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Abstract 

Background Previous observational studies have shown associations between vitamin Ds and FGIDS[Including irri-
table bowel syndrome(IBS) and functional dyspepsia(FD)]. However, the association is controversial and the causality 
remains unknown. In this study, two-sample MR was cited to explore the causal effect on FGIDS caused by vitamin D 
level and serum 25-hydroxyvitamin D.

Method The GWASs of vitaminD and 25-hydroxyvitamin D, with 57–99 strongly related SNPs were all obtained 
from UK biobank. The GWASs of IBS and FD were obtained from FinnGen biobank with respectively 187,028 
and 194,071 participants involved. Fixed-effect inverse variance weighted regression was used to evaluate causal 
estimates. Other statistical methods such as MR Egger, weighted median estimation, maximum likelihood estimation 
and penalty-weighted median estimation are also used to verify the accuracy of the main results.

Results Measuring by the IVW method, our research indicated that no causal relationship was detected 
between vitamin D intake and Functional gastrointestinal disorders [IVW, OR(vitamin D-IBS) = 0.909, 95% CI 0.789–
1.053, p = 0.2017); OR(vitamin D-FD) = 1.0662, 95% CI 0.9182–1.2380, p = 0.4000]. As for serum 25-hydroxyvitamin 
D, no causal relationship was detected on FD(IVW, OR(25-hydroxyvitamin D-FD) = 0.9635, 95% CI 0.8039–1.1546, 
p = 0.6869). Nevertheless, a negative causal relationship was revealed between 25-hydroxyvitamin D and IBS(IVW, 
OR(25-hydroxyvitamin D-IBS) = 0.832, 95% CI 0.696–0.995, p = 0.0436). Sensitive analysis supported the main findings 
but did not suggest bias due to pleiotropy.

Conclusions Our Mendelian randomization analyses suggest a negative causal relationship between 25-hydroxyvi-
tamin D and IBS. For each additional SD increase of genetically determined 25-hydroxyvitamin D levels, the risk of IBS 
decreased by 16.8%.

Keywords Genetic variants, Mendelian randomization, Vitamin D, 25-hydroxyvitamin D, Irritable bowel syndrome, 
Functional dyspepsia

Introduction
Functional gastrointestinal disorders (FGIDs) are disor-
ders of the digestive system where no biochemical abnor-
malities can be found to explain their symptoms, which 
often present with unexplained abdominal distension and 
abdominal pain related to defecation diarrhea [1]. FGIDs 
mainly include irritable bowel syndrome (IBS) and func-
tional dyspepsia(FD) [2]. FGIDs are common diseases in 
modern society, a recent global survey of 54,127 adults in 
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26 countries initiated by the Rome Foundation reported 
that 43% of people met the symptoms of FGIDs [3]. 
Another retrospective study showed that almost all of the 
subjects who suffered from FGIDs had a comorbid dis-
order [4]. FGIDs are chronic and easy to relapse, which 
significantly reduce patients’ quality of life. Concurrently, 
repeating consultations, unnecessary medications as well 
as device examinations caused by FGIDs pose a signifi-
cant burden on healthcare resources [5].

Vitamin D is an essential substance for health sus-
tainability of human body [6], converted in the liver to 
25-hydroxy vitamin D [25(OH)D], is the clinical bio-
marker of vitamin D status. Increasing evidences show 
that susceptibility to functional gastrointestinal disorders 
are influenced by vitamin D [7]. A retrospective study 
found that More than 50% of IBS subjects had vitamin 
D deficiency [8]. A study showed that patients with FD 
are characterized by an increased duodenal vitamin D 
receptor expression [9]. Another case–control study con-
cluded that low levels of vitamin D remained a significant 
independent risk factor for the occurrence of intestinal 
motility disorder [10]. A recent study suggested that vita-
min D supplementation improves only IBS-QoL scores 
but not IBS symptoms [11]. While several other studies 
suggested that vitamin D supplementation significantly 
improved symptoms of IBS [12–14]. These contradic-
tory results may be caused by the unavoidably confound-
ing factors in traditional clinical research. To explore 
the causality between vitamin D and FGIDs, Mendelian 
randomization(MR) is introduced in this research.

