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Causal effects of gut microbiota
on risk of overactive bladder
symptoms: a two-sample
Mendelian randomization study

Chaodong Shen', Mengjie Fang', Xiaolong Zhang, Zhirong Zhu,
Jiajian Chen and Guiliang Tang*

Department of Urology, Shaoxing People's Hospital, Shaoxing Hospital of Zhejiang University,
Shaoxing, China

Background: Clinical observations indicate a correlation between the gut
microbiota and overactive bladder (OAB) symptoms. Nevertheless, the causal
relationship and mechanisms between gut microbiota and OAB symptoms
remain elusive.

Methods: Two-sample Mendelian randomization (MR) analyses were performed
to assess the association between gut microbiota and OAB symptoms, including
urinary incontinence (Ul). Data were obtained from the MiBioGen International
Consortium genome-wide association studies (GWAS) dataset and the IEU
GWAS database. The inverse variance weighted method was used as the
primary approach in the MR analysis, with the weighted median, MR-Egger, and
weighted mode methods as supplementary approaches. Sensitivity analyses
were employed to assess potential violations of the MR assumptions.

Results: Our analysis identified seven gut bacterial taxa with a causal
relationship to OAB and nine gut bacterial taxa associated with Ul. Genera
Eubacteriumfissicatenumgroup, LachnospiraceaeNK4A136group, and
Romboutsia were identified as protective factors against OAB, while genera
Barnesiella,FamilyXIlIAD3011group, Odoribacter,andRuminococcaceaeUCGO05
were associated with an increased risk of OAB. A higher abundance of the genus
Coprococcus3, order Burkholderiales, and phylum Verrucomicrobia predicted
a lower risk of Ul. Conversely, the class Mollicutes, genus Ruminococcus
gauvreauii group, order Mollicutes RF9, and phylum Firmicutes and Tenericutes
were positively correlated with Ul risk. The sensitivity analysis excluded the
influence of potential heterogeneity and horizontal pleiotropy.

Conclusion: This study revealed a causal relationship between gut microbiota
and OAB symptoms, providing new insights and a theoretical foundation to
identify biomarkers and therapeutic targets for patients with OAB symptoms.
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Introduction

Overactive bladder (OAB) is clinically diagnosed based on the
presence of troublesome lower urinary tract symptoms. The
International Continence Society defines OAB as the presence of
“urinary urgency, usually accompanied by frequency and nocturia,
with or without urgency urinary incontinence (UUI), in the
absence of urinary tract infection or other obvious pathology”
(Abrams et al., 2002). Previous studies conducted in different
countries have reported OAB prevalence rates varying between 2.1
and 16.6% (Stewart et al., 2003; Homma et al., 2005; Irwin et al.,
2006). OAB symptoms significantly impact patients’ quality of life,
especially in patients with symptoms of urinary incontinence (UI);
however, the mechanisms remain

precise incompletely

understood. A widely accepted theory explaining the
pathophysiology of OAB involves detrusor overactivity (Brading,
2006). Patients with OAB are treated with anti-cholinergic drugs
and p3 agonists. However, some patients still experience symptoms
despite treatment, highlighting that the mechanisms underlying
2012).

Consequently, exploring the pathophysiological mechanisms

OAB remain poorly understood (Gormley et al,

leading to OAB formation is essential. This exploration is vital for

developing innovative biological targeted therapy for
pharmacological treatment.

The human gastrointestinal tract harbors numerous bacteria in
a healthy state, forming the largest microbiota ecosystem in the
body, known as the gut microbiome, which participates in and
influences the metabolism of substances and energy (Gomes et al,,
2018). Increasing research has indicated that the gut microbiome is
associated with the occurrence and progression of autoimmune
diseases, metabolic syndromes, and cancer. It is also intimately
linked to certain diseases of the urinary system, including urinary
system tumors, urolithiasis, benign prostatic hyperplasia, and
urinary tract infection (Jiao et al., 2020; Magruder et al., 2020;
Matsushita et al., 2021 Li L. Y. et al., 2022; Luo et al., 2023;). The
concepts of the gut-prostate, gut-bladder, and gut-kidney axes have
garnered increasing attention (Yang et al., 2018; Salazar et al., 2022;
Fujita et al., 2023). Previous research has identified a relationship
between the microbiota and OAB symptoms, particularly UUI,
which may be crucial in preventing, diagnosing, and treating OAB
2019; 2020).

Approximately 64% of the bacterial species in the urinary microbiota

(Antunes-Lopes and Cruz, Holland et al.,
overlap with those found in the intestine, suggesting an intestinal
origin (Holland et al., 2020). A longitudinal study has suggested that
the gut microbiota may be linked to the risk of OAB symptom
progression, and the underlying mechanism may involve neural
crosstalk between the bladder and gastrointestinal tract via
parasympathetic and sympathetic pathways (Okuyama et al., 2022).
However, the existence of a clear causal relationship between the gut
microbiota and OAB remains uncertain due to insufficient
clinical evidence.

Mendelian randomization (MR) leverages single nucleotide
polymorphisms (SNPs) and genome-wide association studies
(GWAS) to establish causal relationships and quantify effect sizes
(Emdin et al., 2017). MR research mitigates the influence of reverse
causation and minimizes confounding factors, thereby enhancing the
reliability and validity of findings (Bowden and Holmes, 2019). Given
that the gut microbiota does not alter an individual's DNA sequence
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(Zheng et al., 2017), MR is a valuable tool to rigorously investigate
the association between OAB symptoms and gut microbiota.

This study used the latest available large-scale GWAS summary
statistics for MR analysis to identify the potential causal relationship
between gut microbiota and OAB symptoms. It offered new
perspectives for further mechanistic research and novel bio-targeted
therapy, enhancing the overall quality of life for patients suffering
from OAB symptoms.

Materials and methods
Study design

In this study, two-sample MR analyses were conducted to
determine the relationship between 196 gut microbiota and OAB
symptoms, including UI. No additional ethical approval was needed
because all the data used were published in a public database, and
the original studies from which the summary statistics were derived
had obtained proper ethical approval and informed consent. The
analytic process was conducted per the Strengthening the Reporting
of Observational Studies in Epidemiology using MR guidelines
(Skrivankova et al.,, 2021). The following three assumptions must
be satisfied for MR studies (Labrecque and Swanson, 2018): (I)
instrumental variables (IVs) are associated with the exposure of
interest; (II) IVs are independent of any confounders in univariate
MR; (III) IVs affect the outcome only through exposure. Figure 1
illustrates the study design and MR assumptions in this study.

