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Introduction: Inflammatory bowel disease (IBD) and irritable bowel syndrome
(IBS) are lifelong digestive diseases that severely impact patients’ quality of life.
The existence of a causal association between IBS and IBD remains unclear.
This study aimed to determine the direction of causality between IBD and IBS by
quantifying their genome-wide genetic associations and performing bidirectional
two-sample Mendelian randomization (MR) analyses.

Methods: Genome-wide association studies (GWAS) among a predominantly
European patient cohort identified independent genetic variants associated
with IBS and IBD. Two separate databases (a large GWAS meta-analysis and
the FinnGen cohort) for both IBS and IBD were consulted to retrieve statistics
on instrument-outcome associations. MR analyses included inverse-variance-
weighted, weighted-median, MR-Egger regression, MR Pleiotropy RESidual Sum
and Outlier (MR-PRESSO) methods, and sensitivity analyses were performed. The
MR analyses were carried out for each outcome data, followed by a fixed-effect
meta-analysis.

Results: Genetically predicted IBD was associated with an increased risk of IBS.
Odds ratios (95% confidence intervals) for samples of 211,551 (17,302 individuals
with IBD), 192,789 (7476 Crohn's disease cases), and 201,143 (10,293 ulcerative
colitis cases) individuals were 1.20 (1.00, 1.04), 1.02 (1.01, 1.03), and 1.01 (0.99,
1.03), respectively. After outlier correction using MR-PRESSO, the odds ratio
for ulcerative colitis was 1.03 (1.02, 1.05) (p = 0.001). However, an association
between genetically influenced IBS and IBD was not identified.

Discussion: This study confirms that IBD is causally related to IBS, which may
interfere with the diagnosis and treatment of both diseases.

irritable bowel syndrome, inflammatory bowel disease, Mendelian randomization,
causal relationship, genome-wide association
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1. Introduction

Irritable bowel syndrome (IBS) and inflammatory bowel disease
(IBD), including ulcerative colitis (UC), and Crohn’s disease (CD), are
chronic and recurrent gastrointestinal disorders. They are highly
prevalent and severely impact patients” quality of life (1-3). The high
prevalence rates of IBS and IBD are a significant financial burden on
healthcare systems and society, with more than 4.1% of persons
worldwide having IBS (3) and more than 0.3% of persons worldwide
having IBD (4). IBD and IBS have similar symptoms and demographic
characteristics (5, 6). For example, the abdominal pain and diarrhea
are predominant symptoms for patients with IBS or IBD, patients with
IBD have more severe gastrointestinal symptoms compared with IBS
generally; meanwhile inflammation of the gut is a key characteristic
of IBD but not IBS. Their etiologies are not fully understood, but both
involve genetic, neurological (gut-brain axis), psychological (e.g.,
stress and anxiety), and environmental factors (e.g., diet) (7-11).

According to a recent meta-analysis, the incidence of IBS-type
symptoms (IBS-TSs) was higher in patients with IBD (12). Other studies
have suggested that, rather than coexisting with IBS, these symptoms
are manifestations of latent inflammation (13). However, symptoms are
not always correlated with inflammation. Up to 25.8% of patients with
IBD in deep endoscopic/histological remission have reported IBS-TSs
(12, 14, 15); this number was significantly higher than that of IBS itself
(16). It is important to note that IBS might coexist in patients with an
established diagnosis of IBD due to its high prevalence and the
inflammation of IBD can cause damage to the nerves and muscles in the
intestinal wall, which also lead to IBS-type symptoms. Thus, symptoms
alone may not provide enough information to differentiate IBS-type
symptoms from ongoing IBD activity, which hampers clinical decisions
making regarding treatment (17, 18). In addition, due to the chronic
nature of these diseases, it is difficult to determine cause and effect. It is
common for patients with IBD to be first diagnosed with IBS based on
their clinical symptoms (19), psychological disorders also can affect
patients with clinically well-controlled IBD (20). Moreover, residual
confounding and reverse causality are inherent problems with cross-
sectional and case-control research; thus, no clear causal connection has
been identified so far between IBS and IBD.

Mendelian randomization (MR), an effective method of causal
inference (21), stimulates a randomized controlled trial by using
genetic variation as an instrumental variable (IV) to assess whether
lifetime exposure is causally related to outcomes. Its advantages
include minimizing confounding factors and reducing reverse
causality. Genetic variation is assigned randomly at conception and
therefore does not depend on the environment, and it cannot
be altered by disease development or progression (Figure 1A) (21).

This study aims to determine the putative direction of causality
between IBS and IBD by quantifying their genome-wide genetic
associations and performing bidirectional MR analyses.

Abbreviations: CD, Crohn’s disease; GWAS, genome-wide association studies;
IBD, inflammatory bowel disease; IBS, irritable bowel syndrome; IBS-TSs, IBS-type
symptoms; IV, instrumental variables; MR, Mendelian randomization; MR-PRESSO,
MR Pleiotropy RESidual Sum and Outlier; OR, odds ratio; SNPs, single-nucleotide

polymorphisms; UC, ulcerative colitis; 95% Cl, 95% confidence intervals.
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2. Materials and methods

An assessment of IBD and IBS causality was conducted using
bidirectional two-sample MR. Figure 1 shows the specific data sources
and research design. The genome-wide association study (GWAS)
aggregate data statistics are publicly available, and each GWAS was
approved by the appropriate ethics committee. Therefore, additional
informed consent and ethical approval were not needed. This study is
reported in accordance with the STROBE MR guidelines (22). From
the largest GWAS of European ancestry, the major single-nucleotide
polymorphisms (SNPs) correlated with IBS or IBD were derived as
IVs. Outcome-associated data were extracted from large-scale GWAS
meta-analysis data and FinnGen cohort. To avoid overlapping the
sample data sources, the UK Biobank data was not retrieved separately.

