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ABSTRACT 

Background and objectives: Age-related hearing loss (ARHL) is the third leading 

cause of years lived with disability. Connections among ARHL, depressive symptoms, 

social engagement and cognitive status are increasingly reported but the underlying 

mechanisms leading to these relationships are largely unknown. Exploring these 

mechanisms is a worthy goal, especially in older adults. This study aimed to examine 

the mediating effect of social engagement and depressive symptoms on the relationship 

between ARHL and cognitive status. 

Methods: Structural equation modelling (SEM) with path analysis were performed 

with data from a cross-sectional study conducted in 11 community centers in 2021, 

which assessed older adults’ intrinsic and sensory capacities using the WHO ICOPE 

framework. Demographic information, health profile, a binary measure of hearing 

capacity, depressive symptoms, social engagement, and cognitive status of participants 

were gathered.  

Results: A total of 304 participants were included. ARHL was positively associated 

with depressive symptoms (β=0.18, p=0.009) and negatively related to social 

enagegement (β= -0.13, p=0.026). Social engageemnt was positively associated with 

cognitive status (β=0.17, p=0.005) and negatively associated with depressive symptoms 

(β= -0.23, p<0.001). Greater depressive sympptoms were negatively associated with 

the participants’ cognition (β= -0.13, p=0.009). Both social engagement (β= -0.02, 

p=0.029) and depressvive sympotms (β= -0.02, p=0.032) mediated the negative 

associations between ARHL and cognitive status. 
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Conclusions: Addressing hearing loss, depressive symptoms, and enhancing social 

engagement should be investigated as a potential means of minimizing cognitive 

decline. Well-designed studies are needed to comprehensively inform the clinical 

practice development, particularly large prospective studies that will facilitate further 

elucidate possible causal mechanisms behind these observed associations.  

KEYWORDS 

Age-related hearing loss; cognition; social engagement; depressive symptoms; older 

adult 

 
Key Points: 

• Our findings highlight the potential risks of age-related hearing loss (ARHL), 
less social engagement and depressive symptoms on cognitive decline among 
older adults.   

• Social engagement and depressive symptoms mediated the negative 
associations between ARHL and cognitive status. If people have both ARHL 
and depressive symptoms or both ARHL and social disengagement, the risks of 
cognitive impairment could increase. 

• Treating hearing loss, addressing depressive symptoms, and enhancing social 
engagement should be investigated as a potential means of minimizing 
cognitive decline. 
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INTRODUCTION  

Presbycusis or age-related hearing loss (ARHL) is the third leading cause of years lived 

with disability 1. While historically treated as a benign effect of aging, ARHL has been 

recently associated with cognitive decline and dementia 2 3. Greater ARHL is associated 

with increased loneliness 4, decreased communication, less social engagement and 

depression in older adults 5. Older adults with decreased social engagement also 

reported worse scores on measures of depressive symptoms 6. 

ARHL is a gradual, progressive and bilateral symmetric sensorineural hearing loss 

with an incidence that increases significantly with age 7. According to the World Report 

on Hearing, approximately 70% of people over the age of 70 (>8.3 million people) have 

ARHL8. Epidemiological data regarding the prevalence of ARHL is limited in the 

Chinese population. In the 2013 census report of Hong Kong on disabilities and chronic 

diseases, the number of people with self-reported hearing difficulty increased from 

92,200 (or 1.3% of the total population) in 2007 to 155,200 (or 2.2% of the total 

population) in 2013. There were 128,900 people aged 60 and above (21.8% of the total 

population) reported hearing difficulty and the prevalence of ARHL was high among 

people over the age of 70 and above (14.2% of the total population) 9. 

