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Aims: Inflammatory diets can trigger chronic inflammation and affect gut 
microbiota. However, the relationship between dietary preferences and 
sensorineural hearing loss (SNHL) remains unclear. This study aims to elucidate 
the relationship between different dietary preferences and sensorineural 
deafness.

Methods: The Dietary Inflammation Index (DII) and SNHL were defined by data 
from the National Health and Nutrition Examination Survey (NHANES), and 
exploring their relationship. Using Mendelian randomization (MR) to analyze the 
relationship between 34 dietary preferences, 211 gut microbiota, and SNHL.

Results: Smooth curve fitting indicated that the risk of SNHL increased with 
increasing DII score when the DII score was greater than 5.15. MR results suggest 
that a diet including both oily and non-oily fish can substantially reduce the risk 
of SNHL. Additionally, six specific gut microbiota were found to have significant 
causal relationship with SNHL.

Conclusion: An inflammatory diet may increase the risk of developing SNHL. 
The observed relationship between fish consumption, gut microbiota, and 
SNHL suggests the existence of a gut-inner ear axis.
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1 Introduction

Hearing plays a critical role in the animal kingdom, aiding predators in locating their prey 
and helping animals avoid natural predators. In human society, hearing significantly impacts 
language and cognition. Research indicates that hearing loss in children can lead to impaired 
oral expression, delayed language development, and reduced literacy skills (1). In older adults, 
age-related hearing loss is common and can contribute to functional decline and loss of 
independence. Studies suggest that long-term hearing loss may lead to atrophy in certain brain 
areas, particularly the temporal lobe, which is responsible for auditory perception, language, 
and memory functions. Additionally, hearing loss can result in social isolation, increasing the 
risk of dementia (2). Unfortunately, hearing loss is a highly prevalent sensory disorder globally. 
Over 5% of the world’s population, including 34 million children—require rehabilitation for 
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disabling hearing loss. It is estimated that by 2050, nearly 2.5 billion 
people will have some degree of hearing loss. Of these, more than 700 
million will have disabling hearing loss (3). These issues pose 
significant economic and health challenges to society and public 
health. The etiology of sensorineural hearing loss (SNHL) is complex, 
often associated with aging, genetic mutations, noise exposure, 
ototoxic drugs, and degenerative processes linked to chronic diseases. 
Therefore, developing effective interventions to reduce or delay the 
onset of hearing loss remains a crucial component of the solution.

The relationship between inflammation and age-related diseases 
has received much attention in recent years. Unlike the acute 
inflammatory response, which is typically associated with infection 
and tissue injury and involves the recruitment of leukocytes and 
plasma proteins to the affected tissues, tissue stress or dysfunction 
triggers an adaptive response known as para-inflammation (4). This 
response is largely dependent on tissue-resident macrophages. Para-
inflammation may be  the culprit associated with modern human 
diseases. Chronic inflammation, a hallmark of immune senescence, is 
a mild inflammatory condition that exacerbates with age (5). Evidence 
of chronic inflammation has been observed in various models of 
aging-related diseases, including type II diabetes, cardiovascular 
disease, and Alzheimer’s disease (6–8). Chronic inflammation is 
closely linked to macrophages. Recent studies have identified resident 
macrophages in the cochlea, particularly within the spiral ligament, 
spiral ganglion, and stria vascularis. These tissue-resident macrophages 
play a crucial role in the detection, phagocytosis, and clearance of 
cellular debris and pathogens, in addition to triggering inflammation 
and affecting tissue repair through the production of inflammatory 
cytokines and chemokines. Cochlear injury can activate these 
macrophages, initiating an immune response (9). Previous research 
has established a strong association between diet and systemic 
inflammation. The Mediterranean diet, in particular, is renowned for 
its anti-inflammatory effects (10). In contrast, the gut microbiota, 
regulated by dietary practices, plays a key role in the host’s energy 
homeostasis, immune activity, and interactions with other body 
organs (11–14). Studies have confirmed that changes in gut flora are 
associated with the progression of SNHL (15). Pathological stress-
induced inflammatory intestinal microenvironment may lead to the 
disruption of the intestinal barrier, which in turn allows metabolites 
and pro-inflammatory factors of the intestinal microbiota to 
be transferred to other organs, including the inner ear, via the body 
circulation (16). These findings may suggest the presence of a 
gut-inner ear axis. Given this background, our study aims to explore 
the association between dietary inflammation and 
sensorineural deafness.

Diet influences the risk of developing chronic diseases through 
multiple mechanisms, such as oxidative stress modulation, energy 
balance regulation, and alterations in gut microbiota (17, 18). These 
effects are due to dietary patterns and the pro- or anti-inflammatory 
properties of individual dietary components. Adopting a healthy 
dietary pattern and consuming nutrient-rich food groups have been 
shown to reduce inflammatory markers (19). The Dietary 
Inflammation Index (DII) offers a novel tool for exploring the 
inflammatory contributions of various dietary components. Although 
previous studies have established the role of the DII in the 
pathophysiology of neurodegenerative diseases, the relationship 
between inflammation-related sensorineural hearing loss and the DII 
remains unclear. To address this gap, we explored the relationship 

between DII and SNHL using National Health and Nutrition 
Examination Survey (NHANES) data. Additionally, we conducted two 
multi-omics Mendelian randomization (MR) studies to investigate the 
effects of different dietary preferences and gut microbiota on SNHL.

2 Methods

Our study comprises two main parts. First, we utilized dietary and 
hearing data from the NHANES database to define the DII and assess 
the presence of SNHL in subjects. Using multivariate logistic 
regression, smoothed curve analysis, and subgroup analyses, 
we investigated the relationship between DII and SNHL. Second, the 
instrumental variables (IVs) were extracted from genome-wide 
association studies (GWAS) related to dietary preferences. We used a 
two-sample MR method to assess the effect of various dietary 
preferences on susceptibility to SNHL. Similarly, we extracted IVs for 
211 species of gut microbiota to explore the causal relationship 
between human gut microbiota and SNHL, thereby corroborating the 
existence of the gut-inner ear axis.

2.1 Cross-sectional study

2.1.1 Description of data sources
NHANES is a national program designed to assess the health and 

nutritional status of Americans. Conducted biennially, NHANES 
boasts a sample size of approximately 5,000 individuals and adheres 
strictly to research ethics principles. To explore the relationship 
between DII and SNHL, data from five NHANES cycles, 2007 through 
2012 and 2015 through 2018, were used. These cycles were chosen due 
to their comprehensive coverage of the variables necessary for both 
dietary and hearing data, with all data meticulously processed using 
standardized protocols. Our analyses adhered rigorously to 
predetermined exclusion criteria, which encompassed individuals 
under the age of 19, those exhibiting abnormal findings in the 
tympanic chamber or otoscopic examinations, as well as those lacking 
complete dietary, hearing, or covariate information. Initially, our 
participant pool comprised 49,667 individuals. However, after 
applying these stringent exclusion criteria, our study ultimately 
encompassed 3,673 participants (Figure 1).

