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Background: Restricting salt, caffeine, and alcohol intake is commonly 
recommended as a first-line treatment for patients with Ménière’s disease 
(MD). However, it remains unclear whether these interventions effectively 
improve symptoms of MD. Therefore, we conducted a bidirectional two-sample 
Mendelian randomization (MR) analysis to evaluate the relationship between 
these dietary modifications and MD.

Methods: Summary statistics for salt added to food, alcohol consumption, 
coffee consumption, and MD were sourced from the United Kingdom Biobank, 
GSCAN, and the FinnGen study, involving up to 941,280 participants. The main 
analyses were performed using the random-effects inverse-variance weighted 
(IVW) approach and were complemented by four additional methods. Multiple 
sensitivity analyses were performed to validate the findings, and both forward 
and reverse MR analyses were employed to address potential reverse causality 
bias.

Results: The primary MR results using the IVW method revealed that salt added 
to food (OR = 0.719, 95% CI: 0.429–1.206; p = 0.211), alcohol consumption 
(OR = 0.834, 95% CI: 0.427–1.628; p = 0.595), and coffee consumption 
(OR = 0.852, 95% CI: 0.555–1.306; p = 0.461) were not significantly correlated 
with MD. In reverse analysis, no evidence of significant effect was found 
from MD to salt added to food (OR = 1.000, 95% CI: 0.993–1.007; p = 0.957), 
alcohol consumption (OR = 0.998, 95% CI: 0.987–1.008; p = 0.682), and coffee 
consumption (OR = 0.998, 95% CI: 0.985–1.011; p = 0.72).

Conclusion: This MR analysis did not identify convincing evidence to support 
the idea that restricting salt, caffeine, and alcohol intake is beneficial for the 
treatment of MD.

KEYWORDS

Ménière’s disease, dietary restriction, low-salt diet, alcohol consumption, coffee 
consumption, Mendelian randomization

OPEN ACCESS

EDITED BY

András Molnár,  
Semmelweis University, Hungary

REVIEWED BY

Stefani Maihoub,  
Semmelweis University, Hungary
Wentao Ni,  
Peking University People’s Hospital, China
HaoRan Tao,  
Sun Yat-sen University, China

*CORRESPONDENCE

Lianjun Lu  
 lulianj@fmmu.edu.cn

RECEIVED 07 July 2024
ACCEPTED 03 September 2024
PUBLISHED 16 September 2024

CITATION

Gao W, Ma P, Wang Z, Guo J, Lun Y, Wang W, 
Yuan H, Li S, Liang R and Lu L (2024) 
Restriction of salt, alcohol and coffee intake 
and Ménière’s disease: insight from Mendelian 
randomization study.
Front. Nutr. 11:1460864.
doi: 10.3389/fnut.2024.1460864

COPYRIGHT

© 2024 Gao, Ma, Wang, Guo, Lun, Wang, 
Yuan, Li, Liang and Lu. 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.

TYPE Original Research
PUBLISHED 16 September 2024
DOI 10.3389/fnut.2024.1460864

https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fnut.2024.1460864&domain=pdf&date_stamp=2024-09-16
https://www.frontiersin.org/articles/10.3389/fnut.2024.1460864/full
https://www.frontiersin.org/articles/10.3389/fnut.2024.1460864/full
https://www.frontiersin.org/articles/10.3389/fnut.2024.1460864/full
https://www.frontiersin.org/articles/10.3389/fnut.2024.1460864/full
mailto:lulianj@fmmu.edu.cn
https://doi.org/10.3389/fnut.2024.1460864
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/nutrition#editorial-board
https://www.frontiersin.org/journals/nutrition#editorial-board
https://doi.org/10.3389/fnut.2024.1460864


Gao et al. 10.3389/fnut.2024.1460864

Frontiers in Nutrition 02 frontiersin.org

1 Introduction

Ménière’s disease (MD) is a chronic inner ear disorder 
characterized by recurrent spontaneous vertigo lasting from 20 min to 
hours, fluctuating sensorineural hearing loss, aural fullness, and 
tinnitus (1, 2). It may affect one or both ears and commonly occurs 
between the ages of 40 and 60 years with a slight female preponderance. 
The estimated incidence is 190 per 100,000 people annually, based on 
a large study in the US (3). Although endolymphatic hydrops (EH) is 
the most consistent histopathological finding in patients with MD, its 
true mechanism remains poorly understood (4) and effective 
nonablative treatments remain elusive (5). However, there are many 
therapeutic options ranging from dietary changes, to medicines and 
in some cases surgery. Currently, dietary modifications, including 
restriction of salt, caffeine and alcohol intake, are widely 
recommended to MD patients as a first-line treatment or as a 
foundational management strategy in conjunction with other 
interventions (6–8).

