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Background: Hearing loss and tinnitus have been linked to mild cognitive impairment (MCI); however, the evidence is constrained by ethical and temporal constraints, and few prospective studies have definitively established causation. This study aims to utilize Mendelian randomization (MR) and cross-sectional studies to validate and analyze this association.

Methods: This study employs a two-step approach. Initially, the genetic data of the European population from the Genome-wide association studies (GWAS) database is utilized to establish the causal relationship between hearing loss and cognitive impairment through Mendelian randomization using the inverse variance weighted (IVW) method. This is achieved by identifying strongly correlated single nucleotide polymorphisms (SNPs), eliminating linkage disequilibrium, and excluding weak instrumental variables. In the second step, 363 elderly individuals from 10 communities in Qingdao, China are assessed and examined using methods questionnaire survey and pure tone audiology (PTA). Logistic regression and multiple linear regression were used to analyze the risk factors of MCI in the elderly and to calculate the cutoff values.

Results: Mendelian randomization studies have shown that hearing loss is a risk factor for MCI in European populations, with a risk ratio of hearing loss to MCI loss of 1. 23. The findings of this cross-sectional study indicate that age, tinnitus, and hearing loss emerged as significant risk factors for MCI in univariate logistic regression analysis. Furthermore, multivariate logistic regression analysis identified hearing loss and tinnitus as potential risk factors for MCI. Consistent results were observed in multiple linear regression analysis, revealing that hearing loss and age significantly influenced the development of MCI. Additionally, a notable finding was that the likelihood of MCI occurrence increased by 9% when the hearing threshold exceeded 20 decibels.

Conclusion: This study provides evidence from genomic and epidemiological investigations indicating that hearing loss may serve as a risk factor for cognitive impairment. While our epidemiological study has found both hearing loss and tinnitus as potential risk factors for cognitive decline, additional research is required to establish a causal relationship, particularly given that tinnitus can manifest as a symptom of various underlying medical conditions.
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Introduction

Mild cognitive impairment (MCI) serves as a transitional phase between typical aging and the onset of clinical dementia, characterized by a mild decline in cognitive abilities, particularly in memory (Cox and Wallace, 2022; Zhao et al., 2023). Individuals with MCI face a heightened risk of developing Alzheimer’s disease (AD), with approximately 32% progressing to dementia within a median timeframe of 2 years (Jafari et al., 2019; Jia et al., 2019; Clark and Swanepoel, 2021; Babulal et al., 2022). Consequently, the identification, assessment, and intervention of MCI warrant further investigation in research endeavors to effectively delay and avert the onset of AD.

Over 1.5 billion individuals globally, constituting approximately 20% of the world’s population, experience varying degrees of hearing loss, with 430 million individuals exhibiting moderate to severe hearing loss (Cunningham and Tucci, 2017; D'Haese et al., 2023). The incidence of hearing loss escalates significantly with advancing age, rising from 12.7% at 60 years to 58.6% at 90 years. Moreover, a substantial portion (58%) of individuals with disabling hearing loss are aged 60 years and above (Lin et al., 2013; Cunningham and Tucci, 2017; Clark and Swanepoel, 2021; McMahon et al., 2021; Zhang et al., 2022; D'Haese et al., 2023).

Hearing loss (HL) is a prevalent disability in today’s increasingly aging society and poses a serious threat to the physical and mental health of older people (Bowl and Dawson, 2019). Hearing loss is the most common chronic sensory impairment in older people, with disabling hearing loss occurring in approximately 50% of people over the age of 70 years, and it is one of the three most common health problems in older people (Ronnberg et al., 2013). The World Health Organization predicts that the global population aged over 65 years will reach 1 billion by 2050 and that hearing loss will become a major public health problem (Lin et al., 2013). In addition to its widespread occurrence, hearing impairment can have a multifaceted effect on elderly individuals and is consequently receiving increasing recognition. Firstly, hearing loss may result in challenges with speech and communication, thereby diminishing older individuals’ verbal communication capabilities (Rutherford et al., 2018). Secondly, hearing loss can precipitate feelings of social isolation, despondency, solitude, and various psychological issues, including depression (Chern and Golub, 2019). Importantly, hearing loss can also lead to cognitive impairment (Livingston et al., 2017). According to Lancet Dementia Commission 2017 and 2020, hearing loss is the greatest potential risk factor for dementia (Livingston et al., 2020), and it is projected that if hearing loss was eliminated, the prevalence of dementia would be reduced by 8%. If the prevalence of each risk factor for hearing loss was reduced by 10 to 20% every 10 years, the number of dementia diagnoses worldwide could be reduced by 8.8 to 16.2 million by 2050 (Czornik et al., 2022).

