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Background: Given the potentially negative effects of hearing loss on mental
health and cognitive function, it is critical to gain a better understanding of the
mechanisms underlying the link between hearing loss and cognitive impairment.
This study aimed to investigate the moderating effects of social relationships,
including their components in the role of depressive symptoms as a mediator
between hearing loss and cognitive impairment.

Methods: Cross-sectional analyses were conducted with 8094 Chinese older
adults (aged >65years) from the Chinese Longitudinal Healthy Longevity Survey
in 2018. Simple mediation analysis and moderated mediation analysis were
conducted to examine the roles of depressive symptoms and social relationships
in the association between hearing loss and cognitive impairment.

Results: There is a significant correlation between hearing loss, depressive
symptoms, social relationships, and cognitive function. Depressive symptoms
partially mediated the association between hearing loss and cognitive function
[standardized regression B-coefficient (B)=-0.114; 95% confidence interval
(Cl): (-0.158, —0.076)]. Social relationships moderated the effect of hearing loss
on cognitive function through both path b (depressive symptoms - cognitive
function) [B=0.021; 95% CI: (0.008, 0.034)], and path ¢’ (hearing loss-cognitive
function) [B=0.597; 95% CI: (0463, 0.730)]. Furthermore, social activities and
social networks moderated both the direct and indirect effects of moderated
mediation. However, there appeared to be no moderated effect of social support
for both the direct and indirect paths.

Conclusion: Social relationships moderated both the direct and indirect effects
of depressive symptoms on the association between hearing loss and cognitive
impairment. These findings shed light on the mechanisms underlying the
relationship between hearing loss and cognitive impairment in Chinese older
adults. It might be worthwhile to recommend multidimensional health and social
interventions aimed at improving mental health and social inclusion among older
adults with hearing loss.

hearing loss, cognitive impairment, depressive symptoms, social relationships, older adults
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1. Introduction

Hearing loss is highly prevalent among older adults and can
negatively impact many aspects of later life if not addressed or if their
personal communication needs are not supported. About two-thirds
of American adults over the age of 70 suffer from hearing loss, but less
than 20% of them receive treatment (e.g., hearing aids) (1). In China,
more than two-thirds of older adults over the age of 60 suffer from
hearing loss, and this number of patients with hearing loss is expected
to rise as the population ages (2). Growing evidence of an association
between age-related hearing loss (ARHL) and dementia justifies the
identification of ARHL as a potentially modifiable risk factor and a
possible approach to improving clinical outcomes in patients
with dementia.

With global aging, the prevalence of dementia is expected to
double every 20 years, and the number of dementia patients worldwide
is estimated to soar from 57.4 million in 2019 to 152.8 million in 2050
(3). According to a nationally representative survey conducted in
China, dementia predominates among individuals aged 60 and older
at 6.0%, and cognitive impairment is present at 15.5%, totaling 15.07
million people with dementia and 38.77 million people with cognitive
impairment (4). A vast population with dementia and cognitive
impairment has become a significant health burden not just in China
but around the world, necessitating the adoption of more effective anti-
dementia measures. Despite advances in treatments, neurodegenerative
diseases have only achieved limited success. Since hearing loss is highly
prevalent among older adults and greatly undertreated, investigating
its impact on mental health and the potential social-psychological
mediating or moderating factors is an appealing and potentially
influential strategy for promoting healthy aging.

Depression is common in older adults. Concerningly, one in five
older persons with hearing loss report clinically significant depressive
symptoms that necessitate treatment, and hearing loss is also
connected to the gradual introduction of new depressed symptoms
over time (5). Hearing loss is associated with 1.47 higher odds of
depression in older adults, according to a systematic review and meta-
analysis recently (6). Most frequently, the association between hearing
loss and depression has been examined in the context of psychosocial
changes as people age (6). Among older adults with hearing loss, social
and emotional loneliness are more likely to make them depressed (7).
Meanwhile, difficulty in completing daily activities (8), reduced social
activity, and weak social support services as contributing factors in
this process (9). Depression may be a contributing factor to hearing
loss and cognitive decline because of the overlap of their potential
neuropathological mechanisms with the aging brain (10).

Additionally, behavioral explanations for the potential causal
relationship discussed above have been put forth. These include social
exclusion, loneliness, decreased mobility, and difficulties in everyday
tasks, all of which raise the likelihood of cognitive impairment (11).
Social relationships have been identified as an important factor for the
maintenance or promotion of mental health and cognition among
older adults (12). Social relationships, which rely on social networks,
make it easier to engage in social activity and access social support (13).
People who have a high level of the cognitive reserve are typically more
likely to participate in social activities (14). Hence, the cognitive reserve
may reduce dementia risk. Given the positive effects of close social ties
on health behavior, social interaction may influence cognitive outcomes
(social control hypothesis) (13). An intriguing alternative theory put
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out by Adolphs et al. (15) suggests that social relationships may
influence cognitive performance across several domains. Social
support, for example, may reduce stress and improve memory and
executive function (16). However, few detailed investigations on how
social relationships affect cognitive function via different domains have
been conducted. In the context of the above theory, interindividual
variability in social activity, social networks, and social support may
produce different outcomes. Correspondingly, we included all three
critical dimensions of social relationships in our analyses.

Opverall, it is uncommon for research to be undertaken where both
psychological and social pathways are addressed at the same time to
comprehend how hearing loss affects cognition. Therefore, the first
aim of this study was to determine whether depressive symptoms have
a mediating effect on the relationship between hearing loss and
cognitive impairment. Another aim of this study was to determine
whether social relationships, including their components, have any
moderating effect on the direct and indirect correlations between
hearing loss and cognitive impairment (Supplementary Figure S1).
Specifically, we proposed the following hypotheses:

HI: Depressive symptoms would act as a mediator between
hearing loss and cognitive impairment.

H2: The direct and indirect correlations between hearing loss and
cognitive impairment would be moderated by social relationships,
with depressive symptoms acting as a mediator.

H3: The direct and indirect correlations between hearing loss and
cognitive impairment would be moderated by social activities,
social networks, and social support, with depressive symptoms

acting as a mediator.

2. Methods
2.1. Study design and participants

We conducted a cross-sectional analysis of the dataset derived
from the eighth wave of the Chinese Longitudinal Healthy Longevity
Survey (CLHLS) in 2018, a national representative prospective cohort
study of Chinese adults aged 65 and older in major provinces (23 out
of 31 provinces) in China. Details of the study participants and
methods have been reported elsewhere (17). In the CLHLS 2018, in
total, 15,874 face-to-face interviews were conducted using a standard
questionnaire. A written informed consent form was obtained from
each participant or proxy respondent before the survey. The research
has been reviewed and approved by the Research Ethics Committee
of Peking University (approval number: IRB00001052-13074). Those
younger than 65 years of age (n=95) were excluded from the current
analysis. And we restricted our final analysis to 8,094 older adults with
completed information on the questions we are concerned about.
Details of the screening procedure are described in Figure 1.

Participants with no Mini-Mental State Examination (MMSE)
scores, data on frailty, depression, or missing data on social ties were
eliminated. If any of the sample’s important variables have missing
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Participants of the 2018wave of
CLHLS (n = 15,874)

< 65 years old (n = 95); missing data
of age (n=8)

Participants aged 2 65 years (n =
15,771)

Missing or incomplete information:
Hearing loss (n = 170)

Subjective well-being (n = 2,916)
Social relationships (n = 2,362)
Depressive symptoms (n = 309 )
Control variables (n = 1,920)

Participants included in the final
analysis (n = 8,094 )

FIGURE 1
Flow chart of the selection of study participants.

values, they will be eliminated as well. This analysis comprised 7,525
individuals’ data.

Based on prior research (5, 18, 19) and the design of the CLHLS
questionnaire, a set of variables was selected for analysis
(Supplementary Table S1).

2.2. Dependent variables

2.2.1. Cognitive function

Based on prior research, the Chinese adaptation of the modified
Mini-Mental State Examination (MMSE) was utilized in this study to
assess cognitive function (17, 20). The MMSE was modified by the
CLHLS research team to facilitate older adults’ better understanding
and response. It has been widely used in prior studies and has been
proven to have good validity and reliability (21-23). Scores ranged
from 0 to 30, with a lower score indicating worse cognitive
performance. It includes 24 items regarding orientation, attention,
registration, calculation, recall, and language. Cognitive impairment
was defined as an MMSE score <18, based on previous studies (24, 25).
Cronbach’s a coeflicient of the MMSE for this study was 0.91. More
details about this scale can be found in Supplementary Table S2.

