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Background: Previous studies have suggested a possible link between hearing loss and the risk of depression. However, the strength of this association remains uncertain across varying follow-up periods, age groups, cohort studies, and longitudinal study designs.

Methods: We conducted an extensive literature search across PubMed, Embase, and the Cochrane Library databases to retrieve pertinent studies. The quality of observational studies was assessed using the Newcastle–Ottawa Scale. Synthesis and meta-analysis of odds ratios (ORs) along with corresponding 95% confidence intervals (CIs) were performed using Stata 14.0. Funnel plot analysis and Egger’s regression test were utilized to assess potential publication bias.

Results: This meta-analysis comprised 24 cohort studies conducted between 2007 and 2024, with sample sizes ranging from 548 to 254,466 participants. Among these participants, 24,304 had experienced depression events. The pooling analysis shows that hearing loss is associated with an increased risk of depression (OR = 1.35; 95%CI: 1.27–1.44). In the subgroup analysis, the retrospective cohort exhibited a slightly higher risk of depression compared to the prospective cohort (OR = 1.43; 95% CI: 1.30–1.58). There are differences in the risk of depression among young, middle-aged, and older individuals, with older adults facing a higher risk (OR = 1.33, 95% CI: 1.21–1.45). Additionally, the risk of depression was slightly higher in the sudden sensorineural hearing loss (SSNHL) group compared to the non-SSNHL group (OR = 1.62; 95% CI: 1.27–2.07). Furthermore, in cohorts with a follow-up time ≥ 5 years, the risk of depression was higher compared to those with <5 years of follow-up (OR = 1.39; 95% CI: 1.26–1.54).

Conclusion: Our meta-analysis shows that hearing loss increases the risk of depression. These findings provide evidence that hearing loss should be recognized as an independent risk factor for depression.

Clinical trial registration: https://www.crd.york.ac.uk/PROSPERO/, identifier: CRD42024502043.
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1 Introduction

Depression, a mental disorder, significantly impacts an individual’s quality of life, presenting as negative emotions, thoughts, and behaviors. It impairs social, occupational, and educational functioning, elevating the risk of suicide and mortality (1). Globally, it is the leading cause of disability, affecting around 280 million people (2, 3). The prevalence of depression among the older adults amplifies the risk of suicidal tendencies (4). While past studies have predominantly centered on depression in older adults, overlooking its impact on youth and children (5), it is crucial to acknowledge its significance. Depression emerges as the primary cause of illness and disability in younger age groups, with recent data indicating that half of all mental illnesses in adulthood originate from issues occurring before the age of 14 (6). Despite heightened societal attention toward depression prevention in recent years, outcomes remain unsatisfactory due to the complexity of the condition and its multifactorial etiology (7–9). Hearing loss may represent a significant risk factor for the occurrence of depression (10–13).

To date, observations have linked hearing loss (HL), including conductive, sensorineural, severe sensorineural, and mixed hearing loss, to the development of depression, making HL a significant global public health concern (14). It currently ranks as the fourth leading cause of disability worldwide. Early-onset hearing loss can detrimentally impact children’s speech development (15), while adults with hearing loss often experience a profound sense of isolation, leading to social and familial withdrawal (16). HL can result in reduced neural activation triggered by auditory stimuli, leading to compensatory activation of perceptual control networks (17). This burden on the neural system impairs the processing of emotional information, a common occurrence in older adults with depression (18). Existing research predominantly concentrates on elucidating the mechanisms linking hearing impairment to late-life depression, yet there is a dearth of observation concerning individuals with extensive hearing loss. Lawrence et al.’s meta-analysis exclusively targeted the older adults, lacking observations from other age groups and longitudinal follow-up analysis (19). Similarly, Zhang et al.’s meta-analysis solely addressed sensorineural hearing loss and included various study designs, leading to increased outcome heterogeneity (20). Given the significance of this matter, the constraints of the previous review, and the emergence of fresh evidence, we conducted a systematic review and meta-analysis based on cohort studies to assess the correlation between HL and the risk of depression.



2 Methods

This study adhered to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines (21). The protocol for this meta-analysis was registered with the International Prospective Register of Systematic Reviews under registration number CRD42024502043.


2.1 Data sources

To identify studies investigating the potential associations between hearing loss and the risk of depression, we systematically searched three electronic databases (PubMed, Embase, and Cochrane Library) for studies published up to August 29, 2024. Furthermore, we manually reviewed the reference lists of relevant review articles for additional reports.

The search strategy involved two themes, delineating various types of hearing loss as exposure variables, while considering depression risk as the outcome. To enhance the comprehensiveness of the literature search, all forms of hearing impairment, anxiety, and depression states were considered, with no geographic restrictions applied. The search string for hearing loss included: “Hearing Loss [Mesh],” “Hearing Loss*,” “Hypoacus*,” “Hearing Impairment*,” and “Transitory Deafness*.” For depression, the terms used were: “Depression [Mesh],” “Anxiety [Mesh],” “Depressive Symptom,” “Emotional Depression*,” “Anxiet*,” and “Anxiousness.” The full search strategy for these databases is provided in Supplementary Tables S1–S3.



2.2 Eligibility criteria

The present study included original literature that met the following inclusion criteria: (1) Patients with hearing loss, whose exposure was confirmed through self-reported questionnaires, pure-tone audiometry tests (PTA), insurance claims records, and hospital diagnostic records. (2) Investigations of the association between hearing loss and the risk of incident depression. In this meta-analysis, “any hearing loss” was defined as “individuals who experienced any type of hearing loss previously,” with depression selected as the primary outcome and anxiety as the secondary outcome. (3) Anxiety and depression were identified through anxiety and depression scales, insurance claims records, hospital diagnoses, and self-reporting. (4) Type of study: cohort studies (prospective, retrospective, and mixed prospective-retrospective cohort studies). (5) Studies included in the analysis provided risk estimates, such as odds ratios (ORs), risk ratios (RRs), hazard ratios (HRs) with 95% confidence intervals (95% CIs), or sufficient data for calculation.

Exclusion criteria were as follows: (1) Case studies, reports, reviews, conference abstracts. (2) Studies lacking follow-up data on depression beyond baseline measurements. (3) Among the outcome measures, only data on anxiety were available; however, there were no studies addressing depression. If more than one study reported data from the same cohort, we included the study with the longest follow-up or the largest number of participants.



2.3 Study selection

Two researchers (WJX and LY) conducted initial screening by reviewing study titles and abstracts, followed by downloading and reviewing the full texts of potentially eligible studies to ascertain final inclusion based on eligibility criteria. In cases of disagreement between the two researchers, decisions were reached through discussion and consultation with a third researcher (GXB).



2.4 Data extraction

Two researchers (WJX and LY) independently collected information using a pre-designed checklist. In cases of disagreement, final decisions were made by researchers (GXB) after a comprehensive review of the full text. The checklist aimed to gather detailed information, such as publication details (first author, publication year, country), study characteristics (study type, follow-up duration, average age/age range, number of cases, control group), exposure and outcome diagnostic criteria, subgroup stratification (including patient age, follow-up time, study type, type of hearing impairment, and duration of follow-up), adjustment for confounding factors, and corresponding 95% confidence interval effect sizes (selecting effect sizes adjusted for all available covariates). Additionally, to ensure data accuracy, patients reporting depression at baseline were excluded, and statistical results were prioritized accordingly.