Tinnitus is a common symptom of the auditory system, which is mainly caused by other diseases, such as noise, hearing loss and mental stress. In Europe and the United States, 10 to 15 percent of people are affected by tinnitus for some time, and the prevalence increases with age (Mazurek et al., 2022). Recent evidence suggests a link between tinnitus and impairment in all aspects of cognitive function. Both hearing loss and tinnitus can affect mental health and contribute to depression, stress, and depression (Jarach et al., 2022; Lau et al., 2022). This study included tinnitus in the community survey project, providing new evidence for the study of tinnitus and cognitive impairment.

Previous observational studies and meta-analyses have identified hearing loss as a possible risk factor for cognitive impairment and dementia, but confounding could not be excluded (Loughrey et al., 2018; Jafari et al., 2019). Recent studies have found that hearing loss is associated with cognitive decline, brain atrophy and tau protein by genetic association analysis using data from different databases, which again confirms that hearing loss is a risk factor for cognitive decline and dementia (Wang et al., 2022). However, there is no direct evidence that hearing loss is causally related to cognitive impairment and dementia. These observational and bioinformatic findings need to be confirmed in randomized, controlled trials and animal studies that are time - and ethically demanding. A 2022 randomized controlled trial at four community study sites in the United States of America in adults aged 70 to 84 years with untreated hearing loss and no severe cognitive impairment. The findings suggest that hearing interventions may reduce cognitive change over 3 years in an older population at increased risk of cognitive decline, but not in a population at reduced risk of cognitive decline (Lin et al., 2023). Therefore, more evidence is needed to confirm the direct relationship between hearing loss and cognitive impairment. Mendelian randomization (MR) uses genetic tools to provide new evidence for confirming the causal relationship between exposure factors and diseases (Emdin et al., 2017; Ji et al., 2024; Levin and Burgess, 2024). Mendelian randomization is widely used in epidemiological etiology research because it can avoid the ethical and time limitations of randomized controlled trials and the interference of confounding factors in case–control trials. Based on large samples of genetic and phenotypic data, MR Screens single nucleotide polymorphisms (SNPS) that are strongly associated with exposure factors but not related to outcomes and confounding factors, and uses them as instrumental variables to assess the causal relationship between exposure factors and outcomes (Larsson et al., 2023).

This study posited that hearing loss, tinnitus, weight, and other variables may serve as potential risk factors for cognitive impairment. Genetic and epidemiological methodologies were employed to investigate these risk factors in European and Chinese populations, with logistic regression and linear regression utilized to analyze the relationship between these factors (Figure 1). The findings of this study aim to contribute new evidence to the understanding of the link between hearing loss, tinnitus, and cognitive impairment.
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FIGURE 1
 Flow chart of Mendelian randomization and cross-sectional studies and the principle of Mendelian randomization.




Methods


Mendelian randomization analysis between hearing loss and cognitive function

Data of hearing loss (ebi-a-GCST90018857, including 489,493 European adult subjects and consisted of 14,654 cases and 474,839 controls) which obtained from GWAS1 (S1) is defined as exposure data, which was subjected to selection of SNPs for strongly correlated instrumental variables (p < 2 × 10−7), followed by analyses to remove linkage disequilibrium (SNPs within 10,000 kb of the highest SNPs with significance at r2 < 0.001) were removed and filtering of weak instrumental variables (F-value >10) (S2) (Storey and Tibshirani, 2003). Data of cognitive functions (ieu-b-4837, including 9,997 European adult subjects) were defined as outcome data, which was subjected to extraction of instrumental variable SNPs and then merged with exposure data and analyzed by Mendelian randomization.