Data sources for the exposure

The MiBioGen consortium conducted a large-scale GWAS to
examine the relationship between human genetic variation and the gut
microbiome (Kurilshikov et al., 2021). This comprehensive study
integrated the gut microbiome data from 18,340 participants across
24 cohorts from the United States, Canada, Israel, Germany, Sweden,
Finland, and the United Kingdom, with the majority being of
European descent (1 =13,266). In this study, data from the MiBioGen
consortium encompassing 196 gut microbiome taxa (9 phyla, 16
classes, 20 orders, 33 families, and 119 genera) were used as exposure
variables, excluding 15 unknown microbiome taxa (3 unknown
families and 12 unknown genera).

Data sources for the outcome

The SNPs associated with OAB and UI were downloaded from the
IEU OpenGWAS project database. For OAB, the phenotype “Bladder:
Calcified/Contracted/Overactive” (GWAS ID: ukb-b~*") (Zhang et al.,
2024), with a sample size of 463,010 and 9,851,867 SNPs, was selected.
The summary data for UI were derived from the GWAS phenotype
“Urinary frequency/Incontinence” (GWAS ID: ukb-b™**") (Zhang
et al., 2024), with a sample size of 462,933 and 9,851,867 SNPs.
Notably, both databases were produced using a GWAS pipeline with
phesant-derived variables from the UK Biobank. All participants had
similar genetic backgrounds, and each individual was of
European ancestry.
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FIGURE 1
Study design and assumptions of Mendelian randomization analysis. Assumption 1: instrumental variables (IVs) are associated with the exposure of
interest; Assumption 2: IVs are independent of any confounders in univariate MR; Assumption 3: Vs affect the outcome only through the exposure.

Selection of Vs

The following quality control steps were implemented to select the
best IVs and ensure the validity and accuracy of the conclusions drawn
regarding the causal relationship between the gut microbiome and OAB
symptoms. Based on the correlation hypothesis, a threshold of p<1x 10~
was used to screen for SNPs significantly associated with the gut
microbiome, as they rarely reach genome-wide significance (p<5x107%)
(Sanna et al,, 2019). Additionally, the MR method requires that the
selected IVs are not in linkage disequilibrium (LD) with each other. SNPs
with an R*<0.001 and clustering distance of 10,000kb were selected to
retain independent SNPs and eliminate LD. Next, palindromic SNPs and
SNPs absent in the outcome dataset were excluded to ensure that the
effect of SNPs on exposure corresponded to the same allele as their effect
on outcome (Hemani et al., 2018). Finally, to minimize the risk of weak
instrument bias, the F-statistic for each gut microbiome-related SNP was
calculated using the following formula: F=R?x (n—k—1)/[kx (1 -R?)].
IVs with an F-statistic <10 were defined as weak instruments and
removed (Burgess and Thompson, 2011; Levin et al., 2020).

Statistical analysis

Four main methods were used in the MR analysis: inverse-
variance weighted (IVW), weighted mode, MR-Egger regression, and
weighted median. Among these, IVW was the primary assessment
method, assuming that IVs affect the outcome solely through the
exposure of interest and do not impact any other pathways (Bowden
et al, 2015). A range of methods were performed for sensitivity
analysis. The MR-Egger regression intercept was used to estimate
directional pleiotropy (p<0.05 indicated directional pleiotropy)
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(Bowden et al., 2015). The MR-Pleiotropy Residual Sum and Outlier
(MR-PRESSO) test was applied to evaluate and adjust for horizontal
pleiotropy because it can identify horizontal pleiotropy, remove
outliers, and test for significant differences in causal estimates before
and after outlier correction (Bowden et al., 2018). Leave-one-out
(LOO) analysis was conducted to assess whether the summary
estimate was biased by high-influence points (Burgess et al., 2017).
Cochran’s Q test was used to calculate heterogeneity in the MR results
(p<0.05 indicated significant heterogeneity) (Greco et al., 2015).
MR-Steiger analysis was employed to examine the direction of
potential causal relationships for each extracted SNP regarding
exposure and outcome, confirming that the correct direction
indicated the absence of reverse causality (Hemani et al., 2017). The
Bonferroni correction was used to determine the significance of
multiple tests at each feature level for the primary MR results. The
number of bacteria under each attribute was determined as follows:
phyla: 0.05/9 (5.56x107°), classes: 0.05/16 (3.13x107%), orders:
0.05/20 (2.5x107%), families: 0.05/32 (1.56x107°), and genera:
0.05/119 (4.20 x 107).

All analyses were conducted using the MR (0.9.0), MR-PRESSO
(1.0), and TwoSampleMR (0.5.8) packages in R (version 4.3.1).
Statistical significance was set at p<0.05. A significant two-sided
p-value was set at 0.05 for the global-level test.

Results
Selection of IVs

After applying stringent control measures for p-values, LD effects,
palindromic sequences, and F-statistic calculations, we identified
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2,126 SNPs from 196 gut microbiota taxa to be included as IVs in the
final MR analysis (Supplementary Table S1).

Causative connection between gut
microbiota and OAB

The Circus diagram depicts all results of the MR analysis for
OAB (Figure 2A). Eventually, seven genera (97 SNPs) exhibited a
significant causal relationship with OAB. Supplementary Table S2
presents the detailed GWAS information on the selected IVs.
Eubacteriumfissicatenagroup (IVW: odds ratio [OR], 0.998; 95%
interval [CI]:  0.997-0.999; p=0.013),

