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Background: Irritable bowel syndrome (IBS) significantly impacts individuals due to its prevalence and negative effect on quality of
life. Current genome-wide association studies (GWAS) have only identified a small number of crucial single nucleotide polymorphisms
(SNPs), not fully elucidating IBS’s pathogenesis.
Objective: To identify genomic loci at which common genetic variation influences IBS susceptibility.
Methods: Combining independent cohorts that in total comprise 65 840 cases of IBS and 788 652 controls, the authors performed
a meta-analysis of genome-wide association studies (GWAS) of IBS. The authors also carried out gene mapping and pathway
enrichment to gain insights into the underlying genes and pathways through which the associated loci contribute to disease
susceptibility. Furthermore, the authors performed transcriptome analysis to deepen their understanding. IBS risk models were
developed by combining clinical/lifestyle risk factors with polygenic risk scores (PRS) derived from the GWAS meta-analysis. The
authors detect the phenotype association for IBS utilizing PRS-based phenome-wide association (PheWAS) analyses, linkage
disequilibrium score regression, and Mendelian randomization.
Results: The GWAS meta-analysis identified 10 IBS risk loci, seven of which were novel (rs12755507, rs34209273, rs34365748,
rs67427799, rs2587363, rs13321176, rs1546559). Multiple methods identified nine promising IBS candidate gene (PRRC2A,
COP1, CADM2, LRP1B, SUGT1, MED12L, P2RY14, PHF2, SHISA6) at 10 GWAS loci. Transcriptome validation also revealed
differential expression of these genes. Phenome-wide associations between PRS-IBS and nine traits (neuroticism, diaphragmatic
hernia, asthma, diverticulosis, cholelithiasis, depression, insomnia, COPD, and BMI) were identified. The six diseases (asthma,
diaphragmatic hernia, diverticulosis, insomnia major depressive disorder and neuroticism) were found to show genetic association
with IBS and only major depressive disorder and neuroticism were found to show causality with IBS.
Conclusion: The authors identified seven novel risk loci for IBS and highlighted the substantial influence on genetic risk harbored.
The authors’ findings offer novel insights into etiology and phenotypic association of IBS and lay the foundation for therapeutic targets
and interventional strategies.
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Introduction

Irritable bowel syndrome (IBS) typically manifests during early
adulthood with symptoms such as abdominal discomfort,
bloating, and bowel irregularities[1]. The recently updated Rome
IV criteria define IBS as unexplained abdominal discomfort or
pain relieved by bowel movements, accompanied by changes in
stool consistency or frequency, persisting for more than six
months[2]. The prevalence of IBS is estimated to be ~0–15%,
making it a leading cause of work-related absenteeism[2]. Almost
half of all gastroenterology clinic referrals are due to IBS[3].
Taking into account both direct and indirect expenses associated
with IBS, the financial strain is immense, totaling a minimum of
€13 billion (£11.7 billion) annually across Europe[4]. Given its
high prevalence, significant impact, and economic cost, there is an
urgent need for a better understanding of its pathophysiology to
facilitate improved therapeutic approaches.

IBS lacking concrete pathology upon clinical or laboratory
analysis[2,5]. The diagnosis of IBS is made by identifying char-
acteristic symptoms, as defined by the Rome criteria, and
excluding organic gastrointestinal diseases that might otherwise
explain these symptoms. An important issue that clinicians face is
how to diagnose and treat patients when there exists a co-
occurrence between IBS and other diseases. However, the
complex associations are unclear. For example, a Swedish
population-based case-control study found that the presence of
symptomatic uncomplicated diverticular disease was associated
with increased abdominal pain and IBSD type symptoms. By
contrast, a case-control study from the USA found no association
between the presence (or number) of colonic diverticulosis and
mucosal inflammation or gastrointestinal symptoms[6]. Hence, a
clearer understanding of IBS is essential in identifying the con-
dition when it presents alongside various other symptoms.
Addressing these clinically relevant and frequently encountered
questions can be facilitated by an enhanced comprehension that
IBS is unlikely to be solely a somatosensory disorder[7].