2.5 Risk of bias

Two independent researchers (WJX and GXB) employed the Newcastle-Ottawa Scale (NOS; Available from: http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp) to evaluate the quality of the studies, categorizing them into three levels: low risk of bias (7 or above), medium risk of bias (4–6), and high risk of bias (3 or below).



2.6 Statistical analysis

Pooled odds ratios (ORs) and their corresponding 95% confidence intervals (CIs) were calculated as reliable measures of depression risk, regardless of study design. Given the low incidence of depression in the population, ORs were considered interchangeable with relative risks (RRs) and hazard ratios (HRs) in this meta-analysis (22). In instances of significant heterogeneity (p < 0.1 or I2 > 50%), the random-effects model was applied; otherwise, a fixed-effects model was utilized. Sensitivity analyses were conducted to assess the robustness of our pooled results and to evaluate the influence of individual studies on the overall estimates. Publication bias was evaluated using funnel plots and Egger’s test. All statistical analyses were performed using Stata software, version 14.0.




3 Results


3.1 Study selection

A total of 1,994 records were obtained from electronic databases. Following the removal of duplicates through automated tools (NoteExpress) and manual searches, 1,721 articles underwent initial screening. Among these, 1,652 articles were excluded due to unrelated participant demographics or outcome data. Ultimately, after reviewing the full-text of the remaining articles, 24 studies (10–13, 23–42) met the eligibility criteria (Figure 1).
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FIGURE 1
 Flow diagram of the search strategy and study selection.




3.2 Study characteristics

The 24 studies, spanning from 2007 to 2024, encompassed sample sizes ranging from 548 to 254,466 participants, of whom 24,304 had experienced depression events. Participants were followed for periods ranging from 1 to 25 years. All 24 articles were cohort studies, comprising 14 prospective cohort studies, 9 retrospective cohort studies, and 1 mixed prospective-retrospective design. The majority of these studies were conducted in Europe and Asia, with four originating from the United States. The assessment of hearing ability predominantly relied on self-reporting, pure tone audiometry, and classification according to the International Classification of Diseases (ICD-10). Diagnosis of depression was confirmed and categorized using various methods, including insurance claims registries, medical records, depression or anxiety Scales, and self-reported anxiety symptoms. The characteristics of 24 cohort studies are summarized in Table 1.



TABLE 1 Basic characteristics of the included studies.
[image: Table1]



3.3 Quality assessment

According to Newcastle–Ottawa Scale, the mean score of included studies was 7.00 ± 0.95, with a media of 7. Nineteen of the studies were judged as having a low risk of bias and four as having a moderate risk, indicating that the methodological quality of the included studies was medium or high.



3.4 Any hearing loss and depression risk

Twenty-four (10–13, 23–42) studies assessed the relationship between any hearing loss and the risk of depression. The OR for hearing loss associated with the risk of depression was 1.35 in a random-effects model (OR = 1.35; 95%CI: 1.27–1.44, I2 = 69.6%; Figure 2). There was high heterogeneity among the literature selected for this study. We performed a sensitivity analysis. Sensitivity analysis revealed some degree of heterogeneity, but no individual study reversed the magnitude of the combined effect, indicating the robustness of the results (Supplementary Figure S1).

[image: Figure 2]

FIGURE 2
 Forest plot of odds ratios of total depression for hearing loss participants.




3.5 Subgroup analysis


3.5.1 Study type

We conducted subgroup analyses based on study type, revealing a nearly equivalent risk of depression among hearing loss patients between the prospective and retrospective cohort study groups. The depression risk in the retrospective cohort study group (OR = 1.43; 95% CI: 1.30–1.58; I2 = 70.8%; Figure 3) was slightly higher than that in the prospective study cohort group (OR = 1.31; 95% CI: 1.22–1.42; I2 = 49.1%; Figure 3). Sensitivity analysis showed that none of the individual studies had reversed the pooled-effect size, which means that the results are robust (Supplementary Figure S2).

[image: Figure 3]

FIGURE 3
 Forest plot of subgroup analysis by study type.




3.5.2 Hearing loss type

We classified the types of hearing loss present in the included articles, with four studies categorized under sudden sensorineural hearing loss (SSNHL). The random-effects model revealed that SSNHL significantly increased the risk of depression (OR = 1.62; 95% CI: 1.27–2.07; I2 = 74.9%; Figure 4). In the non-SSNHL group, the risk of depression was (OR = 1.32; 95% CI: 1.24–1.40; I2 = 64.9%; Figure 4). We conducted sensitivity analyses on both the SSNHL and Non-SSNHL groups, and none of the studies reversed the magnitude of the summary effect, indicating the robustness of the research findings (Supplementary Figures S3, S4).

[image: Figure 4]

FIGURE 4
 Forest plot of subgroup analysis by hearing loss type.




3.5.3 Follow-up years

The 23 studies (10–13, 23–37, 39–42) were stratified into two subgroups based on the duration of follow-up (<5 years, ≥5 years). Among those with a follow-up period of <5 years, individuals with hearing impairment had a 1.28-fold higher risk of depression compared to those without impairment (OR = 1.28; 95% CI: 1.19–1.39, I2 = 31.4%; Figure 5). Conversely, in the cohort with a follow-up period of ≥5 years, the risk of depression was 1.39-fold higher in individuals with hearing impairment compared to those without impairment (OR = 1.39; 95% CI: 1.26–1.54, I2 = 79.8%; Figure 5). Sensitivity analysis indicates that no single study significantly altered the magnitude of the summary effect, suggesting that the results are robust (Supplementary Figure S5).

[image: Figure 5]

FIGURE 5
 Forest plot of subgroup analysis by follow-up years.




3.5.4 Age group

Data from 16 eligible studies were included in this analysis (10, 13, 23–27, 29–31, 33, 36, 38–41). We conducted subgroup analyses based on age categories: individuals aged 44 years or younger were classified as young adults, those aged 45–59 as middle-aged adults, and those aged 60 years or older as older adults. Using a random-effects model, the comprehensive meta-analysis revealed varying risks of depression among the groups: young adults (OR = 1.15, 95% CI: 0.79–1.67; I2 = 52.1%; Figure 6), middle-aged adults (OR = 1.24, 95% CI: 1.00–1.54; I2 = 18.6%; Figure 6), and older adults (OR = 1.33, 95% CI: 1.21–1.45; I2 = 65.9%; Figure 6). These findings suggest a notably high risk of depression among individuals with hearing loss in the young and middle-aged groups. Additionally, older adults demonstrate a higher risk of depression compared to both young and middle-aged adults. We conducted a sensitivity analysis, and the results remained robust (Supplementary Figure S6).

[image: Figure 6]

FIGURE 6
 Forest plot of subgroup analysis by age group.





3.6 Publication bias

The funnel plot for hearing loss was relatively symmetrical, indicating no publication bias. Egger’s test (p = 0.213) revealed no bias for hearing loss. The funnel plot is shown in Figure 7.

[image: Figure 7]

FIGURE 7
 Funnel plot for publication bias.