Two-sample MR Analysis was used in this study. Five methods were used for Mendelian analysis, namely MR Egger method, Weighted median method, Inverse variance weighted method, Simple mode method, and Weighted mode method. Inverse-variance weighting was used as the primary analysis method. Inverse variance weighting methods estimate the causal effects of genes on traits by weighting the causal effects of different genetic variants on traits and then combining the estimated effects after weighting. The advantage of inverse variance weighting method is to reduce the influence of sample size, improve the estimation accuracy and reduce bias, so it is used as the main analysis method (Sanderson, 2021). MR-egger method and weighted median method were used as supplements, and the Beta value was calculated to judge whether there was consistency in the results of MR Analysis to enhance the robustness of causality. MR-Egger method can calculate direct and indirect effects, evaluate the multiple effects of genetic variation on the results, adjust the confounding bias to a certain extent, and improve the accuracy of causality estimation (Burgess and Thompson, 2017). The weighted median method mainly assigns different weights to different genetic variants, thereby reducing the impact of extreme genetic variation on causal inference and improving the stability of the results. In addition, the weighted median method also has the advantages of increasing the estimation accuracy, wide applicability and strong flexibility (Hartley et al., 2022). The results of Mendelian randomization were finally tested for heterogeneity (S3), sensitivity and pleiotropy (S4), and funnel plots, forest plots and scatter plots were created.



Population of the cross-sectional study

All of the subjects were recruited from residents of Liking District, Qingdao, aged 60 years or older. Exclusion criteria were as follows: having dementia, bipolar disorder, schizophrenia, or other developmental or neurodegenerative disorders or that prevented performing cognitive assessment tests, and currently wearing hearing aids such as hearing aids or cochlear implants. Recruitment and testing took place from May to July 2022. The study was approved by the Ethics Committee of the Third People’s Hospital of Qingdao, affiliated with Qingdao University. All the procedures were carried out in accordance with the approval, and the participants provided written informed consent.

Questionnaire survey and pure tone audiometry were conducted among 363 elderly people in 10 communities in Qingdao through recruitment and promotion in community health centers. Gender, age, height, body mass index (BMI), hypertension, diabetes, tinnitus, depression, and hearing loss were used as independent variables, and MCI was used as the dependent variable to conduct univariate logistic regression to preliminarily explore the risk factors of MCI. Univariate logistic regression analysis was used to screen out statistically significant independent variables, and then multivariate logistic regression analysis was used to determine the risk factors of MCI. Finally, the cut-off value of Youden index for the diagnosis of MCI was calculated by logistic regression.



Data collection

Data collection consisted of the following three parts: instrumental measurements, questionnaire, and scale assessment. Height, blood pressure, weight, and hearing test data were obtained from instrumental measurements, depression, and cognitive function data were obtained from scale assessment. Diabetes diagnosis was obtained by asking medical history. The data collection process was completed by clinicians from the Department of Otorhinolaryngology of the Third People’s Hospital of Qingdao affiliated with Qingdao University.