A family study demonstrated that individuals with an affected
relative were two to three times to develop IBS[8]. Furthermore, a
comprehensive survey across Sweden indicated a heightened risk
of IBS in first, second, and third-degree relatives of those with the
disease[9]. Heritability estimates derived from twin research show
a vast range, spanning from 0 to 57%[8]. As of now, a limited
number of genomic regions have been linked to IBS through
genome-wide association studies (GWAS)[10–12], leaving much of
the heritable component associated with common genetic varia-
tions yet to be discovered[13–15]. Identifying genomic risk factors
for complex traits like IBS is challenging due to their polygenic
architecture, demanding very large sample sizes to identify
genetic variants with subtle effects[16]. Thus, larger datasets are
essential to fully unravel the heritable components of IBS.

To enhance our understanding of IBS’s genetic framework and
identify additional genomic locations influencing disease sus-
ceptibility, we conducted a meta-analysis of genome-wide asso-
ciation studies (GWAS) of IBS in three independent cohorts that
in total comprise 65 840 cases of IBS and 788 652 controls.
Subsequently, we integrated gene mapping and pathway enrich-
ments to gain insights into the genetic and biological mechanisms
that underlie the significant loci. Finally, we examined the con-
nections between the genetic structure of IBS and various other
traits.

Methods

Study design

The design flow chart is shown in Figure 1. The work has been
reported in accordance with the STROCSS, Supplemental Digital
Content 1, http://links.lww.com/JS9/D336 criteria[17] and in line
with the STARD, Supplemental Digital Content 2, http://links.
lww.com/JS9/D337 (Standards for the Reporting of Diagnostic
accuracy studies) criteria.

Cohorts

Data were acquired from three distinct datasets, totaling 65 840
cases of IBS and 788 652 control subjects in the primary GWAS.
We combined GWAS summary data from Finngen, UKB/
Bellygenes, and the Resource for Genetic Epidemiology Research
on Aging (GERA). The diagnosis of IBS in these cohorts is based
on ICD-9 or ICD-10 codes. Specifically, the Finngen project
identified IBS cases using hospital or registry records with ICD-9 or
ICD-10 coding. In the UKB/Bellygenes cohort, IBS cases were
identified based on digestive health questionnaire (DHQ) Rome III
symptom data, self-reported previous medical IBS diagnoses, or
electronic medical records. Data for the GERA cohort were
derived from ICD-9 coded diagnoses in Kaiser Permanente’s
electronic medical records (Supplementary Table S1, Supplemental
Digital Content 3, http://links.lww.com/JS9/D338). Post-regres-
sion quality control (QC) procedures were conducted using
EasyQC[18]. In this process, datasets were compared to the 1000
Genomes reference panel, excluding variants showing an allele
frequency deviation beyond 0.2 when compared to the reference.
A meta-analysis was performed, adopting the fixed-effect inverse-
variance-weighted approach with METAL[19], including only
variants appearing in a minimum of two datasets out of three in

HIGHLIGHTS

• We using the largest dataset to perform GWAS meta-
analysis. A total of 10 risk single nucleotide polymorph-
isms (SNPs) were identified for IBS and seven risk SNPs
were firstly identified (rs12755507, rs34209273,
rs34365748, rs67427799, rs2587363, rs13321176,
rs1546559).

• Nine functional genes associated with IBS (PHF2,
MED12L, LRP1B, COP1, PRRC2A, MED12L,
P2RY14, CAMD2) were identified. The knock-out model
provided evidence for the associations between IBS and
phenotypic changes in the respiratory, digestive, nervous
systems, and lipid metabolism.

• Our study performed PRS-based PheWAS analysis and
identified phenotypic associations between IBS and nine
traits (neuroticism, diaphragmatic hernia, asthma, diverti-
culosis, cholelithiasis, depression, insomnia, COPD,
and BMI).

• Mendelian Randomization analysis provided a more accu-
rate demonstration of the causality between IBS and major
depressive disorder, as well as neuroticism, and corrected
the biases observed in previous studies concerning the
association of IBS with other diseases, including diaphrag-
matic hernia, diverticulosis, asthma, and COPD, using the
most strongly associated SNPs.
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the final meta-analysis. We computed genomic inflation factors
and LDSC intercept calculations for every individual cohort and
the comprehensive meta-analysis[20]. We plotted theManhattan to
visualize the results using R package “CMplot”[21].

Locus definition/LD clumping

Linkage disequilibrium (LD) clumping was used to identify the
positions of loci containing IBS-associated variants. We identify
independently significant SNPs using this thread: 1 Mb window
(–clump-kb 1000) and a stringent LD threshold (–r2 0.001). We
set the significance threshold at P<5× 10−8).

