease, manifests in around 1% of the population and is commonly
distinguished by persistent diarrhea (with or without bleeding),
stomach discomfort, and loss of body mass (Bruner et al., 2023).
It is more common between the ages of 20 and 40, but can start at
any age, resulting in significant differences in disease course and
complications among different individuals, and the immune systems
involved are also more complex, including the innate and adaptive

immune systems (Caioni et al., 2021; Saez et al., 2023; Tseng, 2023).
Numerous proinflammatory immune mediators, such as interleukin
17, interleukin 23, interferon gamma, and tumor necrosis factor
alpha overexpression in it (Flynn and Eisenstein, 2019; Noviello
et al., 2021; Parigi et al., 2022). It is linked to increasing damage to
the intestine and extra-intestinal symptoms, resulting in
compromised gastrointestinal function, reduced quality of life,
and heightened therapeutic challenges (Dai et al., 2023). Due to
the intricate and partially unknown etiological origins and
development of ulcerative colitis and Crohn’s disease, effectively
managing these conditions can present difficulties, both in terms of
clinical perspectives and resource allocation (Da Rio et al., 2023). In
the literature, IBD has been documented to exhibit associations with
several medical conditions, such as colorectal cancer (Gordon et al.,
2023), Graves’ disease (Xian et al., 2023), and metabolic disorder
(Verdugo-Meza et al., 2020).

Previous studies have observed that IBD is a chronic and
idiopathic inflammatory condition affecting the gastrointestinal
system. It has also been linked to T2DM, according to various
studies (Zhao et al., 2021; Allin et al., 2022; Tseng, 2022). The
primary anatomical location of IBD is the large intestine, which
has the highest concentration of bacterial cells. Research conducted
on the gut microbiota in individuals with IBD around the globe has
revealed that dysbiosis, characterized by alterations in the
composition of intestinal bacteria, is associated with either an
increase or reduction in certain bacterial species inside the gut of
IBD patients (Al Bander et al., 2020). Alterations in microbial
homeostasis in the intestine have profound implications for local
and systemic immunity, hence significantly developing extra-
intestinal systemic disorders such as obesity, diabetes, and
atherosclerosis (Gill et al., 2022). Some epidemiological studies
showed the potential relationship between T2DM and IBD.
Villumsen et al. (2022)found that inflammatory bowel disease
would increase the risk of type 2 diabetes. Abrahami et al. (2018)
pointed out that the use of Dipeptidylpeptidase-4 inhibitors (DPP4i)
in T2DM was related to the increased risk of IBD, but (Kim et al.,
2015)reached the opposite conclusion that starting DPP4i in
T2 diabetes could reduce the risk of IBD. But, the causality of
these correlations has yet to be established. The presence of
unmeasured confounding and reverse causation in this
epidemiological research introduces bias, which poses challenges
to establishing causal inference. However, investigating a potential
causative relationship between IBD and T2DM might provide
valuable insights into specific biological mechanisms and
contribute to developing effective preventive measures. Mendelian
randomization (MR) is an epidemiological methodology that
addresses many biases commonly seen in observational research,
including reverse causality and confounding (Gagnon et al., 2023). It
also utilizes genetic variants strongly associated with the exposure
that satisfies certain assumptions as IVs to investigate the causal
relationship with an outcome. (Yin et al., 2022). Given that these
variations are assigned randomly during conception, this might
mitigate bias resulting from environmental confounders, provided
that MR is carried out appropriately. Therefore, the MR design may
be comparable to a randomized controlled trial. In this work, we use a
Mendelian randomization design to investigate the causal
relationship between a specific exposure (in this case, IBD) and
an outcome (in this case, T2DM) by utilizing an IVs approach, as

FIGURE 1
The study design and Mendelian randomization methods used in
the analysis.
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described in the aforementioned technique (Tseng, 2021). We
utilized bidirectional MR to investigate the presence of a causal
relationship between IBD and T2DM. This was accomplished using
summary data from the most extensive genome-wide association
studies (GWAS) conducted on European populations for the
aforementioned diseases.