4 Discussion


4.1 Principal findings

This meta-analysis included 24 cohort studies covering 24,304 individuals, which provided a comprehensive evaluation on the association between HL and depression. We found a significant increase in the risk of depression among individuals with HL, with an overall 1.35-fold increase in risk, respectively, compared with non-hearing loss. Through further subgroup analysis, we found that patients with SSNHL have a higher risk of depression compared to those with non-SSNHL. Studies with a follow-up period exceeding 5 years showed a higher risk of depression among patients with hearing loss compared to those with a follow-up period of less than 5 years. Additionally, retrospective cohort studies demonstrated a higher risk of depression among patients with HL compared to prospective studies. And the risk of depression is higher in older adult patients compared to young and middle-aged patients. These findings suggest that hearing loss may be an independent risk factor for depression.



4.2 Comparison with previous studies

Lawrence et al.’s meta-analysis predominantly consisted of cross-sectional studies (24 studies), which, in contrast to cohort studies (11 studies), heavily emphasized associations assessed at a single time point, thus lacking longitudinal inference (43). Therefore, integrating high-quality cohort studies enables us not only to observe longitudinal associations and the chronological order of disease occurrences but also to investigate causal relationships between diseases. Building upon their initial four cohort studies (24, 25, 28, 39), we synthesized recent research to reveal new insights (10, 13, 18, 27, 29–31, 34, 37), confirming that hearing loss remains a risk factor for depression among middle-aged and young populations. Previous research by Keidser et al. (44) have also confirmed that the association between hearing loss and depression extends beyond older adults to include middle-aged individuals. This aligns with our perspective. However, our meta-analysis incorporated a larger number of high-quality cohort studies, providing a more extensive sample size. This revealed that older adults with hearing loss are at a higher risk of depression compared to younger and middle-aged individuals. Zhang et al.’s meta-analysis (20) only included patients with hearing loss assessed through pure-tone audiometry, questionnaires, or self-reports, whereas we expanded upon this foundation by incorporating insurance claims records and hospital diagnostic records (13, 25, 27, 30–32, 35, 41), thus enriching the dataset comprehensively. In contrast to Zhang et al.’s study, we extracted data specifically related to sudden sensorineural hearing loss and identified it as a risk factor for depression, addressing a previously unexplored aspect of the dataset (13, 32, 34). Both the meta-analyses by Lawrence et al. and Zhang et al. lacked investigations into follow-up periods. In contrast, our study revealed that patients with a follow-up period of ≥5 years exhibited a higher risk of depression compared to those with <5 years of follow-up. Overall, compared to previous meta-analyses, our study included a greater number of high-quality cohort studies investigating longitudinal associations between HL and depression. Additionally, we examined findings regarding the relationship between sudden sensorineural hearing loss and the risk of depression across different time frames, thereby deepening our study and addressing gaps in the existing research.

It is important to note that our assessment of different follow-up periods revealed that studies with longer follow-up found a higher risk of depression in individuals with untreated hearing loss compared to those with shorter follow-up periods. The influence of follow-up duration on disease observation depends on several factors. Generally, longer follow-up periods provide a more comprehensive understanding of disease progression, treatment effectiveness, and long-term outcomes. While short-term follow-ups are useful for initial assessments and immediate treatment responses, they may not capture the full spectrum of disease patterns or late-onset complications. In contrast, extended follow-up periods offer valuable insights into the evolution of the disease over time. A recent study on the progression of hearing loss found that, in certain subgroups, the rate of hearing loss progression could reach up to 7.1 dB per year over time (45). Additionally, a long-term follow-up study on childhood hearing loss observed that 40.3% of ears showed some degree of deterioration over a follow-up period of up to 6 years (46). In summary, the duration of follow-up may be a significant factor influencing the results of our study. Our aggregated findings indicate that the pooled OR is higher in study groups with longer follow-up periods compared to those with shorter follow-up times. It is possible that patients currently under shorter follow-up durations may face increased risks if monitored for longer periods; however, there is currently no definitive research to support this hypothesis. Additionally, our study found that the risk of depression in patients with hearing loss was higher in retrospective cohort studies than in prospective cohort studies. This discrepancy may be attributed to differences in sample selection, data collection methods, and reporting biases inherent in the two study designs. In retrospective cohort studies, case selection often relies on hospital diagnostic codes and insurance data, which may include some patients with milder early-stage conditions. Furthermore, retrospective studies tend to report positive outcomes more frequently. Consequently, the pooled OR for retrospective cohort studies is often higher than that of prospective cohort studies. It is also important to recognize that retrospective cohort studies typically have longer follow-up periods, which can be considered an advantage of this design. Therefore, future research should prioritize high-quality prospective cohort studies. Researchers designing these studies should take into account the impact of follow-up duration on disease outcomes, potentially extending the follow-up period where appropriate. To facilitate this, establishing a comprehensive national database with long-term follow-up capabilities may be necessary. Furthermore, our research expanded beyond studies focused solely on older adults to include participants across all age groups. Hearing loss can occur at any stage of life, including childhood (26, 46), though it is more common among older adults. Epidemiological studies have shown a significant increase in the prevalence of hearing problems starting around age 55 (6). Consequently, much of the existing research has concentrated on the relationship between age-related hearing loss and depression in older adults. In reality, early hearing loss is associated with delays in auditory and communicative development (15), which may contribute to social disengagement and subsequent depression during adolescence, adulthood, or even later in life. Additionally, adults with hearing loss often face communication difficulties that can impact their ability to find and maintain employment, leading to social and familial withdrawal (47). This social isolation can ultimately result in depression. Therefore, our research advocates for greater attention not only to hearing loss in older adults but also to its effects in younger and middle-aged individuals, and even in children. Early awareness of hearing deterioration is crucial for understanding its potential impacts on early auditory and language development, as well as on other areas such as social and academic functions (46). We urge future researchers to expand their focus beyond older adults with hearing loss to include younger, middle-aged, and even pediatric populations, despite the challenges in assessing hearing loss and depression in children (48). Early intervention for hearing impairment should be considered across all age groups, whether individuals are children, adolescents, or middle-aged adults.



4.3 Interpretation of findings

To date, several hypotheses exist regarding the risk mechanisms linking HL to the occurrence of depression. For instance, negative emotions associated with hearing impairment, such as feelings of loneliness or social isolation, may contribute to an increased risk of subsequent depression (49, 50). Furthermore, research suggests that hearing deficits could potentially lead to neural cognitive control network atrophy through reduced peripheral input, thereby escalating the risk of depression (17, 40). In a recent study, HL was found to be associated with smaller brain volumes, including total cranial and gray matter volumes, as well as auditory cortex and limbic system volumes (46). This implies that hearing loss might serve as an indicator accelerating brain atrophy. In the sole available neuroimaging study exploring the relationship between hearing impairment and emotion processing, Husain et al. discovered that hearing-impaired individuals exhibited diminished amygdala and parahippocampal responses to emotionally charged sounds from the International Affective Digital Sounds database. Additionally, they showed prolonged reaction times to pleasant and unpleasant (but not neutral) auditory stimuli (51). This may be one of the mechanisms contributing to depression following HL. The findings from our meta-analysis offer valuable insights for both clinicians and individuals with HL. Firstly, they emphasize the importance of advocating for effective HL management. Secondly, by acknowledging the uncertainty regarding the potential link between HL and depression, there is an opportunity to alleviate the psychological burden associated with HL.