Gene mapping

We employed three primary methods for gene mapping. Firstly,
PoPS, a gene prioritization tool reliant on similarity, was engaged
to discern potential causal genes, integrating GWAS summary
statistics, gene expression data, biological pathways, and pre-
dicted protein-protein interaction insights from a comprehensive
set of over 50 000 features[22]. For gene prioritization with PoPS,
gene-level association statistics and correlations amongst genes
were initially calculated, drawing from our IBS summary statis-
tics and employing MAGMA[23], followed by gathering LD
estimates from 1000 Genomes European samples. We subse-
quently performed enrichment analyses of gene features. Finally,
PoPS scores were calculated for each gene, fitting a joint model for
all feature enrichments, and potential candidate genes need PoPS
z-scores surpassing 0.25. When two genes within the same
genomic locus both had z-scores above 0.25, priority was given to

the gene with the highest PoPS score. Secondly, we traced lead
variants or those in significant linkage disequilibrium (r2> 0.8)
anticipated to impact protein-coding or splicing, using Variant
Effect Predictor (VEP)[24]. Thirdly, we linked lead variants from
each risk locus to genes utilizing eQTL data derived from GTEx
version 8, covering tissues like nerve, lung, and whole blood,
using Functional Mapping and Annotation of Genetic
Associations (FUMA) application[25,26].

Pathway analysis

TheMAGMA analyses were performed using the default settings
of FUMA[23,25] to conduct pathway analyses, employing data
from 1000 Genomes Phase 3 as the LD reference and incorpor-
ating 15,485 pathways from MsigDB version 7.0[27].

Querying the MGI database

We accessed the Mouse Genome Informatics (MGI) resource at
http://www.informatics.jax.org/ to retrieve all candidate genes
from our novel GWAS hits list. MGI employs standardized
nomenclature and controlled vocabularies, which include the
Mouse Developmental Anatomy Ontology, the Mammalian
Phenotype Ontology, and the Gene Ontologies. Since MGI
compiles and organizes data from primary literature sources, we
systematically reviewed all reported systemic abnormalities
associated with models related to the queried genes[28]. To gain
a deeper understanding of the association between IBS and
other phenotypes, we conducted manual curation of these
abnormalities.

Figure 1. Study design and workflow. GWAS, genome-wide association studies.
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Transcriptome validation

We selected bulk sequencing data from the GEO dataset
(GSE36701), which includes data from 18 constipation-
predominant IBS subjects (IBS-C), 27 diarrhea-predominant IBS
subjects (IBS-D), 21 individuals with Campylobacter jejuni
infection, and 40 healthy volunteers (HV)[29]. Then, we visualized
the results of the differential analysis using R with the “ggplot2”
(https://ggplot2.tidyverse.org) and “ggpubr” (https://rpkgs.data
novia.com/ggpubr/) packages.

PRS calculations

For the construction of an Polygenic Risk Score (PRS) for IBS, a
meta-analysis was performed excluding the UKB as our discovery
sample. This analysis resulted in 29 270 cases and 383 647
controls. Our main aim was to pinpoint the effect magnitude of
genetic variants, which showed a nominal association to the
disease, based on an established P value and allele risk weighting.
We derived our target sample from the UKB, consisting of
412 917 individuals. We excluded those who were outliers due to
heterozygosity, had a variant call rate less than 99%, or
demonstrated relatedness up to the third degree with kinship
coefficients greater than 0.044, as computed with the ukbtools
packages in R[30]. Additionally, we ruled out variants exhibiting a
call rate of less than 99%, a minor allele frequency under 0.01,
deviation from Hardy-Weinberg equilibrium with P value less
than 10−6, or those on an ambiguous strand. After employing LD
clumping with a threshold of r2 less than 0.1 in a 250 kb window,
using the previously mentioned LD reference, 12 462 SNPs
remained that demonstrated relative independence for PRS
calculation.

In our target sample, we computed PRS for IBS as the sum of
imputed SNP dosages weighted by allele effects (logistic regres-
sion coefficients) from the discovery set across all SNPs,
employing P value thresholds of 1× 10 −3, 0.05, 0.1, 0.2, 0.3, 0.4,
and 0.5, respectively. PRS profiling was performed using PLINK
(version 1.9)[31,32]. All scores were standardized within each
target set to account for variations in the number of SNPs used for
PRS calculation. Subsequently, we assessed associations using
logistic regression in R (version 4.2.0). Starting from a low P
value threshold moving up to P value 0.5, an optimal P value
threshold with the highest explained variance was identified
calculated by comparing the variance of a full model that inclu-
ded the PRS-IBS with a baseline model that consisting of sex, age,
and the first four PCs[33].