Materials and methods

Overall study design

Initially, the summary statistics of genome-wide association
studies on IBD and T2DM were obtained from the GWAS
Catalog. Following this, an extensive bidirectional two-
sample MR analysis was conducted to examine the causal
associations between susceptibility to IBD and T2DM. In

the first phase of the analysis, the exposure variable was IBD,
whereas the outcome variable was T2DM. In the second
step, the exposure variable was T2DM, and the outcome
variable was IBD. Subsequently, we employed IBD as the
exposure while IBD and T2DM were considered the
outcomes for conducting a two-sample MR analysis. The
study design is depicted in Figure 1.

Data retrieval

Based on the search results of datasets from GWAS on IBD
(GCST003043), it had summary statistics for a total of 126,096 single
nucleotide polymorphism (SNP) (Liu et al., 2015). The present
GWAS meta-analysis investigation revealed datasets consisting of
34,652 individuals of European ancestry. A replication dataset was
included, comprising 6,543 individuals of East Asian descent,

TABLE 1 Information on instrumental variables (IVs) subjected to inflammatory bowel disease (IBD).

Rs number Chromosome Location Other allele Effect allele EAF p-value

rs10761659 10 62,685,804 A G 0.54 4.97E-53

rs11230563 11 61,008,737 C T 0.35 1.71E-14

rs1535 11 61,830,500 A G 0.33 2.78E-09

rs3184504 12 111,446,804 T C 0.51 1.29E-09

rs941823 13 40,439,840 T C 0.75 6.19E-13

rs17293632 15 67,150,258 C T 0.24 2.71E-20

rs744166 17 42,362,183 A G 0.42 1.14E-22

rs1292053 17 59,886,176 A G 0.44 9.89E-13

rs12720356 19 10,359,299 A C 0.09 4.13E-16

rs3806308 1 19,816,373 C T 0.38 1.08E-21

rs34856868 1 92,088,726 G A 0.03 9.80E-09

rs10800309 1 161,502,368 A G 0.66 6.16E-37

rs3024493 1 206,770,623 C A 0.16 1.65E-50

rs6074022 20 46,111,557 C T 0.75 8.32E-11

rs780094 2 27,518,370 T C 0.61 3.88E-15

rs7608910 2 60,977,721 A G 0.39 2.60E-36

rs1990760 2 162,267,541 C T 0.61 3.56E-10

rs406113 6 28,515,705 A C 0.32 4.06E-08

rs4151651 6 31,947,837 G A 0.03 1.13E-51

rs3807039 6 32,110,596 A C 0.11 9.67E-19

rs3806157 6 32,406,024 T G 0.35 3.28E-13

rs1847472 6 90,263,440 C A 0.34 6.63E-10

rs1182188 7 2,830,351 T C 0.30 1.08E-09

rs2108225 7 107,812,658 G A 0.44 1.27E-11

rs6651252 8 128,554,935 T C 0.13 9.08E-10

rs10758669 9 4,981,602 C A 0.65 4.70E-48
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890 individuals of Greater Middle Eastern origin (including Middle
Eastern, North African, or Persian populations), 51,988 individuals
of European descent, and 2,413 individuals of South Asian ancestry.
The GWAS dataset for T2DM (GCST007517) had summary
statistics for a total of 131,218 SNP (Mahajan et al., 2018). The
present GWAS meta-analysis was conducted on a sample of
298,957 people of European descent. The original publications
provide comprehensive information on recruiting techniques and
diagnostic criteria. The GWAS data utilized to analyze IBS
(Dönertaş et al., 2021). This dataset encompassed a total of
9,689,034 SNP derived from 484,598 samples. The data was
collected from the GWAS Catalog, specifically identified by the
data number GCST90038626. SNPs location information using the
human reference genome GRCH38 version. Information on

recruitment procedures and diagnostic criteria is detailed in the
original publications. Case-control association tests for IBD, IBS and
T2DM were performed in each group using a linear mixed model as
implemented in MMM (Pirinen et al., 2013). Moreover, as the
GWAS samples were independent, no overlap is observed
between the groups in GWAS populations.