4.4 Strengths and limitations

Given the lack of previous meta-analyses, we conducted an extensive analysis of the relationship between hearing loss and depression, examining various factors including age groups, cohort types, follow-up durations, and types of hearing impairment. Our findings revealed differing results across subgroups, yet consistently highlighted a significant correlation between hearing loss and depression. Our research identified that individuals across different age brackets—young, middle-aged, and older adults—with hearing impairment are at increased risk of depression, underscoring the importance of preventive measures, particularly early interventions for younger populations. Despite these insights, our meta-analysis inevitably faces certain limitations. Observational studies inherently carry the risk of confounding biases, despite our efforts to select results from studies that control for confounders to bolster the robustness of our findings. Unlike previous meta-analyses, we exclusively included cohort studies to observe the temporal sequence between hearing loss and depression onset, enhancing the longitudinal and practical relevance of our results while excluding cross-sectional studies incapable of analyzing the temporal order of events. However, our inclusion of a substantial number of retrospective cohorts means that recall biases cannot be entirely eliminated. Therefore, future research should prioritize more rigorous prospective cohort designs to address this shortfall and.




5 Conclusion

Our updated meta-analysis revealed a heightened risk of depression associated with HL. However, significant heterogeneity was observed, and the underlying mechanism remains unclear. Nonetheless, additional studies are required to validate the pathophysiological mechanisms driving this phenomenon.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Author contributions

JW: Validation, Visualization, Writing – review & editing, Formal analysis, Investigation, Methodology, Software, Writing – original draft. YL: Conceptualization, Data curation, Investigation, Writing – review & editing, Software, Validation, Supervision. XG: Supervision, Validation, Writing – review & editing, Visualization.



Funding

The author(s) declare that no financial support was received for the research, authorship, and/or publication of this article.



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/fneur.2024.1446262/full#supplementary-material



References

 1. Beck, A, Dryburgh, N, Bennett, A, Shaver, N, Esmaeilisaraji, L, Skidmore, B , et al. Screening for depression in children and adolescents in primary care or non-mental health settings: a systematic review update. Syst Rev. (2024) 13:48. doi: 10.1186/s13643-023-02447-3

 2. Friedrich, MJ. Depression is the leading cause of disability around the world. JAMA. (2017) 317:1517. doi: 10.1001/jama.2017.3826

 3. World Health Organization. The World Health Organization data from: depressive disorder (depression). (2023). Available at: https://www.who.int/news-room/fact-sheets/detail/depression.

 4. Fiske, A, Wetherell, JL, and Gatz, M. Depression in older adults. Annu Rev Clin Psychol. (2009) 5:363–89. doi: 10.1146/annurev.clinpsy.032408.153621 

 5. Gore, FM, Bloem, PJ, Patton, GC, Ferguson, J, Joseph, V, Coffey, C , et al. Global burden of disease in young people aged 10-24 years: a systematic analysis. Lancet. (2011) 377:2093–102. doi: 10.1016/S0140-6736(11)60512-6

 6. World Health Organization. The World Health Organization data from: adolescent and young adult health. (2023). 62. Available at: http://who.int/news-room/fact-sheets/detail/adolescents-health-risks-and-solutions.

 7. Malhi, GS, and Mann, JJ. Depression. Lancet. (2018) 392:2299–312. doi: 10.1016/S0140-6736(18)31948-2

 8. Saveanu, RV, and Nemeroff, CB. Etiology of depression: genetic and environmental factors. Psychiatr Clin North Am. (2012) 35:51–71. doi: 10.1016/j.psc.2011.12.001

 9. Talarowska, M. Epigenetic mechanisms in the neurodevelopmental theory of depression. Depress Res Treat. (2020) 2020:6357873–9. doi: 10.1155/2020/6357873 

 10. Hsu, WT, Hsu, CC, Wen, MH, Lin, HC, Tsai, HT, Su, P , et al. Increased risk of depression in patients with acquired sensory hearing loss: a 12-year follow-up study. Medicine (Baltimore). (2016) 95:e5312. doi: 10.1097/MD.0000000000005312 

 11. Li, CM, Zhang, X, Hoffman, HJ, Cotch, MF, Themann, CL, and Wilson, MR. Hearing impairment associated with depression in US adults, National Health and nutrition examination survey 2005-2010. JAMA Otolaryngol Head Neck Surg. (2014) 140:293–302. doi: 10.1001/jamaoto.2014.42 

 12. Li, X, Liu, L, Luo, N, Sun, Y, Bai, R, Xu, X , et al. Association of changes in self-reported vision and hearing impairments with depressive symptoms in middle-aged and older adults: evidence from a nationwide longitudinal study in China. Arch Gerontol Geriatr. (2024) 116:105131. doi: 10.1016/j.archger.2023.105131 

 13. Tseng, CC, Hu, LY, Liu, ME, Yang, AC, Shen, CC, and Tsai, SJ. Risk of depressive disorders following sudden sensorineural hearing loss: a nationwide population-based retrospective cohort study. J Affect Disord. (2016) 197:94–9. doi: 10.1016/j.jad.2016.03.020 

 14. Olusanya, BO, Neumann, KJ, and Saunders, JE. The global burden of disabling hearing impairment: a call to action. Bull World Health Organ. (2014) 92:367–73. doi: 10.2471/BLT.13.128728 

 15. Tomblin, JB, Harrison, M, Ambrose, SE, Walker, EA, Oleson, JJ, and Moeller, MP. Language outcomes in young children with mild to severe hearing loss. Ear Hear. (2015) 36:76S–91S. doi: 10.1097/AUD.0000000000000219 

 16. Wilson, BS, Tucci, DL, Merson, MH, and O'Donoghue, GM. Global hearing health care: new findings and perspectives. Lancet. (2017) 390:2503–15. doi: 10.1016/S0140-6736(17)31073-5 

 17. Peelle, JE, Troiani, V, Grossman, M, and Wingfield, A. Hearing loss in older adults affects neural systems supporting speech comprehension. J Neurosci. (2011) 31:12638–43. doi: 10.1523/JNEUROSCI.2559-11.2011 

 18. Butters, MA, Whyte, EM, Nebes, RD, Begley, AE, Dew, MA, Mulsant, BH , et al. The nature and determinants of neuropsychological functioning in late-life depression. Arch Gen Psychiatry. (2004) 61:587–95. doi: 10.1001/archpsyc.61.6.587

 19. Lawrence, BJ, Jayakody, D, Bennett, RJ, Eikelboom, RH, Gasson, N, and Friedland, PL. Hearing loss and depression in older adults: a systematic review and Meta-analysis. Gerontologist. (2020) 60:e137–54. doi: 10.1093/geront/gnz009 

 20. Zhang, ZQ, Li, JY, Ge, ST, Ma, TY, Li, FY, Lu, JL , et al. Bidirectional associations between sensorineural hearing loss and depression and anxiety: a meta-analysis. Front Public Health. (2023) 11:1281689. doi: 10.3389/fpubh.2023.1281689 

 21. Page, MJ, McKenzie, JE, Bossuyt, PM, Boutron, I, Hoffmann, TC, Mulrow, CD , et al. The PRISMA 2020 statement: an updated guideline for reporting systematic reviews. BMJ. (2021) 372:n71. doi: 10.1136/bmj.n71 