2.3. Independent variables

2.3.1. Hearing loss

To assess the participants’ self-perceived hearing status, the
following question was asked (without hearing aids): “Do you feel
you have hearing difficulty?” The response options were “Yes” (coded
as having hearing loss)/“No” (signified not having hearing loss) (25,
26). Self-reported hearing loss was defined in this study as a “Yes”
response to self-perceived hearing difficulties.

2.4. Mediators

2.4.1. Depressive symptoms
The 10-item Center for Epidemiologic Studies Depression (CES-
D-10) was used to assess depressive symptoms, which was a
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self-reported scale for assessing the symptoms of depression in the
past week (27). The CES-D-10 contains 10 items on somatic
symptoms, depression impacts, and positive affect. In each item, a
score is assigned between 0 and 3 (“rarely” to “almost always”). A total
score between 0 and 30, with higher total scores indicating more
severe depressive symptoms. A score of 10 or higher indicates possible
depression. The CES-D-10 has been validated among older adults in
China (27, 28). Cronbach’s a coefficient of the CES-D-10 for this study
was 0.87.

2.5. Moderator

2.5.1. Social relationships

According to previous studies (19, 29), social relationships were
measured as a composite score based on three subdimensions: social
activity (ranging from 0 to 3), social networks (ranging from 0 to 4),
and social support (ranging from 0 to 6), with a total score ranging
from 0 to 13. Detailed variable codes are presented in
Supplementary Table S3.

In the context of Berkman et al’s framework (30), playing cards/
mahjong, participating in organized social activity, and visiting
experiences were included in the present study, under the subdomain
of social activity (29). The concept of social networks can be described
as an individual’s web of connections (13). It was measured based on
four objective domains, including marital status, living arrangements,
and having relatives or children visiting them. Based on the definitions
of social support (30), the relevant entries were collected in our study
based on questions about who is available to assist with six common
life scenes (29), as described in Supplementary Table S3.

2.6. Covariates

As covariates, sociodemographic characteristics, lifestyles, and
health status were classified as potentially related factors in previous
studies (31).

2.6.1. Sociodemographic characteristics

The sociodemographic characteristics contained age (in years),
gender (male, female), education (illiterate, literate), residence (rural,
urban), and financial support (insufficient, sufficient).

2.6.2. Lifestyle

According to a recent study (32), a combined lifestyle score, ranging
from 10 to 50, was created by summing the dietary pattern score and the
daily life habits score. Since the missing proportion of the collected data
in this domain was less than 5%, we chose to replace the missing values
with the average score of each variable. Eight different dietary groups—
including staple foods, fresh fruits and vegetables, meat, fish, sugar, milk,
and nuts—had their intake frequency monitored (33). A dietary pattern
score is equal to the sum of the scores of all eight food groups ranging
from 7 to 38, with higher scores indicating healthier dietary patterns,
which were described in previous studies (32-34). As part of the survey,
participants were also asked to recall the frequency and amount of
tobacco and alcohol consumption, as well as the amount of outdoor
exercise they did. Scores for tobacco use and alcohol consumption
ranged from 1 to 4 and 1 to 3, respectively. A higher score indicated
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fewer daily smoking or drinking sessions (32). The participants were
asked to rate how frequently they engaged in outdoor activities, with a
score ranging from 1 to 5 in ascending order, depending on how
frequently they did so. Across all daily life habits, the score ranged from
3 to 12 (32).
Supplementary Table S4.

Detailed variable codes are presented in

2.6.3. Health status

In this study, health status mainly involves the ability of daily
living (ADL) and chronic diseases. The ADL scale was used to evaluate
functional ability, which includes six domains: bathing, dressing,
eating, toileting, continence, and indoor transfer. Scores were assigned
based on the independence of individuals in completing each of the
above actions: 1 = complete dependency, 2 = partial independence, and
3 =complete independence. After adding six items, the ADL score
ranged from 6 to 18. Responses with higher scores indicated greater
independence and functional ability. Cronbach’s a coeflicient of the
ADL for this study was 0.86. Detailed variable codes are presented in
Supplementary Table S5. For the health status, the CLHLS adopted a
list of 13 chronic diseases or conditions (e.g., hypertension, diabetes,
heart diseases, stroke, cancers, Parkinson’s disease) to measure
comorbidity; an individual was considered to have physical
comorbidities (yes or no) if he or she self-reported more than two of
these thirteen diseases or conditions at the time of the surveys (35, 36).

2.7. Statistical analysis

Summary statistics were reported as the means and standard
deviation for numerical variables and as the frequency for categorical
variables. Chi-square tests were employed to examine proportional
differences, while t-tests were performed to compute mean differences.
Pearson correlation analysis was performed to explore the linear
relationships between all the variables. PROCESS SPSS macro (Hayes,
A.E, Lawrence, KS, USA) was employed to examine the moderated
mediation model (37). In Hayes PROCESS, the coefficients of the
conditional indirect effects and conditional mediator tests are
estimated along with the bias-corrected bootstrap confidence
intervals. The regression-based, path-analytic framework we employed
in our investigation contains Model 4, Model 59, and Model 76 from
the SPSS macro-PROCESS; relevant methods can be referred to earlier
works (19, 38). The relationship between hearing loss and cognitive
impairment was tested with Model 4 by testing whether depressive
symptoms were a mediating factor. The effect of mediation was
significant if the 95% confidence interval (CI) of the indirect effects
did not include 0. We then used Model 59 to examine whether social
relationships mediated both direct (path ¢’: hearing loss-cognition)
and indirect effects (path a: hearing loss-depressive symptoms, and
path b: depressive symptoms-cognition). A final step investigated
whether the components of social relationships had direct and indirect
moderating effects on hearing loss and cognitive impairment by using
Model 76. In those models, covariates included age, gender, education
level, marital status, residence, financial support, lifestyle scores, ADL
scores, and physical comorbidities. The moderated mediation model
includes all of the above-mentioned control variables, except for
residence and financial support. All analyses were conducted in IBM
SPSS 24.0. Significance was determined by a p-value less than 0.05
(two-sided tests).
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3. Results
3.1. Sample characteristics

We examine the sample characteristics stratified by the cognitive
state in Table 1. Among the 8,094 participants (3,654 male, 4,440
female), 2,248 (27.8%) reported cognitive impairment. Those with
cognitive impairment were generally older, female, with lower levels
of education, were widowed/separated/single, living in a rural area,
with insufficient financial support, had lower lifestyle scores, and had
more physical comorbidities (p < 0.001). Meanwhile, participants with
cognitive impairment were more likely to have hearing loss, depressive
symptoms, and poorer social relationships (particularly fewer social
activities and fewer social networks) (p < 0.001). Neither group had
significant differences in ADL scores (p > 0.05).

3.2. The correlation between the study
variables

As shown in Table 2, regarding the bivariate correlations, significant
associations were found between all study variables, including hearing
loss, cognitive function, depressive symptoms, and social relationships.
did not
multicollinearity, and testing of variance inflation factors confirmed that

Correlation coeflicients show evidence of severe
there was no concern with multicollinearity in the data. Based on these
results, further studies may be justified to investigate the moderated
mediation effects. In terms of specific components of social relationships,

the three domains all showed similar correlations (p < 0.001).

3.3. The association between hearing loss
and cognitive function

As shown in Table 3, Model 1 focuses on the relationship between
hearing loss and cognitive function. Results indicated that hearing loss
was significantly associated with cognitive function [B=—4.620, 95% CI:
(—4.880, —4.361)]. Model 2 explored the relationship between hearing
loss and cognitive function when adjusting for sociodemographic
characteristics, lifestyles, and health status. Hearing loss was significantly
associated with cognitive function [B=-2.249, 95% CI: (—2.505,
—1.994)]. Age [B=—0.186, 95% CI (—0.199, —0.173)], gender
[B=—1.046, 95% CI: (—1.295, —0.797)], financial support [B=—0.752,
95% CI: (—1.084, —0.419)], and ADL [B=—0.065, 95% CL (~0.112,
—0.018)] were negatively associated with cognitive function. Education
[B=1.793,95% CI: (1.526, 2.060)] and total lifestyle score [B=0.098, 95%
CI: (0.073, 0.124)] were positively associated with cognitive function. The
significance and direction of the correlation coefficients between hearing
loss and cognitive function did not change from Model 1 to Model 2,
indicating that hearing loss is a significant predictor of cognitive function.

