
TYPE Original Research

PUBLISHED 26 September 2023

DOI 10.3389/fmicb.2023.1228693

OPEN ACCESS

EDITED BY

George Grant,

University of Aberdeen, United Kingdom

REVIEWED BY

Tarique Hussain,

Nuclear Institute for Agriculture and

Biology, Pakistan

Mianqun Zhang,

Anhui Agricultural University, China

*CORRESPONDENCE

Hong-li Yan

hongliyan@smmu.edu.cn

†These authors have contributed equally to this

work and share first authorship

RECEIVED 31 May 2023

ACCEPTED 31 August 2023

PUBLISHED 26 September 2023

CITATION

Fu Z-d, Wang Y and Yan H-l (2023) Male

infertility risk and gut microbiota: a Mendelian

randomization study.

Front. Microbiol. 14:1228693.

doi: 10.3389/fmicb.2023.1228693

COPYRIGHT

© 2023 Fu, Wang and Yan. This is an

open-access article distributed under the terms

of the Creative Commons Attribution License

(CC BY). The use, distribution or reproduction

in other forums is permitted, provided the

original author(s) and the copyright owner(s)

are credited and that the original publication in

this journal is cited, in accordance with

accepted academic practice. No use,

distribution or reproduction is permitted which

does not comply with these terms.

Male infertility risk and gut
microbiota: a Mendelian
randomization study

Zhi-da Fu†, Yao Wang† and Hong-li Yan*

Center for Reproductive Medicine, Changhai Hospital, Naval Medical University, Shanghai, China

Background: In recent decades, the decline of male sperm quality has become a

worldwide phenomenon, with sperm quality of critical importance for the ability

to conceive naturally. Recent studies suggest that male fertility function is closely

linked to the gut microbiota, however, the cause-and-e�ect association between

the gut microbiota and male infertility risk is currently unclear.

Methods: We performed one two-sample Mendelian randomization (MR) study,

which uses summary data on human gut microbiota from the MiBioGen

consortium as factors of exposure. FinnGen Consortium R8 data was used to

obtain GWAS data for male infertility. To evaluate cause-and-e�ect associations

linking gut microbiota and male infertility risk with multiple Mendelian

randomization methods, we included inverse variance weighted (IVW), MR-Egger,

and Maximum Likelihood (ML) Ratio. The heterogeneity of instrumental

variables was evaluated through Cochran’s Q, Rucker’s Q, and leave-one-out

analysis methods.

Results: We found a positive association between Allisonella, Anaerotruncus,

Barnesiella, Intestinibacter, and Lactococcus with male infertility risk according

to the MR analysis results. Bacteroides Romboutsia, Ruminococcaceae

(NK4A2140group), and Ruminococcaceae (UCG011) play a protective function in

male infertility pathogenesis.

Conclusion: It was found that gut microbiota and infertility are causally related

in this study. In subsequent studies, there is a need to build a larger and more

comprehensive GWAS database onmale infertility, which will reveal the underlying

mechanisms for gutmicrobiota andmale infertility. There is a need for randomized

controlled trials for validating the protective e�ect of the associated gutmicrobiota

against male infertility risk, and for exploring the associated mechanisms.

KEYWORDS

male infertility, Mendelian randomization, gut microbiota, GWAS, sperm quality

Introduction

As a worldwide human health problem, infertility is widely reported to impact over

186 million individuals globally (Inhorn and Patrizio, 2015). There are numerous theories

about the etiology of infertility, however, the specific mechanisms are not yet known. Up to

50% of infertility is due to male factors (Minhas et al., 2021). In recent decades, in both

developed and developing countries, male fertility rates have declined, raising concerns

among academics and society at large (Gunes et al., 2018). To our knowledge, there are no

knownmolecular biomarkers formale infertility. An important risk factor formale infertility

is poor sperm quality. In addition to overweight (Salas-Huetos et al., 2021), substance abuse

(Gundersen et al., 2015), and testicular inflammation (Bryan et al., 2020), poor lifestyle
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habits such as smoking (Sharma et al., 2016), alcohol consumption

(Li et al., 2022), and consumption of sugary beverages (Nassan et al.,

2021) can affect sperm quality.