Instrumental variable selection

The analysis focused on the genetic data from GWAS on IBD as
the exposure factor. Initially, the selection of suitable SNPs as IVs
was conducted by using the Bonferroni-corrected p-value obtained
from multiple testing, as well as a minimum allele frequency (MAF)

TABLE 2 Estimation of causal effect of IBD on T2DM with different MR methods.

Method Estimate Std error OR 95% CI p-value

Simple median −0.014 0.026 0.986 0.937 1.038 0.587

Weighted median −0.004 0.024 0.996 0.951 1.043 0.876

Penalized weighted median −0.002 0.023 0.998 0.953 1.045 0.926

IVW −0.052 0.036 0.950 0.885 1.019 0.152

Penalized IVW −0.007 0.017 0.993 0.961 1.027 0.691

Robust IVW −0.015 0.023 0.985 0.941 1.031 0.518

Penalized robust IVW −0.005 0.016 0.995 0.964 1.026 0.727

MR-Egger 0.064 0.088 1.066 0.898 1.266 0.464

Penalized MR-Egger 0.029 0.049 1.029 0.936 1.132 0.553

Robust MR-Egger 0.028 0.051 1.029 0.931 1.137 0.576

Penalized robust MR-Egger 0.029 0.033 1.030 0.966 1.098 0.368

* The ORs, express effects of liability to IBD, on T2DM, risk. OR, odds ratio; CI, confidence interval; MR, mendelian randomization.

FIGURE 2
Mendelian randomization scatter plot diagram of two samples of the causal effect of IBD on T2DM. The x-axis represents the genetic association
with IBD risk; the y-axis represents the genetic association with the risk of T2DM. Each line represents a diferent MR method. IBD, inflammatory bowel
disease; T2DM, Type 2 diabetes mellitus; MR, Mendelian randomization. No signifcant associations were detected.
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threshold (p < 5e-8, MAF >0.01) (Yuan et al., 2023a). Subsequently,
the genetic linkage coefficient of commonly occurring SNPs in the
European population reference panel (1000G phase III EUR), as
made available through the R package IEU GWAS, was employed to
exclude SNPs that exhibited strong linkage. This identification
process was carried out using a clumping window of 10,000 kb
and an r2 cutoff value of 0.001, as described in a prior study (Xiang
et al., 2021). Ultimately, SNPs that were present in both the exposure
and outcome GWAS summary statistics and had available data were
selected as the final instrumental variables (Table 1). The GWAS

summary statistical data for IVs is presented in Supplementary
Table S1. The reverse MR was assessed following the
same procedure.

Mendelian randomization (MR) analyses

The TwoSample MR R package was utilized for the bidirectional
two-sample MR (Li et al., 2022). We used IBD as the exposure and
T2DM as the outcome to build two-sample MR model. Then, to

FIGURE 3
Forest plots of causal effects for IBD on T2DM. Summary of the Mendelian randomization (MR) result derived from the inverse-variance weight, MR
Egger, and weighted median method, using the fixed effect common effect model.

TABLE 3 Heterogeneity test result on the IVW and MR Egger methods.

