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Abstract
Background  Recent studies demonstrated that chronic prostatitis (CP) is closely related to the gut microbiota (GM). Nev-
ertheless, the causal relationship between GM and CP has not been fully elucidated. Therefore, the two-sample Mendelian 
randomization (MR) analysis was employed to investigate this association.
Methods  The summary data of gut microbiota derived from a genome-wide association study (GWAS) involving 18,340 
individuals in the MiBioGen study served as the exposure, and the corresponding summary statistics for CP risk, represent-
ing the outcome, were obtained from the FinnGen databases (R9). The causal effects between GM and CP were estimated 
using the inverse-variance weighted (IVW) method supplemented with MR-Egger, weighted median, weighted mode, and 
simple mode methods. Additionally, the false discovery rate (FDR) correction was performed to adjust results. The detection 
and quantification of heterogeneity and pleiotropy were accomplished through the MR pleiotropy residual sum and outlier 
method, Cochran’s Q statistics, and MR-Egger regression.
Results  The IVW estimates indicated that a total of 11 GM taxa were related to the risk of CP. Seven of them was corre-
lated with an increased risk of CP, while the remained linked with a decreased risk of CP. However, only Methanobacteria 
(OR 0.86; 95% CI 0.74–0.99), Methanobacteriales (OR 0.86; 95% CI 0.74–0.99), NB1n (OR 1.16; 95% CI 1.16–1.34), 
Methanobacteriaceae (OR 0.86; 95% CI 0.74–0.99), Odoribactergenus Odoribacter (OR 1.43; 95% CI 1.05–1.94), and 
Sutterellagenus Sutterella (OR 1.33; 95% CI 1.01–1.76) still maintain significant association with CP after FDR correc-
tion. Consistent directional effects for all analyses were observed in the supplementary methods. Subsequently, sensitivity 
analyses indicated the absence of heterogeneity, directional pleiotropy, or outliers concerning the causal effect of specific 
gut microbiota on CP (p > 0.05).
Conclusion  Our study demonstrated a gut microbiota–prostate axis, offering crucial data supporting the promising use of 
the GM as a candidate target for CP prevention, diagnosis, and treatment. There is a necessity for randomized controlled 
trials to validate the protective effect of the linked GM against the risk of CP, and to further investigate the underlying 
mechanisms involved.
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Introduction

Chronic prostatitis or chronic pelvic pain syndrome (CP/
CPPS), also termed National Institutes of Health (NIH) 
category III prostatitis, is one of the most prevalent con-
ditions affecting men under the age of 50 years, with 
reported prevalence rates ranging between 8.4 and 14% [1, 
2]. CP/CPPS is characterized by pelvic or perineal pain, 
lower urinary tract symptoms, and sexual dysfunction [3]. 
Although the pathogenesis of CP/CPPS is still not fully 
understood, a variety of causes, including inflammation‐
mediated abnormal pelvic floor neuromuscular activity, 
dysfunction of lower urothelial cells, immune abnormali-
ties, neuroendocrine abnormalities, and psychological fac-
tors, are believed to be involved [4]. Due to diverse clini-
cal presentations and complex pathogenesis of CP/CPPS, 
there is currently lacking of effective therapeutic options 
for CP/CPPS patients that would enable a more rational-
driven therapy. Consequently, it is of great necessity and 
importance to conduct more in‐depth research to investi-
gate the underlying mechanisms of CP/CPPS, providing 
basis to explore novel and efficacious treatments.

The gut microbiota is a vast and intricate community of 
microbial species that reside in the human gastrointestinal 
tract, playing a pivotal role in human health and diseases 
[5]. The human gut microbiota can impact host physiology 
by regulating various processes, including inflammation, 
oxidative stress, immune function, and anabolic balance 
[6, 7]. On the contrary, the physiological or pathological 
status of the host can also affect the abundance and 
functionality of the gut microbiota [8]. Growing evidence 
suggests that CP/CPPS is closely correlated with altered 
gut microbiota [9]. According to a recent study by Wang 
et  al., the gut microbiota diversity bacterial species 
abundance with CP/CPPS was significantly different from 
those of healthy controls [10]. Specifically, Shoskes et al. 
demonstrated that lower counts of Prevotella may serve 
as both disease biomarker and potential therapeutic target 
in CPPS [11]. Therefore, it can be reasonably speculated 
that gut microbiota may participate in the regulation of 
CP through the microbiome–gut–prostate axis. However, 
all these results were mainly based on the observational 
and cross-sectional studies, which included small number 
of participants and confounding factors [12]. Therefore, 
the causal relationship between gut microbiota and sleep 
disturbances remains unclear, which need to be furtherly 
explored.

Mendelian randomization (MR) is a genetic 
epidemiological approach that deduces causality between 
exposure and outcome using genetic variants to compose 
instrumental variables (IVs) [13]. It is grounded in the 
concept that single-nucleotide polymorphisms (SNPs) 

undergo random variation and distribution during gamete 
formation, remaining unaffected by confounding factors 
after gametogenesis [14]. Consequently, the MR study 
could effectively circumvent the confounding bias and 
reverse causality, which often seen in the traditional 
epidemiological studies [15]. The single-nucleotide 
polymorphisms (SNPs) from the most recent genome-
wide association studies (GWASs) were utilized as 
instrumental variables. To our knowledge, no MR research 
was performed to investigate the association between gut 
microbiota and CP.