4. The mediating role of depressive
symptoms in the association between
hearing loss and cognitive function

To further elucidate the mechanisms underlying the
association between hearing loss and cognitive function,
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TABLE 1 Characteristics of the sample stratified by cognitive status.

10.3389/fpubh.2023.1149769

Characteristics Total Mean+SD Normal Cognitive i or t statistics p-value
or N (%) cognition impairment
Mean+SD or N Mean+SD or N (%)
(%)
N 8,094 5,846 2,248 - -
Hearing loss 2,781 (34.4) 1,510 (25.8) 1,271 (56.5) 678.93 <0.001
Depressive symptoms 2072 (25.6) 1,292 (22.1) 780 (34.7) 135.28 <0.001
CES-D-10 score 7.20+4.40 6.75+4.15 8.36+4.80 —14.95 <0.001
MMSE score 25.35£5.96 28.19+1.84 16.73+£5.86 131.32 <0.001
Social relationships 8.56+1.75 8.81+1.72 7.90+1.65 21.65 <0.001
Social activity 0.95+£0.83 1.09+£0.83 0.57+0.70 28.98 <0.001
Social network 2.69+£0.92 2.83+£0.90 2.33+£0.87 2291 <0.001
Social support 4.92+1.25 4.89+1.26 5.00+1.19 -3.63 <0.001
Age (years) 83.43+11.25 80.49+10.24 90.06+£10.11 —41.96 <0.001
Gender
Male 3,654 (45.1) 2,927 (50.1) 727 (32.3) 206.07 <0.001
Female 4,440 (54.9) 2,919 (49.9) 1,521 (67.7)
Education
Illiterate 3,657 (45.2) 2059 (35.2) 1,598 (71.1) 843.22 <0.001
Literate 4,437 (54.8) 3,787 (64.8) 650 (28.9)
Marital status
Married 3,787 (46.8) 3,210 (45.1) 577 (25.7) 557.98 <0.001
Widowed/separated/single 4,306 (53.2) 2,635 (54.9) 1,671 (74.3)
Residence
Rural 2,300 (28.4) 4,046 (69.2) 1748 (77.8) 58.33 <0.001
Urban 5,794 (71.6) 1800 (30.8) 500 (22.2)
Financial support
Insufficient 1,039 (12.8) 688 (11.8) 351 (15.6) 2146 <0.001
Sufficient 7,055 (87.2) 5,158 (88.2) 1897 (84.4)
Lifestyle score 29.93+£4.75 30.37+4.80 28.77+£4.39 13.50 <0.001
ADL 16.82+£2.34 16.80+2.37 16.80£2.27 —1.590 0.112
Physical comorbidities
Yes 2,611 (32.3) 1800 (30.8) 811 (36.1) 20.61 <0.001
No 5,483 (67.7) 4,046 (69.2) 1,437 (63.9)

Comparison was performed using the t-test or Chi-square test. SD, standard deviation. CES-D-10, the 10-item Center for Epidemiologic Studies Depression. MMSE, Mini-Mental State

Examination. ADL, the activities of daily living.
Cognitive impairment was defined as an MMSE score < 24.

we examined the mediating role of depressive symptoms. Hearing
loss and depressive symptoms were positively correlated
[B=0.745, 95% CI: (0.527, 0.964)] in a simple mediation model
(Model 4), as shown in Table 4. There was an inverse relation
between depressive symptoms and cognitive function [B=—0.153,
95% CI: (—0.179, —0.127)]. Hearing loss was also associated with
cognitive function [B=-2.135, 95% CI: (-2.389, —1.881)].
Furthermore, we found that hearing loss was associated with
depressive symptoms, which had a significant indirect effect on
cognitive function [B=-0.114; 95% CI: (-0.158, —0.076)],
accounting for 5.07% of the total effect.

Frontiers in Public Health 05

4.1. Moderated mediation effects of
hearing loss on cognitive function

As shown in Supplementary Table 56, Model 59 was used to test
the proposed moderated mediation model, which indicated that
depressive symptoms are not affected significantly by the interaction
between hearing loss and social relationships (B=—0.056, p=0.339).
However, for cognitive function, an interaction effect was observed
between depressive symptoms and social relationships (B=0.021,
p=0.002), as well as between hearing loss and social relationships
(B=0.597, p < 0.001). Therefore, the hypothesized model has been
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TABLE 2 Correlations for the study variables.

1. Hearing loss

2. Cognitive

comorbidities

—0.368%* -
function
3. Depression —0.213%* 0.122%* -
4. Social

0.284%* —0.173%%* —0.122%% -

relationships
5. Social activity 0.356%* —0.209%* —0.139%%* 0.560%* -
6. Social network 0.3027%* —0.209%%* —0.153%%* 0.529%* 0.186%* -
7. Social support —0.060%* 0.050%* 0.034%* 0.643%* —0.013 —0.119%%* -
8. Age —0.513%%* 0.426%* 0.100%* —0.309%* —0.362%%* —0.473%% 0.155%%* -
9. Gender —0.184%%* 0.001 0.1127%* —0.069%* —0.096%* —0.209%%* 0.121%* 0.107%* -
10. Education 0.370%* —0.176%* —0.146%* 0.154%* 0.228%* 0.264%* —0.130%* —0.362%%* —0.393%% -
11. Marital status 0.331%* —0.247%%* —0.120%%* 0.290%* 0.1927%* 0.677%* —0.220%* —0.539%%* —0.295%%* 0.316%* -
12. Residence —0.079%%* 0.0227%* 0.088** 0.079%* —0.061%%* 0.005 0.147%* —0.031%%* 0.039%* —0.243%* —0.014%%* -
13. Financial

—0.053%%* 0.016 0.235%* —0.035%* —0.045%* —0.023%%* —0.002 —0.043%* 0.013 —0.066%* 0.009 0.121%* -
support
14. Lifestyle

0.174%%* —0.074%* 0.188%* 0.103%* 0.176%* 0.095%%* —0.041%* —0.136%* 0.046%* 0.187%* 0.081%* —0.351%% —0.122°%%* -
score
15. ADL —0.034%* —0.001 —0.010 0.005 0.007 —0.014 0.013 0.006 —0.007 —0.016 —0.012 0.027% —0.016 0.007 -
16. Physical 0.058%** 0.021 0.087%* 0.000 0.025* 0.035%* —0.043%* —0.072%%* 0.011 0.090%* 0.041%* —0.198%%* 0.001 0.165%* —0.070%%*

ADL, the activities of daily living. *p < 0.05. **p < 0.01.
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TABLE 3 The association between hearing loss and cognitive function.

10.3389/fpubh.2023.1149769

Model 1 Model 2
SE p-value LLCI ULCI SE p-value

Hearing loss —4.620 0.132 <0.001 —4.880 —4.361 —2.249 0.130 <0.001 —2.505 —1.994
Age —0.186 0.007 <0.001 —-0.199 —-0.173
Gender —1.046 0.127 <0.001 -1.295 —-0.797
Education 1.793 0.136 <0.001 1.526 2.060
Marital status 0.219 0.138 0.113 —0.052 0.490
Residence —-0.155 0.138 0.259 —0.425 0.115
Financial support —0.752 0.169 <0.001 —1.084 —0.419
Lifestyle score 0.098 0.013 <0.001 0.073 0.124
ADL —0.065 0.024 0.006 —0.112 —-0.018
Physical

comorbidities 0.074 0.121 0.542 —0.163 0.311

B, standardized regression B-coefficient; SE, standard error; LLCI, lower limit confidence interval; ULCI, upper limit confidence interval. ADL, the activities of daily living. Model 1

investigated the association between hearing loss and cognitive function.

Model 2 investigated the association between hearing loss and cognitive function when adjusting for covariates.