Salt intake can affect the concentrations of electrolytes, potentially 
contributing to endolymphatic hydrops (EH). Therefore, restricting 
salt intake is believed to be  helpful in lowering endolymphatic 
pressure and reducing the number of vertigo attacks (9–11). 
Additionally, caffeine and alcohol intake are thought to exacerbate 
symptoms in patients with MD by constricting of blood vessels of 
inner ear (10, 12). However, a comprehensive systematic review 
found no randomized controlled trial or quasi-randomized controlled 
trial investigating the role of dietary modifications, including 
restriction of salt, caffeine, and alcohol, in the treatment of MD (5).

Given the prevalence of processed foods and food additives in 
contemporary diets, conducting a randomized controlled trial (RCT) 
to investigate dietary modifications, especially those involving the 
restriction of salt, caffeine, and alcohol, poses significant challenges. 
Furthermore, Mendelian randomization (MR) offers a promising 
alternative, operating similarly to a quasi-randomized study, where 
genetic variations are randomly assorted during meiosis (13). By 
utilizing dietary-related genetic variations as instrumental variables 
(IVs) in MR analyses, the causal association between dietary 
modification and MD could be effectively assessed.

2 Materials and methods

2.1 Study design

In response to the ongoing controversy regarding whether dietary 
modifications, such as restricting salt, caffeine, and alcohol intake, 
should be widely recommended as a first-line treatment for patients 
with MD (14), we conducted a bidirectional two-sample MR study in 
the European population. As illustrated in Figure 1, this study has 
two main components: an analysis of causal effects of three most 
debated dietary habits on MD (Part A) and an analysis of causal 
effects of MD on these dietary habits (Part B); Multiple single 
nucleotide polymorphisms (SNPs) representing genetic variation 
were selected as Instrumental variables (IVs), and they needed to 
meet the following requirements: (1) IVs are robustly associated with 
exposure data; (2) IVs are not associated with potential confounders; 
and (3) IVs only affect the outcome via the exposure (15).

This study was a secondary analysis of publicly available genome-
wide association studies (GWAS) summary statistics, and no 
individual-level data was utilized. Ethical approval and informed 
consent could be obtained in the original GWAS studies. Therefore, 
no separate ethics statement was required for this study.

2.2 Data sources

According to previous studies, adding salt to cooked food has 
been identified as a predictor of dietary salt intake levels (16). 
Therefore, we used the IEU OpenGWAS project to obtain the GWAS 
dataset of salt added to food from United Kingdom Biobank, which 
is the largest GWAS comprising 462,630 European-ancestry 
individuals. Genetic data for coffee consumption was also acquired 
from the UK Biobank, including 448,204 participants of European 
ancestry (17). Additionally, summary data for alcohol consumption 
(drinks per week) was sourced from a genome-wide meta-analysis, 
GWAS & Sequencing Consortium of Alcohol and Nicotine use 
(GSCAN), which involved 941,280 participants of European 
ancestry (18).

To avoid bias caused by overlap, the GWAS data for MD were 
derived from the tenth version of the Finngen consortium,1 
encompassing 395,179 participants (2,977 cases and 392,202 
controls). Detailed information on these GWAS datasets was 
provided in Table 1.

2.3 Selection of instrumental variables

To ensure that the IVs fulfilled the three fundamental 
assumptions of MR with sufficient validity, we implemented several 
measures to guarantee the quality of instrumental SNPs used in our 
study. First, we selected SNPs that reached genome-wide significance 
(p < 5 × 10−8), indicating a strong association with exposures. 
However, due to limited SNPs for MD in reverse MR analysis when 
selecting IVs with a p value <5 × 10−8, we relaxed the selection criteria 
(p < 5 × 10−6) to obtain more correlation results. Second, we conducted 
a linkage disequilibrium clumping to ensure the independence of all 
instrumental SNPs utilized in our study (window size = 10,000 kb, 
r2 < 0.001). Third, we calculated the F statistic for each SNP using the 
formula: F = β2/SE2, where β represents the estimated effect of the SNP 
on the exposure, and SE is the standard error of this estimate. SNPs 
with an F statistic less than 10 were removed, as they were considered 
weak instruments with low statistical power (19). Fourth, 
we performed a comprehensive look-up of all SNPs employed in this 
research in PhenoScanner V2 to investigate any pleiotropic 
associations with other phenotypes at the genome-wide significance 
level that may be associated with outcomes (20). Finally, palindrome 
SNPs were removed to prevent the influence of alleles on the causal 
relationship between dietary habits and MD. In cases where there was 
no SNP associated with exposure in the outcome GWAS, a proxy SNP 
significantly associated with the variation of interest (r2 > 0.8) 
was selected.

