Journal of Multidisciplinary Healthcare Dovepress
Taylor & Francis Group

ORIGINAL RESEARCH

Causal Effects of Gut Microbiome on Tinnitus:
A Mendelian Randomization Study

Qiang Zeng', Wei Xiez, Huaqgian Dongz, Xing Liu', Shuai Shao', Li Chen', Wenwen ZhangI

'School of Nursing, Guizhou University of Traditional Chinese Medicine, Guiyang, 550002, People’s Republic of China; 2Department of Nursing, the
First Affiliated Hospital of Guizhou University of Traditional Chinese Medicine, Guiyang, 550001, People’s Republic of China

Correspondence: Wei Xie, Department of Nursing, the First Affiliated Hospital of Guizhou University of Traditional Chinese Medicine, Guiyang,
550001, People’s Republic of China, Email 2817180455@gqq.com

Background: Previous studies have identified a clinical association between gut microbiota (GM) and tinnitus; however, the potential
causal relationship remains unclear. Therefore, we conducted a Mendelian randomization(MR) study to evaluate the potential causal
effects of 412 gut microbiome features on tinnitus risk.

Methods: In the study, we used pooled data from a genome-wide association study(GWAS) of gut microbes from a Dutch population.
Summary statistics of tinnitus were drawn from the FinnGen R10 database. Inverse variance weighted, weighted median and MR-
Egger were used to evaluate the potential causal link between GM and tinnitus.

Results: The MR analysis revealed a negative association between the abundance of Parabacteroides distasonis and the risk of
tinnitus (OR = 0.84, 95% CI: 0.74-0.94, p = 0.003), suggesting a potential protective role. Conversely, positive associations were
observed for Eggerthella (OR = 1.11, 95% CI: 1.01-1.22, p = 0.032), Alistipes onderdonkii, and Lachnospiraceae bacterium
5-1-63FAA, all linked to increased tinnitus risk.

Conclusion: Our findings suggest potential causal effects of specific gut microbial taxa and pathways on tinnitus, highlighting
promising targets for prevention and treatment. However, further research is needed to validate these associations and clarify
underlying mechanisms.
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Introduction

Tinnitus, defined as the perception of sound in the absence of external auditory stimuli, is a prevalent symptom affecting
approximately 14.4% of adults worldwide (95% CI: 12.6%-16.5%)." Among them, nearly 120 million individuals
experience severe symptoms that profoundly impair quality of life, often manifesting as sleep disturbances, anxiety, and
depression.”™* This condition poses considerable challenges to both individuals and society by increasing healthcare
utilization and reducing productivity, thereby imposing a substantial economic burden. Although current treatment —
including sound therapy, cognitive behavioral therapy, and pharmacological interventions—offer symptom relief, their
efficacy remains inconsistent and does not address the underlying pathophysiology.” Recent advances have proposed the
concept of a “gut—brain—ear axis” suggesting that gut microbiota (GM) may influence the onset and severity of chronic
tinnitus through modulation of metabolic pathways and systemic inflammation.®®

The GM, composed mainly of bacteria along with viruses, fungi, and other microorganisms,'*"'!

plays a fundamental
role in regulating host metabolism, immunity, and neurological function.'> Growing evidence suggests that GM plays
a pivotal role in the pathophysiology of various systemic and neuropsychiatric conditions, such as cardiovascular disease,
metabolic disorders (including diabetes and obesity), sleep disturbances, and mood disorders like depression. Recent
studies have also identified distinct microbial alterations in individuals with tinnitus, raising the possibility that GM
imbalances may influence auditory processing or systemic inflammatory pathways. However, the precise causal relation-

ship remains unclear.'*"'* Several theories have been proposed regarding the underlying mechanisms of tinnitus, but none
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have been definitively proven. These gaps highlight the urgent need for mechanistic studies to clarify GM’s role in
tinnitus pathogenesis and to support the development of more effective, targeted therapies.