PRS evaluation

Firstly, validate if these findings are applicable to IBS, a com-
parative analysis was conducted between individuals with a PRS
exceeding the 90th percentile and the rest within the score dis-
tribution. This analysis encompassed 29 270 IBS patients and
383 647 control participants from the UKB, employing logistic
regression while adjusting for variables including age, sex, and
the initial four Principal Components (PCs). Secondly, we esti-
mated the incremental variance explained (r2) by the PRS-IBS and
compared it to a PRS based on the five lead SNPs. The difference
between comprehensive model (including PRS, gender, age, and
four PCs and a null model (containing only age, gender, and four
PCs) were detected, after we estimated the variance explained on
the observed scale by calculating Nagelkerke’s r2. Additionally,

we assessed the potential improvement in participant dis-
crimination and reclassification by the PRS-IBS. The dis-
criminative ability of PRS-IBS was compared with non-genetic
risk factors associated with IBS, using the AUC metric. After
iteratively incorporating risk factors, we quantified the change in
AUC relative to a baseline model that included age, sex, and the
first four PCs. The calculation of the area under the curve (AUC)
was performed using the pROC package in R[33].

PRS-based PheWAS

We conducted a phenome-wide association analyses (PheWAS)
for the PRS-IBS with 27 traits, concentrating on diseases per-
taining to the digestive tract, mental health, cardiovascular sys-
tem, and respiratory organs. Logistic regressionwas performed to
analyze. All models were adjusted for sex, age and the first four
PCs. To avoid false positives, FDR correction was performed[34]

and a corrected FDR-P value less than 0.05 was considered to be
statistically significant.

Genetic correlation

Genetic correlation estimates using LDSC (V.1.0.1)[20,35] to
analyze the genetic correlation between IBS and those positive
binary and quantitative traits in the PheWAS. Given that many of
the examined traits incorporated data from the UK Biobank, we
conducted a meta-analysis for all our IBS cohorts, excluding the
UKB dataset, to ensure non-overlapping samples. For the analysis
of other traits, we utilized data from the UK Biobank. The pro-
vided LD scores were used, as they are appropriate for the
European population. All parameters were used in default
settings.

Mendelian randomization

Mendelian randomization (MR) was used to infer causality for
those positive results in PheWAS following the Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE)
statement[36].To prevent overlap and ensure larger sample sets,
we adopted several strategies. First, we deliberately selected dif-
ferent datasets for each outcome to avoid duplication. Second, for
traits exclusively available in the UK Biobank cohort, we con-
ducted a meta-analysis of all IBS cohorts, excluding the UK
Biobank sample set. Third, for traits only present in the GERA
cohort, we performed a meta-analysis of all our IBS cohorts,
except the GERA sample set. Genetic instruments were identified
from the papers referenced above and used in LDSR. The R
package “TwoSampleMR”[37] was used to perform the analyses.
We set the significance threshold (P≤5× 10− 8) to get the SNPs
for IBS. If the SNPs less than 2 SNPs to perform inverse variance-
weighted model, we relaxed the significance threshold
(P≤ 5× 10− 6) to make sure get the enough SNPs for IBS.
Subsequently, we calculated F-statistics (F= beta.exposure2/se.
exposure2), selecting only those with F greater than 10. In our
foundational analyses leveraging the inverse variance-weighted
model, we established a significance threshold for associations at
P less than 5.56× 10 −3, whereas in our weighted median sensi-
tivity analyses, a P value under 0.05 was considered significant.
The pleiotropy were detect MR–Egger–intercept (P≥0.05) and
“MR-PRESSO”

[38]. We also removed genes that suggested
greater variance than exposure using Steiger filtering.
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Results

GWAS risk loci

We selected SNPs that were present in at least two GWAS studies,
ultimately resulting in a new GWAS summary including
7 322 892 SNPs. The LDSC intercept was 1.0179 (se=0.0085),
suggesting that most of the inflation is due to IBS polygenicity
(Supplementary Table S2, Supplemental Digital Content 3, http://
links.lww.com/JS9/D338). We observe association at three pre-
viously reported IBS susceptibility loci (rs2736155, rs1248825,
rs10156602) and seven novel IBS susceptibility loci (rs12755507,
rs34209273, rs34365748, rs67427799, rs2587363, rs13321176,
rs1546559) using these thread P less than 5×10−8 (Fig. 2,
Table 1, Supplementary Table S3, Supplemental Digital Content
3, http://links.lww.com/JS9/D338).