2.1.2 Diet inflammatory index
The DII is a validated tool derived from literature, comprising 45 

food parameters recognized for their anti-inflammatory or 
pro-inflammatory properties. It serves to standardize the classification 
of individual dietary components. This tool has been employed to 
forecast levels of inflammatory markers across various datasets and 
populations. Consistent with prior research, we extracted 26 relevant 
food parameters from the NHANES database and computed the DII 
for each dietary component using a standardized method. This 
calculation involved determining the standard deviation of (daily 
intake - global mean daily intake) divided by the global mean daily 
intake, multiplied by the overall inflammatory effect score of the 
respective dietary component (20). The summation of these individual 
DIIs yields the subject’s overall DII. Detailed information on the 
dietary components utilized in calculating the DII is provided in 
Supplementary Table S1.
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2.1.3 SNHL defined
SNHL can be defined when the mean pure tone hearing threshold 

exceeds 20 dB and potential mixed or conductive hearing loss is 
excluded (21). In accordance with established criteria and prior 
literature, the following parameters were employed to diagnose SNHL 
in this study: mean pure tone hearing thresholds exceeding 20 dB, 
normal otoscopic findings, peak conductance of at least 0.3 mL, 
tympanograms indicative of type A, and denial of a history of colds 
within 24 h (22). The NHANES audiometric assessment program 
encompasses audiometric questionnaires, otoscopy, pure-tone 
air-conduction audiometry, and tympanometry. Trained examiners 
administer all components of the audiometric examination to 
participants within a dedicated soundproof room at the Mobile 
Examination Center (MEC). During audiometry, careful evaluation 
of air-conduction thresholds is conducted for each ear across seven 

frequencies, with intensity levels ranging from −10 to 
120 dB. Additionally, thresholds for each ear are repeated at 1,000 Hz, 
spanning an intensity range of −10 to 120 dB. If the disparity between 
the results of the two tests exceeds 10 dB, the results are deemed 
unacceptable; conversely, if the variance falls within 10 dB, the 
outcomes of the initial 1,000 Hz test are utilized.

2.1.4 Covariates
The covariates used in this study were derived from demographic 

and health-related data in NHANES and included age, race, gender, 
household income, educational attainment, poverty rate, diabetes 
status, and body mass index (BMI). In addition, serum cotinine has a 
longer half-life in the blood and is viewed as a marker of active 
smoking (23, 24). Detailed data for all variables in the study are 
available at www.cdc.gov/nchs/nhanes/.

FIGURE 1

Flow chart of study participants.
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2.2 Mendelian randomization

2.2.1 Data availability
The MR analysis utilized publicly available data. GWAS data 

pertaining to dietary patterns were sourced from the GWAS Catalog, 
specifically entries GCST90096892-GCST90096929 (25). These 
datasets comprised information from 445,779 participants enrolled in 
the UK Biobank, identifying 283 genetic markers associated with 
dietary intake. To isolate direct genetic effects on food exposure, a 
total of 38 GWAS for dietary preferences were identified after adjusting 
for effects mediated through other traits. Detailed information is 
provided in Supplementary Table S1. GWAS datasets concerning the 
composition of the human gut microbiota were from the international 
consortium MiBioGen (26). This extensive GWAS study involved 24 
ethnic cohorts and included genotyping data from 18,340 participants, 
exploring associations between human genetic variation and the gut 
microbiota. The GWAS analyses included a total of 211 taxa covering 
131 genera, 35 families, 20 orders, 16 classes, and 9 phyla.

Furthermore, GWAS data related to SNHL were accessible from 
the FinnGen R9 consortium, comprising 32,487 cases and 331,736 
controls. Within this dataset, sensory deafness was defined as hearing 
loss originating from the inner ear or sensory organs or the 
vestibular nerve.

2.2.2 Selection of IVs
We screened for independent single nucleotide polymorphisms 

(SNPs) that constitute instrumental variables (IVs) associated with 38 
dietary preferences and 211 human gut microbiota. To select 
independent genetic variants, genome-wide significant SNPs were 
grouped by linkage disequilibrium (LD) (r2 < 0.001 for SNPs within a 
1 Mb genomic region). Since the gut microbiota GWAS was unable to 
screen a sufficient amount of IVs after the stringent screening criteria 
described above, we followed the same criteria as previous studies and 
relaxed the correlation screening criteria to p < 1 × 10−5 (27, 28). 
Finally, a two-sample MR was performed using IVs separately and 
SNHL GWAS data.

2.2.3 Statistical analysis
MR uses genetic variation as a tool to test the causal relationship 

between an exposure (dietary preference and gut microbiota) and an 
outcome (SNHL) that requires three core assumptions to be met. MR 
estimates for each risk factor were determined using inverse variance 
weighted (MR-IVW) analysis as the primary means of MR analysis, 
which uses random effects meta-analysis to combine Wald ratio 
estimates of causal effects obtained from each SNPs tested. 
We conducted a series of sensitivity analyses, including MR-Egger, 
weighted median, and heterogeneity tests to test the underlying 
assumptions of MR.

3 Results

3.1 Cross-sectional study

3.1.1 Baseline characteristics
In our study, data were collected from a total of 3,673 

participants, with a mean age of 45.83 ± 16.17 years. Among these 

participants, 47.07% were males and 52.93% were females. As 
depicted in Table 1, we categorized the survey-weighted participant 
characteristics into two groups based on disease status: SNHL and 
normal. Of the total participants, 1,742 (47.43%) exhibited SNHL. A 
comparative analysis revealed that individuals with SNHL were 
more likely to belong to older age groups, male gender, 
non-Hispanic white ethnicity, have lower levels of educational 
attainment, be at risk for diabetes, have a history of tobacco use, and 
possess a higher body mass index, in comparison to those 
without SNHL.

3.1.2 The association between DII and SNHL
Our findings revealed that there was no significant correlation 

between DII and SNHL in either the unadjusted logistic regression 
model or the multivariate logistic regression model after 
accounting for various covariates (Table  2). However, when 
attempting to model the nonlinear relationship between SNHL 
and DII by fitting a smoothed curve, we  observed a similar 
U-shaped correlation between DII score and SNHL, even after 
adjusting for different covariates. In particular, through a 
threshold effect analysis, we noted that the risk of hearing loss was 
associated with higher DII scores when the DII score exceeded 
5.15 (Table 3).

TABLE 1 Clinical characteristics of all 3,673 subjects among subjects with 
SNHL and without SNHL.