confidence genera

FIGURE 2

The detailed MR results for the associations between 196 bacterial
taxa and OAB symptoms from the above four analysis methods. The
estimations for the IVW MR-Egger, Weighted Median, and Weighted
Mode are shown as circles from outer to inner. Gut microbiota is
classified in genus, family, order, class and phylum. (A) The detailed
MR results between gut microbiome and OAB; (B) The detailed MR
results between gut microbiome and Ul. IVW, inverse variance
weighted; OAB, overactive bladder; Ul, urinary incontinence.
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LachnospiraceaeNK4A136group (IVW: OR, 0.997; 95% CI: 0.995-0.999;
p=0.004), and Romboutsia (IVW: OR, 0.997; 95% CI: 0.995-0.999;
p=0.035) were identified as protective factors against OAB. However,
Barnesiella (IVW: OR, 1.002; 95% CI: 1.000-1.004; p=0.037),
FamilyXIIIAD3011group (IVW: OR, 1.002; 95% CI: 1.000-1.004;
p=0.028), Odoribacter (IVW: OR, 1.002; 95% CI: 1.000-1.005; p=0.028),
and RuminococcaceaeUCG005 (IVW: OR, 1.002; 95% CI: 1.000-1.005;
Pp=0.047) were associated with an increased risk of OAB (Figure 3A).
After applying stringent Bonferroni correction, no statistically significant
causal relationships with OAB were observed. Table 1 presents the
sensitivity analysis of the MR between the gut microbiota and OAB. The
MR-PRESSO analysis results revealed no significant heterogeneity and
outliers (global Py presso > 0.05), indicating no horizontal pleiotropy. No
individual SNP significantly disturbed the overall effect of all exposures
on OAB in the LOO analysis (Supplementary Figure S1). Analysis of all
gut microbiota using MR-Egger regression identified no directional
pleiotropy (Supplementary Figure S2). Furthermore, Cochran’s Q test
results suggested the absence of heterogeneity, as all p-values were>0.05.
The MR-Steiger analysis confirmed the accuracy of the direction,
reinforcing the robustness of causal effect estimates.

Causative connection between gut
microbiota and Ul

Figure 2B summarizes the results of the four analysis methods for
the gut microbiota and UI Ultimately, eight gut microbiota (120
SNPs) with a significance level of <0.05 were identified, comprising
three phyla, one class, two orders, two  genera.
Supplementary Table S3 provides details of the instrumental SNPs. A
higher abundance of genus Coprococcus3 (IVW: OR, 0.997; 95% CI:
0.995-0.998; p=0.002), order Burkholderiales (IVW: OR, 0.997; 95%
CI: 0.995-0.999; p=0.047), and phylum Verrucomicrobia (IVW: OR,
0.998; 95% CI: 0.996-0.999; p=0.033) predicted a lower risk of
UI. However, class Mollicutes (IVW: OR, 1.002; 95% CI: 1.000-1.004;
p=0.022), genus Ruminococcus gauvreauii group (IVW: OR, 1.002;
95% CI: 1.000-1.004; p=0.012), order MollicutesRF9 (IVW: OR,
1.001; 95% CI: 1.000-1.003; p=0.021), and phylum Firmicutes (IVW:
OR, 1.002; 95% CI: 1.000-1.005; p=0.002) and Tenericutes (IVW: OR,
1.002; 95% CI: 1.000-1.004; p=0.022) were positively correlated with
UI risk (Figure 3B). The results of the Bonferroni-corrected test

and

indicated that the phylum Firmicutes still exhibited a significant
causal relationship with Ul; however, no significant associations were
observed for the remaining seven gut microbiota. The MR-PRESSO
analysis and Cochran’s Q test indicated the absence of horizontal
pleiotropy and heterogeneity. We detected no SNP outlier using LOO
analysis (Supplementary Figure S3). The MR-Egger regression
intercept was close to zero (p>0.05), indicating a lack of directional
pleiotropy (Supplementary Figure S4). The MR-Steiger analysis
indicated no reverse causal relationships. In summary, the sensitivity
analysis results indicated that the MR analysis results were robust and
reliable (Table 2).

Discussion

To our knowledge, this is the first study to use MR analysis to
investigate the genetically predicted causal relationship between
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FIGURE 3
Forest plot for gut microbiome and OAB symptoms. (A) Forest plot for gut microbiome and OAB; (B) Forest plot for gut microbiome and Ul. IVW,
inverse variance weighted; OR, odds ratio; Cl, confidence interval; OAB, overactive bladder; Ul, urinary incontinence.

TABLE 1 Sensitivity analysis of MR between gut microbiota and OAB.

Level Gut Microbiota Horizontal pleiotropy Heterogeneity Steiger
test

MR-PRESSO global = MR-Egger regression  Q statistic p-value  p-value
outlier test

Outlier p-value Intercept | p-value
genus Eubacteriumfissicatenagroup NA 0.796 0.0004 0.501 2.534 0.771 1.77E-29
genus Barnesiella NA 0.673 0.0009 0.245 2.510 0.642 1.77E-23
genus FamilyXIITAD3011group NA 0.944 —0.0002 0.611 1.699 0.888 1.72E-33
genus LachnospiraceaeNK4A136group NA 0.384 0.0003 0.724 8.723 0.366 2.95E-42
genus Odoribacter NA 0.335 —0.0010 0.305 2.135 0.544 3.64E-23
genus Romboutsia NA 0.423 0.0003 0.470 5.477 0.360 4.21E-28
genus RuminococcaceaeUCG005 NA 0.362 0.0006 0.669 6.690 0.244 7.60E-36

OAB, overactive bladder; MR, Mendelian randomization; NA, not available.
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TABLE 2 Sensitivity analysis of MR between gut microbiota and Ul.

10.3389/fmicb.2024.1459634

Level Gut microbiota Horizontal pleiotropy Heterogeneity Steiger
test
MR-PRESSO global = MR-Egger regression = Q statistic p-value  p-value
outlier test
Outlier p-value Intercept = p-value

Class Mollicutes NA 0.814 0.0005 0.550 0.963 0.810 2.81E-19
Genus Ruminococcusgauvreauiigroup NA 0.246 —0.0005 0.643 8.416 0.209 4.82E-32
Genus Coprococcus3 NA 0.876 —0.0001 0.807 1.169 0.947 3.09E-31
Order Burkholderiales NA 0.943 —0.0004 0.721 0.824 0.935 3.62E-22
Order MollicutesRF9 NA 0.482 0.0004 0.592 6.131 0.408 1.34E-34
Phylum Firmicutes NA 0.169 —0.0003 0.530 5.320 0.377 1.59E-34
Phylum Tenericutes NA 0.842 0.0005 0.550 0.963 0.810 2.81E-19
Phylum Verrucomicrobia NA 0.447 0.0003 0.677 4.045 0.399 9.28E-23

UL, urinary incontinence; MR, Mendelian randomization; NA, not available.