Gene set

We used three main methods to identify the potential genes: PoPS,
Variant Effect Predictor and eQTL. Using PoPS (Supplementary
Table S4, Supplemental Digital Content 3, http://links.lww.com/
JS9/D338), we initially conducted Pops analysis and identified five
genes (PHF2, MED12L, LRP1B, COP1, PRRC2A) using the
human tissue panel dataset with PoPS z >0.25. In addition, the
VEP analysis identified nine genes associated with these SNPs.
Notably, the SNPs rs2736155 and rs13321176 were found to
be associated with multiple genes (Supplementary Table S5,
Supplemental Digital Content 3, http://links.lww.com/JS9/D338).
We also mapped 12 genes with eQTL (including gut-related tis-
sues and other reported associated tissues) to get more stability
association with genes (Supplementary Table S6, Supplemental
Digital Content 3, http://links.lww.com/JS9/D338). Ultimately,
synthesizing evidence from these three lines of analysis, we iden-
tified nine candidate genes including PRRC2A, COP1, CADM2,
LRP1B, SUGT1, MED12L, P2RY14, PHF2, SHISA6 (Table 1).

We performed the gene set enrichment analysis to gain insight into
the biological mechanisms, particularly their influence on neuro-
system-related biological processes such as the negative regulation
of embryonic development, regulation of multicellular organismal
development, migration of glial cells in the telencephalon, devel-
opment of the cerebral cortex. (Supplementary Table S7,
Supplemental Digital Content 3, http://links.lww.com/JS9/D338).

Mouse knock-outmodels for novel genes identified byGWAS

We queried for knock-out (KO) mouse models, using the Mouse
Genomics (MGI) resource, for evidence that modification of the
target produces a phenotype relevant to IBS. In nine potential risk
genes, we retrieved evidence for the association with the gut-
organ axis such as decreased airway responsiveness, abnormal
brain morphology, decreased white fat cell number, impaired
spatial learning and impaired gastric peristalsis, suggesting an
intrinsic role in the gut-organ Axis (Supplementary Table S8,
Supplemental Digital Content 3, http://links.lww.com/JS9/
D338). Additionally, transcriptome validation provided further
evidence supporting the functional relevance of our identified
genes (Supplementary Figure S1, Supplemental Digital Content 3,
http://links.lww.com/JS9/D338).

PRS and IBS risk prediction

The PRS-IBS comprised approximately 12 462 SNPs and
underwent association testing in a cohort of 29 270 IBS cases and
383 647 controls from the UK Biobank. To contextualize the
PRS-IBS in a clinical context, we compared the risk associated
with different levels of high PRS (> 90th percentile) against the
remainder. Individuals in the highest PRS-IBS decile exhibited an
elevated risk of developing IBS, with an odds ratio (OR) of 1.105
(95% CI 1.063–1.149, P=3.20× 10 −7). Additionally, we
observed that the 90th percentile of the PRS, using the lead SNPs
associated with IBS risk, was also linked to an increased risk of

Figure 2. Manhattan plot showing genome-wide significant loci associated with IBS (65 840 cases of IBS and 788 652 control). Genome-wide significance
threshold (P=5×10−8).
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IBS (OR =1.076, 95% CI 1.035–1.118, P=0.0002). These
findings remained consistent when adjusting for ten or twenty
PCs compared to a model with four PCs (Supplementary Table 9,
Supplemental Digital Content 3, http://links.lww.com/JS9/
D338). We estimated phenotypic variance explained (r2) for the
new PRS-IBS relative to a 5-SNP PRS derived from lead SNPs
from this study. We observed that the PRS-IBS explained the
higher proportion of phenotypic variation (Supplementary
Table 10, Supplemental Digital Content 3, http://links.lww.com/
JS9/D338). By analyzing the supplementary predictive capacity of
distinct demographic and clinical risk factors for IBS, we deter-
mined that the inclusion of PRS-IBS enhanced IBS prediction in a
model that considered all other IBS risk factors (AUC-risk fac-
tors=0.6987 vs. AUC-risk factors + PRS=0.6990, delta-
AUC+0.0012, 95% CI 0.00008–0.0004, P=0.006).