Method Q df p-value

MR Egger 116.8911959 24 3.46E-14

Inverse variance weighted 127.0651,513 25 1.23E-15

FIGURE 4
Funnel plot of Mendelian randomization results. Funnel plots for overall heterogeneity of MR estimates for the effect of IBD on T2DM. IVW, inverse-
variance weighted.
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integrate the influence of distinct IVs, the inverse variance weighted
(IVW) method was employed (Huang et al., 2022). The IVW
technique was mainly used for fundamental causal estimations,
which would yield the most accurate findings if all chosen SNPs
were acceptable IVs (Xu et al., 2022). For each SNP, the Wald ratio
was determined, and the individual effect of each SNP was meta-
analyzed using IVW to get the final beta estimate, which was
transformed into an OR (Alipour et al., 2022). To evaluate the
third MR assumption, the MR Egger analysis was applied to

identify any violations of IV assumptions owing to directional
horizontal pleiotropy (Luo et al., 2022). We use the mr_
pleiotropy_test function of R package TwoSampleMR (v0.5.7,
https://rdrr.io/github/MRCIEU/TwoSampleMR/) to test the
pleiotropy of SNPs.Cochran’s Q test assessed heterogeneity in the
IVW and MR Egger procedures. We use R package TwoSampleMR’s
MR_The heterogeneity function to calculate the Cochran’s Q statistic,
the following formula: Q � ∑jwj(β̂j − β̂)2(β̂j is the estimated
coefficient value obtained from the jth IV, wj is the corresponding

FIGURE 5
MR leave-one-out sensitivity analysis of T2DM to investigate the possibility of causal association driven by a particular SNP. Each black point
represents an inverse variance weightedmethod for estimating the causal effect of IBD on T2DM, excluding that particular instrumental variable from the
analysis. Redpoint represents the estimate using all instrumental variables. Horizontal lines denote 95% confidence intervals. OR, odds ratio; SD,
standard deviation.

TABLE 4 Estimation of causal effect of T2DM on IBD with different MR methods.

Method Estimate Std error OR 95% CI p-value

Simple median −0.112 0.076 0.894 0.770 1.039 0.143

Weighted median −0.104 0.077 0.901 0.774 1.048 0.178

Penalized weighted median −0.108 0.077 0.897 0.771 1.044 0.161

IVW −0.167 0.134 0.846 0.651 1.100 0.212

Penalized IVW −0.118 0.062 0.889 0.787 1.004 0.058

Robust IVW −0.103 0.156 0.902 0.665 1.224 0.509

Penalized robust IVW −0.103 0.095 0.902 0.749 1.086 0.276

MR-Egger 0.108 0.507 1.113 0.412 3.007 0.832

Penalized MR-Egger −0.192 0.232 0.826 0.524 1.300 0.409

Robust MR-Egger 0.123 0.482 1.131 0.440 2.909 0.798

Penalized robust MR-Egger −0.302 0.277 0.739 0.429 1.273 0.276

* The ORs, express effects of liability to T2DM, on IBD, risk. OR, odds ratio; CI, confidence interval; MR, mendelian randomization.
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weight, and β̂ is the pooled estimate value obtained by combining
IVW or MR Egger), where two Q statistics refer to IVW and MR
Egger with p-value <0.05 were deemed to be reliable. TheWeighted
Median regression method, calculates a weighted median of the
Wald ratio estimates and is robust to horizontal pleiotropic bias,
when the majority valid assumption holds. (Bowden et al., 2016). It
has been verified that the Weighted Median approach outperforms
the MR-Egger regression regarding lowering the type I error and
higher causal estimate power (Ding et al., 2023). Finally, a leave-
one-out (LOO) analysis was undertaken to determine whether any
particular SNP is disproportionately responsible for the outcome
of any MR study (Gao et al., 2023). Applying Bonferroni correction
for multiple testing, a p-value below 2.1E−03 was considered as
signifcant.

Post-GWAS analysis of type 2 diabetes-
associated SNPs

We expect to observe associations with genes involved in T2DM,
so we used FUMA to perform a functional mapping of genetic
associations to loci of the T2DM GWAS. Functional Mapping and
Annotation (FUMA) is a comprehensive approach that combines
positional mapping (Dai et al., 2022). The current study used
FUMA, Expression quantitative trait locus (eQTL) mapping, and
chromatin interaction mapping approaches, to perform precise
mapping of SNPs identified in GWAS for T2DM. SNPs that
exhibit a p-value less than 5e-8 are commonly referred to as tag
SNPs. These tag SNPs are then included in the FUMA system for
fine mapping (Cao et al., 2022).