Mendelian randomization (MR) is a statistical approach used to infer causal relationships between exposures and
outcomes by leveraging genetic variations—typically single nucleotide polymorphisms (SNPs)—as instrumental vari-
ables (IVs).'> Because genetic variants are fixed at conception and not influenced by environmental confounders or
reverse causation, MR offers significant advantages over traditional observational studies by effectively minimizing
bias.'®!” The present research was conducted to explore the causal relationship between GM and its functional pathways
and tinnitus from a genetic perspective.

Methods

Study Design

We assessed causal effects of GM pathways on tinnitus risk using two-sample MR. The design of this study is outlined in
Figure 1. Framework of this study is shown in Figure 2. SNPs significantly associated with GM were selected as IVs,
which were required to meet the following three core assumptions: (a) IVs should be strongly associated with the
exposure; (b) IVs should influence the outcome exclusively through their effect on GM; and (c) IVs should be
independent of any confounding factors unrelated to GM.'®

Data Sources
In this study, genome-wide association study (GWAS) statistics—used to identify genetic variants linked to specific traits
—were obtained from a Dutch population-based study of gut microbes. The dataset included 207 microbial taxa (5 phyla,
10 classes, 13 orders, 26 families, 48 genera, and 105 species) and 205 functional pathways. Summary statistics for
microbiota metabolism pathways were extracted from the Dutch Microbiome Project (DMP) in 7738 European ancestry
participants, in which the metabolism pathways were determined by shotgun metagenomic sequencing.'

The GWAS pooled data for tinnitus were derived from the pooled data (GWAS ID: H8 TINNITUS) published in the
Finnish database R10 (https://www.finngen.fi/en) for individual of European origin. The study population consisted of

7914 tinnitus cases and 362353 control subjects. The pooled data used in this article were obtained from published
databases, which are freely available for download and have received ethical approval.

Instruments Variables Selection
To identify potential associations between exposure and outcome, stringent criteria were employed for the selection of
SNPs as IVs. The genome-wide significance threshold was initially set at P < 5 x 10°. However, due to the limited
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Figure | The design of this study. IVs: instrumental variables.
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Figure 2 The flowchart of this study.

number of SNPs meeting this criterion, the threshold was relaxed to P < 1 x 107> to allow for the inclusion of more IVs
and ensure more robust and comprehensive results.” This relaxed threshold has also been widely applied in previous MR
studies. Additionally, the threshold for linkage disequilibrium(LD) was set at r* < 0.001, with the search distance for LD
values limited to 10,000 kb.’

To address potential bias from weak I'Vs, the F-statistic of each IV was calculated, applying a threshold of F-statistic > 10
to identify and exclude weak instruments.?? This approach was intended to enhance the robustness of our findings by ensuring
the exclusion of instruments that could contribute to bias. Furthermore, ambiguous and palindromic SNPs were removed

during the dataset refinement process to minimize potential sources of error.”®

Statistical Analysis

In this MR study, we employed MR-Egger regression, weighted median, and IVW methods to investigate the causal
relationship between GM composition and the risk of developing tinnitus. A circular heatmap was constructed to visually
represent the relationships between the gut microbiome taxa and the risk of tinnitus, providing an intuitive depiction of
the association strengths and directions. IVW served as the primary method, combines the Wald ratios of I'Vs in a meta-
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analytic framework, with its accuracy contingent upon the validity of all IVs and the absence of directional horizontal
pleiotropy. While the IVW method offers high statistical power, its estimates may be biased if core MR assumptions are
violated; therefore, to enhance the robustness of our findings, we employed MR-Egger regression and the weighted
median method as complementary sensitivity analyses.

We used Cochran’s Q test to assess heterogeneity, considering p < 0.05 as evidence of significant heterogeneity.'**
Moreover, the MR Pleiotropy Residual Sum and Outlier (MR-PRESSO) methodology were applied to scrutinize the
presence of pleiotropic bias.”> Additionally, MR-Egger regression was conducted to assess horizontal pleiotropy, with
a p-value < 0.05 suggesting potential violations of the assumptions inherent to MR analysis.° Finally, to confirm the
robustness of our findings, a leave-one-out sensitivity analysis was performed, wherein each SNP was systematically
excluded to ensure that the conclusions were not unduly influenced by any individual variant.

R version 4.3.1 was utilized to conduct all the statistical analyses. Two sample MR and MR-PRESSO packages were
used.