Phenotypic and causal relationship with selected traits

PheWAS results for the PRS-IBS and 27 traits were shown in
Figure 3A and Supplementary Table S11, Supplemental Digital
Content 3, http://links.lww.com/JS9/D338. Notable associations
were observed in neuroticism, diaphragmatic hernia, asthma,
diverticulosis, cholelithiasis, depression, insomnia, COPD, and
BMI.We further detected the genetic correlation using LDSC and
found strong genetic correlation between IBS and neuroticism,
diaphragmatic hernia, asthma, diverticulosis, depression and
insomnia (Fig. 3Band Supplementary Table S12, Supplemental
Digital Content 3, http://links.lww.com/JS9/D338). Finally, we
revealed the causality between IBS and neuroticism and depres-
sion using mendelian randomization (Fig. 4 and Supplementary
Table S13, Supplemental Digital Content 3, http://links.lww.
com/JS9/D338). All GWAS summary data details are in
Supplementary Table S14, Supplemental Digital Content 3,
http://links.lww.com/JS9/D338.

Discussion

The present study is the largest GWAS meta-analysis of IBS
concluding 65 840 cases of IBS and 788 652 controls, identifying
10 IBS risk loci, seven of which are entirely novel. Combing PRS-
based PheWAS analysis, we detected the underlying pleiotropic
associations between IBS and nine traits, which might provide
new biological insights in shared genetic architecture. Further, we
found more stable causality between genetically predicted IBS
with these traits. Therefore, our findings suggest a focus on the
comorbidity of IBS, including the diagnosis and treatment of
these comorbidities. In discussion,

In the seven newly identified IBS risk loci, we found seven
candidate genes significantly associated with IBS. An altered
crosstalk between gut microbiota and the immune system has
been discussed in IBS[39]. SUGT1(suppressor of G2 allele of skp1,
rs2587363) was identified with the intestinal antibacterial gene
and more highly expressed in immune normal IBS patients
compared to healthy subjects[40], which is important for chronic
low‐grade inflammation, and encoding AMPs are lacking in the
context of IBS[41]. On the other hand, the constipated symptom is
a typical subtype of irritable bowel syndrome, and its association
with colorectal cancer (CRC) remains a controversial issue[42–45].
In our research, many potential risk genes for IBS, which were
mapped to SNPs, were reported to be associated with CRC. For
instance, rs12755507 was mapped to the ubiquitin ligase COP1

T
a
b
le

1
T
en

g
en

et
ic

lo
ci

as
so

ci
at
ed

w
it
h
ir
ri
ta
b
le

b
o
w
el

sy
nd

ro
m
e.