TABLE 4 Testing the mediating effect of hearing loss on cognitive
function.

Variable

Total effect

Path B SE

0.130

LLCI

—2.505

ULCI

Hearing —2.249 —-1.994
loss-

Cognition

Direct effect Hearing 0.745 0.111 0.527 0.964

loss-

Depression

Depression- —-0.153 0.013 —0.179 —0.127

Cognition

Hearing -2.135 0.129 —2.389 —1.881

loss-

Cognition

Indirect effect | Hearing —0.114 0.021 —0.158 —-0.076

loss-
depression-

Cognition

B, standardized regression B-coefficient; SE, standard error; LLCI, lower limit confidence
interval; ULCI, upper limit confidence interval.

The mediation model was controlled for covariates (age, gender, education level, marital
status, residence, financial support, lifestyle scores, ADL scores, and physical comorbidities).

modified by removing social relationships as a moderating factor on
path a (Figure 2). As a result, in both path b and path ¢ of this model,
social relationships moderated the effect of hearing loss on cognitive
function, as shown in Table 5 and Figure 3.

As shown in Supplementary Table S7, we also determined whether
the effect was moderated by social activity and social networks
simultaneously via Model 76. As a result, through paths a (hearing loss
x social activity: B=1.628, p < 0.001), b (depressive symptoms x social
activity: B=0.082, p<0.001), and ¢ (hearing loss x social activity:
B=1.628, p < 0.001), social activity moderated the impact of hearing
loss on cognitive function. While through both path a (hearing loss x
social networks: B=1.628, p<0.001) and path ¢’ (hearing loss x social

Frontiers in Public Health

07

networks: B=0.552, p=0.001), social networks moderated the impact
of hearing loss on cognitive function. Moreover, the direct and
indirect effects of hearing loss on cognition were tested using Model
59, but neither direct nor indirect paths appeared to be moderated by
social support (Supplementary Table 58). According to Table 6, the
association between hearing loss and cognitive function was negatively
moderated by social relationships at any level. A similar effect was
observed for social activity and social networks, except both of them,
had higher than one standard deviation (Supplementary Table S9). In
addition, the simple slope analysis showed that if the social
relationships were below (=—3.000, p < 0.001) or above (f=—-0.908,
p <0.001) one standard deviation, participants with hearing loss had
lower cognitive function than participants with normal hearing
(Figure 4A). Moreover, the cognitive function score decreased
significantly as the CES-D-10 score increased, whether social
relationships were below (f=—0.137, p < 0.001) or above (f=—0.060,
P < 0.001) one standard deviation (Figure 4B). As well, when social
activity and social network were lower, coupled with hearing loss or
high CES-D-10 scores, the MMSE score was lower (Figure 5).

5. Discussion

In recent years, there has been an increase in empirical support for
the adverse effect of hearing loss on older adults’ cognitive function (39,
40). Although hearing loss has been identified as one of the most
important modifiable risk factors for dementia and cognitive decline, no
causal relationship has been found between these two conditions (41).
In addition, there is a lack of knowledge of the moderated mediation
mechanisms underlying this association, particularly for older adults
who are more susceptible to the influences of hearing loss. To fill this gap,
we chose the representative older adults from the CLHLS database, since
the included older adults aged 65 and older are known to be susceptible
to hearing loss, as well as exhibiting elevated levels of depressive
symptoms and cognitive impairment (25), with a diverse range of
observed variables. Using the moderated mediation model, we found
that depressive symptoms may partially mediate the association between
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hearing loss and cognitive impairment in older adults. In addition, the
association between hearing loss and cognitive impairment was
negatively moderated by social relationships at any level. Moreover,
social activity and social networks moderated the direct and indirect
path of hearing loss to cognitive impairment, but in the case of social
support, the moderation effect was non-significant. In summary, this
study sheds light on the impact of hearing loss on cognitive function and
its internal social-psychological mediating mechanism among Chinese
older adults. The prevalence of cognitive impairment and hearing loss in
this study was 27.8 and 34.4%, respectively, which is in agreement with
previously reported prevalence levels among older adults (42). Similar to
Zhang et al. (19), as shown in our research, a variety of factors may
contribute to cognitive impairment, including gender, age, the absence
of a spouse, illiterate, living in rural, insufficient financial support, lower
lifestyle score, comorbidities, poor social relationships and with
depression. We anticipate that identifying the interconnectivity of these
risk variables sheds some light on the mechanism of connection between
hearing loss and cognitive impairment and that depressive symptoms
play an essential part in both, as has piqued our attention. That the
identification of the interconnection of these risk factors sheds some
light on the mechanism of connection between hearing loss and
cognitive impairment, and depressive symptoms play an important role
in both, which has piqued our curiosity. These findings serve as starting
points for us to identify possible confounders and covariates.

Depression
1.183"
-7.062"" P
Hearing loss C}Zﬁlclgg:'e
0.597 " 0.021

Social

relationships

FIGURE 2

The final moderated mediation model: social relationships as
moderator of the mediation model of depression between hearing
loss and cognitive function (Andrew Hayes's mediation-moderation
Model 15, *p<0.05; **p<0.01; ***p<0.001). The moderated mediation
model was controlled for covariates (age, gender, education level,
marital status, lifestyle scores, ADL scores, and physical
comorbidities).

10.3389/fpubh.2023.1149769

5.1. The mediating role of depressive
symptoms

In older adults with hearing impairment, depressive symptoms
may contribute to additional cognitive problems beyond those
associated with their hearing loss (43). According to cognitive theories
of depression (44) and previous empirical studies (45, 46), our results
indicated that hearing loss could impair older adults’ cognition
through depressive symptoms mediation. As reported by Danielle
et al,, individuals with clinically meaningful hearing loss at levels that
may impair communication capability are at risk for accelerated
cognitive decline and incident dementia, particularly those who
acquire clinically significant depressive symptoms (46). According to
cognitive theories of depression, since the significant impact of
hearing and communicating effectively on quality of life and behavior,
it is possible that additional depressive symptoms may develop.
Meanwhile, the onset of a prolonged event—especially if it lasts longer
than
neuropsychological buffers, accelerating cognitive decline among

an acute event—can exacerbate psychosocial or
those with hearing loss. Thus, the study emphasizes the role of
depression among older adults’ poor physical and social function, as
well as their poor mental health.

Furthermore, this mediation model involves several stages that
need to be discussed. As for the first stage (i.e., hearing loss —
depressive symptoms), the results of our study showed that
exposure to hearing loss increased the risk of depressive symptoms
among older adults. Hearing loss is associated with depressive
symptoms in older adults linked to changes in psychosocial
experiences and declines in cortical activity (5, 47, 48). On the one
hand, hearing loss is related to higher social and emotional isolation
in older adults and may become a chronic stressor if left untreated,
contributing to the growth of depressive symptoms as an additional
stressor (49). As explained by the stress appraisal theory by Lazarus
and Folkman, adaptation fails when stressful situations are
perceived as threatening, challenging, or harmful, overriding one’s
capacity to cope (50). On the other hand, there is also evidence that
neuropathological mechanisms associated with auditory perception
and mood regulation may contribute to hearing loss and depressive
symptoms, with the limbic system (which regulates emotion,
reasoning, and planning), the frontal cortex (which regulates
emotion, reasoning, and planning), and auditory cortex exhibit
similar patterns of reduced activity among older adults with hearing

loss or depressive symptoms (10). It appears that hearing loss and

TABLE 5 Testing the moderated mediating effect of hearing loss on cognitive function by depression and social relationships.

Depression Cognitive function
p-value LLCI ULCI SE p-value LLCI

Hearing loss (X) 0.700 0.112 <0.001 0.481 0.920 —1.954 0.128 <0.001 —2.206 —1.702
Depression (M) - - - - - —0.136 0.013 <0.001 —0.162 —0.109
social —0.177 0.029 <0.001 -0.233 —0.120 0.394 0.033 <0.001 0.329 0.459

relationships (W)

XxW — - - - 0.597 0.068 <0.001 0.463 0.730

MxW - - - - - 0.021 0.007 0.002 0.008 0.034

B, standardized regression B-coefficient; SE, standard error; LLCI, lower limit confidence interval; ULCI, upper limit confidence interval; X, independent variable; Y, dependent variable; M,

mediator.