 22. Xie, W, Wang, Y, Xiao, S, Qiu, L, Yu, Y, and Zhang, Z. Association of gestational diabetes mellitus with overall and type specific cardiovascular and cerebrovascular diseases: systematic review and meta-analysis. BMJ. (2022) 378:e070244. doi: 10.1136/bmj-2022-070244 

 23. Amieva, H, Ouvrard, C, Meillon, C, Rullier, L, and Dartigues, JF. Death, depression, disability, and dementia associated with self-reported hearing problems: a 25-year study. J Gerontol A Biol Sci Med Sci. (2018) 73:1383–9. doi: 10.1093/gerona/glx250 

 24. Boorsma, M, Joling, K, Dussel, M, Ribbe, M, Frijters, D, van Marwijk, HW , et al. The incidence of depression and its risk factors in Dutch nursing homes and residential care homes. Am J Geriatr Psychiatry. (2012) 20:932–42. doi: 10.1097/JGP.0b013e31825d08ac 

 25. Brewster, KK, Ciarleglio, A, Brown, PJ, Chen, C, Kim, HO, Roose, SP , et al. Age-related hearing loss and its association with depression in later life. Am J Geriatr Psychiatry. (2018) 26:788–96. doi: 10.1016/j.jagp.2018.04.003

 26. Butcher, E, Cortina-Borja, M, Dezateux, C, and Knowles, R. The association between childhood hearing loss and self-reported peer victimisation, depressive symptoms, and self-harm: longitudinal analyses of a prospective, nationally representative cohort study. BMC Public Health. (2022) 22:1045. doi: 10.1186/s12889-022-13457-6 

 27. Choi, JW, and Han, E. Risk of new-onset depressive disorders after hearing impairment in adults: a nationwide retrospective cohort study. Psychiatry Res. (2021) 295:113351. doi: 10.1016/j.psychres.2020.113351 

 28. Chou, KL. Combined effect of vision and hearing impairment on depression in older adults: evidence from the English longitudinal study of ageing. J Affect Disord. (2008) 106:191–6. doi: 10.1016/j.jad.2007.05.028 

 29. Cosh, S, Carriere, I, Daien, V, Amieva, H, Tzourio, C, Delcourt, C , et al. The relationship between hearing loss in older adults and depression over 12 years: findings from the Three-City prospective cohort study. Int J Geriatr Psychiatry. (2018) 33:1654–61. doi: 10.1002/gps.4968 

 30. Killeen, OJ, Xiang, X, Powell, D, Reed, NS, Deal, JA, Swenor, BK , et al. Longitudinal associations of self-reported visual, hearing, and dual sensory difficulties with symptoms of depression among older adults in the United States. Front Neurosci. (2022) 16:786244. doi: 10.3389/fnins.2022.786244 

 31. Kim, HJ, Jeong, S, Roh, KJ, Oh, YH, and Suh, MJ. Association between hearing impairment and incident depression: a nationwide follow-up study. Laryngoscope. (2023) 133:3144–51. doi: 10.1002/lary.30654

 32. Kim, JY, Lee, JW, Kim, M, Kim, MJ, and Kim, DK. Association of idiopathic sudden sensorineural hearing loss with affective disorders. JAMA Otolaryngol Head Neck Surg. (2018) 144:614–21. doi: 10.1001/jamaoto.2018.0658 

 33. Kim, SY, Kim, HJ, Park, EK, Joe, J, Sim, S, and Choi, HG. Severe hearing impairment and risk of depression: a national cohort study. PLoS One. (2017) 12:e0179973. doi: 10.1371/journal.pone.0179973 

 34. Kim, SY, Min, C, Lee, CH, Park, B, and Choi, HG. Bidirectional relation between depression and sudden sensorineural hearing loss: two longitudinal follow-up studies using a national sample cohort. Sci Rep. (2020) 10:1482. doi: 10.1038/s41598-020-58547-w 

 35. Lisan, Q, van Sloten, TT, Lemogne, C, Offredo, L, Climie, RE, Boutouyrie, P , et al. Association of Hearing Impairment with incident depressive symptoms: a community-based prospective study. Am J Med. (2019) 132:1441–1449.e4. doi: 10.1016/j.amjmed.2019.05.039

 36. Liu, W, Yang, C, Liu, L, Kong, G, and Zhang, L. Bidirectional associations of vision loss, hearing loss, and dual sensory loss with depressive symptoms among the middle-aged and older adults in China. J Affect Disord. (2022) 301:225–32. doi: 10.1016/j.jad.2022.01.066 

 37. Liu, YG, Wang, CC, Huang, Q, Zhang, L, and Liu, Y. Association of vision and hearing status with depressive symptoms among middle-aged and older Chinese adults. Front Public Health. (2022) 10:857307. doi: 10.3389/fpubh.2022.857307 

 38. Lu, Z, Yu, D, Wang, L, and Fu, P. Association between depression status and hearing loss among older adults: the role of outdoor activity engagement. J Affect Disord. (2024) 345:404–9. doi: 10.1016/j.jad.2023.10.050 

 39. Pronk, M, Deeg, DJ, Smits, C, van Tilburg, TG, Kuik, DJ, Festen, JM , et al. Prospective effects of hearing status on loneliness and depression in older persons: identification of subgroups. Int J Audiol. (2011) 50:887–96. doi: 10.3109/14992027.2011.599871 

 40. Saito, H, Nishiwaki, Y, Michikawa, T, Kikuchi, Y, Mizutari, K, Takebayashi, T , et al. Hearing handicap predicts the development of depressive symptoms after 3 years in older community-dwelling Japanese. J Am Geriatr Soc. (2010) 58:93–7. doi: 10.1111/j.1532-5415.2009.02615.x 

 41. Simning, A, Fox, ML, Barnett, SL, Sorensen, S, and Conwell, Y. Depressive and anxiety symptoms in older adults with auditory, vision, and dual sensory impairment. J Aging Health. (2019) 31:1353–75. doi: 10.1177/0898264318781123 

 42. Yu, A, and Liljas, AEM. The rela association between depression status and hearing loss among older adults:the role of outdoor activity engagementtionship between self-reported sensory impairments and psychosocial health in older adults: a 4-year follow-up study using the English longitudinal study of ageing. Public Health. (2019) 169:140–8. doi: 10.1016/j.puhe.2019.01.018

 43. Sedgwick, P. Convenience sampling. BMJ. Br Med J. (2013) 347:f6304. doi: 10.1136/bmj.f6304

 44. Keidser, G, and Seeto, M. The influence of social interaction and physical health on the association between hearing and depression with age and gender. Trends Hear. (2017) 21:1536249189. doi: 10.1177/2331216517706395 

 45. Sakata, A, Kashio, A, Koyama, M, Urata, S, Koyama, H, and Yamasoba, T. Hearing and hearing loss progression in patients with GJB2 gene mutations: a long-term follow-up. Int J Mol Sci. (2023) 24:24. doi: 10.3390/ijms242316763 

 46. Fitzpatrick, EM, Hashem, R, Whittingham, J, and Nassrallah, F. Long-term follow-up of children with hearing loss that is minimally progressive. Int J Audiol. (2023) 62:1–9. doi: 10.1080/14992027.2023.2211738 