Mendelian randomization is a statistical method, which 
harnesses the properties of the genome to enable causal 
inference of biomarkers [15]. It aims to overcome the lim-
itations of conventional medical research which can mis-
lead investigator for reasons of confounding and reverse 
causation [16]. Traditional RCT analyses are not only 
expensive but also time-consuming. It is hard for those 
analyses to eliminate confounding factors leading to con-
tradictory results. Mendelian randomization enables the 
use of a publicly available data from genome-wide asso-
ciation studies (GWAS) for both risk factor “exposures” 
and disease “outcomes” [16]. It relies on genetic variants 
qualifying the assumptions of an instrumental variable 
(IV), which means the IV will not directly impact the out-
come but only serve as a bridge to the causal relationship 
between exposure and outcome. Since genetic variation 
remains stable throughout human lives, correspond-
ing confounds are avoided in Mendelian randomization 
analysis.

In this study, two-sample MR was used to examine 
our hypothesis that the elevation of vitamin D level and 
serum 25-hydroxyvitamin D may be causally associated 
with risk of FGIDS.

Methods
Data source and open‑GWAS statistics
The UK biobank (UKB) is a repository for biomedical 
data, containing information from approximately half a 
million participants [17]. The Integrative Epidemiology 
Unit (IEU) Open GWAS project, developed at the MRC 
Integrative Epidemiology Unit at the University of Bris-
tol, sis mainly comprised of publicly available datasets 
[18]. This project now serves as an input source to con-
duct Mendelian randomization etc.

Four sets of data were chosen from the GWAS database 
in this study. Conditionally independent SNPs associ-
ated with 25-hydroxyvitamin D were acquired from UK 
Biobank, which contains a cohort of 443,734 individuals. 
In this GWAS, the average level of 25-hydroxyvitamin D, 
measured by the Diasorin assay, was determined to be 
70  nmol/L (SD34.7  nmol/L) [19]. SNPs associated with 
Vitamin D were obtained from UK Biobank, encompass-
ing 449,835 participants. In this GWAS, the mean vita-
min D level was 48.5807  nmol/L (SD 21.1431  nmol/L). 
Two sets related to IBS and FD were both published in 
2021, in which the former contains 4605 IBS European-
descent patients, 182,423 European-descent controls, the 
letter includes 4376 and 189695 aforementioned patients 
and controls. The data above were all provided by the 
IEU Open GWAS database.

SNPs selection and assumption
According to Fig.  1, MR analysis requires three core 
conditions: (I) the used variants are robustly associated 
with the exposure, which is called correlation hypothesis. 
(II) Variants we used are not associated with confound-
ers of the risk factor–outcome association. (III) Variants 
does not directly affect the outcome, but affects via its 
effect on the risk factor of interest. Above the mentioned 
assumptions, a statistical significance level (p < 5 × 10 − 8) 
was strictly set to satisfy genome-wide strong asso-
ciations. A specific threshold (R2 < 0.001)and muta-
tion frequency (MAF ≥ 1%) were set for SNPs in order 
to attenuate linkage disequilibrium (LD). Finally, a total 
of 53–92 independent SNPs were identified as genetic 
instruments from the IEU Open GWAS database. These 
SNPs were selected by excluding other confounders such 
as Crohn’s disease, ulcerative colitis, Helicobacter pylori 
infection, acute gastroenteritis Through phenoscanner 
(http:// www. pheno scann er. medsc hl. cam. ac. uk/). Addi-
tionally, IBS-related associated variants and FD-related 
associated variants were also excluded from the analysis.

Statistical analysis
In this study, inverse variance weighted (IVW), MR-
Egger, the maximum likelihood method and weighted 
median regression approaches were specifically chosen 
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as analytical methods, providing more accurate evalu-
ations by using the set of Wald ratio estimates, and 
testing and correcting as well as bias due to horizontal 
pleiotropic pathways. The web tool (https:// shiny. cnsge 
nomics. com/ mRnd) is used to calculate the statistical 
power.

The inverse-variance weighted (IVW) method, con-
sidered to be the most efficient analysis while encoun-
tering the absence of pleiotropic effects of IVs [20, 21], 
and thus adopted as the primary analysis method. How-
ever, since the estimate of IVW is a weighted average of 
the effects from each SNP, the result will be biased if 
any SNP shows horizontal pleiotropy. Therefore, only 
would the IVW model be applied when the heterogene-
ity was statistically significant (p < 0.05). Otherwise, the 
fixed effects model would be adopted.