Results
Causal Association Between the Gut Microbiota Composition and the Risk of

Developing Tinnitus

We performed MR analyses on 412 microbiome features and screened 3924 SNPs as IVs. The circular plot displays the
results of the MR analysis for the IVs, with the IVW method as the primary approach used in this analysis (Figure 3). In
our MR analysis, 4 GM abundances and 10 gut bacterial pathway abundances initially showed suggestive evidence of
causal associations with the risk of developing tinnitus (Figure 4). The species Parabacteroides distasonis was nominally
associated with a reduced risk of tinnitus, with an odds ratio (OR) of 0.84 and a 95% confidence interval (CI) of
0.74-0.94 (p = 0.003), indicating a potential protective effect. In contrast, Eggerthella (OR = 1.11, 95% CI: 1.01-1.22,
p = 0.032), Alistipes onderdonkii(OR = 1.16, 95% CI: 1.01-1.34, p = 0.041), and Lachnospiraceae bacterium 5-1-63FAA
(OR =1.07, 95% CI: 1.00-1.15, p = 0.042) were positively associated with tinnitus risk. However, these associations did
not remain statistically significant after correction for multiple testing using the false discovery rate (FDR), and therefore
should be interpreted with caution as they may represent false-positive findings.

We also identified 10 gut microbial functional pathways: chorismite biosynthesis I, dTDP-L-rhamnose biosynthesis I,
glycogen biosynthesis I(from ADP-D Glucose), superpathway of menaquinol 6 biosynthesis I, S-adenosyl L methionine
cycle I, cinnamate and 3 hydroxycinnamate degradation to 2 oxopent 4 enoate, mannan degradation, and superpathway of
L-serine and glycine biosynthesis I are associated with a reduced risk of developing tinnitus (p<0.05). Conversely,
thiamin salvage II and L-rhamnose degradation I, which may have a causal relationship with increased tinnitus risk
(»<0.05). Unfortunately, none of the aforementioned causal effects remained significant after correction for the FDR (p >
0.05).The causal estimates in the MR analysis for the above results are presented in Table 1. Scatter plots are presented in
Figure 5.

Sensitivity Analysis

The SNPs used in the MR analysis all exhibited F-statistics greater than 10, which helps mitigate the potential bias from
weak IVs. To assess the reliability of the remaining SNPs, a leave-one-out approach was applied, systematically
removing one SNP at a time. The results clearly demonstrated that the effects of the remaining SNPs remained largely
unchanged upon the exclusion of any individual SNP. Both Cochran’s Q test and the MR-Egger intercept yielded
p-values greater than 0.05, indicating no significant heterogeneity among the IVs and no evidence of directional
pleiotropy (Figure 4). Additionally, MR-PRESSO and leave-one-out analyses detected no influential outliers, and no
evidence of heterogeneity or horizontal pleiotropy was observed, supporting the overall robustness of the IVW results
(Figure 6). The funnel plot indicates the absence of publication bias in this study (Figure 7).
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Figure 3 The circular plot showing the MR results for the GM.
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Figure 4 Forest plot of the associations between gut microbiota and Pathway with the risk of tinnitus.
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Table | MR Estimates and Sensitivity Analyses of the Causal Effects in the Gut Microbiota on Tinnitus