Scale assessment

All the subjects were assessed on the Hearing Handicap Inventory for the Elderly-Screening. Higher scores on the Hearing Handicap Inventory for the Elderly-Screening indicated greater hearing loss and a scale score of >8 was defined as the presence of hearing loss (Kim et al., 2016). The Montreal Cognitive Assessment Scale (MoCA) has a high sensitivity and specificity for the rapid screening of patients with MCI and is now widely used internationally (Lee et al., 2020). MoCA is divided into eight cognitive domain subscales, of which the immediate memory subscale is not scored and the other seven cognitive domain subscales are scored as follows: 5 points for visuospatial and executive functions, 3 points for language skills, 6 points for attention, 6 points for orientation, 5 points for delayed memory, 3 points for naming, and 2 points for abstraction. The original English version of the MoCA recommended a score of less than 26 for cognitive impairment. In studies on the Chinese population, a score of 26 is generally considered high. There is some variation in the optimal cutoff values used in different diseases and populations. For example, in the case of non-demented vascular cognitive impairment, some studies have shown that the optimal cutoff score for MoCA is 23.5 (Wang et al., 2018). Based on the results of the study on the Chinese population, the MoCA score of 26 was used as the cut-off value in this study (Jia et al., 2021). Chinese elderly have free physical examination in the community every year, and have chronic disease management files, so that they are very aware of their own chronic disease history, so data on diabetes, hypertension, and tinnitus were obtained through patient self-evaluation (Respondents were asked if they heard a non-pulsating cicada, cricket, or whistle for an extended period of time) (Vasilescu and Weisman, 2023). Depression data were obtained by assessment of the Patient Health Questionnaire-9 (PHQ-9) scale, the scale had 9 items, including mood, sleep, appetite, fatigue, self-identity, attention and self-injury. Each item was composed of four options (0 = not at all, 1 = a few days, 2 = more than half of the days, 3 = almost every day). The total score ranged from 0 to 27, and the total score > 4 was considered positive (Levis et al., 2019).



Hearing test

All the subjects were audiometrically tested by an audiologist for pure tone, with air conduction at 500, 1000, 2000, and 4,000 Hz. The hearing test equipment was Pure audiometer—Clinical diagnostic audiometer (AD226) produced by International Hearing Company, Denmark. If the average of the air conduction thresholds of 500, 1,000, 2000, and 4,000 Hz for the better ear, in accordance with the WHO classification criteria for the degree of hearing loss, was ≤25 decibels hearing level, it was considered normal hearing, while more than 25 decibels hearing level was considered hearing loss.



Statistical methods

Chi-square test and Mann–Whitney U test were used to compare the differences between groups according to the number of samples and the distribution of data. The effect of the independent variables on cognitive impairment was assessed using the odds ratio (OR) in logistic regression, with an OR > 1 and a statistically significant p-value indicating that the variable was a risk factor for cognitive impairment, and an OR < 1 and a statistically significant p-value indicating that the variable was a protective factor for cognitive impairment. Statistical analyses were performed using Stata 12, R 4.2.2 and SPSS (v28.0.1.1) software, and differences were considered statistically significant at p < 0.05. The cut-off value was determined based on the Youden index. The Youden index is the sum of sensitivity and specificity minus 1, and the maximum corresponding value is the Youden index, which is the cut-off value.




Results


Mendelian randomization

Through Mendelian randomization analysis, we found an instrumental variable consisting of 54 SNPs, thus demonstrating a causal relationship between HL and cognitive impairment. Inverse variance weighted analysis showed an OR of 1.23 with a p-value of 1.75 × 10−7 (Table 1). The p-value for the test of pleiotropy was 0.07 and for the test of heterogeneity was 0.99. Sensitivity analysis and funnel plot of leave-one-out method also showed less bias in Mendelian analysis (Figure 2). Our Mendelian randomization results suggest that HL is a risk factor for cognitive impairment. In order to confirm the results of Mendelian randomization, we conducted a cross-sectional study in a Chinese population for validation.



TABLE 1 Results of Mendelian randomization analysis.
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FIGURE 2
 Mendelian randomization analysis between hearing loss and cognitive function. (A) is an effect forest plot of Mendelian randomization showing the effect value of Mendelian randomization for each SNP and the total effect value (beta value), which shows that 50 out of 54 effect SNPs have a hazardous effect, 4 SNPs have a protective effect, and the total effect is a hazardous effect. (B) is a leave-one-out method to analyze the sensitivity of each SNP. After each SNP was taken out, the results of the remaining SNP analysis remained robust. (C) shows the funnel plot to detect bias. The results show that the SNPs are evenly distributed on both sides of the total effect line, demonstrating that the analysis is not significantly biased. (D) shows the scatterplot of the five analytical methods of Mendelian randomization. The horizontal coordinate is the effect of SNP on exposure factors and the vertical coordinate is the effect of SNP on the results. All five methods of analysis showed that hearing loss exerts a detrimental effect on cognitive function.