In this study, we explored the potential causal relationship 
between 211 gut microbiota taxa and CP by MR study 
design, using summary-level statistics of the genome-wide 
association study (GWAS) from the MiBioGen and FinnGen 
consortia. The findings of this research can serve as a 
foundation for illuminating potential mechanisms underlying 
the development of CP in relation to the characteristics of 
the gut microbiota.

Materials and methods

Study design

The two-sample MR study was performed in accordance 
with the STROBE-MR guidelines [16] (Supplementary 
Table S1). All data utilized for the MR analysis were sourced 
from the publicly available GWASs with participant con-
sent and ethical approvals, and no further ethical approval 
was needed for our study. We used GWAS summary data 
derived from different consortia to avoid sample overlap, 
the exposure of gut microbiota obtained from the Mibio-
Gen consortium [17] and the outcome of prostatitis obtained 
from the FinnGen Project. Additionally, we restricted the 
exposure and outcome data to individuals of European 
ancestry to mitigate potential bias. There were three core 
assumptions that need to be satisfied when conducting MR 
analysis: (i) IVs are robustly associated with the exposure 
data; (ii) IVs are independent of potential confounders; (iii) 
IVs affect outcome solely through the exposure of interest 
[18]. To determine whether the gut microbiota contributes to 
the prevention or promotion of CP, 211 gut microbiota taxa 
were selected as exposure of interest, and CP was defined 
as outcome of interest. Multiple MR methods were used for 
statistical analysis, and several sensitivity analyses (the het-
erogeneity test, the pleiotropy test, and leave-one-out analy-
sis) were performed sequentially to confirm the robustness 
of our results. The concise flowchart for our MR analysis is 
depicted in Fig. 1.
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Data sources

The summary statistics of intestinal bacteria were accessed 
from the largest GWAS meta-analysis of the human 
microbiome published by the MibioGen consortium. 
The study involved 18,340 participants from 24 cohorts, 
utilizing whole-genome genotyping data and 16S rRNA 
genes extracted from fecal microbiomes. Among these 
cohorts, most of them are European descent (N = 13,266). 
The microbial composition was characterized by focusing 
on three distinct variable regions of the 16S rRNA gene: 
V4, V3–V4, and V1–V2. Taxonomic classification was 
carried out using direct taxonomic binning. Subsequently, 
microbiota quantitative trait loci (mbQTL) mapping 
analysis was conducted to identify host genetic variants 
associated with the abundance of gut bacterial taxa [17]. 
The lowest taxonomic classification of the study was at 
genus level. The GWAS finally identified a total of 211 
GM taxa, including 9 phyla, 16 classes, 20 orders, 35 
families, and 131 genera. However, only 196 GM taxa 
were finally incorporated in the current MR analysis, of 
which 15 GM taxa were excluded without specific species 
names. GWAS summary data for CP were obtained from 
the FinnGen consortium R9 release dataset (https://​
r9.​finng​en.​fi/), encompassing 3760 cases and 119,297 
controls. In this database, the research endpoints were 
delineated based on ICD-10 codes, and all data were 

adjusted via SAIGE, using sex, age, genotyping batch and 
ten principal components as covariates [19].

Instrumental variables

To ensure the precision of the MR analysis regarding the 
causal effects of gut microbiota in the risk of CP, a series of 
quality inspection procedures was systematically employed 
during the selection of genetic predictors associated with 
microbiome characteristics, which also remained consistent 
with the MR core assumptions. Similar to most current MR 
studies, we initially adopted a genome-wide significance 
threshold (P < 5 × 10−8) for SNPs screening. Due to the 
limited number of SNPs meeting genome-wide significance, 
we utilized SNPs with a more lenient threshold (P < 1 × 10−5) 
as potential IVs for each genus [20]. To minimize the effects 
of linkage disequilibrium (LD), we performed LD clumping 
using a 10  MB clumping window and an R2 threshold 
of < 0.001, based on European ancestry reference data from 
the 1000 Genomes Project. We excluded the SNPs with 
minor allelic frequencies (MAFs) ≤ 0.01. Additionally, 
to prevent bias resulting from the employment of weak 
instruments, F-statistics were computed for each SNP to 
assess statistical strength. Only robust IVs with F-statistics 
exceeding 10 for each of our exposures of interest were 
retained [21]. The F-statistics were calculated based on the 
formula: F = (R2/1 − R2)*(N-K-1) [22]. In the formula, R2 

Fig. 1   Flowchart of MR study design and MR core assumptions. 
MR Mendelian randomization, GWAS genome-wide association 
study, SNPs single-nucleotide polymorphisms, IVW inverse-variance 

weighted, LD linkage disequilibrium, MR-PRESSO MR pleiotropy 
residual sum and outlier

https://r9.finngen.fi/
https://r9.finngen.fi/
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represents the variance explained by each IV calculated by 
the formula (R2 = 2*(1 − MAF)*MAF*β2) [23], N represents 
the sample size, K represents the number of IVs, and MAF 
stands for minor allele frequency. Meanwhile, ambiguous 
and palindromic SNPs, for which the effects could not be 
rectified during the harmonization process, were excluded. 
In reverse MR analysis, the genome-wide significance 
threshold for exposure data (CP) was established at 
p < 5 × 10−8; the remaining criteria and parameters remained 
consistent with forward MR.