the gut microbiota and OAB symptoms. Extensive research has
investigated the relationship between the urinary tract microbiota
and OAB symptoms. Researchers have explored the differences in
the urine microbiota between individuals with OAB and the
general population using high-throughput 16S ribosomal RNA
(rRNA) gene sequencing to detect bacterial DNA in urine samples
(Wolfe and Brubaker, 2019). The results revealed that patients
with OAB exhibited significantly reduced microbial diversity
compared to the control group (Hilt et al., 2014; Pohl et al., 2020;
Okamoto et al., 2021). Changes in specific bacterial species in the
urine, such as a reduction in Lactobacillus or an increase in
Escherichia coli, may also worsen OAB symptoms (Karstens et al.,
2016). Approximately 64% of the bacterial species in the urinary
microbiota overlap with those found in the intestine, suggesting
an intestinal origin (Holland et al., 2020). The link between gut
microbiota and OAB symptoms is increasingly attracting the
interest of researchers. Okamoto et al. (2021) conducted a cross-
sectional survey and found that the relative abundance of
Bifidobacterium was significantly reduced in the OAB population
the
Faecalibacterium was significantly higher in this group (Okamoto

with daily urgency, while relative abundance of
et al, 2021). The results of a three-year longitudinal study
conducted by Okuyama et al. in Japan revealed that the genus
Streptococcus (OR: 1.05, p=0.029) is an independent risk factor
for UI progression (Okuyama et al., 2022). Further research is
needed to evaluate the causal relationship between the gut
microbiota and OAB symptoms. This study employed new large-
scale GWAS data and gene prediction methods to elucidate the
relationship between specific gut microbiota and the progression
of OAB symptoms. Consequently, the findings are more robust
and offer reliable causal explanations, which could inform future
treatments for OAB symptoms using targeted biological therapies.

This study identified 15 specific bacteria associated with OAB
symptoms. Phylum Firmicutes still maintained a strong
correlation after the Bonferroni-corrected test. Firmicutes is a
phylum of bacteria characterized by thick cell walls primarily
composed of peptidoglycans, reflected by its name “Firmicutes.”
This phylum encompasses various bacteria with varying
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morphological and physiological traits. Previous studies have
demonstrated that alterations in the proportion of Firmicutes and
Bacteroidetes within the gut microbiota are closely associated with
obesity (Ridaura et al., 2013). An increase in Firmicutes may
contribute to obesity by enhancing energy absorption from food.
Additionally, there was a correlation between obesity and OAB
symptoms. Hsu et al. (2022) found that infusing fatty acid-derived
prostaglandins into the bladder can induce uninhibited detrusor
muscle contractions in animals and humans (Hsu et al., 2022).
Moreover, they observed that serum nerve growth factor levels
were positively correlated with obesity and other inflammatory
markers in humans. According to the neurogenic theory of OAB,
this condition may involve the local transfer of abnormal C-fiber
activity to A-delta afferent fibers, typically involved in normal
urination, leading to pathological states (Bhide et al., 2013). This
may be the mechanism by which Firmicutes influence bladder
function through metabolic pathways. Streptococcus is a genus
belonging to the phylum Firmicutes. Okuyama et al. (2022)
observed a significant increase in the genus Streptococcus in the
progression of UI (p<0.001) (Okuyama et al, 2022). Their
additional analysis revealed that the relative abundance of this
genus was higher in patients with irritable bowel syndrome (IBS)
than in patients without IBS. The incidence of IBS was significantly
higher in the UI progression group than in the control group
(p=0.025). Christianson et al. (2007) proposed that neural
crosstalk between the parasympathetic and sympathetic nerves in
the bladder and gastrointestinal tract may explain the association
between OAB symptoms and IBS (Christianson et al., 2007). This
indicates intestinal dysbiosis may influence bladder function via
convergent sensory pathways between the intestine and bladder
at the peripheral and spinal cord levels. The role of the gut-bladder
axis in human lower urinary tract symptoms warrants increased
attention (Schembri et al., 2022). A cross-sectional study in the
Iwaki Health Promotion Project in Japan found that the genus
Faecalibacterium, belonging to the phylum Firmicutes, is
significantly more abundant in the OAB-daily incidence group
(p=0.006) (Okamoto et al., 2021). The short-chain fatty acids
(SCFAs) produced by the genus Faecalibacterium generally benefit
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intestinal health. However, previous studies have indicated that
excessive SCFAs can adversely affect human health (Tana et al.,
2010). Kashyap et al. (2018) found that administration of butyric
acid resulted in an increase in brain-derived neurotrophic factor
in the urine of a rat experimental model, ultimately leading to
enhanced bladder detrusor activity (Kashyap et al., 2018). Genera
Ruminococcus gauvreauii group (IVW: OR, 1.002; 95% CI: 1.000-
1.004; p=0.012) and RuminococcaceaeUCG005 (IVW: OR, 1.002;
95% CI: 1.000-1.005; p=0.047), belonging to the phylum
Firmicutes, were identified as risk factors for OAB symptoms in
our research, although its significance diminished after Bonferroni
correction. Lactobacillus, a main species within the phylum
Firmicutes, has been predominantly studied for its role in the
urine (Li K. et al., 2022). Revisited evidence in 2019 highlights its
important regulatory and protective functions in the lower
urinary tract (Antunes-Lopes and Cruz, 2019). However, research
on how Lactobacillus in the digestive tract influences bladder
function is currently limited and needs further exploration.

The Bonferroni-corrected test has the possibility of false-negative
results. Although many gut microbiota have lost their correlation with
OAB symptoms after correction, some findings still suggest potential
relationships relevant to our research results. In our study, Odoribacter
(belonging to the phylum Bacteroidetes) significantly correlated with
OAB symptoms. Liu et al. (2024) discovered that genus Odoribacter
in the gut remained significantly associated with chronic prostatitis
even after false discovery rate correction (OR:1.43; 95% CI: 1.05-1.94)
(Liu et al., 2024). Activation of the vagus nerve and regulation of the
immune system by the gut microbiota may play a crucial role.
However, whether this regulation affects chronic inflammation and
the bladder’s function remains unclear. Our findings suggest that the
Barnesiella genus, a significant member of the Bacteroidetes phylum,
is a risk factor for OAB symptoms. A previous study identified a high
abundance of the Barnesiella genus in the tumor mucosal microbiota,
suggesting it may influence bladder pathology through unknown
mechanisms (Parra-Grande et al., 2021). Therefore, further research
is needed to explore the impact and mechanisms of the Bacteroidetes
phylum in the gut on bladder pathology. The phylum
Verrucomimicrobia was a protective factor against OAB symptoms in
our research (IVW: OR, 0.998; 95% CI: 0.996-0.999; p=0.033).
Akkermansia muciniphila is an important member of the phylum
Verrucomicrobia. Damage to intestinal epithelial integrity causes
Gram-negative lipopolysaccharide accumulation in the serum,
causing metabolic endotoxemia and systemic inflammatory responses
that may affect bladder contraction (Cani et al., 2008). Reunanen et al.
(2015) found that Akkermansia muciniphila binds to mucin layer
adhesion proteins and undifferentiated Caco-2 cells, participating in
the competitive exclusion of pathogenic organisms at the injury site
(Reunanen et al.,, 2015). Following epithelial damage, it enhances the
establishment of newly formed intestinal cell monolayers, significantly
reducing lipopolysaccharide accumulation in the serum and the
consequent inflammatory responses. These results have uncleared
clinical guidance due to the disappearance of correlation after the
Bonferroni-corrected test; however, they provide a theoretical basis
for future research on gut microbiota and OAB symptoms.