     ARHL is a multifactorial condition that can be impacted by a combination of 

intrinsic factors, such as genetic predisposition as well as extrinsic factors, such as 

environmental noise exposures, cardiovascular risk factors 10, living alone 11, and 

educational level 12. ARHL is irreversible and the existing hearing interventions mainly 

include hearing aids and cochlear implantation combined with auditory rehanilitation. 
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Despite the high prevalence of ARHL, treatment remains vastly underutilized globally 

13. In mainland China, only 0.8% of older adults with hearing loss were found to wear 

hearing aids 14. In Hong Kong, over two-thirds (67.5%) of older adults with ARHL had 

neither been formally diagnosed nor addressed 9. Numerous studies have shown that 

untreated ARHL is associated with cognitive decline and increased risk of dementia 15-

17. The hazard ratio for incident dementia increased to 4.9 in older adults with greater 

hearing loss compared to those without a hearing problem 18. The Lancet International 

Commission on Dementia, Prevention, Intervention, and Care estimated that mid-life 

hearing loss, if treated, might decrease the risk of dementia by 9 percent at a population 

level19.  

       Early intervention for cognitive decline is crucial and more likely to 

substantially delay the onset of dementia 20; and early management of ARHL and 

cognitive decline for older adults is more cost-effective than delayed treatment 21. While 

life expectancy has been extended on a global scale, the burden of ARHL, social 

disengagement and cognitive decline has become higher than ever 2 4. Depressive 

symptoms are present in up to a third of older adults, which is associated with more 

functional and cognitive impairment than depression in younger adults 22. Current 

research on the relationships among ARHL, depression, social engagement and 

cognitive decline are inconsistent. For example, a longitudinal analysis using English 

Longitudinal Study on Ageing reported that the link between hearing impairment and 

episodic memory was partly mediated by loneliness and social isolation 23; while 

another longitudinal study demonstrated that no mediation effect of loneliness was 
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found for the association between hearing impairment and cognitive decline 24. 

Moreover, less studies have included components of ARHL, cognitive decline, social 

engagement, and depression at the same time and the underlying mechanisms leading 

to the connections among them are largely unknown. The commonly reported 

hypotheses of etiological mechanisms based on previous studies include that the 

impaired hearing may contribute causally to cognitive decline through either the 

degradation of auditory signals or the depletion of information for perceptual 

processing 25; and the hearing loss could lead to social disengagement, social isolation, 

or depressive symptoms, which accelerates the rate of brain atrophy 26 27. These possible 

mechanisms are not mutually exclusive and well-designed studies are needed to 

investigate if hearing loss interventions could serve as means to improve cognitive 

status in older adults 28.  

METHODS  

Aims and hypotheses  

This study aimed to test a hypothetical path model (Figure 1) estimating the 

relationships of ARHL with cognitive status, depressive symptoms, and social 

engagement among community-dwelling Chinese older adults in Hong Kong. Six 

hypotheses were proposed: ARHL has significant direct effects on cognitive status 

(hypothesis 1); ARHL has significant direct effects on depressive symptoms 

(hypothesis 2); ARHL has significant direct effects on social engagement (hypotheses 

3); Social engagement has significant direct effects on depressive symptoms and 

cognitive status (hypotheses 4); ARHL has significant indirect effects on cognitive 
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status via social engagement (mediating the effects of social engagement between 

ARHL and cognitive status) (hypotheses 5); ARHL has significant indirect effects on 

cognitive status via depressive symptoms (mediating the effects of depressive 

symptoms between ARHL and cognitive status) (hypotheses 6).  

(Insert Figure 1 here) 

Study design and participants  

The secondary data analysis was performed with data from a cross-sectional study 

conducted in 11 community centers in Hong Kong in 202129, which assessed older 

Chinese adults’ intrinsic capacity domains of locomotion, cognition, vitality, 

psychological well-being, and sensory capacity (hearing and vision) by using the WHO 

Integrated Care for Older People (ICOPE) framework 30. Older adults aged 60 years or 

above, living in their own homes, receiving no or some support with self-care (feeding, 

bathing, dressing, toileting) were recruited. We excluded those with acute 

cardiovascular diseases, acute infection, multiple organ dysfunction, dementia, acute 

mental illness, and nearly total- or total-dependent on self-care. Ethical approval of the 

cross-sectional study was obtained from the Human Subjects Ethics Sub-committee of 

the (blinded) University and written informed consent was collected from each 

participant prior to data collection 29. 