The MR-Egger method and the penalized weighted 
median estimator provide statistical tests for presence 
of pleiotropic effects of the SNPs under analysis [22]. 
The Maximum likelihood method was used to gain the 
parameters of the associated probability density func-
tion for the database [23]. The causal relationship will 
be verifiable and convincing if the result of the leave-
one-out analysis conformed to that of the IVW analy-
sis. MR-PRESSO method was used to reduce horizontal 
pleiotropy by detecting and correcting outliers of SNPs in 
IVW analyses. The MR- PRESSO outlier test requires at 
least 50% of the genetic variants that are valid instrument 
and relied on InSIDE assumptions [24]. The method clus-
ters the SNPs into groups according to the similarity of 
causal effects and returns the causal effect estimate based 
on the cluster with the largest number of SNPs. The 
number of distributions in MR-PRESSO analysis was set 
to 3000 while the significant threshold was set to 0.05.

The false discovery rate, based on the Benjamini–
Hochberg method, was used to correct for multiple test-
ing. The association with a nominal P value is < 0.05. But a 
Benjamini–Hochberg adjusted P value > 0.05 was consid-
ered suggestive while the association with a Benjamini–
Hochberg adjusted P value < 0.05 was deemed significant.

All analyses were performed by R (version 4.1.1) and 
the Two Sample MR package.

Results
FinnGen biobank GWASs of vitamin D
The GWASs of vitamin D and 25-hydroxyvitamin D, with 
57–99 strongly related SNPs were all obtained from UK 
biobank. The GWASs of IBS and FD were obtained from 
FinnGen biobank with respectively 187028 and 194071 
participants involved (Table 1).

To testify the relationship between vitamin D-related 
genetic IVs with IBS and FD, reliable genetic IVs in vita-
min D intake and serum vitamin D(25-hydroxyvitamin 
D) were identified in the FinnGen biobank database 
through open GWAS platforms (gwas.mrcieu.ac.uk). The 
identification procedure was executed by utilizing the 
functions of “extract_outcome_data” and “harmonise_
data” and the 53–92 SNPs were extracted for the subse-
quent causality analysis (Tables 2 and 3).

IVW analysis
As illustrated in Tables  2 and 3, no causal relationship 
was detected between vitamin D intake and functional 
gastrointestinal disorders(including IBS and FD), with p 
values (≥ 0.05) measured by the IVW method. No causal 
relationship was detected between 25-hydroxyvitamin D 
and FD measured by the IVW method. Nevertheless, as 
shown in Table 2 and Fig. 2, a suggestive negative causal 

Fig. 1 The flow diagram of the Mendelian randomization (MR) study. I The genetic instrumental variables (IVs) are strongly associated 
with 25-hydroxyvitamin D(HydroVD) and vitamin D. II The genetic IVs do not affect the outcome through the confounders. III The genetic IVs 
do not affect functional gastrointestinal disorders (FGIDs) directly, but only via indirect exposure

https://shiny.cnsgenomics.com/mRnd
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relationship was found between 25-hydroxyvitamin D 
and IBS[IVW, OR/95%CI: 0.832(0.696,0.995), P (0.0436), 
adjusted P value 0.1744; power = 0.80]. According to the 

IVW method, for each standard deviation (SD) increase 
in genetically determined 25-hydroxyvitamin D levels, 
the risk of IBS was found reduced by 16.8%.

Table 1 The list of genome-wide summary association studies (GWAs) included in the Mendelian randomization (MR) study

Exposures GWAS ID Consortium Sample size No. of 
strongly 
related SNPs

Adjustment Population

Vitamin D intake ukb-d-30890_irnt UK biobank 449,835 57 Crohn’s disease, Ulcerative colitis, 
Helicobacter pylori infection, Acute 
gastroenteritis

European

25-hydroxyvitamin D ieu-b-4812 UK biobank 443,734 99

Outcomes GWAS ID Consortium Cases Control Population

IBS finn-b-K11_IBS FinnGen biobank 4605 182,423 European

FD finn-b-K11_FUNCDYSP FinnGen biobank 4376 189,695

Table 2 MR analysis results of exposure (including vitamin D intake and 25-hydroxyvitamin D) and irritable bowel syndrome (IBS)