2.1. Sources of genetic Vs

The genetic datasets used in this study were summarized in
Supplementary Table S1. The GWAS statistics of IBS were extracted
from the meta-analysis performed by Eijsbouts et al. (23),' that
utilized data from the Bellygenes Initiative (including the HUNT
Study, TWINGENE, Lifelines, Mayo Genome Consortia, Genetic
Epidemiology Research on Aging, Estonian Genome Center at the
University of Tartu, and Michigan Genomics Initiative) and UK
Biobank (cases/controls for IBS: 53,400/433,201) (Figure 1B). The
diagnostic criteria for The HUNT Study, TWINGENE, and Lifelines
were based on Rome III criteria. The diagnostic criteria for Mayo
Genome Consortia and Genetic Epidemiology Research on Aging
was an ICD9 code of IBS (564.1) while the Estonian Genome Center
at the University of Tartu and Michigan Genomics Initiative used an
ICD10 code for IBS (K58) as diagnostic criteria. The details of
demographics of Bellygenes cohorts are shown in
Supplementary Table S2. The UK Biobank determined IBS according
to the inclusion of one or more of the following standards: symptom
criteria for a Rome IIT IBS diagnosis with no alternative diagnostic
explanation, self-reported previous diagnosis of IBS, or a hospital
primary or secondary ICD-10 diagnosis. Patients with IBD, celiac
disease, or those who underwent prior bowel resection were excluded
to prevent signal contamination. Genome control was applied to age,
sex, and the first 20 major components of the available genetic data.
The GWAS statistics of IBS used in the current study contains cohorts
of different IBS definitions. However, the incorporated datasets have
been proved to show robustness irrespective of the particular case
definition. The genetic correlation, or coheritability, between these
various case definitions within the UK Biobank ranges from 70 to
100%, and the genetic correlation between UK Biobank and
Bellygenes was also exceptionally high (99.8%) (23). Therefore, bias
from varying diagnostic criteria can be maximally avoided.

Based on the meta-analysis by Liu et al. (24, 25),% only 34,652
subjects of European descent were included in the GWAS statistics for
IBD (cases/controls of IBD: 12,882/21,770; CD: 5,956/14,927; UC:
6,968/20,464) (Figure 1B). IBD GWAS samples used in Liu et al. were

1 https://www.ibdgenetics.org/downloads.html
2 https://gwas.mrcieu.ac.uk/
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FIGURE 1
Schematic overview of the study. (A) An illustration of Mendelian randomization (MR). The MR design is based on three assumptions: (1) the genetic
instrumental variables (IVs) are strongly associated with exposure, (2) IVs only affect outcomes through exposure, and (3) IVs are not associated with
any measured or unmeasured confounders. (B) MR study from IBS to IBD: independent IBS/IBD-correlated SNPs were used as IVs, whereas SNPs-IBD/
IBS data were obtained separately from the IBD GWAS (Liu et al.) /IBS GWAS (Eijsbouts et al.) and the FinnGen cohort. MR and sensitivity analyses were
performed for each outcome IBD/IBS data, and the MR analyses from the same exposure were then meta-analyzed to obtain pooled estimates. CD,
Crohn's disease; Cl, confidence interval; IBD, inflammatory bowel disease; IBS, irritable bowel disease; VW, inverse variance weighted; MR-PRESSO,
MR Pleiotropy RESidual Sum and Outlier; UC, ulcerative colitis.

summarized in Supplementary Table S3. All included cases were

diagnosed by accepted radiologic, endoscopic, and histopathologic

evaluations in the International Inflammatory Bowel Disease Genetics

Consortium (24, 26). The GWAS data were examined for associations
with PLINK and modulated for 10, 7, or 15 of the first 20 principal
components selected for CD, UC, or IBD, respectively.

To avoid weak IVs, genetic IVs were extracted from SNPs with

p-values <5x107* (p-values <5x107° for IBS). Furthermore,
TwoSampleMR::clump_data implementation (clump_r2=0.001,

clump_kb=100,000) was performed to remove variants with

linkage disequilibrium.

Frontiers in Medicine

2.2. Sources of SNP outcome data

SNP outcome data were obtained from two independent databases:

large-scale GWAS meta-analysis data (23, 24), as described above, and
FinnGen cohort (27)* (Figure 1B). In the FinnGen cohort, the case
definition was based on discharge or death, according to the ICD code.
Additionally, IBD included CD, UC, and indeterminate colitis. GWAS

3 https://www.finngen.fi/en/access_results
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data from the FinnGen project were analyzed and adjusted for batch
effects based on age, sex, principal component, and genotype.

2.3. MR analysis

Prior to analysis, the exposure and outcome data were harmonized
to ensure that each IV was aligned with the same effect alleles (28).
The relationships between genetic tools and putative risk factors were
quantified using F-statistics (F>10) (29, 30). The phenotype variance
attributable to SNPs was derived from the Mangrove package in R
(31). The method described by Brion et al. was used to check the
statistical power (32), with the alpha level set to 0.05.

Inverse variance weighted (IVW) MR is a powerful method with
valid IVs and balanced pleiotropy assumptions (33). The causality and
reverse causality estimates between IBS and IBD were based on IVW
as the primary analysis method. In addition, several other MR
methods [MR-Egger regression (34) and median-based (35) and
mode-based (36) methods] were used to evaluate the reliability of our
results. An effect was considered robust if the directions obtained
using these methods were consistent.

Three assumptions underlie the MR analysis (Figure 1A). To
determine whether the SNPs showed heterogeneity, Cochran’s Q and I?
statistics were performed. If heterogeneity was present, the multiplicative
random-effects IVW model was adopted. Moreover, the MR Steiger test
was used to detect reverse causality. MR Steiger hypothesizes that for a
valid IV, there should be more variation in exposure than in outcome.
Various methods were performed to minimize errors caused by level
diversity, including correlation and unrelated-level pleiotropy. MR
Pleiotropy RESidual Sum and Outlier (MR-PRESSO) and MR-Egger
intercept tests (37) were both applied to evaluate relative pleiotropy. The
MR-PRESSO outlier test (p <0.05) detects significant outliers and
eliminates horizontal pleiotropy effects if the test indicates horizontal
pleiotropy across all instruments. Sensitivity was assessed using leave-
one-out analysis to validate the robustness of the MR results.