Outcome Exposure nSNPs Method OR(95% CI) P-value Cochran’s Q Horizontal Pleiotropy MRPRESSO
Q | Qdf P Egger SE P Global Test P
Intercept
Tinnitus Gut bacterial pathway abundance (ARO.PWY.chorismate. 13 Inverse variance 0.881(0.786-0.988) 0.030 12 12 0.646 0.650
biosynthesis.l) weighted
13 MR Egger 0.704(0.468—1.058) 0.119 ] 11 0.678 0.022 0.020 | 0.283
Gut bacterial pathway abundance (DTDPRHAMSYN.PWY.dTDPL. 8 Inverse variance 0.764(0.654-0.892) 0.001 7 7 0.903 0.724
rhamnose.biosynthesis.|) weighted
8 MR Egger 0.712(0.411-1.234) 0.272 6 6 0.842 0.007 0.028 | 0.805
Gut bacterial pathway abundance (GLYCOGENSYNTH.PWY. 12 Inverse variance 0.868(0.770-0.979) 0.021 Il I 0.797 0.781
glycogen.biosynthesis.l.from.ADPD.Glucose.) weighted
12 MR Egger 1.073(0.707-1.628) 0.746 10 10 0.82 —0.021 0.021 | 0.323
Gut bacterial pathway abundance (PWY.5850.superpathway.of. I Inverse variance 0.916(0.863-0.972) 0.004 10 10 0.524 0.555
menaquinol.6.biosynthesis.l) weighted
I MR Egger 0.970(0.743-1.268) 0.830 9 9 0.447 -0.012 0.028 | 0.674
Gut bacterial pathway abundance (PWY.6151.S.adenosyl.L. 12 Inverse variance 0.878(0.781-0.987) 0.029 I I 0.625 0.649
methionine.cycle.l) weighted
12 MR Egger 1.165(0.764-1.777) 0.495 10 10 0.716 —0.029 0.021 | 0.202
Gut bacterial pathway abundance (PWY.6690.cinnamate.and.3. Inverse variance 0.913(0.844-0.988) 0.024 7 0.693 0.702
hydroxycinnamate.degradation.to.2.oxopent.4.enoate) weighted
8 MR Egger 0.905(0.677—1.21) 0.526 6 6 0.579 0.002 0.029 | 0.950
Gut bacterial pathway abundance (PWY.6897.thiamin.salvage.ll) I Inverse variance 1.134(1.001-1.285) 0.049 10 10 0.786 0.799
weighted
l MR Egger 1.550(0.887-2.707) 0.158 9 9 0.829 —0.03 0.027 | 0.289
Gut bacterial pathway abundance (PWY.7456.mannan.degradation) 7 Inverse variance 0.864(0.749-0.997) 0.046 6 6 0.451 0.442
weighted
7 MR Egger 0.766(0.357-1.642) 0.524 5 5 0.342 0.016 0.051 | 0.764
Gut bacterial pathway abundance (RHAMCAT.PWY.L.rhamnose. 13 Inverse variance 1.159(1.034-1.300) 0.012 12 12 0.983 0.985
degradation.l) weighted
13 MR Egger 1.479(0.715-3.060) 0314 I I 0.98 —0.023 0.035 | 0.520
Gut bacterial pathway abundance (SER.GLYSYN.PWY. 10 Inverse variance 0.855(0.738-0.991) 0.038 9 9 0.153 0.205
superpathway.of.L.serine.and.glycine.biosynthesis.l) weighted
10 MR Egger 0.817(0.491-1.361) 0.460 8 0.106 0.005 0.025 | 0.858
Gut microbiota abundance (k_Bacteria.p_Actinobacteria. Inverse variance 1.111(1.009-1.222) 0.032 4 4 0.944 0.950
c_Actinobacteria.o_Coriobacteriales. weighted
f_Coriobacteriaceae.g_Eggerthella)
5 MR Egger 1.032(0.704-1.513) 0.883 3 3 0.895 0.013 0.034 | 0.723
Gut microbiota abundance (k_Bacteria.p_Bacteroidetes. 9 Inverse variance 0.835(0.742-0.940) 0.003 8 8 0.596 0.633
c_Bacteroidia.o_Bacteroidales. weighted
f_Porphyromonadaceae.g_Parabacteroides.
s_Parabacteroides_distasonis)
9 MR Egger 0.695(0.463—1.042) 0.122 7 7 0.588 0.019 0.021 | 0.383
Gut microbiota abundance (k_Bacteria.p_Bacteroidetes. 8 Inverse variance 1.163(1.006—1.344) 0.041 7 7 0.894 0.898
c_Bacteroidia.o_Bacteroidales.f_Rikenellaceae.g_Alistipes. weighted
s_Alistipes_onderdonkii)
8 MR Egger 0.949(0.433-2.078) 0.899 6 6 0.854 0.019 0.037 | 0.623
Gut microbiota abundance (k_Bacteria.p_Firmicutes.c_Clostridia. 6 Inverse variance 1.073(1.002—-1.148) 0.042 5 5 0.702 0.740
o_Clostridiales.f_Lachnospiraceae.g_Lachnospiraceae_noname. weighted
s_Lachnospiraceae_bacterium_5_1_63FAA)
6 MR Egger 0.901(0.642-1.263) 0.578 4 4 0.75 0.042 0.041 | 0.360
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Discussion