1 https://r10.finngen.fi/
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2.4 Statistical analyses

Based on the IVs selected above, we performed a two-sample MR 
analyses using R software (version 4.3.1, R Foundation for Statistical 
Computing, Vienna, Austria) and its associated R package, 
“TwoSampleMR” (version 0.5.7). Five different methods of MR 
analysis were used in our study. The inverse variance weighted (IVW) 
method served as primary approach to explore the possible causal 
association between dietary habits and MD. This method calculated 
the inverse-variance weighted mean of ratio estimates from two or 
more instruments and assumed that all SNPs used were valid. To 
address potential heterogeneity in our study, we utilized the random-
effects IVW approach instead of the fixed IVW, which might produce 
overly precise results in the presence of heterogeneity. MR-Egger, 
weighted median, simple mode, and weighted mold were employed as 
Supplementary methods to further assess the causal association.

To ensure the reliability and robustness of the causality 
assessment results, several essential sensitivity analyses were 
conducted. Cochran’s Q test was employed to test for heterogeneity. 
MR-Pleiotropy Residual Sum and Outlier (MR-PRESSO) was used to 

detect and correct for horizontal pleiotropy by identifying and 
removing outlier genetic variants that could introduce bias in the 
IVW estimate. The MR Egger regression intercept was utilized to 
estimate potential pleiotropy of SNP, with a p-value >0.05 indicating 
no horizontal pleiotropy. A leave-one-out analysis was also conducted 
to detect and verify the presence of unusual instrumental variables 
that significantly affected the estimation of causal effects. 
Subsequently, a reverse MR analysis was performed to examine 
whether a reverse causal association existed between MD and dietary 
habits. Results were presented as odds ratios (OR) with respective 
95% confidence intervals (CI). p-values were two-sided and statistical 
significance was set at the 0.05.

3 Results

3.1 Salt added to food and MD

After several screenings, 98 SNPs were finally utilized as IVs for 
salt added to food, with basic information provided in 

FIGURE 1

The overview design for MR study.

TABLE 1 Information of GWAS data sources.

Data 
source

Trait N case Total 
individual

Ethnicity PMID GWAS id Number 
of SNPs**

Year

UK biobank Salt added to food – 462,630 European – ukb-b-8121 9,851,867 2018

UK biobank Coffee consumption measurement – 448,204 European 32,193,382 GCST90132984 11,014,716 2020

GSCAN* Alcohol consumption (drinks per week) – 941,280 European 30,643,251 GCST007461 11,916,706 2019

FinnGen Ménière’s disease 2,977 392,202 European – – 21,306,069 2023

*GSCAN: GWAS and Sequencing Consortium of Alcohol and Nicotine use. **SNPs: single nucleotide polymorphisms.
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Supplementary Table S1. The distribution of F-statistics 
corresponding to single SNPs ranged from 29.74 to 224.90 (median 
39.48 (IQR 32.12–50.90)), indicating that causal associations were 
less likely to be affected by weak instrumental variables. The IVW 
method suggested no significant association between salt added to 
food and MD (OR = 0.719, 95% CI: 0.429–1.206; p = 0.211). Although 
heterogeneity among SNPs was detected in Cochran’s Q test by both 
MR-Egger regression and IVW method, the results of the MR-Egger 
regression (OR = 1.343, 95% CI: 0.234–7.702; p = 0.741), simple 
model (OR = 0.729, 95% CI: 0.174–3.058; p = 0.667), weighted model 
(OR = 0.697, 95% CI: 0.207–2.349; p = 0.561) and especially weighted 
median (OR = 0.748, 95% CI: 0.387–1.447; p = 0.388) also indicated 
no directional causality effect (Figure 2; Supplementary Table S5; 
Supplementary Figure S1). Additionally, the difference between the 
MR-Egger regression intercept term and 0 was not statistically 
significant (p > 0.05), indicating no genetic pleiotropy among the 
SNPs (Supplementary Table S6). However, the MR-PRESSO method 
identified two outlier SNPs (rs7465705 and rs6987313); Nevertheless, 
even after excluding these outliers, the main analysis results remained 
insignificant (outlier-corrected IVW: OR = 0.711, 95% CI: 0.442–
1.144; p = 0.159).