The gut microbiota, often referred to as the second human-

genome, as a vast bacterial community, is essential for maintaining

balance between the external and internal environments of the

host. Gut microbiota has been linked to many diseases, including

psychiatric disorders (Mangiola et al., 2016), hematological

disorders (Yang et al., 2022), and orthopedic disorders (Liu

et al., 2019). Studies suggest that there may be a correlation

between gut microbiota and male fertility (Zhao et al., 2021).

Confounding factors, such as environment, lifestyle, and dietary

habits, often influence traditional observational studies and

greatly interfere with the inference concerning the relationship

of causality of risk factors and endpoint outcomes. In Mendelian

randomization (MR), single nucleotide polymorphisms (SNPs),

which are instrumental variables (IVs), are used to infer cause-

and-effect correlations between exposure factors and outcomes

(Greenland, 2000; Bowden and Holmes, 2019). In order to

understand the causal relationship between gut microbiota and

disease, MR methods are extensively used, and there are no studies

on the causality between gut microbiota and male infertility risk.

In this study, we will evaluate the existence of cause-and-effect

correlation between the gut microbiota andmale infertility through

the use of two-sample MR.

Methods

Study design

For our GWAS data summary of gut microbiota and male

infertility based on the Genome-Wide Association Study (GWAS),

after screening the IVs that met the screening criteria, we

performed MR analysis, and made an inference about the cause-

and-effect correlation between the gut microbiota and male

infertility. This study was based on the three major hypotheses of

MR analysis: (1) the correlation between IVs and exposure will be

significant. In this study, the power of IVs was evaluated through

the use of the formula, F= R2
× (N-k-1)/(k×(1-R2)), in which N is

the number of exposed samples, k is the number of included SNPs,

and R2 represents the genetic variable to explain the variance of

exposure. When the SNP corresponds to the F-statistic<10, a weak

IV is considered, which would cause bias to the results (Xiang et al.,

2021); (2) no association exists on IVs and confounding factors

which affect the exposure and the outcome; and (3) there is an

influence of IVs on outcome by exposure only. For this study, all

the datasets used were made public.

Data sources

MiBioGen consortium (www.mibiogen.org) provides GWAS

summary data for the gut microbiota, and it is currently the

biggest published source of human-related gut microbiota GWAS

data (Kurilshikov et al., 2021). There were 24 cohorts comprising

18,340 participants in the study, including participants from the

United States, Canada, Denmark, and the United Kingdom, with

the majority of individuals from Europe (n = 14,306). This

GWAS data includes 211 groups of bacteria, of which there are

five types, namely class, phylum, order, family, and genus. The

smallest level of the genus was taken as the object in this study. A

total of 131 genera have been identified, and 12 of the unknown

bacterial genera were excluded, finally incorporating 119 bacterial

genera for MR analysis. The GWAS data for male infertility were

taken from FinnGen Consortium version R8 (https://r8.finngen.

fi/) (FinnGen, 2022; Kurki et al., 2022). The phenotype “male

infertility” was used in the study, and this data included 1,128 cases

and 110,070 controls.

Selection of instrumental variables

For ensuring the truthfulness and reliability of causal inference

findings from our study, we performed a series of strict qualitative

controls. (1) Significantly associated SNPs were selected to

potentially be IVs by the threshold of p < 1 × 10−5 for each

genus. (2) 1,000 Genome data Project European samples were

used to remove linkage disequilibrium (LD) between IVs, as a

strong LD would lead to bias (clumping_distance = 10,000kb and

clumping_r2 < 0.001). (3) When a palindromic SNP was present,

the palindromic SNP was removed. (4) Proxy SNPs significantly

associated with IVs by LDlinkR were found when the GWAS

outcome data did not exist for SNPs associated with the gut

microbiota (r2 > 0.8) (Myers et al., 2020).

Statistical analysis

The study used a variety of MR methods to evaluate and

verify the cause-and-effect correlation between gut microbiota and

risk of male infertility, including inverse variance weighted (IVW)