Characteristics Control SNHL p-value

n  =  1931 n  =  1742

Age, years 35.97 ± 11.04 55.15 ± 13.44 <0.0001

Gender (%) <0.0001

  Male 42.18 52.99

  Female 57.82 47.01

Race (%) <0.0001

  Mexican American 9.51 6.35

  Other Hispanic 7.03 5.43

  Non-Hispanic White 64.64 76.06

  Non-Hispanic Black 11.27 6.94

  Other race 7.56 5.23

Education level (%) <0.0001

  <9th grade 2.55 4.51

  9–11th grade 7.03 9.63

  High school grade/GED or 

equivalent

15.97 23.70

  Some college or AA degree 32.87 30.52

  College graduate or above 41.58 31.64

Diabetes mellitus (%) 3.37 14.08 <0.0001

PIR, mean 3.03 ± 1.66 3.19 ± 1.61 0.0038

Cotinine, ng/mL 41.75 ± 103.32 56.00 ± 132.64 0.0003

BMI, kg/m2 28.42 ± 6.94 29.84 ± 6.60 <0.0001

Mean ± SD for continuous variables: the p-value was calculated by weighted linear regression 
model. PIR, the ratio of family income to poverty; BMI, body mass index; SNHL, 
sensorineural hearing loss.
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3.1.3 Subgroup analyses
No interaction between the unfavorable correlation between DII 

and SNHL with age, gender and diabetes was found in this study 
(Table 4).

3.2 Mendelian randomization

We used three methods to assess the causal relationship between 
dietary preferences and SNHL, with IVW as the primary means of MR 
analysis. Thirty four dietary preferences and 211 gut microbiota were 
screened for SNPs used for genetic prediction. The F-statistics of these 
genetic tools were all greater than the threshold of 10, indicating 
stronger tools.

After a comprehensive MR analysis, we  found that a fish diet 
significantly reduced the risk of sensorineural deafness. Among them, 
consumption of non-oily fish (OR = 0.068, 95%CI: 0.018–0.259, 
p = 8.541 × 10−5) as well as oily fish (OR = 0.558, 95%CI: 0.386–0.807, 
p = 1.921 × 10−3) showed a protective effect on hearing. The p-value of 
MR-Egger intercept for both positive MR analyses was greater than 
0.05, indicating that no pleiotropy was detected. The p-value of the 
Cochran Q test for the non-oily fish diet was 0.323, but the p-value of 
the Cochran Q test for the oily fish diet was less than 0.05, which may 
indicate heterogeneity. However, the heterogeneity was acceptable 
because the IVW method of random effects model was used as an 
assessment tool in this study (29).

In addition to this, after performing 211 MR analyses, we screened 
out six gut microbiota that were significantly associated with SNHL, 
with varying effect values. The genus RikenellaceaeRC9gutgroup 
(OR = 1.056, p = 0.025), genus Bifidobacterium (OR = 1.131, p = 0.004), 
and family Porphyromonadaceae (OR = 1.159, p = 0.018) showed 
positive correlation for SNHL; The phylum Verrucomicrobia 

(OR = 0.912, p = 0.015), genus Flavonifractor (OR = 0.878, p = 0.021), 
and family Streptococcaceae (OR = 0.919, p = 0.047) showed negative 
correlation for SNHL. Detailed information on all positive endpoints 
is displayed in Table  5. We  performed sensitivity analyses on all 
results, and scatter plots, funnel plots, and “leave one-out analysis” 
plots can be viewed in Supplementary Figure S1.

4 Discussion

In this study, we analyzed data from large observational studies 
and GWAS to evaluate the influence of inflammatory dietary 
preferences on SNHL. We then conducted a multi-omics MR analysis 
to investigate the causal impact of gut microbiota on SNHL. Our 
analysis revealed that an inflammatory diet indeed raises the risk of 
SNHL. Subsequently, our MR analysis found that a diet rich in fish 
significantly reduced the risk of SNHL. In addition, we identified 6 
specific gut microbiota that were significantly associated with 
SNHL. Overall, our study confirms the strong relationship between 
diet and SNHL and provides compelling evidence supporting the 
existence of a gut-inner ear axis.

Inflammation underlies many pathophysiological processes, 
typically triggered by infection and injury. Recently, the concept of 
quasi-inflammation has gained attention. This adaptive response 
occurs when tissues react to various stimuli—such as pathogens, 
cellular debris, nutrients, and intestinal microbiota—in a manner that 
lies between homeostasis and classical inflammation (4). Quasi-
inflammation may contribute to numerous chronic diseases in 
modern humans, partly due to shifts in the body’s homeostatic 
set-points (e.g., insulin sensitivity) (4). Unlike acute inflammation, 
which requires significant tissue damage or infection, quasi-
inflammation is prompted by tissue dysfunction and aims to restore 
function and homeostasis. Aging and gut microbiota dysbiosis are 
linked to para-inflammation, with age-related immune deficiencies 
leading to unresolved inflammatory processes. Both aging and 
high-fat diets increase intestinal permeability, allowing leakage that 
can provoke systemic inflammation (16, 30–32). It has been proposed 
that inflammation from gut dysbiosis accelerates age-related cochlear 
degeneration (33). Diet plays a crucial role in regulating individual 
inflammation levels. Several randomized controlled trials have shown 
that the Mediterranean diet is associated with lower concentrations of 
the inflammatory marker C-reactive protein (CRP) (34), whereas 

TABLE 2 The associations between DII and SNHL.

Exposure
Model I OR 
(95% CI) P

Model II 
OR (95% 

CI) P

Model III 
OR (95% 

CI) P

DII 0.99 (0.97, 1.00) 

0.0164

1.01 (0.99, 1.02) 

0.2270

0.99 (0.98, 1.01) 

0.3526

Model I: None covariates were adjusted. Model II: Gender, age and race were adjusted. 
Model III: Gender, age, race, education level, PIR, Cotinine, BMI and Diabetes were 
adjusted. PIR, the ratio of family income to poverty; BMI, body mass index; DII, Dietary 
Inflammation Index; SNHL, sensorineural hearing loss.

TABLE 3 Threshold effect analysis of DII and SNHL.

Adjusted HR (95% CI),  
p-value

Fitting by the standard linear model 0.99 (0.98, 1.01) 0.3526

Fitting by the two-piecewise linear 

model

Inflection point 5.15

DII < 5.15 0.98 (0.96, 1.00) 0.0305

DII ≥ 5.15 1.14 (1.04, 1.26) 0.0068

P for Log-likelihood ratio 0.004

Gender, age, race, education level, BMI, PIR, Cotinine and Diabetes were adjusted. PIR, the 
ratio of family income to poverty; BMI, body mass index; DII, Dietary Inflammation Index; 
SNHL, sensorineural hearing loss.