 47. Hogan, A, O'Loughlin, K, Davis, A, and Kendig, H. Hearing loss and paid employment: Australian population survey findings. Int J Audiol. (2009) 48:117–22. doi: 10.1080/14992020802449008 

 48. Maxon, AB, and Hochberg, I. Development of psychoacoustic behavior: sensitivity and discrimination. Ear Hear. (1982) 3:301–8. doi: 10.1097/00003446-198211000-00003

 49. Eysenck, MW, and Fajkowska, M. Anxiety and depression: toward overlapping and distinctive features. Cogn Emot. (2018) 32:1391–400. doi: 10.1080/02699931.2017.1330255 

 50. McKenna, L, Handscomb, L, Hoare, DJ, and Hall, DA. A scientific cognitive-behavioral model of tinnitus: novel conceptualizations of tinnitus distress. Front Neurol. (2014) 5:196. doi: 10.3389/fneur.2014.00196 

 51. Husain, FT, Carpenter-Thompson, JR, and Schmidt, SA. The effect of mild-to-moderate hearing loss on auditory and emotion processing networks. Front Syst Neurosci. (2014) 8:10. doi: 10.3389/fnsys.2014.00010 


Copyright
 © 2024 Wei, Li and Gui. 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.

OPS/xhtml/Nav.xhtml




Contents





		Cover



		Association of hearing loss and risk of depression: a systematic review and meta-analysis



		1 Introduction



		2 Methods



		2.1 Data sources



		2.2 Eligibility criteria



		2.3 Study selection



		2.4 Data extraction



		2.5 Risk of bias



		2.6 Statistical analysis









		3 Results



		3.1 Study selection



		3.2 Study characteristics



		3.3 Quality assessment



		3.4 Any hearing loss and depression risk



		3.5 Subgroup analysis



		3.5.1 Study type



		3.5.2 Hearing loss type



		3.5.3 Follow-up years



		3.5.4 Age group









		3.6 Publication bias









		4 Discussion



		4.1 Principal findings



		4.2 Comparison with previous studies



		4.3 Interpretation of findings



		4.4 Strengths and limitations









		5 Conclusion



		Data availability statement



		Author contributions



		Funding



		Conflict of interest



		Publisher’s note



		Supplementary material



		References



















OPS/images/cover.jpg
& frontiers | Frontiers in Neurology

Association of hearing loss and
risk of depression: a systematic
review and meta-analysis












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
, frontiers Frontiers in Neurology






OPS/images/fneur-15-1446262-g005.jpg
Study
D

<5-year

A. Yu (2019)

Adam Simning (2019)
Chuan-Ming Li (2014)
Hideyuki Saito (2010)
Kee-Lee Chou (2008)
Marieke Pronk (2011)
Marijke Boorsma (2012)
So Young Kim (2020)
Wenwen Liu (2022)
Xueying Li (2024)
Subtotal (I-squared = 31.4%, p = 0.157)

25-year

Chih-Chieh Tseng (2016)
Emma Butcher (2022)
Hélene Amieva (2018)

Hye Jun Kim (2023)

Jae Woo Choi (2021)
Jong-Yeup Kim (2018)
Katharine K. Brewster (2018)
Olivia J. Killeen (2022)
Quentin Lisan (2019)

So Young Kim (2017)
Suzanne Cosh (2018)
Wei-Ting Hsu (2016)
Yun-Guang Liu (2022)
Subtotal (I-squared = 79.8%, p = 0.000)

NOTE: Weights are from random effects analysis

ohhﬁ{“*w <>+++*

H{{H

OR (95% Cl)

1.35 (1.07, 1.71)
1.36 (1.07, 1.73)
1.70 (1.31, 2.21)
2.81(1.30, 6.07)
1.14 (0.87, 1.50)
1.2 (1.03, 1.44)
1.00 (0.74, 1.35)
1.29 (1.06, 1.57)
1.2 (1.08, 1.38)
1.29 (1.15, 1.45)
1.28 (1.19, 1.39)

218 (1.55, 3.07)
1.32 (1.09, 1.60)
1.28 (1.11, 1.48)
1.41(1.01, 1.21)
1.38 (1.23, 1.55)
1.66 (1.4, 1.91)
1.85 (1.16, 2.96)
0.98 (0.82, 1.18)
1.36 (1.06, 1.74)
1.37 (1.24, 1.52)
1.36 (1.15, 1.61)
1.73 (1.49, 2.00)
1.49 (1.07, 2.07)
1.39 (1.26, 1.54)

%
Weight

8.48
8.03
7.09
1.01
6.71
13.59
5.75
10.95
18.65
19.75
100.00

T
165

6.07





OPS/images/fneur-15-1446262-g006.jpg
Study %
ID OR(95% Cl)  Weight
Older adults
Adam Simning (2019) —_ 1.36 (1.07, 1.73) 6.10
Chih-Chieh Tseng (2016) —_— 1.36 (0.65, 2.86) 1.25
Héléne Amieva (2018) 3 1.28 (1.1, 1.48) 8.70
Hideyuki Saito (2010) ——————— 281(1.30,6.07)1.18
Hye Jun Kim (2023) = 1.15(1.01, 1.30) 9.19
Jae Woo Choi (1) (2019) - 1.41(1.19,1.67)7.94
Jae Woo Choi (2) (2019) - 1.67 (1.40,2.00) 7.71
Katharine K. Brewster (2018) —_— 1.85(1.16, 2.96) 2.71
Kee-Lee Chou (2008) —t— 1.14 (0.87, 1.50) 5.45
Marieke Pronk (2011) —— 122 (1.03,1.44) 8.08
Marijke Boorsma (2012) —_— 1.00 (0.74, 1.35)4.93
Olivia J. Killeen (2022) — 0.98 (0.82, 1.18) 7.64
So Young Kim(3) (2020) ——— 1.21(0.84, 1.74) 3.86
Suzanne Cosh (2018) — 1.36 (1.15, 1.61) 8.02
Wei-Ting Hsu (2016) = 178 (1.46,2.17)7.21
Zhihong Lu (2024) el 1.40 (1.28, 1.54) 10.03
Subtotal (I-squared = 65.9%, p = 0.000) I} 1.33 (1.21, 1.45) 100.00
Young adults
Emma Butcher (2022) —o— 1.32 (1.09, 1.60) 53.30
Jae Woo Choi (3) (2019) —l 0.62 (0.31, 1.25) 19.57
So Young Kim(1) (2020) — = 1.35(0.78, 2.32) 27.12
Subtotal (I-squared = 52.1%, p = 0.124) - 1.15(0.79, 1.67) 100.00
Middle-aged adults
Jae Woo Choi (4) (2019) — 1.15(0.92, 1.44) 68.08
So Young Kim(2) (2020) — 1.46 (1.02, 2.09) 31.92
Subtotal (I-squared = 18.6%, p = 0.268) <= 1.24 (1.00, 1.54) 100.00
NOTE: Weights are from random effects analysis
T T
165 1 6.07





OPS/images/fneur-15-1446262-g003.jpg
Study
D

Retrospective cohort study
A. Yu (2019)