FIGURE 6
MR scatter plot diagram of the causal effect of two samples of T2DM on IBD.

TABLE 5 Estimation of causal effect of IBS on IBD with different MR methods.

Method Estimate Std error OR 95% CI p-value

Simple median 4.023 2.693 55.880 0.285 1.095E+04 0.135

Weighted median 4.010 2.677 55.160 0.290 1.048E+04 0.134

Penalized weighted median 3.851 2.648 47.020 0.262 8.444E+03 0.146

IVW 2.750 6.916 15.638 0.000 1.204E+07 0.691

Penalized IVW 4.133 2.025 62.377 1.179 3.301E+03 0.041

Robust IVW 5.537 2.888 253.827 0.884 7.286E+04 0.055

Penalized robust IVW 4.277 2.188 72.045 0.989 5.247E+03 0.051

MR-Egger 20.071 16.965 5.207E+08 0.000 1.438E+23 0.237

Penalized MR-Egger 13.337 4.543 6.196E+05 84.123 4.564E+09 0.003

Robust MR-Egger 13.642 6.029 8.408E+05 6.201 1.140E+11 0.024

Penalized robust MR-Egger 14.198 5.371 1.466E+06 39.318 5.465E+10 0.008

* The ORs, express effects of liability to IBS, on IBD, risk. OR, odds ratio; CI, confidence interval; MR, mendelian randomization.
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Furthermore, the default parameters are utilized for position
mapping, eQTL mapping, and 3D Chromatin Interaction mapping.
The present study employed genes derived from fine mapping using
MAGMA software for enrichment analysis by enriching them in
various gene function sets and tissues, categorized based on GTEx’s
30 general tissues (Xu et al., 2023). Enrichment analysis (Gene Set
Enrichment Analysis, GSEA) determines if a group of genes appears
more frequently in a specific functional pathway than random
chance (Yang et al., 2023). Using the precise test method of
hypergeometric distribution, taking the enrichment analysis of
differential expression as an example, the p-value calculation

formula is: p � 1 − ∑x−1
j�0

M
j

( ) N −M
n − j

( )
N
n

( )
.Among them, N

represents the total number of genes, n represents the number of
differentially expressed genes, M represents the total number of genes
in the gene set, and j represents the number of differentially expressed
genes in the gene set. The tissue-specific expression of genes acquired
through fine mapping was examined using FUMA, utilizing the
30 general tissues provided by GTEx v8 (Yuan et al., 2023b).
Heatmaps depicting the variations in gene expression unique to
distinct tissues were produced and analyzed to identify
differentially generated (Li et al., 2023). In a manner akin to the
preceding enrichment analysis, additional functional datasets such as
Gene Ontology (GO) andKyoto Encyclopedia of Genes and Genomes
(KEGG) were incorporated (Zhang et al., 2023). Integrating the
GWAS Catalog into FUMA enhances the enrichment of identified
genes within several biological functional modules and pathways. The
objective is to ascertain the presence of functional modules within the

FIGURE 7
MR Scatter plot diagram of two samples of the causal Effect of IBS on IBD.

TABLE 6 Estimation of causal effect of IBS on T2DM with different MR methods.

Method Estimate Std error OR 95% CI p-value

Simple median −3.573 1.988 0.028 0.001 1.380 0.072

Weighted median −3.601 1.992 0.027 0.001 1.354 0.071

Penalized weighted median −3.657 2.011 0.026 0.001 1.330 0.069

IVW −3.082 2.205 0.046 0.001 3.458 0.162

Penalized IVW −1.508 1.386 0.221 0.015 3.349 0.277

Robust IVW −2.213 1.891 0.109 0.003 4.455 0.242

Penalized robust IVW −2.420 2.131 0.089 0.001 5.791 0.256

MR-Egger −1.826 5.229 0.161 0.000 4.54E+3 0.727

Penalized MR-Egger −0.002 0.007 0.998 0.984 1.013 0.790

Robust MR-Egger −5.690 3.239 0.003 0.000 1.932 0.079

Penalized robust MR-Egger 0.007 0.005 1.007 0.998 1.016 0.676

* The ORs, express effects of liability to IBS, on T2DM, risk. OR, odds ratio; CI, confidence interval; MR, mendelian randomization.
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gene set linked to T2DM and their potential correlations with other
diseases or phenotypes.