TABLE 4 Subgroup analysis for the association between DII and SNHL.

Subgroup OR (95%CI) P for interaction

Gender 0.8064

  Male 0.99 (0.98, 1.01) 0.3830

  Female 1.00 (0.98, 1.02) 0.7329

Age 0.6260

  <65 0.97 (0.97, 0.99) <0.0001

  ≥65 0.99 (0.92, 1.07) 0.8666

Diabetes status 0.9231

  Yes 0.98 (0.94, 1.03) 0.5155

  No 0.98 (0.97, 0.99) 0.0043

DII, Dietary Inflammation Index; SNHL, sensorineural hearing loss.
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TABLE 5 Significant estimates for MR analysis.

Exposure Outcome IVW-derived 
p-value

OR (95% CI) Cochran’s 
Q-derived  
p-value

MR-Egger 
intercept 

derived p-value

Non-oily fish consumption SNHL 8.541 × 10−5 0.068 (0.018–0.259) 0.323 0.796

Oily fish consumption SNHL 1.921 × 10−3 0.558 (0.386–0.807) 5.358 × 10−4 0.374

Verrucomicrobia SNHL 0.015 0.912 (0.848–0.982) 0.879 0.624

RikenellaceaeRC9gutgroup SNHL 0.025 1.056 (1.007–1.108) 0.541 0.399

Flavonifractor SNHL 0.021 0.878 (0.786–0.980) 0.323 0.515

Bifidobacterium SNHL 0.004 1.131 (1.039–1.230) 0.056 0.586

Streptococcaceae SNHL 0.047 0.919 (0.845–0.999) 0.196 0.510

Porphyromonadaceae SNHL 0.018 1.159 (1.026–1.310) 0.397 0.614

SNHL, sensorineural hearing loss; IVW, inverse variance weighted.

unhealthy foods that are high in energy, fat and sugar, and low in 
dietary fiber may contribute to local and systemic inflammation (35). 
And it has long been shown that chronic inflammation is associated 
with most human pathologies, such as cancer and autoimmune and 
neurodegenerative diseases (36). We also chose the DII because the 
index is universal, involving the 6 most commonly studied markers of 
inflammation, and can be used as a summary measure of diet-related 
inflammation in any population (37). According to our results, the 
risk of hearing impairment increases when the DII exceeds a certain 
threshold, which is consistent with the previous belief that an 
inflammatory diet leads to chronic disease. Based on previous studies 
and our current analysis of the NHANES data, we  believe that 
reducing inflammatory diets and optimizing dietary strategies are 
essential for the prevention and control of chronic diseases, including 
age-related hearing loss. Moreover, the protective effect of a fish-rich 
diet against sensorineural deafness has been consistently supported by 
observational studies (38, 39). Good blood flow within the cochlea is 
crucial for ensuring the delivery of adequate oxygen and glucose while 
efficiently removing metabolic byproducts. An impaired blood supply 
to the cochlea can disrupt the maintenance of intracochlear potential, 
endolymphatic fluid balance, and the integrity of the blood-labyrinth 
barrier (BLB). These disruptions can lead to hypoxic–ischemic 
damage to hair cells and subsequent hearing loss (40). Additionally, 
cochlear hypoperfusion-induced mitochondrial DNA damage and 
chronic inflammation have been associated with age-related hearing 
loss (41, 42). The intake of fish and long-chain omega-3 
polyunsaturated fatty acids may help mitigate these impairments and 
slow the progression of age-related hearing loss. This protective effect 
occurs through various mechanisms, including improving vascular 
reactivity and endothelial function, preventing thrombosis and 
inflammation, modulating membrane ion channels and 
electrophysiological responses to ischemic stress, influencing gene 
expression, and reducing pro-inflammatory or pre-thrombotic 
eicosanoids derived from arachidonic acid (43). Our study aligns with 
the findings of a previous prospective study that followed 1,038,093 
subjects over several years. This study demonstrated that consuming 
two or more servings of fish per week reduced the risk of hearing loss, 
and that higher intake of long-chain omega-3 polyunsaturated fatty 
acids was also negatively associated with the risk of hearing loss (39). 
However, it is noteworthy that the prior study’s conclusions were 
based on US females, and our MR analyses did not perform gender 
subgroup analyses. Additionally, the previous study confirmed that 

consumption of any type of fish tended to reduce the risk of hearing 
loss, suggesting that the benefits may be largely attributable to the 
omega-3 fatty acids found in fish. Interestingly, our study found that 
the consumption of non-fatty fish provided more hearing protection 
than fatty fish, indicating that other potential protective pathways 
might exist. These pathways may involve complex interactions 
between various nutrients in fish that act synergistically with omega-3 
fatty acids to protect against hearing loss. This finding complements 
previous observational studies and suggests that a diet rich in fish can 
be an effective strategy for preserving hearing health.

The balance of the gastrointestinal tract is closely linked to the 
health of many distal organs. For example, the gut-brain axis and 
gut-lung axis are well-established, and gut microbiota play a crucial 
role in these interactions (44–47). Bacteria within the gut can exhibit 
both pro-inflammatory and anti-inflammatory properties, and the gut 
microbiota responds dynamically to different diets. When the balance 
between microorganisms is disturbed, it can lead to ecological 
imbalances and various inflammatory responses, increasing the host’s 
susceptibility to diseases (48). The gut microbiota communicates with 
the host through multiple pathways, including microbial metabolites, 
tryptophan metabolism and the immune system. These interactions 
can trigger the secretion of chemokines, neurotransmitters, cytokines, 
neuropeptides, endocrine messengers and microbial byproducts. 
These molecules can enter the vascular and lymphatic systems, 
influencing neural signals transmitted by vagal and spinal afferents. 
Chronic systemic inflammation can result from dysbiosis of the 
intestinal flora, leading to disrupted gut ecology, increased intestinal 
barrier permeability, and the infiltration of pathogens and microbial 
solutes into the bloodstream (30). This chronic inflammation can 
compromise the integrity of the blood–brain barrier (BBB), allowing 
pathogens and pro-inflammatory cytokines to infiltrate the brain, 
which can lead to neuroinflammation and neurodegeneration 
(49–51).