Diagnosing and treating lower urinary tract diseases using gut
microbiota remains in the preliminary research stages. Thus, there are
several hypotheses regarding the mechanism of the impact of the gut
microbiota on OAB. There is bidirectional communication between
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the gut and the central nervous system, known as the gut-brain axis.
The gut microbiota may regulate the nervous system through various
mechanisms, such as the production of neuroactive metabolites,
modulation of the immune system, and activation of the vagus nerve,
ultimately directly affecting the bladder (Cryan and Dinan, 2012).
Research has discovered that gut microbiota can also contribute to the
development of certain mental disorders by influencing early neural
development mediated by SCFAs, inducing intestinal inflammation,
and affecting metabolic and endocrine pathways (Li et al., 2023).
These mental disorders may be closely related to the OAB symptoms
(Smith et al., 2024). Funada et al. (2018) discovered a positive
correlation between environmental factors and OAB symptoms,
including depression, in male patients (Funada et al., 2018). Jung et al.
(2023) also found that the urinary bacterial composition differs
between patients with OAB and depression or anxiety and those
without mental disorders (Jung et al., 2023). The direct or indirect
effects of the gut-brain axis may influence bladder function changes;
similarly, the gut-bladder axis is gradually gaining attention in
research. Research suggests that antibiotic treatment can induce gut
dysbiosis and increase the susceptibility to recurrent urinary tract
infections. Dysbiosis is characterized by reduced microbial diversity,
relative abundance of butyrate-producing microorganisms, and
elevated plasma eotaxin-1 levels. These changes may represent a
potential mechanism by which the gut-bladder axis regulates urinary
tract infections (Schembri et al., 2022). A recent study in patients with
UUI indicated the existence of a gut-bladder axis (Okamoto et al.,
2021). Further research is needed to explore the complex signaling
network between the pathophysiological changes in the gut and
bladder, providing a foundation for future biologically targeted
therapies for OAB.

It is essential to recognize that our study had certain limitations.
First, the GWAS data related to gut microbiota were obtained from
participants of diverse racial backgrounds, while the summary
statistics for GWAS of OAB symptoms were derived solely from
individuals of European descent. Second, although the identified
SNPs are associated with gut microbiota composition, elucidating
their specific links to individual OAB symptoms and their overall
effects is more challenging. This complexity arises from the diverse
roles that gut microbiota plays in health and disease. Third, direct
methods were not employed to validate the second and third MR
assumptions; any breach of these assumptions could lead to biased
MR estimates. Future research should address these shortcomings
and limitations.

In summary, we used MR analysis to identify gut microbiota
associated with OAB symptoms from a genetic perspective.
We identified 14 nominal causal relationships and one strong causal
relationship, demonstrating a positive correlation between the
Firmicutes phylum and OAB symptoms. It provided new avenues to
identify biomarkers and therapeutic targets for patients with OAB
symptoms, enhancing the overall quality of life for patients suffering
from OAB symptoms.

Data availability statement

The datasets presented in this study can be found in online
repositories. The names of the repository/repositories and accession
number(s) can be found in the article/Supplementary material.

frontiersin.org


https://doi.org/10.3389/fmicb.2024.1459634
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org

Shen et al.

Author contributions

CS: Conceptualization, Formal analysis, Methodology, Visualization,
Writing - original draft. MF: Conceptualization, Formal analysis,
Methodology, Writing - original draft. XZ: Data curation, Software,
Writing - review & editing. ZZ: Data curation, Software, Writing —
review & editing. JC: Data curation, Software, Writing — review &
editing. GT: Project administration, Writing — review & editing.

Funding

The author(s) declare that no financial support was received for
the research, authorship, and/or publication of this article.

Acknowledgments

We would like to express our gratitude to the participants and
investigators involved in the GWAS utilized in the present study.
We thank Figdraw (https://www.figdraw.com/) for providing a
platform for creating figures.

References

Abrams, P, Cardozo, L., Fall, M., Griffiths, D., Rosier, P., Ulmsten, U., et al. (2002). The
standardisation of terminology of lower urinary tract function: report from the
standardisation sub-committee of the international continence society. Am. J. Obstet.
Gynecol. 187, 116-126. doi: 10.1067/mob.2002.125704

Antunes-Lopes, T., and Cruz, E (2019). Urinary biomarkers in overactive bladder:
revisiting the evidence in 2019. Eur. Urol. Focus 5, 329-336. doi: 10.1016/j.
euf.2019.06.006

Bhide, A. A., Cartwright, R., Khullar, V,, and Digesu, G. A. (2013). Biomarkers in
overactive bladder. Int. Urogynecol. J. 24, 1065-1072. doi: 10.1007/s00192-
012-2027-1

Bowden, J., Davey Smith, G., and Burgess, S. (2015). Mendelian randomization with
invalid instruments: effect estimation and bias detection through Egger regression. Int.
J. Epidemiol. 44, 512-525. doi: 10.1093/ije/dyv080

Bowden, J., and Holmes, M. V. (2019). Meta-analysis and Mendelian randomization:
a review. Res. Synth. Methods 10, 486-496. doi: 10.1002/jrsm.1346

Bowden, J., Spiller, W., Del Greco, M. E, Sheehan, N., Thompson, J., Minelli, C., et al.
(2018). Improving the visualization, interpretation and analysis of two-sample summary
data Mendelian randomization via the radial plot and radial regression. Int. J. Epidemiol.
47:2100. doi: 10.1093/ije/dyy265