No. SNP number of SNPs included in the analysis, β the regression coefficient based on vitamin D raising effect allele, SE standard error

p < 0.05 represents the causal link of vitamin D with IBS

Exposure MR Method No.SNP β SE OR(95%CI) P Ajusted‑P

Vitamin D intake MR Egger 53  − 0.0664 0.1173 0.9357 (0.7434,1.1778) 0.57430 –

Weighted median  − 0.1469 0.1082 0.86338 (0.70048,1.0641) 0.17458 –

IVW(fixed effects)  − 0.09576 0.075005 0.90867 (0.76941,1.0731) 0.20168 0.4033

Maximum likelihood  − 0.0959 0.0752 0.90859 (0.7840,1.0528) 0.2023 –

Penalized-weighted median  − 0.14693 0.1084 0.86335 (0.6964,1.0703) 0.1741 –

MR-PRESSO  − 0.09177 0.0845 0.9123 (0.8167,1.0192) 0.2825 –

25-hydroxyvitamin D MR Egger 92  − 0.126 0.139 0.881 (0.671,1.158) 0.367 –

Weighted median  − 0.189 0.140 0.828 (0.626,1.094) 0.175 –

IVW (fixed effects)  − 0.184 0.0e1 0.832 (0.696,0.995) 0.0436 0.1744

Maximum likelihood  − 0.185 0.091 0.832 (0.695,0.994) 0.0433 –

Penalized-weighted median  − 0.189 0.135 0.828 (0.630,1.087) 0.160 –

MR-PRESSO  − 0.17332 0.0934 0.8408 (0.7527,0.9393) 0.0667 –

Table 3 MR analysis results of exposure (including vitamin D intake and serum vitamin D) and functional dyspepsia (FD)

No. SNP number of SNPs included in the analysis, β the regression coefficient based on vitamin D raising effect allele, SE standard error

p < 0.05 represents the causal link of fatty acid with FD

Exposure MR Method No.SNP β SE OR(95%CI) P Ajusted‑P

Vitamin D intake MR Egger 53  − 0.051104 0.1045778 0.9501(0.7740,1.1663) 0.62716  − 

Weighted median 0.1229543 0.1184692 1.1308(0.8965,1.4264) 0.29933  − 

IVW (fixed effects) 0.0641415 0.076215 1.0662(0.9182,1.2380) 0.40001  − 

Maximum likelihood 0.0643745 0.0763783 1.0664(0.9182, 1.2387) 0.39931 0.53333

Penalized-weighted median 0.136949 0.1203150 1.1467(0.9058,1.4517) 0.25501  − 

MR-PRESSO 0.0656 0.07594 1.0678(0.9558,1.1928) 0.39134  − 

25-hydroxyvitaminD MR Egger 92  − 0.17933 0.136803 0.8358( 0.6392,1.093) 0.1932  − 

Weighted median  − 0.087774 0.144605 0.915(0.6927, 1.211) 0.5439  − 

IVW (fixed effects)  − 0.03722 0.092349 0.9634(0.8039,1.155) 0.68693 0.6869

Maximum likelihood 0.036860 0.092580 0.9638(0.8039, 1.156) 0.69052  − 

Penalized-weighted median  − 0.08717 0.14474 0.9165(0.6797,1.236) 0.54701  − 

MR-PRESSO  − 0.0325 0.0840 0.9680(0.8665,1.0813) 0.6996  − 
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Fig. 2 The scatter plot of vitamin (vitamin intake and 25-hydroxyvitamin D) and IBS. X-axis, the single nucleotide polymorphism (SNP) effect 
and standard errors (SEs) on each of the selected SNPs from vitamin genome-wide summary association study (GWAS) dataset. Y-axis, the SNP effect 
and SEs on IBS from IBS Genome-wide summary association study (GWAS) datasets. A Analysis of 25-hydroxyvitamin D and IBS. B Analysis of vitamin 
D intake and IBS
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Fig. 3 The scatter plot of vitamin Ds (vitamin D and 25-hydroxyvitamin D) and FD, X-axis, the single nucleotide polymorphism (SNP) effect 
and standard errors (SEs) on each of the selected SNPs from vitamin D genome-wide summary association study (GWAS) dataset. Y-axis, the SNP 
effect and SEs on FD from FD Genome-wide summary association study (GWAS) datasets. A Analysis of 25-hydroxyvitamin D and FD; B Analysis 
of vitamin D and FD
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Supplementary and sensitivity analysis
In addition to the main IVW analysis methods, statistical 
methods such as MR Egger, weighted median estimation, 
maximum likelihood estimation, and penalty-weighted 
median estimation are also used to verify the accuracy of 
the main results. These complementary assays confirmed 
that vitamin D intake had no causal effect on IBS and FD 
or relationship between 25-hydroxyvitamin D and FD 
(p = 0.193, 0.544, 0.691, 0.547, respectively) (Tables 2 and 
3). Negative causal relationship between 25-hydroxyvi-
tamin D and IBS was detected by maximum likelihood 
method (p = 0.044). For each additional SD increase of 
genetically determined 25-hydroxyvitamin D levels, the 
risk of IBS decreased by 16.8%.