For each binary exposure, an odds ratio (OR) with a 95%
confidence interval (95% CI) was used to present the risk of each
outcome per log-OR increase. An initial MR analysis was calculated
separately per outcome study, followed by a fixed-effect meta-analysis
combining individual estimates. Unless specified otherwise, p <0.025
(0.05/2 databases) was used as a significance level after Bonferroni
correction to account for multiple testing, with a 0.025 < p <0.05 being
considered suggestive of significance.

R package TwoSampleMR (Version 0.5.5) was used for IVW MR,
weighted median, simple median, MR-Egger (Egger regression), and
leave-one-out analyses. R package Mangrove (Version 1.21) was used
to derive phenotype variance attributable to SNPs. MR-PRESSO
(Version 1.0) outlier test was conducted using R package
MR-PRESSO. And the “meta” (Version 6.0-0) package was used for
meta-analysis.

3. Results
3.1. No causal associations of IBS and IBD
In the context of IBS, 41 independent SNPs were identified as

genetic instrumental variable, with a median (minimum, maximum)
F statistic of 23.3 (20.9, 37.0) (Supplementary Table S4). All SNPs had
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F statistics greater than 10, indicating no underlying weak instrumental
bias. Details of the 41 SNPs are listed in Supplementary Table S5. An
expected OR of >1.208 for IBD, > 1.285 for CD, and > 1.254 for UC
in IBS was detected with 80% power (Figure 1B).

Applying the IVW MR analysis, there were no causal associations
between genetically liable IBS to IBD in any outcome data, except in
the IBD GWAS (Liu et al.), which showed mild correlations of IBS
with IBD (1.17 (1.00, 1.36); p =0.049) and UC (1.25 (1.01, 1.54);
p =0.044) (Supplementary Table S6). The combined ORs of IBS for
IBD, CD, and UC were 1.15 (1.01, 1.30), 1.05 (0.87, 1.25), and 1.16
(0.99, 1.35), respectively (Figure 2). In each outcome data, our results
using other MR methods also showed similar correlative trends
(Supplementary Table S6 and Supplementary Figure S1).

Significant heterogeneity was observed for IBD only in the FinnGen
cohort (Supplementary Table S7). A polymorphic effect was detected
for IBD and UC in the FinnGen cohort (Supplementary Table S7).
Therefore, we conducted an MR-PRESSO analysis after the outlier
removal (Supplementary Table S6). The IBD results from the FinnGen
cohort remained similar after the outlier correction. Furthermore, this
association could not be explained by a single extreme SNP, as shown
by leave-one-out analysis (Supplementary Figure S2). Steiger filtering
indicated that the IVs used for IBS did not provide a greater explanation
of variance for any IBD GWAS.

3.2. IBD is causally related to IBS

For IBD, 52 independent SNPs were identified as genetic IVs,
compared to 47 for CD and 30 for UC. All SNPs had F statistics greater
than 30, above the standard critical value (>10), indicating adequate
instrument strength (Supplementary Tables S4, S8) (38). In the primary
MR analysis, except for the impact of UC risk on IBS in the FinnGen
cohort, the results show an 80% statistical power in detecting the
impact of OR exposure liability on IBD from 1.01 to 1.06 (Figure 1B).

In the meta-analysis of IVW estimates, the combined ORs of IBD
and CD were 1.02 (1.00, 1.04) and 1.02 (1.01, 1.03), respectively
(Figure 3 and Table 1). Additionally, other MR methods concurred
with the IVW results in terms of the directions of association (Table 1
and Supplementary Figure S3).

Cochran’s Q test and [* statistics identified significant
heterogeneity for the IBS GWAS (Eijsbouts et al.). The MR-PRESSO
test detected horizontal pleiotropic outliers from both the general IBD
to the IBS GWAS (Eijsbouts et al.) and the UC to IBS GWAS (Eijsbouts
et al), despite not being on the MR-Egger intercept test
(Supplementary Table S9). After correcting for outliers using
MR-PRESSO, there was a significant correlation [1.02 (1.01, 1.04);
p =0.00083; 1.03 (1.02, 1.05); p =0.001] (Supplementary Table S9).
Supplementary Figure S4 shows the leave-one-out analysis results of
these associations. Steiger filtering showed that the IVs used for IBD
did not provide a greater explanation of variance for the IBS GWASs.

4. Discussion

In this study, MR analysis was used to assess the bidirectional
associations between IBS and IBD. IBS risk increased with genetic
liability for IBD (such as CD and UC), while genetic liability for IBS was
unrelated to IBD risk. Despite the application of random-effects IVW
and the results of the sensitivity analysis, which suggest that our results
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Exposure: IBS OR (95% ClI)

Liu, Jimmy Z et al 1.17 (1.00-1.36)
FinnGen 1.11 (0.90-1.37)
1.15 (1.01-1.30)

Liu, Jimmy Z et al 1.03 (0.84-1.26)
FinnGen 1.10 (0.77-1.57)
1.05 (0.87-1.25)
Liu, Jimmy Z et al 1.25 (1.01-1.54)
FinnGen 1.06 (0.84-1.33)
1.16 (0.99-1.35)

FIGURE 2

UC, ulcerative colitis.

Mendelian randomization estimates for the relationship between genetically instrumented IBS and IBD, after meta-analyzing the results of inverse-
variance weighted methods. CD, Crohn’s disease; Cl, confidence interval; IBD, inflammatory bowel disease; IBS, irritable bowel disease; OR, odds ratio;