The moderated mediation model was controlled for covariates (age, gender, education level, marital status, lifestyle scores, ADL scores, and physical comorbidities).
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Depression

0.838"

-4.879 " C

Hearing loss N
16775 0.575 function

0.081™""

Social
networks

Social
activities

FIGURE 3

The final moderated mediation model: social activities and social
networks as moderators of the mediation model of depression
between hearing loss and cognitive function (Andrew Hayes's
mediation-moderation Model 76, *p<0.05; ***p<0.001). The
moderated mediation model was controlled for covariates (age,
gender, education level, marital status, lifestyle scores, ADL scores,
and physical comorbidities).

TABLE 6 Conditional indirect effects of hearing loss on cognitive
function.

Social B SE LLCI ULCI
relationships

—1-SD -0.137 0.033 —0.206 —-0.078
Mean —0.095 0.018 —0.134 —0.062
—~1+SD —0.060 0.019 —0.099 —0.027

B, standardized regression B-coefficient; SE, standard error; LLCI, lower limit confidence
interval; ULCI, upper limit confidence interval.

depressive symptoms are associated with common neural
degeneration in older adults. As for the second stage (i.e., depressive
symptoms — cognitive impairment), CESD-10 was negatively
associated with MMSE score, consistent with the findings of Zhou
et al. (51). It has been shown that cognitive impairment and
depressive symptoms may share at least three pathways (52). First,
the presence of persistent mood symptoms might impair cognitive
function via neurobiological pathways. Chronic stress-induced
immunological dysregulation may have a direct influence on
cognition through cumulative exposure to emotional symptoms
(53). Second, mood symptoms may contribute to and aggravate
poor health behaviors that negatively affect cognitive performance,
including unhealthy diet, inactivity, smoking and substance abuse,
and medication used to treat symptoms (54). In addition, disability
may contribute to cognitive impairment as well as depressive
symptoms in a reciprocal manner. Depressive symptoms affect
patients’ ability to engage in cognitively stimulating activities, as
well as their participation in the workforce and mental challenges
(55). Meanwhile, people with depressive symptoms tend to have
fewer social networks than healthy controls, and they are more
likely to experience negative interactions and social strain.
Moreover, depressive symptoms are more likely to be associated
with poverty and socioeconomic factors could also hinder patients’
access to healthy food, safe physical activity areas, and cognitive
skills. As a result, older adults suffering from depressive symptoms
are more likely to have reduced cognition.
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5.2. The moderating role of social
relationships

Social relationships negatively correlated with depressive
symptoms, as expected. The odds of developing depressive symptoms
are lower for older adults who have more social relationships. In line
with previous empirical studies (56) and the social support theoretical
model (57), this finding suggests that good social relationships could
benefit older adults by alleviating the level of depressive symptoms.
While older adults with long-term hearing loss face a variety of
barriers that may hinder their full and effective access to sufficient
social resources (58). The present findings indicated that social
relationships moderated the association between hearing loss and
depressive symptoms. Those who have strong social relationships are
less likely to suffer from depressive symptoms when facing hearing
loss than those who have weak social relationships, which suggests
that good social relationships may buffer the adverse effects of hearing
loss on older adults’ mental health. According to the stress-buffering
model and main effects model (59), social connections help people
cope with stress by providing psychological and material resources. It
is believed that stress affects health both by activating physiological
systems such as the sympathetic nervous system and the
hypothalamic-pituitary-adrenal axis and by promoting behavioral
coping responses detrimental to health (smoking, excessive alcohol,
lack of sleep, or substance abuse) (59). The main-effect model
contends that social connections are advantageous regardless of one’s
level of stress (60). For example, an empirical study based on the
stimulus-organism-response (S-O-R) framework showed that social
media use promotes strong social relationships among hearing-
impaired older adults, as well as improving aging cognition and
depressive symptoms (61).

In line with previous findings that strong social relationships
buffers depression (49) and problematic behavior of older adults with
hearing loss (62). However, it was not investigated whether the
components of social relationships buffer hearing loss and depressive
symptoms in these studies. According to our knowledge, this study is
the first to confirm that two components of social relationships-social
activity and social network-serve as buffers against the negative effects
of hearing loss on depressive symptoms in a representative sample of
Chinese older adults simultaneously, and the findings extend
previous studies.

Furthermore, hearing loss and cognitive impairment were also
moderated by social relationships. Specifically, hearing-impaired
older adults with low social relationships exhibited lower cognitive
function than those with high social relationships. This result is
consistent with previous studies and extends them by demonstrating
the buffering effect of social relationships and its specific component
in the association between hearing loss and cognitive decline among
older adults (49, 63). The observed buffering effect of social
relationships in the present study might be attributed to several
potential factors. First, higher levels of social activity are related to
greater cognitive reserve, resulting in activating and strengthening
various neural circuits and behavioral pathways, improving the
ability to compensate for adverse structural and functional brain
consequences caused by hearing loss and depression (19, 64). The
opposite was social isolation correlates with both restructuring and
functional changes in the brain’s social network and in brain regions
that are related to mentalizing and social interaction, according to
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The simple plot of path A, B, and C indicating the relationship between hearing loss, depressive symptoms, and cognitive impairment among different

the social brain hypothesis (65). Second, social networks may
be whittled down more rapidly for people with incident hearing
problems, and it may be beneficial for them to use targeted coping
strategies and auditory rehabilitation methods to cope with the
stressful consequences of external threats by obtaining appropriate
coping resources (66). Third, although social support’ moderating
role among hearing loss and cognitive impairment did not reach
significance in this study and other CLHLS studies (29), increasing
evidence suggests that positive social support is strongly associated
with successful hearing aid use and mental health improvement
(67). Overall, maintaining positive social relationships may lessen
the effects of hearing loss or depressive symptoms on
cognitive function.

Frontiers in Public Health

Some limitations should be addressed in this study. Firstly, the
cross-sectional design renders causal inferences about the association
between hearing loss, depressive symptoms, and cognitive impairment
difficult. The causal direction between hearing loss and cognitive
impairment and more accurate mediation estimates could be explored
in the future with a longitudinal design. Secondly, self-report measures
can be prone to bias and distortion. It is therefore essential to use
multiple measures such as an in-depth interview or observation of
behavior. Thirdly, since lacked relevant details, the frequency, severity,
and duration of hearing loss as well as the information on hearing aids
were not considered in this study. Future research should verify
whether these factors might be involved in the moderated-mediation
model among older adults.

frontiersin.org


https://doi.org/10.3389/fpubh.2023.1149769
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Caoetal.

Despite the above limitations, there are theoretical and practical
implications to our findings. Based on theoretical considerations, the
present findings provide an empirical framework for testing depressive
symptoms  mediating role in the association of hearing loss with
cognitive impairment, as well as social relationships’ moderating role.
As a consequence of this framework, we may better understand how
hearing loss is related to cognitive impairment among Chinese older
adults. Around the world, we must shift the way we look at the
hearing, hearing loss, and how hearing rehabilitation impacts the
overall quality of life of older adults. From a practical view, because
hearing loss increases the likelihood of depressive symptoms among
older adults, families, caregivers, healthcare personnel, and institutions
should pay more attention to older adults with hearing loss. In
rehabilitative practice, broader consultations should especially involve
discussing emotional elements of social interaction with patients and
how hearing loss affects cognitive and physical functioning.
Meanwhile, the identification of vulnerable individuals is essential to
ensuring that prevention and early intervention programs are targeted
at them. This moderating mediation model has the potential to
facilitate earlier identification, enhance motivation for hearing aid and
treatment, as well as reduce stigma. Overall, this could be beneficial
for older adults with hearing loss, their families and social circles, the
healthcare system, and society as a whole.

6. Conclusion

As a whole, we found that depressive symptoms played a partial
mediating role in the association between hearing loss and cognitive
impairment among a nationally representative sample of Chinese
older adults. Furthermore, in addition to social relationships, these
two components, i.e., social activity and social network, moderated
the association between hearing loss and cognitive impairment. It
might be worthwhile to recommend multidimensional health and
social interventions aimed at improving mental health and social
inclusion among older adults with hearing loss.