In the reverse MR study, 12 SNPs were identified as IVs for MD 
after quality control (Supplementary Table S2). The primary results 
were presented in Figure 3. The IVW method indicated that there was 
no significant evidence to support a causal effect from MD to salt 
added to food (OR = 1.000, 95% CI: 0.993–1.007; p = 0.957). 
Furthermore, the statistic Q shown by MR-Egger regression and 
Cochran Q test of IVW method, both with p > 0.05, suggested that 
there was no heterogeneity among SNPs. Based on the MR-PRESSO 
analysis, no potential outlier was detected (p = 0.588), and the use of 
the MR-Egger intercept method did not show any substantial 
directional pleiotropy among the selected IVs (p = 0.265). Moreover, 
no conflicting result was found by other MR methods 
(Supplementary Tables S7, S8), and the result of the leave-one-out 

sensitivity analysis demonstrated the stability of the results 
(Supplementary Figure S2).

3.2 Alcohol consumption and MD

The analysis of genetically predicted alcohol consumption 
(drinks per week) on MD yielded 36 SNPs, with F-statistics ranging 
from 28.38 to 964.41 (Supplementary Table S3). The IVW method 
revealed no significant casual association between alcohol 
consumption and MD (OR = 0.834, 95% CI: 0.427–1.628; p = 0.595). 
Furthermore, the results of the MR-Egger regression (OR = 0.459, 
95% CI: 0.100–2.111; p = 0.324), weighted median (OR = 0.646, 95% 
CI: 0.245–1.703; p = 0.377), simple model (OR = 0.594, 95% CI: 
0.107–3.282, p = 0.554) and weighted model (OR = 0.542, 95% CI: 
0.155–1.893; p = 0.344) also demonstrated consistent insignificant 
effects of alcohol consumption on MD (Figure  2; 
Supplementary Table S5; Supplementary Figure S1). Additionally, 
the findings of Cochran’s Q test, which incorporated both the IVW 
and MR-Egger methods, revealed no significant heterogeneity 
among the selected IVs (Supplementary Table S6). Besides, the 
horizontal pleiotropy was not detected by MR-Egger regression 
intercept (p > 0.05), and no outlier SNPs were found by using the 
MR-PRESSO test. Finally, leave one out analysis showed that the 
results remained robust after removing any one of the SNPs 
(Supplementary Figure S1).

In reverse MR study, the same 12 SNPs mentioned above were 
used as IVs for MD. All estimated results of different methods were 
displayed in Figure 3. The IVW method showed that there was no 
evidence to support a positive or negative casual effect from MD to 
alcohol consumption (OR = 0.998, 95%CI: 0.987–1.008; p = 0.682). The 
MR-Egger regression method yielded a similar result (OR = 1.005 
95%CI: 0.971–1.040; p = 0.774), as well as the weighted median 
method (OR = 0.997, 95%CI: 0.985–1.009; p = 0.629). The Cochran’s Q 

FIGURE 2

MR estimates the casual effect of Salt added to food, Alcohol consumption and Coffee consumption measurement on MD (nSNP: number of single 
nucleotide polymorphisms; OR: odds ratios; 95% CI: 95% confidence intervals; MR-Egger: mendelian randomization Egger regression; MR-PRESSO: 
mendelian randomization pleiotropy residual sum and outlier).
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test indicated no evidence of heterogeneity (p > 0.05), and no outlier 
was identified in the MR-PRESSO model (Figure  3; 
Supplementary Tables S7, S8; Supplementary Figure S2).

3.3 Coffee consumption and MD

In this analysis, 41 SNPs were finally included to estimate the 
causal effect from coffee consumption to MD. The F-statistics for 
every instrument were greater than 10 (from 28.37 to 829.69), 
indicating that these SNPs were strong instruments 
(Supplementary Table S4). The IVW method showed that the genetic 
tendency to coffee consumption was not associated with an increased 
risk of MD (OR = 0.852, 95%CI: 0.555–1.306; p = 0.461). Other MR 
methods yielded consistent results (Figure 2; Supplementary Table S5; 
Supplementary Figure S1). Additionally, the MR PRESSO Global test, 
MR Egger test, and Cochran’s Q test found no evidence of horizontal 
pleiotropy or heterogeneity across SNPs (Supplementary Table S6). 
Moreover, the p value for the intercept in MR-Egger was above 0.05, 
further indicating no evidence of pleiotropic effect.