The etiology of tinnitus is multifactorial, involving auditory, neurological, and psychological components. Increasing
evidence suggests that the GM may influence distant organ systems through immune modulation, metabolic pathways,
and the gut-brain axis, potentially affecting neurological functions relevant to auditory processing.?’2° Building on these
insights, our study employed a two-sample MR framework to explore whether alterations in GM composition may
causally influence tinnitus risk.*%>?

The results of the present study suggest that Parabacteroides distasonis may have a protective role in preventing
tinnitus development, and the underlying mechanisms may be manifested through the multilayered regulation of the gut-
brain axis.>* As a beneficial symbiotic bacterium, Parabacteroides distasonis may promote intestinal barrier function and
mucosal immune homeostasis through the production of metabolites such as short-chain fatty acids, and influence the
inflammatory microenvironment and neuronal excitability in the central nervous system via vagal signaling and alteration
of blood-brain barrier permeability.>>® In addition, the flora may alleviate persistent abnormal discharges and neural
hyperexcitability in the auditory center by modulating the levels of immune mediators and neurotransmitters GABA
between the gut and the central nervous system.’’*® This multidimensional immune-metabolic-neuromodulatory effect
helps to alleviate tinnitus-associated central inflammation and increased neural excitability, thus exerting
a neuroprotective effect.*’

However, changes in the composition of gut flora such as Eggerthella, Alistipes onderdonkii, and Lachnospiraceae
bacterium 5-1-63FAA may contribute to tinnitus by adversely affecting neuroinflammation and metabolic homeostasis in
the auditory center via the gut-brain axis. Bacteria of the genus Eggerthella are often associated with inflammatory
intestinal environments and may place central auditory pathways in a susceptible environment by increasing systemic
low-grade inflammation through elevated intestinal epithelial permeability. Metabolites of Alistipes onderdonkii have
been associated with negative mood and depressive symptoms in established studies, and may indirectly affect auditory
pathways by interfering with neurotransmitter synthesis and metabolic pathways, such as 5-HT and GABA.*’ Anabolic
pathways and indirectly affecting the central modulation process of auditory signals. Specific strains of Lachnospiraceae,
on the other hand, may play complex roles in short-chain fatty acid production, bile acid metabolism, and inflammatory
regulation, which, when disrupted, may exacerbate neuroinflammatory responses and neuronal hyperexcitability.*'**
Together, these changes contribute to the onset and persistence of tinnitus by placing the auditory centers in a state of
hyperexcitability and abnormal signaling.**

In terms of metabolic pathways, the GM may modulate central nervous system (CNS) function and inflammatory
homeostasis through diverse metabolic and signaling mechanisms, thereby contributing to the prevention of tinnitus.® In
particular, the chorismite biosynthesis pathway is involved in the production of aromatic amino acids and their down-
stream metabolites, which are critically important for maintaining the balance of central neurotransmitters GABA and the
stability of the neuroinflammatory milieu.** Simultaneously, the dTDP-L-rhamnose biosynthesis pathway influences
bacterial cell wall structure and immune regulation, indirectly affecting gut-brain axis communication and the neural
microenvironment.*> At the level of energy metabolism, glycogen biosynthesis provides a stable energy reservoir for
symbiotic bacteria and supports the generation of beneficial metabolites.***” This metabolic advantage may reduce
excessive neuronal excitability within central auditory pathways by modulating short-chain fatty acid production and the
permeability of the blood-brain barrier. Furthermore, vitamin K2 produced via the menaquinol 6 biosynthesis pathway
may exert neuroprotective and anti-inflammatory effects, buffering hyperexcitable auditory circuits in the CNS.*