The BLB in the stria vascularis of the inner ear consists of pericytes 
(PCs), vascular endothelial cells (ECs), and Perivascular-resident 
macrophage-like melanocytes, is analogous to the BBB, making it 
susceptible to the influence of metabolites from the gut microbiota 
and pro-inflammatory molecules. These substances can penetrate the 
BLB, potentially compromising cochlear integrity and leading to 
inflammation and injury (16, 52). Dysfunction of the BLB due to 
inflammation can reduce its ability to restrict the entry of 
inflammatory or infectious agents and immune cells into the cochlea, 
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thereby exacerbating cochlear damage (53, 54). Nearly all major 
causes of acquired hearing loss share similar pathogenic mechanisms, 
suggesting a potential link between dietary preferences, gut microbes, 
and inner ear health (Figure 2). Three of the six gut microbiota found 
in our study to be  significantly associated with SNHL increase 
susceptibility to SNHL. The association between the 
RikenellaceaeRC9gutgroup and inflammation and obesity has long 
been established (55, 56). The Porphyromonas family is also thought 
to be associated with increased intestinal permeability and a shift in 
features associated with inflammatory diseases (57). However, it is 
puzzling that Bifidobacteria associated with anti-inflammation proved 
in our study to also increase susceptibility to SNHL. Inflammatory 
diets have been shown to decrease Flavonifractor abundance thereby 
affecting glucose homeostasis and increasing the systemic 
inflammatory state (58). This is the same conclusion as our current 
study. This relationship may be explained by chronic inflammation 
and the emerging concept of the gut-inner ear axis. For instance, an 
observational study found that the prevalence of high-frequency 
hearing loss was significantly higher in obese adolescents compared 
to their normal-weight peers (59). Additionally, serum triglycerides 
and blood glucose levels have been associated with sensorineural 
hearing loss, potentially related to cochlear blood supply (60). Our 
study adds to the growing body of evidence supporting the gut-inner 
ear axis by elucidating possible mechanisms linking gut microbiota 
and dietary factors to cochlear health. This connection underscores 
the importance of maintaining gut health to prevent or mitigate 
hearing loss.

Our study has significant strengths. First, using a large sample 
from NHANES, we defined the DII index using dietary data and 
inferred a potential relationship between the DII index and 
sensorineural deafness. In addition, we further inferred the effect 
of dietary preference and gut microbiota on susceptibility to SNHL 
at the genetic level using MR analysis, excluding confounders, and 

based on this we confirmed and delved into the existence of the 
gut-inner ear axis. This is a more complete study of the correlation 
between diet and SNHL at present. Our study also has limitations. 
First, data obtained from dietary questionnaires in observational 
studies may be biased. Dietary questionnaires may have errors in 
reporting and recall, subjects with lower DII scores may have 
healthier dietary and lifestyle habits, and despite our adjustment for 
covariates, there are possible confounders that could not 
be controlled for. Second, the p-values of both multi-omics MRs for 
dietary preference and gut flora were not corrected for, which may 
present the possibility of false positives. However, previous 
histologic MR studies have concluded that even if the corrected 
p-value is greater than 0.05, it should still be considered suggestive 
of a potential association (61, 62). The GWAS data in this study 
were all from European populations, so the conclusions from the 
MR analyses apply only to Europeans, and similarly, the NHANES 
data were from US populations, and the conclusions about this 
section apply only to Americans. The generalizability of the 
conclusions would need to be verified in the future using other 
populations (e.g., Asian or African). In the end, the present study 
only explored the relationship between inflammatory diet and gut 
flora and SNHL from observational studies and genetic perspectives, 
and more basic studies are needed in the future to confirm and 
elucidate the specific mechanisms and pathways of these causative 
relationships, so as to establish a detailed mechanism of the 
gut-inner ear axis.

Data availability statement

The original contributions presented in the study are included in 
the article/Supplementary material, further inquiries can be directed 
to the corresponding authors.

FIGURE 2

Demonstration of the gut-inner ear axis. Created with BioRender.com.

https://doi.org/10.3389/fnut.2024.1458484
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.biorender.com/


Wang et al. 10.3389/fnut.2024.1458484

Frontiers in Nutrition 08 frontiersin.org

Ethics statement

Ethical approval was not required for the study involving humans 
in accordance with the local legislation and institutional 
requirements. Written informed consent to participate in this study 
was not required from the participants or the participants' legal 
guardians/next of kin in accordance with the national legislation and 
the institutional requirements.

Author contributions

YW: Writing – review & editing, Writing – original draft. JN: 
Writing – original draft, Software, Methodology. KY: Writing – 
original draft, Validation, Software, Data curation. JW: Writing – 
original draft, Data curation. XW: Writing – review & editing. YZ: 
Writing – review & editing.

Funding

The author(s) declare that financial support was received for the 
research, authorship, and/or publication of this article. This work was 
supported by the National Natural Science Foundation of China (No. 
82203114), the Key Research and Development Program of Shaanxi 
Province (2024SF-YBXM-342), Shaanxi Provincial Association for 
Science and Technology Young Talents Promotion Program 
(20240342), and the Technology Incubation Fund and Talent Program 
Projects of Shaanxi Provincial People’s Hospital (2023JY-02).

Acknowledgments

We thank NHANES, the FinnGen Consortium, and the GWAS 
Catalog for providing data.

Conflict of interest

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

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated 
organizations, or those of the publisher, the editors and the 
reviewers. Any product that may be evaluated in this article, or claim 
that may be made by its manufacturer, is not guaranteed or endorsed 
by the publisher.

Supplementary material

The Supplementary material for this article can be found online 
at: https://www.frontiersin.org/articles/10.3389/fnut.2024.1458484/
full#supplementary-material

References
 1. Fink D. Review of hearing loss in children. JAMA. (2021) 325:1223–4. doi: 10.1001/

jama.2021.0387

 2. Griffiths TD, Lad M, Kumar S, Holmes E, McMurray B, Maguire EA, et al. How can 
hearing loss cause dementia? Neuron. (2020) 108:401–12. doi: 10.1016/j.
neuron.2020.08.003

 3. Disease GBD, Injury I, Prevalence C. Global, regional, and national incidence, 
prevalence, and years lived with disability for 354 diseases and injuries for 195 countries 
and territories, 1990-2017: a systematic analysis for the global burden of Disease study 
2017. Lancet. (2018) 392:1789–858. doi: 10.1016/S0140-6736(18)32279-7

 4. Medzhitov R. Origin and physiological roles of inflammation. Nature. (2008) 
454:428–35. doi: 10.1038/nature07201

 5. Ray D, Yung R. Immune senescence, epigenetics and autoimmunity. Clin Immunol. 
(2018) 196:59–63. doi: 10.1016/j.clim.2018.04.002

 6. Osiecki H. The role of chronic inflammation in cardiovascular disease and its 
regulation by nutrients. Altern Med Rev. (2004) 9:32–53.