In the reverse MR study, 12 eligible SNPs from MD GWAS 
data were used as IVs, and the results were shown in Figure 3. 
IVW analysis showed no association of genetically predicted MD 
with coffee consumption (OR = 0.998, 95%CI: 0.985–1.011, 
p = 0.72). Additionally, the results of other four MR methods 
showed a similar effect. Although the directional pleiotropy of 
MR-Egger did not show a significant difference, one outlier 
(rs72762919) was identified in the MR-PRESSO Global test. 
Heterogeneity was also found by Cochran’s Q test in both IVW and 
MR-Egger methods (p < 0.05). However, results did not change 
substantially after the removal of the outlier, and the Cochran’s Q 
test found no evidence of heterogeneity across SNPs when 
excluding the outlier (Figure  3; Supplementary Tables S7, S8; 
Supplementary Figure S2).

4 Discussion

This study represents the first attempt to utilize GWAS datasets to 
assess the potential causal impact of dietary salt, caffeine, and alcohol 
intake on MD using a bidirectional MR analysis. Our findings indicate 
that salt added to food, alcohol consumption and coffee consumption 
were not significantly associated with MD. Similarly, reverse direction 
analyses provided consistent evidence that genetic susceptibility to 
MD was not associated with a higher tendency toward these dietary 
habits. In other words, our study suggests that restricting salt, caffeine, 
and alcohol intake may not be beneficial for the treatment of MD.

The use of a low-salt diet as a treatment for MD has a longstanding 
history. The observation that water retention can exacerbate the 
symptoms of MD was first documented in 1929, leading to the 
proposal of reducing salt intake and fluid consumption as a potential 
treatment strategy (21). Subsequent uncontrolled observational 
studies reported improvements in MD symptoms with salt restriction, 
which have been further supported by recent investigations, often in 
conjunction with diuretic therapy (9, 22, 23). Mori and Miyashita 
proposed an alternative hypothesis suggesting that MD symptoms 
worsen due to low levels of aldosterone, implying that a low-salt diet 
could alleviate symptoms by increasing aldosterone activity through 
the renin–angiotensin–aldosterone system (24, 25). However, the 
scientific support for salt restriction in managing MD remains limited, 
primarily due to the absence of high-quality evidence. A Cochrane 
systematic review, for instance, failed to identify studies meeting 
rigorous inclusion criteria, precluding definitive conclusions regarding 
the efficacy of salt restriction (5, 14). In our study, we employed MR 
analysis, a type of quasi-randomized study, in a large population to 
address this question, ultimately finding that salt restriction was 
ineffective in managing MD.

While alcohol consumption has been implicated as a possible 
factor in inner ear disorders, including MD, the evidence regarding 
its effects remains inconclusive (9, 12, 14). Despite common 

FIGURE 3

MR estimates the casual effect of MD on Salt added to food, Alcohol consumption and Coffee consumption measurement (nSNP: number of single 
nucleotide polymorphisms; OR: odds ratios; 95% CI: 95% confidence intervals; MR-Egger: mendelian randomization Egger regression; MR-PRESSO: 
mendelian randomization pleiotropy residual sum and outlier).
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recommendations for MD patients to limit alcohol intake, no RCTs 
have been published to support this practice, as noted in a Cochrane 
review (5). However, observational studies have reported conflicting 
findings. For example, one study involving 72 patients with MD 
suggested that alcohol consumption may delay the onset of MD 
(26), while a large cohort study in Korea suggested alcohol 
consumption as a protective factor for adult men with MD (27). 
Nevertheless, it’s important to note that these studies may have 
overlooked potential confounders and failed to consider the toxic 
effects of alcohol. Therefore, alcohol consumption could not 
be considered as a treatment for MD. In our study, we found no 
correlation between alcohol consumption and MD, neither 
positively nor negatively, contributing further evidence to this 
complex issue.

Dietary coffee restriction has been proposed as a management 
strategy for MD, hypothesized to be effective due to the potential 
impact of caffeine on endolymph volume through 
sympathomimetic and diuretic actions (9, 12). Despite its routine 
recommendation for MD patients experiencing vertigo, the 
evidence supporting this approach is limited. Previous 
questionnaire investigations have suggested that a caffeine-free diet 
may be associated with a reduction in vertigo symptoms and an 
improvement in the functional level of the disease, as rated using 
the AAO-HNS scale (22). Additionally, a recent observational 
case–control study found that MD patients reported higher daily 
caffeine intake compared to unaffected individuals (28). However, 
our study, characterized by a larger population size and a quasi-
randomized design, found no association between coffee 
consumption and the risk of MD. These findings contribute 
valuable insights to the existing literature on dietary interventions 
for MD management.