The sample size required for Structural Equation Modelling (SEM) was computed 

based on the number of variables and indicators 31. Particularly, we identified five 

factors (latent variables) and 26 indicators (observed variables) in this study. We also 

considered the following parameters in sample size calculation, as recommended by 
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Westland and his colleague 32 , effect size of 0.3, power of 0.80, and significance level 

of 0.05. Using the Free Statistics Calculator version 4 33, the minimum sample size for 

this study was projected at 150.  

Variable description  

Demographic information and health profiles of participants, including age, sex, living 

situation (comprises living alone; living with spouse; living with family; living with 

friends; or living with others), education level, lifestyle behaviors, and medical history 

were obtained. Participants’ hearing capacity, depressive symptoms, social engagement, 

and cognitive status were also gathered. Age, education level, living situation and 

cardiovascular risk factors were the covariates adjustment.  

Hearing capacity 

Weber and Rinne test and Whisper voice test in a quiet room were performed by a 

trained research assistant (RA) to assess whether an individual has normal hearing or 

potential hearing loss following the WHO ICOPE assessment guideline 30. Prior to the 

assessment, the RA has completed a two-day knowledge and skills training following 

the ICOPE framework and passed the examination on assessment practices.  

Participants who could not correctly repeat the whisper words and failed both the Weber 

and Rinne test were considered to have hearing problems and included into data 

analysis.  

Depressive symptoms 

Patient Health Questionnaire (PHQ-9) was used to measure depressive symptoms in 

this study, which is documented as valid in Chinese 34. PHQ-9 contains nine items on a 
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4-point Likert scale (marked 0 to 3), with higher scores indicating more severe 

depression. A score of 10 or above or reported suicidal ideas is considered in need of 

further diagnostic assessment, and a score between 5 to 9 indicates mild depression 34. 

Social engagement 

Social engagement was determined by one item which asked the extent of pursuing 

interests that are important to the participant, including hobbies, work, volunteering, 

supporting family, and educational or spiritual activities. A 3-point Likert scale was 

used to determine the level of engagement (1 = inactive, 2 = less active, 3 = active), with 

a higher score indicating being more active 30. 

Cognitive status 

Cognitive status was measured by the local version of the Montreal Cognitive 

Assessment (HK-MoCA), which is validated among Chinese older adults 35. This 

instrument measures seven cognitive skills, such as visuospatial function, naming, 

attention, language, delayed recall, abstraction, and orientation. The HK-MoCA has 

adequate sensitivity and specificity in differentiating people with mild cognitive 

impairment (≥ 22 and < 26) from those with dementia (< 22, sensitivity: 93.2% and 

specificity: 71.7%) and normal cognitive function (≥ 26, sensitivity: 92.4% and 

specificity: 88.4%). For people who only attained primary school education or less, one 

point was added to their total score, whereas participants scoring below 22 were 

recommended for further evaluation. The research assistant was trained to make sure 

people with ARHL can hear and understand all the questions.  

Data analysis  
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SPSS software version 25.0 (Armonk, NY: IBM Corp) was utilized for statistical 

analyses, with a significance value set at <0.05. Descriptive statistics, such as frequency, 

percentage, mean, and standard deviation (SD), were used to summarize the 

participants’ demographic characteristics and clinical variables. Correlations among the 

study variables were assessed via Spearman rho coefficient before path analysis 36. 

Variables with correlation coefficients <0.20 were considered for removal 37. Hence, 

living status and cardiovascular risk factors were removed from the model for path 

analysis.  

To identify the relationships among AHRL, social engagement, depressive 

symptoms, cognitive status, and other variables, structural equation modelling with 

path analysis was employed. We used the following parameters to determine model 

fitness: Chi-square/degrees of freedom ratio (CMIN/df) ≤ 3.00, comparative fit index 

(CFI) ≥ 0.90, Tucker-Lewis fit index (TFI) ≥ 0.90, normed fit index (NFI) ≥ 0.90, root 

mean square error of approximation (RMSEA) ≤ 0.08 38. IBM SPSS AMOS version 25 

was utilized for this analytical method. 