Furthermore, to satisfy the third MR assumption, all 
eligible IVs were scanned using the PhenoScanner V2, a 
database of human genotype–phenotype associations, to 
detect whether these IVs were correlated with the potential 
risk factors, including smoking, alcohol consumption, and 
body mass index (BMI) [24]. Subsequently, we excluded 
SNPs associated with any of these potential confounders.

Statistical analysis

To scrutinize the hypothesized causal association between 
gut microbiota and CP by MR analysis, multiple statistical 
models were employed, comprising Inverse Variance 
Weighted (IVW), MR Egger, Weighted Median, Weighted 
Mode, and Simple Mode. The IVW estimate is a weighted 
linear regression model with the intercept set to zero [25]. 
It stands as the most frequently employed and crucial 
calculation method in MR studies. However, it is worth 
noting that the IVW would be influenced by the IV pleiotropy 
and heterogeneity. In devoid of horizontal pleiotropy and 
heterogeneity, IVW could provide the most accurate estimate 
even when the four supplementary methods yield negative 
results [26]. Consequently, the MR analysis results were 
based on the IVW, and the results were shown as the odds 
ratio (OR) and 95% confidence interval (CI). MR-Egger 
allows all genetic variants to exhibit pleiotropic effects but 
necessitates that these pleiotropic effects are independent of 
the variant–exposure association [27]. The weighted median 
method enables accurate estimation of causal associations 
even when up to 50% of IVs are deemed invalid [28]. When 
the majority of individual SNP causal effect estimates are 
derived from efficient SNPs, the weighted model remains 
consistent even in the presence of invalid SNPs [28]. As 
for simple mode, it is an unweighted mode of the empirical 
density function of causal estimation [29].

Sensitivity analysis has been conducted to identify 
potential underlying pleiotropy and heterogeneity, as 
these factors can significantly impact MR estimates. The 
Cochrane’s Q tests derived from the IVW and MR-Egger 
methods were performed to detect the heterogeneity 
among IVs, and no heterogeneity was observed when the p 
value < 0.05 [30]. The intercept of the MR-Egger regression 
was computed to evaluate horizontal pleiotropy, with 

a p value greater than 0.05 indicating a weak possibility 
of pleiotropic effects in the causal analysis [31]. It is 
worth noting that we would discard the causal inference 
in the absence of horizontal pleiotropy. Additionally, 
MR-Pleiotropy Residual Sum and Outlier Methods 
(MR-PRESSO) were also employed to evaluate the overall 
horizontal pleiotropy, and identify the abnormal SNPs which 
led to the pleiotropy [32]. In cases where outliners were 
detected, the MR analysis was reiterated after removing 
these specific SNPs. Meanwhile, a leave-one-out analysis 
was conducted to visually evaluate whether the MR 
estimates were biased by any single SNP, by sequentially 
omitting each SNP. To infer causal direction, the MR Steiger 
directionality test was administered in the MR analysis 
[33]. The causal link is considered directionally credible if 
the IVs explain more variance in the exposure than in the 
outcome. Finally, we also tried to perform the reverse MR 
analysis of CP and gut microbiota. During the process, the 
SNPs strongly associated with CP were employed as IVs, 
with the positive gut microbiota identified in the forward 
MR analysis serving as outcome. However, we failed to 
perform the reverse MR analysis due to insufficient eligible 
SNPs, despite the relaxation of the IV selection criteria. 
Consequently, no additional reverse MR analysis results 
were presented in the results section.

The statistical power of the MR estimates was assessed 
using an online calculator tool (http://​cnsge​nomics.​com/​
shiny/​mRnd/) provided by Stephen Burgess [34]. The 
computation of MR estimates necessitates the inclusion 
of R2 summations for each SNP, which denotes the 
fraction of variability in exposure that can be explained 
by genetic variation. To address multiple hypothesis 
testing, the Benjamini and Hochberg false discovery rate 
(FDR) correction was performed to adjust our results 
[35]. The FDR adjusted p value of < 0.05 was considered 
statistically significant. The R packages “TwoSampleMR” 
and “MRPRESSO” were applied to carry out our statistical 
analysis including MR analysis and sensitivity analysis using 
the publicly available R software (version 4.1.2).