Taken in together, it is necessary to reconsider the value of 
restricting salt, caffeine, and alcohol intake for the treatment of 
MD. In light of our study, no significant correlation was found 
between these dietary modifications and MD. Relying solely on 
these restrictions may, to some extent, delay the use of more 
appropriate and effective treatments and could also have potentially 
negative implications for social, work, and family life (14). 
Therefore, the first advantage of this study was eliminating the 
controversy of dietary modification efficacy in MD treatment. 
Secondly, compared to observational clinical studies, MR is a more 
cost-effective, quicker, and more reliable method to evaluate the 
effects of interventions on MD. Thirdly, a series of sensitivity 
analyses were conducted to validate the robustness of our MR 
results. However, limitations should be  considered when 
interpreting the results of this study. Since all the participants 
included in our study were restricted to European ancestry, the 
results may be  biased and may not apply to other races. In the 
absence of individual data, it was not possible to conduct stratified 
analyses of MD subtypes and severity. Moreover, the limited SNPs 
for MD may lead to some bias in the results of reversed analysis, 
and MD is a multifactorial disease with more than one etiology 
converging into the characteristic symptomatology, making it 
challenging to identify confounding factors that could introduce 
bias into the results. Finally, the causal effect of genetic variants 
exposure on the outcome can be  modified by compensatory 
processes during development, therefore the results of this study 
must be viewed with caution in future analyses.

5 Conclusion

In summary, this MR study did not find convincing evidence 
to support the idea that restricting salt, caffeine, and alcohol intake 
is beneficial for the treatment of MD. These findings offer new 
insights into the role of dietary modification in MD and suggest 
that further confirmation through appropriately designed RCT 
is needed.

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 author.

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

WG: Conceptualization, Writing – original draft, Methodology, 
Project administration. PM: Methodology, Writing – original draft. 
ZW: Data curation, Writing – original draft. JG: Validation, Writing 
– review & editing. YL: Visualization, Writing – original draft. WW: 
Writing – review & editing. HY: Writing – review & editing. SL: Data 
curation, Writing – original draft. RL: Methodology, Writing – review 
& editing. LL: Funding acquisition, Supervision, Writing – review & 
editing.

Funding

The author(s) declare that financial support was received for the 
research, authorship, and/or publication of this article. This research 
was funded by the Discipline Innovation Development Plan Project 
of Tangdu Hospital (2021LCYJ017).

Acknowledgments

We want to appreciate the participants and investigators of the 
FinnGen, GSCAN and the United Kingdom Biobank study.

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.

https://doi.org/10.3389/fnut.2024.1460864
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org


Gao et al. 10.3389/fnut.2024.1460864

Frontiers in Nutrition 07 frontiersin.org

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.2024.1460864/
full#supplementary-material

SUPPLEMENTARY TABLE S1

The Salt added to food-related genetic variants used for the MR analyses.

SUPPLEMENTARY TABLE S2

The Ménière's disease-related genetic variants used for the reverse 
MR analyses.

SUPPLEMENTARY TABLE S3

The Alcohol consumption (drinks per week)-related genetic variants used for 
the MR analyses.

SUPPLEMENTARY TABLE S4

The Coffee consumption measurement-related genetic variants used for the 
MR analyses.

SUPPLEMENTARY TABLE S5

The causal effects of Salt added to food, Alcohol consumption and Coffee 
consumption measurement on MD.

SUPPLEMENTARY TABLE S6

Mendelian randomization Sensitivity analysis of Salt added to food, Alcohol 
consumption and Coffee consumption measurement on MD.

SUPPLEMENTARY TABLE S7

The causal effects of MD on Salt added to food, Alcohol consumption and 
Coffee consumption measurement.

SUPPLEMENTARY TABLE S8

Mendelian randomization Sensitivity analysis of MD on Salt added to food, 
Alcohol consumption and Coffee consumption measurement.