Brading, A. F. (2006). Spontaneous activity of lower urinary tract smooth muscles:
correlation between ion channels and tissue function. J. Physiol. 570, 13-22. doi:
10.1113/jphysiol.2005.097311

Burgess, S., Bowden, J., Fall, T., Ingelsson, E., and Thompson, S. G. (2017).
Sensitivity analyses for robust causal inference from Mendelian randomization
analyses with multiple genetic variants. Epidemiology 28, 30-42. doi: 10.1097/
ede.0000000000000559

Burgess, S., and Thompson, S. G. (2011). Avoiding bias from weak instruments in
Mendelian randomization studies. Int. J. Epidemiol. 40, 755-764. doi: 10.1093/ije/dyr036

Cani, P. D, Bibiloni, R., Knauf, C., Waget, A., Neyrinck, A. M., Delzenne, N. M., et al.
(2008). Changes in gut microbiota control metabolic endotoxemia-induced
inflammation in high-fat diet-induced obesity and diabetes in mice. Diabetes 57,
1470-1481. doi: 10.2337/db07-1403

Christianson, J. A., Liang, R., Ustinova, E. E., Davis, B. M., Fraser, M. O., and
Pezzone, M. A. (2007). Convergence of bladder and colon sensory innervation occurs
at the primary afferent level. Pain 128, 235-243. doi: 10.1016/j.pain.2006.09.023

Cryan, J. E, and Dinan, T. G. (2012). Mind-altering microorganisms: the impact of
the gut microbiota on brain and behaviour. Nat. Rev. Neurosci. 13, 701-712. doi:
10.1038/nrn3346

Emdin, C. A., Khera, A. V., and Kathiresan, S. (2017). Mendelian Randomization.
JAMA 318, 1925-1926. doi: 10.1001/jama.2017.17219

Frontiers in Microbiology

10.3389/fmicb.2024.1459634

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/fmicb.2024.1459634/
full#supplementary-material

Fujita, K., Matsushita, M., De Velasco, M. A., Hatano, K., Minami, T., Nonomura, N.,
et al. (2023). The gut-prostate Axis: a new perspective of prostate Cancer biology
through the gut microbiome. Cancers (Basel) 15:1375. doi: 10.3390/cancers15051375

Funada, S., Kawaguchi, T., Terada, N., Negoro, H., Tabara, Y., Kosugi, S., et al. (2018).
Cross-sectional epidemiological analysis of the Nagahama study for correlates of
overactive bladder: genetic and environmental considerations. J. Urol. 199, 774-778. doi:
10.1016/j.juro.2017.09.146

Gomes, A. C., Hoffmann, C., and Mota, J. E (2018). The human gut microbiota:
metabolism and perspective in obesity. Gut Microbes 9, 1-18. doi: 10.1080/19490976.
2018.1465157

Gormley, E. A,, Lightner, D. J., Burgio, K. L., Chai, T. C., Clemens, J. Q,, Culkin, D. J.,
etal. (2012). Diagnosis and treatment of overactive bladder (non-neurogenic) in adults:
AUA/SUFU guideline. J. Urol. 188, 2455-2463. doi: 10.1016/j.juro.2012.09.079

Greco, M., Fd, C., Minelli, N. A, and Thompson, J. R. (2015). Detecting pleiotropy in
Mendelian randomisation studies with summary data and a continuous outcome. Stat.
Med. 34, 2926-2940. doi: 10.1002/sim.6522

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

Hemani, G., Zheng, J., Elsworth, B., Wade, K. H., Haberland, V., Baird, D., et al. (2018).
The MR-base platform supports systematic causal inference across the human phenome.
eLife 7:¢34408. doi: 10.7554/eLife.34408

Hilt, E. E., McKinley, K., Pearce, M. M., Rosenfeld, A. B., Zilliox, M. J., Mueller, E. R.,
et al. (2014). Urine is not sterile: use of enhanced urine culture techniques to detect
resident bacterial flora in the adult female bladder. J. Clin. Microbiol. 52, 871-876. doi:
10.1128/jcm.02876-13

Holland, B., Karr, M., Delfino, K., Dynda, D., El- Zawahry, A., Braundmeier-Fleming, A.,
et al. (2020). The effect of the urinary and faecal microbiota on lower urinary tract
symptoms measured by the international prostate symptom score: analysis utilising
next-generation sequencing. BJU Int. 125, 905-910. doi: 10.1111/bju.14972

Homma, Y., Yamaguchi, O., and Hayashi, K. (2005). An epidemiological survey of
overactive bladder symptoms in Japan. BJU Int. 96, 1314-1318. doi: 10.1111/j.1464-
410X.2005.05835.x

Hsu, L. N,, Hu, J. C, Chen, P. Y, Lee, W. C,, and Chuang, Y. C. (2022). Metabolic
syndrome and overactive bladder syndrome may share common Pathophysiologies.
Biomedicines 10:1957. doi: 10.3390/biomedicines10081957

Irwin, D. E., Milsom, I., Hunskaar, S., Reilly, K., Kopp, Z., Herschorn, S., et al. (2006).
Population-based survey of urinary incontinence, overactive bladder, and other lower
urinary tract symptoms in five countries: results of the EPIC study. Eur. Urol. 50,
1306-1315. doi: 10.1016/j.eururo.2006.09.019

frontiersin.org


https://doi.org/10.3389/fmicb.2024.1459634
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org
https://www.figdraw.com/
https://www.frontiersin.org/articles/10.3389/fmicb.2024.1459634/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fmicb.2024.1459634/full#supplementary-material
https://doi.org/10.1067/mob.2002.125704
https://doi.org/10.1016/j.euf.2019.06.006
https://doi.org/10.1016/j.euf.2019.06.006
https://doi.org/10.1007/s00192-012-2027-1
https://doi.org/10.1007/s00192-012-2027-1
https://doi.org/10.1093/ije/dyv080
https://doi.org/10.1002/jrsm.1346
https://doi.org/10.1093/ije/dyy265
https://doi.org/10.1113/jphysiol.2005.097311
https://doi.org/10.1097/ede.0000000000000559
https://doi.org/10.1097/ede.0000000000000559
https://doi.org/10.1093/ije/dyr036
https://doi.org/10.2337/db07-1403
https://doi.org/10.1016/j.pain.2006.09.023
https://doi.org/10.1038/nrn3346
https://doi.org/10.1001/jama.2017.17219
https://doi.org/10.3390/cancers15051375
https://doi.org/10.1016/j.juro.2017.09.146
https://doi.org/10.1080/19490976.2018.1465157
https://doi.org/10.1080/19490976.2018.1465157
https://doi.org/10.1016/j.juro.2012.09.079
https://doi.org/10.1002/sim.6522
https://doi.org/10.1371/journal.pgen.1007081
https://doi.org/10.7554/eLife.34408
https://doi.org/10.1128/jcm.02876-13
https://doi.org/10.1111/bju.14972
https://doi.org/10.1111/j.1464-410X.2005.05835.x
https://doi.org/10.1111/j.1464-410X.2005.05835.x
https://doi.org/10.3390/biomedicines10081957
https://doi.org/10.1016/j.eururo.2006.09.019

Shen et al.