Results

Selection of instrumental variables

Initially, 14,587 SNPs associated with the gut microbiota were 
identified as IVs from the MiBioGen Consortium, employing a 
relatively lenient significance threshold (p < 1 × 10–5). This set 
encompassed 211 bacterial traits, comprising 131 genera, 35 
families, 20 orders, 16 classes, and 9 phyla. Following a series 
of quality control measures, a total of 2036 SNPs were ulti-
mately included in the analysis. Moreover, all IVs demonstrated 

http://cnsgenomics.com/shiny/mRnd/
http://cnsgenomics.com/shiny/mRnd/
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F-statistics greater than 10, indicating an absence of evidence for 
weak instrument bias (Supplementary Table S2).

Results of MR analysis

MR analyses were conducted for each pair of exposure 
(bacterial taxa) and outcome (CP) to investigate causal 

associations, employing five MR methods (IVW, MR 
Egger, simple mode, weighted median, and weighted mode) 
(Fig.  2). The results reaching the threshold of p < 0.05 
according to the IVW method are depicted in Fig. 3. The 
OR, representing an elevated risk of CP per standard 
deviation increase in gut microbiota feature abundance, 
was used to quantify the causal effects. IVW analyses 

Fig. 2   The circus plot showing the MR result of all gut microbiota. IVW inverse-variance weighted, OR odds ratio
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Fig. 3   Significant results of the associations between genetically predicted gut microbiota with risk of CP. IVW inverse-variance weighted, CP 
chronic prostatitis, OR odds ratio, CI confidence interval
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showed suggestive causal effects, where genetically pre-
dicted increased abundance of Methanobacteria at the class 
level (OR 0.86; 95% confidence interval [CI] 0.74–0.99; 
p = 0.040) and Methanobacteriales at the order level (OR 
0.86; 95% CI 0.74–0.99; p = 0.040) had protective effects on 
CP risk. Conversely, host-genetic-driven increased Actino-
mycetales (OR 1.33; 95% CI 1.01–1.77; p = 0.045), Gastra-
naerophilales (OR 1.27; 95% CI 1.00–1.60; p = 0.048), and 
NB1n (OR 1.27; 95% CI 1.00–1.60; p = 0.048) at the order 
level was associated with a higher risk of CP. Suggestive 
associations at the family level were also observed, with 
Actinomycetaceae (OR 1.33; 95% CI 1.01–1.76; p = 0.045) 
positively linked to CP risk, while Methanobacteriaceae at 
the family level (OR 86; 95% CI 0.74–0.99; p = 0.040) was 
negatively correlated with CP risk. At the genus level, ery-
sipelatoclostridiumgenus Erysipelatoclostridium (OR 0.84; 
95% CI 0.70–1.00; p = 0.049) showed a negative correla-
tion with risk of CP. Three genera were positively correlated 
with risk of CP, namely, Enterorhabdusgenus Enterorhabdus 
(OR 1.30, 95% CI 1.02–1.67, p = 0.037), Odoribactergenus 
Odoribacter (OR 1.43, 95% CI 1.05–1.94, p = 0.024), and 
Sutterellagenus Sutterella| (OR 1.33, 95% CI 1.01–1.76, 
p = 0.041) (Table 1). The results from other complemen-
tary analytical methods were consistent in direction with the 
primary analysis, enhancing confidence in the true causal 
association (Supplementary Table S3, Fig. 3). The scat-
ter plot visually represents the causal effects between gut 
microbiota and CP (Fig. 4). However, only Methanobacteria, 
Methanobacteriales, NB1n, Methanobacteriaceae, Odoribac-
tergenus Odoribacter, and Sutterellagenus Sutterella showed 
significant associations after the FDR correction (p < 0.05) 
(Supplementary Table S3).

Results of sensitivity analysis

Sensitivity analyses were conducted to ensure the robustness 
of the results. Cochran’s Q revealed homogeneity among 
the instrumental variables. The results of the MR-Egger 
regression indicated no evidence of pleiotropic effects (all 
P intercept > 0.05), along with the MR-PRESSO global test 
(all P global test > 0.05). This suggests that instrumental 
variables are unlikely to influence CP risk through pathways 
other than the gut microbiome, as indicated by significant 
results. Detailed results can be found in Table 1. Besides, 
no outliers were detected through MR-PRESSO analyses. 
Supplementary Fig. S2 provide a summary of the causal 
effects of significant taxa on chronic prostatitis in the leave-
one-out analysis. Moreover, the leave-one-out analysis and 
the forest plots did not identify any SNP that significantly 
altered the overall results, ensuring the stability of the out-
comes (Supplementary Fig. S3). Furthermore, our study 
possessed satisfactory power (more than 80%) to evaluate 

the causal effects of these gut microbiome features on CP 
(Supplementary Table S4).

Discussion

In the present MR study, we are the first to demonstrate a 
causal effect of the gut microbiota on the prostate through 
large-scale GWAS summary data. Our results showed a 
causal relationship between 11 gut microbiota and CP. After 
FDR correction, the genetically predicted Methanobacteria, 
Methanobacteriales, NB1n, Methanobacteriaceae, Odorib-
actergenus Odoribacter, and Sutterellagenus Sutterella still 
have significant causal effects on CP. Modulation of specific 
bacterial traits may help CP-related symptoms.