References
 1. Lopez-Escamez JA, Carey J, Chung WH, Goebel JA, Magnusson M, Mandala M, 

et al. Diagnostic criteria for Meniere's disease. J Vestib Res. (2015) 25:1–7. doi: 10.3233/
VES-150549

 2. Basura GJ, Adams ME, Monfared A, Schwartz SR, Antonelli PJ, Burkard R, et al. 
Clinical practice guideline: Ménière’s disease. Otolaryngol Head Neck Surg. (2020) 
162:S1–S55. doi: 10.1177/0194599820909438

 3. Harris JP, Alexander TH. Current-day prevalence of Meniere's syndrome. Audiol 
Neurootol. (2010) 15:318–22. doi: 10.1159/000286213

 4. Rizk HG, Mehta NK, Qureshi U, Yuen E, Zhang K, Nkrumah Y, et al. Pathogenesis 
and etiology of Ménière disease. JAMA Otolaryngol Head Neck Surg. (2022) 148:360. doi: 
10.1001/jamaoto.2021.4282

 5. Hussain K, Murdin L, Schilder AGM. Restriction of salt, caffeine and alcohol intake 
for the treatment of Ménière's disease or syndrome. Cochrane Database Syst Rev. (2018) 
2018:CD012173. doi: 10.1002/14651858.CD012173.pub2

 6. Hoskin JL. Ménière's disease: new guidelines, subtypes, imaging, and more. Curr 
Opin Neurol. (2022) 35:90–7. doi: 10.1097/wco.0000000000001021

 7. Molnár A, Maihoub S, Tamás L, Szirmai Á. Conservative treatment possibilities of 
Ménière disease, involving Vertigo diaries. Ear Nose Throat J. (2021) 100:536–42. doi: 
10.1177/0145561319881838

 8. Molnár A, Maihoub S, Gáborján A, Tamás L, Szirmai Á. Intratympanic gentamycine 
for Ménière's disease: is there a selective vestibulotoxic effect? Eur Arch Otorrinolaringol. 
(2020) 277:1949–54. doi: 10.1007/s00405-020-05901-3

 9. Rauch SD. Clinical hints and precipitating factors in patients suffering from Meniere's 
disease. Otolaryngol Clin N Am. (2010) 43:1011–7. doi: 10.1016/j.otc.2010.05.003

 10. Wu V, Sykes EA, Beyea MM, Simpson MTW, Beyea JA. Approach to Ménière 
disease management. Can Fam Physician. (2019) 65:463–7.

 11. Foster CA. Optimal management of Meniere's disease. Ther Clin Risk Manag. 
(2015) 11:301–7. doi: 10.2147/TCRM.S59023

 12. Oguz E, Cebeci A, Gecici CR. The relationship between nutrition and Meniere's 
disease. Auris Nasus Larynx. (2021) 48:803–8. doi: 10.1016/j.anl.2021.03.006

 13. Larsson SC, Butterworth AS, Burgess S. Mendelian randomization for 
cardiovascular diseases: principles and applications. Eur Heart J. (2023) 44:4913–24. doi: 
10.1093/eurheartj/ehad736

 14. Webster KE, George B, Lee A, Galbraith K, Harrington-Benton NA, Judd O, et al. 
Lifestyle and dietary interventions for Meniere's disease. Cochrane Database Syst Rev. 
(2023) 2023:15244. doi: 10.1002/14651858.CD015244.pub2

 15. Sekula P, Del Greco MF, Pattaro C, Köttgen A. Mendelian randomization as an 
approach to assess causality using observational data. J Am  Soc Nephrol. (2016) 
27:3253–65. doi: 10.1681/asn.2016010098

 16. Quader ZS, Zhao L, Harnack LJ, Gardner CD, Shikany JM, Steffen LM, et al. Self-
reported measures of discretionary salt use accurately estimated sodium intake overall 
but not in certain subgroups of US adults from 3 geographic regions in the salt sources 
study. J Nutr. (2019) 149:1623–32. doi: 10.1093/jn/nxz110

 17. Cole JB, Florez JC, Hirschhorn JN. Comprehensive genomic analysis of dietary 
habits in UK biobank identifies hundreds of genetic associations. Nat Commun. (2020) 
11:1467. doi: 10.1038/s41467-020-15193-0

 18. Liu M, Jiang Y, Wedow R, Li Y, Brazel DM, Chen F, et al. Association studies of up 
to 1.2 million individuals yield new insights into the genetic etiology of tobacco and 
alcohol use. Nat Genet. (2019) 51:237–44. doi: 10.1038/s41588-018-0307-5

 19. Burgess S, Thompson SG. Avoiding bias from weak instruments in Mendelian 
randomization studies. Int J Epidemiol. (2011) 40:755–64. doi: 10.1093/ije/dyr036

 20. Kamat MA, Blackshaw JA, Young R, Surendran P, Burgess S, Danesh J, et al. 
PhenoScanner V2: an expanded tool for searching human genotype–phenotype 
associations. Bioinformatics. (2019) 35:4851–3. doi: 10.1093/bioinformatics/btz469