I 1
0.75 1 1.5
OR (95% Cl)
[Method: Inverse variance weighted]

were generally robust, the presence of heterogeneity in the IVs suggests
that biological interpretations should be approached with caution.
The results showed that genetic liability for IBS was unrelated to
IBD risk, except for suggestive statistics in UC (p =0.043). Our results
do not agree with those of observational studies. The diagnosis rate of
IBD in IBS patients varies greatly among previously reported studies,
with the probability of patients with IBS developing IBD ranging from
0.4 to 19% (38-44). The previously observed positive correlations
between IBS and IBD may be coincidental or confounded by unknown
factors rather than being directly caused by IBS. For example, Asghar
et al. (45) found that the rate of IBD diagnosis via colonoscopy was
statistically higher in patients with Rome IV FBD symptoms than in
patients without (6.2% vs. 2.2%, p =0.012); however, the family history
of IBD differed significantly between the two groups (p =0.02) (45). The
prevalence of IBD was relatively low (0.4-2.1%) in the two studies of
IBS that excluded patients with a family history of IBD (39, 43), while
the remaining studies with a high IBD prevalence did not mention
whether a first-degree relative had IBD, and the confounding effects of
the included population were not removed (39-41, 43). As mentioned
above, IBD is causally related to IBS, and familial IBD increases the risk
of IBS. Moreover, IBD has a multifactorial pathogenesis, with genetic,
environmental, and immunological factors all playing a role in its
development and progression. Additionally, its high incidence may
be due to a family history of IBD. We trust our results in this regard,
which suggest that colonoscopy, with its additional expense and
invasive testing, may not be necessary to diagnose and monitor patients
with IBS, at least not for its relationship with IBD risk. In a meta-
analysis, normative levels of C-reactive protein or fecal calcitonin were
better negative predictors of IBD (46). It's worth noting that in our
results, the combined ORs with consistent confidence intervals only for
IBS on IBD, but not for IBS on CD and IBS on UC. The possible
explanation is that the genetic instrumental variables used may have
stronger effects on some aspects of IBD shared between CD and UC,
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but weaker effects on the specific characteristics that distinguish CD
and UC from each other. Such effects are amplified when CD and UC
are combined as a whole, which may result in more consistent
confidence intervals than when individual IBD, UC or CD, are analyzed
separately. In addition, sample size is another factor that may affect
confidence intervals. In general, IBD has a larger sample size than its
subsets (UC or CD), and thus may have smaller and more consistent
confidence intervals than individual IBD.

Our results confirmed a causal relationship of IBD on IBS, avoiding
the inherent confounding and reverse causality of observational
studies. Despite the strong correlation between the two disorders, the
majority of previous studies utilized cross-sectional or case—control
designs; therefore, causality has not been established. IBS-TSs, based
on the Manning or Rome II, III, or IV criteria, were positively
associated with IBD in a meta-analysis of 27 prospective observational
studies (12). In the aforementioned study, there was also a greater risk
of IBS-TSs in CD patients. A new prospective study bolstered these
results by assessing the natural history and effect of IBS-TSs during IBD
follow-up (47). In that study, IBS-TSs affected two-thirds of patients
with IBD, demonstrating the effects of IBS on mental health and quality
of life, although they did not significantly impact future disease
outbreaks or adverse disease activity outcomes (i.e., glucocorticoid use,
medication escalation, incidence of hospitalization, or surgery). The
first-degree relatives of patients with IBD tended to suffer from IBS
(48), suggesting a genetic link and the likelihood that these patients
would be susceptible to concomitant IBS and IBD. The results of our
MR study strengthen the evidence for causality and help clarify the
direction of the relationship. Our results suggest that IBS-TSs occurring
after IBD cannot be considered an active phase of IBD because IBD will
cause IBS. This has significance for the diagnosis and treatment of
patients with IBS occurring after IBD. Clinicians should be aware that
initiating immunotherapy for IBS-TSs in patients with IBD carries risks
of infection, malignant complications, and increased healthcare costs
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Exposure OR (95% CI)

FinnGen

FinnGen

FinnGen

FIGURE 3

UC, ulcerative colitis.

Eijsbouts C Z et al 1.02 (1.00-1.04)
1.02 (0.98-1.06)
1.02 (1.00-1.04)

Eijsbouts C Z et al 1.02 (1.01-1.03)
1.02 (0.99-1.05)
1.02 (1.01-1.03)

Eijsbouts C Z et al 1.02 (1.00-1.04)
0.98 (0.94-1.03)
1.01 (0.99-1.03)

| |
0.9 1 1.1

OR (95% CI)
[Method: Inverse variance weighted]

Mendelian randomization estimates for the relationship between genetically instrumented IBD and IBS after meta-analyzing the results of inverse-
variance weighted methods. CD, Crohn’s disease; Cl, confidence interval; IBD, inflammatory bowel disease; IBS, irritable bowel disease; OR, odds ratio;

while offering little clinical benefit (49). Thus, our study provides
quantitative theoretical evidence for concomitant IBD and IBS.

IBS development in IBD may result from disorders of the gut-brain
axis, disturbed motility, and altered gut microbiota (6, 11). Thus,
neuromodulators and gut-brain behavioral therapies are reccommended
in IBS guidelines (50), but it is worth noting that trials involving these
treatments have shown disappointing results in patients with IBD (50—
52). Few studies in the literature have focused on the specific role of
psychotherapy in enhancing therapeutic adherence among patients with
IBD (53). In one trial comparing IBS-TSs in patients with and without
IBD, hypnotherapy did not yield better responses than standard drug
therapy (51). A diet low in fermentable oligosaccharides, disaccharides,
monosaccharides, and polyols (FODMAP) has proven to be effective for
IBS (54). Additionally, a randomized controlled study confirmed that a
4-week low-FODMAP diet was safe, and improved intestinal symptoms
in IBD patients with IBS-TSs (55). However, it is important to compare
other treatments tailored to IBS in patients with IBD-induced IBS.

Some limitations exist in this study. First, the data mainly
included European patients and are not necessarily applicable to
other ethnic groups. However, this limitation minimizes potential
population stratification bias. Second, rather than considering the
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course of IBD, the dichotomous diagnosis of IBD was examined. In
IBD, remission and relapse occur alternately, and episodes are largely
unpredictable. However, uncovering the genetic makeup associated
with IBD activity remains challenging. Owing to the absence of an
IBD course GWAS, the relevant cause-and-effect relationship cannot
be confirmed by MR Methods. Third, subgroup analyses were not
performed based on individual-level demographic and clinical
parameter information due to the lack of individual-level data.
However, the lack of individual-level data does not affect the results
of the current study as the methods used were based on summary-
level data. Finally, this study did not perform IBS typing, which is
used as a binary variable in the GWAS, and did not consider varying
symptoms. Therefore, the association between IBD and IBS may vary
depending on the IBS classification.
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TABLE 1 Effect estimates of the associations of genetic instrumental variables for inflammatory bowel disease and the risk of irritable bowel syndromes.