The gut microbiota controls multiple pathways involved 
in digestion, metabolism, and permeability of the intestinal 
mucosa to metabolically active molecules, and has emerged 
as a key factor in health and disease [36]. The role of the 
microbiome in CP/CPPS, a complex multifactorial disease, 
is becoming a focus of attention in clinical studies. Based 
on next-generation sequencing technologies, several studies 
have revealed potential associations between CP/CPPS and 
the composition of the microbiome in various types of sam-
ples, including feces, urine, semen, prostate massaged ante-
rior urethral secretions, and expressed prostate secretions 
(EPS) [11, 37–39]. However, a few studies have explored 
the correlation between changes in gut microbiota and CP/
CPPS, which is poorly understood. In addition, the use of gut 
microbiota for the diagnosis and treatment of lower urinary 
tract disorders is in the preliminary stages of research. In 
2016, altered gut microbiota diversity in CP/CPPS patients 
was first reported in the U.S [11]. They demonstrated that 
the diversity of gut microbiota in CP/CPPS patients was 
significantly lower than that of controls, with significantly 
lower numbers of Prevotella than in controls, and that the 
level of isolation was sufficiently high to be used as a poten-
tial biomarker. Recently, a study [10] reported that compared 
with controls, Chinese CP/CPPS patients had a high repre-
sentation of three bacteria and low levels of seven bacteria, 
presenting completely different dominant and subdominant 
intestinal microflora from those of US CP/CPPS patients, 
which predicts the geographic heterogeneity of CP/CPPS. 
However, there are still no studies that have established reli-
able diagnostic models for predicting CP/CPPS clinical out-
comes based on specific gut microbiota species. The results 
of our study may provide some guidance for future related 
research.

Potential mechanisms underlying the link between gut 
microbiota and CP/CPPS are unknown. CP/CPPS patients 
often receive prolonged antibiotic therapy without evi-
dence of culture or symptomatic response [40], which can 
alter the composition of the gut flora, and the disturbed gut 
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microbiota often does not return to baseline levels after 
antibiotic discontinuation [41]. The common features of 
hyperalgesia and altered pain thresholds in patients with 
chronic pain also apply to patients with CP/CPPS [42], 
and changes in the gut microbiota may alter visceral noci-
ception [43]. In addition, there is a link between the gut 
microbiota and the development of autoimmunity [44], 
and autoimmunity and dysfunctional immune responses 
are part of the pathophysiologic causes of CP/CPPS [45]. 
Communication between the gut and the central nerv-
ous system is bidirectional (gut-brain axis), in which the 
gut microbiota plays an important mediating role. The 
gut microbiota may affect the nervous system through 
various mechanisms [46], such as activation of the vagus 
nerve, modulation of the immune system, and production 
of neuroactive metabolites (e.g., short-chain fatty acids) 
[47]. Autonomic disorders are intricately linked to CP/

CPPS. Dysregulation of the sympathetic and parasym-
pathetic nervous systems can significantly impact organ 
function, serving as a catalyst for prostatitis. Concurrently, 
disturbances in sensory nerve activity contribute to the 
perpetuation of inflammation and pain. The phenomenon 
of central sensitization further exacerbates the condition 
by reducing pain thresholds and intensifying the percep-
tion of pelvic pain among individuals with CP/CPPS [48]. 
The association between the gut microbiota and CP/CPPS 
may indeed be influenced by psychological disorders. Indi-
viduals afflicted with CP/CPPS frequently grapple with 
psychological challenges, such as depression, stress, and 
catastrophizing [49]. The bidirectional dynamics of the 
gut–brain axis are crucial to understanding this relation-
ship: stress has the capacity to modify the gut microbiome 
[50], and reciprocally, alterations in the gut microbiome 
can influence mood and behavior [51]. This intricate 

Fig. 4   Scatter plots of the causal effect of gut microbiota on risk of 
CP. A class Methanobacteria; B order Actinomycetales; C order Gas-
tranaerophilales; D order Methanobacteriales; E order NB1n; F family 
Actinomycetaceae; G family Methanobacteriaceae; H genus Enter-

orhabdusgenus Enterorhabdus; I genus Erysipelatoclostridiumgenus 
Erysipelatoclostridium; J genus Odoribactergenus Odoribacter; K 
genus Sutterellagenus Sutterella. The slope of the line represents the 
causality of the different MR methods
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interplay underscores the complex connections between 
the gut microbiota and psychological factors in the context 
of CP/CPPS.

In this study, we failed to perform reverse MR analysis to 
assess bidirectional causation between gut microbiota and 
CP/CPPS, owing to the limited number of SNPs included in 
our analysis. Our study primarily focuses on elucidating the 
impact of gut microbiota on the risk of chronic prostatitis, 
aligning with the existing literature, notably the work of 
Liang et al., which underscores the role of Short-Chain 
Fatty Acid Propionate in Th17/Treg Cell Differentiation 
(52). However, conclusive evidence regarding whether 
chronic prostatitis influences gut microbiota requires 
further dedicated research. Future basic and clinical studies 
are imperative to unravel the complexities of how chronic 
prostatitis may influence gut microbiota, completing the 
bidirectional perspective.