(Burgess et al., 2013), MR-Egger regression (Bowden et al., 2015),

weighted median (Bowden et al., 2016), maximum likelihood (ML)

ratio (Pierce and Burgess, 2013), constrained maximum likelihood,

model averaging, and Bayesian information criterion (cML-MA-

BIC) (Xue et al., 2021). The nature of IVW is a method of meta-

analysis (Burgess et al., 2013), which were analyzed by a weighted

linear regression to get the overall estimation of the effects of gut

microbiota and male infertility. IVW is useful for causal evaluation

when no horizontal pleiotropy exists between SNPs. The MR-

Egger method shows the horizontal pleiotropy of IVs by using

intercept terms if there is pleiotropy in the IVs (Bowden et al.,

2015). The results of the MR-Egger regressions and IVW are the

same if the intercept term is equal to 0. With up to fifty percent of

invalid IVs, a weighted median model can obtain consistent causal

estimation relationship (Bowden et al., 2016). ML results have

smaller errors than IVWwhen there is no horizontal pleiotropy and

heterogeneity between IVs (Pierce and Burgess, 2013). Based on

constrained maximum likelihood with model average, cML-MA-

BIC is a method for MR that provides a robust representation of

gene pleiotropy effect between IVs (Xue et al., 2021).

SNPs that were included in the analysis for potential horizontal

pleiotropy were evaluated by MR-Egger regression (Bowden

et al., 2015). Moreover, the pleiotropy and outlier status test
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was performed on the SNPs included in the analysis; we used

the MR-PRESSO method (Verbanck et al., 2018). To evaluate

the heterogeneity of the MR analysis, the Cochran’s Q statistic

(IVW) and Rucker’s Q statistic (MR-Egger) were used, with

p > 0.05 meaning no heterogeneity (Yang et al., 2023). In

order to determine the existence of potentially strong influential

instrumental variables, each instrumental variable was excluded

sequentially by using leave-one-out sensitivity analysis. Study with

R software (version 4.2.1), TwoSampleMR package (version 0.5.6)

(Hemani et al., 2017), LDlinkR (version 1.2.3) (Myers et al., 2020),

and MR-PRESSO (version 1.0) (Verbanck et al., 2018) was used for

MR analysis.

Results

Instrumental variables selection

Following the selection by a threshold of p < 1 × 10−5, the

SNPs significantly associated with 119 gut microbiota genera were

selected and SNPs with a significant LD influence were removed,

leaving 1,269 remaining SNPs that were used as the IVs for further

analysis. This is detailed in Supplementary Table 1, and all the

available IVs details are displayed in Supplementary Table 2.

MR analysis

In total, 10 bacterial genera with a causal relationship with

male infertility shown through at least one MR method were

found (p < 0.05): Allisonella, Anaerofilum, Anaerotruncus,

Bacteroides, Barnesiella, Intestinibacter, Lactococcus, Romboutsia,

Ruminococcaceae (NK4A214group), and Ruminococcaceae

(UCG011) (Table 1).

IVW analysis showed that Anaerotruncus (odds ratio (OR)

= 1.96, 95% confidence interval (CI), 1.13–3.38, p = 0.016)

was positively associated with male infertility risk. Bacteroides

(OR = 0.58, 95% CI, 0.34- 0.99, p = 0.048), Ruminococcaceae

(NK4A214group) (OR = 0.57, 95% CI, 0.36–0.89, p = 0.014), and

Ruminococcaceae (UCG011) (OR = 0.76, 95% CI, 0.59–0.99, p

= 0.042) were negatively associated with male infertility risk. MR

Egger’s MR estimates showed that Romboutsia (OR = 0.26, 95%

CI, 0.08–0.84, p = 0.046) was shown to be negatively correlated

with male infertility risk. Risk of male infertility was shown to be

positively associated with Lactococcus (OR = 1.51, 95% CI, 1.02–

2.23, p = 0.045) by weighted median MR estimates. Maximum

likelihood ratio MR estimates showed that Allisonella (OR = 1.3,

95% CI, 1.01–1.68, p = 0.045), Anaerotruncus (OR = 2.01, 95%

CI, 1.26–3.2, p = 0.004), and Intestinibacter (OR = 1.53, 95%

CI, 1.07–2.2, p = 0.021) had a positive relationship with male

infertility risk. Anaerofilum (OR = 0.68, 95% CI, 0.5–0.92, p

= 0.012), Ruminococcaceae (NK4A214group) (OR = 0.55, 95%

CI, 0.36–0.85, p = 0.007), and Ruminococcaceae (UCG011) (OR

= 0.76, 95% CI, 0.59–0.99, p = 0.045) were protective against

the development of infertility in men. The cML-MA-BIC results

showed that Anaerotruncus (OR = 1.84, 95% CI, 1.05–3.24, p =

0.033) and Barnesiella (OR = 1.75, 95% CI, 1.11–2.76, p = 0.017)

were correlated with a positive effect of male infertility risk, and

Ruminococcaceae (NK4A214group) (OR= 0.6, 95% CI, 0.36–0.99,

p = 0.047) and Ruminococcaceae (UCG011) (OR = 0.77, 95% CI,

0.59–0.99, p = 0.048) were protective against the development of

male infertility.