Multiplicative random

Weighted Median effects IVW HRSERESSS
(outlier-corrected)
(0]} (0] (0] OR p for
p-value p-value p-value Outlier
(95% Cl) (95% Cl) (95% Cl) (95% Cl) global test

IBD

1.02 (1.01,
Eijsbouts et al. 52 1.02 (1, 1.04) 0.057 1.02 (1, 1.05) 0.025 1.02 (1, 1.04) 0.057 1 104) 0.0008
FinnGen 42 1.02 (0.98, 1.06) 0.434 1.03 (0.98, 1.1) 0.251 1.02 (0.98,1.06) 0.434 0 NA 0.250
Meta-analysis 1.02 (1.00, 1.04) - 1.03 (1.01, 1.05) - 1.02 (1.00, 1.04) - - - -
cb
Eijsbouts et al. 46 1.02 (1.01, 1.03) 0.004 1.02 (1, 1.03) 0.067 1.02 (1.01, 1.03) 0.004 0 NA 0.051
FinnGen 44 1.02 (0.99, 1.05) 0247 1.03 (0.98, 1.07) 0.287 1.02 (0.99, 1.05) 0247 0 NA 0.302
Meta-analysis 1.02 (1.01, 1.03) - 1.02 (1.00, 1.03) - 1.02 (1.01, 1.03) - - - -
uc

1.03 (1.02,
Eijsbouts et al. 30 1.02 (1, 1.04) 0.079 1.02 (0.99, 1.04) 0.131 1.02 (1, 1.04) 0.079 1 105 0.001
FinnGen 26 0.98 (0.94, 1.03) 0.508 0.99 (0.93, 1.05) 0.785 0.98 (0.94, 1.03) 0.508 0 NA 0.105
Meta-analysis 1.01 (0.99, 1.03) - 1.01 (0.99, 1.04) - 1.01 (0.99, 1.03) - - - -

Results of meta-analyses were obtained using the fixed-effect model. CD, Crohn’s disease; CI, confidence interval; IBD, inflammatory bowel disease; IVW, inverse variance weighted; MR-
PRESSO, MR Pleiotropy RESidual Sum and Outlier; NA, not available; OR, odds ratio; UC, ulcerative colitis.

Ethics statement

Ethical review and approval was not required for the study on
human participants in accordance with the local legislation and
institutional requirements. Written informed consent for participation
was not required for this study in accordance with the national
legislation and the institutional requirements.

Author contributions

YC and JC: conceptualization, supervision, funding acquisition.
ZL, HK, QL, and ZS: data curation. ZL: writing—original draft
preparation. ZL, HK, QL, JC, and YC: writing—review and editing. All
authors contributed to the article and approved the submitted version.

Funding

This work was supported by the Special Scientific Research Fund
for the National Natural Science Foundation (grant nos. 82070650,
82070543, and 8177031240).

References

1. Zhao M, Génczi L, Lakatos PL, Burisch J. The burden of inflammatory bowel
disease in Europe in 2020. J Crohn’s Colitis. (2021) 15:1573-87. doi: 10.1093/ecco-jcc/
jjab029

2. GBD 2017 Inflammatory Bowel Disease Collaborators. The global, regional, and
national burden of inflammatory bowel disease in 195 countries and territories,

1990-2017: a systematic analysis for the global burden of disease study 2017. Lancet
Gastroenterol Hepatol. (2020) 5:17-30. doi: 10.1016/S2468-1253(19)30333-4

3. Sperber AD, Bangdiwala SI, Drossman DA, Ghoshal UC, Simren M, Tack J, et al.
Worldwide prevalence and burden of functional gastrointestinal disorders, results of
Rome foundation global study. Gastroenterology. (2021) 160:99-114.e3. doi: 10.1053/j.
gastro.2020.04.014

Frontiers in Medicine

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/fmed.2023.1166683/
full#supplementary-material

4. Ng SC, Shi HY, Hamidi N, Underwood FE, Tang W, Benchimol EI, et al. Worldwide
incidence and prevalence of inflammatory bowel disease in the 21st century: a systematic
review of population-based studies. Lancet. (2017) 390:2769-78. doi: 10.1016/
S0140-6736(17)32448-0

5. Stanisic V, Quigley EMM. The overlap between IBS and IBD: what is it and what
does it mean? Expert Rev Gastroenterol Hepatol. (2014) 8:139-45. doi:
10.1586/17474124.2014.876361

6. Spiller R, Major G. IBS and IBD - separate entities or on a spectrum? Nat Rev
Gastroenterol Hepatol. (2016) 13:613-21. doi: 10.1038/nrgastro.2016.141

7. Holtmann GJ, Ford AC, Talley NJ. Pathophysiology of irritable bowel syndrome.
Lancet Gastroenterol Hepatol. (2016) 1:133-46. doi: 10.1016/S2468-1253(16)30023-1

frontiersin.org


https://doi.org/10.3389/fmed.2023.1166683
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fmed.2023.1166683/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fmed.2023.1166683/full#supplementary-material
https://doi.org/10.1093/ecco-jcc/jjab029
https://doi.org/10.1093/ecco-jcc/jjab029
https://doi.org/10.1016/S2468-1253(19)30333-4
https://doi.org/10.1053/j.gastro.2020.04.014
https://doi.org/10.1053/j.gastro.2020.04.014
https://doi.org/10.1016/S0140-6736(17)32448-0
https://doi.org/10.1016/S0140-6736(17)32448-0
https://doi.org/10.1586/17474124.2014.876361
https://doi.org/10.1038/nrgastro.2016.141
https://doi.org/10.1016/S2468-1253(16)30023-1

Ke et al.