This study still has some limitations. First, the results 
of the studies are all based on summary data from 
European populations, so there are some limitations to their 
generalizability. Second, due to the limitations of classifiers 
and sequencing depth, the gut microbiota can only be 
assessed for taxa above the genus level. Finally, we were 
unable to assess associations at the individual level due 
to the unavailability of genetic information from subjects. 
Future studies are needed in populations with multiple 
ancestry and large sample sizes.

Conclusion

In summary, our analysis investigated the causal connection 
between 211 gut microbiota and CP. Notably, we identi-
fied 11 gut microbiotas as risk or protective factors for CP. 
Following FDR correction, Methanobacteria, Methanobac-
teriales, NB1n, Methanobacteriaceae, Odoribactergenus 
Odoribacter, and Sutterellagenus Sutterella still displayed 
significant causal association with CP. This study provides 
novel insights into the causal relationship between CP and 
gut microbial taxa. Our study had clinical significance as it 
opens up the new avenues and innovative strategies for the 
treatment of CP. However, further definitive experimental 
research is needed to elucidate the specific protective and 
detrimental mechanisms of these genera against CP.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s11255-​024-​04020-w.

Acknowledgements  The authors gratefully thank the FinnGen con-
sortium, and MiBioGen consortium for providing GWAS summary 
statistics data for our analysis.

Author contributions  Conceptualization, methodology, software, 
investigation, visualization, and writing of the revised draft: Dalu 
Liu, Yangyang Mei, Nuo Ji, Bo Zhang, and Xingliang Feng; data 

provision and methodology: Dalu Liu, Yangyang Mei, and Nuo Ji; 
conceptualization, writing—revised draft, and funding acquisition: 
Dalu Liu, Yangyang Mei, Nuo Ji, Bo Zhang, and Xingliang Feng; 
conceptualization, writing—original draft, funding acquisition, 
and project supervision: Dalu Liu and Xingliang Feng; all authors 
contributed to the article and approved the submitted version.

Funding  This work received support from rom the Youth talent sci-
ence and technology project of Changzhou Health Commission 
(QN202109).

Data availability  The data presented in this study have been deposited 
in publicly available datasets. These data can be accessed at the 
MiBioGen repository (https://​mibio​gen.​gcc.​rug.​nl/) and the FinnGen 
repository (https://​r9.​finng​en.​fi/).

Declarations 

Conflict of interest  The authors declare that the research was con-
ducted in the absence of any commercial or financial relationships that 
could be construed as a potential conflict of interest.

Ethics statement  The data used in the MR analysis were from pub-
lished studies and consortia that provided publicly available summary 
statistics. Therefore, no additional separate ethical approval was neces-
sary for this study.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

	 1.	 DeWitt-Foy ME, Nickel JC, Shoskes DA (2019) Management of 
chronic prostatitis/chronic pelvic pain syndrome. Eur Urol Focus 
5(1):2–4

	 2.	 Liang CZ, Li HJ, Wang ZP, Xing JP, Hu WL, Zhang TF et al 
(2009) The prevalence of prostatitis-like symptoms in China. J 
Urol 182(2):558–563

	 3.	 Krieger JN, Nyberg L Jr, Nickel JC (1999) NIH consensus defini-
tion and classification of prostatitis. JAMA 282(3):236–237

	 4.	 Pontari MA, Ruggieri MR (2008) Mechanisms in prostatitis/
chronic pelvic pain syndrome. J Urol 179(5 Suppl):S61–S67

	 5.	 Li C, Liu C, Li N (2022) Causal associations between gut micro-
biota and adverse pregnancy outcomes: a two-sample Mendelian 
randomization study. Front Microbiol 13:1059281

	 6.	 Brown EM, Clardy J, Xavier RJ (2023) Gut microbiome lipid 
metabolism and its impact on host physiology. Cell Host Microbe 
31(2):173–186

	 7.	 Yang J, Yang Y, Ishii M, Nagata M, Aw W, Obana N et al (2020) 
Does the gut microbiota modulate host physiology through pol-
ymicrobial biofilms? Microbes Environ. https://​doi.​org/​10.​1264/​
jsme2.​ME200​37

https://doi.org/10.1007/s11255-024-04020-w
https://mibiogen.gcc.rug.nl/
https://r9.finngen.fi/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1264/jsme2.ME20037
https://doi.org/10.1264/jsme2.ME20037


International Urology and Nephrology	

	 8.	 Nehra V, Allen JM, Mailing LJ, Kashyap PC, Woods JA (2016) 
Gut microbiota: modulation of host physiology in obesity. Physi-
ology (Bethesda) 31(5):327–335

	 9.	 Arora HC, Eng C, Shoskes DA (2017) Gut microbiome and 
chronic prostatitis/chronic pelvic pain syndrome. Ann Transl Med 
5(2):30

	10.	 Wang S, Zang M, Yang X, Lv L, Chen L, Cui J et al (2023) Gut 
microbiome in men with chronic prostatitis/chronic pelvic pain 
syndrome: profiling and its predictive significance. World J Urol 
41(11):3019–3026