Horizontal pleiotropy was evaluated between instrumental

variables by MR-Egger regression, and results are shown in

Supplementary Table 3, with no horizontal pleiotropy found

for gut microbiota. A global test of MRPRESSO, detailed

in Supplementary Table 4, shows that MR analysis between

Anaerofilum and male infertility has a horizontal pleiotropy (p

< 0.05), and a significant outlier rs4506496 for Anaerofilum

was found by the aberration test of MR-PRESSO analysis. After

removing this outlier, MR analysis was performed again, as

shown in Supplementary Table 5, and showed that no significant

cause-and-effect correlation was found between Anaerofilum and

male infertility (p > 0.05). Quantitative analysis of the 10

bacterial genera was carried out using Cochran’s Q and Rucker’s

Q, respectively, and the overview of the results is shown in

Supplementary Table 6. Heterogeneity (p < 0.05) in MR analysis

between Anaerofilum and Intestinibacter and male infertility is

shown in Supplementary Table 6. MR analysis for bacterial genera

with heterogeneity was performed again with a random effects

model. Calibrated IVW results showed Intestinibacter (OR = 1.51,

95% CI, 1.07–2.15, p = 0.020) and Anaerofilum (OR = 0.81,

95% CI, 0.60–1.10, p = 0.181) had an effect on male fertility,

which is in agreement with the results from the ML method

and MRPRESSO analysis, respectively. Allisonella, Bacteroides,

Barnesiella, Intestinibacter, Lactococcus, and Romboutsia showed

potential outliers in scatter plots (Figure 1) and leave-one-out

analysis plots (Figure 2), however, no significant outliers were

found by MRPRESSO analysis. The forest plot and funnel plot are

displayed in our Supplementary Figure.

Thus, in our study we showed that Allisonella, Anaerotruncus,

Barnesiella, Intestinibacter, and Lactococcus were positively

associated with the risk ofmale infertility. Bacteroides, Romboutsia,

Ruminococcaceae (NK4A2140group), and Ruminococcaceae

(UCG011) played a protective role in the pathogenesis of

male infertility.

Discussion

Infertility, which is a worldwide public health problem (Inhorn

and Patrizio, 2015), has been closely associated with the reduction

of newborns and increased population aging, and could have

a serious potential negative influence on social development.

Throughout the human digestive tract, mucosal surfaces are

colonized by a host of symbiotic microbes. Gut microbiota affect

host systems such as digestion (Franzosa et al., 2019), immunity

(Thaiss et al., 2016), and the nervous system (Sharon et al., 2016).

In our current study, we aimed to discover whether male infertility

is influenced by gut microbiota. It is the first two-sampleMendelian

randomization study to examine the cause-and-effect links between

gut microbiota and male infertility risk using the European cohort,

to our knowledge.

Through the use of the MR method, 119 gut microbiota

and male infertility were causally studied at the genetic level,

effectively avoiding the confounding variables that can interfere
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TABLE 1 MR results of causal links between gut microbiota and male infertility (p < 1 × 10−5).

bacterial taxa
(exposure)

Nsnp Methods Beta SE P-value OR (CI) F statistic

Allisonella 8 IVW 0.25 0.15 0.091 1.28 (0.96–1.71) 23.75

Allisonella 8 MR-Egger 1.07 1.02 0.333 2.92 (0.4–21.46)

Allisonella 8 WM 0.21 0.18 0.241 1.24 (0.87–1.78)

Allisonella 8 ML 0.26 0.13 0.045 1.3 (1.01–1.68)

Allisonella 8 cML-MA-BIC 0.24 0.14 0.089 1.27 (0.96–1.67)

Anaerofilum 10 IVW −0.35 0.21 0.097 0.7 (0.46–1.07) 23.61

Anaerofilum 10 MR-Egger −0.8 1.22 0.531 0.45 (0.04–4.93)

Anaerofilum 10 WM −0.24 0.21 0.257 0.79 (0.52–1.19)

Anaerofilum 10 ML −0.38 0.15 0.012 0.68 (0.5–0.92)