8. Ramos GP, Papadakis KA. Mechanisms of disease: inflammatory bowel diseases.
Mayo Clin Proc. (2019) 94:155-65. doi: 10.1016/j.mayocp.2018.09.013

9. Huang H, Fang M, Jostins L, Umicevi¢ Mirkov M, Boucher G, Anderson CA, et al.
Fine-mapping inflammatory bowel disease loci to single-variant resolution. Nature.
(2017) 547:173-8. doi: 10.1038/nature22969

10. Wlodarska M, Kostic AD, Xavier R]. An integrative view of microbiome-host
interactions in inflammatory bowel diseases. Cell Host Microbe. (2015) 17:577-91. doi:
10.1016/j.chom.2015.04.008

11. Gracie DJ, Hamlin PJ, Ford AC. The influence of the brain-gut axis in inflammatory
bowel disease and possible implications for treatment. Lancet Gastroenterol Hepatol.
(2019) 4:632-42. doi: 10.1016/52468-1253(19)30089-5

12. Fairbrass KM, Costantino SJ, Gracie DJ, Ford AC. Prevalence of irritable bowel
syndrome-type symptoms in patients with inflammatory bowel disease in remission: a
systematic review and meta-analysis. Lancet Gastroenterol Hepatol. (2020) 5:1053-62.
doi: 10.1016/52468-1253(20)30300-9

13. Keohane J, O'Mahony C, O’Mahony L, O'Mahony S, Quigley EM, Shanahan F.
Irritable bowel syndrome-type symptoms in patients with inflammatory bowel disease:
a real association or reflection of occult inflammation? Am ] Gastroenterol. (2010)
105:1788, 1789, 1789-1794; quiz 1795-94; quiz 1795. doi: 10.1038/ajg.2010.156

14. Gracie DJ, Williams CJM, Sood R, Mumtaz S, Bholah MH, Hamlin PJ, et al.
Negative effects on psychological health and quality of life of genuine irritable bowel
syndrome-type symptoms in patients with inflammatory bowel disease. Clin
Gastroenterol Hepatol. (2017) 15:376-384.e5. doi: 10.1016/j.cgh.2016.05.012

15. Henriksen M, Hoivik ML, Jelsness-Jorgensen L-P, Moum BIBSEN Study Group.
Irritable bowel-like symptoms in ulcerative colitis are as common in patients in deep
remission as in inflammation: results from a population-based study. J Crohns Colitis.
(2018) 12:389-93. doi: 10.1093/ecco-jcc/jjx152

16. Oka P, Parr H, Barberio B, Black CJ, Savarino EV, Ford AC. Global prevalence of
irritable bowel syndrome according to Rome IIT or IV criteria: a systematic review and
meta-analysis. Lancet Gastroenterol Hepatol. (2020) 5:908-17. doi: 10.1016/
$2468-1253(20)30217-X

17. Derwa Y, Williams CJM, Sood R, Mumtaz S, Bholah MH, Selinger CP, et al. Factors
affecting clinical decision-making in inflammatory bowel disease and the role of point-
of-care calprotectin. Ther Adv Gastroenterol. (2018) 11:1756283X1774473. doi:
10.1177/1756283X17744739

18. Laterza L, Piscaglia AC, Minordi LM, Scoleri I, Larosa L, Poscia A, et al.
Multiparametric evaluation predicts different mid-term outcomes in Crohn’s disease.
Dig Dis. (2018) 36:184-93. doi: 10.1159/000487589

19. Aziz I, Simrén M. The overlap between irritable bowel syndrome and organic
gastrointestinal diseases. Lancet Gastroenterol Hepatol. (2021) 6:139-48. doi: 10.1016/
$2468-1253(20)30212-0

20. Spina A, Mazzarella C, Dallio M, Romeo M, Pellegrino R, Durante T, et al. The
lesson from the first Italian lockdown: impacts on anxiety and depressive symptoms and
sleep quality in patients with remission ofInflammatory bowel disease. Rev Recent Clin
Trials. (2022) 17:109-19. doi: 10.2174/1574887117666220328125720

21. Davey Smith G, Hemani G. Mendelian randomization: genetic anchors for causal
inference in epidemiological studies. Hum Mol Genet. (2014) 23:R89-98. doi: 10.1093/
hmg/ddu328

22. Skrivankova VW, Richmond RC, Woolf BAR, Yarmolinsky J, Davies NM, Swanson
SA, et al. Strengthening the reporting of observational studies in epidemiology using
Mendelian randomization: the STROBE-MR statement. JAMA. (2021) 326:1614-21. doi:
10.1001/jama.2021.18236

23. Eijsbouts C, Zheng T, Kennedy NA, Bonfiglio F, Anderson CA, Moutsianas L, et al.
Genome-wide analysis of 53,400 people with irritable bowel syndrome highlights shared
genetic pathways with mood and anxiety disorders. Nat Genet. (2021) 53:1543-52. doi:
10.1038/s41588-021-00950-8

24.Liu JZ, van Sommeren S, Huang H, Ng SC, Alberts R, Takahashi A, et al.
Association analyses identify 38 susceptibility loci for inflammatory bowel disease and
highlight shared genetic risk across populations. Nat Genet. (2015) 47:979-86. doi:
10.1038/ng.3359

25. Jostins L, Ripke S, Weersma RK, Duerr RH, McGovern DP, Hui KY, et al. Host-
microbe interactions have shaped the genetic architecture of inflammatory bowel
disease. Nature. (2012) 491:119-24. doi: 10.1038/nature11582

26. Dassopoulos T, Nguyen GC, Bitton A, Bromfield GP, Schumm LP, Wu Y, et al.
Assessment of reliability and validity of IBD phenotyping within the National Institutes
of Diabetes and Digestive and Kidney Diseases (NIDDK) IBD Genetics Consortium
(IBDGC). Inflamm Bowel Dis. (2007) 13:975-83. doi: 10.1002/ibd.20144

27.Kurki MI, Karjalainen J, Palta P, Sipild TP, Kristiansson K, Donner K, et al.