Chih-Chieh Tseng (2016)
Jae Woo Choi (2021)
Jong-Yeup Kim (2018)
Marijke Boorsma (2012)
So Young Kim (2020)

So Young Kim (2017)
Wei-Ting Hsu (2016)
Xueying Li (2024)

Subtotal (I-squared = 70.8%, p = 0.001)

Prospective cohort study
Adam Simning (2019)
Chuan-Ming Li (2014)
Emma Butcher (2022)
Hélene Amieva (2018)
Hideyuki Saito (2010)
Katharine K. Brewster (2018)

%
OR(95%Cl)  Weight

1.35(1.07,1.71) 8.82
218 (1.55, 3.07) 5.67
1.38 (1.23, 1.55) 14.19
1.66 (1.4, 1.91) 12.87
1.00 (0.74, 1.35) 6.73
1.29 (1.06, 1.57) 10.34
1.37 (1.24,1.52) 14.71
1.73 (1.49, 2.00) 12.58
1.29 (1.15, 1.45) 14.07
1.43 (130, 1.58) 100.00

1.36 (1.07, 1.73) 6.08
1.70(1.31,2.21) 5.48
1.32 (1.09, 1.60) 8.01
1.28 (1.1, 1.48) 10.40
2.81(1.30,6.07) 0.90
1.85 (1.16, 2.96) 2.22

wu{i 0++++*++}{

Kee-Lee Chou (2008) —f— 1.14 (0.87, 1.50) 5.23
Marieke Pronk (2011) | —— 1.22(1.03, 1.44) 9.22
Olivia J. Killeen (2022) —_— 0.98 (0.82, 1.18) 8.46
Quentin Lisan (2019) —— 1.36 (1.06, 1.74) 6.02
Suzanne Cosh (2018) E 3 1.36 (1.15,1.61) 9.12
Wenwen Liu (2022) —— 1.22(1.08, 1.38) 11.56
Yun-Guang Liu (2022) - 1.49 (1.07,2.07) 3.95
Zhihong Lu (2024) <= 1.40 (1.28, 1.54) 13.34
Subtotal (--squared = 49.1%, p = 0.020) O 1.31(1.22, 1.42) 100.00
NOTE: Weights are from random effects analysis
T T
165 1 6.07





OPS/images/fneur-15-1446262-g004.jpg
Study
D

Non-SSNHL

A. Yu (2019)

Adam Simning (2019)
Chuan-Ming Li (2014)
Emma Butcher (2022)
Hélene Amieva (2018)
Hideyuki Saito (2010)
Hye Jun Kim (2023)
Jae Woo Choi (2021)
Katharine K. Brewster (2018)
Kee-Lee Chou (2008)
Marieke Pronk (2011)
Marije Boorsma (2012)
Olivia J. Kileen (2022)
Quentin Lisan (2019)
S0 Young Kim (2017)
Suzanne Cosh (2018)
Wei-Ting Hsu (2016)
Wenwen Liu (2022)
Xueying Li (2024)
Yun-Guang Liu (2022)
Zhihong Lu (2024)
Subtotal (I-squared = 64.9%, p = 0.000)

SSNHL
Chih-Chieh Tseng (2016)

Jong-Yeup Kim (2018)

So Young Kim (2020)

Subtotal (-squared = 74.9%, p = 0.019)

NOTE: Weights are from random effects analysis

f
o, At |

H}UV{H

OR(95% CI)

1.35(1.07,1.71)
1.36 (1.07,1.73)
1.70(1.31,2.21)
1.32(1.09, 1.60)
1.28 (1.11,1.48)
2.81(1.30,6.07)
1.11(1.01,1.21)
1.38 (1.23, 1.55)
1.85 (1.16, 2.96)
1.14 (087, 1.50)
1.22(1.03, 1.44)
1.00 (0.74, 1.35)
0.98(0.82,1.18)
1.36 (1.06, 1.74)
1.37 (1.24,1.52)
1.36 (1.15,1.61)
1.73 (1.49, 2.00)
1.22(1.08, 1.38)
1.29 (1.15, 1.45)
149 (1.07,2.07)
1.40 (128, 1.54)
1.32 (1.24, 1.40)

2.18(1.55,3.07)
1.6 (1.44,1.91)
1.29(1.06, 1.57)
1,62 (1.27,2.07)

%
Weight

3.94
378
345
480
5.97
0.62
7.36
6.78
1.50
331
5.41
293
5.03
3.75
7.07
5.36
5.89
6.50
6.71
257
727
100.00

2431
40.06
35.62
100.00

T
165

6.07





OPS/images/fneur-15-1446262-g007.jpg
seLN(OR)

2
L

Funnel plot with pseudo 95% confidence limits

e

LN (OR)






OPS/images/fneur-15-1446262-t001.jpg
Author Country Study Sample  follow-up Case Hearing Depression  Confounders adjusted

type size time number loss type  type
(years)
AYuetal 2019 United Retrospective 3931 ayears 188 Hearingloss  Depression Age, sex, cohabitation, education, wealth, | 64:8.4years 7
Kingdom cohort study physical activity, smoking, BMI and chronic

illness, mobility limitations and cognition

Adam Simning 2019 United States | Prospective 7,505 Iyear 387 Hearingloss | Depression Age, sex, marital status, raceethnicity, >65years 6

etal. cohort study education, social contacts, medical

instrumental activities of daily iving

Chih-Chich 2016 Taiwan, China | Retrospective 8585 8years st Sudden Depression Age, sex, common comorbidities (including | 51years 7
Toeng etal. cohort Study sensorineural hypertension, diabetes melltus, (interquartile
hearing loss dyslipidemia, coronary artery disease, rang)

congestive heart failure, hyperthyroidism,
hypothyroidism, cerebrovascular disease,

and malignancy), urbani

ion and monthly

income
Chuan-Ming 2014 United States | Prospective 18318 ayears 3649 Hearingloss | Depression Age, sex, race/ethnicity, marriage, living 218 years 7
Lietal cohort study alone, educational level, income, health

insurance, body mass index, smoking, binge
drinking, self-reported health status,
cardiovascular disease, cancer, diabetes
‘mellitus, hypertension, sleep disorder, and

trouble seeing

Emma Butcher 2022 United Prospective 10,858 14years 3,003 Hearing loss Depression Sampling design and attrition, and include Ages 9 months, 6
etal. Kingdom cohort study imputed data for missing values (0 forsex | 3,5,7, 11, and
and ethnic background, 2 for parental lyears

education, 32 for maternal age, 44 for NICU,
2217 for LLIL and 3,571 for HL)

Hélene 2018 French Prospective 3,080 25years 181 Hearingloss ~ Depression Age, diabetes, hypertension, myocardial | 75368 years 7
Amieva etal cohort study infarction, cerebrovascular disease, obesity,

depression, income tertile, and education
Hideyuki Saito 2010 Japan Prospective 548 2years 2 Age-related Depression Age, sex, education, living circum-stances, | >60years 8
etal cohort study hearing loss lifestyle factors, history of illnesses, vision

impairment, objective hearing loss

Hye Jun Kim 2023 Korea Prospective 254,466 16years 91 Hearingloss  Depression Age, sex, houschold income, body mass 69529 8 years 8
etal. cohort study indesx, type 2 diabetes mellitus, and
and hypertension, dyslipidemia, and smoking | 54.5+6.5years
retrospective

cohort study
Jae Woo Choi 2021 Korea Retrospective 14212 12years 3553 Hearingloss  Depression Sex, age, index year, comorbidities, history | 220 years 8
etal. cohort study of depression, household income, insurance

type, and residential area

Jong-Yeup 2018 Korea Retrospective 8850 Iyears 25 Idiopathic Depression Age, sex, residential area, household <45years, 45~ 7
Kimetal, cohort study sudden income, and comorbidities 6dyears,
sensorineural >64years

hearing loss

Katharine K. 2018 United States | Prospective 1,204 10years 180 Hearing Depression Age, race, gender, education 70-79 7
Brewster cohort study Impairment