Results

The IVW analysis yielded findings indicating that the
susceptibility to IBD does not have an impact on the risk of
T2DM. These results align with the outcomes obtained by other
MR techniques, such as MR Egger and weighted median, as presented
in Table 2 and Figure 2. Table 2 displays the outcomes of the MR
analyses that examined the causal association between IBD and
T2DM. Correspondingly, Figure 2 presents scatter plots illustrating
these findings. Based on the findings shown in Table 2 and Figure 2, it
is evident that none of the approaches yielded statistically significant
causal estimates when employing a significance level of 0.05. This

finding can also be observed through implementing Forest Plots
(Figure 3). Furthermore, the positive and negative values produced
by different methods exhibited variability. In addition, the MR-Egger,
the Penalized MR-Egger, the Robust MR-Egger, and the Penalized
robust MR-Egger methods showed consistent positive results.
Conversely, the Simple median, the Weighted median, the
Penalized weighted median, the IVW, the Penalized IVW, the
Robust IVW, and the Penalized robust IVW methods showed
consistent negative results. The results indicate that there may be
pleiotropy or heterogeneity among the Instrumental Variable used for
MR Egger and IVW analysis. All in all, Mendelian randomization of
two samples shows that MR analysis is insufficient to support the
causal effect of IBD on T2DM.

Sensitivity studies were conducted to identify the potential
existence of horizontal pleiotropy. To validate the reliability of
the aforementioned study findings, a sensitivity analysis was

FIGURE 8
MR Scatter plot Diagram of Two Samples of the Causal Effect of IBS on T2DM.

FIGURE 9
The GWAS Manhattan map of gene based for T2DM.
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performed following the methodology outlined in the methods
section. Initially, a pleiotropy test was performed, yielding a test
statistic of p = 0.161,304, which is above the conventional
significance threshold of 0.05. This outcome suggests no
substantial pleiotropy, hence validating the choice of IV.
Additionally, heterogeneity tests were performed on the IVW
and MR Egger techniques, and the outcomes are presented in
Table 3. Based on the outcomes of the heterogeneity test
presented in Table 3, it was found that there was a notable
presence of heterogeneity among the chosen instrumental factors
(p < 0.05). Confirming this finding can also be observed through the
funnel plot (Figure 4). These visual representations demonstrate that
the estimated values derived from each SNP exhibit an asymmetrical
distribution on both ends of the combined estimate. Additionally,
there is a notable and statistically significant rightward deviation in
the merged estimate.

Finally, a sensitivity analysis was performed on the retention
method. After iteratively removing individual SNP one by one, the
estimated forest plot was obtained via IVW (Figure 5). As depicted
in Figure 5, the estimation results after removing a single SNP are
relatively stable and exhibit minor changes after the exclusion of a
single SNP. Moreover, the causal estimates derived from the IVW
method, after the removal of each SNP, do not demonstrate
statistical significance, further supporting our previous
conclusion. In summary, this Mendelian randomisation study
provides support for the absence of a substantial causal link
between IBD and T2DM.

The screening criteria for IVs were kept unchanged as described
in the Methods section, resulting in 20 IVs (Supplementary Table
S2). The outcomes acquired by the use of identical 11 MR techniques
are presented in Table 4 and Figure 6. The lack of statistical
significance and inconsistent positive and negative values of the
predicted coefficients produced by all MR techniques can be
observed in Table 4 and Figure 6. The aggregation of findings
from many methodologies reveals that using MR analysis alone
does not provide sufficient evidence to establish a causal relationship
between T2DM and IBD.