FinnGen: unique genetic insights from combining isolated population and national
health register data. Genet Genomic Med. (2022). doi: 10.1101/2022.03.03.22271360

28.Hartwig FP, Davies NM, Hemani G, Davey SG. Two-sample Mendelian
randomization: avoiding the downsides of a powerful, widely applicable but potentially
fallible technique. Int ] Epidemiol. (2016) 45:1717-26. doi: 10.1093/ije/dyx028

29. Papadimitriou N, Dimou N, Tsilidis KK, Banbury B, Martin RM, Lewis SJ, et al.
Physical activity and risks of breast and colorectal cancer: a Mendelian randomisation
analysis. Nat Commun. (2020) 11:597. doi: 10.1038/s41467-020-14389-8

Frontiers in Medicine

10.3389/fmed.2023.1166683

30. Hyman MC, Levin MG, Gill D, Walker VM, Georgakis MK, Davies NM, et al.
Genetically predicted blood pressure and risk of atrial fibrillation. Hypertension. (2021)
77:376-82. doi: 10.1161/HYPERTENSIONAHA.120.16191

31. Locke AE, Kahali B, Berndt SI, Justice AE, Pers TH, Day FR, et al. Genetic studies
of body mass index yield new insights for obesity biology. Nature. (2015) 518:197-206.
doi: 10.1038/nature14177

32.Brion M-JA, Shakhbazov K, Visscher PM. Calculating statistical power in
Mendelian randomization studies. Int ] Epidemiol. (2013) 42:1497-501. doi: 10.1093/ije/
dyt179

33. Bowden J, Del Greco ME, Minelli C, Davey Smith G, Sheehan N, Thompson J. A
framework for the investigation of pleiotropy in two-sample summary data Mendelian
randomization. Stat Med. (2017) 36:1783-802. doi: 10.1002/sim.7221

34. Bowden J, Davey Smith G, Burgess S. Mendelian randomization with invalid
instruments: effect estimation and bias detection through egger regression. Int J
Epidemiol. (2015) 44:512-25. doi: 10.1093/ije/dyv080

35. Bowden J, Davey Smith G, Haycock PC, Burgess S. Consistent estimation in
Mendelian randomization with some invalid instruments using a weighted median
estimator. Genet Epidemiol. (2016) 40:304-14. doi: 10.1002/gepi.21965

36. Hartwig FP, Davey Smith G, Bowden J. Robust inference in summary data
Mendelian randomization via the zero modal pleiotropy assumption. Int ] Epidemiol.
(2017) 46:1985-98. doi: 10.1093/ije/dyx102

37.Verbanck M, Chen C-Y, Neale B, Do R. Detection of widespread horizontal
pleiotropy in causal relationships inferred from Mendelian randomization between
complex traits and diseases. Nat Genet. (2018) 50:693-8. doi: 10.1038/
541588-018-0099-7

38. Bowden J, Hemani G, Davey SG. Invited commentary: detecting individual and
global horizontal pleiotropy in Mendelian randomization-a job for the humble
heterogeneity statistic? Am ] Epidemiol. (2018) 187:2681-5. doi: 10.1093/aje/kwy185

39. Paudel MS, Mandal AK, Shrestha B, Poudyal NS, Kc S, Chaudhary §, et al.
Prevalence of organic colonic lesions by colonoscopy in patients fulfilling ROME IV
criteria of irritable bowel syndrome. JNMA ] Nepal Med Assoc. (2018) 56:487-92. doi:
10.31729/jnma.3367

40. Patel P, Bercik P, Morgan DG, Bolino C, Pintos-Sanchez MI, Moayyedi P, et al.
Prevalence of organic disease at colonoscopy in patients with symptoms compatible with
irritable bowel syndrome: cross-sectional survey. Scand ] Gastroenterol. (2015)
50:816-23. doi: 10.3109/00365521.2015.1007079

41. Ishihara S, Yashima K, Kushiyama Y, Izumi A, Kawashima K, Fujishiro H, et al.
Prevalence of organic colonic lesions in patients meeting Rome III criteria for diagnosis
of IBS: a prospective multi-center study utilizing colonoscopy. ] Gastroenterol. (2012)
47:1084-90. doi: 10.1007/s00535-012-0573-4

42. Gu H-X, Zhang Y-L, Zhi F-C, Jiang B, Huang Y. Organic colonic lesions in 3,332
patients with suspected irritable bowel syndrome and lacking warning signs, a
retrospective case--control study. Int J Color Dis. (2011) 26:935-40. doi: 10.1007/
s00384-011-1163-2

43. Chey WD, Nojkov B, Rubenstein JH, Dobhan RR, Greenson JK, Cash BD. The
yield of colonoscopy in patients with non-constipated irritable bowel syndrome: results
from a prospective, controlled US trial. Am ] Gastroenterol. (2010) 105:859-65. doi:
10.1038/ajg.2010.55

44. Akhtar AJ, Shaheen MA, Zha J. Organic colonic lesions in patients with irritable
bowel syndrome (IBS). Med Sci Monit. (2006) 12:CR363-7. doi: 10.1016/].
rgmxen.2022.07.007

45. Asghar Z, Thoufeeq M, Kurien M, Ball AJ, Rej A, David Tai FW, et al. Diagnostic
yield of colonoscopy in patients with symptoms compatible with Rome IV functional
bowel disorders. Clin Gastroenterol Hepatol. (2022) 20:334-341.e3. doi: 10.1016/j.
cgh.2020.08.062

46. Menees SB, Powell C, Kurlander J, Goel A, Chey WD. A meta-analysis of the utility
of C-reactive protein, erythrocyte sedimentation rate, fecal calprotectin, and fecal
lactoferrin to exclude inflammatory bowel disease in adults with IBS. Am J Gastroenterol.
(2015) 110:444-54. doi: 10.1038/2jg.2015.6

47. Fairbrass KM, Hamlin PJ, Gracie DJ, Ford AC. Natural history and impact of
irritable bowel syndrome-type symptoms in inflammatory bowel disease during 6 years
of longitudinal follow-up. Aliment Pharmacol Ther. (2022) 56:1264-73. doi: 10.1111/
apt.17193

48. Aguas M, Garrigues V, Bastida G, Nos P, Ortiz V, Fernandez A, et al. Prevalence
of irritable bowel syndrome (IBS) in first-degree relatives of patients with inflammatory
bowel disease (IBD). J Crohns Colitis. (2011) 5:227-33. doi: 10.1016/j.crohns.2011.01.008