RESULTS 

Participant characteristics  

A total of 304 participants were included in this study. The participants’ demographic 

and health profiles are shown in Table 1. The sample had a mean age of 76.73 (SD = 

7.25), and 80.6% (n=245) of them were females. A majority of the participants received 

primary education (n=189, 62.2%), were divorced/widowed (n=149, 49. 9%), retired 

from work/unemployed (n=300, 98.7%), and were living in the same household with 



11 
 

their spouse/relatives (n=186, 61.2%).  

A total of 82 older adults (27%) were screened to have hearing impairment, while 

32.2% (n=98) of the participants had inactive/less active social engagement. 

Participants had an average of 1-2 CVRFs (M = 1.69; SD = 1.21), mean PHQ-9 score 

of 3.63 (SD = 3.97), and mean MoCA score of 24.16 (SD = 4.91).  

(Insert Table 1 here) 

An emerging model of the relationships among AHRL, social engagement, 

depressive symptoms, and cognitive status  

Correlations among the variables are shown in Table 2. Goodness of fit in the 

hypothetical path model was : χ2/df = 0.11; p = 0.737; CFI = 0.99; NFI = 0.99; TLI = 

0.96; RMSEA = 0.01. In the final path model (Figure 2), three paths were not supported 

(education    age-related hearing loss, age    depressive symptoms, and age-related 

hearing loss    cognitive status).  

(Insert Table 2 and Figure 2 here) 

Participants’ demographic characteristics were found to be associated with 

ARHL, depressive symptoms, cognitive status and social engagement. Particularly, age 

is positively associated with AHRL (β=0.24, p<0.001), but negatively associated with 

social engagement (β= -0.29, p<0.001) and cognitive status (β= -0.38, p<0.001). While 

education was negatively associated with depressive symptoms (β= -0.15, p=0.032) and 

cognitive status (β= 0.33, p<0.001).  

AHRL was positively associated with depressive symptoms (β=0.18, p=0.009) 

and negatively related to social engagement (β= -0.13, p=0.026). However, AHRL did 
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not have significant, direct associations with cognitive status.  

Social engagement was positively associated with cognitive status (β=0.17, 

p=0.005) and negatively associated with depressive symptoms (β= -0.23, p<0.001). 

Meanwhile, greater depressive symptoms were negatively associated with the 

participants’ cognition (β= -0.13, p=0.009).  

  Further analysis revealed that both social engagement (β= -0.02, p=0.029) and 

depressive symptoms (β= -0.02, p=0.032) mediated the relationship between AHRL 

and cognitive status. The direct and indirect associations and standardized regression 

coefficients of the study variables are shown in Table 3.  

(Insert Table 3 here) 

DISCUSSION  

In this study, we reported that social engagement and depressive symptoms mediated 

the negative associations between ARHL and cognitive status, which was predicted by 

a few studies based on behavioral and neuroimaging research 26 27. Although the 

associations observed in this study are small, the findings are significant and could 

provide further evidence to support those previously speculated causal mechanisms. 

For example, behavioral mechanisms suggested that hearing and communicating 

difficulties of older adults may prohibit them from interacting with others and may 

contribute to the development of social isolation, loneliness, depression and consequent 

cognitive decline 39 40. At a neural level, ARHL is associated with reduced activation in 

central auditory pathways, resulting in reduced functional brain network connectivity27. 

As suggested by Rutherford27, these pathologic changes increase depression risk by 
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reducing cognitive reserve and functions, resulting in cognitive performance decline.  

    In the final model, older adults with ARHL were more likely to have depressive 

symptoms than individuals without ARHL, and the depressive symptoms had 

significant, direct associations with the cognition of older adults. Multiple studies 

showed that older adults experiencing hearing loss reported higher levels of depression 

mainly due to difficulties in following conversations, participating in social activities, 

and maintaining meaningful relationships with others 41. Researchers have reported an 

independent association between ARHL and cognitive impairment 10, but we did not 

identify significant, direct associations between ARHL and cognitive status in the 

model, which might be due to the small sample size and/or the cross-sectional research 

design. Moreover, the lack of a measure of hearing capacity that provides information 

on severity likely contributes to the lack of association between hearing loss and 

cognitive status. In consistent with our findings, prior studies have found that older 

adults with depressive symptoms or depression had an increased risk of cognitive 

impairment and dementia 42 43, and suggested that memory, executive function, and 