Data availability statement

The datasets presented in this study can be found in online
repositories. The names of the repository/repositories and accession
number (s) can be found below: https://opendata.pku.edu.cn/
dataverse/ CHADS.

Ethics statement

The research has been reviewed and approved by the Research
Ethics Committee of Peking University (approval number:

References
1. Goman AM, Lin FR. Prevalence of hearing loss by severity in the United States. Am
J Public Health. (2016) 106:1820-2. doi: 10.2105/AJPH.2016.303299

2. Gong R, Hu X, Gong C, Long M, Han R, Zhou L, et al. Hearing loss prevalence and
risk factors among older adults in China. Int J Audiol. (2018) 57:354-9. doi:
10.1080/14992027.2017.1423404

Frontiers in Public Health

11

10.3389/fpubh.2023.1149769

IRB00001052-13074). The patients/participants provided their written
informed consent to participate in this study.

Author contributions

XC and JZ conceived the concept and design of the study. XC and
QL contributed to data cleaning and analysis. JL and BY contributed
to the writing assistance and proofreading of the article. All authors
approved the final version of the manuscript.

Funding

This study was supported in part by a grant from ST12030-Major
Projects (2021ZD0200700), the National Natural Science Foundation
of China (71804199, 82071543), the Natural Science Foundation of
Hunan (2021]J30037), the Health Commission of Hunan Province
(202103091470, 202215025353), and the Hunan Medical Association
(HNA202101008).

Acknowledgments

We would like to thank the Center for Healthy Aging and
Development Studies, Peking University for providing the data.

Conflict of interest

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

Publisher’'s note

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

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fpubh.2023.1149769/
full#supplementary-material

3. Collaborators GBDDE. Estimation of the global prevalence of dementia in 2019 and
forecasted prevalence in 2050: an analysis for the global burden of disease study 2019.
Lancet Public Health. (2022) 7:¢105-25.

4.Jia L, Du Y, Chu L, Zhang Z, Li E Lyu D, et al. Prevalence, risk factors, and
management of dementia and mild cognitive impairment in adults aged 60 years or

frontiersin.org


https://doi.org/10.3389/fpubh.2023.1149769
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://opendata.pku.edu.cn/dataverse/CHADS
https://opendata.pku.edu.cn/dataverse/CHADS
https://www.frontiersin.org/articles/10.3389/fpubh.2023.1149769/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpubh.2023.1149769/full#supplementary-material
https://doi.org/10.2105/AJPH.2016.303299
https://doi.org/10.1080/14992027.2017.1423404

Caoetal.

older in China: a cross-sectional study. Lancet Public Health. (2020) 5:e661-71. doi:
10.1016/S2468-2667(20)30185-7

5. Jiang E, Kuper H, Zhou CC, Qin WZ, Xu LZ. Relationship between hearing loss and
depression symptoms among older adults in China: the mediating role of social isolation
and loneliness. Int J Geriatr Psych. (2022) 37:5729. doi: 10.1002/gps.5729

6. Lawrence BJ, Jayakody DMP, Bennett R], Eikelboom RH, Gasson N, 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

7. Contrera KJ, Sung YK, Betz ], Li L, Lin FR. Change in loneliness after intervention
with cochlear implants or hearing aids. Laryngoscope. (2017) 127:1885-9. doi: 10.1002/
lary.26424

8. Armstrong NM, Vieira Ligo Teixeira C, Gendron C, Brenowitz WD, Lin FR, Swenor
B, et al. Associations of dual sensory impairment with incident mobility and ADL
difficulty. ] Am Geriatr Soc. (2022) 70:1997-2007. doi: 10.1111/jgs.17764

9. Yevenes-Briones H, Caballero FF, Struijk EA, Rey-Martinez J, Montes-Jovellar L,
Graciani A, et al. Association between hearing loss and impaired physical function,
frailty, and disability in older adults: a cross-sectional study. JAMA Otolaryngol Head
Neck Surg. (2021) 147:951-8. doi: 10.1001/jamaoto.2021.2399

10. Rutherford BR, Brewster K, Golub JS, Kim AH, Roose SP. Sensation and
psychiatry: linking age-related hearing loss to late-life depression and cognitive decline.
Am ] Psychiatry. (2018) 175:215-24. doi: 10.1176/appi.ajp.2017.17040423

11. Sharma RK, Chern A, Golub JS. Age-related hearing loss and the development of
cognitive impairment and late-life depression: a scoping overview. Semin Hear. (2021)
42:10-25. doi: 10.1055/s-0041-1725997

12. Calderon—Larranaga A, Vetrano DL, Ferrucci L, Mercer SW, Marengoni A, Onder
G, et al. Multimorbidity and functional impairment-bidirectional interplay, synergistic
effects and common pathways. ] Intern Med. (2019) 285:255-71. doi: 10.1111/joim.12843

13. Kelly ME, Duff H, Kelly S, McHugh Power JE, Brennan S, Lawlor BA, et al. The
impact of social activities, social networks, social support and social relationships on the
cognitive functioning of healthy older adults: a systematic review. Syst Rev. (2017) 6:259.
doi: 10.1186/s13643-017-0632-2

14. Nelson ME, Jester DJ, Petkus AJ, Andel R. Cognitive reserve, Alzheimer's
neuropathology, and risk of dementia: a systematic review and meta-analysis.
Neuropsychol Rev. (2021) 31:233-50. doi: 10.1007/s11065-021-09478-4

15. Adolphs R. Cognitive neuroscience of human social behaviour. Nat Rev Neurosci.
(2003) 4:165-78. doi: 10.1038/nrn1056

16. Lupien SJ, McEwen BS, Gunnar MR, Heim C. Effects of stress throughout the
lifespan on the brain, behaviour and cognition. Nat Rev Neurosci. (2009) 10:434-45. doi:
10.1038/nrn2639

17. Zeng Y, Feng QS, Hesketh T, Christensen K, Vaupel JW. Survival, disabilities in
activities of daily living, and physical and cognitive functioning among the oldest-old in
China: a cohort study. Lancet. (2017) 389:1619-29. doi: 10.1016/S0140-6736(17)30548-2

18. Huang F, Fu P. Intergenerational support and subjective wellbeing among oldest-
old in China: the moderating role of economic status. BMC Geriatr. (2021) 21:1-12. doi:
10.1186/512877-021-02204-y

19. Ma WB, Wu B, Gao XQ, Zhong RY. Association between frailty and cognitive
function in older Chinese people: a moderated mediation of social relationships and
depressive symptoms. ] Affect Disord. (2022) 316:223-32. doi: 10.1016/j.jad.2022.08.032

20. Zhang Q, Wu Y, Han T, Liu E. Changes in cognitive function and risk factors for
cognitive impairment of the elderly in China: 2005-2014. Int ] Environ Res Public Health.
(2019) 16:2847. doi: 10.3390/ijerph16162847

21. Katzman R, Zhang MY, Ouang Ya Q, Wang ZY, Liu WT, Yu E, et al. A Chinese
version of the mini-mental state examination; impact of illiteracy in a Shanghai
dementia survey. J Clin Epidemiol. (1988) 41:971-8. doi: 10.1016/0895-4356(88)90034-0

22.Li W, Sun H, Xu W, Ma W, Yuan X, Wu H, et al. Leisure activity and cognitive
function among Chinese old adults: the multiple mediation effect of anxiety and
loneliness. ] Affect Disord. (2021) 294:137-42. doi: 10.1016/j.jad.2021.07.051

23.Yu X, Zhang W, Kobayashi LC. Duration of subjective poverty in relation to
subsequent cognitive performance and decline among adults aged >64 in China,
2005-2018. Soc Sci Med. (2021) 283:114188. doi: 10.1016/j.socscimed.2021.114188

24. Zhang Z, Gu D, Hayward MD. Early life influences on cognitive impairment
among oldest old Chinese. ] Gerontol Series B. (2008) 63:525-33. doi: 10.1093/
geronb/63.1.525

25. Gao J, Armstrong NM, Deal JA, Lin FR, He P. Hearing loss and cognitive function
among Chinese older adults: the role of participation in leisure activities. BMC Geriatr.
(2020) 20:215. doi: 10.1186/s12877-020-01615-7