Jiao, Y., Wu, L., Huntington, N. D., and Zhang, X. (2020). Crosstalk between gut
microbiota and innate immunity and its implication in autoimmune diseases. Front.
Immunol. 11:282. doi: 10.3389/fimmu.2020.00282

Jung, J., Kim, A., and Yang, S. H. (2023). The innovative approach in functional
bladder disorders: the communication between bladder and brain-gut Axis. Int.
Neurourol. J. 27, 15-22. doi: 10.5213/inj.2346036.018

Karstens, L., Asquith, M., Davin, S., Stauffer, P,, Fair, D., Gregory, W. T,, et al. (2016).
Does the urinary microbiome play a role in urgency urinary incontinence and its
severity? Front. Cell. Infect. Microbiol. 6:78. doi: 10.3389/fcimb.2016.00078

Kashyap, M. P, Pore, S. K., de Groat, W. C., Chermansky, C. J., Yoshimura, N., and
Tyagi, P. (2018). BDNF overexpression in the bladder induces neuronal changes to
mediate bladder overactivity. Am. J. Physiol. Renal Physiol. 315, F45-f56. doi: 10.1152/
ajprenal.00386.2017

Kurilshikov, A., Medina-Gomez, C., Bacigalupe, R., Radjabzadeh, D., Wang, J.,
Demirkan, A., et al. (2021). Large-scale association analyses identify host factors
influencing human gut microbiome composition. Nat. Genet. 53, 156-165. doi: 10.1038/
$41588-020-00763-1

Labrecque, J., and Swanson, S. A. (2018). Understanding the assumptions underlying
instrumental variable analyses: a brief review of falsification strategies and related tools.
Curr. Epidemiol. Rep. 5, 214-220. doi: 10.1007/s40471-018-0152-1

Levin, M. G,, Judy, R., Gill, D., Vujkovic, M., Verma, S. S., Bradford, Y, et al. (2020).
Genetics of height and risk of atrial fibrillation: a Mendelian randomization study. PLoS
Med. 17:€1003288. doi: 10.1371/journal.pmed.1003288

Li, K, Chen, C., Zeng, J., Wen, Y., Chen, W,, Zhao, J., et al. (2022). Interplay between
bladder microbiota and overactive bladder symptom severity: a cross-sectional study.
BMC Urol. 22:39. doi: 10.1186/s12894-022-00990-0

Li, L. Y, Han, J., Wu, L., Fang, C,, Li, W. G,, Gu, J. M.,, et al. (2022). Alterations of gut
microbiota diversity, composition and metabonomics in testosterone-induced benign
prostatic hyperplasia rats. Mil. Med. Res. 9:12. doi: 10.1186/s40779-022-00373-4

Li, Z., Liu, S,, Liu, F, Dai, N, Liang, R, Ly, S, et al. (2023). Gut microbiota and autism
spectrum disorders: a bidirectional Mendelian randomization study. Front. Cell. Infect.
Microbiol. 13:1267721. doi: 10.3389/fcimb.2023.1267721

Liu, D., Mei, Y, Ji, N, Zhang, B., and Feng, X. (2024). Causal effect of gut microbiota
on the risk of prostatitis: a two-sample Mendelian randomization study. Int. Urol.
Nephrol. 56, 2839-2850. doi: 10.1007/s11255-024-04020-w

Luo, M., Cai, J., Luo, S., Hong, X., Xu, L., Lin, H., et al. (2023). Causal effects of gut
microbiota on the risk of chronic kidney disease: a Mendelian randomization study.
Front. Cell. Infect. Microbiol. 13:1142140. doi: 10.3389/fcimb.2023.1142140

Magruder, M., Edusei, E., Zhang, L., Albakry, S., Satlin, M. J., Westblade, L. E, et al.
(2020). Gut commensal microbiota and decreased risk for Enterobacteriaceae
bacteriuria and urinary tract infection. Gut Microbes 12:1805281. doi:
10.1080/19490976.2020.1805281

Matsushita, M., Fujita, K., Hayashi, T., Kayama, H., Motooka, D., Hase, H., et al.
(2021). Gut microbiota-derived short-chain fatty acids promote prostate Cancer growth
via IGF1 signaling. Cancer Res. 81, 4014-4026. doi: 10.1158/0008-5472.Can-20-4090

Okamoto, T., Hatakeyama, S., Imai, A., Yamamoto, H., Yoneyama, T., Mori, K,, et al.
(2021). Altered gut microbiome associated with overactive bladder and daily urinary
urgency. World. J. Urol. 39, 847-853. doi: 10.1007/s00345-020-03243-7

Okuyama, Y., Okamoto, T., Sasaki, D., Ozaki, K., Songee, J., Hatakeyama, S., et al.
(2022). The influence of gut microbiome on progression of overactive bladder symptoms:

Frontiers in Microbiology

09

10.3389/fmicb.2024.1459634

a community-based 3-year longitudinal study in Aomori, Japan. Int. Urol. Nephrol. 54,
9-16. doi: 10.1007/s11255-021-03044-w

Parra-Grande, M., Oré-Arce, M., Martinez-Priego, L., D'Auria, G., Rossell6-Mora, R.,
Lillo, M, et al. (2021). Profiling the bladder microbiota in patients with bladder Cancer.
Front. Microbiol. 12:718776. doi: 10.3389/fmicb.2021.718776

Pohl, H. G., Groah, S. L., Pérez-Losada, M., Ljungberg, I, Sprague, B. M., Chandal, N.,
et al. (2020). The urine microbiome of healthy men and women differs by urine
collection method. Int. Neurourol. J. 24, 41-51. doi: 10.5213/inj.1938244.122