Kee-Lee Chou 2008 United Prospective 3782 2years 1,198 Hearingloss  Depression Age, sex, marital status, education, >65years 8
etal. Kingdom cohort study employment, income, llnesses, physical

impairment, lifestyle factors, family support

Marieke Pronk 2011 Netherlands | Prospective 3,107 Iyear 1821 Hearingloss  Depression Education, income, self-reported vision, 74.50years 6
etal. cohort study diseases, cogition (Mean age)

Marijke 2012 Netherlands | Retrospective 3,047 2years 1486and 947 | Hearingloss | Depression None 260years 5
Boorsma et al. cohort Study

Olivia . 2022 United States | Prospective 7,593 Syears Hearingloss | Depression Sex, racefethnicity, and highest education, 265 years 8
Killeen etal. cohort study age, dementia status, number of chronic

‘medical conditions, Medicaid eligibility,
proxy respondent, and survey round
Quentin Lisan 2019 France Prospective 7591 6years 479 Hearingloss  Depression Age, sex, physical activity, body mass index, | 59.8:£6.3years 9
etal cohort study diabetes, hypertension, prevalent
cardiovascular disease, alcohol
consumption, smoking status, education

level, and living alone

So Young Kim 2020 Korea Retrospective 21640 ayears 332 Sudden Depression Age, income, and region of residence were | 20-80years 7
etal. cohort study sensorineural classified as previous studies
hearing loss
S0 Young Kim 2017 Korea Retrospective 30,680 Iyears 487 Hearingloss  Depression Age, sex, income, region of residence, All 8
etes, and

etal. cohort study dementia, hypertension,

Suzanne Cosh 2018 French Prospective 8344 12years 1484 Hearingloss (1) Major Sex, age, center, education, income, marital | 74.2+5.5 years 9
etal. cohort study depressive status, psychotropic medication use, MMSE,

disorder functional ability, falls, BMI, hypertension,

(2) Depression~ diabetes, smoking, alcohol consumption,

symptoms and history of stroke and myocardia

citron
Wei-Ting Hsu 2016 ‘Taiwan, China | Retrospective 25215 12years 73 Acquired Depression Age, sex, and comorbidities of cirrhosis, | All 7
etal. cohort study sensory hypertension, hyperlipidemia, diabetes
hearing loss ‘mellitus, asthma, chronic kidney disease,

coronary artery disease, alcohol-related
illness, anxiety, COPD and stroke, and

‘medication of steroid

Wenwen Liu 2022 China Prospective 13,690 4years 1231 Hearingloss | Depression Age, sex, education, area of residence, 58.7+9.4years 8
etal. cohort study ‘marital status, household income, smoking,

drinking, BMI, hypertension, diabetes, and

cvD
Xueying Li 2024 China Retrospective 10,050 3years 8§75 Hearingloss | Depression Demographic characteristics, 58.9+9.2years 8
etal. cohort study socioeconomic status, lifestyle, and health-

related factors

Yun-Guang 2022 China Prospective 9,492 Tyears 363 Hearingloss | Depression Age, sex, residence, marital status, smoking | 58.12:9.0years 8
Liuetal. cohort study history, alcohol consumption history,

hypertension, diabetes, heart disease,

digestive disease, and arthritis; wearing

glasses and hearing aids
Zhihong Lu 2024 China Prospective 12333 1,398 Hearingloss | Depression Age, hukou, gender, marital status, income, | 60-80years 6
etal. cohort study educational attainment, smoking, and

drinking were added

BMI, body mass index; COPD, chronic obstructive pulmonary disease; CVD, cardiovascular disease; HL, hearing loss; LLL limb loss indicator; MMSE, mini-mental state examination; NICU,
neonatal intensive care unit.





OPS/images/fneur-15-1446262-g001.jpg
Records identified from
database searching:

Records removed before

ing:
PubMed (n =421) S -
Embase (n =1499) Dupllcate(r[:et_;;[,gj removed
Cochran Library (n =74) i
(Total n =1994)
Records screened i R_ecor:s 9)I(cluded by
(n=1721) reviewing the title summary
(n=1652)
Reports sought for retrieval Reports not retrieved
(n =69) (n=0)
Reports assessed for Reports excluded:
eligibility Not cohort (n =27)
(n=69) Without interested outcome

(n=12)
Conference abstract (n =4)
Only data related to anxiety
(n=2)
etc.

Reports of included studies
(n=24)






OPS/images/fneur-15-1446262-g002.jpg
Study
D

A. Yu (2019)

Adam Simning (2019)
Chih-Chieh Tseng (2016)
Chuan-Ming Li (2014)
Emma Butcher (2022)
Héléne Amieva (2018)
Hideyuki Saito (2010)
Hye Jun Kim (2023)

Jae Woo Choi (2021)
Jong-Yeup Kim (2018)
Katharine K. Brewster (2018)
Kee-Lee Chou (2008)
Marieke Pronk (2011)
Marijke Boorsma (2012)
Olivia J. Killeen (2022)
Quentin Lisan (2019)

So Young Kim (2020)

So Young Kim (2017)
Suzanne Cosh (2018)
Wei-Ting Hsu (2016)
Wenwen Liu (2022)
Xueying Li (2024)
Yun-Guang Liu (2022)
Zhihong Lu (2024)
Overall (l-squared = 69.6%, p = 0.000)

NOTE: Weights are from random effects analysis
T

t

t { t f'{

1.1.}.

___0*14 t }.* m **{{

%
OR(95%Cl)  Weight
1.35(1.07, 1.71) 363
1.36 (1.07, 1.73) 3.50
218 (1.55,3.07) 235
170 (1.31,221) 322
1.32 (1.09, 1.60) 4.31
1.28 (1.1, 1.48) 5.19
2.81(1.30,6.07) 063
1.41(1.01,121) 6.6
1.38 (1.23,1.55) 5.76
1.66 (1.44,1.91) 524
1.85 (1.16, 2.96) 1.48
1.14 (0.87,150) 3.10
1.22(1.03,1.44) 4.77
1.00 (0.74, 1.35) 2.78
0.98 (0.82,1.18) 4.49
1.36 (1.06, 1.74) 3.47
1.29(1.06, 1.57) 4.24
1.37 (1.24,152) 5.96
1.36(1.15,1.61) 4.74
1.73(1.49,2.00) 5.13
1.22 (1.08, 1.38) 5.57
1.29(1.15,1.45) 571
1.49 (1.07,2.07) 2.46
1.40 (1.28, 1.54) 6.10
1.35 (1.27, 1.44) 100.00

165

6.07