Characteristics of the survey population

As shown in Table 2, a total of 363 subjects were included in this study. They were aged 60 to 88 years, with 204 men and 159 women. According to the MoCA scale, 95 of the 363 study subjects had a normal cognitive function and 268 had a cognitive decline. Age, hearing loss, and tinnitus were significantly different between the two groups, while all the other variables were not significantly different.



TABLE 2 Baseline characteristics of the control group and patients with mild cognitive impairment.
[image: Table2]



Univariate logistic regression screening for high risk factors

To verify the accuracy of risk factors, we applied univariate logistic regression to continue screening high risk factors for cognitive impairment. As shown in Table 3, the p values for age, hearing loss and tinnitus were statistically significant, and the OR values were both higher than 1. These results suggest that age, hearing loss and tinnitus are high risk factors for cognitive impairment. The results of our analysis suggest that older individuals with tinnitus have a 1.95 times higher risk of developing cognitive impairment compared with normal older people, while the risk of developing cognitive impairment increases by 1.08 times for every year of age. In contrast, in older patients with hearing loss, the risk of developing cognitive impairment increases by 1.09 times for each decibel of hearing loss.



TABLE 3 Univariate logistic regression analysis of the predictive effect of each variable on MCI.
[image: Table3]



Multi-factor logistic regression to develop a diagnostic model to evaluate the early diagnostic value of hearing loss and tinnitus on MCI

Univariate logistic regression screened variables including age, tinnitus and hearing loss were subjected to multifactorial logistic regression to ultimately screen for high-risk factors that may lead to cognitive impairment. Through multifactorial logistic regression analysis, we found that hearing loss and tinnitus were high risk factors for cognitive impairment as shown in Table 4. Our results identified hearing loss and tinnitus as potential risk factors for cognitive impairment, while age factors were excluded due to p-values greater than 0.05.



TABLE 4 Multi-factor logistic regression analysis of the predictive effect of each variable on MCI.
[image: Table4]

In Figure 3 the ROC diagnostic model was constructed using logistic regression with cognitive impairment as the dependent variable and hearing loss and tinnitus as the independent variables. The results showed that the AUC for the diagnostic value of tinnitus on cognitive impairment was 0.56; the AUC for the diagnostic value of hearing loss on cognitive impairment was 0.77; and the AUC for the diagnostic value of the combined hearing loss and tinnitus on cognitive impairment was 0.78.

[image: Figure 3]

FIGURE 3
 Multifactorial logistic regression model to evaluate the diagnostic efficacy of hearing loss and tinnitus on mild cognitive impairment. Hearing loss has a higher diagnostic efficacy than tinnitus for mild cognitive impairment. Hearing loss and tinnitus have the highest combined diagnostic effect on mild cognitive impairment.


Using a logistic regression algorithm in Table 4, we calculated the Youden index of hearing loss, and the value of hearing loss corresponding to the maximum value of the Youden index was 20 decibels. Our results indicate that the risk of developing mild cognitive impairment increases by 9% when the hearing value is greater than 20 decibels.



Multiple linear regression was used to explore the influencing factors of MCI

To verify the logistic regression results, multiple linear regression analysis was performed with MoCA as the dependent variable and pure-tone audiometry, HHIE-S, PHQ-9, age, and body mass index as independent variables (Table 5). The model results showed that the p value <0.001**, which proved that the model was successfully constructed. For variable collinearity performance, VIF was all less than 10, so the model did not have multiple collinearity problems and the model was well constructed. The results found that the independent variables PTA, HHIE-S and Age had an impact on the dependent variable MoCA. Combined with the B value, age had the greatest impact on MoCA.



TABLE 5 Results of multiple linear regression analysis of MoCA.
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Discussion

Previous studies (Livingston et al., 2017; Chern and Golub, 2019; Livingston et al., 2020) have shown that MCI is a cause of AD, while both hearing loss and tinnitus are strongly associated with cognitive impairment. The cause of tinnitus is complex, may be emotional or fatigue, or tumor, or infection, or chronic diseases like diabetes or high blood pressure, or auditory nerve damage and so on. There are many confounding factors between tinnitus and hearing loss, as well as between tinnitus and cognitive function. Patients with tinnitus do not necessarily have hearing loss, while some patients with hearing loss are accompanied by tinnitus. Therefore, it is difficult to study the pathological relationship among tinnitus, hearing loss and cognitive impairment, and epidemiological investigation is one of the commonly used research methods. This study further validated the association of hearing loss and tinnitus with cognitive impairment through genetic and epidemiological studies across ethnic populations.