Scatter plots were used for visualizing the effect size of 
each MR Method (Figs. 2 and 3), forest maps for estimat-
ing individual SNPS for visualization results (Figures S1 
and S2) and a funnel plot for showing the distribution 
balance of a single SNP effect (Figures S3 and S4). Con-
cluding from these figures, the effects of each SNP and 
their distribution are in balance.

Heterogeneity was calculated by using Cochran’s Q 
statistic. As shown in Table  4, the effects of vitamin D 
intake (IVW, p = 0.084) and 25-hydroxyvitamin D (IVW, 
p = 0.328) on IBS revealed no statistically significant het-
erogeneity among the genetic instrumental variables. 
FD[Vitamin D(IVW, p = 0.448), 25-hydroxyvitamin 
D(IVW, p = 0.850)] produced the same statistical results. 
Therefore, the fixed effect IVW model was used for the 
primary MR Analysis.

The leave-one-out analysis was performed to assess the 
impact of individual SNPS on the final MR results. As 
shown in Figs. 4 and 5, the causal effects of the remain-
ing vitamin D (vitamin D and 25-hydroxyvitamin D) on 
IBS and FD after successive omissions of the single SNPS 
were consistent with the results of the preliminary MR 
Study, indicating that no single SNPS played a significant 
role in the final results and the MR Study was stable and 
authentic.

Horizontal pleiotropy was tested to determine whether 
vitamin D-related genetic tool variants could lead to 
functional gastrointestinal disease(IBS and FD) through 
other potential pathways. The result of Table 5, indicating 
no horizontal pleiotropy presented in these MR Analyses 
illustrates the stability and reliability of the conclusions.

Discussion
Functional gastrointestinal disorders, acting as a serious 
economic and social problem, are diseases with preva-
lence, uncertain cause and clinically challenges. Vitamin 
D plays an important role in the onset of FGIDs yet the 
effect is still unclear. 25-hydroxyvitaminD instead of vita-
min D-intake was found out in this study with a negative 
causal effect on IBS. No causal relationship was detected 
between vitamin D (vitamin D intake and 25-hydroxyvi-
taminD) and FD.

After excluding potential confounders and other IBS- 
related characteristics from 99 strong 25-hydroxyvitamin 
D associated genetic IVs, comprising Crohn’s disease, 
ulcerative colitis, Helicobacter Pylori infection and acute 
gastroenteritis, subsequently 94 SNPs were extracted 
from FinnGen biobank in the effect analysis of IBS.

Apart from the primary IVW analysis, maximum like-
lihood estimation, the other MR analysis method, also 
confirmed the increase of 25-hydroxyvitamin D caused 
by genetic factors can reduce the risk of IBS. No signifi-
cant pleiotropic effect between 25-hydroxyvitamin D 
genetic variants and IBS was detected in the pleiotropic 
analysis (Table  2) and no statistically significant single 
SNP associated with the result was detected in the leave-
one-out analysis (Fig.  3E). These results demonstrated 
that 25-hydroxyvitamin D genetic variants could affect 
the risk of IBS via 25-hydroxyvitamin D rather than other 
pathways.

Therefore, the existence of a causal relationship 
between 25-hydroxyvitamin D and IBS can be concluded 
from the study. No causal relationship was detected in 

Table 4 The heterogeneity test of vitamin D-related genetic variants in FGIDs Genome-wide summary association study (GWAS) 
datasets