 7. Blasko I, Stampfer-Kountchev M, Robatscher P, Veerhuis R, Eikelenboom P, 
Grubeck-Loebenstein B. How chronic inflammation can affect the brain and support 
the development of Alzheimer's disease in old age: the role of microglia and astrocytes. 
Aging Cell. (2004) 3:169–76. doi: 10.1111/j.1474-9728.2004.00101.x

 8. Grant RW, Dixit VD. Mechanisms of disease: inflammasome activation and the 
development of type 2 diabetes. Front Immunol. (2013) 4:50. doi: 10.3389/fimmu.2013.00050

 9. Li P, Qian T, Sun S. Spatial architecture of the cochlear immune microenvironment 
in noise-induced and age-related sensorineural hearing loss. Int Immunopharmacol. 
(2023) 114:109488. doi: 10.1016/j.intimp.2022.109488

 10. Mentella MC, Scaldaferri F, Ricci C, Gasbarrini A, Miggiano GAD. Cancer and 
Mediterranean diet: a review. Nutrients. (2019) 11:2059. doi: 10.3390/nu11092059

 11. Wang Z, Zhao Y. Gut microbiota derived metabolites in cardiovascular health and 
disease. Protein Cell. (2018) 9:416–31. doi: 10.1007/s13238-018-0549-0

 12. Wu Z, Huang S, Li T, Li N, Han D, Zhang B, et al. Gut microbiota from green tea 
polyphenol-dosed mice improves intestinal epithelial homeostasis and ameliorates 
experimental colitis. Microbiome. (2021) 9:184. doi: 10.1186/s40168-021- 
01115-9

 13. Wastyk HC, Fragiadakis GK, Perelman D, Dahan D, Merrill BD, Yu FB, et al. Gut-
microbiota-targeted diets modulate human immune status. Cell. (2021) 
184:4137–4153.e14. doi: 10.1016/j.cell.2021.06.019

 14. Sharon G, Cruz NJ, Kang DW, Gandal MJ, Wang B, Kim YM, et al. Human gut 
microbiota from autism Spectrum disorder promote behavioral symptoms in mice. Cell. 
(2019) 177:1600–1618.e17. doi: 10.1016/j.cell.2019.05.004

 15. Kondo T, Saigo S, Ugawa S, Kato M, Yoshikawa Y, Miyoshi N, et al. Prebiotic effect 
of fructo-oligosaccharides on the inner ear of DBA/2 J mice with early-onset progressive 
hearing loss. J Nutr Biochem. (2020) 75:108247. doi: 10.1016/j.jnutbio.2019.108247

 16. Kociszewska D, Chan JF, Thorne PR, Vlajkovic SM. The link between gut Dysbiosis 
caused by a high-fat diet and hearing loss. Int J Mol Sci. (2021) 22:13177. doi: 10.3390/
ijms222413177

 17. Tosti V, Bertozzi B, Fontana L. Health benefits of the Mediterranean diet: metabolic 
and molecular mechanisms. J Gerontol A Biol Sci Med Sci. (2018) 73:318–26. doi: 
10.1093/gerona/glx227

 18. Cryan JF, O'Riordan KJ, Cowan CSM, Sandhu KV, Bastiaanssen TFS, Boehme M, 
et al. The microbiota-gut-brain Axis. Physiol Rev. (2019) 99:1877–2013. doi: 10.1152/
physrev.00018.2018

 19. Lopez-Garcia E, Schulze MB, Fung TT, Meigs JB, Rifai N, Manson JE, et al. Major 
dietary patterns are related to plasma concentrations of markers of inflammation and 
endothelial dysfunction. Am J Clin Nutr. (2004) 80:1029–35. doi: 10.1093/ajcn/80.4.1029

 20. Wang X, Hu J, Liu L, Zhang Y, Dang K, Cheng L, et al. Association of Dietary 
Inflammatory Index and Dietary Oxidative Balance Score with all-cause and Disease-
specific mortality: findings of 2003-2014 National Health and nutrition examination 
survey. Nutrients. (2023) 15:3148. doi: 10.3390/nu15143148

 21. Khosravipour M, Rajati F. Sensorineural hearing loss and risk of stroke: a 
systematic review and meta-analysis. Sci Rep. (2021) 11:11021. doi: 10.1038/
s41598-021-89695-2

 22. Shargorodsky J, Curhan SG, Curhan GC, Eavey R. Change in prevalence of hearing 
loss in US adolescents. JAMA. (2010) 304:772–8. doi: 10.1001/jama.2010.1124

 23. Zheng J, Cheng Y, Zhan Y, Liu C, Lu B, Hu J. Cardiocerebrovascular risk in 
sensorineural hearing loss: results from the National Health and nutrition examination 
survey 2015 to 2018. Front Neurol. (2023) 14:1115252. doi: 10.3389/fneur.2023.1115252

https://doi.org/10.3389/fnut.2024.1458484
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fnut.2024.1458484/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fnut.2024.1458484/full#supplementary-material
https://doi.org/10.1001/jama.2021.0387
https://doi.org/10.1001/jama.2021.0387
https://doi.org/10.1016/j.neuron.2020.08.003
https://doi.org/10.1016/j.neuron.2020.08.003
https://doi.org/10.1016/S0140-6736(18)32279-7
https://doi.org/10.1038/nature07201
https://doi.org/10.1016/j.clim.2018.04.002
https://doi.org/10.1111/j.1474-9728.2004.00101.x
https://doi.org/10.3389/fimmu.2013.00050
https://doi.org/10.1016/j.intimp.2022.109488
https://doi.org/10.3390/nu11092059
https://doi.org/10.1007/s13238-018-0549-0
https://doi.org/10.1186/s40168-021-01115-9
https://doi.org/10.1186/s40168-021-01115-9
https://doi.org/10.1016/j.cell.2021.06.019
https://doi.org/10.1016/j.cell.2019.05.004
https://doi.org/10.1016/j.jnutbio.2019.108247
https://doi.org/10.3390/ijms222413177
https://doi.org/10.3390/ijms222413177
https://doi.org/10.1093/gerona/glx227
https://doi.org/10.1152/physrev.00018.2018
https://doi.org/10.1152/physrev.00018.2018
https://doi.org/10.1093/ajcn/80.4.1029
https://doi.org/10.3390/nu15143148
https://doi.org/10.1038/s41598-021-89695-2
https://doi.org/10.1038/s41598-021-89695-2
https://doi.org/10.1001/jama.2010.1124
https://doi.org/10.3389/fneur.2023.1115252


Wang et al. 10.3389/fnut.2024.1458484

Frontiers in Nutrition 09 frontiersin.org

 24. Lei X, Xu Z, Chen W. Association of oxidative balance score with sleep quality: 
NHANES 2007-2014. J Affect Disord. (2023) 339:435–42. doi: 10.1016/j.jad.2023.07.040

 25. Pirastu N, McDonnell C, Grzeszkowiak EJ, Mounier N, Imamura F, Merino J, et al. 
Using genetic variation to disentangle the complex relationship between food intake and 
health outcomes. PLoS Genet. (2022) 18:e1010162. doi: 10.1371/journal.pgen.1010162