26. Wang J, Liu D, Tian E, Guo ZQ, Chen JY, Kong WJ, et al. Hearing impairment with
cognitive decline increases all-cause mortality risk in Chinese adults aged 65 years or
older: a population-based longitudinal study. Front Aging Neurosci. (2022) 14:865821.
doi: 10.3389/fnagi.2022.865821

27. Cheng C, Du Y], Bai J. Physical multimorbidity and psychological distress among
Chinese older adults: findings from Chinese longitudinal healthy longevity survey. Asian
J Psychiatr. (2022) 70:103022. doi: 10.1016/.ajp.2022.103022

28. Wang R, Chen Z, Zhou Y, Shen L, Zhang Z, Wu X. Melancholy or mahjong?
Diversity, frequency, type, and rural-urban divide of social participation and depression

Frontiers in Public Health

10.3389/fpubh.2023.1149769

in middle-and old-aged Chinese: a fixed-effects analysis. Soc Sci Med. (2019) 238:112518.
doi: 10.1016/j.s0cscimed.2019.112518

29.Fan Z, Lv X, Tu L, Zhang M, Yu X, Wang H. Reduced social activities and networks,
but not social support, are associated with cognitive decline among older chinese adults:
a prospective study. Soc Sci Med. (2021) 289:114423. doi: 10.1016/j.
socscimed.2021.114423

30. Berkman LF, Glass T, Brissette I, Seeman TE. From social integration to health:
Durkheim in the new millennium. Soc Sci Med. (2000) 51:843-57. doi: 10.1016/
$0277-9536(00)00065-4

31. Loughrey DG, Kelly ME, Kelley GA, Brennan S, Lawlor BA. Association of age-
Related Hearing Loss with Cognitive Function, cognitive impairment, and dementia: a
systematic review and meta-analysis. JAMA Otolaryngol Head Neck Surg. (2018)
144:115-26. doi: 10.1001/jamaoto.2017.2513

32. Wang Z, Pang Y, Liu ], Wang J, Xie Z, Huang T. Association of healthy lifestyle with
cognitive function among Chinese older adults. Eur J Clin Nutr. (2021) 75:325-34. doi:
10.1038/s41430-020-00785-2

33. Shi ZM, Zhang TH, Byles ], Martin S, Avery JC, Taylor AW. Food habits, lifestyle
factors and mortality among oldest old Chinese: the Chinese longitudinal healthy
longevity survey (CLHLS). Nutrients. (2015) 7:7562-79. doi: 10.3390/nu7095353

34.Yin ZX, Brasher MS, Kraus VB, Lv YB, Shi XM, Zeng Y. Dietary diversity was
positively associated with psychological resilience among elders: a population-based
study. Nutrients. (2019) 11:650. doi: 10.3390/nu11030650

35. Chen S, Wang S, Jia W, Han K, Song Y, Liu S, et al. Spatiotemporal analysis of the
prevalence and pattern of multimorbidity in older Chinese adults. Front Med (Lausanne).
(2021) 8:806616. doi: 10.3389/fmed.2021.806616

36. Barnett K, Mercer SW, Norbury M, Watt G, Wyke S, Guthrie B. Epidemiology of
multimorbidity and implications for health care, research, and medical education: a
cross-sectional study. Lancet. (2012) 380:37-43. doi: 10.1016/S0140-6736(12)60240-2

37.Hayes AF, Preacher KJ. Statistical mediation analysis with a multicategorical
independent variable. Br ] Math Stat Psychol. (2014) 67:451-70. doi: 10.1111/bmsp.12028

38.Li GP, Jiang ZH, Han X, Shang X, Tian WL, Kang XF, et al. A moderated mediation
model of perceived stress, negative emotions and mindfulness on fertility quality of life
in women with recurrent pregnancy loss. Qual Life Res. (2020) 29:1775-87. doi: 10.1007/
s11136-020-02460-2

39. Samelli AG, Santos IS, Deal JA, Brunoni AR, Padilha F, Matas CG, et al. Hearing
loss and cognitive function: baseline findings from the Brazilian longitudinal study of
adult health: ELSA-Brasil. Ear Hear. (2022) 43:1416-25. doi: 10.1097/
AUD.0000000000001205

40. Wang W], Lessard D, Abu H, McManus DD, Mailhot T, Gurwitz JH, et al. Hearing
loss and cognitive decline among older adults with atrial fibrillation: the SAGE-AF study.
] Geriatr Cardiol. (2020) 17:177-83. doi: 10.11909/j.issn.1671-5411.2020.04.002

41. Slade K, Plack CJ, Nuttall HE. The effects of age-related hearing loss on the brain
and cognitive function. Trends Neurosci. (2020) 43:810-21. doi: 10.1016/j.
tins.2020.07.005

42. Pais R, Ruano LP, Carvalho O, Barros H. Global cognitive impairment prevalence
and incidence in community dwelling older adults—a systematic review. Geriatrics.
(2020) 5:84. doi: 10.3390/geriatrics5040084

43. Huber M, Roesch S, Pletzer B, Lukaschyk J, Lesinski-Schiedat A, Illg A. Cognition
in older adults with severe to profound sensorineural hearing loss compared to peers
with normal hearing for age. Int ] Audiol. (2020) 59:254-62. doi: 10.1080/14992027.
2019.1687947

44. Webb SL, Birney DP, Loh V, Walker S, Lampit A, Bahar-Fuchs A. Cognition-
oriented treatments for older adults: a systematic review of the influence of depression
and self-efficacy individual differences factors. Neuropsychol Rehabil. (2022)
32:1193-229. doi: 10.1080/09602011.2020.1869567

45.Yang Z, Ni ], Teng Y, Su M, Wei M, Li T, et al. Effect of hearing aids on cognitive
functions in middle-aged and older adults with hearing loss: a systematic review and
meta-analysis. Front Aging Neurosci. (2022) 14:1017882. doi: 10.3389/
fnagi.2022.1017882

46. Powell DS, Brenowitz WD, Yaffe K, Armstrong NM, Reed NS, Lin FR, et al.
Examining the combined estimated effects of hearing loss and depressive symptoms on
risk of cognitive decline and incident dementia. J Gerontol B Psychol Sci Soc Sci. (2022)
77:839-49. doi: 10.1093/geronb/gbab194

47. Keidser G, Seeto M. The influence of social interaction and physical health on the
association between hearing and depression with age and gender. Trends Hear. (2017)
21:233121651770639. doi: 10.1177/2331216517706395

48.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 ] Geriatr Psych. (2018) 33:1654-61.
doi: 10.1002/gps.4968

49. West JS. Hearing impairment, social support, and depressive symptoms among US
adults: a test of the stress process paradigm. Soc Sci Med. (2017) 192:94-101. doi:
10.1016/j.socscimed.2017.09.031

50. Crum AJ, Akinola M, Martin A, Fath S. The role of stress mindset in shaping
cognitive, emotional, and physiological responses to challenging and threatening stress.
Anxiety Stress Coping. (2017) 30:379-95. doi: 10.1080/10615806.2016.1275585