It’s worth noting that the maintenance of a balanced S-adenosyl-L-methionine cycle helps prevent maladaptive
neuroplastic changes in central auditory pathways.** Concurrently, the degradation of cinnamate and related compounds
may alleviate the harmful impact of potentially neurotoxic metabolites.’® Additionally, enhancing mannan degradation
and optimizing L-serine and glycine biosynthesis pathways could improve host amino acid and polysaccharide metabo-
lism, thereby augmenting the availability of central inhibitory neurotransmitters glycine and preserving excitatory-
inhibitory balance within auditory networks.’' Multiple studies have supported this concept, indicating that modulating
GM and their metabolic products may provide a novel avenue for mitigating tinnitus and other chronic neurological

2-54
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In addition, thiamine is essential for maintaining normal energy metabolism and neurotransmitter synthesis in the
CNS. Alterations in the thiamine recycling II pathway may lead to abnormal thiamine utilization and conversion by the
intestinal flora, thus indirectly affecting the host’s vitamin B status.’>® The thiamine salvage II pathway (nominally
associated, p = 0.049) may plausibly influence tinnitus via neuronal energy metabolism, though our MR did not directly
test this pathway.”’ This pathway may plausibly influence tinnitus through its role in neuronal energy metabolism, as
thiamine deficiency or dysregulated thiamine metabolism has been shown to impair CNS energy supply, potentially
leading to neuronal hyperexcitability and abnormal firing—factors that have been implicated in the onset and persistence
of tinnitus.®>* Meanwhile, abnormalities in the L-rhamnose degradation I pathway may involve changes in cell wall
structure and metabolite release in specific bacterial colonies. Since L-rhamnose is an important component of certain
bacterial cell wall polysaccharides, disruption of this degradation pathway may alter microbial composition and adhesion
properties, weaken gut barrier function and impair gut-brain axis signaling.° These changes may contribute to the
pathophysiological process of tinnitus by enhancing CNS inflammatory responses through pro-inflammatory signaling
and metabolic mediators and increasing the state of hyperexcitability of auditory pathways. For example, Mohajeri
emphasized the bidirectional effects of microbial metabolites on CNS health and disease, and Cryan elucidated the
importance of microbial diversity in maintaining neurochemical homeostasis through the gut-brain axis.®'*** In addition,
Zeng showed that specific beneficial strains can modulate the host’s immune and metabolic environment through
metabolic pathways, thereby influencing the pathologic process of CNS.®® Overall, identifying and targeting specific
bacterial metabolic pathways may provide new insights into understanding and intervening in the central pathogenesis of
tinnitus.

Our study employs a two-sample MR approach to rigorously examine the causal relationship between GM and
tinnitus, leveraging the principles of Mendelian genetics to minimize confounding and reverse causality inherent in
observational studies.®* By utilizing publicly available GWAS datasets, we efficiently identify genetic instruments
without incurring additional financial costs, thereby enhancing the robustness of our findings. The integration of
genetic perspectives into the GM and tinnitus association offers significant public health implications, potentially
informing preventive strategies and emphasizing the importance of early screening and diagnosis. However, our
analysis is constrained by the limited sample size of the GWAS datasets, necessitating larger studies to secure
more reliable IVs. Additionally, the use of a less stringent SNP selection threshold (p <I1x107°) may introduce
imprecise proxies, and the predominantly European ancestry of the study population limits the generalizability of
our results. Concerns regarding pleiotropy and the biological functions of the genetic instruments further highlight
the need for adherence to MR assumptions and underscore the necessity for experimental validation to elucidate
the specific pathways through which GM influences tinnitus. Future research should address these limitations to

reinforce the causal inferences and expand the applicability of our findings across diverse populations.

Conclusion

In summary, our two-sample MR study identified several nominal associations between gut microbial taxa, metabolic
pathways, and the risk of tinnitus. Although these findings did not remain statistically significant after FDR correction,
they offer preliminary insights into potential microbiota-related mechanisms underlying tinnitus. Notably, taxa such as
Parabacteroides distasonis may be particularly interesting for future investigation. Given the limitations of the current
evidence, robust validation through larger studies and randomized controlled trials is warranted to confirm these

associations and elucidate the underlying biological pathways.
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