	11.	 Shoskes DA, Wang H, Polackwich AS, Tucky B, Altemus J, Eng 
C (2016) Analysis of gut microbiome reveals significant differ-
ences between men with chronic prostatitis/chronic pelvic pain 
syndrome and controls. J Urol 196(2):435–441

	12.	 Rinninella E, Raoul P, Cintoni M, Franceschi F, Miggiano GAD, 
Gasbarrini A et al (2019) What is the healthy gut microbiota com-
position? A changing ecosystem across age, environment, diet, 
and diseases. Microorganisms 7(1):14

	13.	 Emdin CA, Khera AV, Kathiresan S (2017) Mendelian Randomi-
zation. JAMA 318(19):1925–1926

	14.	 Davey Smith G, Hemani G (2014) Mendelian randomization: 
genetic anchors for causal inference in epidemiological studies. 
Hum Mol Genet 23(R1):R89-98

	15.	 Yao S, Zhang M, Dong SS, Wang JH, Zhang K, Guo J et al (2022) 
Bidirectional two-sample Mendelian randomization analysis iden-
tifies causal associations between relative carbohydrate intake and 
depression. Nat Hum Behav 6(11):1569–1576

	16.	 Skrivankova VW, Richmond RC, Woolf BAR, Davies NM, Swan-
son SA, VanderWeele TJ et al (2021) Strengthening the reporting 
of observational studies in epidemiology using Mendelian ran-
domisation (STROBE-MR): explanation and elaboration. BMJ 
375:n2233

	17.	 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 composi-
tion. Nat Genet 53(2):156–165

	18.	 Davies NM, Holmes MV, Davey SG (2018) Reading Mendelian 
randomisation studies: a guide, glossary, and checklist for clini-
cians. BMJ 362:k601

	19.	 Kurki MI, Karjalainen J, Palta P, Sipilä TP, Kristiansson K, Don-
ner KM et al (2023) FinnGen provides genetic insights from a 
well-phenotyped isolated population. Nature 613(7944):508–518

	20.	 Li P, Wang H, Guo L, Gou X, Chen G, Lin D et al (2022) Asso-
ciation between gut microbiota and preeclampsia-eclampsia: a 
two-sample Mendelian randomization study. BMC Med 20(1):443

	21.	 Pierce BL, Ahsan H, Vanderweele TJ (2011) Power and instru-
ment strength requirements for Mendelian randomization studies 
using multiple genetic variants. Int J Epidemiol 40(3):740–752

	22.	 Palmer TM, Lawlor DA, Harbord RM, Sheehan NA, Tobias JH, 
Timpson NJ et al (2012) Using multiple genetic variants as instru-
mental variables for modifiable risk factors. Stat Methods Med 
Res 21(3):223–242

	23.	 Kamat MA, Blackshaw JA, Young R, Surendran P, Burgess S, 
Danesh J et al (2019) PhenoScanner V2: an expanded tool for 
searching human genotype-phenotype associations. Bioinformat-
ics 35(22):4851–4853

	24.	 Zhang Y, Peng R, Chen Z, Zhang W, Liu Z, Xu S et al (2023) 
Evidence for a causal effect of major depressive disorder, anxi-
ety on prostatitis risk: a univariate and multivariate Mendelian 
randomization study. Prostate 83(14):1387–1392

	25.	 Burgess S, Thompson SG (2015) Multivariable Mendelian ran-
domization: the use of pleiotropic genetic variants to estimate 
causal effects. Am J Epidemiol 181(4):251–260

	26.	 Long Y, Tang L, Zhou Y, Zhao S, Zhu H (2023) Causal relation-
ship between gut microbiota and cancers: a two-sample Mendelian 
randomisation study. BMC Med 21(1):66

	27.	 Bowden J, Davey Smith G, Burgess S (2015) Mendelian randomi-
zation with invalid instruments: effect estimation and bias detec-
tion through Egger regression. Int J Epidemiol 44(2):512–525

	28.	 Hartwig FP, Davey Smith G, Bowden J (2017) Robust inference 
in summary data Mendelian randomization via the zero modal 
pleiotropy assumption. Int J Epidemiol 46(6):1985–1998

	29.	 Hemani G, Zheng J, Elsworth B, Wade KH, Haberland V, Baird 
D et al (2018) The MR-Base platform supports systematic causal 
inference across the human phenome. Elife. https://​doi.​org/​10.​
7554/​eLife.​34408

	30.	 Pierce BL, Burgess S (2013) Efficient design for Mendelian rand-
omization studies: subsample and 2-sample instrumental variable 
estimators. Am J Epidemiol 178(7):1177–1184

	31.	 Verbanck M, Chen CY, Neale B, Do R (2018) Detection of wide-
spread horizontal pleiotropy in causal relationships inferred from 
Mendelian randomization between complex traits and diseases. 
Nat Genet 50(5):693–698

	32.	 Ong JS, MacGregor S (2019) Implementing MR-PRESSO and 
GCTA-GSMR for pleiotropy assessment in Mendelian randomi-
zation studies from a practitioner’s perspective. Genet Epidemiol 
43(6):609–616