processing speed examinations are useful to identify cognitive decline in older adults 

who have depressive symptoms and depression 44. Based on our model, we might 

expect that if people have both ARHL and depressive symptoms, the risks of cognitive 

impairment and/or dementia would be largely increased. Therefore, addressing hearing 

loss, including the use of hearing aids and cochlear implantation, could have a 

beneficial effect on social engagement, which in turn may be effective for minimizing 

the effect of ARHL on dementia 45 and depression 10. In a range of interventions 
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available, it is still largely unknownn whether pharmacological therapy such as 

antidepressant treatment improves cognition and lowers dementia risk 46, therefore 

effects of non-pharmaceutical interventions should be examined further to support 

people with ARHL and depressive symptoms to facilitate participation in social activitie, 

and maintain meaningful interpersonal relationships.  

  Our model corroborated that ARHL was negatively related to social engagement 

and older adults with better social engagement tended to have better cognitive status. 

Previous studies have identified that ARHL is associated with increased social isolation 

47, loneliness 4 and social disengagement 48 among older adults living both at home and 

residential care settings. For example, older people with hearing loss are more likely to 

be left out of conversations or to avoid social networking with others 49. A recent review 

has shown that auditory training, for example, to help people with ARHL better filter 

out background noise to focus on the voice the individual is listening to 50 might be able 

to enhance communication and engagement 51. Furthermore, communication 

difficulties for older people with hearing loss can be intensified when the person also 

has cognitive impairment 50. The effect of mishearing information combined with not 

being able to comprehend information would negatively impact the information 

processing they have heard 49. Intervetions developed for people with cognitive 

impairement might also need to consider their hearing capacity. Since the nature of 

associations between social engagement and cognitive function remains unclear 52, 

more evidence is needed to determine whether interventions for enhancing social 

engagement for older adults with ARHL would effectively prevent their cognitive 
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decline.  

Implication for future research  

Based on the mediations informed by our model, evidence-based suggestions are 

proposed for future studies to treat ARHL, such as promoting the use of hearing aids 

and cochlear implantation, to enhance social engagement and treat depressive 

symptoms for people with ARHL to prevent cognitive decline. It would be also 

important to know whether increased social engagement and/or reduced depressive 

symptoms could effectively delay progression to dementia in the case of ARHL. In 

addition, rigorously designed research is needed to determine whether interventions for 

ARHL are effective for the prevention of depressivesive symptoms and cognitive 

decline. Considering both neurobiological and behavioral data to facilitate the 

development of novel interventions/approaches is essential. 

Limitations 

This study has several limitations. First, the analysis is based on cross-sectional data; 

thus, causality cannot be drawn among the relationships of the variables and we may 

not evaluate an individual at the precise time he or she is symptomatic. Second, the 

Whisper test and Weber and Rinne test rather than pure-tone audiometry were 

performed to screen conductive or sensorineural hearing loss, these tests have 

limitations as a true diagnostic measure of hearing loss or problems. While the tests 

were validated tools and implemented by well-trained research assistants following the 

ICOPE framework, the sensitivity of tests and the lack of data on the severity of hearing 

loss might impact the data analysis because that some degraded hearing cases might not 
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be revealed but influence the cognition assessment. Third, the survey used a 

convenience sampling method due to the COVID-19 pandemic, with the focus on older 

Chinese community-dwelling adults, and the cohort is primarily female; although we 

have conducted a multi-site data collection (from 11 community centres out of 41 

centres in Hong Kong), these factors might still limit the generalizability.  

CONCLUSION  

ARHL is a potential risk factor for cognitive impairment, dementia, social 

disengagement, and late-life depression. This study depicted the mediating role of 

social engagement and depressive symptoms between ARHL and cognitive status. 

ARHL, social engagement and depressive symptoms are modifiable risk factors in 

preventative strategies for preventing cognitive decline. Further research, particularly 

large prospective studies in diverse cohorts that include objective hearing status, such 

as pure tone audiometry are needed to further elucidate possible causal mechanisms 

behind the associations observed, and to comprehensively inform clinical practices. 
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