Anaerofilum 10 cML-MA-BIC −0.2 0.18 0.285 0.82 (0.57–1.18)

Anaerotruncus 13 IVW 0.67 0.28 0.016 1.96 (1.13–3.4) 23.4

Anaerotruncus 13 MR-Egger 1.16 0.85 0.196 3.21 (0.61–16.86)

Anaerotruncus 13 WM 0.23 0.36 0.513 1.26 (0.63–2.54)

Anaerotruncus 13 ML 0.7 0.24 0.004 2.01 (1.26–3.2)

Anaerotruncus 13 cML-MA-BIC 0.61 0.29 0.033 1.84 (1.05–3.24)

Bacteroides 9 IVW −0.54 0.27 0.048 0.58 (0.34–0.99) 22.74

Bacteroides 9 MR-Egger −0.6 1.42 0.686 0.55 (0.03–8.88)

Bacteroides 9 WM −0.39 0.35 0.263 0.68 (0.34–1.34)

Bacteroides 9 ML −0.54 0.28 0.052 0.58 (0.34–1.01)

Bacteroides 9 cML-MA-BIC −0.53 0.28 0.062 0.59 (0.34–1.03)

Barnesiella 14 IVW 0.34 0.25 0.175 1.41 (0.86–2.31) 22.93

Barnesiella 14 MR-Egger −0.17 0.99 0.863 0.84 (0.12–5.8)

Barnesiella 14 WM 0.53 0.3 0.072 1.7 (0.95–3.03)

Barnesiella 14 ML 0.35 0.21 0.092 1.42 (0.94–2.15)

Barnesiella 14 cML-MA-BIC 0.56 0.23 0.017 1.75 (1.11–2.76)

Intestinibacter 15 IVW 0.42 0.23 0.074 1.51 (0.96–2.39) 22.78

Intestinibacter 15 MR-Egger 0.64 0.78 0.429 1.89 (0.41–8.79)

Intestinibacter 15 WM 0.27 0.27 0.32 1.31 (0.77–2.23)

Intestinibacter 15 ML 0.43 0.19 0.021 1.53 (1.07–2.2)

Intestinibacter 15 cML-MA-BIC 0.32 0.22 0.154 1.37 (0.89–2.12)

Lactococcus 9 IVW 0.25 0.15 0.085 1.29 (0.97–1.72) 22.83

Lactococcus 9 MR-Egger −0.14 0.69 0.841 0.87 (0.22–3.36)

Lactococcus 9 WM 0.41 0.2 0.039 1.51 (1.02–2.22)

Lactococcus 9 ML 0.26 0.15 0.071 1.3 (0.98–1.73)

Lactococcus 9 cML-MA-BIC 0.25 0.15 0.098 1.28 (0.95–1.73)

Romboutsia 13 IVW −0.41 0.22 0.067 0.67 (0.43–1.03) 29.1

Romboutsia 13 MR-Egger −1.35 0.6 0.046 0.26 (0.08–0.84)

Romboutsia 13 WM −0.17 0.3 0.571 0.84 (0.47–1.52)

Romboutsia 13 ML −0.42 0.21 0.05 0.66 (0.43–1)

Romboutsia 13 cML-MA-BIC −0.37 0.23 0.108 0.69 (0.44–1.08)

(Continued)
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TABLE 1 (Continued)

bacterial taxa
(exposure)

Nsnp Methods Beta SE P-value OR (CI) F statistic

Ruminococcaceae

(NK4A214group)

13 IVW −0.57 0.23 0.014 0.56 (0.36–0.89) 22.68

Ruminococcaceae

(NK4A214group)

13 MR-Egger −1.08 0.78 0.191 0.34 (0.07–1.55)

Ruminococcaceae

(NK4A214group)

13 WM −0.19 0.32 0.545 0.83 (0.44–1.53)

Ruminococcaceae

(NK4A214group)

13 ML −0.59 0.22 0.007 0.55 (0.36–0.85)

Ruminococcaceae

(NK4A214group)

13 cML-MA-BIC −0.51 0.26 0.047 0.6 (0.36–0.99)

Ruminococcaceae

(UCG011)

8 IVW −0.27 0.13 0.042 0.76 (0.59–0.99) 23.72

Ruminococcaceae

(UCG011)

8 MR-Egger −0.56 0.66 0.429 0.57 (0.16–2.08)

Ruminococcaceae

(UCG011)

8 WM −0.23 0.17 0.181 0.8 (0.57–1.11)

Ruminococcaceae

(UCG011)

8 ML −0.27 0.13 0.045 0.76 (0.59–0.99)

Ruminococcaceae

(UCG011)

8 cML-MA-BIC −0.27 0.14 0.048 0.77 (0.59–1)

with an observational study. In our study, we found a positive

and direct genetic causality between human gut microbiota and

male infertility, with Allisonella, Anaerotruncus, Barnesiella,

Intestinibacter, and Lactococcus all showing to have an effect.