 26. Kurilshikov A, Medina-Gomez C, Bacigalupe R, Radjabzadeh D, Wang J, 
Demirkan A, et al. Large-scale association analyses identify host factors influencing 
human gut microbiome composition. Nat Genet. (2021) 53:156–65. doi: 10.1038/
s41588-020-00763-1

 27. Ji D, Chen WZ, Zhang L, Zhang ZH, Chen LJ. Gut microbiota, circulating 
cytokines and dementia: a Mendelian randomization study. J Neuroinflammation. (2024) 
21:2. doi: 10.1186/s12974-023-02999-0

 28. Long Y, Tang L, Zhou Y, Zhao S, Zhu H. Causal relationship between gut 
microbiota and cancers: a two-sample Mendelian randomisation study. BMC Med. 
(2023) 21:66. doi: 10.1186/s12916-023-02761-6

 29. Burgess S, Davey Smith G, Davies NM, Dudbridge F, Gill D, Glymour MM, et al. 
Guidelines for performing Mendelian randomization investigations: update for summer 
2023. Wellcome Open Res. (2019) 4:186. doi: 10.12688/wellcomeopenres.15555.1

 30. Rohr MW, Narasimhulu CA, Rudeski-Rohr TA, Parthasarathy S. Negative effects 
of a high-fat diet on intestinal permeability: a review. Adv Nutr. (2020) 11:77–91. doi: 
10.1093/advances/nmz061

 31. Kim M, Benayoun BA. The microbiome: an emerging key player in aging and 
longevity. Transl Med Aging. (2020) 4:103–16. doi: 10.1016/j.tma.2020.07.004

 32. Thevaranjan N, Puchta A, Schulz C, Naidoo A, Szamosi JC, Verschoor CP, et al. 
Age-associated microbial Dysbiosis promotes intestinal permeability, systemic 
inflammation, and macrophage dysfunction. Cell Host Microbe. (2018) 23:570. doi: 
10.1016/j.chom.2018.03.006

 33. Kociszewska D, Vlajkovic S. Age-related hearing loss: the link between 
Inflammaging, Immunosenescence, and gut Dysbiosis. Int J Mol Sci. (2022) 23:7348. doi: 
10.3390/ijms23137348

 34. Galland L. Diet and inflammation. Nutr Clin Pract. (2010) 25:634–40. doi: 
10.1177/0884533610385703

 35. Bach Knudsen KE, Laerke HN, Hedemann MS, Nielsen TS, Ingerslev AK, 
Gundelund Nielsen DS, et al. Impact of diet-modulated butyrate production on 
intestinal barrier function and inflammation. Nutrients. (2018) 10:1499. doi: 10.3390/
nu10101499

 36. Leuti A, Fazio D, Fava M, Piccoli A, Oddi S, Maccarrone M. Bioactive lipids, 
inflammation and chronic diseases. Adv Drug Deliv Rev. (2020) 159:133–69. doi: 
10.1016/j.addr.2020.06.028

 37. Hebert JR, Shivappa N, Wirth MD, Hussey JR, Hurley TG. Perspective: the dietary 
inflammatory index (DII)-lessons learned, improvements made, and future directions. 
Adv Nutr. (2019) 10:185–95. doi: 10.1093/advances/nmy071

 38. Curhan SG, Wang M, Eavey RD, Stampfer MJ, Curhan GC. Adherence to healthful 
dietary patterns is associated with lower risk of hearing loss in women. J Nutr. (2018) 
148:944–51. doi: 10.1093/jn/nxy058

 39. Curhan SG, Eavey RD, Wang M, Rimm EB, Curhan GC. Fish and fatty acid 
consumption and the risk of hearing loss in women. Am J Clin Nutr. (2014) 100:1371–7. 
doi: 10.3945/ajcn.114.091819

 40. Shi X. Physiopathology of the cochlear microcirculation. Hear Res. (2011) 
282:10–24. doi: 10.1016/j.heares.2011.08.006

 41. Dai P, Yang W, Jiang S, Gu R, Yuan H, Han D, et al. Correlation of cochlear blood 
supply with mitochondrial DNA common deletion in presbyacusis. Acta Otolaryngol. 
(2004) 124:130–6. doi: 10.1080/00016480410016586

 42. Pickles JO. Mutation in mitochondrial DNA as a cause of presbyacusis. Audiol 
Neurootol. (2004) 9:23–33. doi: 10.1159/000074184

 43. Mozaffarian D, Wu JH. Omega-3 fatty acids and cardiovascular disease: effects on 
risk factors, molecular pathways, and clinical events. J Am  Coll Cardiol. (2011) 
58:2047–67. doi: 10.1016/j.jacc.2011.06.063

 44. Mayer EA, Nance K, Chen S. The gut-brain Axis. Annu Rev Med. (2022) 73:439–53. 
doi: 10.1146/annurev-med-042320-014032

 45. Liu L, Huh JR, Shah K. Microbiota and the gut-brain-axis: implications for new 
therapeutic design in the CNS. EBioMedicine. (2022) 77:103908. doi: 10.1016/j.
ebiom.2022.103908

 46. Marsland BJ, Trompette A, Gollwitzer ES. The gut-lung Axis in respiratory Disease. 
Ann Am Thorac Soc. (2015) 12:S150–6. doi: 10.1513/AnnalsATS.201503-133AW

 47. Mazumder MHH, Gandhi J, Majumder N, Wang L, Cumming RI, Stradtman S, 
et al. Lung-gut axis of microbiome alterations following co-exposure to ultrafine carbon 
black and ozone. Part Fibre Toxicol. (2023) 20:15. doi: 10.1186/s12989-023-00528-8

 48. Carding S, Verbeke K, Vipond DT, Corfe BM, Owen LJ. Dysbiosis of the gut 
microbiota in disease. Microb Ecol Health Dis. (2015) 26:26191. doi: 10.3402/mehd.
v26.26191

 49. Nation DA, Sweeney MD, Montagne A, Sagare AP, D'Orazio LM, Pachicano M, 
et al. Blood-brain barrier breakdown is an early biomarker of human cognitive 
dysfunction. Nat Med. (2019) 25:270–6. doi: 10.1038/s41591-018-0297-y

 50. Al-Bachari S, Naish JH, Parker GJM, Emsley HCA, Parkes LM. Blood-brain 
barrier leakage is increased in Parkinson's disease. Front Physiol. (2020) 11:593026. doi: 
10.3389/fphys.2020.593026

 51. Parker A, Fonseca S, Carding SR. Gut microbes and metabolites as modulators of 
blood-brain barrier integrity and brain health. Gut Microbes. (2020) 11:135–57. doi: 
10.1080/19490976.2019.1638722