The present study employed irritable bowel syndrome (IBS) as
the exposure variable while considering IBD and T2DM as the
outcome variables to conduct a two-sample analysis. The
Supplementary Material containing the MR imaging data for IBS
in IBD can be accessed in Supplementary Table S3. The causative
estimates derived from these data are presented in Table 5 and
Figure 7. The acquired estimated values using several enhanced MR
Egger techniques demonstrate statistical significance, suggesting a
causal relationship between IBS and IBD.

The data used for MR imaging of IBS in T2DM can be found in
Supplementary Table S4. The resulting causal estimates derived
from this data are presented in Table 6 and Figure 8. It is evident that
despite the negative estimated values derived from different
methodologies, they lack statistical significance. Consequently,
asserting that IBS may have a substantial causal impact on
T2DM is unacceptable.

FUMA, a web-based bioinformatics tool that uses a combination
of positional, eQTL and chromatin interaction mapping to prioritize
likely causal variants and genes. The approach involved utilizing the
acquired GWAS summary data for T2DM to conduct fine positional
and functional analysis using the FUMA of the GWAS tool. TheT
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GWAS Manhattan map, which is based on genes, revealed the
identification of four highly significant genes related to T2DM
(Figure 9, Supplementary Table S4). FUMA precisely mapped
22 protein-coding genes utilizing significant SNPs acquired from
GWAS. Table 7 displays the top 10 most significant gene sets
enriched by the localized genes using MAGMA’s gene set
enrichment analysis. The utilization of MAGMA to enhance the
inclusion of genes into various tissues, predicated on their
respective expression activity, is demonstrated in Figure 10.
Several genes associated with T2DM do not exhibit notable
tissue specificity. To further investigate the tissue-specific
expression patterns of the genes linked with T2DM, we
generated a heat map depicting their expression levels across

various tissues (Figure 11). Additionally, we performed an
enrichment analysis to assess the differential expression of these
genes in distinct tissues (Figure 12). In line with the findings of
MAGMA analysis, the genes associated with T2DM identified by
fine mapping did not exhibit statistically significant variations in
tissue-specific expression.

This research utilizes publicly available GWAS summary
information to examine the causal association between IBD, IBS,
and T2DM using an MR method. Mendel’s randomized analysis
revealed that the available data did not provide substantial support
for a significant causal relationship between IBD and T2DM.
Furthermore, the analysis did not find sufficient evidence to
suggest a causal relationship between T2DM and IBD.

FIGURE 10
Expression of MAGMA gene in 30 general tissues.

FIGURE 11
Expression heatmap of 22 fine mapped genes in 30 general tissues.
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Discussion

This was the first study to investigate the bidirectional causal
association between IBD and T2DM using a comprehensive
bidirectional two-sample MR analysis method. The results of
the two-sample MR analysis did not provide any evidence to
substantiate the association between genetically predicted IBD
and T2DM in individuals of European ancestry. The findings
from the reverse MR investigation also indicated a lack of
evidence supporting a relationship between genetic
susceptibility to T2DM and IBD. It is implying that the
reported epidemiological associations of T2DM and IBD could
be the result of unmeasured confounding factors or shared
genetic architecture. To differentiate between an actual
negative outcome and a potential lack of validity in the MR
investigations, many sensitivity analyses were conducted to verify
the fulfillment of the 3 MR assumptions. Given the consistency of
our MR fndings across these diferent methods, we are confdent
about the validity of our MR analyses to exclude moderate to
large causal efects of the exposures on the outcomes. These