Reunanen, J., Kainulainen, V., Huuskonen, L., Ottman, N., Belzer, C., Huhtinen, H., et al.
(2015). Akkermansia muciniphila adheres to enterocytes and strengthens the
integrity of the epithelial cell layer. Appl. Environ. Microbiol. 81, 3655-3662. doi: 10.1128/
aem.04050-14

Ridaura, V. K,, Faith, J. J., Rey, E E., Cheng, J., Duncan, A. E., Kau, A. L., et al. (2013).
Gut microbiota from twins discordant for obesity modulate metabolism in mice. Science
341:1241214. doi: 10.1126/science.1241214

Salazar, A. M., Neugent, M. L., De Nisco, N. J., and Mysorekar, I. U. (2022). Gut-
bladder axis enters the stage: implication for recurrent urinary tract infections. Cell Host
Microbe 30, 1066-1069. doi: 10.1016/j.chom.2022.07.008

Sanna, S., van Zuydam, N. R., Mahajan, A., Kurilshikov, A., Vich Vila, A., Vosa, U,
et al. (2019). Causal relationships among the gut microbiome, short-chain
fatty acids and metabolic diseases. Nat. Genet. 51, 600-605. doi: 10.1038/
$41588-019-0350-x

Schembri, M. A., Nhu, N. T. K., and Phan, M. D. (2022). Gut-bladder axis in recurrent
UTI. Nat. Microbiol. 7, 601-602. doi: 10.1038/s41564-022-01113-z

Skrivankova, V. W,, Richmond, R. C., Woolf, B. A. R., Yarmolinsky, J., Davies, N. M.,
Swanson, S. A, et al. (2021). Strengthening the reporting of observational studies in
epidemiology using Mendelian randomization: the STROBE-MR statement. JAMA 326,
1614-1621. doi: 10.1001/jama.2021.18236

Smith, A. L., Berry, A., Brubaker, L., Cunningham, S. D., Gahagan, S., Kane Low, L.,
etal. (2024). The brain, gut, and bladder health nexus: a conceptual model linking stress
and mental health disorders to overactive bladder in women. Neurourol. Urodyn. 43,
424-436. doi: 10.1002/nau.25356

Stewart, W. E, Van Rooyen, J. B., Cundiff, G. W., Abrams, P, Herzog, A. R., Corey, R.,
et al. (2003). Prevalence and burden of overactive bladder in the United States. World.
J. Urol. 20, 327-336. doi: 10.1007/s00345-002-0301-4

Tana, C., Umesaki, Y., Imaoka, A., Handa, T., Kanazawa, M., and Fukudo, S. (2010).
Altered profiles of intestinal microbiota and organic acids may be the origin of
symptoms in irritable bowel syndrome. Neurogastroenterol. Motil. 22, e114-e115. doi:
10.1111/j.1365-2982.2009.01427.x

Wolfe, A. J., and Brubaker, L. (2019). Urobiome updates: advances in urinary
microbiome research. Nat. Rev. Urol. 16, 73-74. doi: 10.1038/s41585-018-0127-5

Yang, T,, Richards, E. M., Pepine, C. J., and Raizada, M. K. (2018). The gut microbiota
and the brain-gut-kidney axis in hypertension and chronic kidney disease. Nat. Rev.
Nephrol. 14, 442-456. doi: 10.1038/s41581-018-0018-2

Zhang, X., Ma, L., Li, J., Zhang, W,, Xie, Y., and Wang, Y. (2024). Mental health and
lower urinary tract symptoms: results from the NHANES and Mendelian randomization
study. J. Psychosom. Res. 178:111599. doi: 10.1016/j.jpsychores.2024.111599

Zheng, ]., Baird, D., Borges, M. C., Bowden, J., Hemani, G., Haycock, P, et al. (2017).

Recent developments in Mendelian randomization studies. Curr. Epidemiol. Rep. 4,
330-345. doi: 10.1007/s40471-017-0128-6

frontiersin.org


https://doi.org/10.3389/fmicb.2024.1459634
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org
https://doi.org/10.3389/fimmu.2020.00282
https://doi.org/10.5213/inj.2346036.018
https://doi.org/10.3389/fcimb.2016.00078
https://doi.org/10.1152/ajprenal.00386.2017
https://doi.org/10.1152/ajprenal.00386.2017
https://doi.org/10.1038/s41588-020-00763-1
https://doi.org/10.1038/s41588-020-00763-1
https://doi.org/10.1007/s40471-018-0152-1
https://doi.org/10.1371/journal.pmed.1003288
https://doi.org/10.1186/s12894-022-00990-0
https://doi.org/10.1186/s40779-022-00373-4
https://doi.org/10.3389/fcimb.2023.1267721
https://doi.org/10.1007/s11255-024-04020-w
https://doi.org/10.3389/fcimb.2023.1142140
https://doi.org/10.1080/19490976.2020.1805281
https://doi.org/10.1158/0008-5472.Can-20-4090
https://doi.org/10.1007/s00345-020-03243-7
https://doi.org/10.1007/s11255-021-03044-w
https://doi.org/10.3389/fmicb.2021.718776
https://doi.org/10.5213/inj.1938244.122
https://doi.org/10.1128/aem.04050-14
https://doi.org/10.1128/aem.04050-14
https://doi.org/10.1126/science.1241214
https://doi.org/10.1016/j.chom.2022.07.008
https://doi.org/10.1038/s41588-019-0350-x
https://doi.org/10.1038/s41588-019-0350-x
https://doi.org/10.1038/s41564-022-01113-z
https://doi.org/10.1001/jama.2021.18236
https://doi.org/10.1002/nau.25356
https://doi.org/10.1007/s00345-002-0301-4
https://doi.org/10.1111/j.1365-2982.2009.01427.x
https://doi.org/10.1038/s41585-018-0127-5
https://doi.org/10.1038/s41581-018-0018-2
https://doi.org/10.1016/j.jpsychores.2024.111599
https://doi.org/10.1007/s40471-017-0128-6

	Causal effects of gut microbiota on risk of overactive bladder symptoms: a two-sample Mendelian randomization study
	Introduction
	Materials and methods
	Study design
	Data sources for the exposure
	Data sources for the outcome
	Selection of IVs
	Statistical analysis

	Results
	Selection of IVs
	Causative connection between gut microbiota and OAB
	Causative connection between gut microbiota and UI

	Discussion

	References