Furthermore, Bacteroides Romboutsia, Ruminococcaceae

(NK4A214group), and Ruminococcaceae (UCG011) were found to

prevent male infertility. Combined with our study and a pubmed

search, Allisonella and Intestinibacter were not reported to be

associated with male infertility, which provided a new possible

way to investigate male infertility and contributes positively to the

genetic study of male infertility.

Several observational studies reported the association of gut

microbiota and reproductive capacity in mammals. A potential

mechanism for alteration of the reproductive system in male

rats was found through the disruption of the gut microbiota by

Ditridecyl-phthalate (Zhao et al., 2020a). Gut microbiota could

also affect testicular secretion function of mice (Al-Asmakh et al.,

2014). Translocation of the gut microbiota, through a multiple

immunological mechanism, causes inflammation of the testicles

and epididymis, which affects spermatogenesis (Wang and Xie,

2022). Self-reported stress was negatively associated with semen

quality in a cross-sectional study (Nordkap et al., 2016). Gut

flora is closely associated with the hypothalamic-pituitary-adrenal

(HPA) axis, and the HPA regulates a series of physical processes

to respond to external stresses (Foster and McVey Neufeld,

2013; Farzi et al., 2018). One animal experiment has reported

the increased abundance of Anaerotruncus in prenatal stress

(PNS) animal models (Golubeva et al., 2015), which suggests

Anaerotruncus as a possible biomarker of stress. It has been shown

that diabetes has negative effects on male fertility (Chen et al.,

2021; Lotti and Maggi, 2023). The abundance of Anaerotruncus

was significantly increased in mice that had testicular injury

caused by diabetes, however, its abundance was significantly

reduced after treatment with cornuside (Cor), which suggested

that Anaerotruncus could be a potential biomarker of testicular

injury (Liu et al., 2021); this is in line with our findings.

Vitamin A has a critical effect on the process of spermatogenesis

(Hogarth and Griswold, 2010). Mice with metabolic syndrome

(Mets) have abnormal testicular spermatogenesis due to impaired

vitamin A absorption in the intestine, which may be associated

with the significantly reduced abundance of Ruminococcaceae

(NK4A214group) (Zhang et al., 2022). As an androgen found

in epididymal cells, dihydrotestosterone (DHT) regulates sperm

maturation (Robaire and Henderson, 2006), and a large-scale

animal study suggested that an abundance of Ruminococcaceae

was positively correlated with DHT (Chen et al., 2023). Regulation

of the gut microbiota to improve the symptoms of drug-

induced male infertility was demonstrated by several studies

(Zhao et al., 2020b; Sun et al., 2022). Triptolide -induced

testicular injury mouse model results in an increase in relative

abundance of Firmicutes and a decrease in relative abundance of

Parabacteroides, causing the reduction of spermine synthesis. By

transferring normal microbiota into mice, testicular dysfunction

can be reversed (Zhao et al., 2021). Busulfan chemotherapy is

an effective treatment for leukemia (Allan, 1989), although a side

effect of this is male infertility. In the intestinal tract, Busulfan

will increase the abundance of Firmicutes and Proteobacteria

(Zhao et al., 2020b). Chestnut polysaccharides can restore the

imbalance of gut microbiota and thus restore the damaged

spermatogenesis caused by Busulfan (Sun et al., 2022). Alginate

oligosaccharides (AOS) improve male infertility after Busulfan

application with the improvement of gut microbiota (Zhao et al.,

2020b). Research has demonstrated that AOS may improve

sperm quality by increasing Bacteroides’ abundance and mitigating

Mucispirillum abundance in the gut microbiota (Hao et al.,

2022).
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FIGURE 1

Scatter plots for the casual association between gut microbiota and male infertility.