analyses effectively rule out the presence of substantial causal
effects of the exposures on the outcomes under investigation.
Previous epidemiological studies that noted a link between IBD
and T2DM have been undertaken (Kim et al., 2015; Abrahami
et al., 2018; Villumsen et al., 2022). The results of the current
study oppose an observational study by Abdo Jurjus et al.,
2015 supporting an association between liability to IBD and
increased risk of T2DM (Jurjus et al., 2015). Benchimol EI
et al., 2015 conducted a thorough investigation to examine the
genetic link between IBD and T2DM. The findings of that study
revealed a favorable genetic correlation between these two
conditions. The pathogenesis of IBD is complex and involves
several factors. It is characterized by chronic and extensive
inflammation in the gastrointestinal tract and an imbalance in
the gut microbiota. This dysbiosis leads to the upregulation of
various pro-inflammatory mediators and biomolecules,
ultimately contributing to the development of T2DM
(Benchimol et al., 2015). One plausible explanation for the
observed correlations between IBD and T2DM, as indicated by
our MR results, is the presence of pleiotropy in the lack of a causal

FIGURE 12
Enrichment testing of differentially expressed genes in 30 general tissues.
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relationship. In this study, we employed IBS as the exposure
variable, while considering IBD and T2DM as the outcome
variables to conduct a two-sample analysis. The results
obtained using several improved MR Egger methodologies
provide statistical significance (1.08; 95% CI, 1.03–1.12),
suggesting a causative relationship between IBS and IBD. In a
recent study, (Chen et al., 2023), showed an association between
T2DM and IBS (1.08; 95% CI, 1.03–1.12). However, no
substantial evidence supports a causal relationship between
IBS and T2DM in our study. The differences in study results
may be related to the sources of Biobank data.

In summary, the findings of the present investigation did not
establish a direct relationship between genetically predicted IBD
and T2DM. Similarly, there was no evidence of a causative
association between genetically predicted T2DM and IBD. A
potential association between IBD and T2DM may exist,
wherein the gut microbiota might serve as a connecting
factor. In a comparative study, untargeted metabolomics and
shotgun metagenomic profiling were conducted on cross-
sectional stool samples from two cohorts: a discovery cohort
of 155 patients and a validation cohort of 65 patients. The
patients in these cohorts were diagnosed with either Crohn’s
disease (CD), ulcerative colitis (UC), or non-IBD controls. The
study revealed enrichments of sphingolipids and bile acids and
depletions of triacylglycerol and tetrapyrrole in these patients
(Franzosa et al., 2019). Patients diagnosed with IBD exhibit a
decrease in bacterial diversity and abundance compared to
persons without the condition. This decrease is accompanied
by an increase in the presence of Firmicutes and Bacteroidetes,
which is comparable to the microbial composition observed in
certain cases of T2DM (Quaglio et al., 2022; Lim et al., 2023).
Numerous investigations have elucidated the role of ceramides
and other sphingolipids in impeding the insulin-signaling
pathway in skeletal muscles and the liver, contributing to
insulin resistance and T2DM (Roszczyc-Owsiejczuk and
Zabielski, 2021). Furthermore, a recent study has indicated
that an increase in bile acids may result in an imbalance in
the gut microbiota in T2DM model rats (Tawulie et al., 2023).
The findings of this study provide evidence in favor of the notion
that alterations in the composition of the intestinal microbiota
and its associated metabolic profile in individuals with IBD may
contribute to an elevated susceptibility to developing T2DM.

There are various limitations inherent in the current
investigation. The study conducted in this research is based
on European population data, and it is important to note that the
findings should not be extrapolated to other populations.
Furthermore, a number of our MR analyses were hindered by
insufficient statistical power to identify subtle effects. This may
be attributed to either the restricted variability of the exposures
described by the SNP instruments or the low sizes of the
outcome GWAS samples. The exclusion of ambiguous or
palindromic SNPs from our MR instruments may have had
further implications for the statistical power of this MR
research. The utilization of comprehensive summary data
from large-scale GWAS pertaining to IBD and T2DM is
expected to enhance the statistical power of future MR
investigations in identifying potential connections.

Additionally, it is imperative to do a comprehensive
multivariable MR study that encompasses IBD, T2DM, and
gut microbiota.
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