 21. Shim T, Strum DP, Mudry A, Monfared A. Hold the salt: history of salt restriction 
as a first-line therapy for Menière's disease. Otol Neurotol. (2020) 41:855–9. doi: 10.1097/
mao.0000000000002635

 22. Luxford E, Berliner KI, Lee J, Luxford WM. Dietary modification as adjunct 
treatment in Ménière's disease: patient willingness and ability to comply. Otol Neurotol. 
(2013) 34:1438–43. doi: 10.1097/MAO.0b013e3182942261

 23. Syed I, Aldren C. Meniere's disease: an evidence based approach to assessment 
and management. Int J Clin Pract. (2012) 66:166–70. doi: 
10.1111/j.1742-1241.2011.02842.x

 24. Mori N, Miyashita T, Inamoto R, Matsubara A, Mori T, Akiyama K, et al. Ion 
transport its regulation in the endolymphatic sac: suggestions for clinical aspects of 
Meniere's disease. Eur Arch Otorrinolaringol. (2017) 274:1813–20. doi: 10.1007/
s00405-016-4362-1

 25. Miyashita T, Inamoto R, Fukuda S, Hoshikawa H, Hitomi H, Kiyomoto H, et al. 
Hormonal changes following a low-salt diet in patients with Meniere's disease. Auris 
Nasus Larynx. (2017) 44:52–7. doi: 10.1016/j.anl.2016.03.001

 26. Sanchez-Sellero I, San-Roman-Rodriguez E, Santos-Perez S, Rossi-Izquierdo M, 
Soto-Varela A. Alcohol consumption in Meniere's disease patients. Nutr Neurosci. (2020) 
23:68–74. doi: 10.1080/1028415X.2018.1470372

 27. Kim SY, Chung J, Yoo DM, Kwon MJ, Kim JH, Kim J-H, et al. Smoking is positively 
related and alcohol consumption is negatively related to an increased risk of Meniere’s 
disease. J Clin Med. (2022) 11:7. doi: 10.3390/jcm11175007

 28. Sánchez-Sellero I, San-Román-Rodríguez E, Santos-Pérez S, Rossi-Izquierdo M, 
Soto-Varela A. Caffeine intake and Menière's disease: is there relationship? Nutr 
Neurosci. (2017) 21:624–31. doi: 10.1080/1028415x.2017.1327636

https://doi.org/10.3389/fnut.2024.1460864
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fnut.2024.1460864/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fnut.2024.1460864/full#supplementary-material
https://doi.org/10.3233/VES-150549
https://doi.org/10.3233/VES-150549
https://doi.org/10.1177/0194599820909438
https://doi.org/10.1159/000286213
https://doi.org/10.1001/jamaoto.2021.4282
https://doi.org/10.1002/14651858.CD012173.pub2
https://doi.org/10.1097/wco.0000000000001021
https://doi.org/10.1177/0145561319881838
https://doi.org/10.1007/s00405-020-05901-3
https://doi.org/10.1016/j.otc.2010.05.003
https://doi.org/10.2147/TCRM.S59023
https://doi.org/10.1016/j.anl.2021.03.006
https://doi.org/10.1093/eurheartj/ehad736
https://doi.org/10.1002/14651858.CD015244.pub2
https://doi.org/10.1681/asn.2016010098
https://doi.org/10.1093/jn/nxz110
https://doi.org/10.1038/s41467-020-15193-0
https://doi.org/10.1038/s41588-018-0307-5
https://doi.org/10.1093/ije/dyr036
https://doi.org/10.1093/bioinformatics/btz469
https://doi.org/10.1097/mao.0000000000002635
https://doi.org/10.1097/mao.0000000000002635
https://doi.org/10.1097/MAO.0b013e3182942261
https://doi.org/10.1111/j.1742-1241.2011.02842.x
https://doi.org/10.1007/s00405-016-4362-1
https://doi.org/10.1007/s00405-016-4362-1
https://doi.org/10.1016/j.anl.2016.03.001
https://doi.org/10.1080/1028415X.2018.1470372
https://doi.org/10.3390/jcm11175007
https://doi.org/10.1080/1028415x.2017.1327636

	Restriction of salt, alcohol and coffee intake and Ménière’s disease: insight from Mendelian randomization study
	1 Introduction
	2 Materials and methods
	2.1 Study design
	2.2 Data sources
	2.3 Selection of instrumental variables
	2.4 Statistical analyses

	3 Results
	3.1 Salt added to food and MD
	3.2 Alcohol consumption and MD
	3.3 Coffee consumption and MD

	4 Discussion
	5 Conclusion

	References