SN
P

Ch
ro
m
os
om

e
Po
si
tio

na
Ge

ne
b

EA
F

M
et
a-
an
al
ys
is

Re
po
rt
ed

Be
ta

SE
P

Di
re
ct
io
n

Al
le
le
1

Al
le
le
2

rs
27
36
15
5

6
31
60
51
99

PR
RC

2A
0.
50
49
92

0.
03
82

0.
00
64

1.
95
E-
09

+
?
+

C
G

PM
ID
:3
47
41
16
3

rs
12
75
55
07

1
17
61
64
86
5

CO
P1

(a
ls
o
ca
lle
d
RF
W
D2

))
0.
72
42
41

0.
03
85

0.
00
64

1.
43
E-
09

+
+

+
T

C
rs
34
20
92
73

16
60
72
16
42

NA
0.
28
29
47

−
0.
03
39

0.
00
62

4.
25
E-
08

-?
-

A
G

rs
12
48
82
5

3
84
99
34
11

CA
DM

2
0.
30
77
08

0.
04
26

0.
00
66

8.
79
E-
11

+
?
+

A
C

PM
ID
:3
47
41
16
3

rs
34
36
57
48

2
84
27
57
96

NA
0.
09
40
49
5

0.
04
04

0.
00
72

1.
63
E-
08

+
+

+
T

C
rs
67
42
77
99

2
14
21
81
41
9

LR
P1
B

0.
15
45
53

−
0.
04
37

0.
00
79

3.
05
E-
08

—
A

C
rs
25
87
36
3

13
53
91
59
33

SU
GT
1

0.
68
77

−
0.
03
58

0.
00
63

1.
15
E-
08

-?
-

A
G

rs
13
32
11
76

3
15
09
44
80
8

M
ED
12
L/
P2
RY
14
/

0.
90
69
48
9

0.
04
66

0.
00
83

1.
82
E-
08

+
+

+
T

G
rs
10
15
66
02

9
96
34
53
28

PH
F2

0.
69
62
86

0.
03
99

0.
00
64

5.
62
E-
10

+
?
+

A
G

PM
ID
:3
47
41
16
3

rs
15
46
55
9

17
11
22
89
54

SH
IS
A6

0.
48
90
18

−
0.
03
74

0.
00
62

1.
53
E-
09

-?
-

C
G

Le
ad

va
ria
nt
s
at
ea
ch

in
de
pe
nd
en
tl
oc
us
,i
nc
lu
di
ng

he
te
ro
ge
ne
ity

te
st
an
d
di
re
ct
io
n
of
ef
fe
ct
.P
lu
s
si
gn

(+
)i
nd
ic
at
es

a
po
si
tiv
e
di
re
ct
io
n
of
ef
fe
ct
an
d
a
m
in
us

si
gn

(-)
in
di
ca
te
s
a
ne
ga
tiv
e
di
re
ct
io
n
of
ef
fe
ct
.Q

ue
st
io
n
m
ar
k
m
ea
ns

th
at
th
e
va
ria
nt
is
m
is
si
ng

in
th
e
sp
ec
ifi
c
co
ho
rt.

Ef
fe
ct
es
tim

at
es

(B
et
a)
,s
ta
nd
ar
d
er
ro
rs
an
d
tw
o-
si
de
d
P
va
lu
es

w
er
e
ob
ta
in
ed

fro
m
in
ve
rs
e-
va
ria
nc
e-
w
ei
gh
te
d
fi
xe
d-
ef
fe
ct
s
m
et
a-
an
al
ys
is
,a
nd

no
ta
dj
us
te
d
fo
rm

ul
tip
le
-t
es
tin
g

Al
le
le
1,
ef
fe
ct
al
le
le
;A

lle
le
2,
no
n-
ef
fe
ct
al
le
le
;E
AF
,e
ffe
ct
al
le
le
fre
qu
en
cy
;P

,P
va
lu
e;
SE
,s
ta
nd
ar
d
er
ro
r.

a G
RC

h3
7
as
se
m
bl
y.

b N
ea
re
st
pr
ot
ei
n-
co
di
ng

ge
ne
.

Huang et al. International Journal of Surgery (2025)

215

http://links.lww.com/JS9/D338
http://links.lww.com/JS9/D338
http://links.lww.com/JS9/D338
http://links.lww.com/JS9/D338
http://links.lww.com/JS9/D338
http://links.lww.com/JS9/D338
http://links.lww.com/JS9/D338
http://links.lww.com/JS9/D338
http://links.lww.com/JS9/D338


(Constitutive Photomorphogenic 1), which acts as a tumor sup-
pressor through the negative regulation of ETV1 (ETS Variant
Transcription Factor 1)[46]. Another study reported substantial
differences in the expression level ofMED12 (Mediator Complex
Subunit 12, rs13321176) among colorectal cancer cell lines and
demonstrated an inverse correlation with transforming growth
factor (TGF)-β signaling and a direct correlation with apoptosis
in response to chemotherapeutic agents[47]. Additionally, LRP1B
(Low Density Lipoprotein Receptor-Related Protein 1B,
rs67427799) and P2RY14 (Purinergic Receptor P2Y, G-Protein
Coupled, 14, rs13321176) were identified as potential prognostic
biomarkers for CRC[48,49]. Therefore, these results suggest the
need for further research into the relationship between con-
stipation-predominant IBS and CRC. The relationship between
IBS and the nervous system was also a critical aspect of the
pathogenesis and progression of IBS. We detected SHISA6 (Shisa
Family Member 6, rs1546559) as a potential risk gene for IBS,
associated with neural cell growth and development and
glioma[39–41]. We successfully replicated earlier findings of three
risk loci (rs10156602, rs34209273, rs2736155) for IBS, initially
identified in a genome-wide analysis of 53,400 individuals[12].
Consistent with previous findings, these SNPs were associated
with three risk genes CADM2 (Cell AdhesionMolecule 2), PHF2
(Plant Homeodomain Finger 2) and BAG6 (BCL2-Associated
Athanogene 6), linked to anxiety disorders[50,51], neuroticism,
depression, and autism spectrum disorder[52,53]. However,
diverging from previous findings, in our analysis, we mapped the
gene PRRC2A (proline-rich coiled-coil 2A) to rs2736155.
PRRC2A has been reported to be enriched in the colon
tissues[54,55]. and is associated with various autoimmune diseases,
including multiple sclerosis (MS)[56]. All these results revealed
the important role of Gut-Brain axis in the development of

IBS and psychiatric disorders, particularly depression and
neuroticism[57,58].