49. Colombel J-F, Shin A, Gibson PR. AGA clinical practice update on functional
gastrointestinal symptoms in patients with inflammatory bowel disease: expert review.
Clin Gastroenterol Hepatol. (2019) 17:380-390.e1. doi: 10.1016/j.cgh.2018.08.001

50. Vasant DH, Paine PA, Black CJ, Houghton LA, Everitt HA, Corsetti M, et al. British
Society of Gastroenterology guidelines on the management of irritable bowel syndrome.
Gut. (2021) 70:1214-40. doi: 10.1136/gutjnl-2021-324598

51. Hoekman DR, Vlieger AM, Stokkers PC, Mahhmod N, Rietdijk S, de Boer NK,
et al. Hypnotherapy for irritable bowel syndrome-type symptoms in patients with
quiescent inflammatory bowel disease: a randomized, controlled trial. ] Crohns Colitis.
(2021) 15:1106-13. doi: 10.1093/ecco-jcc/jjaa241

frontiersin.org


https://doi.org/10.3389/fmed.2023.1166683
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.1016/j.mayocp.2018.09.013
https://doi.org/10.1038/nature22969
https://doi.org/10.1016/j.chom.2015.04.008
https://doi.org/10.1016/S2468-1253(19)30089-5
https://doi.org/10.1016/S2468-1253(20)30300-9
https://doi.org/10.1038/ajg.2010.156
https://doi.org/10.1016/j.cgh.2016.05.012
https://doi.org/10.1093/ecco-jcc/jjx152
https://doi.org/10.1016/S2468-1253(20)30217-X
https://doi.org/10.1016/S2468-1253(20)30217-X
https://doi.org/10.1177/1756283X17744739
https://doi.org/10.1159/000487589
https://doi.org/10.1016/S2468-1253(20)30212-0
https://doi.org/10.1016/S2468-1253(20)30212-0
https://doi.org/10.2174/1574887117666220328125720
https://doi.org/10.1093/hmg/ddu328
https://doi.org/10.1093/hmg/ddu328
https://doi.org/10.1001/jama.2021.18236
https://doi.org/10.1038/s41588-021-00950-8
https://doi.org/10.1038/ng.3359
https://doi.org/10.1038/nature11582
https://doi.org/10.1002/ibd.20144
https://doi.org/10.1101/2022.03.03.22271360
https://doi.org/10.1093/ije/dyx028
https://doi.org/10.1038/s41467-020-14389-8
https://doi.org/10.1161/HYPERTENSIONAHA.120.16191
https://doi.org/10.1038/nature14177
https://doi.org/10.1093/ije/dyt179
https://doi.org/10.1093/ije/dyt179
https://doi.org/10.1002/sim.7221
https://doi.org/10.1093/ije/dyv080
https://doi.org/10.1002/gepi.21965
https://doi.org/10.1093/ije/dyx102
https://doi.org/10.1038/s41588-018-0099-7
https://doi.org/10.1038/s41588-018-0099-7
https://doi.org/10.1093/aje/kwy185
https://doi.org/10.31729/jnma.3367
https://doi.org/10.3109/00365521.2015.1007079
https://doi.org/10.1007/s00535-012-0573-4
https://doi.org/10.1007/s00384-011-1163-2
https://doi.org/10.1007/s00384-011-1163-2
https://doi.org/10.1038/ajg.2010.55
https://doi.org/10.1016/j.rgmxen.2022.07.007
https://doi.org/10.1016/j.rgmxen.2022.07.007
https://doi.org/10.1016/j.cgh.2020.08.062
https://doi.org/10.1016/j.cgh.2020.08.062
https://doi.org/10.1038/ajg.2015.6
https://doi.org/10.1111/apt.17193
https://doi.org/10.1111/apt.17193
https://doi.org/10.1016/j.crohns.2011.01.008
https://doi.org/10.1016/j.cgh.2018.08.001
https://doi.org/10.1136/gutjnl-2021-324598
https://doi.org/10.1093/ecco-jcc/jjaa241

Ke et al.

52. Gracie DJ, Irvine AJ, Sood R, Mikocka-Walus A, Hamlin PJ, Ford AC. Effect of
psychological therapy on disease activity, psychological comorbidity, and quality of life
in inflammatory bowel disease: a systematic review and meta-analysis. Lancet
Gastroenterol Hepatol. (2017) 2:189-99. doi: 10.1016/52468-1253(16)30206-0

53. Gravina AG, Pellegrino R, Palladino G, Mazzarella C, Federico P, Arboretto G,
et al. Targeting the gut-brain axis for therapeutic adherence in patients with
inflammatory bowel disease: a review on the role of psychotherapy. Brain Appar
Commun. (2023) 2:2181101. doi: 10.1080/27706710.2023.2181101

Frontiers in Medicine

09

10.3389/fmed.2023.1166683

54. Black CJ, Staudacher HM, Ford AC. Efficacy of a low FODMAP diet in irritable
bowel syndrome: systematic review and network meta-analysis. Gut. (2022) 71:1117-26.
doi: 10.1136/gutjnl-2021-325214

55.Cox SR, Lindsay JO, Fromentin S, Stagg AJ, McCarthy NE, Galleron N, et al.
Effects of low FODMAP diet on symptoms, fecal microbiome, and markers of
inflammation in patients with quiescent inflammatory bowel disease in a
randomized trial. Gastroenterology. (2020) 158:176-188.e7. doi: 10.1053/j.
gastro.2019.09.024

frontiersin.org


https://doi.org/10.3389/fmed.2023.1166683
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.1016/S2468-1253(16)30206-0
https://doi.org/10.1080/27706710.2023.2181101
https://doi.org/10.1136/gutjnl-2021-325214
https://doi.org/10.1053/j.gastro.2019.09.024
https://doi.org/10.1053/j.gastro.2019.09.024

	Inflammatory bowel disease is causally related to irritable bowel syndrome: a bidirectional two-sample Mendelian randomization study
	1. Introduction
	2. Materials and methods
	2.1. Sources of genetic IVs
	2.2. Sources of SNP outcome data
	2.3. MR analysis

	3. Results
	3.1. No causal associations of IBS and IBD
	3.2. IBD is causally related to IBS

	4. Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	Supplementary material

	References