frontiersin.org


https://doi.org/10.3389/fpubh.2023.1149769
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.1016/S2468-2667(20)30185-7
https://doi.org/10.1002/gps.5729
https://doi.org/10.1093/geront/gnz009
https://doi.org/10.1002/lary.26424
https://doi.org/10.1002/lary.26424
https://doi.org/10.1111/jgs.17764
https://doi.org/10.1001/jamaoto.2021.2399
https://doi.org/10.1176/appi.ajp.2017.17040423
https://doi.org/10.1055/s-0041-1725997
https://doi.org/10.1111/joim.12843
https://doi.org/10.1186/s13643-017-0632-2
https://doi.org/10.1007/s11065-021-09478-4
https://doi.org/10.1038/nrn1056
https://doi.org/10.1038/nrn2639
https://doi.org/10.1016/S0140-6736(17)30548-2
https://doi.org/10.1186/s12877-021-02204-y
https://doi.org/10.1016/j.jad.2022.08.032
https://doi.org/10.3390/ijerph16162847
https://doi.org/10.1016/0895-4356(88)90034-0
https://doi.org/10.1016/j.jad.2021.07.051
https://doi.org/10.1016/j.socscimed.2021.114188
https://doi.org/10.1093/geronb/63.1.S25
https://doi.org/10.1093/geronb/63.1.S25
https://doi.org/10.1186/s12877-020-01615-7
https://doi.org/10.3389/fnagi.2022.865821
https://doi.org/10.1016/j.ajp.2022.103022
https://doi.org/10.1016/j.socscimed.2019.112518
https://doi.org/10.1016/j.socscimed.2021.114423
https://doi.org/10.1016/j.socscimed.2021.114423
https://doi.org/10.1016/S0277-9536(00)00065-4
https://doi.org/10.1016/S0277-9536(00)00065-4
https://doi.org/10.1001/jamaoto.2017.2513
https://doi.org/10.1038/s41430-020-00785-2
https://doi.org/10.3390/nu7095353
https://doi.org/10.3390/nu11030650
https://doi.org/10.3389/fmed.2021.806616
https://doi.org/10.1016/S0140-6736(12)60240-2
https://doi.org/10.1111/bmsp.12028
https://doi.org/10.1007/s11136-020-02460-2
https://doi.org/10.1007/s11136-020-02460-2
https://doi.org/10.1097/AUD.0000000000001205
https://doi.org/10.1097/AUD.0000000000001205
https://doi.org/10.11909/j.issn.1671-5411.2020.04.002
https://doi.org/10.1016/j.tins.2020.07.005
https://doi.org/10.1016/j.tins.2020.07.005
https://doi.org/10.3390/geriatrics5040084
https://doi.org/10.1080/14992027.2019.1687947
https://doi.org/10.1080/14992027.2019.1687947
https://doi.org/10.1080/09602011.2020.1869567
https://doi.org/10.3389/fnagi.2022.1017882
https://doi.org/10.3389/fnagi.2022.1017882
https://doi.org/10.1093/geronb/gbab194
https://doi.org/10.1177/2331216517706395
https://doi.org/10.1002/gps.4968
https://doi.org/10.1016/j.socscimed.2017.09.031
https://doi.org/10.1080/10615806.2016.1275585

Caoetal.

51.Zhou L, Ma X, Wang W. Relationship between cognitive performance and
depressive symptoms in Chinese older adults: the China health and retirement
longitudinal study (CHARLS). ] Affect Disord. (2021) 281:454-8. doi: 10.1016/j.
jad.2020.12.059

52. Depp CA, Dev S, Eyler LT. Bipolar depression and cognitive impairment: shared
mechanisms and new treatment avenues. Psychiatr Clin. (2016) 39:95-109. doi:
10.1016/j.psc.2015.09.004

53. Dickerson F, Stallings C, Origoni A, Vaughan C, Khushalani S, Yolken R. Elevated
C-reactive protein and cognitive deficits in individuals with bipolar disorder. ] Affect
Disord. (2013) 150:456-9. doi: 10.1016/j.jad.2013.04.039

54. Nesvag R, Knudsen GP, Bakken IJ, Hoye A, Ystrom E, Suren P, et al. Substance use
disorders in schizophrenia, bipolar disorder, and depressive illness: a registry-based
study. Soc Psychiatry Psychiatr Epidemiol. (2015) 50:1267-76. doi: 10.1007/
s00127-015-1025-2

55.Sun J, Li H, Jin L, Luo H. Does hearing impairment affect mental health among
Chinese older adults? Evidence from the Chinese longitudinal healthy longevity survey.
Risk Manag Healthc Policy. (2021) 14:629-41. doi: 10.2147/RMHP.S299180

56. Davidson SK, Dowrick CE, Gunn JM. Impact of functional and structural social
relationships on two year depression outcomes: a multivariate analysis. ] Affect Disord.
(2016) 193:274-81. doi: 10.1016/j.jad.2015.12.025

57. Rueger SY, Malecki CK, Pyun Y, Aycock C, Coyle S. A meta-analytic review of the
association between perceived social support and depression in childhood and
adolescence. Psychol Bull. (2016) 142:1017-67. doi: 10.1037/bul0000058

58. Townsend BG, Chen JT, Wuthrich VM. Barriers and facilitators to social
participation in older adults: a systematic literature review. Clin Gerontol. (2021)
44:359-80. doi: 10.1080/07317115.2020.1863890

Frontiers in Public Health

13

10.3389/fpubh.2023.1149769

59. Cohen S. Social relationships and health. Am Psychol. (2004) 59:676-84. doi:
10.1037/0003-066X.59.8.676

60. Cohen S. Psychosocial models of social support in the etiology of physical disease.
Health Psycho. (1988) 7:269-97. doi: 10.1037/0278-6133.7.3.269

61. Ma Y, Liang C, Yang X, Zhang H, Zhao S, Lu L. The effect of social media use on
depressive symptoms in older adults with self-reported hearing impairment: an
empirical study. Healthcare (Basel). (2021) 9:1403. doi: 10.3390/healthcare9111403

62.Gao J, Hu H, Yao L. The role of social engagement in the association of self-
reported hearing loss and health-related quality of life. BMC Geriatr. (2020) 20:1-9. doi:
10.1186/512877-020-01581-0

63. Pichora-Fuller MK, Mick P, Reed M. Hearing, cognition, and healthy aging: social
and public health implications of the links between age-related declines in hearing and
cognition. Semin Hear. (2015) 36:122-39. doi: 10.1055/s-0035-1555116

64. Brewster KK, Golub JS, Rutherford BR. Neural circuits and behavioral pathways
linking hearing loss to affective dysregulation in older adults. Nature Aging. (2021)
1:422-9. doi: 10.1038/s43587-021-00065-z

65. Zovetti N, Rossetti MG, Perlini C, Brambilla P, Bellani M. Neuroimaging studies
exploring the neural basis of social isolation. Epidemiol Psychiatr Sci. (2021) 30:30. doi:
10.1017/52045796021000135

66. Mick P, Parfyonov M, Wittich W, Phillips N, Pichora-Fuller MK. Associations
between sensory loss and social networks, participation, support, and loneliness:
analysis of the Canadian longitudinal study on aging. Can Fam Physician. (2018)
64:e33-41.

67. Dobrota SD, Biggs ML, Pratt S, Popat R, Odden MC. The association of hearing
problems with social network strength and depressive symptoms: the cardiovascular
health study. Age Ageing. (2022) 51:afac181. doi: 10.1093/ageing/afac181

frontiersin.org


https://doi.org/10.3389/fpubh.2023.1149769
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.1016/j.jad.2020.12.059
https://doi.org/10.1016/j.jad.2020.12.059
https://doi.org/10.1016/j.psc.2015.09.004
https://doi.org/10.1016/j.jad.2013.04.039
https://doi.org/10.1007/s00127-015-1025-2
https://doi.org/10.1007/s00127-015-1025-2
https://doi.org/10.2147/RMHP.S299180
https://doi.org/10.1016/j.jad.2015.12.025
https://doi.org/10.1037/bul0000058
https://doi.org/10.1080/07317115.2020.1863890
https://doi.org/10.1037/0003-066X.59.8.676
https://doi.org/10.1037/0278-6133.7.3.269
https://doi.org/10.3390/healthcare9111403
https://doi.org/10.1186/s12877-020-01581-0
https://doi.org/10.1055/s-0035-1555116
https://doi.org/10.1038/s43587-021-00065-z
https://doi.org/10.1017/S2045796021000135
https://doi.org/10.1093/ageing/afac181

	The impact of hearing loss on cognitive impairment: The mediating role of depressive symptoms and the moderating role of social relationships
	1. Introduction
	2. Methods
	2.1. Study design and participants
	2.2. Dependent variables
	2.2.1. Cognitive function
	2.3. Independent variables
	2.3.1. Hearing loss
	2.4. Mediators
	2.4.1. Depressive symptoms
	2.5. Moderator
	2.5.1. Social relationships
	2.6. Covariates
	2.6.1. Sociodemographic characteristics
	2.6.2. Lifestyle
	2.6.3. Health status
	2.7. Statistical analysis

	3. Results
	3.1. Sample characteristics
	3.2. The correlation between the study variables
	3.3. The association between hearing loss and cognitive function

	4. The mediating role of depressive symptoms in the association between hearing loss and cognitive function
	4.1. Moderated mediation effects of hearing loss on cognitive function

	5. Discussion
	5.1. The mediating role of depressive symptoms
	5.2. The moderating role of social relationships

	6. Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note

	References