Our research identified strong associations with multiple traits
based our novel GWAS, establishing a more stable phenotype
association. In our KO model, in addition to displaying various
neurological anomalies such as altered brain development,
structure, and reduced oligodendrocyte progenitor cells, we dis-
covered additional phenotype associations for these genes. These
included decreased airway responsiveness, reduced mesenteric fat
pad weight, decreased subcutaneous adipose tissue amount,
abnormal adipose tissue development, and other obesity-related
phenotypes.

Furthermore, we conducted a PRS-based PheWAS analysis to
identify associations between genetic liability for IBS and 27 traits
available in the UK Biobank dataset. We were able to confirm
previously observed associations of various phenotypes with IBS,
including neuroticism[59], anxiety[60] and depression[59].
Additionally, the association we observed between IBS and
respray diseases including COPD[61] and asthma[62], was also
previously observed in a prospective cohort study. Moreover, a
Mendelian randomization study found a positive association
between genetically predicted childhood-onset asthma and
IBS[63]. However, the association with IBS was based on only two
significant SNPs, which may yield uncertain results. After per-
forming a large-scale GWAS meta-analysis, we identified addi-
tional SNPs and found evidence suggesting that the association
between asthma, COPD and IBS might be due to shared genetic
architecture.

We also observed a difference in the association of IBS and
both diaphragmatic hernia and diverticulosis. We found a strong
genetic correlation, and the results of our PRS-based PheWAS
analysis indicated an association between IBS and both condi-
tions. However, no causality was identified. Li et al.[57] found

Figure 3. Phenome-wide associations and genetic correlation. (A) Phenome-wide associations between PRS-IBS and selected traits. (B) Genetic correlation
between IBS and selected traits. CD, Crohn’s disease; COPD, chronic obstructive pulmonary disease; GERD, gastroesophageal reflux disease; IBS, irritable bowel
syndrome; NAFLD, non-alcoholic fatty liver disease; PTSD, post-traumatic stress disorder; UC, ulcerative colitis.
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bidirectional causal associations between IBS and diaphragmatic
hernia. However, significant heterogeneity among the instru-
mental variables was observed, and the number of IBS cases was
limited. Therefore, our results suggest that patients with dia-
phragmatic hernia and diverticulosis might not benefit from
preventive treatment for IBS.

Additionally, we observed a significant association between
BMI and IBS. But we failed to findmore evidence for the potential
genetic association. More functional research would need to be
performed to find the association between obesity and IBS.

The limitations of the current analysis are multiple. Firstly, the
sample population consists only of individuals of European

Figure 4. Causal association between IBS and selected traits. (A) The causal effect of genetically predicted IBS on nine traits. For each trait, three boxes represent
IVW. (B) The causal effect of nine traits on genetically predicted IBS. For each trait, three boxes represent. ASH, asthma; CHO, cholelithiasis; COPD, chronic
obstructive pulmonary disease; DH, diaphragmatic hernia; DIV, diverticulosis; IBS, irritable bowel syndrome; INS, insomnia; IVW, inverse variance weighting, MR
Egger, Weighted Median; MDD, major depressive disorder; NEU, neuroticism.
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descent, which may limit the generalizability of our findings to
other racial groups. Secondly, we were unable to consider the
influence of gender factors due to the lack of gender stratification
in the GWAS data. Thirdly, the limited availability of GWAS data
for neuroticism, insomnia, diaphragmatic hernia, and diverticu-
losis prevented us from including complete GWAS-meta results
for each phenotype, necessitating the exclusion of IBS from the
same cohort and the need for a new meta-analysis. Therefore, to
obtain further confirmation of the relationship between indivi-
dual phenotypes and IBS, larger-scale GWAS data is required.

In summary, 10 genetic risk loci were identified in this GWAS
meta-analysis of the largest IBS cohort available to date. PRS-
based PheWAS IBS led to the identification of associations with
nine phenotypes and revealed the potential genetic pleiotropy.
The causal relationships were detected between IBS and MDD
and neuroticism. These findings shed light on the genetic
mechanisms underlying IBS and its potential comorbidity.
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