Mendelian Randomization is a data analysis technique for assessing etiological inferences in epidemiological studies that uses genetic variants with strong correlations with exposure factors as instrumental variables to assess causal relationships between exposure factors and outcomes (Emdin et al., 2017). In this study, the first Mendelian randomization method using SNPs as an instrumental variable was used to prove the causal relationship between HL and MCI, and it was found that the risk ratio of HL leading to MCI was 1.23. For the first time, we used Mendelian randomization to analyze the causal relationship between hearing loss and cognitive impairment. We identified 54 SNPs that were genetically strongly associated with hearing loss but not cognitive impairment, but whose expression changed when cognitive impairment developed. In the follow-up study, we can use these 54 SNPs as a combination to detect the patients with hearing loss by targeted sequencing, confirm and screen out the most significant SNPs to calculate the diagnostic cutoff value. If the patient’s SNPs value exceeds the cutoff value, it means that the risk of cognitive impairment is very high. At present, there is no biomarker for prediction and diagnosis of cognitive impairment in clinical practice. With the maturity of sequencing technology, the above SNPs may provide new ideas for early prevention and diagnosis of cognitive impairment.

On the basis of MR results, the correlation between HL and MCI were verified with the data from the Chinese checkups. This study initially explored an elderly population in the eastern coastal region of China. By analyzing factors such as pure tone hearing threshold, hearing loss, depression status, cognitive function scales, and chronic illness. Our study demonstrated a high prevalence of early cognitive impairment (73.8%) among Chinese older adults with suspected HL and tinnitus. In addition, this study confirmed the correlation between HL and tinnitus and early cognitive impairment, and explored the predictive and diagnostic ability of HL and tinnitus for early cognitive impairment. This study provides new ideas for the prevention of MCI.

A Brazilian census in 2023 evaluated data on 1,335 older adults which results found the prevalence of cognitive impairment was 20.5%. Older adults with hearing loss were 2.66 times more likely to have cognitive impairment than those without hearing loss (Paiva et al., 2023). A Japanese cross-sectional study using multivariate logistic regression analysis showed that HL was associated with MCI (odds ratio 1.60), independent of age, living alone, memory impairment, and impaired self-care (Saji et al., 2021). Correspondingly, our community survey was not a census, it was a specialized focus on a group of older adults suspected of having hearing loss or tinnitus, and our results demonstrate the higher prevalence of cognitive impairment in older adults suspected of having HL. Our results showed that an independent correlation between hearing loss and cognitive decline with an OR of 1.09. A recent meta-analysis of 34 studies reporting data on 48,017 participants found that people with hearing loss had an overall risk ratio of 1.44 for developing MCI (Mannarelli et al., 2017). Our findings also showed that older people with tinnitus had a 1.95-fold increased risk of MCI compared with normal older people, which is consistent with previous research findings (Brinkmann et al., 2021). In addition, our study did not find that factors such as weight and diabetes were associated with cognitive impairment, and the results are inconsistent with previous studies (Cox and Wallace, 2022). In this study, we calculated the diagnostic efficacy of hearing loss and tinnitus for early cognitive impairment by logistic regression and found that the diagnostic efficacy of hearing loss combined with tinnitus was consistent with the diagnostic efficacy of hearing loss alone for the diagnosis of disease. Subsequently, we calculated the cutoff value of hearing loss and found that the risk of developing mild cognitive impairment increased by 9% when the hearing value was greater than 20 decibels. While our study found that PTA, HHIE-S and age were the influencing factors of MoCA using multiple linear regression analysis, which was consistent with the results of our logistic regression.