A Westernized diet (a diet high in high saturated fatty acids

and refined sugar refined) has been reported as a significant

factor in the long-term decline in human sperm concentrations

(Wu et al., 2011). Research indicates that the different types of diet

patterns based on saturated, monounsaturated, or polyunsaturated

fatty acids may induce alterations in gut microbiota composition
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FIGURE 2

Leave-one-out plots for casual association between gut microbiota and male infertility.

(Patterson et al., 2014). The fatty acids level (Bunay et al., 2021),

especially DHA, are associated with spermatogenesis (Hale et al.,

2019). A high-fat diet (HFD) induces disruption of the gut

microbiome, as reflected by decreases in Bacteroides and increases

in Firmicutes and Aspergillus in mice models (Hildebrandt

et al., 2009; Graham et al., 2015). Moreover, HFD also leads to
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alterations in the mucosal epithelium of the intestine, which results

in intestinal barrier dysfunction (Moreira et al., 2012), higher

permeability (Ji et al., 2011), and more diffusion of endotoxins into

the bloodstream (Ji et al., 2011). In mice, excess endotoxin activates

the immune system, resulting in an increase in proinflammatory

factors in the epididymis, and decreasing sperm viability (Ding

et al., 2020).

The major metabolism products of the gut microbiota are

short-chain fatty acids (SCFA), which are essential for intestinal

immunity and health of the host (Martin-Gallausiaux et al.,

2021). Research shows that butyric acid may have a facilitative

effect on spermatogenesis (Yan et al., 2022). For our study, the

bacteria Ruminococcaceae (NK4A214group) (Verhoeven et al.,

2021), Ruminococcaceae (UCG011) (Radjabzadeh et al., 2022),

and Romboutsia (Qin et al., 2021) were able to produce butyric

acid. Major sources of gastrointestinal epithelium are SCFAs

(Martin-Gallausiaux et al., 2021), which are closely associated

with maintaining the mucosal barrier function of the intestinal

tract. An animal study reported that the dietary fiber supplements

improve spermatogenesis and semen quality by promoting SCFA

production through improved gut microbiota (Lin et al., 2022). A

metabolically healthier gut microbiota may be achieved by a diet

that is supplemented with low animal fat, low animal protein, and

high fiber (Fan and Pedersen, 2021), to prevent endotoxin diffusion

into blood; this might improve infertility in males in some cases.

However, this requires a further randomized controlled experiment

to demonstrate.

Our study contains several strengths. (1) The data on gut

microbiota and male infertility were obtained from a European

population, effectively avoiding bias caused by differences in

ethnicity; this can better reflect the cause-and-effect correlation

between gut microbiota and male infertility. (2) Gut microbiota

inherited variants from the largest usable GWAS metadata, which

guarantees power of the IVs for the analysis of MR. (3) Genetic

variants found in gut microbiota were derived from the maximum

amount of GWAS metadata available, ensuring IV power in MR

analyses. (4) Our study met all three assumptions of the MR

analysis. To elaborate, we screened SNPs that were closely related

with the gut microbiota (p < 1 × 10−5) and passed the F-

statistic checks (F > 10), which satisfied the first assumption.

The screened SNPs were evaluated by LD analysis, which fulfilled

the second assumption. We conducted a study in which we

used MR-Egger regression and MRPRESSO analyses to exclude

SNPs with horizontal pleiotropy, and the last acquired SNPs

satisfied the third hypothesis. (5) There may be some reduction in

interference from confounding factors and reverse causation with

MR methods. However, it is also important to note that our study

has some limitations. Firstly, the results of the analysis, which was

performed only for European populations, were not sufficiently

well representative of populations in other regions. Secondly, there

may be a potential bias in the study as the number of cases in

the GWAS data for male infertility is relatively small. And finally,

GWAS ofmale infertility were not categorized, so our study was not

well able to reveal the association of gut microbiota with specific

types of male infertility. Future studies and randomized controlled

trials are required to better reveal the cause-and-effect correlation

between gut microbiota and male infertility.

Conclusion

In summary, the MR analysis performed using data of a large

sample of GWAS analysis showed a cause-and-effect relationship

between gut microbiota and male infertility. However, greater

GWAS databases need to be established for the exploration of

mechanisms between gut microbiota and male infertility. There

are several gut bacteria identified that may reduce the prevalence

of male infertility and could offer hope in treating and preventing

male infertility.
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