 52. Zimmerman B, Kundu P, Rooney WD, Raber J. The effect of high fat diet on 
cerebrovascular health and pathology: a species comparative review. Molecules. (2021) 
26:3406. doi: 10.3390/molecules26113406

 53. Jiang Y, Zhang J, Rao YF, Chen JH, Chen K, Tang YD. Lipopolysaccharide disrupts 
the cochlear blood-labyrinth barrier by activating perivascular resident macrophages 
and up-regulating MMP-9. Int J Pediatr Otorhinolaryngol. (2019) 127:109656. doi: 
10.1016/j.ijporl.2019.109656

 54. Shi XR. Pathophysiology of the cochlear intrastrial fluid-blood barrier (review). 
Hear Res. (2016) 338:52–63. doi: 10.1016/j.heares.2016.01.010

 55. Sun L, Jia H, Li J, Yu M, Yang Y, Tian D, et al. Cecal gut microbiota and metabolites 
might contribute to the severity of acute myocardial ischemia by impacting the intestinal 
permeability, oxidative stress, and energy metabolism. Front Microbiol. (2019) 10:1745. 
doi: 10.3389/fmicb.2019.01745

 56. Ahmad MI, Ijaz MU, Hussain M, Haq IU, Zhao D, Li C. High-fat proteins drive 
dynamic changes in gut microbiota, hepatic metabolome, and Endotoxemia-TLR-4-
NFkappaB-mediated inflammation in mice. J Agric Food Chem. (2020) 68:11710–25. 
doi: 10.1021/acs.jafc.0c02570

 57. Scott KA, Ida M, Peterson VL, Prenderville JA, Moloney GM, Izumo T, et al. 
Revisiting Metchnikoff: age-related alterations in microbiota-gut-brain axis in the 
mouse. Brain Behav Immun. (2017) 65:20–32. doi: 10.1016/j.bbi.2017.02.004

 58. Gao J, Guo X, Wei W, Li R, Hu K, Liu X, et al. The Association of Fried Meat 
Consumption with the gut microbiota and fecal metabolites and its impact on glucose 
homoeostasis, intestinal endotoxin levels, and systemic inflammation: a randomized 
controlled-feeding trial. Diabetes Care. (2021) 44:1970–9. doi: 10.2337/dc21-0099

 59. Scinicariello F, Carroll Y, Eichwald J, Decker J, Breysse PN. Association of obesity 
with hearing impairment in adolescents. Sci Rep-UK. (2019) 9:9. doi: 10.1038/
s41598-018-37739-5

 60. Wang YX, Liu H, Nie XL, Lu N, Yan S, Wang X, et al. L-shaped association of 
triglyceride glucose index and sensorineural hearing loss: results from a cross-sectional 
study and Mendelian randomization analysis. Front Endocrinol. (2024) 15:15. doi: 
10.3389/fendo.2024.1339731

 61. Chen X, Kong J, Pan J, Huang K, Zhou W, Diao X, et al. Kidney damage causally 
affects the brain cortical structure: a Mendelian randomization study. EBioMedicine. 
(2021) 72:103592. doi: 10.1016/j.ebiom.2021.103592

 62. Nie X, Zhang Q, Wang Y, Liu Z, Xie D, Song Q, et al. Causal effects of osteoporosis 
on structural changes in specific brain regions: a Mendelian randomization study. Cereb 
Cortex. (2024) 34:bhad528. doi: 10.1093/cercor/bhad528

https://doi.org/10.3389/fnut.2024.1458484
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.1016/j.jad.2023.07.040
https://doi.org/10.1371/journal.pgen.1010162
https://doi.org/10.1038/s41588-020-00763-1
https://doi.org/10.1038/s41588-020-00763-1
https://doi.org/10.1186/s12974-023-02999-0
https://doi.org/10.1186/s12916-023-02761-6
https://doi.org/10.12688/wellcomeopenres.15555.1
https://doi.org/10.1093/advances/nmz061
https://doi.org/10.1016/j.tma.2020.07.004
https://doi.org/10.1016/j.chom.2018.03.006
https://doi.org/10.3390/ijms23137348
https://doi.org/10.1177/0884533610385703
https://doi.org/10.3390/nu10101499
https://doi.org/10.3390/nu10101499
https://doi.org/10.1016/j.addr.2020.06.028
https://doi.org/10.1093/advances/nmy071
https://doi.org/10.1093/jn/nxy058
https://doi.org/10.3945/ajcn.114.091819
https://doi.org/10.1016/j.heares.2011.08.006
https://doi.org/10.1080/00016480410016586
https://doi.org/10.1159/000074184
https://doi.org/10.1016/j.jacc.2011.06.063
https://doi.org/10.1146/annurev-med-042320-014032
https://doi.org/10.1016/j.ebiom.2022.103908
https://doi.org/10.1016/j.ebiom.2022.103908
https://doi.org/10.1513/AnnalsATS.201503-133AW
https://doi.org/10.1186/s12989-023-00528-8
https://doi.org/10.3402/mehd.v26.26191
https://doi.org/10.3402/mehd.v26.26191
https://doi.org/10.1038/s41591-018-0297-y
https://doi.org/10.3389/fphys.2020.593026
https://doi.org/10.1080/19490976.2019.1638722
https://doi.org/10.3390/molecules26113406
https://doi.org/10.1016/j.ijporl.2019.109656
https://doi.org/10.1016/j.heares.2016.01.010
https://doi.org/10.3389/fmicb.2019.01745
https://doi.org/10.1021/acs.jafc.0c02570
https://doi.org/10.1016/j.bbi.2017.02.004
https://doi.org/10.2337/dc21-0099
https://doi.org/10.1038/s41598-018-37739-5
https://doi.org/10.1038/s41598-018-37739-5
https://doi.org/10.3389/fendo.2024.1339731
https://doi.org/10.1016/j.ebiom.2021.103592
https://doi.org/10.1093/cercor/bhad528

	Inflammatory diet, gut microbiota and sensorineural hearing loss: a cross-sectional and Mendelian randomization study
	1 Introduction
	2 Methods
	2.1 Cross-sectional study
	2.1.1 Description of data sources
	2.1.2 Diet inflammatory index
	2.1.3 SNHL defined
	2.1.4 Covariates
	2.2 Mendelian randomization
	2.2.1 Data availability
	2.2.2 Selection of IVs
	2.2.3 Statistical analysis

	3 Results
	3.1 Cross-sectional study
	3.1.1 Baseline characteristics
	3.1.2 The association between DII and SNHL
	3.1.3 Subgroup analyses
	3.2 Mendelian randomization

	4 Discussion

	References