The predictive analysis of MCI is complex, with social and clinical factors containing many interactions and covariates (Jang et al., 2017; Hu et al., 2021), and the analysis without proving causality is subject to many confounding factors. In this study, the genetic data of Europeans were first used to demonstrate the causal relationship between hearing loss as exposure factor and cognitive impairment as outcome through Mendelian randomization analysis (Yoneda et al., 2021). Subsequently, a cross-sectional study of the Chinese population was conducted to explore the risk factors for cognitive impairment. In this study, genome-wide association analysis combined with epidemiological investigation was used to explore and verify the risk factors of cognitive impairment in different ethnic groups, and the results have high reliability, providing a new idea for the prevention and early diagnosis of MCI patients.

However, this study has some limitations. First of all, the cognitive function assessment used in this study is an audio-based, oral oriented tool, and hearing loss may affect subjects’ performance during the cognitive assessment process, leading to an overestimation of cognitive decline in patients with hearing loss. Future in-depth research could be conducted by designing longitudinal cohort studies using cognitive function tools appropriate for patients with hearing loss. Second, results may be biased due to design flaws such as small sample sizes or different survey scale choices and different screening models. Third, hearing loss above 4000 Hz was not taken into account, which may cause some bias to the study results. Fourth, the etiology of tinnitus is very complex, and further clinical examination is needed to clarify the etiology of tinnitus. However, the tinnitus information in this study was obtained through the self-report of the respondents, and the results based on this analysis have limitations. In addition, future studies should provide a more specific description of tinnitus examinations in order to better understand the relationship between tinnitus and hearing loss and cognitive function. Finally, free community screening is not a census, which will lead to bias in the data. We hope that the results based on this study can attract the attention of the government, so as to conduct accurate research with the help of the government.



Conclusion

Our Mendelian randomization and cross-sectional studies have showed that HL is a risk factor for MCI. The role of genetic, environmental, and lifestyle factors in the development and progression of hearing loss remains a major area of research in this field. More large-scale population-based epidemiologic surveys and clinical cohort studies should be conducted to explore early diagnosis and intervention strategies for HL based on lifelong hearing health, for reducing the incidence of cognitive impairment and improve the quality of life of the elderly population.
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The results showed that age, tinnitus, hearing loss and MoCA values were statistically significant.
“p<0.05 indicates statitical significance. BMI, body mass index (kg/m?); MCI, mild cognitive impairment.
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Univariate logistic regression models found age, hearing loss and tinnitus to be high risk factors for mild cognitive impairment. Tinnitus (OR = 1.95) was a higher predictor than hearing loss
(OR=1.09).

*“Represents p-value less than 0.05.

MCI, mild cognitive impairment; OR, odds ratio.
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Mendelian analysis of hearing loss and cognitive impairment was performed using five methods. The results showed that there were four methods with p value less than 005, and the most
important analysis method was Inverse variance weighted (IV'W) method with p value of 1.75E-07 and OR value of 1.23. The results showed that the risk of cognitive impairment in people
with hearing loss was 1.23 times higher than that in the general population,

OR, odds ratio; LCI, lower confidence interval; UCI, upper confidence interval.
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Logistic regression models found hearing loss and tinnitus to be risk factors for mild cognitive impairment, Tinnitus (OR = 1.93) was a higher predictor than hearing loss (OR=1.09).
“represents p-value less than 0.05. MCI, mild cognitive impairment. Usinga logistc regression algorithm, we calculated the Youden index of hearing loss and the value of hearing loss
corresponding to the maximum value of the Youden index was the cutoff value. Our results indicate that the risk of developing mild cognitive impairment increases by 9% when the hearing
value i greater than 20 decibels.
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The results showed that the p value of the F-test was <0.001**, which proved that the model was successfully constructed. For variable collinearity performance, VIF was al less than 10, 5o the
model did not have multiple collinearity problems and the model was well constructed. The results showed that the independent variables PTA, HHIE-S and age had an impact on the
dependent variable MoCA. Combined with the B value, age had the greatest impact on MoCA. ** and * represent significance levels of 1 and 5%, respectively.

PTA, pure tone audiometry; HHIE-S, hearing handicap inventory for the elderly-screening: PHQ-9, patient health questionnaire-9; BMI, body mass inde.
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