	33.	 Hemani G, Tilling K, Davey SG (2017) Orienting the causal rela-
tionship between imprecisely measured traits using GWAS sum-
mary data. PLoS Genet 13(11):e1007081

	34.	 Brion MJ, Shakhbazov K, Visscher PM (2013) Calculating statis-
tical power in Mendelian randomization studies. Int J Epidemiol 
42(5):1497–1501

	35.	 Korthauer K, Kimes PK, Duvallet C, Reyes A, Subramanian A, 
Teng M et al (2019) A practical guide to methods controlling false 
discoveries in computational biology. Genome Biol 20(1):118

	36.	 Shreiner AB, Kao JY, Young VB (2015) The gut microbiome in 
health and in disease. Curr Opin Gastroenterol 31(1):69–75

	37.	 Wu Y, Jiang H, Tan M, Lu X (2020) Screening for chronic prosta-
titis pathogens using high-throughput next-generation sequencing. 
Prostate 80(7):577–587

	38.	 Shoskes DA, Altemus J, Polackwich AS, Tucky B, Wang H, Eng 
C (2016) The urinary microbiome differs significantly between 
patients with chronic prostatitis/chronic pelvic pain syndrome 
and controls as well as between patients with different clinical 
phenotypes. Urology 92:26–32

	39.	 Mändar R, Punab M, Korrovits P, Türk S, Ausmees K, Lapp E 
et al (2017) Seminal microbiome in men with and without pros-
tatitis. Int J Urol 24(3):211–216

	40.	 Shoskes DA (2001) Use of antibiotics in chronic prostatitis syn-
dromes. Can J Urol 8(Suppl 1):24–28

	41.	 Dethlefsen L, Relman DA (2011) Incomplete recovery and 
individualized responses of the human distal gut microbiota 
to repeated antibiotic perturbation. Proc Natl Acad Sci USA 
108(Suppl 1):4554–4561

	42.	 Davis SN, Maykut CA, Binik YM, Amsel R, Carrier S (2011) 
Tenderness as measured by pressure pain thresholds extends 
beyond the pelvis in chronic pelvic pain syndrome in men. J Sex 
Med 8(1):232–239

	43.	 Chichlowski M, Rudolph C (2015) Visceral pain and gastrointes-
tinal microbiome. J Neurogastroenterol Motil 21(2):172–181

	44.	 Markle JG, Frank DN, Mortin-Toth S, Robertson CE, Feazel LM, 
Rolle-Kampczyk U et al (2013) Sex differences in the gut micro-
biome drive hormone-dependent regulation of autoimmunity. Sci-
ence 339(6123):1084–1088

	45.	 Pontari MA (2013) Etiology of chronic prostatitis/chronic pel-
vic pain syndrome: psychoimmunoneurendocrine dysfunction 
(PINE syndrome) or just a really bad infection? World J Urol 
31(4):725–732

	46.	 Cryan JF, Dinan TG (2012) Mind-altering microorganisms: the 
impact of the gut microbiota on brain and behaviour. Nat Rev 
Neurosci 13(10):701–712

https://doi.org/10.7554/eLife.34408
https://doi.org/10.7554/eLife.34408


	 International Urology and Nephrology

	47.	 Montagnani M, Bottalico L, Potenza MA, Charitos IA, Topi S, 
Colella M et al (2023) The crosstalk between gut microbiota and 
nervous system: a bidirectional interaction between microorgan-
isms and metabolome. Int J Mol Sci 24(12):10322

	48.	 He H, Luo H, Qian B, Xu H, Zhang G, Zou X et al (2023) Auto-
nomic nervous system dysfunction is related to chronic prostatitis/
chronic pelvic pain syndrome. World J Mens Health

	49.	 Tripp DA, Nickel JC, Shoskes D, Koljuskov A (2013) A 2-year 
follow-up of quality of life, pain, and psychosocial factors in 
patients with chronic prostatitis/chronic pelvic pain syndrome 
and their spouses. World J Urol 31(4):733–739

	50.	 Gur TL, Bailey MT (2016) Effects of stress on commen-
sal microbes and immune system activity. Adv Exp Med Biol 
874:289–300

	51.	 Kelly JR, Kennedy PJ, Cryan JF, Dinan TG, Clarke G, Hyland NP 
(2015) Breaking down the barriers: the gut microbiome, intestinal 
permeability and stress-related psychiatric disorders. Front Cell 
Neurosci 9:392

	52.	 Du HX, Yue SY, Niu D, Liu C, Zhang LG, Chen J et al (2022) Gut 
microflora modulates Th17/Treg cell differentiation in experimen-
tal autoimmune prostatitis via the short-chain fatty acid propion-
ate. Front Immunol 13:915218

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.


	Causal effect of gut microbiota on the risk of prostatitis: a two-sample Mendelian randomization study
	Abstract
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Study design
	Data sources
	Instrumental variables
	Statistical analysis

	Results
	Selection of instrumental variables
	Results of MR analysis
	Results of sensitivity analysis

	Discussion
	Conclusion
	Acknowledgements 
	References