p < 0.05 is set as the significant threshold

Traits (outcome) Exposure Methods Q Q‑dif P

IBS Vitamin D intake MR Egger 66.41325911 51 0.072225879

IVW 66.5877852 52 0.08393536

25-hydroxyvitamin D MR Egger 96.12027858 90 0.310

IVW 96.45099224 91 0.328

FD vitamin D MR Egger 50.06724336 51 0.510672059

IVW 52.65735198 52 0.448460363

25-hydroxyvitamin D MR Egger 75.11282569 90 0.870139247

IVW 77.09561824 91 0.850433459
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Fig. 4 Leave-one-out analysis for the effect of vitamin Ds (25-hydroxyvitamin D and vitamin D)and IBS. A Analysis of 25-hydroxyvitamin D and IBS. 
B Analysis of vitamin D and IBS
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Fig. 5 Leave-one-out analysis for the effect of vitamin Ds (25-hydroxyvitamin D and vitamin D)and IBS. A Analysis of 25-hydroxyvitamin D and FD. B 
Analysis of vitamin D and FD
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the remaining groups in this study. The sensitive analysis, 
including the pleiotropic test, the leave-one-out analysis, 
and the heterogeneity examination cooperatively con-
firmed the robustness and reliability of the results. Sup-
plementary MR methods also proved the validity of the 
study.

According to domestic and foreign studies, the effect 
of Vitamin D on FGIDs has been widely investigated. A 
retrospective study of pediatric patients with a confirmed 
diagnosis of IBS in the USA found that more than 50% 
of IBS subjects have vitamin D deficiency [8]. Another 
case–control study in Italy concluded that vitamin D low 
levels remain a significant independent risk factor for 
the occurrence of intestinal motility disorder [10]. A sys-
tematic review and meta-analysis considered all articles 
published before 4 April 2022, indicating no difference 
between vitamin D and placebo on the improvement 
of IBS.6 While other studies have reached very differ-
ent conclusions. A random study shows that over the 
6-month intervention period, a significantly greater alle-
viation to IBS symptoms was observed from the patients 
who keep receiving vitamin D, comparing with the pla-
cebo group [12]. Concurrently, other studies reported 
same results [13, 14]. The result of this MR study was 
consistent with that of the research conducted by Abbas-
nezhad A. By explorating the inhibiting occurrence of 
IBS. relationship between vitamin D and FGIDs, the rise 
in serum vitamin D levels were found.

In this MR study, the deficiencies of traditional obser-
vational studies were overcome and stronger conclusions 
were able to be drawn by utilizing a new analytic method.

Although the direct causes of FGIDs are currently 
unclear, several studies confirmed that immune system 
is associated [25]. A study using immunohistochemi-
cal method to analyze mast cells of IBS patients found 
that colonic mast cell infiltration and mediator release 
in proximity to mucosal innervation causing chronic 
inflammation and may contribute to abdominal pain 

perception in IBS patients [26]. Another research found 
that the number of mast cells are increasing in the colonic 
mucosa of children with IBS [27]. Given its potent regu-
lator function in the immune system and anti-inflamma-
tory effects [28], vitamin D can help improving low-grade 
mucosal inflammation and immune changes in patients 
afflicted with irritable bowel syndrome.

The key strengths of this study are as follows. Firstly, 
SNPs possessing robust association with exposure affect-
ing the outcome indirectly were selected. Concurrently, 
the used SNPs are not associated with confounders of 
the risk factor–outcome association, which reinforced 
and upgraded the rationality and reliability of this study. 
Many SNPs were utilized as the IVs in this study, which 
usually substantially decreases the variance of the estima-
tor. Secondly, the used GWAS data was obtained from 
patients of European descent, which avoids the bias of 
population stratification. Thirdly, altogether five MR 
Analysis methods were used to evaluate the consistency 
of the causal effect, which strengthened the credibility of 
our study.

Meanwhile, some weaknesses are inevitable in this 
study. Firstly, all participants are European, limiting the 
universality of the results. Secondly, this study provides 
only reliable evidence for the effect of vitamin D on 
the risk of having FGIDs while the effects of vitamin D 
on patients with FGIDs had not been explored. Thirdly, 
to provide sufficient evidence for this study, a series of 
experiments needed to be performed in the future to 
further explore the molecular mechanisms involved in 
vitamin D and FGIDs. Lastly, in the original literature 
on genetic variations, the authors did not provide cohort 
follow-up times. Therefore, the effect of follow-up time 
could not be judged though, it may still bias the results.

This MR study indicated that serum vitamin D is a 
significant protective factor of IBS instead of FD. How-
ever, this study is based on Vitamin D level determined 
by genetic variants, which could only be accounted for 
part of the IBS risk variation. Thus, a large-sample rand-
omized controlled trail is still essential for clarifying the 
association between serum Vitamin D level and IBS.

Conclusion
This MR study showed that 25-hydroxyvitamin D level 
had a negative causal effect on IBS instead of FD.
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